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Abstract

A PPLIC A TIO N  O F TH E B O U N D A R Y  IN T EG R A L EQ U A T IO N  M ETH O D

TO A

D ISC O N T IN U IT Y  IN  B E D R O C K  

by

Ernest H eym sfield

A dviser: Prof. C arl J. C ostantino

T he objective o f  this thesis is to investigate the sign ificance that an inhom ogeneity  in a 

rock  half-space has on surface am plification . T he p articu la r so il-bed rock  configuration  

considered  consists  o f  a hom ogeneous soil layer on a half-space . Inc luded  in  the half­

space is an em bedded  sem i-infin ite rock in trusion  w ith its u p p er surface abutting  the soil 

layer. M aterials are considered v iscoelastic except for the portion  o f  the half-space below  

the  em b ed d ed  ro ck  layer. T h e  im p o rtan ce  o f  the ro ck  in c lu s io n  is d e te rm in ed  by 

investigating  the variation  o f  the am plification o f  body w aves along  the ground surface for 

a ran g e  o f freq u en c ies  and  inc idence  ang les. T he re su lts  o f  a  p aram etric  study  are 

p resen ted  ind ica ting  the sensitiv ity  o f  the am plification  func tion  to the ro ck  inclusion 's 

th ickness and sh ea r w ave velocity . C om parisons are m ade betw een  the resu lts  o f  the 

param etric study and  the standard  one-d im ensional analysis considering  the tw o soil-rock 

p ro files  taken at a far horizon ta l d istance  aw ay from  the sca tte rin g  boundary . T hese 

com parisons betw een the one-dim ensional and tw o-dim ensional solutions are sum m arized 

in sca tte ring  lim it p lo ts. T hese  plo ts ind icate  the horizon ta l d istan ce  from  the bedrock 

discontinuity  in w hich the tw o-dim ensional and one-dim ensional surface am plifications are 

sim ilar. T herefo re , lim its can be determ ined  fo r this p a rticu la r so il-rock  configuration  

w ith in  w hich a one-d im ensional solution is deem ed inappropria te  and therefore requires a 

tw o-dim ensional solution.



T he boundary elem ent m ethod is used fo r the tw o-dim ensional solution. Included in the 

in v estig a tio n  w as the d ev e lo p m en t o f  tw o  bo u n d ary  e lem en t co d es, one fo r surface 

am plification  o f  an ti-p lane m otion  and a second fo r the surface am plification  o f  in-plane 

m otion. O f specia l in terest in th e  deve lopm en t o f  the codes is the correc tion  due to the 

truncation o f the infinite regions involved in  soil profiles.
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1

C hapter 1 
Introduction

D uring  a seism ic event, the m otion felt at the ground  surface varies w ith both tim e and 

d istan ce  from  the fault. A m ajo r cause to  this v a rian ce  is  the geo log ic  configuration  

betw een the source o f the earthquake and the ground surface. It is this dependency  on the 

geophysical characteristics o f  an area w ith w hich this thesis is concerned. A n exam ple o f 

such dependency occurred in the M exico City earthquake w here large cen tralized  daniaged 

w as attribu ted  to the alluvium  deposit on w hich the city  is built (Eshraghi and D ravinski, 

1989). T he alluvium  soil deposit at this site created  large am plification o f the earthquake 

m otion in the city area, 2 2 0  m iles away from  the epicenter o f the earthquake, w hile minim al 

am plification  occurred  in areas c lo ser to the ep icen ter. O ther earthquakes have likew ise 

show n a dependency o f a site to an area's geologic descrip tion . (Sanchez-Sesm a, 1987).

W hen an earthquake occurs, there is a release o f  energy at the fault rupture originating at 

the focus (F igure 1-1). A portion  o f this energy  is transla ted  into seism ic m otion w hich 

propagates through the earth  in the form  o f  com pression  (P) and sh ea r (SH  and /o r SV) 

waves. These w aves represent body w aves in w hich P and SV  w aves are in-p lane waves 

w hile SH  w aves are out-of-p lane (anti-plane) w aves. A t geologic d iscontinuities, seism ic 

w aves reflect and refract generating  new w aves. W hen seism ic w aves are d iffracted  at the 

surface due to irregularities at the ground surface, su rface  w aves, R ayleigh  (plane) and 

Love (an ti-p lane) w aves, are created . The m otion  at any  po in t in the soil p ro file  is the 

cum ulative effect o f  these body and surface waves. B ecause surface m otion is the effect o f 

wave m otion propagating  from  the source o f  an earthquake to  the surface, seism ic m otion 

at the ground surface is dependent on the soil and bedrock description o f the entire area.

A s seism ic w aves p ropagate through the earth 's  n ea r surface geo logy , earthquake 

m otion is m odified. The governing equation for this propagation o f  earthquake m otion is
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3

the w ave equation. E xact solutions for wave propagation problem s are generally  lim ited to 

geom etries w here separation o f  variab les can be used and w here strains are sm all enough 

such  th a t l in ea r b eh av io r can  reaso n ab ly  be assum ed . O ne ex ac t so lu tio n  fo r soil 

am p lifica tio n  is the  o n e-d im en sio n a l so lu tion  w h ich  assum es th a t the seism ic  m otion 

p ro p ag ates th rough  horizon ta l layers o f  hom ogeneous and  iso trop ic  m ateria l (R oesset, 

1969) . T he one-d im ensional analysis has been found  to y ield  accep tab le  resu lts at sites 

w here these assum ptions are satisfied  and in o ther situations fo r w aves o f low  frequency. 

For high frequencies, w ave scattering due to nonuniform ities o f  the soil p rofile o f  a site is 

significant and a tw o-dim ensional analysis is generally  required. For tw o-dim ensional site 

e ffec ts , v a rio u s  g eo m etrie s  h av e  been  in v es tig a ted . S o lu tio n s fo r d ip p in g  layers 

representing  soil deposits have been  obtained  fo r surface am plification  num erically  by the 

sou rce  m ethod  (D rav insk i, 1982a: 1982b), w ave fu n c tio n s (E sh ragh i and  D rav insk i, 

1989a: 1989b), and  boundary elem ent m ethod (D om inguez and A bascal, 1989). A nalytic 

solutions for the am plification o f an incident SH  wave are available for the cases o f  a semi- 

cylindrical shape valley (Trifunac, 1971) and for a sem i-elliptical alluvial valley (W ong and 

T rifunac, 1974). V ogt studied the effects o f  a canyon em bedded  in soil layers bounded by 

rock  (V ogt et al., 1988). C avities and surface irregularities have been investigated  (Altay, 

1986) and this w ork  ex tended  to  study inhom ogeneities  in so il layers fo r ou t-o f-p lane 

m otion (H adley e t al., 1989). A lthough m uch w ork  has been done in studying  the effects 

o f  soil layer geom etry  and properties, sufficient w ork has yet to be done on the effects o f 

bedrock geom etry and properties on earthquake m otion.

T he purpose o f  this thesis is to investigate the effec t that a p articu lar type o f bedrock 

d iscon tinu ity  has on the am plifica tion  o f  seism ic m otion due to various inc iden t wave 

types. The so il-bedrock  configu ration  studied is show n in F igure 1-2 w ith the soil and 

bedrock properties given in T ab le  1-A. F igure 1-2 show s a bedrock half-space w ith an 

em bedded bedrock layer overlaid with a hom ogeneous soil layer. The soil and bedrock



IN FIN IT E L Y  H O R IZO N TA L, 
H O M O G EN EO U S SOIL LAYER

%  R O C K  "A" %' / / / / / / / / / / / / / / / / / S Y /
EM BEDDED 

R O C K  LAYER
H A L F-SPA C E

R O C K  "B" H A L F-SPA C E  
(0  D A M PIN G )

m  Incident v a v e  field 
(P , SV , & SH)

Figure 1-2: Soil-B edrock G eom etry



SOIL PROPERTIES

PO ISSO N  R A T IO  (vs) 0 .25

D A M PIN G  (Ps) 5.00 %

ROCK PROPERTIES

R O C K  "A" R O C K  "B"

U N IT W T . R A T IO  (yr /ys) 1.32 1.32

PO ISSO N  R A TIO  (vr) 0 .25  0 .25

D A M PIN G  (Pr) 2 .0 0 %  1.00%

T able 1-A: B edrock &  Soil Properties
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properties in T able 1-A represent typical values for sand and lim estone rock.

A s a resu lt o f  strong m otion , stress-stra in  re la tio n sh ip s  in  the soil and  rock  are n on­

linear. In order to  incorporate  th is non-linear behavior, an equ ivalen t linear m odel is used 

w ith  an  ad justed  shear m odulus and dam ping  (Idriss &  Seed , 1968). T he ad justed  shear 

m odulus is an average shear m odulus during  cyclic loading. T he energy  loss incurred by 

the system  during  a com plete stress-strain  cycle is inc lu d ed  in  the dam ping  term . T his is 

done by setting  the energy  loss during  the cyclic  loop eq u a l to the energy  loss o f  the 

equ ivalen t linear v iscous system . Since the dam ping  is re la ted  to the hysteresis loop, it is 

often called hysteretic dam ping. A lthough hysteretic dam ping is a resu lt o f friction loss due 

to harm onic loading, it has been found to be insensitive to the frequency  o f  the loading in 

the frequency range o f  interest. T herefore, this type o f  dam ping  is som etim es called "rate- 

independent linear dam ping" (Chopra, 1995). As the induced m axim um  strain in a m aterial 

increases, the non linear effects o f  the m aterial increase resu ltin g  in the equ ivalen t shear 

m odulus decreasing  and the equ ivalen t dam ping increasing . Each m ateria l in F igure 1-2, 

ex cep t fo r the ro ck  h alf-space  below  H totai, in co rp o ra tes  h y ste re tic  dam ping . In this 

ana lysis , the sh ea r velocities  and  dam ping  used rep resen t reduced  values and are kept 

constant. The exception for the rock half-space to be elastic below  H total is required  for the 

num erical co rrec tion  facto r used fo r the half-space. T yp ica lly , rock  outcrop  m otions are 

defined at the top o f  the rock half-space. Therefore, the assum ption o f zero dam ping in the 

rock half-space is not considered significant for this problem .

A m plification  o f  seism ic m otion is dependent on the w ave type and angle o f  incidence. 

Incident w ave m otions are considered  p lanar and cases fo r body w aves, com pression  (P) 

and shear w aves (SH  & SV), are investigated . In o rd e r to  determ ine the sign ificance o f 

the ro ck  properties o f  the em bedded  rock layer and em b ed m en t depth , H 2, a param etric 

s tudy  is m ade w hich  sum m arizes the soil am plifica tion  along  the g round  surface as a
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function o f  frequency. T he analysis includes each  o f  the d iffe ren t body  w ave types fo r the 

various incident angles. T he param etric  study is accom plished  by vary ing  the half-space 

angle o f  incidence, the shear v e lo c ity  ra tio  o f  the in c lu sio n , and  th ickness ra tio  o f the 

inclusion. T his is all done fo r each  o f  the d iffe ren t body  w ave types, (SH, SV, and P), 

and fo r a suite o f d im en sio n less  frequenc ies (0 .5 , 1.0, 1.2, 1.4, 1.6, 1.8, 2 .0, 2 .5, and 

3.0). T hese d im ensionless frequencies are equal to (co*H l)/C s so;i iayer. For a soil layer 

w ith  a shear velocity  o f  1 , 0 0 0  fps and  a th ickness o f  2 0 ', the d im ension less frequencies 

correspond  to actual frequencies in the range o f  4 .0  and  23 .9  cps. Incident angles o f 90, 

75, and 60 degrees are used fo r each o f  the w ave types. S hear velocity  ra tios o f  rock "A" 

to soil o f  2.5 and 5 are used for the in-p lane study and 1, 2 .5 , and 5 are used for the an ti­

p lane m otion study. T he shear velocity  o f rock  "B" to so il is kep t constan t at 10 . The 

ratio  o f  em bedded  rock  th ickness to soil th ickness varies from  1 to  5 (1 ,2 ,  & 5) for an ti­

p lane m otion. For in-p lane m otion, tw o th ickness ra tios, 1 and  2, are used. F inal results 

are presented as surface am plifications in the area above the bedrock discontinuity.

C om parison is m ade betw een the tw o-dim ensional resu lts  and one-d im ensional results 

by exam in ing  w here the tw o-d im ensional re su lts  approach  the one-d im ensional resu lts 

along the surface boundary. The end-points o f  the region w here the results are w ithin 10% 

are defined in this thesis as the scattering lim its. T herefore, the scattering  lim its define the 

lim its o f  the additional scattering due to the half-space inhom ogeneity  and is the horizontal 

d istance from  the bed ro ck  d isco n tin u ity  to w h ere  the tw o -d im en sio n a l resu lts  do not 

significantly  d iffer from  the one-d im ensional results. Scattering  lim its are plotted versus 

d im en sio n less  freq u en cy , (c o H l/C sSo il). fo r  each  co m b in a tio n  o f  shear velocity  and 

thickness r a t io .
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T he boundary  elem ent m ethod  is u sed  in the tw o-d im ensional study to  so lve  fo r the 

am p lifica tio n  o f  ea rth q u ak e  m otion . T he m ethod  is chosen  to  be u sed  because  o f its 

inherent advantages:

(1) T h e  b o u n d ary  e le m e n t m e th o d  ac cu ra te ly  d e sc r ib e s  the to p o g rap h y  and  soil 
configuration o f the problem  and allow s fo r the inclusion o f hysteretic dam ping.

(2) T he m ethod  reduces the dom ain  p rob lem  to a boundary  in tegral and therefore requires 
only  the discretization o f  the boundary o f  the dom ain.

And

(3) T he m ethod autom atically  satisfies the rad iation  condition  through in fluence functions 
used w hich alleviates the need to  m odel non-reflecting boundaries.

In the fo llow ing  chap ters, the p rob lem  o f a specific  type o f  bedrock d iscon tinu ity  is 

investigated. In C hapter 2 the w ave equation is derived in the frequency dom ain. In order 

to have an initial basis o f  the im portance o f  bedrock characteristics, a param etric  study is 

perform ed using the one-d im ensional analysis. C hap ter 3 includes the fo rm ulation  for the 

o n e-d im en sio n a l ana lysis  and the  resu lts  o f the o n e-d im en sio n a l ana lysis a re  g iven  in 

C h ap ter 4. T hese am plification  cu rves from  the one-d im ensiona l analysis illustra te  the 

sign ificance o f the so il-rock  shear w ave velocity  ra tio  and depth ratio  o f  the inclusion and 

estab lish  an in itia l basis fo r the tw o-d im ensional study . B ecause the boundary  elem ent 

m ethod is used for the tw o dim ensional analysis, the boundary elem ent m ethod is described 

and developed  in C hapters 5-9 fo r application  to soil am plification problem s. T he validity 

o f the codes is proved  in C hap ter 10. R esults o f the surface am plification  due  to an unit 

inciden t body w ave are given in C hap ter 11. C om parison  betw een the tw o-d im ensional 

analysis and the one-d im ensional analysis are d isp layed  by scattering lim it p lo ts that are 

also  g iven  in C hap ter 11. T h ese  p lo ts o f  scattering  lim its show  the sign ificance o f  the 

scattering  effect o f  the em bedded  layer and the variance o f  the tw o-d im ensional solution 

from  the one-d im ensional so lu tion . T he com puter codes used to generate the resu lts and 

sam ple input files for the codes are included in the appendix.
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C hapter 2 
W ave Equation

T h e w ave equation  is developed  from  N ew ton 's second  law  (£F = m a). T he equations 

o f  m otion acting on a infinitesim al elem ent o f  a m edium  in each  direction can  be w ritten in 

indicia! form  as:

Oijj + f i = pii; (2 .1)

f; = body force 
P = density

w here repeated  indices indicate sum m ation.

The stress-strain relation for an elastic m aterial is:

o-- =  ^  5  •• e + 2 ue..u ij  ̂ ij mm (2 .2 )

x  =  n ( _ 2 v__)
( l - 2 v)

X  =  elastic constant

P = shear m odulus

v =  Poisson  ra tio

Substituting displacem ents for strain, the stress-displacem ent relation becom es:

ctij =  X  Sjj u m.m +  p ( u j . j  +  u j,i) (2 2 )

and the derivative o f stress with respect to coordinate j:

— (X  + p ) Uj.ji + p. U; jj (2.4)
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T he governing w ave equation  is  then  derived  by substitu ting  equation  (2.4) into equation 

(2.1). T his leads to N avier's equation  w hich is N ew ton 's law  in term s o f  displacem ents.

T h is is the g o vern ing  equation  fo r w ave p ropagation  in  an elastic m ateria l. S ince our 

in terest is in the d isp lacem ent varia tion  from  the static position , the body forces, fi, will be 

excluded  in the fo llow ing equations. In order to consider dam ping, linear v iscous dam ping 

term s are included  through com pression  and shear v iscous dam ping  term s. To determ ine 

w hich term  in equation 2.5 to apply com pression viscous dam ping  and w hich term  to apply 

sh ea r dam ping , equation  (2.5) is rew ritten  in a form  o f  a com pression  w ave and shear 

w ave by adding and subtracting u jj , to  the left side o f  equa tion  (2.5). E quation 2.5 then 

becomes:

N ow  it can be seen that the first term  on the left side o f  equation  (2.6) is dependent on the 

com pression  w ave velocity  w hile the second term  on the shear w ave velocity . Therefore, 

the com pression  w ave viscosity  should  be applied  to the first term  w hile the shear wave 

viscosity applied to the second term . The stress-displacem ent relation can be written as:

(X  + 11 ) ujij + (lUijj + f; = p u ; (2.5)

a  + 2p.) Ujji + p  (U;jj - Ujji) = PUj
(2 .6)

(2.7)

rip = com pression w ave viscosity

T]s = shear wave v iscosity
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T he w ork  in  this thesis is done in the frequency  dom ain . In  o rd e r to  develop  the wave 

equation  in the frequency  dom ain, a Fourier transform  is used w here  the F ourier transform  

o f f(t) is defined as:

f(co) = F { f( t)} =  f  °° f(t) e+icotdt
Jo (2 .8 )

t = time 

03 = frequency

T herefo re , tak ing  the F ourier transfo rm  o f equation  (2.7), the F o u rie r transfo rm  o f the 

w ave equation for a viscoelastic m aterial is defined as:

(k + 2|i)ujji + |i(u">0J '  UJJ>') + r |
dun;j.ji

P dt + n s
3(u ijj j.j>

at
^ [ p 'u j

(2.9)

T ak ing  the F ourier transfo rm  by apply ing  equation  (2.8) to  both  sides o f  equation  (2.9) 

leads to:

a  + 2 p  -  icorip) F  [ujji] + (p. -  icons) F  (u i j j '  uj,ji) = - pot2/ 7 [uj]
(2 . 10)

or

(A, + 2jj.~ icor|p) ujji + (p. — icons ) (u i,ij - «jji) = - p 032u ;
(2 . 11)
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M ateria l v iscosity  effects are rep resen ted  by m eans o f  a hystere tic  dam ping  m odel. The 

hysteretic dam ping ratio is re lated  to linear viscous dam ping by:

2 p P (X + 2 p) 2 P S |i

(2 . 1 2 )^ P  CO . CO

Pp = com pression w ave hysteretic dam ping 

Ps = shear wave hysteretic dam ping

and equation (2 . 1 1 ) can be rew ritten  as:

a  + 2 | i ) ( l  -  i2 p p) ujji + n  (1  -  i2 p s) (u;jj - ujdi) = - pco2^
(2.13)

T his equation  is fu rth e r s im p lified  by su b stitu tin g  co m p lex  term s fo r the elastic  Lam e 

constants. The equation now becom es:

*  —  *  -

( X  +  2(J.) ujji M- (ui,jj uj j i )  ' pco U; (2.14)

where

( k  +  2 |i)* = (A, + 2 p.)(l -  i2 p p) 

p* = | i ( l  — i2 p s)

As a sim plification to the analysis in this w ork, the hysteretic dam ping  fo r the com pression 

wave and shear w ave are considered equal and both set to p  .
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C hapter 3 
O ne-D im ensional Solution

A one-dim ensional study is carried  out to  determ ine the significant characteristics o f  the 

so il-ro ck  co n fig u ra tio n  o f  F ig u re  1-2. T he o n e-d im en sio n a l so lu tio n  is based  on the 

assum ption  that each lay er o f  th e  stud ied  soil p ro file  is hom ogeneous, horizonta l, and 

in fin ite  in the x i and X2  d irec tio n s  (F igu re  3-1). In the fo llo w in g , o n e-d im en sio n a l 

so lu tions are  deve loped  fo r in -p lane (P ,SV ) and  an ti-p lane (SH ) m otions due to a unit 

in c id en t w ave in the freq u en cy  dom ain . T he eq u a tio n s  are  w ritten  fo r lay er "j" and 

th e re fo re  a re p ea ted  "j" in d ex  does n o t im p ly  su m m atio n . In C h ap ter 4 , su rface  

d isp lacem ent p lo ts due to a unit inciden t w ave are generated  fo r each o f the possib le  soil 

co lu m n s o f  F ig u re  1-2. T h ese  p lo ts  serve as a p re lim in ary  basis to  d e te rm in e  the 

dependency  o f  surface d isp lacem ents to the d iscon tinu ity  in the rock  half-space and w hat 

characteristics m ay be significant for the tw o-dim ensional study.

3.1: A nti-Plane M otion

A n an ti-p lane shear w ave (SH ) reflects and refracts at a boundary  into an ti-p lane shear 

w aves resu lting  in no m ode conversion . W ith in  each layer o f  F igure 3-1, d isp lacem ent in 

the X2  d irec tion . U2 , is the resu lt o f  an incom ing  w ave in the -X3 d irection , A sh j; and an 

outgoing w ave in the +X3 d irection , Bshj.

H I
B s h i  A sh i

A3h2 B sh2

B sh2 A sh2

H2

e hs X s- \A sh* = 1.0 • N  Bshfc

Figure 3-1: O ne-D im ensional A nti-Plane W ave M otion
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F o r anti-p lane m otion  only  d isp la c e m e n t, 112, in the X2  d irec tion  w ill o ccu r and equation 

(2.14) sim plifies to:

* -  2
(I u2jm(x,co), +  poo U2(x,C0) =  0  ^  ^

F urther sim plifying equation (3.1) to include the shear velocity  results in  :

U2 jm(x.cn) +
I  2 >

CO
—  I u2(x,co) =  0

V C S

where

u 2 (x,co) = displacem ent in x2  direction
+

Cs = com plex shear velocity

(3.2)

W ith in  each lay er "j", the an ti-p lane w ave equation , equation  (3.2), is satisfied  by the 

d isp lacem en t:

(u2)j (x,C0) =

[Ashj expf-ioVCsj sin(pj) x3) +

Bshj exp{+ico/Csj sin(pj) x3}] exp(+ico/Csj cos(pj) x ^

(3.3)

where

Ashj = m agnitude o f incom ing w ave within layer j 

Bshj = m agnitude o f outgoing wave w ithin layer j
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*
Csj = com plex shear w ave velocity o f  layer j  (includes hysteretic dam ping)

p.j = shear m odulus o f  layer j (includes hysteretic dam ping)

Pj = the incidence angle o f  the SH  wave (0j) for the case o f  zero dam ping, 
is com plex otherw ise

co = circu lar frequency

T he shear stress w ith in  each  lay er is d e te rm in ed  fro m  th e  co n stitu tiv e  re la tio n sh ip , 

(®3 2)j = M-j ^(u2)j /  dx3 > and resu lts in:

(<J32) . (x,co) =

ipj oVCsj (sine(pj))[-A shjexp(-ioyCSj s ine(p j)x3}

+ B sh:exp{+iai/C si sine(p :)x3 }]exp{+ico/Csj c o s ^ O x j)
j j j j (3.4)

A t each soil layer in terface, con tinu ity  o f d isp lacem ent and  stress is enforced. Exam ining 

equations (3.3) and (3.4), it can  be concluded  that in o rd e r to  satisfy  w elded conditions 

along a layer interface the function (ffl/Csj) cos(pj) m ust be equal fo r each o f the layers and

half-space. T his function  is ca lled  the w ave num ber and  is represen ted  by k. Since for a 

given soil profile k  is constan t fo r each frequency, pj can  be determ ined  fo r each soil layer 

from  the know n half-space angle o f  incidence:

cos p j _  cos p 2 _  cos p hs

(3.5)
C sj C s2  C shs

Equation (3.5) indicates that pj is frequency independent.
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Stress free conditions at the surface result in the incom ing w ave coefficient, A sh j, being 

equal to the re flec ted  w ave coefficien t, B sh i. Inc iden t m otion  is in troduced  by setting the 

h a lf-space inc iden t w ave coeffic ien t, Ashhs, equal to 1.0 . D isp lacem ent, equation  (3.3), 

an d  sh ea r s tress , eq u a tio n  (3 .4 ), a re  sim p lified  and  the  sh ea r s tress  fo r lay er "j" is 

n o rm alized  by m u ltip ly in g  by the th ickness o f  the top  so il lay er and  d iv id in g  by the 

com plex shear m odulus o f the layer that it pertains to:

(u2 )j(x,a>) = [Ashj exp[-iktj x 3} + Bshj exp{+iktj x3}] exp{+ikxj
(3.6)

( c 3 2).(x,co)Hl ojHI 
— i f j ------------- =  i (--------)* * V _ * '

f m„:ti A
Cs A t

X J \J

Cs:

V a i  ;

[-A shj exp[-iktj x 3) + Bshj exp[+ iktj x 3} ] exp[+ ikx]

(3.7)

( a 12)j(x,co) H I coHl
= i ( — r - )  

C sAt

(  m xi A

C s,

V At )

[Ashj exp[-iktj x 3} + Bshj exp[+ ik tj x 3}] exp{+ikx!

(3.8)

w here

•T'

C sAi=  shear wave velocity o f area 1 

m xj = cos (pj)
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F rom  equations (3.6), (3.7), and  (3.8), it is  seen that the d isp lacem en t and  stresses are 

fu n c tio n s  o f  X3 and o f  e x p ( ik x i)  in the x i  d irec tio n . T h e  la tte r  term  in d ica tes  the 

p ropagation  in the x j d irection. For 0  dam ping , tj rep resen ts  the tangen t o f  the angle o f 

incidence w ithin layer j ,  how ever for layers w hich include dam ping , the angle o f incidence 

is not obvious. In order to determ ine the angle o f  incidence w ith in  the dam ped soil layers, 

the ex p o n en tia l term s o f  equation  (3 .3) are rew ritten  in  term s o f  rea l and im aginary  

num bers (W olf, 1985). S ince the half-space is considered  elastic, the w ave num ber is real 

and only tj is com plex:

(u2)j(x,co) =

[Ashj exp  |- ik  [Re(tj) + i Im(tj)) x 3|  + Bshj ex p j+ ik  (Re(tj) + i Im(tj)) x 3 j] e x p ( -t-ikxj}

(3.9)

C arry ing  out the m ultip lication  o f the exponentia l term s resu lts in an inciden t w ave w hich 

in creases  in m agn itude w ith increasing  X3 and  a re flec ted  w ave w hich  decreases with 

increasing  X3.

(u2)j(x,co) =

Ashj exp |- ik  (Re(tj)] x3 jex p  |+ k  (Im(tj)] x3|

+ Bshj exp j+ ik  (Re(tj)j x3 jex p  j - k  (Im(tj)) x 3|
e x p f+ ik x j)

(3.10)

It can  be concluded  from  equation  (3.10) that the ang le  o f  incidence is equal to the arc 

tangent o f  the real part o f  t j .

C onsidering the surface boundary condition and w elded condition at the layer interfaces, 

eq u a tio n s (3.6) and  (3.7) can  be pu t in to  m atrix  fo rm  w ith  the w ave co e ffic ien ts  as 

unknow ns and the incident half-space w ave coeffic ien t set to 1.0 . A fte r solv ing  fo r the 

w ave coefficien ts o f  the soil layers, w ave d isp lacem en ts and stresses can be determ ined
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u sing  equa tions (3 .6), (3 .7), and  (3.8). E quation  (3.11) is the m atrix  equation  used to 

solve the problem  o f  a soil p rofile consisting o f  tw o-layers on a half-space.

+1 -1 0 0 0

^ -ik tjZ j +e+ikti z i _e -ik t2z i -e+ ik t2z i 0

_e-iktiZ! +e+iktiz i e_ ikt2z i - ^ e +ikt2z i 
ti b

0

0 0 4e~ ikt2z2 +e+ikt2z2 _e +ikthsz2

0 0 _e -ik t2z2 +e+ikt2z2 !hse +ikthsZ2
h

=

0

0

+A shhse_ ^ thsz2

^ > A s h hse - ^ h s z 2
h

where

Zj = depth to base o f layer j

(3.11)

$ T < -
Csj + 1 2 yj + 1

Cs; )
Yj
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T he ro ck  outcrop m otion is calcu lated  at X3 = H total and assum es that there is no m aterial 

above this level. Therefore, fo r outcrop m otion the incident and reflected  w ave m agnitudes 

are equal and the rock  outcrop displacem ent is equal to:

3.2: In-P lane M otion

A n incom ing in-plane wave reflects and refracts at a boundary in to  in-plane w aves. For 

the case  o f  v e rtica l incidence, the w ave type rem ains unchanged . H ow ever, fo r non­

vertical inciden t w aves m ode conversion  occurs in w hich  an incom ing  w ave reflects and 

refrac ts  into P and SV  w aves. W ithin each layer d isp lacem en t is the sum m ation  o f  the 

d isp lacem en t due to the incom ing , -X3 d irection, P and SV  w aves , and the outgoing , +X3 

direction, P  and SV w aves (F igure 3-2).

(u2 )„,ltCr = 2 -° * A shhs ex p (-ik H total)outcrop (3.12)

H 2

B s v 2 A s v 2

b p 2 AP2

Figure 3-2: O ne-D im ensional In-Plane W ave M otion
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Within each layer "j" the wave equation is satisfied by the displacement equations:

(U j^C O ) =

[lXJ{ApJexp(-ikSjX3) + Bpjexp(+ikSjX3) } + l-m XJ {-Asvjexp(-iktjx3) + Bsvjexp(+iktjX3)}] 
*exp(+ikx])

(3.13)

(u3)j (x,co) =

[y l~lxj {-Apjexp(-ikSjX3) + Bpjexp(+ikSjX3)} + mxj (~AsvJexp(-iktJx3) -  BsvJexp(+iktJx3)) | 
*exp(+ikx1)

(3.14)

The stress equations are generated by applying the constitutive relations to equations (3.13) 

and (3.14) which result in:

( 2 V
(O! i)j(x,co) = +ik|i*[ {+Apjexp(-iksjX3) + Bpjexp(+ikSjX3) } / — 0xj -1) + - ^

1 Ax j  m

{+Asvjexp(-iktjX3) -  Bsvjexp(+iktjx3) )(2>J l-m ^ )] exp(+ikxj)

(a 3 3)j(x,co) = + ik |lj[ {+ApJex p (-ik sJx3) + B pJexp(+iksJx 3)}lXJ( - i -  -  2)+
m xj

(+Asviexp(-iktix3) -  Bsv:exp(+ikt:X3))(2A /l-m 4)] exp(+ikx0
V (3.16)
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( a 3i)j(x,co) = +ik(l*[ {-A pJexp(-iksjx 3) + B pJexp(+iksJx 3) } lXJ(2 \/T ^ l|~ )+

1—2 m^j
{+Asvjexp(-iktjX3) + BsvJexp(+iktjX3) } (—^  ■-)] exp(+ikx1)

XJ (3 .17)

where

(Uk)j(x,a)) = displacem ent in k  direction w ithin layer "j"

A pj = incom ing com pression w ave coefficient w ithin layer "j"

B pj = outgoing com pression w ave coefficient w ithin layer "j"

Asvj= incom ing shear w ave coefficient within layer "j"

B svj= outgoing shear wave coefficient within layer "j"

*
p.j = com plex  shear m odulus o f  layer "j" 

co = frequency

As in the case o f  anti-p lane m otion, the w'ave num ber is constan t fo r each frequency. 

T herefore, from  the prescribed half-space angle o f incidence, lxj  and m xj can be calculated 

from  equation (3.18):

C s hs/ c S] _  c s; / c Sl _  C P j / C Sl _  C p hs/ C p ,

m xhs m XJ xj 1xhs (3 .18)
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D isp lacem ent and  stress so lu tions are again functions o f  X3 and o f  ex p (ik x i). A t each 

so il lay e r in te rface  co n tin u ity  o f  d isp lacem en t and stress  is en fo rced , and stress free 

conditions are set a t the ground surface. T he developm ent o f  the solution for in-plane wave 

m otion  is m ore com plicated  than the ou t-o f-p lane case due to  the w ave m ode conversion 

w hich  occurs at the  boundary in terfaces. S tresses are norm alized  through m ultip ly ing  by 

the th ickness o f  the top soil lay er and div id ing  by the com plex  shear m odulus o f  the layer. 

N orm alized  stresses are show n in  equations (3.19-3 .21)

(a n )j(x,co)Hl

+iexp(+ikx1)[{+Apjexp(-ikSjX3) + Bp.exp(+ik.s,x3) } — \r~]
J C s A1 Cs.- C s :  C p j C s ;

( - J - )  J e b < - r - )
C s a i  C sj C s Ai

-  {+Asvjexp(-iktjX3) -  Bsvjexp(+iktjX3))(2 (-^ y -) - ^  U -m 2j]1/2)]
C s Ai (  C s ,

C sAi

(c533)j (x ,co) H I  _
_

*
+iexp(+ ikx 1)[{+A pjexp(-iksjx3) + BpJexp(+iksJx3 ))(-^!̂ i i -)[— l— ----- ^ - ( l - 2 m XJ2)

(3.19)

C sA] CS: CS:
(^ L )
C sAi

, ... _ ... s.\LJ1{+AsVjexp(-iktjX3) -  BsVjexp(+iktjX3) ) (2C-S2H1.)   mx|  [ l-m 2j]1/2 )1
1"'~ Cs

C sAi

C sAi

(3.20)
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( g 31)j(x,co) H I

+iexp(+ ikx1)[{ -A p jexp(-iksjx 3) + BpJexp(+iksJx 3)} 2 ( -^ ^ - )m xly / l - l Xj
C sA1 Xj Cs" l . s a 1

_ 2m xj)]+ (+AsvJexp(-iktJx3) + Bsvjexp(+iktjX3) }(■

(3 .21)

C onsidering  the stress free conditions at the g round surface and  the w elded cond itions at 

the layer in terfaces, equations (3.13), (3 .14), (3 .20), and  (3 .21) can  be p u t in to  m atrix  

form . Incident m otion  is in troduced  in to  the equation  by setting  e ither o r both  the half­

space w ave coefficien ts to 1.0 . Equation (3.22) and (3 .23) are the m atrix  equations used 

to solve for the incident and reflected  w ave coefficients fo r each layer "j". E quation (3.22) 

is the m atrix equation  for a vertically  incident w ave w hile equation (3.23) is fo r an oblique 

half-space w ave. A fte r w ave coefficien ts are determ ined , d isp lacem ents and stresses can 

be found using equations (3.13) through (3.17).
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T he ro ck  ou tcrop  m otion  is ca lcu lated  at X3  = H to ta l a° d  assum es that there is no m aterial 

above this level. Therefore, the rock  outcrop  m otion  is so lved by considering the problem  

as a  half-space p rob lem  at the level X3=H total w ith stress free boundary conditions.

(u l)outcrop(x >®) —

Px h s fA P h s ^ P ^ ^ S ^ H  total)

+B phsexp(+ikshsH total)} + J  l - m £ hs ( -A sv hsexp(-ik thsH total)+B svhsexp(+ikthsH total)}]

(3.24)

(^*3^outcrop(^>®) —

fv ^xhs ^Phs®^P(—̂ ^hs^total)
+ B PhsexP(+ikShsH totai)) + m Xhs (-A sv hsexp(-ik thsH total) -  B svhsexp(+ikthsH total) }]

(3.25)

(^33)oiitcrop(X’®) —

+i fa-hJ {+A phsexp(-ik shsH lotal) + B phsexp(+ikshsH total))k lxhs( - |  2)+
m xhs

{+A svhsexp(-ik thsH tota]) -  B svhsexp(+ikthsH lotal) } (2k>/ 1-m J hs)]

(3.26)

(^3 l)outcrop(x>^) ~

+i .u hs({“ Aphsexp(-ik shsH total) + B phsexp(+ikshsH totai)}2- - ;  hV  l - l x hs +
C shs

1 9rr)2
{+A svhsexp(-ik thsH [otal) + B svhsexp(+ikthsH tolal)} -^ V (  ~  xhs)]

po, luxhs '^ h s

(3 .27)

S o lu tio n  fo r th e  w ave  co e ffic ien ts  is fo u n d  by se ttin g  A phs = 1.0 o r Asvhs = 1-0, 

depend ing  on the particu lar inciden t w ave fo r w hich  solu tions are desired  and solving the 

m atrix  equation (3.28):
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/ CPhs _  j  . 
v * -̂ mx hs*x hs

C shs

2 m xhs [ i ^ x h J 1̂

- 2 m x h s  [  l - ^ x  h s ] 1 /2

1 -  2rrivx h s

( B p hs exp(+ikshsH total) 
\B s v h sexp(+ikthsH total)

2  r ^ x h s  ^x  h s  ‘
C P h s

Cs h s

+ 2 m x h s  [ 1 _ 1 x h s ]

- 2 m x h s [ l - m 2 h s ] 1 /2

2 m x  h s  -  1

A p h s  exp(-ikshsH total) 
A svhs exp(-ik thsH totap

(3.28)

A n ob lique P w ave w ill alw ays re flec t as a P w ave and SV  w ave, how ever below  a 

certain  angle, the critica l angle, an inciden t SV w ave w ill no t re flec t as a P wave. Instead 

o f  a P w ave, a surface w ave is created  w hich decays exponentia lly  w ith depth. The critical 

angle is calculated by determ ining the angle in w hich the reflected  P wave is 0. This can be 

found  using  equation  (3.5) w hich resu lts in  the c ritica l angle fo r the half-space being a 

function o f  the Poisson ratio  o f  the half-space:

0sv  = cos 1(Cs/Cp) = cos 1

(3.29)
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C hapter 4 
R esults o f  O ne-D im ensional A nalysis

O ne-d im ensional am plifica tions w ere determ ined  fo r the various possib le  soil colum n 

configu rations o f  F ig u re  1-2 i f  each  side o f  the soil co n fig u ra tio n  (± x i)  w ere analyzed 

separately . T his is equ ivalen t to  d isregard ing  the scattering  that the bedrock  discontinuity  

causes. In F igure 1-2, the h alf-space below  H total is the sam e fo r both  ± x i and only  the 

p roperties  o f  layer 2 d iffe r on the  -x i and + x i sides. T h e  one-d im ensiona l resu lts were 

used to  in itia lly  d e term in e  w h a t m ay be causes o f  s ig n ifican t am plification  fo r the tw o- 

d im ensional analysis. F igure 4-1 show s the assum ed soil p rofile  used in the 1-d analysis 

and the soil properties. Shear velocity  and unit w eight are given as a ratio  to the soil layer 1 

properties.

T he Poisson  ra tio  fo r the half-space is equal to 0.25 and therefore corresponds to a critical 

angle for the inciden t SV  w ave equal to 54.74 degrees. T he half-space incidence angles 

used in th is study are g rea ter than  this value. T herefo re, on ly  re flec ted  P and SV w aves 

can be expected fo r the in-plane m otion w hen the angle o f  incidence is o ther than vertically 

incident. For vertical incidence there is no m ode conversion, P w aves reflect and refract as 

P w aves, and SV w aves reflect and refract as SV  waves. F or anti-plane m otion, regardless 

o f the half-space angle o f  incidence, there is no m ode conversion  and SH  w aves reflect and 

refract as SH  waves.



29

LAYER 1 
v  =  0 .2 5  
[3 = 5 .0 0 %

LAYER 2 
v  = 0 .25

B

HALF

L A Y E R  2 SO IL PRO PERTIES:

Cs (layer 2) /  Cs (layer 1) h  D A M PIN G  (%)

1 0 . 0 1.32 1 . 0 0

5 .0 1.32 2 . 0 0

2.5 1.32 2 . 0 0

1 . 0 1 . 0 0 5 .0 0

Figure 4-1: Soil P rofile U sed For T he O ne-D im ensional Solution

H
to

ta
l
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W ithin  each  layer the angle o f  incidence is equal to  the angle o f  reflection . In  order to 

determ ine the angle o f incidence fo r each layer "j", m xj and  lxj  can  be determ ined  for each 

layer from  equation  (3.18). K now ing these values, the P  w ave angle o f  incidence is the arc 

tangent o f  sj and the SV angle o f  incidence the arc tangent o f  tj:

0 Pj = tan- l R e
I2 -lXJ

and

(4.1)

0 s Vj = tan- l Re
m xj (4.2)

T he incidence angles are given fo r each o f  the layers fo r each  o f  the studied  cases in Tables 

4 -A and  4-B . F or an incident SH  w ave, the incidence ang les are  equal to  0svj w hich are 

given in Table 4-A. N atural frequencies fo r the cases are given in  T ables 4-C , 4-D , and 

4-E  .
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Gsvpjs — 90.00 ; OPhs — 90.00

■C s ^ a.y.e r j ). D A M PIN G  6 sv Gayer j) ©P Gayer j)
Cs Gayer 1) ( °) (degrees) (degrees)

10 1 .0  9 0 .0 0  9 0 .00

5 2 .0  9 0 .0 0  90 .00

2 .5  2 .0  9 0 .0 0  90 .00

1.0 5 .0  9 0 .0 0  9 0 .00

Qsvhs -  75.00 ; Opns -  63.37

, g g . G ^ j )  D AM PIN G 0sv Gayer j) Op Gayer j)
Cs (layer 1) (degrees) (degrees)

10 1.0 7 5 .0 0  63 .36

5 2 .0  82 .56  77 .04

2 .5  2 .0  86 .29  83 .56

1.0 5 .0  88.51 87.42

0svHS — 60.00 ; ©Phs = 30.00

C sf la y e r jl  DA M PIN G 6sv flayer j) 6 p flayer j)
Cs (layer 1) (degrees) (degrees)

1 0  1 . 0  6 0 .0 0  30 .00

5 2 .0  75.51 64 .33

2 .5  2 .0  82 .82  77 .49

1.0 5 .0  87 .12  85.01

Table 4-A: Angle o f Incidence Due To An Incident SV W ave
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^P hs -  90 .00 ; Osvhs

Cs Qayer j)
Cs (layer 1)

10
5

2 .5

1.0

0pHS = 75.00° ;0 s v HS

Cs Qayer j)
Cs (layer 1)

10
5

2.5

1.0

® P hs ~ 60.00 ; 0svHS

Cs Gayer j)
Cs Gayer 1)

10
5

2.5

1.0

= 90.00

DAS ’“ G 0p (layer j) 6p (layer))
( % > (degrees) (degrees)

1.0  9 0 .0 0  9 0 .0 0

2 .0  9 0 .0 0  9 0 .0 0

2 .0  9 0 .0 0  9 0 .0 0

5 .0  9 0 .0 0  9 0 .0 0

= 81.41

DA« NG «  ~
1.0  7 5 .0 0  81.41

2 .0  82 .56  85.71

2 .0  86 .29  87 .86

5 .0  88.51 89 .14

= 73.22

D A M PIN G  Qp ( l a y e r esv (layer i)
( °) (degrees) (degrees)

1.0 6 0 .0 0  7 3 .22

2 .0  75.51 81 .70

2 .0  82 .82  85 .86

5 .0  87 .12  8 8 .34

Table 4-B: A ngle o f Incidence Due T o An Incident P W ave
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F or a basis o f  com parison, the natural frequency o f a soil layer on a half-space is given as:

For a vertically  propagating shear wave:

COnHl
Csi

(2n-l)
* 2 tc

(4 .3)

and fo r a vertically  propagating com pression wave:

0)n Hl (2 n - l )
C pi

*  2 k
(4 .4)

w hich is equivalent to:

0 )n H I _  (2 n - l)  . Cp
C sj 4 C s t 4̂ ^

F o r th e  lo w est n a tu ra l freq u en c y , o r fu n d am en ta l freq u en cy , the d im en s io n le ss  

fu n d am en ta l frequency  is fo r a v e rtic a lly  p ro p ag a tin g  shear w ave, 1.5708, and  fo r a 

v ertica lly  p ropagating  com pression  w ave, 2 .7207 . F o r these soil p ro files, the natural 

frequencies at w hich m axim um  horizontal and vertical d isplacem ent are basically invariant 

fo r the chosen incidence angles.

4.1: Incident SH  W ave

R esults fo r an inciden t SH  w ave are given in F igures 4-2 through 4-4  fo r the various 

soil p ro files  and h a lf-space incidence angles. T he surface d isp lacem en t is given as a 

function  o f  the d im ensionless frequency  k s l* H l  w here k s l  is the shear wave num ber and
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H I the  th ick n ess o f  layer 1. A  sum m ary  o f  the m ax im u m  am p lifica tio n s and natural 

frequenc ies are g iven  in  T able 4-C . F igures 4-2  th ro u g h  4 -4  ind ica te  that the surface 

m o tio n  is n o t sen sitiv e  to  the angle o f  in c id en ce  fo r  the an g les  used . M axim um  

am plification  occu rs at the fundam ental frequency  fo r all the cases excep t fo r w hen the 

shear velocity  ra tio  o f layer 2 is equal to 2.5 and the th ickness ra tio  is equal to 5.0 . For 

this particu la r case, m axim um  am plification  occurs at the second natural frequency. The 

case in  w hich the em bedded rock  layer is treated as soil is also  included. This is equivalent 

to studying  the dependency  o f the surface am plification  to the th ickness o f  the soil layer. 

As the th ickness o f  layer 2 increases or the shear velocity  ratio  decreases, the soil profile 

becom es less stiff resulting in the natural frequencies decreasing. M axim um  am plification, 

U2= 13.6 , is caused  by a vertically  incident SH  wave and occurs when the thickness o f layer 

2 is equal to layer 1 and the shear velocity ratio is equal to 2.5 .



Table 4-C: Natural Frequencies and Corresponding Amplitudes 
Due To An Incident SH W ave

HORIZONTAL DISPLACEM ENT

H2/H1 C s2/C sl
n =

1 st natural frequency 
= 1 (fundamental frequency)

2 nd natrural frequency 
n = 2

k s l* H l
90 .0

0  incident 
75 .0 60.0

k s l* H l
90 .0

0  incident 
75 .0 60.0

1 . 0 1 0 . 0 1 . 6 12.9 12.7 1 2 . 0 4.7 6.4 6.3 6 . 1
5.0 1 . 6 13.0 1 2 . 8 1 2 . 1 4 .6 7 .2 7.1 6.7
2.5 1.4 13.6 13.3 12.4 3.7 6.4 6 . 2 5.8
1 . 0 0 . 8 12.7 12.5 1 1 . 8 2 .4 6.4 6.3 6 . 1

2 . 0 1 0 . 0 1 . 6 12.9 12.7 1 2 . 0 4.7 6.4 6.3 6 . 1
5.0 1.5 13.1 12.9 1 2 . 1 4.8 7 .0 6.9 6.5
2.5 1 . 2 1 2 . 6 12.3 11.4 2.3 7.7 7.5 7 .0
1 . 0 0.5 1 2 . 0 1 1 . 8 1 1 . 2 1 . 6 6.3 6 . 2 6 . 0

5.0 1 0 . 0 1 . 6 12.9 12.7 1 2 . 0 4.7 6.4 6.3 6 . 1
5.0 1.5 10.5 10.3 1 0 . 0 4.7 6 . 8 6.7 6 .4
2.5 0.7 8.5 8.3 7 .6 1 . 6 11.4 1 1 . 2 10.5
1 . 0 0.3 1 2 . 0 1 1 . 8 1 1 . 2 0 . 8 6 . 2 6 . 1 6 . 0
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0

ANG. INC = 90 degs

0 2 31
FREQUENCY (kls*H l)
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T

ANG. INC = 75 dcgs

0

0 1 2 3
FREQUENCY (ksl*H l)

16
14 ANG. INC = 60 dcgs
12
10
8
6
4
2

0

0 1 2 3

FREQUENCY (ksl*H l)

Cs(laycr 2) /  CsOaycr 1) = 10.0 

Cs(laycr 2) /  Cs(layer 1) = 5.0 

Cs(laycr 2) /  Cs(laycr 1) = 2.5 

Cs(laycr 2) /  Cs(laycr 1) = 1.0

Figure 4-2: One-Dimensional Analysis Surface Displacement, u2,
Due To A Unit SH Wave,
H 2 /H 1  = 1.0
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Figure 4-3: One-Dimensional Analysis Surface Displacement, u2,
Due To A Unit SH Wave,
H2 /  H I = 2.0
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Figure 4-4: O ne-D im ensional Analysis Surface D isplacem ent, u2, 
Due To A U nit SH  W ave,
H 2 / H 1  = 5.0
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4.2: Incident SV W ave

F igures 4-5 th rough  4-8 are p lo ts o f  the response fo r the various soil p rofiles and half­

space  incidence ang les due  to a half-space inciden t SV  w ave. F o r the case  o f  vertical 

in c id en ce , there  is no  m ode conversion  and the su rface  d isp lacem en t is the sam e as a 

vertically  incident SFI w ave. A lso , for vertical incidence there is no vertical displacem ent 

developed. As the angle o f  incidence decreases, the horizonta l d isp lacem ent decreases and 

the vertical d isp lacem ent increases. M axim um  horizontal and vertical displacem ents occur 

fo r the case o f  C s(layer 2) /  C s(layer 1) = 2.5 and H 2 /  H I = 1.0 . M axim um  horizontal 

d isp lacem en t, u i = 13.6, occurs due to  a vertically  inciden t SV w ave at a d im ensionless 

frequency  = 1.4 . M axim um  vertical d isp lacem en t , U3 = 6 .5, occurs fo r the sam e soil 

p ro file  w ith a half-space incidence angle o f  60 degrees and a d im ension less frequency =

2 .4  .



Table 4-D: Natural Frequencies and Corresponding Amplitudes 
Due To An Incident SV Wave

HORIZONTAL DISPLACEM ENT

H2/H1 C s2/C sl
n =

1 st natural frequency 
= 1 (fundamental frequency)

2 nd natrural frequency 
n = 2

k s l* H l
90 .0

0  incident 
75 .0 60.0

k s l * Hl
90 .0

0  incident 
75 .0 60.0

1 . 0 1 0 . 0 1 . 6 13.0 1 1 . 8 8.3 4.7 6.4 5.9 4 .8
5 .0 1.5 13.1 11.9 8.3 4 .6 7.2 6 . 6 5 .0
2.5 1.4 13.6 1 2 . 2 8.3 3.7 6.4 5.8 3 .94

2 . 0 1 0 . 0 1 . 6 13.0 1 1 . 8 8.3 4.7 6.4 5.9 4.8
5.0 1.5 13.1 1 1 . 8 8.3 4.8 7.0 6 . 6 5.6
2.5 1 . 2 1 2 . 6 11.3 7 .4 2.3 7.7 7.0 4 .9

VERTICAL DISPLACEM ENT

H2/H1 C s2/C sl
n =

1 st natural frequency 
= 1 (fundamental frequency)

2 nd natrural frequency 
n = 2

k s l* H l 0  incident k s l* H l 0  incident
90 .0 75 .0 60.0 90 .0  75 .0 60.0

1 . 0 1 0 . 0 2.7 0 . 0 3.7 6.4 >5
5 .0 2.7 0 . 0 3.8 6.4 >5
2.5 2.4 0 . 0 3.9 6.5 >5

2 . 0 1 0 . 0 2.7 0 . 0 3.7 6.4 >5
5.0 2 . 6 0 . 0 3.6 6 . 1 >5
2.5 2 . 0 0 . 0 3.3 5.6 3.9 0 . 0  2 . 0 3.2
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Figure 4-5: One-Dimensional Analysis Surface Displacement, u l,
Due To A Unit SV Wave
H 2 /H 1  = 1.0
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Figure 4-6: One-Dimensional Analysis Surface Displacement, u3,
Due To A Unit SV Wave,
H 2 /H 1  = 1.0



ul 
D

IS
PL

A
C

EM
EN

T 
U

1 
D

IS
PL

A
C

EM
EN

T 
D

IS
PL

A
C

E
M

E
N

T

43

16
14
12
10

8

6
4
2
0

ANG. INC = 90 degs

0 1 2 3

FREQUENCY (ksl*H l)

16
14
12
10

ANG. INC = 75 degs

8
6
4
o
0

0 2 3

FREQUENCY (ksl*H l)

Cs (layer 2) /  Cs (layer 1) = 10.0 

Cs (layer 2 ) /C s  (layer 1) = 5.0 

Cs (layer 2) /  Cs (layer 1) = 2.5

16
14
12
10
8
6
4
2
0

ANG. INC = 60 dcgs

0 1 2 3

FREQUENCY (ksl*H l)

Figure 4-7: One-Dimensional Surface Displacement, u l,
Due To A Unit SV Wave,
H2 /  H I = 2.0
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Figure 4-8: One-Dimensional Analysis Surface Displacement, u3,
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4.3: Incident P  W ave

T he surface am plifications fo r an incident P wave are show n in F igures 4-9  through 4- 

12 fo r the array  o f  possib le soil p ro files and fo r inciden t ang les equal to: 90, 75, and 60 

degrees. N o m ode conversion  occu rs fo r a v e rtica lly  in c id en t P w ave. T herefo re, the 

m ax im u m  v ertic a l d isp lace m e n t fo r th is  case  is eq u a l to  the  m ax im u m  horizon ta l 

d isp lacem ent fo r a vertically  p ropagating  shear w ave and  co incides w ith zero  horizontal 

d isp lacem en t. A s the h a lf-sp ace  in c id en ce  angle o f  the P w ave d ec reases , becom es 

shallow er, the vertical d isp lacem ent decreases and the horizon ta l d isp lacem ent increases. 

M axim um  disp lacem ents occur fo r the case o f  C s(layer 2) /  C s(layer 1) = 2.5 and H2 /  H I 

= 1.0 . For this profile, the m axim um  vertical d isp lacem ent, U3 = 13.6, occurs at vertical 

incidence with a d im ensionless frequency  =  2.4. M axim um  horizonta l d isp lacem ent, u i = 

7.0, occurs fo r a half-space incidence angle o f 60 degrees and a d im ensionless frequency =

1.4 .



Table 4-E: Natural Frequencies and Corresponding Amplitudes 
Due T o An Incident P W ave

HORIZONTAL DISPLACEM ENT

H2/H1 C s2/C sl
n =

1 st natural frequency 
= 1 (fundam ental frequency)

2 nd natrural frequency 
n = 2

k s l* H l
90 .0

0  incident 
75.0 60.0

k s l* H l
90 .0

0  incident 
75 .0 60.0

1 . 0 1 0 . 0 1 . 6 0 . 0 3.8 6 . 8 4.7 0 . 0 1 . 8 3.4
5.0 1.5 0 . 0 3.8 6 . 8 4 .6 0 . 0 2 . 0 3.6
2.5 1.4 0 . 0 3.9 7 .0 3.6 0 . 0 1.7 3.0

2 . 0 1 0 . 0 1 . 6 0 . 0 3.8 6 . 8 4.7 0 . 0 1 . 8 3.4
5.0 1.5 0 . 0 3.8 6 . 8 4.7 0 . 0 1.5 2.7
2.5 1 . 2 0 . 0 3.6 6.4 2.4 0 . 0 1.9 3.3

VERTICAL DISPLACEM ENT

H2/H1 C s2/C sl
n =

1 st natural frequency 
= 1 (fundamental frequency)

2 nd natrural frequency 
n = 2

k s l* H l 0  incident k s l* H l 0  incident
90.0 75 .0 60.0 90 .0  75 .0 60.0

1 . 0 1 0 . 0 2.7 13.0 12.4 10.9 >5
5.0 2.7 13.1 1 2 . 6 1 1 . 1 >5
2.5 2.4 13.6 13.0 11.5 >5

2 . 0 1 0 . 0 2.7 13.0 12.4 10.9 >5
5.0 2 . 6 13.1 1 2 . 6 1 1 . 1 >5
2.5 2 . 1 1 2 . 6 1 2 . 1 1 0 . 8 4 .0 7.7 7 .4 6.5
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Figure 4-9: One-Dimensional Analysis Surface Displacement, u l,
Due To A Unit P Wave,
H 2 /H 1  = 1.0
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Figure 4-10: One-Dimensional Analysis Surface Displacement,u3,
Due To A Unit P Wave,
H 2 /H 1  = 1.0
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Figure 4-11: One-Dimensional Analysis Surface Displacement, u l,
Due To A Unit P Wave,
H 2 /H 1  = 2.0
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Figure 4-12: One-Dimensional Analysis Surface Displacement, u3,
Due To A Unit P Wave,
H2 / H I = 2.0
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4.4: R esults to be U sed  in T w o-D im ensional A nalysis

F o r the cases  of: C s(lay er 2 )1  C s(lay er 1) = 10.0, 5 .0 , and 2.5, the d im ension less 

fundam ental frequenc ies lie  w ith in  the range o f  0 .6  and 3.0 . If  layer 2 is considered  to 

have the sam e so il p roperties as layer 1, this range is increased  to  0.3 and  3.0 . W hat we 

are particularly  in terested  in studying is a discontinuity  in a rock  half-space. Therefore, our 

prim ary  in te rest is in the cases: C s(layer 2 )/ C sQ ayer 1) =  10.0, 5.0, and 2.5. F or the 

cases in w hich  the  shear v e lo c ity  ra tio  o f  lay er 2 is eq u a l to 2 .5 , 5 o r  10, the natural 

frequencies at w hich  m axim um  horizontal d isp lacem ent occurs fall in the range o f  1 . 0  and 

2.0 . For vertica l d isp lacem en t this range is betw een 2 .0  and 3.0 . T he low er frequency 

range o f  1 and 2  is chosen to be studied m ost ex tensively  in  the tw o-dim ensional analysis. 

In this suite o f  frequencies, an interval o f  0.2 is used. A  d im ensionless frequency  o f 0.5 is 

included to exam ine the low frequency tw o-dim ensional effect. D im ensionless frequencies 

o f 2.5 and 3 .0  are also  included  to  exam ine both  the P w ave effects, w hich  are significant 

in the range betw een  2 .0  and 3.0, and the h ig h er shear w ave effects. T h is  prelim inary  

w ork o f the one-d im ensional study serves as a bench-m ark  to use fo r the scattering effects 

o f  the bedrock discontinuity  in the tw o-dim ensional study.
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C hapter 5
B oundary Integral Equation Form ulation

B ecause o f  its advantages, the boundary  integral equation  m ethod  (boundary elem ent 

m ethod) w ill be used  to solve fo r the soil am plification  fo r the various w ave types. The 

boundary  in tegral equation  m ethod  is a w eighted residual m ethod w hich uses an influence 

function fo r the w eighting function (Brebbia, 1989). The greatest advantage to the m ethod 

is in the reduction  o f  the dom ain , "V", p rob lem  to a boundary, "S", p roblem  (F igure 5-1). 

T h ere fo re , in o u r p a r tic u la r  case , a tw o  d im en sio n a l p ro b lem  is red u ced  to  a one 

d im ensional problem  w hich corresponds to a reduction in the num erical com plexity  o f the 

problem .

Figure 5-1: Boundary Integral D escription

T he m ethodology o f  the technique is to develop a boundary  in tegral equation along the 

boundary  "S". T o  develop  the boundary in tegral equation , the d isp lacem ent and traction 

in fluence func tions are requ ired . T he d isp lacem en t in flu en ce  function  is equal to the 

d isplacem ent at x due to a point load at t  and the traction influence function is the traction at 

x due to a po int load at t .  T he boundary  is d iscre tized  in to  elem ents. In this w ork linear 

elem ents are used in  w hich nodes are located  at each end  o f  the elem ent. W ithin  these 

e lem ents, d isp lacem en t and trac tion  are assum ed to  vary  linearly . A t each node point
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w ithin  a dom ain there is, fo r an ti-p lane m otion one boundary  in tegral equation , and fo r in­

plane m otion tw o boundary integral equations. In the case o f  m ulti-dom ain problem s, each 

dom ain is treated separately, how ever at interfacing boundaries the elem ents are discretized 

in a s im ilar fash ion  in o rder tha t con tinu ity  equations can  be estab lished  at node points. 

T herefore, at node poin ts a long  an in terfacing  boundary  there  w ill be boundary integral 

equations from  each  o f  the b o u n d ary  dom ains. A fte r boundary  in tegra l equations are 

estab lished , the resu lting  boundary  in tegral equations are so lved  sim ultaneously  through 

the use o f  boundary  co n d itio n s and con tinu ity  co nd itions. In the fo llow ing  sections, 

boundary integral equations are developed for the anti-plane and in-plane wave motions.

5.1: A nti-Plane B oundary Integral Equation Form ulation

The derivation  o f  the b oundary  in tegral equation  fo r an ti-p lane m otion in an elastic 

material is available (Hadley et al, 1989). T he boundary integral equation in this derivation 

w ill be expanded  and ex tended  to include m ateria ls  w ith  dam ping . C onsider the tw o- 

d im ensional problem  with an ti-p lane m otion , F igure 5-2 . A long the boundary, there are 

displacem ents and norm al shear strains.

e 2 X2< lx 3 1 S f * n  -

y k  dn

  A

Figure 5-2: A nti-P lane Boundary Integral D escripdon
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B ecause  th is derivation  is fo r an ti-p lane m otion , in -p lane m otion  is equal to zero and only 

out-of-plane m otion exists:

u 1 =  u3 = 0 ,

and because the problem  is plane strain:

3x2 (5 .1)

W ith  these cond itions, the N av ie r steady  state equation, equation  (2.14), sim plifies to the 

H elm holtz equation:

V u 2 (x,co) + |k s j u2 (x,co) = 0

u2 (x,co) = F ourier transform  o f u2 (x,t)

*k s (com plex shear w ave num ber) = co/C

(5.2)

In o rd e r to  deve lop  the b oundary  in tegra l equation , equation  (5.2), is m ultip lied  by a 
*

w eighting function, (u22) , and integrated over the dom ain:

Jv V 2u2(x,co) +  (k*j2u2(x,co)] u22(x,£,co) dV (x) =  0
(5 .3 )

U sing  G reen 's theorem , equation  (5.3) is transform ed from  a vo lum e in tegral to a surface 

integral:
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J v u 2 (x,co) [V2+ (kg)2] u2 2 (x^>w) dV(x) =

u2 (x>co) —-~ (x ,^ ,co ) dS(x) - 
3n

u 22(x £,<m) ^ ( x ,co) dS(x) 
on

(5.4)

U2 (x>0 )) =  displacem ent at x

3 uo
(x,co)

3n 

U2 2 (x$

=  traction at x

= anti-plane displacem ent influence funcrion

du2 2

“ S T
(x,^,co) = anti-plane traction influence function

In o rder to rem ove the volum e in tegra l in equation  (5.4) and convert the equation  into a
*

boundary integral equation, u22  is chosen to  satisfy equation  (5.5):

V2 + (k*s)2]u ;2(x,ii) = -5(x-£> (5.5)

5(x - cp = Dirac delta function

T he in tegral o f  the product o f  a function  and the D irac delta  function is equ ivalen t to the 

value o f  the function at the specified point where the Dirac delta funcdon is specified:

J v  f(x) 5(x-£) dV(x) = f($
(5.6)
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B y using  the D irac delta  function, the integration over the dom ain  "V" o f  equation (5.4) is 

rem oved. A fter substituting the Dirac delta function, equation (5.4) becom es:

■ I
u 2 (x,co) 8 (x - B) dV(x) = U2(x,co) ■~~(x,i^,G )) dS(x) - 

dn
U22 (x,q,(jo) ~~(x,£o) dS(x) 

dn
(5.7)

T otal d isp lacem en t in equation  (5.7) is substitu ted  fo r by  inc iden t and scattering  w ave 

displacem ents. The total displacem ent, u2, is the sum m ation  o f the displacem ent due to the

in c id en t w ave (i) and the d isp lacem en t due to  sca tte rin g  (s). T he in c id en t w ave 

d isp lacem ent occurs in the half-space. S ince the inciden t w ave has no singularity  in the 

volum e it satisfies equation 5.8 in the volum e "V" (M ow  &  Pao, 1973):

* 0 u2
u 2 2 (x,^,co) (x,co) dS(x) -

dn

du*
ui(x>w) — ^(x,^,co) dS(x) = 0.0 

dn

(5.8)

S cattering  d isp lacem ent orig inates at the boundary surface and is the d isp lacem ent due to 

d iffraction , reflection, and refraction caused  by the incident w ave im pacting  the boundary 

surface. The scattered w ave has a singularity at the boundary surface and satisfies:

u2 (^,co) =
•N S

U2 2(x,^,C0 ) — — (x,co) dS(x) 
dn

u 2 (x ,co) —7— (x,^,co) dS(x) 
dn

(5.9)

A dding equations (5.8) and (5.9) results in:
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u |(£,cd) =
r  3 u s r

u 2 2 (x,^,co) “ (x,oj) dS(x)
3n

u 2 (x,co) ~ r~ (x ,^ ,co) dS(x) 
dn

(5.10)

E quation  (5.10) is a function  o f  scattered  w ave d isp lacem ents, how ever, it  is p referred  to 

have eq u a tio n  (5 .10) be in term s o f  the know n in c id en t w ave d isp lacem en ts  and the 

unknow n to tal d isp lacem ents. T he d isp lacem ent due to  scattering  in equation  (5.10) is 

replaced by the difference o f the total and incident displacem ents:

u 2(£) =  u 2(£) -  U 2(£) = u 2 2 (x,^,co) ~~—(x,i^) dS(x) -
Js 3n

du22
u 2(x,£) — — (x,^,co) dS(x) 

dn
(5.11)

T aking x to the boundary  and allow ing x to approach E, causes singularities to occu r in the 

in tegra ls in vo lv ing  the in fluence functions. T hese  s ingu laritie s  are co n sid ered  in the 

boundary  in tegra l equation  by m od ify ing  equation  (5 .11) to include the e ffec t o f  these 

singularities as ct and  P for the singu larity  o f  the trac tion  and d isp lacem en t in fluence 

function respectively. Equation (5.11) becomes:

U2 ©  = u 2 (x,coH ^(x,£,,co) dS(x) - 
dn

U22 (x& ©) t^ (x ,c o )  dS(x) + p ~ « E )  + u2(?) (1 -a ) 
dn dn

(5.12)

T his is the boundary  integral equation  used to solve fo r an ti-p lane m otion. In tegration  in 

equation  (5 .12) is taken o v er the  boundary  o f each  o f  the dom ains. T h e  in teg ra ls  in 

equation (5.12) are taken equal to  their Cauchy principal values.
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5.1.1: A nti-P lane Influence Function
*

T he boundary  elem ent m ethod  requ ires tha t the in fluence function  u2 2 (x ,^  , w hich 

satisfies  equation  (5.5), be know n. T o  d eterm ine the d isp lacem en t in fluence function, 

equation  (5.5) is in tegrated  about a sm all c ircu lar boundary (H ildebrand, 1 9 7 6 ). A llow ing 

x —>£, resu lts in

w here

* 1
u2-> =  In r  r- > 0

2 k

r = s j  ( x i - ^ ) 2  + (x3 - ^ ) 2

(5.13)

C onsidering ^ *x (ie. r 0), u22  is required  to satisfy

V 2 + (k * ) 2 u2 2 (x,^,co) = 0 , r * 0  .

*
u 22  satisfies equation (5.14) if

u 22(x £ , cd) = c j  J0 (kgr) + c2 Y 0  (k jr)

(5.14)

(5.15)

T he radiation condition requires that there is no incom ing w ave at r = In o rder to apply
*

the radiation condition, u 22  is transferred into com plex form:

u22(x,^,co) = a! Ho } (ks r) + a2 H^2) (ks r) ^  ^

w here H ^  is the H ankel function o f  0  order and "n" kind.

*
A fter taking the inverse Fourier transform , u22) can be rew ritten as:

F - y n b & a ) ]  =  e 'icot H ^ (k * r)  +a2 e ' ^  H ^ (k * r)  ^  1?)
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As r  — t he firs t part o f  this sum m ation  represen ts an ou tgo ing  w ave, w hile  the second 

part, an  incom ing  wave. T herefore, in  order to satisfy  the rad iation  condition, a2 is set 

equal to 0  . In o rder to satisfy both conditions for r  —>0 and r  —»«>  ̂ it is required that:

U22 (x^,co) = 7  Ho1}(kgr)
4  (5.18)

*
The traction influence function is attained by taking the derivative o f  u 22 w ith respect to n 

and using the chain rule.

5 .1.1.1: S ingularities

A long  the boundary , s ingu larities  occu r in the in teg ra tion  w hen r  = 0 . N ext, the 

singu larities in an ti-p lane m otion  are determ ined  by exam in ing  a sm all area, T, on the 

boundary and allow ing x—̂  , F igure 5-3.

*

Figure 5-3: Singularity Analysis
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T o exam ine the singularity o f  u2 2  in the integral:

U22 (x ,^ 0 )) ~ ~ (x ,co) d r(x ) 
On

(5.19)

in tegra tion  is perfo rm ed  in  p o la r coo rd ina tes and  the rad iu s, e, a llow ed to approach 0 . 

S ince the integration is taken oven an infinitesim al length, 0u2/0n is considered  constant.

After evaluating, the integral becomes:

lim e —> 0
* 0 u 2

u 22 (x,^,co) —— (x,co) d r(x )  = 0  
On

(5 .20 )

The singularity in 0u2o/0n is exam ined  n e x t . A gain a sm all area is exam ined and radius e 

allow ed to approach 0 .

lim  £ —>0
0U22 , K . U2(X,OO)A0

-(x,q,co) u 2 (x,to) d r(x ) = - ■
On 2  n

(5.21)

w here A 9 represents the change in the ex terior angle at t,

Therefore, the boundary integral equation for anti-p lane m otion, equation (5.12), becomes:

OU22  * 0 u2
u2 (x,co) — -(x,^,co) - u2 2 (x,^,co)— (x,C0 ) 

On On

w here

dS(x) + u2(x,o)) 1 -■
A0

2n
(5.22)

A0 -  © 2  - 0  j = exterior angle o f  the boundary at H,

A0
T herefore, (1 -^ r- ) is equal to  the interior angle at t  divided by 2 k  

2k
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5.2: In-Plane B oundary Integral Equation Form ulation

C onsider the tw o-dim ension problem  and in-plane m otion show n in Figure 5-4:

iW«»*b4i

Figure 5-4: In-Plane B oundary Integral D escription

T he plane w ave m otion is due to  P and SV w aves. T he e lastodynam ic boundary  integral 

equation is developed  here in a s im ilar fashion as w hat is used to develop  the static plane 

strain  boundary in tegral equation  w hich can be found e lsew here  (B rebbia , 1989). The 

m otion is in the p lane and therefore u 2 = 0. T he boundary  in tegra l equation  fo r plane

w aves is form ulated  from  the equ ilib rium  equation , equation  (2 . 1 ), w hich becom es after 

transferring to the frequency dom ain:

% 0  + PW25m + fm = 0 (5 23)

The boundary in tegral equation  is form ulated  using a w eighted residual m ethod  in which

the equ ilib rium  equ a tio n  in  the frequency  dom ain , equation  (5 .23), is m u ltip lied  by a 
%

weighting function, U m(x,^,co), and  integrated  over the dom ain. B ody forces are excluded 

since our interest is with the change in displacem ent from  the static position.
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I crmjJ(x,co) + pco2um(x,co) ] Um(x,^co) dV(x) = 0
(5.24)

G reen 's theorem  is applied  to the stress term  in equation (5.24) and fu rther m odified  using 

B etti's reciprocal theorem . T he in tegral o f  the stress term  becom es:

Jv [ °mjoM U m(x ^ ’“ ) dV (x) = Js U m(x,q.oo) a mj(x) nj(x) dS(x) -

J s um(x,co)nJ(x) dS(x) + um(x,co) S*njJ(x^,co) dV(x)

(5.25)

U m(x,^,co) = displacem ent influence function 
*

= stress influence function 

nj(x) = norm al at x in j d irection 

Substituting equation (5.25) into equation  (5.24):

{ (U J x ^ f f l )  crmj(x,(jo) nj(x) - S mj(x,q,w) um(x,0L)) n j(x)| dS(x) 

X  [S mjj^x ’̂ c0 )+Pc°2 u m(x^ ’“ )] um(X’<jO) dV(x) = 0

+

(5.26)

A w eigh ting  facto r is selected  in such a m an n er as to rem ove the vo lum e in tegral o f the 

displacem ent in equation (5.26):

I mjj(x^ ’u )  + pw 2 Um(x^,co) = -5(x-q) em

where

em(^) = direction vector in "m" direction at £,
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and equation (5.26) becom es:

Js [(Um(x4,a>) a mj (x,co) nj(x) - lV(x,^oo) um(x,co) nj(x)] dS(x) =

Jv I5^  em(£.) ] um(x,co) dV(x)

(5.28)

T o  rem ove the un it d irec tion  v ec to r, em, the d isp lacem en t and stress in fluence functions, 

* *
U m(x,^,co) and Zmj(x£,co) , are w ritten  as the sum m ation o f  their com ponents in each o f the 

"k" directions:

l-C(x,£,co) = Umk(x,^,oj) ek(q) 

and

L ^(x ^ ,co ) = <yVk(x£,a>) ek(£)

(5.29)

where

*
umk = displacem ent at x in the m  direction due to a unit force at % 

in the k  direction

*
°mjk = stress at x due to a unit force at £, in the k direction

T hese term s from  equation  (5.29) are substitu ted  in to  equation  (5.28) and ek is factored 

out:

lw (x ,^ cd ) a mj(x,co) nj(x) - a ^ jk(x,£,co)um(x,co) n,(x) ek dS (x) = 8 ( x - E )  uk(x,co) ek dV(x)

(5 .30)
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T he d isp lacem ent in each o f  the "k" d irections is taken independen tly  and equation (5.30) 

becomes:

J s [u^k(x,^,co) a mj(x,co) nj(x) - a V k(x£,co)um(x,co) n /x )] dS (x) = 8 (x-£)uk(^co) dV(x)

(5.31)

T he equation is now  transform ed into an equation  invo lv ing  the know n incident wave in a 

s im ilar fashion as w hat was done for the anti-plane m otion case.

uk(£,co) = £  a V k(x4,co)um(x,co) - i>mk(x^>oo)amj(x,co)| nj(x) dS(x) + uk(^co)

(5.32)

u k(q,co) = Fourier transform  o f  incident w ave d isp lacem ent at q

T he integrals in equation (5.32) includes functions that have singularities as x approaches 

equation (5.33) is w ritten to include the effect o f  these singularities:

uk(^,co) = [ a ^ jk(x,^co)um(x,o)) - u*Tlk(x,^,oj)CTmj(x,oo)] nj(x) dS(x)

- n/ X> + Um( .̂C0)[5mk + C t J

(5.33)

(3 mk = singularity in u ^ ( x £ a ) )  

a rnk = singularity  in crVk(x,£,co) n /x )
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T he equation  is further sim plified  by replacing the stress term s by tractions, where tractions 

are calculated from  equation (5.34)

Pm(x) =  < W x)*nj(x) (5.34)

Pm(x) = traction in m  direction 

Equation (5.33) then becom es the in-plane boundary integral equation:

u k(^,co) =

£  [Pmk(x^ m ) u m(x,rn) - u*lk(x,^co)pm(x,w)] dS(x) - p mkp m(^co) + um(£>co)[8 mk + a mk]

(5.35)

5.2.1: In-Plane Influence Function

T he G reen 's function for p lane w aves in an elastic m aterial is (B aneijee and Butterfield, 

1981):

ujk(x,£,G)) =
4p

3  5jkHi,»(ksr) - ■-L  - 2 -  {  r) - H&'ft, r)}
- s  J  ( 0  d X j d x k

(5.36)

kp = com pression  w ave num ber (co/Cp) 

k s = shear w ave num ber (oVCs)

The influence function for a viscoelastic m aterial is derived by applying the correspondence 

principle to the com pression and shear velocities:
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uJL txJja) =  • “ 2 K ’̂ r ) -  H<’>(k; r)})

P (Cs) w J k (5 .37)

% * 
kp = com plex  com pression w ave num ber (oVCp)

♦ * 
k s = com plex shear w ave num ber (oyCs)

E quation  (5 .37) is fu rth e r m o d ified  so that the d isp lacem en t in flu en ce  func tion  is 

u n coup led  in to  tw o  com p o n en ts, Pjk and S jk , w h ere  Pjk is the co n trib u tio n  o f  the 

com pression w ave and Sjk the contribu tion  o f  the shear w ave (A ltay, 1986). U ncoupling 

equation (5.37) into the tw o com ponents results in:

u jk(x ,^ ,Q ) = ------ 1-----7  Pjk + -V  Sjk
( X  +  2(1) P  (5> 38 )

where

4(kn)

f  i
r[H()(ks*r)] ik + 5,k H[)1)(kIr)l

k(ks) 5 Jjk Jk

A fter evaluating the derivatives in  equation (5.38), the expressions for Pjk and Sjk are:

p jk = 5jk[^  (H^1 \k*r) + Hq1 }(k*r)) •
1

2 jt(k*r)

1 rjrk
* 2  

7t(kpr)

(5.39)
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Sjk = 8 jk[^ ( H ^ (k s*r) -  H ^O cIr)) h L - j  ] + [ + 1  H ^ ( k s*r) X— ]
27t(ks r) 7t(k s r)

rj =  xj - Sj

rk =  xk '

r  = [(x i - ^ ) 2  + (x3 - y 2] 1/2

Pjk and Sjk can further be sim plified to:

Pjk = 5jk p i + P2"~~xl

Sjk = Sjk si + S2 - 1—
rz

where

Pi =  l-  ( H ^ J r )  + H ^ (k J - ) ) -------- I —
2 jt(kpr)

Pl =  I  (H ? >(k*r) + H ^O epr))-------- ^
27t(k pr)

Sl =  | ( H ^ ( k s*r) -  H ^ ( k s*r)) + L _
271 (ks r)

S2= + i H j ') ( k ; r )  L - j
rc < M

TJ k
r2

(5 .40)

(5.41)

T he stress in fluence function  is determ ined  from  the d isp lacem en t in fluence function 

using H o o k e’s Law:
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° m j=s^ m jEkk + 2 Memj (5.42)

D erivation  o f  th e  stress in flu en ce  function  is based  on an elastic  m ateria l and la ter the 

correction for hystere tic  dam ping  is m ade through the use o f  com plex m aterial properties. 

T he stress in fluence function  is developed  using the d isp lacem en t in fluence function and 

H ooke's Law  in term s o f  d isplacem ent (A ltay, 1986). S ince the stress influence function is 

equal to the stress due to a un it force, the d isplacem ent in fluence function is substituted for 

the d isplacem ent and the resulting  stress is equal to the stress influence function.

T he traction in fluence function , w hich is equivalen t to the trac tion  at x in  the m  direction 

due to a point load at % in the k  direction, can then determ ined as :

,(x,^,Co) X  Smjttnkji(x,^,CO) + (1 [u rnkj(X’̂ ’®) ^jk,m(x>̂ ’̂ )]

Carrying out the differentiation and sim plifying:

(5.44)

(5.45)
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Equation (5.44) then  becom es:

t  /  t  \  r k c  r m  c „ n  j r j  r  n  j^ m f jr k  f
T mk(x>^w) -  n my f 2  + n k— f3 + 8 mk— f3 + — -3— fi

^  (5.46)

5.2.1.1: S ingularities

T he singularity  in the displacem ent influence function is analyzed by exam ining a small 

elem ent, T, along the boundary and allow ing x—>£ in a sim ilar fashion as that for anti-plane

m otion (see F igure 5-3). Therefore, looking at the integral:

I u *nk(x,£,,«) p m(x,co) dT(x)
J r  (5.47)

the in tegra tion  is perfo rm ed  in p o la r coo rd ina tes and the rad ius allow ed  to approach  0 . 

D uring the in tegration , the traction is assum ed to rem ain  c o n s ta n t . A fter evaluation, the 

integral becomes:

l im e - > 0  Umk(x,^,co) p m(x,co) dT(x) = 0
J r  (5 .48)

Next, the singularity in the integral containing the traction influence function is evaluated:

lim £ - > 0  um(x,co) Pmk(x,^,co) dT(x)
J r  (5 .49)
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E quation  (5 .49) is m ore com p lica ted  because  o f  the com plex ity  o f  the Pmk(x >̂ >w) term . 

O nce again, in tegra tion  is taken  over a sm all area w ith  rad ius e allow ed to approach 0 and 

um(x,(o) held constant. The in tegral sim plifies to

-uk(^,co)

2 k

w here A0 is the ex terior angle o f  the boundary at t,

f  -  * -uk(̂ ,Go)
h m e -4 0  u m(x,co) pmk(x,^co) d r(x )  =  —   A0

J r  2*  (5.50)

Including the effect o f  the singularities, the boundary in tegral equation, equation (5.35), 

for in-plane body w aves is:

f r *  -  * -  i -  ^ 0
uk(£,0L>) =  I [pmk(x£,co)um(x,co) - umk(x,£,w)pm(x,0 ))j dS(x) + u k(q,04) (1 - — )

S 71 (5.51)

*
umk(x>̂ ) = displacem ent at £, in  the m  direction due to un it force at x in the k direction 

♦
Pmk(x>̂ ) =  traction at E, in the m  direction due to a un it force at x in the k  direction

The integrals in equation (5.51) are taken equal to their C auchy principal values.
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C hapter 6  

B oundary  C onditions

In the p rob lem  that is being  investigated , the inc iden t w ave disp lacem ents are know n 

and the boundary conditions along tw o m edia in terfaces and at the in tersection point o f the 

th ree m ed ia  are needed. T he p rob lem  o f  boundary  cond itions fo r anti-p lane m otion  has 

a lready  been  co n sid ered  (H ad ley  et al., 1989). T o  an a ly ze  all the req u ired  boundary  

conditions, the. three m aterial configuration show n in F igure 6-1 is required  to be evaluated. 

W ith in  each m ed ium , the m ateria l is co n sid ered  to  be hom ogeneous and satisfies the 

boundary integral equations fo r both an ti-p lane and in-plane m otion. A lthough corners are 

ind icated  at the in tersection  point, m athem atica lly  the boundary at the in tersection point is 

considered to have a sm all curvature.

SOIL LAYER

"A"

R O C K  "B "

I

R O C K  "A"

■------------------------------------------------------------
"B"

Figure 6-1: B oundary  C onditions
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6 .1: A nti-P lane M otion

F o r an ti-p lane m otion, the d isp lacem en t due to the inciden t w ave is know n w hile the 

ou t-o f-p lane to tal d isp lacem en t and stress are unknow n. F o r the half-space dom ain , the 

incident wave displacem ent is:

^2half-space^X’^  — ^ ‘’^'half-space ( "i^half-space x 3 } (+ikx j } ( 6  1)

For regions o ther than the half-space, the incident wave d isp lacem ent is zero.

A t the free surface, X3 = 0 , shear s tress  is 0. T h is  re su lts  in one unknow n, to tal 

d isp lacem ent, with one equation along the free surface boundary. At in terfaces betw een 

tw o m ed ia , w elded cond itions are assum ed  w ith co n tin u o u s d isp lacem en ts and norm al 

shear stresses, a n 2  • T his resu lts in along the in terface o f  tw o m edia, tw o equations with 

two unknow ns. At the in tersection  po in t o f  the three m edia, po in t "A" in Figure 6-1, the 

norm al shear stress is separated  into x i  and  X3 com ponents, cq 2  and CT3 2  in  F igure 6-2, in 

o rder to  d eve lop  th ree  u nknow ns, d isp lacem en t and  tw o  sh ea r s tresses. T h e  three 

boundary integral equations, one for each m edium , and three unknow ns m ake the problem  

so lv ab le  fo r an ti-p lan e  m otion . S ince ro ck  "B" is d iv id ed  in to  tw o areas along  the 

horizontal at point "B", a sim ilar m ethod  is used at po in t "B" as w hat is used at po in t "A". 

A fter the so lution is a tta ined  fo r the stresses, the norm al stress can be reg ain ed  at the 

intersection by:

a n2 = a 32 COS ^ + a !2 S*ne ^ (6 .2 )
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dx«

/ \

\ ✓

Figure 6-2: A nti-P lane Shear Stress

6.2: In-Plane M otion

Incident w ave d isp lacem ents requ ired  fo r the in-p lane boundary  in tegral equations are 

equal to:

(^l)half-space(X’^ )  ~  |jxhs{APhse x P(—•tkShsx 3 )) l~ m xhs ■AsVj,sexp(—ikthsX3)}]exp(ilcXi)

(6.3)

and

(U3)half-space(x >“ ) = [V ̂ x h s  { -A p h s^p H k -S h s^) } + m xhs { -A s v ^ e x p C - ik t^ )  }]exp(ikxj)

(6.4)
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F or in -p lane m otion , stresses at a po in t are rep laced  by tractions w hich are also know n 

as stress resu ltan ts, equation  (5.34). A boundary  in tegral equation ex ists fo r each o f the 

tw o directions (x i, X3 ) w ith in  each  m edium . A long the free surface, boundary  conditions 

o f  ze ro  stress are en fo rced  (p i = P 3 = 0  ). A t the in terface  o f  the tw o m edia, w elded 

conditions are assum ed w ith equal d isplacem ents and stresses for the tw o m edia. A t point 

"A" (F igure 6-3), three m edia in te rse c t.

AREA "A"

p ! (boundaiy 2, area A)

p3 (boundary 2, area A)

p x (boundary 1, area A)

b o u n d a r y  2

p3 (boundary 1, area A) 
b o u n d a r y  1

> Pi (boundary 1, area C)

AREA B"

(boundary 2 ,area B)

p3 (boundary 2 , area B) 

p^boundary l,area B)

p3 (boundary 1, area C)

p3 (boundary 1, area B)
b o u n d a r y  1

AREA "C"

Figure 6-3: P lane Stress

D isp lacem ents at po int "A" are considered  equal for each o f  the three dom ains. A t point 

"A" , tractions along a continuous straigh t line boundary are assum ed equal in m agnitude 

for areas bordering the boundary. T herefore, for the case show n in F igure 6-3,

Pi (boundary l ,a r e a A )  = p 1 (boundary l , a r e a B ) = - p 1 (boundary l ,a r e a C )

p 3 (boundary 1, area A) = p 3 (boundary 1, area B) = - p 3 (boundary 1, area C)

Pi (boundary 2, area A) = - p j  (boundary 2, area B) 

p 3 (boundary 2, area A) = - p 3 (boundary 2, area B) . ,



F o r the th ree areas, 6  boundary  in tegra l equations e x i s t , 2 equations fo r each area, w ith 6  

unknow ns:

U jlpoint A), u 3(point A), p ^ o u n d a r y  1), p 3(boundary 1), p ^ o u n d a r y  2), and p 3(boundary 2) 

T herefore, the problem  at po in t "A" and poin t "B" is w ell defined.
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C hapter 7 
Boundary E lem ent D iscretization

T he boundary  elem ent m ethod  is a num erical m ethod  that requires the d iscretization o f 

the boundary  fo r each  m edium . F igure 7-1 show s how  the  soil bedrock  configuration  in 

F igure 1-2 is d isc re tized  fo r the anti-p lane m otion  p ro b lem  and F igure 7-2 the boundary 

discre tization  fo r the in-p lane m otion  problem . A long  the boundary  X3 = 0  and the vertical 

boundary  at x i = 0, e lem en t segm en t leng ths w ere set at 0.2*H 1 w hich  corresponds to 

one-ten th  the m in im um  w ave length. For the o ther h o rizon ta l boundaries, the elem ent 

segm en t leng ths are 0 .25*H 1 w hich  is ap p ro x im a te ly  o ne-e igh th  the m in im um  wave 

length. T he sho rter elem ent lengths along the surface and the vertical boundary w ere used 

because it was thought that in these areas there w ould be e ither high am plifications or high 

variab ility . In the v ic in ity  o f  the three area in tersec tion  poin ts, the e lem en t length was 

fu rther reduced  to include for the high variance in the d isp lacem ents and tractions in this 

area.

W ith in  each  m ed ium , the boundary  in teg ra l eq u a tio n s  fo r  in -p lane and an ti-p lane 

m otions are satisfied . F o r anti-p lane m otion, at each boundary  point there is one equation 

for each  region. F or in -p lane m otion, at each boundary  po in t there are tw o equations for 

each region, one in each d isp lacem ent d irection. W ithin  each region, boundary points are 

num bered  in a co u n te r c lock-w ise fashion abou t a po in t w ith in  the region. Integration is 

taken theoretically along the entire boundary o f  the m edium , how ever for the half-space the 

boundary  in teg ra l equation  along  the surface at in fin ity  is exc luded  since the influence 

function approaches 0 at these points. The truncation o f  the soil layers is next addressed in 

C hap ter 8  .
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Figure 7-1: Boundary Element Discretization For Anti-Plane Motion

- 8  - 4

£  CM

+4 +8
—^ X j / H l

X3 / H1

Figure 7-2: Boundary Element Discretization For In-Plane M otion
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C hapter 8  
C orrection For B oundary Truncation

W ithin  each m edium , the boundary  integral equations for p lane and an ti-p lane m otions 

are satisfied. Integration for the boundary  integral equations is taken theoretically  along the 

en tire  b o u n d ary  o f  the m ed ium . F o r a sem i-in fin ite  d o m ain , th is  w o u ld  requ ire

discretization o f  the dom ain to infinity  o r to a point w hich has insign ifican t influence to the

interested area. A relaxation o f this requirem ent is next looked at.

8.1: L ayer Truncation

F igure 8-1 show s a m edium  w hich is unconfined  in the x i d irection . A ccord ing  to the 

boundary  in teg ra l equations, in teg ra tio n  should  be taken  fo r su rfaces Si and S2 from

X j = -oo to X 1 ~  +  00

s i
X X X--------X X---X X  X------- X---X ---------X X X---- X X X------ X  -------*

IN FIN IT EL Y  HO RIZO N TA L SOIL LAYER

X X X--------X X--- X X X------- X---X---------X X X---- X X X-------K

Figure 8-1: D iscretization o f  an Infinitely H orizontal Soil L ayer
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In o rder to lim it the area o f  discretization, im aginary  boundaries are draw n at a distance far 

enough  from  the scattering  area so that the d isp lacem ents and tractions are not effected  by 

the scatterer. T he scatterer is an inhom ogeneity  in the soil p rofile w hich causes the m otion 

to  d iffe r from  the  m otion  o f a one-d im ensional analysis. T herefo re , along the im aginary  

boundaries the d isplacem ents and tractions are assum ed to be equal to the results o f  a one­

d im ensional so lu tion , F igure 8-2 (H adley, e t a l., 1989). W ith  this approach, the infin ite 

dom ain is rep laced  by a closed  dom ain and the boundary d iscre tization  is m ade only along 

S i,  S 2 , S side and S side •

S i S x S i

HO RIZO N TA L 
SOIL LAYER

H O M O G E N E O U S SOIL HORIZONTAL 
SOIL LAYER

Figure 8-2: D iscretization Lim its

8.2: H alf-Space Truncation 

T h e  boundary  fo r the h alf-space shou ld  be theo re tica lly  d iscre tized  from  -00 tO +00 , 

how ev er in ac tua lity  the d iscre tiza tio n  o f  the boundary  is lim ited  to x i = A to x i = B, 

F igure 8-3. F o r accurate resu lts, A and B shou ld  be taken as large num bers in order to 

in co rp o ra te  the in fluence o f  the o u te r reg io n s to the in te re sted  area. T he option o f
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d isc re tiz in g  to  la rg e  o u te r-lim its  is a tim e co n su m in g  ca lc u la tio n , h o w ev er ano th er 

a lternative  is u sed  here to include the effect o f  th is tru n ca ted  reg ion . T he correction  is 

p rim arily  analy tic  and therefore a fast solution. T he co rrec tion  is m ade fo r the truncated 

reg ion  by setting  the half-space boundary  horizontal and  assum ing: ( 1 ) one-d im ensional 

tractions and displacem ents in the truncated region and (2 ) an elastic half-space.

«  $ --------
TRUNCATED REGION 

(SIDE 1)
DISCRETIZED REGION 

— » X!

x 3

SOIL LAYER

 % »
TRUNCATED REGION 

(SIDE 2)

Figure 8-3: D iscretization o f  a H alf-Space

8.2.1: A nti-P lane H alf-Space C orrection

T he boundary integral equation for the half-space is:

HALF-SPACE

^ c o )  = u2 (x,co) ~(x,^,co) dS(x) - 
dn

* du2  -  f  A0 1
u 2 2 (x,^,co)— (x,co) dS(x) + u2 (P,co) 1- 

dn 1 2 k

( 8 . 1 )

T h e boundary  is chosen  horizon ta l so that the trac tion  in flu en ce  fu n c tio n , w hich  is a 

dr
(unc tion  o f  cjn , is eq u a l to zero. T herefo re , the firs t in teg ra l does no t have to be
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considered. A lso, because the norm al is constan t and in  the d irection  o f  -X3 the analysis is 

s im plified . D ue to  this, the deriva tive  w ith  resp ec t to its norm al can  now  be taken with 

re sp ec t to X3 . T h e shear strain  in the tru n ca ted  reg ions is assu m ed  equal to the one­

dim ensional shear strain w hich fo r a constant depth is equal to the product o f a constant and 

ex p (ik x j). S ince the geom etries and /or p roperties o f  the soil profiles m ay be d ifferent for 

the + and - sides, the one-dim ensional solutions fo r the tractions m ay be different from  side 

to  side. T h erefo re , any co rrec tion  should  co n sid e r the d iffe ren ce  in the shear strains 

betw een the tw o sides. Equation (8-1) can be rew ritten fo r the half-space as:

U ^ )  =

/-B
^U2side 2 X̂ l_^ ’X3 _Htotal,a)  ̂

3 x 3
expdkxj) dS(x) +

J  A

j ... ^U2side l^Xl ^ ’X3 Htotal’O))
7 H 6  \ k s tef)-----------------   exp(ikxi) dS(x) ■
4  3 x 3

i m  3u2 (x,co)
j H ^ ( k s hsr ) - 2 -  dS(x)+ u2©
4  3n

'  I ? )
2 n  j

( 8 .2 )

So that the exponential term s have a sim ilar argum ent as the H ankel function, the integrals 

for the truncated  reg io n s are  pu t into term s o f  r  and  the w ave num ber k is rep laced  by 

k s hsm x hs which is the product o f  the half-space shear w ave velocity  and direction cosine.
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H A L F -S P A C E  C O R R E C T IO N  =

3x3

(x 1=0,x3= H totaj,co) exp(iks hsm x hs£) f  H[)1)(ks hsr)exp(-iks hsm x hsr) dr

(x 1=0,x3= H total,co) exp(iks hsm x hsq) H |/}(ks hsr)exp(+iks hsm x hsr) dr
J  ih

(8 .3)

Next, trigonom etric term s are substituted for the exponential functions. For an elastic half­

space the argum ent o f  the H ankel function is real. W ith these conditions the integral o f the 

product o f  the H ankel function and  trigonom etric function can be analy tica lly  solved with 

the boundary lim its o f  r=0 to infinity from  integral solution tables (G radshteyn and Ryzhik, 

1994). T h is  so lu tion  can  then be corrected  num erically  fo r the bounds o f  the in tegrals 

specified in the half-space correction form ula. Equation (8.3) becom es:

H A L F -S P A C E  C O R R EC T IO N  -  

+ ^ex p (ik shsm xh;£)*

(

2 (7t/ 2  -  0 (incident))

71

r ^ _ A

l̂ 0  Hq1 \ k s hsr)exp(-iks hsm x hsr) dr

+

( kshV l- m x hs V.

2 (7i/ 2  -  ©(incident))

K
[* ^  H ^ ( k sr)exp(+iksm xr) dr

(8.4)



83

In o rd e r to  evalua te  the sign ificance o f  the correc tions fo r  trunca tion , the p rob lem  o f a 

sing le hom ogeneous soil layer resting  on a half-space is investigated  considering  various 

h a lf-sp ace  incidence angles and  an inc iden t SH  w ave at k s l* H l  = 1.5708 . T he soil 

p ro file  is the sam e as the one in the chap ter 10, F igure 10-5, w here the solution including 

both the layer and half-space truncation corrections is given . F igure 8-4 show s the results 

i f  no co rrec tion  is included  fo r truncation . T he resu lts at the surface d ie o ff  w hich is 

understandable since no truncation correction is equivalent to saying that the values outside 

the area o f  d iscre tization  have zero  d isp lacem en t and strain . F igure 8-5 considers the 

solution if only layer correction is included. T his solution no longer dies o ff  at the ends o f 

the d iscre tized  area, how ever the resu lts are overestim ated . T he resu lts includ ing  both 

co rrec tions are show n in F igure 10-6 . T hese  resu lts  w hich incorporate  the truncation 

corrections show  good agreem ent w ith the analy tica l so lution and illustra te  the need for 

these corrections.
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ANGLE OF INCIDENCE = 90 degrees
20

x3/H l = 0
16

12

8

4 x3/Hl = 1

0

•3 ■2 0 2 31

xl/Hl

ANGLE OF INCIDENCE = 75 degrees
20

X3/H1 = 0
16

12

8

4 X3/H1 = 1

0

■3 •2 0 2 31

ANALYTIC

BEM
(NO CORRECTION 
FOR TRUNCATION)

x l/H l

-ANGLE OF INCIDENCE = 60 degrees
2 0  i i i i | ' i ' i | i i i i I11" i i i |~t  i i i -| i i i i—

x3/H l = 0
16 -  .....................

12 -     _

8 -  -

4 " x3/H l = 1

q 1 ‘ «-« i « »-» ■ i ■ ■ ■ ■ i ■ ■ » « l . . r  . i . . .

- 3 - 2 - 1 0 1 2 3
x l/H l

x3/H l = 1

Figure 8-4: Single L ayer on an E lastic H alf-Space-
u2 D isplacem ent Due to an Incident SH W ave using a 
D im ensionless F requency = 1.5708, and with 
No C orrection For T runcation
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ANGLE OF INCIDENCE = 90 degrees
20 

16 

12 

8 

4 

0

- 3 - 2 - 1 0  1 2 3
x l/H l

x3/Hl = 0  '

x3/Hl = 1 -

ANGLE OF INCIDENCE = 75 degrees
20

x3/Hl
16

12

8

x3/Hl = 1 -4

0

■3 •2 0 21 3
x l/H l

ANGLE OF INCIDENCE = 60 degrees
20

x3/Hl
16

12

8

4 x3/Hl = 1 "

0

■3 ■2 01 1 2 3
x l/H l

ANALYTIC

BEM
(NO CORRECTION 
FOR HS TRUNCATION)

Figure 8-5: Single Layer on an Elastic H alf-Space-
u2 Displacem ent D ue to an Incident SH W ave using a 
D im ensionless Frequency = 1.5708, and with 
No Correction For H alf-Space Truncation
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8.2.2: In-P lane H alf-Space C orrection

T he correction  for truncation in the half-space fo r in-plane m otion is m ade by setting the 

half-space boundary horizontal and assum ing the displacem ents and tractions outside of the 

d iscre tized  b oundary  equal to the d isp lacem en ts and  trac tions from  a one-d im ensional 

analysis. T herefo re, the d iscre tized  area needs to ex tend  far enough aw ay from  the area 

w hich causes scattering  so that the additional d isp lacem ent due to  scattering  is m inim al. 

The correction  fo r in-plane half-space correction is m ore com plicated  than the one for anti­

plane m otion and requires m odification o f both the displacem ent and traction integrals.

Correction For Traction:

The traction integral,

needs to be correc ted  fo r the area  w hich is not included  in the lim its o f  the integration. 

C alling the boundary points o f  the d iscretized half-space boundary "A" (-x i side) and "B" 

(+xi side), the correction to the traction integral is:

W ithin  these lim its o f  in tegra tion , the one-d im ensional so lu tion  for trac tion  is assum ed. 

S ince the one-d im ensiona l so lu tion  fo r a g iven dep th  is the product o f  a constan t and 

exp(ikxi), the constant can be taken outside o f the integral:

|  [u*k(x£,co) q hs|- d (x ,/H l)

(8.5)

d (x ,/H l)+ d(x ,/H  1)

( 8 .6)

P i  s i d e  2 ^ 1  ^ t o t a l ’^ ) ^ ^

M̂hs

P i  s i d e  l ( ^ 1

M-hs
J  exp(ikx,)[u*k( x £ ,c o )q J d f t j /H l)

exp(ikx, )[u *k(x£,co) q hs]d(x ,/H  1 )+

(8.7)
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W ith the assum ption o f  the horizontal boundary, becomes:

for i = 1 :

u*k(x&“ ) M- = 5ik

^ ^ * | i [ H ^ ( k p hsr) -  H ^ ( k p hsr) 

+ / i [ H [ )1)(kshsr) + H^1)(ksllsr)

27t(kphsH l)2(1| r ) i 

1

2 « k shiH l)2( j f r ) 2

( 8 .8 )

for i -  3:

u 3k(x£,m ) |i  = 53k

d-2vhs)* 1
2 ( l - v hs) 8

Hq (kp hsr) + H 2 (kp hsr) 1

Hq \ k s lisr) -  H 3  ^(ks hsr) + ■

^ P t a H l ) 2̂ ) -

1_______
27r(kshse i ) 2(TX_)2

(8.9)

T he in tegrals fo r the half-space correction  due to traction are further m odified  in a m anner 

sim ila r to  that d iscu ssed  fo r the an ti-p lane half-space correction . T he w ave num ber is 

rep laced  by the shear w ave num ber and the in tegrals are m ade to be a function o f radial 

d istance from  the source point:

H A LF-SPA C E C O R R EC T IO N  FO R  T R A C T IO N  =

exp(ik^) *

+

+

+

+

^ ' - ^ C ^ h ’L X  e"“ ® u:k ^  d(nr)
p 2 (x ,=  0 ,x3=  H to[al,c o )H n

M-hs

Pi(xi = 0 ,x3= H lotal,co) H I ^
Phs - I

( 8 .1 0)



88

C orrection fo r Displacem ent:

T he d isp lacem ent integral is needed to be corrected  fo r the area w hich is not discretized 

in the integral:

f  [p*k(x£-«) Hl]uj(x) dtxj/Hl)
J  +00 (8 . 11)

w here

p ik(x£,co) = n ~ f 2 + nky f 3 + 5 ik—  f3 + - j - f

B ecause o f  the horizontal boundary, the only non-zero  term s for p*k(x£,co) are p 3 1 (x,^,co) 

and p*3 (x,^,co). Therefore, the displacem ent half-space correction can be sim plified to,

fo r k = l:

fo r k=3:

- f  S.[f2Hl]u3(x,co)d(x1/ H l ) -  f 4“ ^ [ f2Hl]u3(x,a))d(x1/H l)
J+oo J  A

( 8 . 12)

- f  Y [f3H l]u , (x,o)) d(xj/H  1) -  |M“ ^-[f3H l]u 1(x,co)d(x1/H l)
J+oo J  A

(8.13)

O ne-d im ensional displacem ents are assum ed in the truncated reg ions and the in tegrals are 

m ade to be a function o f r, the rad ia l d istance from  the source poin t Therefore, the half­

space corrections become:
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H A LF-SPA C E C O R R E C T IO N  FO R  D ISPL A C E M E N T  (k = l)  =

exp(ikc) *
+  Cu3 <x1=Ojc3= ^ lolaho»)!>idc2J ^ -  e+™ <m >(f2 H l) d ^ }

H A LF-SPA C E C O R R E C T IO N  FO R  D ISPL A C E M E N T  (k=3) =

(8.14)

exp(ik^) *

+{u j(x 1=0,X 3=H lolal,co))sidl. i j   ̂ e - ikHKHV(f3H l)  d ( ^ j  

+ (ui(xi=0,X3=Htotal,co))sid(.2J^ e+ikHUHl)(f3H l)

(8.15)

Integration fo r m any  o f  the functions involved in the half-space correction are analytically 

possib le  for lim its o f  0 and  in fin ity  from  tab les (G radsh teyn  and  R yzhik , 1994)). T he 

integration is then corrected  fo r the actual lim its using num erical m ethods fo r the lim its o f 

the in tegral. F o r the in teg ra tio n  o f  fu n c tio n s  that do  not include an analy tic  solution, 

integration is m ade num erically  using an integral upper bound o f a large num ber instead o f 

infinity.

T he significance o f  including corrections fo r truncation can be observed  if  the problem  

o f a single hom ogeneous soil layer resting  on a half-space is calculated  with and w ithout 

the d ifferent truncation corrections. T he soil profile is the sam e as the one given in chapter 

10, F igure 10-5, w ith  an inciden t SV  w ave at k s l* H l  = 1.5708. The solution in chapter 

10 includes both the layer and half-space truncation. F igures 8 - 6  and 8-7 show  the results 

if no corrections are included  fo r truncation. T he resu lts  at the surface are significantly  

below  the analytic solution for u i d isp lacem ent and vary significantly  from  the analytic u 3



90

disp lacem ent. F igures 8 - 8  and 8-9 consider the so lu tion  i f  on ly  the lay er correction  is 

included. These resu lts begin to  approach the correct so lution , how ever the resu lts for u i 

d isp lacem ent are overestim ated  and the U3 d isp lacem ents still show  sign ifican t error. The 

resu lts fo r the d isp lacem en ts w hich include both  correc tions are show n in F igure 10-7. 

These results show  good agreem ent w ith the analytical solution and exem plify  the need for 

the layer and half-space truncation corrections.
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ANGLE OF INCIDENCE = 90 degrees
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Figure 8 -6 : Single L ayer on an Elastic H alf-Space-
u l D isplacem ent D ue to an Incident SV W ave using a 
D im ensionless F requency = 1.5708, and with 
No Correction For T runcation
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Figure 8-7: Single L ayer on an Elastic Half-Space-
u3 D isplacem ent Due to an Incident SV W ave using a 
D im ensionless F requency = 1.5708, and with 
N o C orrection For Truncation



ul
 

D
IS

PL
A

C
EM

EN
T 

ul 
D

IS
PL

A
C

EM
EN

T 
ul 

D
IS

PL
A

C
E

M
E

N
T

93

ANGLE OF INCIDENCE = 90 degrees
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Figure 8 -8 : Single L ayer on an E lastic H alf-Space-
u l  D isplacem ent D ue to an Incident SV W ave using a 
D im ensionless F requency  = 1.5708, and with 
No Correction For H alf-Space Truncation
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Figure 8-9: Single Layer on an Elastic H alf-Space-
u3 D isplacem ent Due to an Incident SV W ave using a 
D im ensionless Frequency = 1.5708, and with 
N o C orrection For H alf-Space Truncation
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C hapter 9 
N um erical Techniques

In o rder to  develop  a so lu tion  using the boundary  in tegral equation  m ethod various 

num erical techniques are em ployed . T hese  num erical techniques are used fo r in tegration, 

the determ ination  o f  the d iagonal block elem ents o f  the traction influence m atrix, and the 

determ ination o f the H ankel functions o f com plex num bers.

9.1: N um erical Integration

T h e b oundary  in teg ra l eq u a tio n s  include in teg ra ls  that can n o t in m ost cases be 

analy tically  solved. Instead, a num erical m ethod  m ust be used. T he m ethod used is the 

G aussian  quadrature m ethod w hich allow s fo r the integral o f  each boundary segm ent to be 

transform ed  in to  a sum m ation  o f  the p roducts o f  w eigh ts and values o f  the function at 

p rescribed  points. T he p rescribed  po in ts are determ ined  by solv ing  fo r the roots o f the 

Legendre polynom ial.

T he G aussian quadrature m ethod is defined as

(9.1)

li(x) = Lagrange polynom ial

x i = G aussian quadrature points (roots o f  the Legendre polynom ial)

T he function  f(x) in the boundary  elem ent m ethod is equal to the p roduct o f the unknow n 

d isp lacem en t or trac tion  and the in flu en ce  function . If  the unknow n d isp lacem en t or 

traction function is called u(x) and the influence function h(x), then f(x) = u(x) * h(x). The
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value fo r u(x) at the G aussian quadrature points is assum ed to be a linear function between 

the boundary elem ent end points.

, . . ,  U ( X B ) - U ( X A )

u(xj) = u(xA) +  ( (X b . Xa) ) <x i - Xa )
(9.2)

B y substitu ting  the linear function  in to  the in tegral o f  equation  (9.1), in tegra tion  o f  the 

function becom es num erically solvable.

f B ^
f(x) dx »  £

Ja to

u(xB) - u(xA)

u(X A )+(T x B - x Ar )(X rX A )
h(x f B (x) dx

(9.3)

or

f B ^
f ( x ) d x « X} a  t o

where

W Ti = G aussian quadrature w eights

, , , u(xB) - u ( x A)
+ ( (xB - x A) } (Xi '  Xa)

h(x;) (WTj)

A three po in t G aussian  quadratu re is used fo r the num erical analysis o f  the boundary 

in tegral equations. The integrals involved in the boundary elem ent m ethod can now  be put 

in to  a fo rm  o f  m atrices. In m atrix  form , the boundary  in tegral equations sim plify  to a 

m atrix  o f  in flu en ce  fu n c tio n s  and  w e ig h ts , [A ], a v e c to r  o f  k now n  in c id en t w ave 

d isp lacem en ts and  truncation  co rrec tions, {y }, and  a v ec to r o f  unknow n trac tions and 

d isp lacem ents, (x) .

[A] (x) = {y } (9 .5 )
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In o rd e r to  a llow  fo r m atrix  [A] to  be in d ep en d en t o f  the angle o f  incidence, all 

truncation corrections, w hich are dependen t on the angle o f  incidence, are m ade to vector 

{y).  T his allow s fo r m ultip le incidence angles to  be analyzed  w ith on ly  varying the vector 

{y} and leaving m atrix  [A] untouched.

9.2: D iagonal T raction Elem ents

T he boundary integral equations for anti-p lane m otion, equation  (5.22), and for in-plane 

m otion, equation (5.51) include a singularity  due to the traction influence function. In both 

the an ti-p lane and in -p lane equations the singu larity  is equal to the ex terio r angle at the 

source point d iv ided  by 2 jc . T herefore, the function m ultip ly ing  the total displacem ent in 

equations (5.22) and (5.51) is equal to the in terior angle at the source point div ided by 271. 

Instead o f  ca lcu la ting  the singularity  at each  source point, ano ther m ethod  is used. The 

va lu es o f  the trac tio n  and  d isp lace m e n t in flu en ce  fu n c tio n s  re su lt in trac tio n  and 

d isp lacem en t in fluence m atrices. Each d iagonal va lu e  o f  the trac tion  influence m atrix 

includes the singularity  at the source point and the effect o f the source point on the adjacent

elem ents. T he d iagonal elem en ts o f the traction  in fluence m atrix  can be determ ined by

calcu lating  the d iagonal elem ents as though the prob lem  w as static and correcting  for the 

dynam ic effect o f  the adjacent elem ents (A hm ad and B anerjee, 1988). The m atrix equation 

for the static problem  is:

[p*(static)]{u(static)} -  [u*(static)]{p(static)}= ( 0 } (9 5 )

where

(u (static)} = static analysis displacem ent vector

{p(static)} = static analysis traction vector

[u*(static)] =  static displacem ent influence function matrix 

[p*(static)] =  static traction influence function m atrix
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Since the s in g u larity  fo r each  o f  the boundary  in tegral equa tions, equa tions (5.22) and 

(5.51), is frequency  independent, it is equal to  the singularity  o f  the static case. A lthough 

the sin g u la rity  is freq u en cy  in d ep en d en t, the e ffec t o f  the ad jacen t e lem en ts  is still 

frequency dependent. E xam ining the static case, diagonal elem ents o f the traction influence 

m atrix  can be ca lcu la ted  from  equation  (9.6) by assum ing  rig id  body m otion. F o r rigid 

body m otion, the tractions are zero and equation (9.6) becom es:

[p*(static)]{u(static)} = {0 } / 9

If a unit d isplacem ent is prescribed in each direction for the rigid displacem ent, the diagonal 

block elem ents related to source point ^ can be determ ined as;

if diagonal elem ent "m" is odd:

n=N
Pmm(static) = -  Z  Pmn(static)

n =  1,3,5,.. 
n^m

n =N
Pmm+l(Static)=- Z  Pmn(static)

n = 2,4,6,.. 
n *  m+1

if diagonal elem ent "m" is even:

n=N
Pm m (s ta t ic )  =  -  Z  P m n (sta tic ) 

n = 2,4,6,.. 
n*m

n=N
Pm m-i ( s t a t i c ) - -  Z  Pmn(static)

n =  1,3,5,..
n *  m-1

(9.8)

(9.9)

(9.10)

(9.11)
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W here repeated  subscrip ts in equations (9.8) through (9 .11) does not im ply  sum m ation. 

T he static in fluence diagonal b lock  e lem ents include the singularity  but also include the 

static influence o f  the adjacent elem ents to the source po int. T he singularity  is found by 

reducing the static influence function by the static effect o f  the adjacent elem ents. For anti­

p lan e  m otion, p j^ s ta t i c )  is eq u a l to  Pmm(dynam ic) s ince  both  the static  and dynam ic 

traction influence o f  the adjacent elem ents is equal to  zero. H ow ever, fo r in-plane m otion, 

the adjacent elem ents are influential. T he singularity for the in-plane m otion is; 

for the diagonal elem ents:

[ singularity  @ ^  ^  = p ^ m(static)

for the off-diagonal elements;

if  m  is odd:
[ singularity  @ g mim+1 =

(9.12)

Pm,m+l(static)- + C 1C 2 u 3( t-S _ 1) -  C 3C 4  In | ± i  u 3(n=0) -  C 1C 2 u3(r=S+1)
1 j

(9.13)

i f  m  is even:
[ singularity  @ £] t

Pm.m-i (static) - - C i C ^ i - S , , )  + C jC 2 lnj | ± i  |u1(p=0) +

(9.14)

where

p   _____ 1
1 4jt( 1-v)

C 2 = l - 2 v

S_! = length o f  the previous adjacent elem ent to the source point 

S +] =  length o f  the follow ing adjacent elem ent to the source point
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The correction for the integration o f  the static influence function is carried out analytically in 

order to include the effect o f  unequal adjacent segm ent lengths. This effect is lost if  

Gaussian quadrature is used. The diagonal block elem ents are then found by adding to the 

singularity the dynamic influence o f  the adjacent elements.

p*(dynamic)] = [ singularity @ +

P* W ’“ )H1 d( B T ) - 5 ^ ! r i r i h T d(TTi

+5 f i^ r , t frpl6,A“,Hld(i{r)
+

Ol<n=0,(1))JoVl p-kfcico)H l d ^ )  -  if;- P*k(* ,l» H l d ^ )

, ^ i _ ^ , c o )  rVi  j. * ,  * \tti a ( x \
Jo h T Plk(x,q,m) ( h i )

(9.15)

where

k = 1 for odd row elements o f  p* (dynamic) matrix 

k =  3 for even row elem ents o f p*(dynamic) matrix

The Hankel functions for the adjacent elements are expanded in a series o f  trigonometric 

functions (A bram ow itz and Stegun, 1972) S in ce on ly  the adjacent elem ents are 

considered, not many terms are required in the series to gain reliable results.
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9.3: H ankel Functions

T he use o f  hystere tic  dam ping  in the soil am plification  results in com plex shear wave 

num bers. T herefo re , a m ethod  to determ ine H ankel functions fo r com plex variab les is 

required. T he H ankel function o f  the first kind is equal to:

H n \ z) = Jn(z) + Y n(z) (9 . 16)

w here

Jn(z) = B essel function o f  the first kind and order n 

Y n(z) =B essel function o f the second kind and order n 

z = com plex num ber (x + iy)

In lieu o f the use o f  a series to determ ine the tw o kinds o f  B essel functions, an integral 

m ethod is used. T he defin ition  o f  the B essel functions in term s o f an in tegral is given as 

(A bram ow itz & Stegun, 1974):

Jn(z) = 4- f  cos(z sine(0) -n 0 ) d0
J o  (9 .17)

and

Y n(z) = - i J  sine(z s ine(0 )-n0 ) d0 - J  {ent + e~ntcos(n7t)}e~z sinh® dt

| a r g z | < ^

(9.18)

T he cond ition  fo r the abso lu te  argum ent o f  z to be less than tc/ 2 is m et if  the hysteretic 

dam ping  is less than 20%  . T h is is satisfied  fo r alm ost all soil am plification  problem s. 

Therefore, this condition is not considered to be a serious restriction to the calculation. The
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tr ig o n o m etric  fu n c tio n s in  the in teg ran d s o f  eq u a tio n s  (9 .17) and (9 .18) are fu rther 

sim plified  into real (x) and im aginary (y) terms.

1 f nJn(z) =  cos(x sine(0) -  n0) cosh(y sine(0)) -  i sine(x sine(0) -  n0) sinh(y sine(0))d0

(9.19)

Y n(z) =

J  [sine(x sine(0 ) -  n0 ) cosh(y sine(0 )) + i cos(x sine(0 ) -  n0 ) sinh(y sine(0 ))]d0  -  

j z j  [(ent + e~ntcos(n7t)) e-x smh®cos(y sinh(t)) -  i (ent + e ^ to s ln j t) )  e“x Smllft)sine(y sinh(t))] dt

(9.20)

T he in tegration is carried out using a 5 point G aussian quadrature m ethod. T he upper limit 

o f  the second in tegral in equation (9.20) is set at 10.0 since this was found to be acceptable 

in the ca lcu la tions fo r the B essel function o f  the second  kind. T he H ankel function o f  a 

com plex  num ber, equation (9.16) is then the sum m ation o f  the B essel functions o f  the first 

and second  kind, equations (9.19) and  (9.20).
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C hapter 10 
Code Validation

T o  check the validity  o f  the codes for in-plane and anti-plane am plification, com parisons 

are m ade with analytic solutions.

F igure 10-1 show s a com parison  betw een the analytic and num eric am plification results 

o f  a vertically  inciden t SH  w ave due to a cy lindrical cavity  in a fu ll-space (H adley et al., 

1989). T he cy lind rica l cav ity  has a rad ius R and a SH  w ave propagates at ks*R  =  3.0 . 

The p rob lem  is so lved  nu m erica lly  by d iv id ing  the cy lind rica l boundary  into 20 equal 

segm ents. The com parison  betw een the analytic results and the boundary elem ent results 

are in the form  o f  a p o lar graph w here the radius is the am plification  o f the incident wave 

and the po lar angle is the ang u lar position on the cy lindrical boundary. R esults from  the 

tw o procedures show  excellent agreem ent.

A n analytic so lu tion  is also  availab le  fo r the an ti-p lane prob lem  o f a sem i-cvlindrical 

canyon in a half-space (T rifunac, 1973). T he com parison  betw een the analytical solution 

and the num erical solution is show n in Figure 10-2. The half-space is d iscretized to x i/R  = 

±10.0, w here R is the rad ius o f  the sem i-cy lindrical canyon , and the c ircum ference is 

d iv ided  into 5 d eg ree  in tervals. For this problem , no co rrec tion  is m ade for truncation. 

V arious angles o f  incidence (90,75, and 60), w ere used w ith a d im ensionless frequency of 

k s*R /7r = 0.5 . R esults for the d ifferen t angles o f  incidence show  good agreem ent. The 

case in w hich the angle o f  incidence is equal to 30 degrees show s the m ost variance from 

the exact solution. This is to be expected due to the greater am ount o f scattering that occurs 

in the ±  x i regions. S ince the m odel used in the analysis is truncated at X]/H1 = ±10, it 

exc ludes the co n trib u tio n  o f  the truncated  reg ions w hich has som e significance at the 

shallow er incidence angles. E ven w ith this truncation and shallow  angle o f incidence, the 

results are good.
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X  ANALYTIC

+  BEM

ANGLE = LOCATION ALONG 
CAVITY BOUNDARY

r = AMPLIFICATION
270.0°

90.0°

Figure 10-1: C ylindrical C avity in an Elastic Full-Space,
u2 D isp lacem ent D ue to a V ertically  Inciden t SH  W ave, 
ks*R  = 3.0
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ANGLE OF INCIDENCE = 90 degrees
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■3 ■2 01 21 3

x l/H l

ANGLE OF INCIDENCE = 60 degrees
4
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■3 •2 0 1 2 3
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ANGLE OF INCIDENCE = 30 degrees
4

3

2

0

■3 •2 01 1 o 3

x l/H l

Figure 10-2: Sem i-C ylindrical C anyon in an E lastic H alf-Space, 
u2 D isp lacem ent Due to a Incident SH  W ave with
ks*R / 7t = 0.5
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F igure  10-3 is a check  p rob lem  fo r in -p lane m otion  in  w hich an analy tic  solution is 

ava ilab le . T h e  figu re  show s an e las tic  in c lu sio n  in a e lastic  fu ll-space subject to a 

h o rizo n ta lly  p ro p ag atin g  P w ave. T he inclusion  is s tiffe r than the fu ll-space  and the 

m aterial p roperties are g iven in the Figure 10-3 . T he resu lts o f  the analytic solution to the 

p rob lem  are given fo r a range o f frequencies at specific po in ts along the circum ference o f 

the inclusion  (D om inguez and A bascal, 1989). T he p rob lem  is solved num erically  using 

tw o boundary  elem ent d iscre tization  schem es, one in w hich the circum ference is divided 

into 28 equal e lem en ts and the o ther using  56 equal e lem ents. Both cases show good 

agreem ent w ith the analytic resu lts and show  sm all varia tion  betw een the tw o boundary 

e lem ent d iscre tization  schem es. E rror increases at the h igher frequencies, particularly  for 

the case o f 0 = 167.14 degrees, w here m ore boundary  elem ents are required  to m atch the 

curvature o f the inclusion boundary.

A single lay er on a half-space p rovides a prob lem  in w hich an analy tic  solution is 

availab le for bo th  an ti-p lane (SH ) and in -p iane (P &  SV) w ave m otions. T he problem  is 

show n in F igure 10-5 w hich also  show s the boundary  elem ent discretization  used to solve 

the problem . T he problem  is d iscre tized  to x i /H l  = ±2.5 w ith boundary segm ent lengths 

equal to 0 .25*H 1 . T he problem  is solved for each o f the w ave types for a dim ensionless 

frequency , k s(layer 1) *H1 = 1.5708, w hich is the natural frequency for a soil layer on a 

rock half-space subject to a vertically  incident shear w ave. R esults are given for a range of 

angles o f  incidence (90, 75, 60 degrees). Soil am plification  is given fo r an incident SH, 

SV , and P w ave in F igures 10-6, 10-7, and 10-8, resp ec tiv e ly  and com pared  w ith the 

analytic solutions. Results betw een the analytic solution and the boundary elem ent method 

are good. The boundary elem ent results for this problem  also exem plify the benefits o f the 

truncation correction used in the solution.
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IN C ID E N T  
P WAVE

v(mclusion) = 0.25 
P (inclusion) = 0 .00%

■> x

Cs(full-space) I Cs (inclusion)= 0.50 
y (full-space) / y(inclusion)= 1.00 
v (full-space) = 0.25 
p (full-space) = 0.00%

Figure 10-3: E lastic Cylindrical Inclusion 
in an Elastic Full-Space
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Figure 10-4: E lastic Inclusion in a Full-Space, 
u l  D isp lacem ent at Specific Points 
D ue to an Incident P W ave
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SOIL LAYER 7  
v = 0.25 
(3 = 5.095
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Soil Profile

(-2.5,0.0) (0.0,0.0) (+2.5,0.0)
at— x— »— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x

AREA 1

(-2.5,1.0) (+2.5,1.0)
at— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x— x

AREA 2

I X g /H l

Boundary Elem ent Discretization

Figure 10-5: Single Soil L ayer on a H alf-Space
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ANGLE OF INCIDENCE = 90 degrees
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Figure 10-6: Single Layer on a Half-Space,
u2 Displacement Due to an Incident SH Wave with
k s l* H l = 1.5708
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Figure 10-7: Single Layer on a Half-Space,
Displacement Due to an Incident SV Wave with
k s l* H l = 1.5708
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Figure 10-8: Single Layer on a Half-Space,
Displacement Due to an Incident P Wave with
k s l* H l = 1.5708
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T he last check  prob lem  uses the soil-bedrock  geom etry  show n in F igure 1-2, but using 

the sam e p roperties  fo r  rock  "A" and rock  "B". T he reg ions are d iscre tized  in  the same 

m an n er as w hat is used fo r the non-hom ogeneous rock  p rob lem  and is so lved  fo r each of 

the w ave types using  ks(layer 1) * H I =  1.5708 . F igures 10-9, 10-10, and 10-11, show 

tha t the boundary  elem ent resu lts  com pare w ell w ith  the analytic so lu tion  fo r each o f the 

incident w ave types.
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Figure 10-9: u2 D isplacem ent D ue to a U nit Incident SH W ave, 
Cs rock "A" /  Cs soil = 10,
H 2 / H 1  = 1.0,
K s l* H l = 1.5708
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C hapter 11 
T w o-D im ensional Results

S urface  am plification  and sca tte ring  lim its due to  body w aves using  the boundary 

e lem en t m ethod  w ere ca lcu la ted  fo r d im ensionless frequencies o f  0.5, 1.0, 1.2, 1.4, 1.6,

1.8, 2 .0, 2 .5 , and 3.0 . T he scattering  lim its indicate the distance aw ay from  the bedrock 

d isc o n tin u ity  (x i = 0 ) o u ts id e  o f  w hich sca tte ring  is not s ig n ifican t in  the surface 

am plification and sim ple one-d im ensional calculations suffice. The scattering lim its were 

developed by determ ining the point along the surface w here the surface am plification varies 

by no m ore than a m axim um  o f  10.0% from  the one-d im ensional solution. For surface 

am plifications below  1 .0 , the po in t w as developed by using a m axim um  variance = ± 0 . 1 0 . 

F igure 11-1 illustrates for a particular case how  the scattering limits were determ ined.

20

C s  A I  C s  soil = 2 .5  H2 / HI = 1.0 
1.10 *  ID SOLN k sl*H l = 1 .6  SH WAVE

1.10 *  ID SOLN0.90 *  ID SOLN

0.90 * ID SOLN
2D SOLN REQD.

0

-2 0 -1 0 0

x l/H l
10 20

Figure 11-1: D eterm ination o f Scattering Limits

W ithin the scattering lim its a tw o-dim ensional solution is required in order to include the 

effec ts o f  sca tte ring  due to the d isco n tin u ity  in layer 2 . O utside o f  these lim its the 

discontinuity has only a nom inal effect on surface am plification .
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11.1: A nti-Plane M otion

Surface am plifications due to  an incident SH  w ave are given in F igures 11-2 through 

11-10. F or each  soil p rofile  resu lts  are given fo r in c id en ce  ang les o f  90, 75, and 60 

degrees. T hree d ifferen t shear velocity  ratios w ere used fo r the em bedded layer: 5, 2.5, 

and 1.0. The first tw o cases represen t cases o f  an em bedded  rock layer. T he third case in 

w hich the em bedded layer shear velocity  ra tio  is equal to  1 . 0  is equivalen t to having a soil 

layer on a rock  half-space in w hich there is a step in the rock  half-space at x i = 0.0 . For 

each soil p rofile, three em bedded  rock th icknesses w ere used: 1.0, 2.0, and 5.0 . Results 

for the shear velocity  ratio equal to  5.0 are given in F igures 11-2 through 11-4. R esults for 

the shear velocity  ratio  equal to 2.5 are given in F igures 11-5 through 11-7. A nd results 

for the shear velocity  ratio  equal to 1.0 are given in F igures 11-8 through 11-10. At the 

end  p o in ts  o f  these  cu rv es , d isp lacem en ts  are fo rced  to  eq u a l the 1-D so lu tion  

d isp lacem en ts. T he shape o f  the curves fo r these cases is independent o f  the angle o f 

incidence. F or any given shear velocity  ra tio , as the th ickness o f  the em bedded  layer 

increases, scattering  increases . K eeping  the layer th ickness constan t and reducing  the 

stiffness o f  the em bedded  m ateria l increases sca tte ring . For any one soil p rofile, the 

w aviness o f  the surface d isplacem ent increases as the frequency increases. T his w aviness 

indicates increased scattering and that two dim ensional effects becom e m ore significant as 

the frequency increases.

S cattering lim it plots sum m arize the scattering  effects o f  the em bedded  layer and are 

d isp layed  in F igures 11-11 through 11-13 fo r the various cases. S ince one-d im ension  

d isp lacem en ts are enforced  at X]/H1 = -12 and x i /H l  = +18 , the scattering  lim its are 

forced to be w ithin this range. Scattering lim its that approach these end points are artificial 

and indicate the need for a larger area to be discretized. T he case o f  a em bedded rock layer 

w ith the sam e thickness as the soil layer and a shear velocity  half o f the rock half-space has 

m in im al effect on scattering. S cattering lim its increase in the area above the em bedded
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layer, x i > 0 , as the thickness o f  the  em bedded  layer increases; this is generally true for the 

surface area above rock  "B", x i <  0. F o r m ost cases, a shallow er incidence angle results in 

a la rg e r sca tte ring  area. T he sca tte ring  lim its fo r the em bedded  layer having  the same 

properties as the soil layer are included  in F igure 11-13. T he scattering lim its in the -xi 

region fall w ithin the d iscretized reg ion  for th ickness ratios o f  1 and 2 , how ever are outside 

the d isc re tiz ed  + x i reg io n  since the sca tte rin g  lim its app roach  the end po in ts o f the 

discre tized  surface boundary. F o r a th ickness ra tio  o f  5, the scattering lim its approach the 

end points o f the d iscretized surface boundary.
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Figure 11-2: u2 Surface Displacement Due to a Unit Incident SH Wave,
Cs rock "A" /  Cs soil = 5
H 2 /H 1  = 1.0
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Figure 11-3: u2 Surface Displacement Due to a Unit Incident SH Wave,
Cs rock "A” /  Cs soil = 5,
H 2 /H 1  = 2.0
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Figure 11-4: u2 Surface Displacement Due to a Unit Incident SH Wave,
Cs rock "A" /  Cs soil = 5,
H2 /  H I = 5.0
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Figure 11-6: u2 Surface Displacement Due to a Unit Incident SH Wave,
Cs rock "A" /  Cs soil = 2.5,
H 2 /  H I = 2.0
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H 2 /H 1  = 1.0
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Figure 11-9: u2 Surface Displacement Due to a Unit Incident SH Wave,
Cs rock "A" /  Cs soil = 1,
H 2 /H 1  = 2.0
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Figure 11-10: u2 Surface Displacement Due to a Unit Incident SH Wave,
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11.2: In-P lane M otion

Surface am plifications for in -p lane body w aves are g iven  fo r various soil profiles and 

incidence angles. T w o shear velocity  ratios and tw o th ickness ra tios o f  the em bedded rock 

layer w ere used fo r the analysis. For each o f  these soil p ro files, a un it incident w ave was 

app lied  at 90, 75 , and  60  deg rees. R esults fo r in c id en t SV  and P w aves are given as 

surface am plification  p lo ts in  the horizontal and  vertical d irections. Scattering lim it plots 

are also included fo r the horizontal and vertical d isplacem ents. T hese scattering lim it plots 

ind icate  the d ependency  o f the range o f scattering  to  the frequency  and  the large area in 

which the scattering effect o f  the em bedded rock  layer encom passes. B ecause o f the mode 

conversion included in plane w ave calculations, the scattering profiles are m ore com plicated 

than the ones for anti-p lane m otion.

11.2.1: Incident SV  W ave

R esults in the horizontal and vertical directions due  to a unit incident SV wave are given 

in  F igures 11-14 th rough  11-17 for a sh ea r v e loc ity  ra tio  o f  5 .0  and in F igures 11-18 

through  11-21 fo r a shear velocity  ratio  o f  2.5 . F or d im ension less frequencies below  2, 

the am plification varies sm oothly  from  the -x i region to the -Hq region . The length o f this 

sm ooth  transition can  be determ ined  from  the scattering  lim it p lo ts. For frequencies o f  2 

and above, surface am plification  fluctuates resu lting  in peaks and valleys. D ecreasing the 

angle o f  incidence, increasing  the em bedded rock  th ickness, o r decreasing  the em bedded 

ro ck  shear velocity  resu lts  in la rger dev iation  o f  the surface am plification  from  the one­

d im ensional so lu tion . In c reased  scattering  w as found  to o ccu r at the frequency  o f 2.5 

w hich is not the h ighest frequency in the study, but is the closest to the natural frequency o f 

vertically  propagating P waves.

The plots o f  scattering lim its fo r horizontal and vertical d isp lacem ent indicate the large 

sca tte ring  that o ccu rs  because o f  the em bedded  ro ck  layer. T hese  p lo ts are show n in
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F igures 11-22 and  11-23. F o r m ost cases, the scattering length  approaches the length in 

w hich  the surface is d iscre tized  and  is therefore inapplicable. For the cases in w hich the 

d isc re tiz ed  reg io n  is g rea te r than  the sca tte ring  len g th , the p a tte rn s  are m uch m ore 

com plicated  than that found fo r the anti-p lane solution. Scattering  lim its in the horizontal 

d irec tio n  generally  increase  as the angle o f  incidence becom es shallow er, how ever the 

sca tte rin g  lim its in  the v ertica l d irec tion  do not fo llow  th is  general pattern . T he large 

scattering  lim its fo r vertical d isp lacem ent due to vertically  incident m otion are m isleading 

s in ce  fo r  th is  case  the  v e rtic a l d isp lacem en ts  o f  the  o n e-d im en sio n a l so lu tion  are 

nonexistent and only a sm all variance is allow ed betw een the two solutions.

F or cases in w hich the scattering lim its approach the discretization boundary end points, 

the solu tions at the end poin ts are incorrectly  assum ed to be the one-dim ension solutions. 

In o rd e r to exam ine the sign ificance o f  this incorrect assum ption in the calcu lation  o f  the 

surface d isp lacem ent in the v ic in ity  over the discontinuity  (x i = 0 ), an additional case was 

ru n  in w hich  the d iscre tized  area  is from  x i /H l  = - 6  to + 6  instead  o f  - 8  to  + 8  . The 

surface displacem ent for this additional case is calculated fo r an incident SV w ave and for a 

soil p rofile  in w hich the em bedded  rock layer has a shear velocity  ra tio  equal to 2.5 and a 

th ickness ra tio  equal to 2 .0 . T h is  case w as chosen because o f its large scattering lim its. 

C om parison  betw een the tw o discre tization  scenarios.is m ade in F igures 11-24 and  11-25 

F igure 11-24 show s the com parison  for horizontal d isp lacem ent w hile F igure 11-25 for 

vertical displacem ent. T he plots show  that the difference in the surface displacem ents in the 

area betw een x j / H l  = -4.0 and +4.0 does not d iffer significantly  for incidence angles equal 

to 90 and 75 degrees. D ifferences becom e significant fo r the h igher frequencies w hen the 

angle o f  incidence equals 60 degrees . These com parisons illustrate that even for the cases 

in w hich  the sca tte ring  is no t con tained  in the lim its o f  d iscre tization , re liab le  surface 

displacem ents can still be had over the local area above the discontinuity.
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Figure 11-14: u l Siuface Displacement Due to a Unit Incident SV Wave,
Cs rock "A" /  Cs soil = 5,
H 2 /H 1  = 1.0
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Figure 11-15: u3 Surface Displacement Due to a Unit Incident SV Wave,
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Figure 11-16: u l Surface Displacement Due to a Unit Incident SV Wave,
Cs rock "A" /  Cs soil = 5,
H 2 /H 1  = 2.0



u3 
D

IS
PL

A
C

EM
EN

T 
u3 

D
IS

PL
A

C
EM

EN
T 

u3 
D

IS
PL

A
C

E
M

E
N

T
137

ANGLE OF INCIDENCE = 90 degrees

6 84■2 0 28 •6 •4

x l/H l

ANGLE OF INCIDENCE = 75 degrees
16
14
12

10

8

6

4
2

0

-8 -6 -4 -2 0 2 4 6

x l/H l

  k sl*H l = 0.5

  k sl*H l = 1.0

   k sl*H l = 1.6

  k sl*H l = 2.0

  k sl*H l = 2.5

  k sl*H l = 3.0

ANGLE OF INCIDENCE = 60 degrees
16
14
12

10

8

6

4
2

0

-8 -6 -4 0 2 4 6 8

x l/H l

Figure 11-17: u3 Surface Displacement Due to a Unit Incident SV Wave,
Cs rock "A" /  Cs soil = 5,
H2 /  H I = 2.0
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Figure 11-18: u l Surface Displacement Due to a Unit Incident SV Wave,
Cs rock "A" /  Cs soil = 2.5,
H 2 /H 1  = 1.0



u3 
D

IS
PL

A
C

EM
EN

T 
u3 

D
IS

PL
A

C
EM

EN
T 

u3 
D

IS
PL

A
C

E
M

E
N

T
139

16
14
12

10

8

6

4
2

0

k sl*H l = 0.5 

k sl*H l = 1.0 

k sl*H l = 1.6 

k sl*H l = 2.0 

k sl*H l = 2.5 

k sl*H l = 3.0

16
14
12

10

8

6

4

0

-8 -6 -4 -2 0 2 4 6 8

x l/H l

-8 -6 -4 -2 0 2 4 6 8

x l/H l

ANGLE OF INCIDENCE = 75 degrees

8 6 -4 •2 0 2 4 6 8

x l/H l

ANGLE OF INCIDENCE = 60 degrees

ANGLE OF INCIDENCE = 90 degrees

Figure 11-19: u3 Surface Displacement Due to a Unit Incident SV Wave,
Cs rock "A" /  Cs soil = 2.5,
H 2 /H 1  = 1.0
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Figure 11-20: u l Surface Displacement Due to a Unit Incident SV Wave,
Cs rock "A" / Cs soil = 2.5,
H 2 /H 1  = 2.0
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Figure 11-21: u3 Surface Displacement Due to a Unit Incident SV Wave,
Cs rock "A" /  Cs soil = 2.5,
H 2 /H 1  = 2.0
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Figure 11-22: u l Scattering Limits Due to a Unit Incident SV Wave,
Cs rock "A" /  Cs soil = 2.5 and Cs rock "A" /  Cs soil = 5,
H 2 /H 1  = 1 and H 2 /H 1  = 2
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Figure 11-23: u3 Scattering Limits Due to a Unit Incident SV Wave,
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H 2 /H 1  = 1 and H 2 /H 1  = 2
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u l Surface D isplacem ent Due to a U nit Incident SV W ave, 
Cs rock  "A" /  Cs soil = 2.5, H2 /  H I = 2.0
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u3 Surface Displacement Due to a Unit Incident SV Wave,
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11.2.2: Incident P  W ave

R esults in the horizontal and  vertical d irec tions fo r an  inciden t P w ave are given in 

F igures 11-26 through  11-29 fo r a shear velocity  ratio  o f 5 .0  and in  F igures 11-30 through 

11-33 fo r a shear velocity  ra tio  o f  2.5 Increasing  the th ickness o r  decreasin g  the shear 

velocity  o f  the em bedded  rock  layer results in  greater scattering to  occur at the surface. The 

su rface  d isp lacem en t p lo ts  in d ica te  tha t as the angle o f  in c id en ce  d ec reases  vertical 

d isp lacem en t decreases, h o w ev er fo r a g iven  frequency  the basic shape o f  each .of the 

d isp lacem en t cu rves does not sign ifican tly  change. E xcep t at k s l* H l  = 2.5, horizontal 

d isplacem ent increases as the angle o f incidence decreases.

P lots o f  scattering lim its due to the incident P w ave are shown in Figures 11-34 and 11- 

35 fo r horizontal and vertical m otion respectively. These scattering lim it plo ts illustrate the 

increased  area o f  scattering  as the th ickness o f the em bedded  rock  layer increases or the 

sh ea r v e lo c ity  o f  the em bedded  ro ck  lay er decreases. L arge d ev ia tio n  from  the one­

d im ensional solution begins at a  low er frequency  fo r the horizontal d isp lacem ent than the 

vertical displacem ent. G eneral trends fo r the scattering as a function o f incidence angle are 

nonexistent.
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Figure 11-26: u l Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" /  Cs soil = 5,
H 2 /H 1  = 1.0
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Figure 11-27: u3 Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" /  Cs soil = 5,
H 2 /H 1  = 1.0
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Figure 11-28: u l Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" /  Cs soil = 5,
H 2 /H 1  = 2 .0
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Figure 11-29: u3 Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" /  Cs soil = 5,
H 2 /H 1  = 2 .0
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Figure 11-30: u l Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" / Cs soil = 2.5,
H 2 /H 1  = 1.0
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Figure 11-31: u3 Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" /  Cs soil = 2.5,
H 2 /H 1  = 1.0
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Figure 11-32: u l Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" /  Cs soil = 2.5,
H 2 /H 1  = 2.0
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Figure 11-33: u3 Surface Displacement Due to a Unit Incident P Wave,
Cs rock "A" /  Cs soil = 2.5,
H2 /  H I = 2.0
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Figure 11-34: u l  Scattering Limits Due to a Unit Incident P Wave,
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H 2 /H 1  = 1 and H 2 /H 1  = 2
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C hapter 12 
Conclusion

In th is thesis a m eth o d  has been d escrib ed  to  d e term in e  the sign ificance that an 

inhom ogeneity  in a rock  half-space has on surface am plification due to earthquake motion. 

T he p articu la r so il-rock  p ro file  investigated  is a soil lay er resting  on a rock  half-space 

w hich includes a sem i-infin ite  em bedded rock  layer. T he upper surface o f  the em bedded 

rock  layer borders the soil layer. Surface d isp lacem ents w ere determ ined  for each type o f 

body w ave (SH , SV, and P) fo r a range o f incidence angles using  various shear velocity 

and th ickness ra tio s o f  the em bedded  layer to  the soil layer. For the case o f  SH wave 

m otion, an additional case w as stud ied  in w hich the em bedded layer w as considered as a 

extension o f the soil layer. Surface displacem ent plots along with scattering lim it plots are 

included for each o f the cases to sum m arize the effect that the discontinuity in the rock half­

space has on surface am plification. An additional benefit o f  the scattering limit plots is the 

determ ination  o f  the m in im um  d istance aw ay from  the d iscon tinu ity , x i= 0 , w here a one­

dim ensional solution is satisfactory.

T he solution to  the tw o-d im ensional problem  was ob tained  using the boundary integral 

equation  m ethod . D uring  the study , tw o boundary  e lem en t codes, one for an ti-p lane 

m otion and one fo r in-p lane m otion , w ere developed  to so lve fo r surface am plification o f 

body w aves due to input seism ic m otion. A lthough the truncation for elastic soil layers has 

been addressed elsew here  fo r anti-p lane w ave m otion (H adley et al., 1989), in this thesis 

the w ork  has been ex tended  to m ateria ls with dam ping  and to in-plane m otions. A lso in 

this thesis, a new  m ethod has been developed fo r treating the truncation o f a half-space.
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Appendix 
C om puter Codes

T he codes that w ere used  fo r the tw o-dim ensional analysis and  the one-d im ensional 

an a ly sis  are inc lu d ed  in  this append ix  w ith  their appropria te  input files. T he com puter 

co d es w ere p ro g ram m ed  in term s o f  d im ension less p ro p erties  to a llow  fo r param etric  

studies w hich can then be easily  applied  to a site specific study. The codes w ere generated 

by the w riter.

A .l:  B oundary E lem ent Codes

F or the tw o -d im en sio n al s tudy , the boundary  in teg ra l equation  m ethod  w as used. 

B ecause  o f  the d iffe rence in the  in fluence functions used in the an ti-p lane and in-plane 

analysis, tw o codes w ere created : "shconvo" fo r the an ti-p lane m otion  due  to SH  w aves 

and "psvconvo" fo r in-plane m otion due to P and SV w aves. The codes are independent o f 

o u ts id e  call lib raries w hich  there fo re  allow s the p rogram s to be used on any com puter 

w hich  has the capab ility  to  use a Fortran  com piler. T he codes include the ab ility  to solve 

fo r  co m p lex  H a n k e l fu n c tio n s  an d  co m p lex  s im u ltan e o u s  e q u a tio n s . T o  so lve 

sim ultaneous equations the G aussian  E lim ination M ethod is used w ith m axim um  row  and 

colum n pivoting.

Sam ples o f  input files are included  fo r the boundary elem ent codes. T he inpu t file for 

the tw o codes, "shconvo" and "psvconvo", are sim ilar and only d iffer on the line indicating 

the type o f half-space incident w ave. T he codes use free form at so that the user does not 

have to  be concerned  w ith  co lum n  justifica tion . In the fo llow ing , the input files for a 

cy lindrical cavity  and fo r a single soil layer on a half-space will be review ed by describing 

the input inform ation fo r each o f the files.
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Single Soil L ayer on a H alf-Space

Line 1 O utput file nam e using a m axim um  o f 20 characters and beginning at 
colum n 1 .

Line 2 T itle for output file using a m axim um  o f  80 characters and beginning at
colum n 1 .

Line 3 T ype o f half-space incident wave. For the "shconvo" code the only option
is to  use SH. For the  "psvconvo" code either P o r SV  should be used. T he 
inclusion o f this line for "shconvo" allows the sam e type o f  input file to be 
used for the tw o codes and fo r the possibility o f  the tw o codes to be m eshed 
together in the future.

Line 4  N um ber o f angle o f  incidences to be used and the values o f the angles o f
incidences.
T he values o f  the angles o f  incidence are given in degrees. B ecause o f the 
m ethod used in the form ulation o f the codes, only one angle o f incidence is 
required to develop the influence m atrices for the particular problem  
described in the inpu t file.

Line 5 D im ensionless frequency to be used for the analysis. T he transfer function
and am plification o f  incident m otion at each o f the nodes is determ ined at 
this dim ensionless frequency. T he dim ensionless frequency is equal to the 
product o f  the frequency o f the incident wave (radians) and the characteristic 
length o f the soil profile divided by the characteristic shear velocity o f the 
soil profile. For a soil profile the characteristic properties w ould be the 
thickness and shear velocity for the top soil layer. For a half-space o r a full- 
space with a cylindrical inclusion, the characteristic properties w ould be the 
radius o f the cylinder and the shear velocity o f  the half-space.

Line 6  N um ber o f  hom ogeneous regions in the problem . A m axim um  o f  4 can be
used. O ther than the half-space, the regions can include dam ping.

Begin input for region 1 properties:

Line 7 Shear velocity ratio  with respect to area 1. Therefore, for region 1 this will
equal 1 .

Line 8  Poisson ratio  fo r area 1. A lthough this is not required  for anti-plane
m otion, this line is included to keep the sam e form at as the in-plane m otion 
code w here it is required.

Line 9 U nit w eight ratio  fo r area 1 with respect to area 1. For area 1, this is equal
to 1

Line 10 H ysteretic dam ping (%) fo r area 1. For cases in w hich the region is
considered elastic, this value is equal to 0 .0 .

Line 11 N um ber o f  boundaries that define region 1. For a soil layer w ithout any
inclusions, this value w ould be 2. For a soil layer with a single cylindrical 
inclusion, this value is equal to 3; the top boundary, the bottom  boundary, 
and the boundary betw een the cylindrical inclusion and the soil layer.
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Line 12 F or boundary 1, the num ber o f  end poin ts to  define straight line segm ents
that can be d iv ided  in to  equal subdivisions. T his is not to  be confused with 
the num ber o f  boundary  elem ents. T his foregoes the need for the user to 
input the coordinates o f each elem ent.

Line 13 x i /H l  and X3/HI dim ensionless coord inates fo r each of the tw o end-points
fo r the first straight line segm ent. T he coordinate system  used follow s the 
righ t hand  rule w ith  the X3/HI axis po inting  dow n and the X2/HI axis 
pointing out o f  the paper. C oordinates are entered in a counter-clockw ise 
fashion i f  you w ere standing inside o f  the particu lar dom ain.

Line 14 N um ber o f  equal elem ents to divide segm ent 1 into. T he coordinates for
each o f  the elem ent end points is then determ ined by the code and defines 
the boundary elem ents in space.

Lines 13 and 14 are repeated  for the num ber o f  straight line segm ents that are defined by 
the end points en tered  on line 12. For this case o f a soil layer on a half­
space only one straight line segm ent is included.

Line 15 For boundary 2, the num ber o f end-points to define straight line segm ents
that can be d ivided into equal subdivisions.

Line 16 x i /H l  and X3/H I d im ensionless coordinates o f  the end-points for the first
straight line segm ent.

Line 17 N um ber o f equal elem ents to divide segm ent 1 into. T he coordinates for
each o f  the end points is then determ ined by the code and defines the 
boundary elem ents in space.

L ines 16 and 17 are repeated  fo r the num ber o f straigh t line segm ents that are defined by 
the end  poin ts en tered  on line 15. F or this case o f a soil lay er on a half-space only  one 
straight line segm ent was used.

Input continues fo r the various reg ions in a sim ilar fash ion  as that used for region 1 lines 7 
through 17. In o u r case o f a soil layer on rock, the next reg ion  to define is the half-space. 
For half-space p rob lem s that co rrec t fo r truncation , the half-space m ust be elastic and its 
b oundary  a h o rizo n ta l line. F o r fu ll-sp ace  p ro b lem s, w hich  requ ires no trunca tion  
co rrec tio n , o r ha lf-sp ace  reg io n s w hich  bo rder the su rface , the boundary  can be no n ­
horizontal since it w ill not include the truncation correction .

Line 18 S hear velocity  ra tio  for the half-space. T his represents the shear velocity o f 
the half-space d ivided by the shear velocity  o f  the soil layer.

Line 19 Poisson ratio  for the half-space

Line 20 U nit w eight ratio  o f  the half-space. This is equal to the unit w eight o f  the 
half-space divided by the unit w eight o f  the soil layer.

Line 21 H ysteretic dam ping (% ). W hen correction is m ade for a truncated half­
space, the code assum es an elastic half-space. Therefore, the hysteretic 
dam ping  is set equal to 0 .0 % .

Line 22 N um ber o f  boundaries for the half-space.
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Line 23 N um ber o f end  poin ts to subdivide the half-space boundary.

Line 24 End-point coordinates

Line 25 N um ber o f  elem ents to divide this straight segm ent defined by the above
end-point coordinates into.

Individual region input inform ation is com pleted.

Line 26 N um ber o f  hom ogeneous regions which have a traction free surface.

Line 27 For each o f  the reg ions o f  line 26, enter the num ber o f  boundaries segm ents
w hich have a traction free surface. This line allow s fo r the problem  o f an 
alluvial deposit w ith a traction free surface w hich w ould cause the area o f 
the surrounding surface to have two traction free boundary segm ents.

Line 28 T he first and last node o f the first traction free boundary segm ent

Line 28 is repeated for the num ber o f  segm ents declared on line 27.

L ines 27 and 28 are repeated fo r the next hom ogeneous region w ith a traction free surface. 
T his input procedure is reproduced for the num ber o f hom ogeneous regions o f  line 26.

Line 29 H alf-space reg ion  num ber. This defines w hich o f  the area input properties
are to be assigned to the half-space region.

The next section identifies the node num bers that will be used fo r the correction for the soil 
layer truncation . T he nodes define  the soil p rofile  tha t is used fo r the determ ination  o f 
d isp lacem en ts and  trac tions from  a one-d im ensional analysis. B ecause o f the various 
configurations that are possible, a soil profile is needed to  be defined at both limits o f the 
-x i and + xi d iscre tized  areas.

Line 30 N um ber o f  areas along the -x j vertical im aginary boundary that
will be used to define a one-dim ensional soil profile. See section on 
correction for layer correction for description o f im aginary boundary.

Line 31 T op node num ber and bottom  node num ber o f  soil layer 1 in one­
dim ensional soil profile.

Line 31 input is repeated for the num ber o f soil layers o f  line 30.

Line 32 N um ber o f areas along the +xi vertical im aginary boundary that w ill be
used to  define a one-dim ensional soil profile.

Line 33 T op node num ber and bottom  node num ber o f  soil layer 1 for the one­
dim ensional soil profile needed to define + x i vertical im aginary boundary.

Line 33 input is repeated  for the num ber o f  soil layers o f  line 32.
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SA M PLE IN PU T  FIL E  FO R  TH E T W O -D IM E N SIO N A L A N LA Y SIS 
O F A  SO IL  LA Y E R  O N  A H A LF-SPA C E

C O L U M N  #  O F  IN PU T  FILE 
1

S H llay er.o u D
1 LA Y E R  O N  H A LF-SPA C E; H ETER O G EN EO U S PR O FILE 
S H
4 90.0  75 .0  60 .0  45.0
1.5708
2  
1 .
.25
1.0
5 .0
2

2
+2.5 0.0 -2 .50 0.0
20 
2
-2.5 1.0 + 2 .50  1.0
20 
10 .
.25
1.32
0.0
1
2

+2.5 1.0 -2 .50 1.0
20 
1 
1

1 21 
2  
1
21 22 
1

1 42
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A n exam ple is included  o f  an inpu t file  fo r a cylindrical surface in a fu ll-space to identify  
the differences in the input w hen a cylindrical surface is used and/or a full-space is used.

Cylindrical C avity in a Full-Space

Line 1 O utput file nam e using a m axim um  of 20 characters and beginning at
co lum n 1 .

Line 2 T itle for output file using a m axim um  o f 80 characters and beginning at
colum n 1 .

Line 3 T ype o f  half-space incident wave.

Line 4  N um ber o f incidence angles to be used and the values o f the incidence
angles in degrees.

Line 5 D im ensionless frequency to be used for the analysis.

Line 6  N um ber o f  hom ogeneous regions in the problem . A m axim um  o f  4 can be
used .

Begin input for region 1 properties:

Line 7 Shear velocity ratio  with respect to area 1. Therefore, for region 1 this will
equal 1 .

Line 8  Poisson ratio  for area 1.

Line 9 U nit w eight ratio fo r area 1 with respect to area 1. For area 1, this is equal
to 1

Line 10 H ysteretic dam ping (%) for area 1.

Line 11 N um ber o f boundaries that define region 1.

Line 12 For boundary 1 w hich is a cylindrical surface, the num ber o f end-points is
equal to 2

Line 13 x i /H l  and X3/HI dim ensionless coordinates o f  the end points . The values
will be the coordinates o f  the first node o f  the cylindrical boundary. If  the 
values o f the second end point are equal to the values o f the first, the 
boundary will be defined as being closed and cylindrical.

Line 14 For a cylindrical boundary, en ter the center coordinates.

Line 15 D irection o f the rotation in the direction o f  increasing node num bers if  the
cen ter o f  the circle is used as reference and the num ber o f  equal segm ents to 
subdivide the boundary. For counter-clockw ise rotation enter -1 ; this is 
w hat is used for the area w ithin the cylindrical boundary. For clockw ise 
rotation enter 1 ; this is w hat is used for the area outside o f  the cylindrical 
boundary.
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Line 16 N um ber o f  hom ogeneous regions w hich have a traction free surface.

L ine 17 F o r each o f  the regions o f  line 26, enter the num ber o f  boundaries segm ents
w hich have a traction free surface.

L ine 18 T he first and last node o f  the first traction free boundary segm ent

Line 19 H alf-space region num ber or in this case the full-space region num ber.

F o r fu ll-space  p rob lem s, there is no truncation  co rrec tion  and the one-d im ensional soil 
profiles are not applicable.

SAM PLE IN PU T FILE FOR A C Y LIN D RICA L C AV ITY

LIN E #  C O L U M N  #  O F IN PU T  FILE
1

1 SH cylcav.ou
2 C Y LIN D RICA L C A V ITY  IN  FU LL SPA CE
3 S H
4 1 90.0
5 3 .0 0 0 0
6  1

7 1.
8  0 .33
9 1.0

10 0.0
11 1
12 2
13 +1.0000 +0.0000  + 1.0000 +0 .0000
14 + 0 .0000 +0.0000
15 +1 20
16 1

17 1
18 1 2 1
19 1
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In o rd e r to  a llow  fo r less u se r  in te rac tio n  a ru n  file  is u sed  w hich perm its  fo r m any 

p rob lem s to be ru n  sequen tia lly . A  sam ple o f  a run  f ile  is include w hich includes the 

num ber o f  p rob lem s and the nam es o f  the input files fo r each o f  the problem s. The output 

files from  the boundary  e lem en t codes include an echo  o f  the inpu t in form ation. N ode 

in form ation  is g iven  fo r each  node includ ing  its coord ina tes, d isp lacem en t (com plex), 

m agnitude o f  d isp lacem ent, and  traction (com plex). O utput files are included  for the two 

previously  d iscussed cases

SA M PL E  IN PU T FOR A R U N  FILE

L IN E # C O L U M N  #  O F R U N  FILE 
1

1
2

3
4

3
IN P U T . 1 
IN P U T .2 
IN P U T .3



SA M PLE O U T PU T  FIL E  FO R A SIN G LE LA Y E R  O N  A H A LF-SPA C E

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  

TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY < o m e g a * H l / C s l )  = 1 . 5 7 0 8

ADMITTANCE FUNCTIONS ARE CALCULATED FOR 4 ANGLES 
INCIDENT ANGLE (1)  WITH HORIZONTAL = 9 0 . 0 0  d e g s
INCIDENT ANGLE (2)  WITH HORIZONTAL = 7 5 . 0 0  d e g s
INCIDENT ANGLE (3)  WITH HORIZONTAL = 6 0 . 0 0  d e g s
INCIDENT ANGLE (4)  WITH HORIZONTAL = 4 5 . 0 0  d e g s
NUMBER OF HOMOGENEOUS SUBREGIONS = 2

HOMOGENEOUS SOIL REGION : 1

Cs ( a r e a  1 ) / C s ( a r e a  1) = 1 . 0 0 0
UNIT MT ( a r e a  1 ) / U N I T  W T t a r e a  1) = 1 . 0 0 0  
POISSIONS RATIO 0 . 2 5 0  
DAMPING 5 . 0 0  %

NUMBER OF BOUNDARIES

MO. OF BOUNDARY ELEMENTS FOR BOUNDARY 1= 
NO. OF BOUNDARY ELEMENTS FOR BOUNDARY 2=

20
20

BOUNDARY NODE COORDINATES X / H ( l a y e r l )

30UNDARY = 1
1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15 
1 6
17
18
19
20 
21

. 5 0 0 0  

. 2 5 0 0  

. 0 0 0 0  

. 7 5 0 0  

. 5 0 0 0  
1 . 2 5 0 0  
1 . 0 0 0 0  
0 . 7 5 0 0  
0 . 5 0 0 0  
0 . 2 5 0 0  
0 . 0 0 0 0  

- 0 . 2 5 0 0  
- 0 . 5 0 0 0  
- 0 . 7 5 0 0  
- 1 . 0 0 0 0  
- 1 . 2 5 0 0  
- 1 . 5 0 0 0  
- 1 . 7 5 0 0  
- 2 . 0 0 0 0  
- 2 . 2 5 0 0  
- 2 . 5 0 0 0

BOUNDARY =
22 
23 
2 4
25
26
27
28
29
30

- 2 . 5 0 0 0  
- 2  . 2 5 0 0  
- 2 . 0 0 0 0  
- 1 . 7 5 0 0  
- 1 . 5 0 0 0  
- 1 . 2 5 0 0  
- 1 . 0 0 0 0  
- 0 . 7 5 0 0  
- 0 . 5 0 0 0

DAMPING

Z / H ( l a y e r l )

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 00  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0

1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0
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31 - 0 . 2 5 0 0  1 . 0 0 0 0
32 0 . 0 0 0 0  l .OOOC
33  0 . 2 5 0 0  1 . 0 0 0 0
34 0 . 5 0 0 0  1 . 0 0 0 0
35 0 . 7 5 0 0  1 . 0 0 0 0
36  1 . 0 0 0 0  1 . 0 0 0 0
37 1 . 2 5 0 0  1 . 0 0 0 0
38 1 . 5 0 0 0  1 . 0 0 0 0
39 1 . 7 5 0 0  1 . 0 0 0 0
40 2 . 0 0 0 0  1 . 0 0 0 0
41 2 . 2 5 0 0  1 . 0 0 0 0
42 2 . 5 0 0 0  1 . 0 0 0 0

30UNDARY 1 I S  OPEN 
BOUNDARY 2 I S  OPEN

HOMOGENEOUS SOI L REGION : 2

C s f a r e a  2 ) / C s ( a r e a  1) = 1 0 . 0 0 0
UNIT W T ( a r e a  2 ) / UN I T  W T ( a r e a  1) = 1 . 3 2 0  
POISSIONS RATIO 0 . 2 5 0  
DAMPING 3 . 0 0  %

NUMBER OF BOUNDARIES

NO. OF BOUNDARY ELEMENTS FOR BOUNDARY 1= 20

BOUNDARY NODE COORDINATES X / H ( l a y e r l ) ’ / H ( l a y e r l )

30UNDARY = 1
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62 
63

. 5 0 0 0  

. 2 5 0 0  

. 0 0 0 0  

. 750 0  

. 500 0  
. 2 5 0 0  
. 0 0 0 0  

0 . 7 5 0 0  
0 . 5 0 0 0  
0 . 2 5 0 0  
0 . 0 0 0 0  

- 0 . 2 5 0 0  
- 0 . 5 0 0 0  
- 0 . 7 5 0 0  
- 1 . 0 0 0 0  
- 1 . 2 5 0 0  
- 1 . 5 0 0 0  
- 1 . 7 5 0 0  
- 2 . 0 0 0 0  
- 2 . 2 5 0 0  
- 2 . 5 0 0 0

1 . 0 3 0 0  
1 . COCO 
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . c o c o  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0  
1 . 0 0 0 0
1 . 0 0 0 0
1 . 0 0 0 0

BOUNDARY 1 I S  OPEN 

INTERFACE NODES

22 -  63
23 -  62
24 -  61
25  -  60
2 6  -  59
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27 - 58
28 - 57
29 - 56
30 - 55
31 - 54
32 - 53
33 - 52
34 - 51
35 - 50
36 - 49
37 - 48
38 - 47
39 - 46
40 - 45
41 - 44
42 - 4 3

3 NODE INTERFACES 

NONE 

SURFACE NODES

AREA 1 :  NODE 1 THROUGH NODE 21

FREE- FIELD COLUMN DESCRIPTION 

-X REGION
LAYER d  ( i )  /  d  < 1) Cs ( l a y e r  i ) / C s ( l )  WT( l a y e r  i ) / W T ( l )

DAMPING

1 1 . 0 0  1 . 0 0  1 . 0 0  
5 . 000
HALF-SPACE 1 0 . 0 0  1 . 3 2
0 . 0 0 0

+ X REGION
LAYER d ( i ) / d ( l )  Cs  ( l a y e r  i ) / C s ( l )  WT( l a y e r  i ) / W T ( l )

DAMPING

1 1 . 0 0  1 . 0 0  1 . 0 0  
5 . 000
HALF-SPACE 1 0 . 0 0  1 . 3 2
0 . 0 0 0

SCATTERING BOUNDARY OCCURS AT X / H l  = 0 . 0 0

(%)

(D

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 

TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( o m e g a * H l / C s l ) = 1 . 5 7 1
INCIDENT ANGLE (1)  WITH HORIZONTAL = 9 0 . 0 0  d e g s

INCIDENT WAVE DISPLACEMENTS
HALF-SPACE NODE INCDT V DI SPL

43
44

0 . 9 8 8  - 0 . 1 5 6  
0 . 9 8 8  - 0 . 1 5 6
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45 0 . 9 8 8  - 0 . 1 5 6
46 0 . 9 8 8  - 0 . 1 5 6
47 0 . 9 8 8  - 0 . 1 5 6
48 0 . 9 8 8  - 0 . 1 5 6
49 0 . 9 8 8  - 0 . 1 5 6
50 0 . 9 8 8  - 0 . 1 5 6
51 0 . 9 8 8  - 0 . 1 5 6
52 0 . 9 8 8  - 0 . 1 5 6
53 0 . 9 8 8  - 0 . 1 5 6
54 0 . 9 8 8  - 0 . 1 5 6
55 0 .98-8  - 0 . 1 5 6
56 0 . 9 8 8  - 0 . 1 5 6
57 0 . 9 8 8  - 0 . 1 5 6
58 0 . 9 8 8  - 0 . 1 5 6
59 0 . 9 8 8  - 0 . 1 5 6
60 0 . 9 8 8  - 0 . 1 5 6
61 0 . 9 8 8  - 0 . 1 5 6
62 0 . 9 8 8  - 0 . 1 5 6
63 0 . 9 8 8  - 0 . 1 5 6

FREE- FIELD CALCULATION

-X BOUNDARY 

LAYER Ash B s h

1 1 . 1 0 1  6 . 3 9 0  1 . 1 0 1  6 . 3 9 0
2 1 . 0 0 0  0 . 0 0 0  0 . 0 3 3  0 . 0 5 5

REAL IMAGINARY MAGNITUDE

V ( t op) 2 . 2 0 3  12

LAYER =
DISPLACEMENT

:ode X / H l Z / H I V

1_ - 2 . 5 0 0 0 . 0 0 0 2 . 2 0 3  1 2 . 7 7 9
2 - 2 . 5 0 0 0 . 2 0 0 2 . 1 5 8  1 2 . 1 4  9
3 - 2 . 5 0 0 0 . 4 0 0 2 . 0 2 0  1 0 . 3 2 1
4 - 2 . 5 0 0 0 . 6 0 0 1 . 7 8 6  7 . 4 7 3
5 - 2 . 5 0 0 0 . 8 0 0 1 . 4 5 0  3 . 8 8 3
6 - 2 . 5 0 0 1 . 0 0 0 1 . 0 1 1  - 0 . 0 9 7

HALF-SPACE

DISPLACEMENT:
v / e x p ( i k x )  = 1 . 0 1 1

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  = - 0 . 0 3 4
( S x y * H l / G h s * ) / e x p ( i k x )  = 0 . 0 0 0

ROCK OUTCROP

DISPLACEMENT:
u = 1 . 9 7 5

1 2 . 9 6 8

STRESS 
S ZY * H 1 /G i  SXY*H1/ Gi

0 . 0 0 0  0 . 0 0 0 0 . 0 0 0 0
- 1 . 0 8 0  - 6 . 2 0 2 0 . 0 0 0 0
- 2 . 1 1 4 - 1 1 . 7 9 3 0 . 0 0 0 0
- 3 . 0 5 7 - 1 6 . 2 2 0 0 . 0 0 0 c
- 3 . 8 6 0 - 1 9 . 0 4 6 0 . 0 0 0 0
- 4 . 4 7 2 - 1 9 . 9 8 8 0 . c o o c

- 0 . 0 9 7

- 0 . 1 5 1  
0 . 000

- 0 . 3 1 3  !uI = 2 . 0 0 0

000
000
000
000
000
000

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0
(S x y * H 1 / G h s * ) / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0
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+X BOUNDARY 

LAYER As h  B s h

1 1 . 1 0 1  6 . 3 9 0  1 . 1 0 1  6 . 3 9 0
2 1 . 0 0 0  0 . 0 0 0  0 . 0 3 3  0 . 0 5 5

V ( t o p )

REAL

2 . 2 0 3

IMAGINARY

12 . 779

LAYER
DISPLACEMENT

MAGNITUDE 

1 2 . 9 6 8

STRESS
)DE X / H l Z / H l V SZY’ H l / G i SXYM11 / G i *

1 2 . 500 1 . 0 0 0 1 . 0 1 1  - 0 . 0 9 7 - 4 . 4 7 2 - 1 9 . 9 8 8 0 . 0 0 0 0 .  000
2 2 . 5 0 0 0 . 8 0 0 1 . 4 5 0  3 . 8 8 3 - 3 . 8 6 0 - 1 9 . 0 4 6 0 . 0 0 0 0 . 0 0 0
3 2 . 5 0 0 0 . 600 1 . 7 8 6  7 . 4  73 - 3 . 0 5 7 - 1 6 . 2 2 0 0 . 0 0 0 0 . 0 0 0
4 2 . 5 0 0 0 . 400 2 . 0 2 0  1 0 . 3 2 1 - 2  . 1 1 4 - 1 1 . 7 9 3 0 . 0 0 0 0 . 0 0 0
5 2 . 5 0 0 0 . 2 0 0 2 . 1 5 8  1 1 . 1 4 9 - 1 . 0 8 0  - 6 . 2 0 2 0 . 0 0 0 0 , 0 G 0
6 2 . 500 0 . 0 0 0 2 . 2 0 3  1 2 . 7 7 9 0 . 0 0 0  J . C 0 0 0 . 0 0 0 0 .  000

HALF-SPACE

DISPLACEMENT:
v / e x p ( i k x )  = 1 . 0 1 1  - 0 . 0 9 7

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  = - 0 . 0 3 4  - 0 . 1 5 1
( S x y " H I / G h s * ) / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0

ROCK OUTCROP

DISPLACEMENT:
u = 1 . 9 7 5  - 0 . 3 1 3  IuI  = 2 . 0 0 0

S TR ES S :
( S z y * H l / G h s )  / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0
(S x y * H 1 / G h s * ) / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0

OUTPUT

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 
TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( o m e g a ’ H l / C s l ) = 1 . 5 7 1
INCIDENT ANGLE (1) WITH HORIZONTAL = 9 0 . 0 0  d e g s  
NUMBER OF HOMOGENEOUS REGIONS = 2

BOUNDARY VALUES

HOMOGENEOUS REGION 1 
NUMBER OF BOUNDARIES = 2

BOUNDARY = 1
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l  Z / H l  V DI SPL  )VI
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1 2 . 5 0 0  0 . 0 0 0
2 2 . 2 5 0  0 . 0 0 0
3 2 . 0 0 0  0 . 0 0 0
4 1 . 7 5 0  0 . 0 0 0
5 1 . 5 0 0  0 . 0 0 0
6 1 . 2 5 0  0 . 0 0 0
7 1 . 0 0 0  0 . 0 0 0
8 0 . 7 5 0  0 . 0 0 0
9 0 . 5 0 0  0 . 0 0 0

10 0 . 2 5 0  0 . 0 0 0
11 0 . 0 0 0  0 . 0 0 0
12 - 0 . 2 5 0  0 . 0 0 0
13 - 0 . 5 0 0  0 . 0 0 0
14 - 0 . 7 5 0  0 . 0 0 0
15 - 1 . 0 0 0  0 . 0 0 0
16 - 1 . 2 5 0  0 . 0 0 0
17 - 1 . 5 0 0  0 . 0 0 0
18 - 1 . 7 5 0  0 . 0 0 0
19 - 2 . 0 0 0  0 . 0 0 0
20 - 2 . 2 5 0  0 . 0 0 0
21 - 2 . 5 0 0  0 . 0 0 0

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
1 0 . 0 0 0 0  0 . 0 0 0 0
2 0 . 0 0 0 0  0 . 0 0 0 0
3 0 . 0 0 0 0  0 . 0 0 0 0
4 0 . 0 0 0 0  0 . 0 0 0 0
5 0 . 0 0 0 0  0 . 0 0 0 0
6 0 . 0 0 0 0  0 . 0 0 0 0
7 0 . 0 0 0 0  0 . 0 0 0 0
8 0 . 0 0 0 0  0 . 0 0 0 0
9 0 . 0 0 0 0  0 . 0 0 0 0

10 0 . 0 0 0 0  0 . 0 0 0 0
11 0 . 0 0 0 0  0 . 0 0 0 0
12 0 . 0 0 0 0  0 . 0 0 0 0
13 0 . 0 0 0 0  0 . 0 0 0 0
14 0 . 0 0 0 0  0 . 0 0 0 0
15 0 . 0 0 0 0  0 . 0 0 0 0
16 0 . 0 0 0 0  0 . 0 0 0 0
17 0 . 0 0 0 0  0 . 0 0 0 0
18 0 . 0 0 0 0  0 . 0 0 0 0
19 0 . 0 0 0 0  0 . 0 0 0 0
20 0 . 0 0 0 0  0 . 0 0 0 0
21 0 . 0 0 0 0  0 . 0 0 0 0

BOUNDARY = 2
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l  Z / H l
22 - 2 . 5 0 0  1 . 0 0 0
23 - 2 . 2 5 0  1 . 0 0 0
24 - 2 . 0 0 0  1 . 0 0 0
25 - 1 . 7 5 0  1 . 0 0 0
26 - 1 . 5 0 0  1 . 0 0 0
27 - 1 . 2 5 0  1 . 0 0 0
28 - 1 . 0 0 0  1 . 0 0 0
29 - 0 . 7 5 0  1 . 0 0 0
30 - 0 . 5 0 0  1 . 0 0 0
31 - 0 . 2 5 0  1 . 0 0 0
32 0 . 0 0 0  1 . 0 0 0

2 . 2 0 3  1 2 . 7 7 9  1 2 . 9 6 8
2 . 5 1 3  1 2 . 6 5 9  1 2 . 9 0 6
2 . 5 6 1  1 2 . 6 0 9  1 2 . 8 6 7
2 . 6 0 5  1 2 . 5 6 2  1 2 . 8 2 9
2 . 6 4 6  1 2 . 5 1 9  1 2 . 7 9 5
2 . 6 8 2  1 2 . 4 8 1  1 2 . 7 6 6
2 . 7 1 3  1 2 . 4 4 9  1 2 . 7 4 1
2 . 7 3 8  1 2 . 4 2 4  1 2 . 7 2 2
2 . 7 5 6  1 2 . 4 0 5  1 2 . 7 0 8
2 . 7 6 7  1 2 . 3 9 4  1 2 . 6 9 9
2 . 7 7 1  1 2 . 3 9 0  1 2 . 6 9 6
2 . 7 6 7  1 2 . 3 9 4  1 2 . 6 9 9
2 . 7 5 6  1 2 . 4 0 5  1 2 . 7 0 8
2 . 7 3 8  1 2 . 4 2 4  1 2 . 7 2 2
2 . 7 1 3  1 2 . 4 4 9  1 2 . 7 4 1
2 . 6 8 2  1 2 . 4 8 1  1 2 . 7 6 6
2 . 6 4 6  1 2 . 5 1 9  1 2 . 7 9 5
2 . 6 0 5  1 2 . 5 6 2  1 2 . 8 2 9
2 . 5 6 1  1 2 . 6 0 9  1 2 . 8 6 7
2 . 5 1 3  1 2 . 6 5 9  1 2 . 9 0 6
2 . 2 0 3  1 2 . 7 7 9  1 2 . 9 6 8

V DI SPL 1'VI
1 . 0 11 - 0  ., 0 9 7 1 . 016
1 . 0 3 3 - 0  ., 0 9 0 1 . 037
1 ,. 0 3 4 - 0  ., 091 1 . 038
1 . 0 3 6 - 0 . , 091 1 . 040
1 . 0 3 7 - 0  ., 0 9 2 1 . 0 4 1
1 . 0 3 8 - 0  ., 0 9 3 1 . 0 4 2
1 .. 0 3 9 - 0  . 094 T . 0 4 3
1.. 0 3 9 - 0  . 094 1 . 044
1,. 0 4 0 - 0  . 095 1 . 044
1., 040 - 0 . 095 1 . 0 4 5
1,, 0 4 0 - 0  . 095 1 . 0 4 5
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33 0 . 2 5 0  1 . 0 0 0
34 0 . 5 0 0  1 . 0 0 0
35 0 . 7 5 0  1 . 0 0 0
36 1 . 0 0 0  1 . 0 0 0
37 1 . 2 5 0  1 . 0 0 0
38 1 . 5 0 0  1 . 0 0 0
39 1 . 7 5 0  1 . 0 0 0
40 2 . 0 0 0  1 . 0 0 0
41 2 . 2 5 0  1 . 0 0 0
42 2 . 5 0 0  1 . 0 0 0

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
22 - 6 . 2 1 4 3  - 1 9 . 7 5 2 2
23 - 4 . 7 4 5 1  - 2 0 . 0 9 3 3
24 - 5 . 1 1 2 9  - 1 9 . 7 1 4 8
25 - 5 . 1 4 5 2  - 1 9 . 6 4 0 4
26 - 5 . 2 2 8 2  - 1 9 . 5 5 2 1
27 - 5 . 2 9 0 2  - 1 9 . 4 8 4 8
28 - 5 . 3 4 3 5  - 1 9 . 4 2 9 8
29 - 5 . 3 8 6 5  - 1 9 . 3 8 9 8
30 - 5 . 4 1 7 2  - 1 9 . 3 5 9 6
31 - 5  . 4361  - 1 9 . 3 4 2 1
32 - 3 . 4 4 2 4  - 1 9 . 3 3 6 3
33 - 5 . 4 3 6 1  - 1 9 . 3 4 2 1
34 - 5 . 4 1 7 2  - 1 3 . 3 5 9 6
35 - 5 . 3 8 6 5  - 1 9 . 3 8 9 8
36 - 5 . 3 4 3 5  - 1 9 . 4 2 9 8
37 - 5 . 2 9 0 2  - 1 9 . 4 8 4 8
38 - 5 . 2 2 8 2  - 1 9 . 5 5 2 1
39 - 5 . 1 4 5 2  - 1 9 . 6 4 0 4
40 - 5 . 1 1 2 9  - 1 9 . 7 1 4 8
41 - 4 . 7 4 5 1  - 2 0 . 0 9 3 3
42 - 6 . 2 1 4 3  - 1 9 . 7 5 2 2

1 . 0 4 0 - 0 . 0 9 5 1 . 0 4 5
1 . 0 4 0 - 0  ,. 0  95 1 . 0 4 4
1 . 0 3 9 - 0 , . 0 9 4 1 . 0 4 4
1.. 0 3 9 - 0 . , 0 9 4 1 .. 043
1,. 0 3 8 - 0 . . 0 9 3 1 ,. 0 4 2
1 .. 03 7 - 0 . .0  92 1,. 041
1 ,. 0 3 6 - 0  ., 0 9 1 1 ,, 040
1.. 034 - 0  ., 091 1. . 038
1., 0 33 - 0  ., 0 9 0 1. . C37
1.. 01 1 - 0  ., 097 1 .. 0 1 6

HOMOGENEOUS REGION 2 
NUMBER OF BOUNDARIES = 1

BOUNDARY = 1
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l Z / H l V DI 3PL 1 VI
43 2 . 500 1 . 000 1 . 0 1 1 - 0 . 0 9 7 1 . 016
44 2 . 2 5 0 1 . 0 00 1 . 0 3 3 - 0 . 0 9 0 1 . 037
45 2 . 0 0 0 1 . 000 1 . 0 3 4 - 0 . 0 9 1 1 . 038
46 1 . 750 1 . 000 1 . 0 3 6 - 0 . 0 9 1 1 . 040
47 1 . 500 1 . 0 0 0 1 . 0 3 7 - 0 . 0 9 2 1 . 0 4 1
48 1 . 2 50 1 . 0 0 0 1 . 0 3 8 - 0 . 0 9 3 1 . C42
49 1 . COO 1 . 0 0 0 1 . 0 3 9 - 0 . 0 9 4 1 . 043
50 0 . 750 1 . 0 0 0 1 . 0 3 9 - 0 . 0 9 4 1 . 044
51 0 . 5 00 1 . 000 1 . 0 4 0 - 0 . 0 9 5 1 . 044
52 0 . 2 5 0 1 . 0 0 0 1 . 0 4 0 - 0 . 0 9 5 1 . 0 4 5
53 0 . 000 1 .  0 00 1 . 0 4 0 - 0 . 0 9 5 1 . 045
54 - 0 . 2 5 0 1 .  000 1 . 0 4 0 - 0 . 0 9 5 1 .  045
55 - 0 . 5 0 0 1 . 0 00 1 . 040 - 0 . 0 9 5 1 . C4 4
56 - 0 . 7 5 0 1 . o c o 1 . 0 3 9 - 0 . 0  94 1 . O'i 4
57 - 1 . 0 0 0 1 .  0 0 0 1 . 0 3 9 - 0 . 0 9 4 1 . 043
58 - 1 . 2 5 0 1 . 000 1 . 0 3 8 - 0 . 0 9 3 1 . 042
59 - 1 . 5 0 0 1 .  000 1 . 0 3 7 - 0 . 0 9 2 1 . 0 4 1
60 - 1 . 7 5 0 l .OCO 1 . 0 3 6 - 0  . 091 1 .  C40



173

61 - 2 . 0 0 0  1 . 0 00
62 - 2 . 2 5 0  1 . 0 00
63 - 2 . 5 0 0  1 . 000

TRACTIONS

NODE TAU ( n ,  y) * H 1 / G i
43 0 . 0 4 7 1 0 . 1 4 9 6
44 0 . 0 3 5 9 0 . 1 5 2 2
45 0 . 0 3 8 7 0 . 1 4 9 4
46 0 . 0 3 9 0 0 . 1 4 8 8
47 0 . 0 3 9 6 0 . 1 4 8 1
48 0 . 0 4 0 1 0 . 1 4 7 6
49 0 . 0 4 0 5 0 . 1 4 7 2
50 0 . 0 4 0 8 0 . 1 4 6 9
51 0 . 0 4 1 0 0 . 1 4 6 7
52 0 . 0 4 1 2 0 . 1 4  65
53 0 . 0 4 1 2 0 . 1 4  65
54 0 . 0 4 1 2 0 . 1 4  65
55 0 . 0 4 1 0 0 . 1 4 6 7
56 0 . 0 4 0 8 0 . 1 4 6 9
57 0 . 0 4 0 5 0 . 1 4 7 2
58 0 . 0 4 0 1 0 . 1 4 7 6
59 0 . 0 3 9 6 0 . 1 4 8 1
60 0 . 0 3 9 0 0 . 1 4 3 8
61 0 . 03 87 0 . 1 4 9 4
62 0 . 0 3 5 9 0 . 1 5 2 2
63 0 . 0 4 7 1 0 . 1 4 9 6

1 . 0 3 4  - 0 . 0 9 1  1 . 0 3 8
1 . 0 3 3  - 0 . 0 9 0  1 . 0 3 7
1 . 0 1 1  - 0 . 0 9 7  1 . 0 1 6

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 

TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( o m e g a * H l / C s l )  = 1 . 5 7 1
INCIDENT ANGLE (2)  WITH HORIZONTAL = 7 5 . 0 0  d e g s

INCIDENT WAVE DISPLACEMENTS
HALF-SPACE NODE INCDT V DISPL

43 0 . 9 9 9 - 0 . 0 5 0
4 4 0 .  998 - 0 . 0 6 0
45 0 .  998 - 0 . 0 7 0
46 0 .  997 - 0 . 0 8 0
47 0 . 9 9 6 - 0 . 0 9 1
48 G . 9 9 5 - 0 . 1 0 1
49 0.  994 - 0 . 1 1 1
50 0.  993 - 0 . 1 2 1
51 0 .  991 - 0 . 1 3 1
52 0 .  990 - 0 . 1 4 1
53 0 .  989 - 0 . 1 5 1
54 0 .  987 - 0 . 1 6 1
55 0.  985 - 0 . 1 7 1
56 0 .  983 - 0 . 1 8 1
57 0 .  982 - 0 . 1 9 1
58 0 .  980 - 0 . 2 0 1
59 0 . 9 7 7 - 0 . 2 1 1
60 0 .  975 - 0 . 2 2 1
61 0 .  973 - 0 . 2 3 1
62 0 . 9 7 1 - 0 . 2 4 1
63 0 .  968 - 0 . 2 5 1
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F REE- FIELD CALCULATION

-X BOUNDARY 

LAYER Ash B s h

1 1 . 0 6 4
2 1 . 0 0 0

6 . 2 8 3
0 . 0 0 0

1 . 0 6 4  6 . 2 8 3
0 . 0 1 7  0 . 0 6 3

V ( t o p )

LAYER = 

NODE X / Hl

REAL

2 . 1 2 7

IMAGINARY

1 2 . 5 6 7

Z / H l
DISPLACEMENT

V

MAGNITUDE

1 2 . 7 4 5

STRESS 
S ZY * H 1 /G i  SXY*H1/Gi

1 - 2 . 5 0 0 0 . 0 0 0 3 .  391 12 . 2 8 6 0 . 0 0 0  0 . 0 0 0 - 0 . 4 9 9 0 .  138
2 - 2 . 5 0 0 0 . 2 0 0 3 . 2 8 6 1 1 . 6 7 5 - 1 . 6 5 5  - 5 . 9 5 8 - 0 . 4 7 5 0 . 1 3 4
3 - 2 . 5 0 0 0 . 4 0 0 2 . 975 9 . 901 - 3 . 2 0 6 - 1 1 . 3 2 3 - 0 . 4 0 3 0 . 1 2 1
4 - 2 . 5 0 0 C . 600 2 . 4 7 1 7 . 1 3 9 - 4 . 5 5 6 - 1 5 . 5 6 1 - 0 . 2  90 0 . 1 0 0
5 - 2 . 5 0 0 0 . 8 0 0 1 . 7 9 6 3 . 6 6 2 - 5 . 6 1 5 - 1 8 . 2 4 7 - 0 . 1 4  9 0 . 0 7 3
6 - 2 . 5 0 0 1 . 0 0 0 0 .  982 - 0 . 1 8 7 - 6 . 3 0 4 - 1 9 . 1 1 2 0 . 0 0 8 C . 040

HALF-SPACE

DISPLACEMENT: 
v / e x p ( i k x )  =

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  
( S x y * H l / G h s * ) / e x p ( i k x )

ROCK OUTCROP

0 . 9 9 6  - 0 . 0 8 6

- 0 . 0 3 3  - 0 . 1 4 9
0 . 0 0 3  0 . 0 4 0

DISPLACEMENT: 
u = 1 . 9 7 7  - 0 . 3 0 2 2 . 0 0 0

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  
( S x y * H 1 / G h s * ) / e x p ( i k x )

0 . 0 0 0  0 . 0 0 0
0 . 0 1 2  0 . 0 8 0

+X BOUNDARY 

LAYER Ash B s h

1 1 . 0 6 4
2 1 . 0 0 0

6 . 2 8 3  
0 . 0 00

1 . 0 6 4  6 . 2 8 3
0 . 0 1 7  0 . 0 6 3

REAL IMAGINARY

V ( t o p )  2 . 1 2 7  1 2 . 5 6 7

LAYER = 1
DISPLACEMENT 

NODE X / H l  Z / H l  V

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

1 . 0 0 0  
0 . 8 0 0  
0 . 6 0 0

0 . 9 9 9  0 . 0 1 6
1 . 0 1 9  3 . 9 4 9
0 . 9 7 8  7 . 4 9 1

MAGNITUDE 

1 2 . 7 4 5

STRESS
3 Z Y * H1 / Gi  SXY* H1 / Gi *

- 2 . 3 1 6 - 1 9 . 9 9 1  - 0 . 0 0 1  0 . 0 4 1
- 1 . 8 1 5 - 1 9 . 0 0 5  - 0 . 1 6 1  0 . 0 4 1
- 1 . 3 2 1 - 1 6 . 1 6 0  - 0 . 3 0 5  0 . 0 4 0
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4 2 . 5 0 0 0 . 4 0 0 0 .  915 1 0 . 2 9 7 - 0 . 8 5 5 - 1 1 . 7 3 7 - 0 . 4 1 9 0 . 0 3 7
5 2 . 5 0 0 0 . 2 0 0 0 . 8 6 2 1 2 . 0 9 8 - 0 . 4 1 8 - 6 .  170 - 0 . 4 9 2 0 . 0 3 5
6 2 . 5 0 0 0 . 0 0 0 0 . 8 4 1 1 2 . 7 1 8 0 . 0 0 0 0 . 0 0 0 - 0 . 5 1 7 0 . 0 3 4

HALF-SPACE

DISPLACEMENT:
v / e x p ( i k x )  = 0 . 9 9 6  - 0 . 0 8 6

STRESS:
( S z y ' H l / G h s )  / e x p ( i k x )  = - 0 . 0 3 3  - 0 . 1 4 9
( S x y * H l / G h s * ) / e x p ( i k x )  = 0 . 0 0 3  0 . 0 4 0

ROCK OUTCROP

DISPLACEMENT:
u = 1 . 9 7 7  - 0 . 3 0 2  Iu I = 2 . 0 0 0

STRESS :
( S z y * H l / G h s )  / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0
( S x y ' H I / G h s * ) / e x p ( i k x ) = 0 . 0 1 2  0 . 0 8 0

OUTPUT

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 
TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( c m e g a ' H l / C s l ) = 1 . 5 7 1
INCIDENT ANGLE (2) WITH HORIZONTAL = 7 5 . 0 0  d e g s  
NUMBER OF HOMOGENEOUS REGIONS = 2

BOUNDARY VALUES

HOMOGENEOUS REGION 1 
NUMBER OF BOUNDARIES = 2

BOUNDARY = 1
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / Hl Z / H l V DI SPL 1 VI
1 2 . 500 0 . 0 0 0 0 . 8 4 1 1 2 . 7 1 8 12 . 7 4 5
2 2 . 2 5 0 0 . 0 0 0 1 . 2 9 1 1 2 . 6 0 1 1 2 . 6 6 7
3 2 . 000 0 . 0 0 0 1 . 4 6 8 1 2 . 5 4 2 1 2 . 6 2 7
4 1 . 750 0 . 000 1 . 6 4 1 1 2 . 4 8 3 1 2 . 5 9 0
5 1 . 500 0 . 000 1 . 8 0 9 12 . 426 1 2 . 5 5 7
6 1 . 2 5 0 0 . 0 0 0 1 .  971 1 2 . 3 7 4 1 2 . 5 3 0
7 1 . 000 0 . 0 0 0 2 . 1 2 8 1 2 . 3 2 5 1 2 . 5 0 8
8 0 . 750 0 . 0 0 0 2 . 2 7 8 1 2 . 2 8 2 1 2 . 4 9 2
9 0 . 500 0 . 000 2 . 4 2 1 1 2 . 2 4 4 1 2 . 4 8 1

10 0 . 2 5 0 0 . 0 0 0 2 . 5 5 7 12 . 212 12 .47-1
11 0 . 0 0 0 0 . 0 0 0 2 . 685 1 2 . 1 8 6 1 2 . 4 7 9
12 - 0 . 2 5 0 0 . 0 0 0 2 . 8 0 6 1 2 . 1 6 6 1 2 . 4 8 6
13 - 0 . 5 0 0 0 . 000 2 . 9 1 9 1 2 . 1 5 2 1 2 . 4 9 8
14 - 0 . 7 5 0 0 . 0 0 0 3 . 0 2 5 1 2 . 1 4 4 1 2 . 5 1 5
15 - 1 . 0 0 0 0 . 0 0 0 3 . 1 2 5 1 2 . 1 4 2 1 2 . 5 3 7
16 - 1 . 2 5 0 0 . 0 0 0 3 . 2 1 9 1 2 . 1 4 4 1 2 . 5 6 4
17 - 1 . 5 0 0 0 . 000 3 . 3 0 8 1 2 . 1 5 2 1 2 . 5 9 4
18 - 1 . 7 5 0 0 . 0 0 0 3 . 3 9 3 1 2 . 1 6 3 12 . 628
19 - 2 . 0 0 0 0 . 0 0 0 3 . 4 7 5 1 2 . 1 7 8 1 2 . 6 6 4
20 - 2 . 2 5 0 0 . 000 3 . 5 5 4 1 2 . 1 9 4 1 2 . 7 0 1
21 - 2 . 5 0 0 0 . 0 0 0 3 . 3 9 1 1 2 . 2  86 12 . 745
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TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
1 0 . 0 0 0 0  0 . 0 0 0 0
2 0 . 0 0 0 0  0 . 0 0 0 0
3 0 . 0 0 0 0  0 . 0 0 0 0
4 0 . 0 0 0 0  0 . 0 0 0 0
5 0 . 0 0 0 0  0 . 0 0 0 0
6 0 . 0 0 0 0  0 . 0 0 0 0
7 0 . 0 0 0 0  0 . 0 0 0 0
8 0 . 0 0 0 0  0 . 0 0 0 0
9 0 . 0 0 0 0  0 . 0 0 0 0

10 0 . 0 0 0 0  0 . 0 0 0 0
11 0 . 0 0 0 0  0 . 0 0 0 0
12 0 . 0 0 0 0  0 . 0 0 0 0
13 0 . 0 0 0 0  0 . 0 0 0 0
14 0 . 0 0 0 0  0 . 0 0 0 0
15 0 . 0 0 0 0  0 . 0 0 0 0
16  0 . 0 0 0 0  0 . 0 0 0 0
17 0 . 0 0 0 0  0 . 0 0 0 0
18 0 . 0 0 0 0  0 . 0 0 0 0
19 0 . 0 0 0 0  0 . 0 0 0 0
20  0 . 0 0 0 0  o . c o o o
21 0 . 0 0 0 0  0 . 0 0 0 0

BOUNDARY = 2
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l Z / H l
22 - 2 . 5 0 0 1 . 000
23 - 2  . 250 1 .  COO
24 - 2 . 0 0 0 1 . 000
25 - 1  . 750 1 . 000
2 6 - 1 . 5 0 0 1 . 000
27 - 1 . 2 5 0 1 . 000
28 - 1  . 000 1 . 000
29 - 0 . 7 5 0 1 . 000
30 - 0 . 5 C 0 1 . 0 0 0
31 - 0 . 2 5 0 1 . 000
32 0 . 0 0 0 1 . 0 0 0
33 0 . 250 1 . 0 0 0
34 0 . 500 1 . 000
35 0 . 750 1 . c o o
36 1 . COO 1 . 000
37 1 . 2 5 0 1 . 000

CD 1 . 5 0 0 1 . 000
39 1 . 750 1 .  0 0 0
40 2 . 000 1 . 0 0 0
4 1 2 . 250 1 . 000
42 2 . 5 0 0 1 .  o c o

V D I SPL  IVI
0 . 9 8 2  - 0 . 1 8 7  0 . 9 9 9
1 . 0 0 5  - 0 . 1 6 9  1 . 0 1 9
1 . 0 0 8  - 0 . 1 6 0  1 . 0 2 0
1 . 0 1 1  - 0 . 1 5 1  1 . 0 2 2
1 . 0 1 3  - 0 . 1 4 2  1 . 0 2 3
1 . 0 1 6  - 0 . 1 3 2  1 . 0 2 4
1 . 0 1 8  - 0 . 1 2 3  1 . 0 2 6
1 . 0 2 0  - 0 . 1 1 3  1 . 0 2 6
1 . 0 2 2  - 0 . 1 0 4  1 . 0 2 7
1 . 0 2 3  - 0 . 0 9 4  1 . 0 2 7
1 . 0 2 4  - 0 . 0 8 4  1 . 0 2 8
1 . 0 2 5  - 0 . 0 7 3  1 . 0 2 8
1 . 0 2 5  - 0 . 0 6 3  1 . 0 2 7
1 . 0 2 6  - 0 . 0 5 2  1 . 0 2 7
1 . 0 2 5  - 0 . 0 4 2  1 . 0 2 6
1 . 0 2 5  - 0 . 0 3 1  1 . 0 2 6
1 . 0 2 4  - 0 . 0 2 0  1 . 0 2 5
1 . 0 2 3  - 0 . 0 0 9  1 . 0 2 3
1 . 0 2 2  0 . 0 0 2  1 . 0 2 2
1 . 0 2 1  0 . C 1 3  1 . 0 2 1
0 . 9 9 9  C . 0 1 6  0 . 9 9 9

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
22 - 7 . 9 5 4 5 - 1 8 . 8 0 7 2
23 - b . 3 9 4  3 - 1 9 . 2  637
24 - 6 . 5 2 1 0 - 1 8 . 9 4 9 2
25 - 6 . 3 5 7 8 - 1 8 . 9 3 8 3
26 - 6 . 2 4 1 6 - 1 8 . 9 1 0 2
27 - 6 . 1 0 7 1 - 1 8 . 9 0 1 4
28 - 5 . 9 6 4 9 - 1 8 . 9 0 2 9
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29 - 5 . 8 1 3 1 - 1 8 . 9 1 7 5
30 - 5 .  6494 - 1 8 . 9 3 9 8
31 - 5 . 4 7 4 2 - 1 8 . 9 7 2 8
32 - 5 . 2 8 6 5 - 1 9 . 0 1 5 3
33 - 5 . 0 8 5 8 - 1 9 . 0 6 7 2
34 - 4 . 8 7 2 1 - 1 9 . 1 2 8 4
35 - 4  . 645 8 - 1 9 . 1 9 9 9
36 - 4 . 4 0 6 4 - 1 9 . 2 7 8 7
37 - 4 . 1 5 5 1 - 1 9 . 3 6 9 9
38 - 3 . 8 9 3 7 - 1 9 . 4 7 0 7
39 - 3 . 6 0 8 4 - 1 9 . 5 8 9 3
40 - 3 . 3 7 4 6 - 1 9 . 6 9 4 0
41 - 2 . 7 6 9 9 - 2 0 . 0 8 3 5
42 - 4 . 0 8 3 2 - 1 9 . 8 4 2 2

HOMOGENEOUS REGION 2 
NUMBER OF BOUNDARIES = 1

BOUNDARY = 1
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l Z / H l V DISPL 1 V|
43 2 . 5 0 0 1 . 0 00 0 . 9 9 9 C . 0 1 6 0 . 999
44 2 . 2 5 0 1 . C 0 0 1 . 0 2 1 0 . 013 1 . 0 2 1
45 2 . CCO 1 . 0 00 1 . 0 2 2 0 . 0 0 2 1 . 0 2 2
46 1 . 7 5 0 1 . 0 00 1 . 0 2 3 - 0 . 0 0 9 1 . 0 2 3
47 1 . 5 0 0 1 . 0 0 0 1 . 0 2 4 - 0 . 0 2 0 1 . 0 2 5
48 1 . 2 5 0 1 . 0 00 1 . 0 2 5 - 0 . 0 3 1 1 . 0 2 6
49 1 .  000 1 . 0 00 1 . 0 2 5 - 0 . 0 4 2 1 . 0 2 6
50 0 . 7 5 0 1 . 0 00 1 . 0 2 6 - 0 . 0 5 2 1 . 027
51 0 . 5 0 0 1 . 0 0 0 1 . 0 2  5 - 0 . 0 6 3 1 . 027
52 0 . 2 5 0 1 .  0 00 1 . 0 2 5 - 0 . 0 7 3 1 . 028
53 0 . 0 0 0 1 . 0 0 0 1 . 0 2 4 - 0 . 0 8 4 1 . 02 8
54 - 0 . 2 5 0 1 . 0 0 0 1 . 0 2  3 - 0 . 0 9 4 1 . C2 7
55 - 0 . 5 0 0 1 . 0 0 0 1 . 0 2 2 - 0 . 1 0 4 1 .  02 7
56 - 0 . 7 5 0 1 . 0 0 0 1 . 0 2 0 - 0 . 1 1 3 1 . 0 2 6
57 - 1 . 0 0 0 1 . 0 0 0 1 . 0 1 8 - 0 . 1 2 3 1 . 0 2  6
58 - 1 . 2 5 0 1 .  0 0 0 1 . 0 1 6 - 0 . 1 3 2 1 . 0 2 4
59 - 1 . 5 0 0 1 . 0 0 0 1 . 0 1 3 - 0 . 1 4 2 1 . 023
60 - 1 . 7 5 0 1 . 0 0 0 1 . 0 1 1 - 0 . 1 5 1 1 . 022
61 - 2 . 0 0 0 1 . 000 I . 0 0 8 - 0 . 1 6 0 1 . 020
62 - 2 . 2 5 0 1 . 0 00 1 . 0 0 5 - 0 . 1 6 9 1 . 0 1 9
63 - 2 . 5 0 0 1 . 0 0 0 0 . 9 8 2 - 0 . 1 8 7 0 . 999

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
43 0 . 0 3 0 9 0 . 1 5 0 3
44 0 . 0 2 1 0 0 . 1 5 2 1
45 0 . 0 2 5 6 0 . 1 4  92
46 0 . 0 2 7 3 0 . 1 4 8 4
47 0 . 0 2 9 5 0 . 1 4 7 5
48 0 . 0 3 1 5 0 . 1 4  67
49 0 . 0 3 3 4 0 . 1 4 6 1
50 0 . 0 3 5 2 0 . 1 4 5 5
51 0 . 0 3 6 9 0 . 1 4 4 9
52 0 . 0 3 8 5 0 . 1 4 4 4
53 0 . 0 4 0 0 0 . 1 4 4 1
54 0 . 0 4 1 5 0 . 1 4 3 7
55 0 . 0 4 2 8 0 . 1 4  35
56 0 . 0 4 4 0 0 . 1 4 3 3
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57 0 . 0 4 5 2 0 . 1 4 3 2
58 0 . 0 4 6 3 0 . 1 4 3 2
59 0 . 0 4 7 3 0 . 1 4 3 3
60 0 . 0 4 8 2 0 . 1 4 3 5
61 0 . 0 4 9 4 0 . 1 4 3 6
62 0 . 0 4 8 4 0 . 1 4 5 9
63 0 . 0 6 0 3 0 . 1 4 2 5

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 

TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY (o m e g a * H l / C s 1) = 1 . 5 7 1
INCIDENT ANGLE (3)  WITH HORIZONTAL = 6 0 . 0 0  d e g s

INCIDENT WAVE DISPLACEMENTS
HALF-SPACE MODE INCDT V DISPL

4 3 0 .  998 0 . 060
44 0 . 9 9 9 0 . 0 4 1
45 1 . 0 0 0 C . 021
46 1 . 0 0 0 0 . 001
47 1 . 0 0 0 - 0 . C I S
48 0 .  999 - 0 . 0 3 8
49 0 .  998 - 0 . 0 5 7
50 0 . 9 9 7 - 0 . 0 7 7
51 0 .  995 - 0 . 0 9 7
52 0 .  993 - 0 . 1 1 6
53 0 . 9 9 1 - 0 . 1 3 6
54 0 .  988 - 0 . 1 5 5
55 0 .  985 - 0 . 1 7 4
56 0 .  981 - 0 . 1 9 4
57 0 .  977 - 0 . 2 1 3
58 0 .  973 - 0 . 2 3 2
59 0 . 9 6 8 - 0 . 2 5 1
60 0 . 9 6 3 - 0 . 2 7 0
61 0 .  957 - 0 . 2 8 9
62 0 .  951 - 0 . 3 0 8
63 0 .  945 - 0 . 3 2 6

FREE-FIELD CALCULATION

-X BOUNDARY 

LAYER As h  B s h

1 0 . 9 4 3  5 . 9 4 9  0 . 9 4 3  5 . 9 4 9
2 1 . 0 0 0  0 . 0 0 0  - 0 . 0 3 4  0 . 0 8 7

REAL IMAGINARY MAGNITUDE

V ( t o p )  1 . 8 8 7  1 1 . 8 9 9  1 2 . 0 4 7

LAYER = 1
DISPLACEMENT STRESS

NODE X / H l  Z / H l  V S Z Y* H 1 /G i  SXY*H1/Gi*

1 - 2 . 5 0 0  C . 0 C 0  4 . 1 7 2  1 1 . 3 0 2
2 - 2 . 5 0 0  0 . 2 0 0  4 . 0 2 5  1 0 . 7 3 6

0 . 0 0 0  0 . 0 0 0  - 0 . 8 8 8  0 . 3 2 8
- 2 . 0 2 8  - 5 . 4 7 1  - 0 . 8 4 3  0 . 3 1 6
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3 - 2 . 5 0 0  0 . 4 0 0
4 - 2 . 5 0 0  0 . 6 0 0
5 - 2 . 5 0 0  0 . 8 0 0
6 - 2 . 5 0 0  1 . 0 0 0

3 . 5 9 1  9 . 0 9 2
2 . 8 9 8  6 . 5 3 6
1 . 9 8 8  3 . 3 1 9
0 . 9 1 7  - 0 . 2 3 8

- 3 . 9 1 3 - 1 0 . 3 9 3  - 0 . 7 1 4  C . 2 8 2
- 5 . 5 1 9 - 1 4 . 2 7 3  - 0 . 5 1 3  0 . 2 2 8
- 6 . 7 2 3 - 1 6 . 7 1 9  - 0 . 2 6 1  0 . 1 5 6
-7 . 4 4 8 - 1 7 . 4 8 4  0 . 0 1 9  0 .  072

HALF-SPACE

DISPLACEMENT: 
v / e x p ( i k x )  =

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  
( S x y * H l / G h s » ) / e x p ( i k x )

0 . 9 4 6  - 0 . 0 5 4

- 0 . 0 3 0  - 0 . 1 4 1
0 . 0 0 4  0 . 0 7 4

ROCK OUTCROP

DISPLACEMENT: 
u = 1 . 9 8 2  - 0 . 2 7 1 I uI = 2 . 0 0 0

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  
( S x y * H l / G h s » ) / e x p ( i k x )

0 . 0 0 0  0 . 0 0 0  
0 . 0 2 1  0 . 1 5 6

+X BOUNDARY 

LAYER As h 3 s h

1 0 . 9 4 3
2 1 . 0 0 0

5 . 9 4 9  
0 . 00 0

0 . 943 
- 0 . 0 3 4

5 . 9 4 9
0 . 0 8 7

V ( t o p )

LAYER = 

NODE X / H l

REAL

1 . 887

IMAGINARY

1 1 . 8 9 9

DISPLACEMENT 
Z / H l  V

MAGNITUDE 

1 2 . 0 4 7

STRESS
S Z Y * H i / G i  SXY*H.l / Gi  *

1 2 . 5 0 0  1 . 0 0 0  0 . 9 3 8  0 . 1 3 1
2 2 . 5 0 0  0 . 8 0 0  0 . 5 6 6  3 . 8 2 7
3 2 . 5 0 0  0 . 6 0 0  0 . 1 7 6  7 . 1 4 7
4 2 . 5 0 0  0 . 4 0 0  - 0 . 1 6 2  9 . 7 7 5
5 2 . 5 0 0  0 . 2 0 0  - 0 . 3 9 0  1 1 . 4 5 9
6 2 . 5 0 0  0 . 0 0 0  - 0 . 4 7 1  1 2 . 0 3 8

- 0 . 1 9 0 - 1 9 . 0 0 4  
0 . 1 8 2 - 1 8 . 0 2 1  
0 . 3 6 3 - 1 5 . 2 9 8  
0 . 3 6 3 - 1 1 . 0 9 9  
0 . 2 2 0  - 5 . 8 3 0  
0 . 0 0 0  0 . 0 0 0

0 . 0 1 0  
0 . 3 0 1  
0 . 5 6 1  
C . 7 6 8  
0 . 900

0 . 0 7 4
0 . 0 4 4
0 . 0 1 4

- 0 . C 1 3
- 0 . 0 3 1

- 0 . 9 4 5  - 0 . 0 3 7

HALF-SPACE

DISPLACEMENT: 
v / e x p ( i k x )  =

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  
(S x y * H 1 / G h s * ) / e x p ( i k x )

ROCK OUTCROP

0 . 9 4 6  - 0 . 0 5 4

- 0 . 0 3 0  - 0 . 1 4 1
0 . 0 0 4  0 . C 7 4

DISPLACEMENT:
u = 1 . 9 8 2  - 0 . 2 7 1 u |  = 2 . COO

STR ES S:
( S z y ’ H l / G h s )  / e x p ( i k x )  
( S x y * H l / G h s * ) / e x p ( i k x )

0.000 0.000
0 . 0 2 1  0 . 1 5 6
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OUTPUT

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 
TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( o m e g a ' H l / C s l ) = 1 . 5 7 1
INCIDENT ANGLE (3)  WITH HORIZONTAL = 6 0 . 0 0  d e g s  
NUMBER OF HOMOGENEOUS REGIONS = 2

BOUNDARY VALUES

HOMOGENEOUS REGION 1 
NUMBER OF BOUNDARIES = 2

BOUNDARY = 1
NUMBER OF NODES = 21

DISPLACEMENTS

NODE
1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21

X / H l
. 5 0 0  
. 2 5 0  
. 000 

750 
. 500 
. 2 5 0  

1 . 0 0 0  
0 . 7 5 0  
0 . 5 0 0  
0 . 2 5 0  
0 . 000  

- 0 . 2 5 0  
- 0 . 5 0 0  
- 0 . 7 5 0  
- 1 . 0 0 0  
- 1 . 2 5 0  
- 1 . 5 0 0  
- 1 . 7 5 0  
- 2 . 0 0 0  
- 2 . 2 5 0  
- 2 . 5 0 0

Z / H l  
0 . 0 0 0  
0 . 0 0 0  
0 . 000  
0 . 000  
0 . 000  
0 . o c o  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 00  
0 . 0 00  
C . 000  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 00  
0 . 0 00  
0 . 0 0 0

V DISPL 
- 0 . 4 7 1  12

0 . 0 8 2  
0 . 3 6 4  
0 . 642
0 . 915
1 . 1 0 2  
1 . 4 4 3  
1 . 6 9 7  
1 . 94 4
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. 4 1 4  

. 638 

. 8 5 4  
3 . 0 6 3  
3 . 2 6 5  
3 . 4  62
3 . 653 
3 . 8 4 1
4 . 0 2 5  
4 . 2 0 6  
4 . 1 7 2

1 2 . 0 3 8  
1 1 . 9 5 7  
1 1 . 9 1 3  
1 1 . 8 6 6  
1 1 . 8 1 7  
1 1 . 7 6 9  
1 1 . 7 2 1  
1 1 . 6 7 4  
11 . 629  
1 1 . 5 8 6  
1 1 . 5 4 5  
1 1 . 5 0 6  
1 1 . 4 7 0  
1 1 . 4 3 6  
1 1 . 4 0 5  
1 1 . 3 7 4  
1 1 . 3 4 5  
1 1 . 3 1 7  
1 1 . 2 8 8  
1 1 . 2 5 8  
1 1 . 3 0 2

I VI 
12 . 0 4  7 
1 1 . 9 5 7  
1 1 . 9 1 8
11 . 
11 . 
11 . 
11 .

883  
853  
82 0 
8 0 9

1 1 . 7 9 7
1 1 . 7 9 0
1 1 . 7 9 0  
1 1 . 7 9 5  
1 1 . 3 0 5  
1 1 . 8 2 0  
1 1 . 8 3 9  
1 1 . 8 6 3  
1 1 . 8 8 9  
1 1 . 9 1 9  
1 1 . 9 5 1  
1 1 . 9 8 4  
1 2 . 0 1 8  
1 2 . 0 4 7

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
1 0 . 0 0 0 0 0 . 0 0 0 0
2 0 . 0 0 0 0 0 . 0 0 0 0
3 0 . 0 0 0 0 0 . 0 0 0 0
4 0 . 0 0 0 0 0 . 0 0 0 0
5 0 . 0 0 0 0 0 . 0 0 0 0
6 0 . 0 0 0 0 0 . 0 0 0 0
7 0 . 0 0 0 0 0 . 0 0 0 0
8 0 . 0 0 0 0 0 . 0 0 0 0
9 0 . 0 0 0 0 C . 0 0 0 0

10 0 . 0 0 0 0 0 . 0 0 0 0
11 0 . 0 0 0 0 0 . 0 0 0 0
12 0 . 0 0 0 0 0 . 0 0 0 0
13 0 . 0 0 0 0 0 . 0 0 0 0
14 0 . 0 0 0 0 0 . 0 0 0 0
15 0 . 0 0 0 0 0 . 0 0 0 0
16 0 . 0 0 0 0 0 . 0 0 0 0
17 0 . 0 0 0 0 0 . 0 0 0 0
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18 0 . 0 0 0 0  0 . 0 0 0 0
19 0 . 0 0 0 0  0 . 0 0 0 0
20  0 . 0 0 0 0  o . o o o c
21 0 . 0 0 0 0  0 . 0 0 0 0

BOUNDARY = 2
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l Z / H l V DI SPL i VI
22 - 2 . 5 0 0 1 . 0 0 0 0 . 9 1 7 - 0 . 2 3 8 0 . 94 7
23 - 2 . 2 5 0 1 .  0 0 0 0 . 9 4 1 - 0 . 2 1 3 0 . 965
24 - 2 . 0 0 0 1 . 0 0 0 0 . 9 4 6 - 0 . 1 9 6 0 . 966
25 - 1 . 7 5 0 1 . 0 0 0 0 . 9 5 1 - 0 . 1 7 8 0 . 968
26 - 1 . 5 0 0 1 . 0 0 0 0 . 9 5 6 - 0 . 1 6 1 0 . 9 69
27 - 1 . 2 5 0 1 . 0 0 0 0 . 9 6 0 - 0 . 1 4 3 0 . 970
28 - 1 . 0 0 0 1 . 0 0 0 0 . 9 6 3 1 o M <J1 0 . 971
29 - 0 . 7 5 0 1 . 0 0 0 0 . 9 6 6 - 0 . 1 0 7 0 . 972
30 - 0 . 5 0 0 1 . 0 0 0 0 . 9 6 9 - 0 . 0 8 9 0 . 9 7 3
31 - 0 . 2 5 0 1 . 0 0 0 0 . 9 7 1 - 0 . 0 7 0 0 . 9 7 3
32 0 . 000 1 . 0 0 0 0 . 9 7 2 - 0 . 0 5 2 0 . 9 7 4
33 0 . 2 5 0 1 . 0 0 0 0 . 9 7 3 - 0 . 0 3 3 0 . 9 7 4
34 0 . 5 0 0 1 . 0 0 0 0 . 973 - 0 . 0 1 4 0 . 9 7 4
35 0 . 750 1 . 0 0 0 0 . 9 7 3 0 . 005 0 . 973
36 1 . 0 0 0 1 .  0 0 0 0 . 972 0 . 024 0 . 973
37 1 . 2 5 0 1 . 0 0 0 0 . 9 7 1 0 . 043 0 . 9 7 2
38 1 . 5 0 0 1 . 0 0 0 0 . 9 6 9 0 . 0 6 2 0 . 9 7 1
39 1 . 7 5 0 1 . 0 00 0 . 9 6 7 0 . 082 0 . 970
40 2 . 0 0 0 1 .  0 0 0 0 . 9 6 4 0 . 101 0 . 9 6 9
41 2 . 2 5 0 1 . 0 0 0 0 . 9 6 1 0 . 1 2 0 0 . 9 6 8
42 2 . 5 0 0 1 . 0 0 0 0 . 9 3 8 0 . 1 3 1 0 . 9 4 7

TRACTIONS

NODE TAU ( n ,  y) * H 1 / G i
22 - 8 . 9 4 7 7 - 1 7 . 1 4 5 8
23 - 7  . 3 8 4 1 - 1 7 . 7 0 0 1
24 - 7  . 3 0 7 7 - 1 7 . 4 8 2 4
25 - 6 . 9 8 9 7 - 1 7 . 5 4 8 5
26 - 6 . 7 1 2 0 - 1 7 . 5 9 2 4
27 - 6 . 4 1 7 8 - 1 7 . 6 4 9 7
28 - 6 . 1 1 5 6 - 1 7 . 7 1 1 8
29 - 5 . 8 0 3 9 - 1 7 . 7 8 1 2
30 - 5 . 4 8 0 0 - 1 7 . 8 5 3 0
31 - 5 . 1 4 4 3 - 1 7 . 9 2 9 8
32 - 4 . 7 9 5 7 - 1 8 . 0 1 0 3
33 - 4 . 4 3 3 8 - 1 8 . 0 9 4 4
34 - 4 . 0 5 8 3 - 1 8 . 1 8 1 8
35 - 3 . 6 6 9 6 - 1 8 . 2 7 3 5
36 - 3 . 2 6 7 1 - 1 8 . 3 6 6 4
37 - 2 . 8 5 1 7 - 1 8 . 4 6 5 3
38 - 2 . 4 2 4 9 - 1 8 . 5 6 7 4
39 - 1 . 9 7 2 7 - 1 8 . 6 7 9 9
40 - 1 . 5 7 0 5 - 1 8 . 7 7 6 1
41 - 0 . 7 8 1 3 - 1 9 . 1 1 9 8
42 - 1 . 8 9 9 2 - 1 8 . 9 5 0 2

HOMOGENEOUS REGION 2
NUMBER OF BOUNDARIES = 1

BOUNDARY == 1
NUMBER OF NODES = 21
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DISPLACEMENTS

NODE X / H l  Z / H l
43 2 . 5 0 0  1 . 0 0 0
44 2 . 2 5 0  1 . 0 0 0
45 2 . 0 0 0  1 . 0 0 0
46  1 . 7 5 0  1 . 0 0 0
47 1 . 5 0 0  1 . 0 0 0
48 1 . 2 5 0  1 . 0 0 0
49 1 . 0 0 0  1 . 0 0 0
50 0 . 7 5 0  1 . 0 0 0
51 0 . 5 0 0  1 . 0 0 0
52 0 . 2 5 0  1 . 0 0 0
53 0 . 0 0 0  1 . 0 0 0
54 - 0 . 2 5 0  1 . 0 0 0
55 - 0 . 5 0 0  1 . 0 0 0
56 - 0 . 7 5 0  1 . 0 0 0
57 - 1 . 0 0 0  1 . 0 0 0
58 - 1 . 2 5 0  1 . 0 0 0
59  - 1 . 5 0 0  1 . 0 0 0
60 - 1 . 7 5 0  1 . 0 0 0
61 - 2 . 0 0 0  1 . 0 0 0
62 - 2 . 2 5 0  1 . 0 0 0
63 - 2 . 5 0 0  1 . 0 0 0

V D I SPL  1V I
0 . 9 3 8  0 . 1 3 1  0 . 9 4 7
0 . 9 6 1  0 . 1 2 0  0 . 9 6 8
0 . 9 6 4  0 . 1 0 1  0 . 9 6 9
0 . 9 6 7  0 . 0 8 2  0 . 9 7 0
0 . 9 6 9  0 . 0 6 2  0 . 9 7 1
0 . 9 7 1  0 . 0 4 3  0 . 9 7 2
0 . 9 7 2  0 . 0 2 4  0 . 9 7 3
0 . 9 7 3  0 . 0 0 5  0 . 9 7 3
0 . 9 7 3  - 0 . 0 1 4  0 . 9 7 4
0 . 9 7 3  - 0 . 0 3 3  0 . 9 7 4
0 . 9 7 2  - 0 . 0 5 2  0 . 9 7 4
0 . 9 7 1  - 0 . 0 7 0  0 . 9 7 3
0 . 9 6 9  - 0 . 0 8 9  0 . 9 7 3
0 . 9 6 6  - 0 . 1 0 7  0 . 9 7 2
0 . 9 6 3  - 0 . 1 2 5  0 . 9 7 1
0 . 9 6 0  - 0 . 1 4 3  0 . 9 7 0
0 . 9 5 6  - 0 . 1 6 1  0 . 9 6 9
0 . 9 5 1  - 0 . 1 7 8  0 . 9 6 8
0 . 9 4 6  - 0 . 1 9 6  0 . 9 6 6
0 . 9 4 1  - 0 . 2 1 3  0 . 9 6 5
0 . 9 1 7  - 0 . 2 3 8  0 . 9 4 7

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
43 0 . 0 1 4 4 0 . 1 4 3 6
44 0 . 0 0 5 9 0 . 1 4 4 8
45 0 . 0 1 1 9 0 . 1 4 2 2
46 0 . 0 1 4 9 0 . 1 4 1 5
47 0 . 0 1 8 4 0 . 1 4 0 7
48 0 . 0 2 1 6 0 . 1 3 9 9
49 0 . 0 2  4 8 0 . 1 3 9 1
50 0 . 0 2 7 8 0 . 1 3 8 4
51 0 . 0 3 0 7 0 . 1 3 7 7
52 0 . 0 3 3 6 0 . 1 3 7 1
53 0 . 0 3 6 3 0 . 1 3 6 4
54 0 . 0 3 9 0 0 . 1 3 5 8
55 0 . 0 4 1 5 0 . 1 3 5 2
56 0 . 0 4 4 0 0 . 1 3 4 7
57 0 . 0 4 6 3 0 . 1 3 4 2
58 0 . 0 4 8 6 0 . 1 3 3 7
59 0 . 0 5 0 8 0 . 1 3 3 3
60 0 . 0 5 3 0 0 . 1 3 2 9
61 0 . 0 5 5 4 0 . 1 3 2 4
62 0 . 0 5 5 9 0 . 1 3 4 1
63 0 . 0 6 7 8 0 . 1 2 9 9

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 

TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( o m e g a * H l / C s l )  = 1 . 5 7 1
INCIDENT ANGLE (4)  WITH HORIZONTAL = 4 5 . 0 0  d e g s

INCIDENT WAVE DISPLACEMENTS
HALF-SPACE NODE INCDT V D I SPL

43 0 . 9 8 6  0 . 1 6 6
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44 0 .  990 0 . 138
45 0 .  994 0 . 1 1 1
46 0 . 9 9 7 0 . 083
47 0 .  9 9 8 0 . 0 5 6
48 1 . 0 0 0 0 . 028
49 1.  0 0 0 0 . 000
50 1 .  0 0 0 - 0 . 0 2 8
51 0 .  998 - 0 . C 5 6
52 0 .  997 - 0 . 0 8 3
53 0 .  994 - 0 . 1 1 1
54 0 .  9 90 - 0 . 1 3 8
55 0 .  9 86 - 0 . 1 6 6
56 0 .  981 - 0 . 1 9 3
57 0 .  975 - 0 . 2 2 0
58 0 . 9 6 9 - 0 . 2 4 7
59 0 .  962 - 0 . 2 7 4
60 0 .  954 - 0 . 3 0 1
61 0 .  945 - 0 . 3 2 7
62 0 .  9 36 - 0 . 3 5 3
63 0 .  925 - 0 . 3 7 9

FRE E- F I ELD CALCULATION

-X BOUNDARY 

LAYER A s h  B s h

1 0 . 7 2 8  5 . 3 3 5  0 . 7 2 8  5 . 3 3 5
2 1 . 0 0 0  0 . 0 0 0  - 0 . 1 3 2  0 . 1 1 7

REAL IMAGINARY MAGNITUDE

V ( t o p ) 1 . 4 5 7 1 0 .  670 1 0 . 7 6 9

LAYER = 1
DISPLACEMENT STRESS

NODE X / H l Z / H l V S Z Y* H 1 / G i SXY*H1/G.

1 - 2 . 5 0 0 0 . 0 0 0 4 . 3 2 6 9 . 8 6 2 0 . 0 0 0  0 . 0 0 0 - 1 . 0 9 5  0
2 - 2 . 5 0 0 0 . 2 0 0 4 . 1 6 5 9 . 3 6 6 - 2 . 0 9 5  - 4 . 7 6 2 - 1 . 0 4 0  0
3 - 2 . 5 0 0 0 . 4 0 0 3 .  692 7 . 9 2  6 - 4 . 0 3 4  - 9 . 0 4 5 - 0 . 8 8 0  0
4 - 2 . 5 0 0 0 . 600 2 . 9 3 9 5 . 6 8 6 - 5 . 6 7 1 - 1 2 . 4 1 6 - 0 . 6 3 2  0
5 - 2 . 5 0 0 0 . 8 0 0 1 . 9 5 8 2 . 8 7 0 - 6 . 8 8 0 - 1 4 . 5 3 6 - 0 . 3 1 9  0
6 - 2 . 5 0 0 1 . 0 0 0 0 . 8 1 5  -- 0 . 2 4 2 - 7 . 5 6 5 - 1 5 . 1 8 7 0 . 0 2 7  0

HALF-SPACE

DISPLACEMENT: 
v / e x p ( i k x )  = 0 . 8 5 0  - 0 . 0 0 9

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  
( S x y * H l / G h s * ) / e x p ( i k x )

- 0 . 0 2 4  - 0 . 1 2 6
0 . 0 0 1  0 . 0 9 4

ROCK OUTCROP

DISPLACEMENT: 
U = 1 . 9 8 8  - 0 . 2 2 2  IuI = 2 . 0 0 0

4 8 0
4 63
4 10
3 2 6
2 17
091

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0
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( S x y * H l / G h s * ) / e x p ( i k x )  = 0 . 0 2 5  0 . 2 2 1

+X BOUNDARY 

LAYER A s h  B s h

1 0 . 7 2 8  5 . 3 3 5  0 . 7 2 8  5 . 3 3 5
2 1 . 0 0 0  0 . 0 0 0  - 0 . 1 3 2  0 . 1 1 7

REAL IMAGINARY MAGNITUDE

V ( t o p ) 1 . 4 5 7 1 0 . 6 7 0 1 0 . 7 6 9

LAYER = 1
DISPLACEMENT ST]

NODE X / H l Z / H l V S Z Y * H 1 / G i

1 2 . 5 0 0 1 . 0 0 0 0 . 8 2 0 0 . 2 2 4 1 . 5 7 9 - 1 6 . 8 9 4
2 2 . 5 0 0 0 . 8 0 0 0 .  150 3 . 4 7 1 1 . 8 1 8 - 1 5 . 9 7 9
3 2 . 5 0 0 0 . 6 0 0 - 0 . 5 0 1 6 . 3 8 1 1 . 7 2 8 - 1 3 . 5 4 0
4 2 . 5 0 0 0 . 4 0 0 - 1 . 0 4 2 8 . 681 1 . 3 4 1  - 9 . 8 1 2
5 2 . 5 0 0 0 . 2 0 0 - 1 . 4 0 0 1 0 . 1 5 4 0 . 7 3 1  - 5 . 1 5 1
6 2 . 5 0 0 0 . 0 0 0 - 1 . 5 2 4 1 0 . 6 6 1 0 . 0 0 0  0 . 0 0 0

RESS
S XY* H1 / Gi -

- 0 . 0 2 5  
- 0 . 3 8 6  
- 0 . 7 0 9  
- 0 . 9 6 1  
- 1 . 1 2 8  
- 1 . 1 8 4

0 . 0 9 1
0 . 0 1 7

- 0 . 0 5 6
- 0 . 1 1 6
- 0 . 1 5 5
- 0 . 1 6 9

HALF-SPACE

DISPLACEMENT:
v / e x p ( i k x )  = 0 . 8 5 0  - 0 . 0 0 9

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  = - 0 . 0 2 4  - 0 . 1 2 6
( S x y * H l / G h s * ) / e x p ( i k x )  = 0 . 0 0 1  0 . 0 9 4

ROCK OUTCROP

DISPLACEMENT:
u = 1 . 9 8 8  - 0 . 2 2 2  | u I  = 2 . 0 0 0

STRESS:
( S z y * H l / G h s )  / e x p ( i k x )  = 0 . 0 0 0  0 . 0 0 0
( S x y * H l / G h s * ) / e x p ( i k x )  = 0 . 0 2 5  0 . 2 2 1

OUTPUT

1 LAYER ON HALF-SPACE;  HETEROGENEOUS PROFILE w i t h  DAMPING 
TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( o m e g a * H l / C s l ) = 1 . 5 7 1
INCIDENT ANGLE (4)  WITH HORIZONTAL = 4 5 . 0 0  d e g s  
NUMBER OF HOMOGENEOUS REGIONS = 2

BOUNDARY VALUES

HOMOGENEOUS REGION 1 
NUMBER OF BOUNDARIES = 2

BOUNDARY = 1
NUMBER OF NODES = 21

DISPLACEMENTS
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NODE X / H l Z / H l V DI SPL
1 2 . 5 0 0 0 . 0 0 0 - 1 . 5 2 4 1 0 . 6 6 1
2 2 . 2 5 0 0 . 00 0 - 0 . 9 3 5 1 0 . 6 3 4
3 2 . 000 0 . 0 0 0 - 0 . 5 9 6 1 0 . 6 2 3
4 1 . 7 5 0 0 . o oo - 0 . 2 6 0 1 0 . 6 0 5
5 1 . 500 0 . 0 0 0 0 . 0 7 1 1 0 . 5 8 2
6 1 . 2 5 0 0 . 0 0 0 0 . 3 9 7 1 0 . 5 5 3
7 1 . 0 0 0 0 . 0 0 0 0 . 7 1 7 1 0 . 5 2 1
8 0 . 7 5 0 0 . 0 00 1 . 0 3 1 1 C . 4 8 6
9 0 . 5 0 0 0 . 0 0 0 1 . 3 3 8 1 0 . 4 4 8

10 0 . 2 5 0 0 . 0 0 0 1 .  638 1 0 . 4 0 8
11 0 . 0 0 0 0 . 0 0 0 1 . 9 3 0 1 0 . 3 6 5
12 - 0 . 2 5 0 0 . 0 0 0 2 . 2 1 5 1 0 . 3 2 0
13 - 0 . 5 0 0 0 . 0 0 0 2 . 4 9 2 1 0 . 2 7 3
14 - 0 . 7 5 0 0 . 0 0 0 2 . 7 6 3 1 0 . 2 2 4
15 - 1 . 0 0 0 0 . 0 0 0 3 . 0 2 7 1 0 . 1 7 2
16 - 1 . 2 5 0 0 . 0 0 0 3 . 2 8 4 1 0 . 1 1 8
17 - 1 . 5 0 0 0 . 0 00 3 . 5 3 7 1 0 . 0 6 1
18 - 1  . 7 5 0 0 . 0 0 0 3 . 7 8 5 1 0 . 0 0 1
19 - 2 . 0 0 0 0 . 0 0 0 4 . 0 2 9 9 .  937
20 - 2  . 2 5 0 0 . 0 0 0 4 . 2 6 9 9 . 8 6 8
21 - 2 . 5 0 0 0 . 0 0 0 4 . 3 2 6 9 . 8 6 2

1 v  I
10.769 
1 0 . 6 7 5  
10 . 640 
1 0 . 6 0 8  
1 0 . 5 8 2  
1 0 . 5 6 1  
10.546 
1 0 . 5 3 7  
1 0 . 5 3 3  
1 0 . 5 3 6  
1 0 . 5 4  3 
1 0 . 5 5 5  
1 0 . 5 7 1  
1 0 . 5 9 0  
1 0 . 6 1 3  
1 0 . 6 3 8  
1 0 . 6 6 5  
1 0 . 6 9 4  
1 0 . 7 2 3  
1 0 . 7 5 1
1 0 . 7 6 9

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
1 0 . 0 0 0 0 0 . 0 0 0 0
2 0 . 0 0 0 0 0 . 0 0 0 0
3 0 . 0 0 0 0 0 . 0 0 0 0
4 0 . 0 0 0 0 0 . 0 0 0 0
5 0 . 0 0 0 0 0 . 0 0 0 0
6 0 . 0 0 0 0 0 . 0 0 0 0
7 0 . 0 0 0 0 0 . 0 0 0 0
8 0 . 0 0 0 0 0 . 0 0 0 0
9 0 . 0 0 0 0 0 . 0 0 0 0

10 0 . 0 0 0 0 0 . 0 0 0 0
11 0 . 0 0 0 0 0 . 0 0 0 0
12 0 . 0 0 0 0 0 . 0 0 0 0
13 0 . 0 0 0 0 0 . 0 0 0 0
14 0 . 0 0 0 0 0 . 0 0 0 0
15 0 . 0 0 0 0 0 . 0 0 0 0
16 0 . 0 0 0 0 0 . 0 0 0 0
17 0 . 0 0 0 0 0 . 0 0 0 0
18 0 . 0 0 0 0 0 . 0 0 0 0
19 0 . 0 0 0 0 0 . 0 0 0 0
20 0 . 0 0 0 0 0 . 0 0 0 0
21 0 . 0 0 0 0 0 . 0 0 0 0

BOUNDARY = 2
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l Z / H l
22 - 2 . 5 0 0 1 . 0 0 0
23 - 2 . 2 5 0 1 . 0 0 0
24 - 2 . 0 0 0 1 . 0 0 0
25 - 1 . 7 5 0 1 . 0 0 0
26 - 1 . 5 0 0 1 . 0 0 0
27 - 1 . 2 5 0 1 . 0 0 0
28 - 1 . 0 0 0 1 . 0 0 0
29 - 0 . 7 5 0 1 . 0 0 0
30 - 0 . 5 0 0 1 . 0 0 0
31 - 0 . 2 5 0 1 . 0 0 0

V D I S PL  I V I
0 . 8 1 5  - 0 . 2 4 2  0 . 8 5 0
0 . 8 3 8  - 0 . 2 1 3  0 . 8 6 5
0 . 8 4 5  - 0 . 1 9 1  0 . 8 6 7
0 . 8 5 1  - 0 . 1 6 9  0 . 8 6 8
0 . 8 5 7  - 0 . 1 4 6  0 . 8 6 9
0 . 8 6 2  - 0 . 1 2 3  0 . 8 7 0
0 . 8 6 6  - 0 . 1 0 0  0 . 8 7 1
0 . 8 6 9  - 0 . 0 7 7  0 . 8 7 2
0 . 8 7 1  - 0 . 0 5 4  0 . 8 7 3
0 . 8 7 3  - 0 . 0 3 0  0 . 8 7 3
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32 0 ,, COO 1 ., 000 0 ,, 8 7 4 -0 ,. 0 0 7
33 0 ,. 2 5 0 1 ,. 000 0 ,. 8 7 4 0 .. 0 1 7
34 0 ,, 5 0 0 1 ,,000 0 ,. 8 7 3 0 ,. 0 4 1
35 0 ,, 7 5 0 1 ,, 000 0 . 8 7 1 0 .. 0 6 5
3 6 1 ,, 000 1 ,, 000 0 . 8 6 9 0 .. 0 8 9
37 1 ,. 2 5 0 1 ,. 000 0 ,. 8 6 5 0 ,. 1 1 3
38 1 ,, 5 0 0 1 ,. 000 0 . 8 6 1 0 ,. 1 3 7
3 9 1 ,. 7 5 0 1 ,. 0 00 0 . 8 5 6 0 ,. 1 6 1
40 2 ,, 0 0 0 1 ., 0 00 0 . 8 5 0 0 ,. 1 8 5
41 2 ,, 2 5 0 1 ,, 0 00 0 . 8 44 0 .. 2 0 8
42 2 ., 5 0 0 1 ,, 0 0 0 0 . 8 2 0 0 .. 2 24

0 . 87 4 
0 . 8 7 4  
0 . 8 7 4  
0 . 8 7 3  
0 . 8 7 3  
0 . 8 7 3  
0 . 8 7 2  
0 . 8 7 1  
0 . 8 7 0  
0 . 8 6 9  
0 . 8 5 0

TRACTIONS

NODE T A U ( n , y ) * H 1 / G i
22 - 8 . 8 5 9 3 - 1 4 . 8 6 2 1
23 - 7  . 3 9 8 8 - 1 5 . 4 5 0 1
24 - 7 . 1 8 9 2 - 1 5 . 3 3 1 5
25 - 6 . 7 8 4 0 - 1 5 . 4 5 8 1
26 - 6 . 4 1 0 8 - 1 5 . 5 5 8 6
27 - 6 . 0 2 2 0 - 1 5 . 6 6 5 1
28 - 5 . 6 2 4 7 - 1 5 . 7 6 9 6
29 - 5 . 2 1 7 4 - 1 5 . 8 7 4 6
30 - 4  . 7 9 7 9 - 1 5 . 9 7 5 4
31 - 4 . 3 6 6 5 - 1 6 . 0 7 4 3
32 - 3 . 9 2 2 3 - 1 6 . 1 7 0 0
33 - 3 . 4 6 5 0 - 1 6 . 2 6 2 3
34 - 2 . 9 9 4 4 - 1 6 . 3 5 0 9
35 - 2  . 5 1 1 0 - 1 6 . 4 3 6 5
36 - 2 . 0 1 4 3 - 1 6 . 5 1 6 1
37 - 1 . 5 0 4 9 - 1 6 . 5 9 4 2
38 - 0 . 9 8 4 5 - 1 6 . 6 6 8 1
39 - 0 . 4 3 9 5 - 1 6 . 7 4 3 3
40 0 . 0 5 8 9 - 1 6 . 7 9 9 7
41 0 . 9 3 1 6 - 1 7 . 0 5 1 4
42 0 . 0 2 9 2 - 1 6 . 9 3 1 6

HOMOGENEOUS REGION 2 
NUMBER OF BOUNDARIES = 1

BOUNDARY = 1
NUMBER OF NODES = 21

DISPLACEMENTS

NODE X / H l Z / H l
43 2 . 5 0 0 1 . 0 0 0
44 2 . 2 5 0 1 . 0 0 0
45 2 . 0 0 0 1 . 0 0 0
46 1 . 7 5 0 1 . 0 0 0
47 1 . 5 0 0 1 . 0 0 0
48 1 . 2 5 0 1 . 0 0 0
49 1 . 0 0 0 1 . 0 0 0
50 0 . 7 5 0 1 . 0 0 0
51 0 . 5 0 0 1 . 0 0 0
52 0 . 2 5 0 1 . 0 0 0
53 0 . 0 0 0 1 . 0 0 0
54 - 0 . 2 5 0 1 . 0 0 0
55 - 0 . 5 0 0 1 . 0 0 0
56 - 0 . 7 5 0 1 . 0 0 0
57 - 1 . 0 0 0 1 . 0 0 0
58 - 1 . 2 5 0 1 . 0 0 0
59 - 1 . 5 0 0 1 . 0 0 0

V DI SPL I V I
0 . 8 2 0  0 . 2 2 4  0 . 8 5 0
0 . 8 4 4  0 . 2 0 8  0 . 8 6 9
0 . 8 5 0  0 . 1 8 5  0 . 8 7 0
0 . 8 5 6  0 . 1 6 1  0 . 8 7 1
0 . 8 6 1  0 . 1 3 7  0 . 8 7 2
0 . 8 6 5  0 . 1 1 3  0 . 8 7 3
0 . 8 6 9  0 . 0 8 9  0 . 8 7 3
0 . 8 7 1  0 . 0 6 5  0 . 8 7 3
0 . 8 7 3  0 . 0 4 1  0 . 8 7 4
0 . 8 7 4  0 . 0 1 7  0 . 8 7 4
0 . 8 7 4  - 0 . 0 0 7  0 . 8 7 4
0 . 8 7 3  - 0 . 0 3 0  0 . 8 7 3
0 . 8 7 1  - 0 . 0 5 4  0 . 8 7 3
0 . 8 6 9  - 0 . 0 7 7  0 . 8 7 2
0 . 8 6 6  - 0 . 1 0 0  0 . 8 7 1
0 . 8 6 2  - 0 . 1 2 3  0 . 8 7 0
0 . 8 5 7  - 0 . 1 4 6  0 . 8 6 9



60
61
62
63

.AC'

IDE
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
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-1 . 750  
-2 . 0 00  
-2 . 2 5 0  
-2 . 5 0 0

1 . 0 0 0
1 . 0 0 0
1 . 0 0 0  
1 . 0 0 0

0 . 851 
0 . 8 4 5  
0 . 838  
0 . 8 1 5

- 0 . 1 6 9
- 0 . 1 9 1
- 0 . 2 1 3
- 0 . 2 4 2

0 . 8 68  
0 . 867 
0 . 865 
0 . 850

T A U ( n , y ) * H 1 / G i
- 0 . 0 0 0 2 0 . 1 2 8 3
- 0 . 0 0 7 1 0 . 1 2 9 2
- 0 . 0 0 0 4 0 . 1 2 7 3

0 . 0 0 3 3 C . 1 2 6 8
0 . 0 0 7 5 0 . 1 2 6 3
0 . 0 1 1 4 0 . 1 2 5 7
0 . 0 1 5 3 0 . 1 2 5 1
0 . 0 1 9 0 0 . 1 2 4 5
0 . 0 2 2 7 0 . 1 2 3 9
0 . 0 2 6 2 0 . 1 2 3 2
0 . 0 2 9 7 0 . 1 2 2 5
0 . 0 3 3 1 0 . 1 2 1 8
0 . 0 3 6 3 0 . 1 2 1 0
0 . 0 3 9 5 0 . 1 2 0 3
0 . 0 4 2 6 0 . 1 1 9 5
0 . 0 4 5 6 0 . 1 1 8 7
0 . 0 4 8 6 0 . 1 1 / 9
0 . 0 5 1 4 0 . 1 1 7 1
0 . 0 5 4 5 0 . 1 1 6 1
0 . 0 5 6 1 0 . 1 1 7 0
0 . 0 6 7 1 0 . 1 1 2 6
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SA M PLE O U T P U T  FILE FO R  A C Y LIN C R IC A L C A V IT Y  IN  A FU L L -SPA C E

c y l i n d r i c a l  c a v i t y  IN FULL SPACE 

TYPE OF WAVE = SH
DIMENSIONLESS FRE2UENCY ( o m e g a ' H l / C s l ) = 2 . 0 0 0 0

ADMITTANCE FUNCTIONS ARE CALCULATED FOR 1 ANGLES 
INCIDENT ANGLE (1)  WITH HORIZONTAL = 9 0 . 0 0  d e g s  
NUMBER OF HOMOGENEOUS 5U3REGIONS = 1

HOMOGENEOUS SOI L PEGION : 1

C s l a r e a  1 ) / C s ( a r e a  1) = 1 . 0 0 0
UNIT W T ( a r e a  1 ) / U N I T  W T f a r e a  1) = 1 . 0 0 0  
POI SSIONS RATIO 0 . 3 3 0  
DAMPING 0 . 0 0  %

NUMBER OF BOUNDARIES 1

NO. OF 30UNDARY ELEMENTS FOR BOUNDARY 1= 20

BOUNDARY NODE COORDINATES X / H ( l a y e r l ) Z / H ( l a y e r l )

BOUNDARY
1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20

1 . 0 0 0 0  
0 . 9 5 1 1  
0 . 8 0 9 0  
0 . 5 8 7 8  
0 . 3 0 9 0  
0 . 0 0 0 0  

- 0 . 3 0 9 0  
- 0 . 5 8 7 8  
- 0 . 8 0 9 0  
- 0 . 9 5 1 1  
- 1 . 0 0 0 0  
- 0 . 9 5 1 1  
- 0 . 8 0 9 0  
- 0 . 5 8 7 8  
- 0 . 3 0 9 0  

0 . 0 0 0 0  
0 . 3 0 9 0  
0 . 5 8 7 8  
0 . 8 0 9 0  
0 . 9 5 1 1

0 . 0 0 0 0  
0 . 3 0 9 0  
0 . 5 8 7 8  

8 0 9 0  
9 5 1 1  
0 0 0 0  
9 5 1 1

0 . 8 0 9 0  
0 . 5 8 7 8  
0 . 3 0 9 0  
0 . 0 0 0 0  

- 0 . 3 0 9 0  
- 0 . 5 8 7 8  
- 0 . 8 0 9 0  
- 0 . 9 5 1 1  
-1 . 0 0 0 0  
- 0 . 9 5 1 1  
- 0 . 8 0 9 0  
- 0 . 5 8 7 8  
- 0 . 3 0 9 0

BOUNDARY 1 I S  CLOSED 

INTERFACE NODES

3 NODE INTERFACES 

NONE 

SURFACE NODES

AREA 1 :  NODE 1 THROUGH NODE 21 

SCATTERING BOUNDARY OCCURS AT X / H l  = 0 . 0 0
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c y l i n d r i c a l  c a v i t y  IN FULL SPACE

TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY (orr . ega” H l / C s l ) = 3 . 0 0 0
INCIDENT ANGLE (1)  WITH HORIZONTAL = 9 0 . 0 0  d e g s

INCIDENT WAVE DISPLACEMENTS
HALF-SPACE NODE INCDT V DISPL

1 1.. 0 0 0 0,. 0 0 0
2 0. . 600 - 0 , . 800
3 - 0 . . 1 91 - 0 , . 9 8 2
4 - 0 , . 7 5 5 - 0 . 655
5 - 0 . . 959 - 0 , . 2 8 4
6 - 0 . , 990 - 0 , . 1 4 1
7 - 0 . . 9 5 9 - 0 . 2 84
8 - 0 . , 7 5 5 - 0 , . 6 5 5
9 - 0 . , 1 9 1 - 0  ,. 982

10 0. , 600 - 0  ,. 800
11 1., 0 00 0 ,. OCO
12 0. , 600 0 ,, 800
13 - 0 . , 1 9 1 0 ,, 982
14 - 0 . , 7 55 0. . 655
15 - 0 . , 9 5 9 0, . 2 8 4
16 - 0 . , 9 9 0 0. . 1 4 1
17 - 0 . , 9 59 0, . 2 84
18 - 0 . 7 5 5 0. . 6 5 5
19 - 0 . 1 91 0 .. 982
20 0. 600 0 ., 800

OUTPUT

CYLINDRICAL CAVITY IN FULL SPACE 
TYPE OF WAVE = SH
DIMENSIONLESS FREQUENCY ( o m e g a * H l / C s l ) = 3 . 0 0 0
INCIDENT ANGLE (1) WITH HORIZONTAL = 9 0 . 0 0  d e g s  
NUMBER OF HOMOGENEOUS REGIONS = 1

BOUNDARY VALUES

HOMOGENEOUS REGION 1 
NUMBER OF BOUNDARIES = 1

BOUNDARY = 1
NUMBER OF NODES = 20

DISPLACEMENTS

NODE X / H l  Z / H l  V DISPL | V|
1 1 . 0 0 0  0 . 0 0 0  1 . 3 0 8  - 0 . 1 9 6  1 . 3 2 2
2 0 . 9 5 1  0 . 3 0 9  0 . 7 6 7  - 1 . 3 8 6  1 . 5 8 4
3 0 . 8 0 9  0 . 5 8 8  - 0 . 5 4 0  - 1 . 6 1 0  1 . 6 9 8
4 0 . 5 8 8  0 . 8 0 9  - 1 . 5 1 4  - 0 . 9 9 7  1 . 8 1 3
5 0 . 3 0 9  0 . 9 5 1  - 1 . 8 6 8  - 0 . 3 3 5  1 . 8 9 8
6 0 . 0 0 0  1 . 0 0 0  - 1 . 9 2 1  - 0 . 0 8 2  1 . 9 2 3
7 - 0 . 3 0 9  0 . 9 5 1  - 1 . 8 6 8  - 0 . 3 3 5  1 . 8 9 8
8 - 0 . 5 8 8  0 . 8 0 9  - 1 . 5 1 4  - 0 . 9 9 7  1 . 8 1 3



190

9 - 0 . 8 0 9 0 . 5 8 8
10 - 0 . 9 5 1 0 . 3 0 9
11 - 1 . 0 0 0 0 . 0 0 0
12 - 0 . 9 5 1 - 0 . 3 0 9
13 - 0 . 8 0 9 - 0 . 5 8 8
14 - 0 . 5 8 8 - 0 . 8 0 9
15 - 0 . 3 0 9 - 0 . 9 5 1
16 0 . 0 0 0 - 1 . 0 0 0
17 0 . 3 0 9 - 0 . 9 5 1
18 0 . 5 8 8 - 0 . 8 0 9
19 0 . 8 0 9 - 0 . 5 8 8
20 0 . 9 5 1 - 0 . 3 0 9

5 4 0 - 1 . , 610 1 .. 698
767 - 1 ,. 3 8 6 1 ,, 584
3 0 8 - 0  ,, 1 9 6 1 ,. 3 2 2
5 5 8 0 ,. 8 5 3 1.. 0 1 9
4 4 6 0 ,. 828 0. . 940
5 64 0 .. 155 0, . 5 8 5
0 1 6 - 0  .. 3 5 7 0 .. 3 5 8
364 - 0  .. 5 0 6 0 ., 623
0 1 6 - 0  ., 3 5 7 0 .. 3 5 8
5 64 0 ,, 1 5 5 0. . 5 8 5
4 4 6 0 ., 8 2 8 0. . 940
5 58 0 .. 8 5 3 1. . 0 1 9

-o
0
1
0

- 0
- 0

0
0
0

- 0
- 0

0



A.1.1: BOUNDARY ELEM ENT CODE 

shconvo
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PROGRAM SHMAIN
C23456789112345678921234567893123456789412345678951234567896123456789712 

GEOMETRY
COMMON/IGEOM/NBOUND{4),JNODE(4,3),KNODE(4,3),NAREA, ICLOSE(4,3),

& NCONN(720),NORDER(720),NNSURF,NSURF(720),N 3 (2,3),NN3 
COMMON/RGEOM/X(720),Z (720)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR, VINCDT(130)
COMMON/AWAVE/ATYP E 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4) , POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA,POISS 
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2,3),NLAYER(2) ,

& JFF(2,3),KF F (2,3) , FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,100),ZFF(2, 100)
COMMON/CFFLD/FFV(2,100),TCORR(720),HSV(2),FFSXYH(2, 100) ,

& HSSZYH(2),STIFF(10,10)
INTEGER LTYPE, NTOP,NBOTT,NLAYER,JFF,KFF, FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFV,TCORR,HSV,FFSXYH,HSSZYH,STIFF 

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(730)
COMMON/CMATRIX/HMAT(720, 720),GMAT(720, 730) ,

& FVECT(720),XVECT(720)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

OUTPUT DATA
COMMON/COUT/VDISPL(720),SNYH1(720,2) 
COMPLEX VDISPL,SNYH1

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/IEQN(720)
INTEGER IEQN

COMPLEX XIKTZ,XIKX 
CHARACTER*80 ANAME
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DATA REQUIRED FOR GAUSSIAN QUADRATURE

COMMON/IGAUS 5/NGAUSS
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

COMMON/IGAUS3/NGAUS3
COMMON/DGAUS 3/WT 3(2),WTFN3(3),X X 3 (3)
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3 

CHARACTER*20 ARUN 

DATA NGAUSS /5/
DATA (WT(I), 1=1, 3)/0.236926885056189D0, 0.478628670499366D0,

& 0.568888888888889D0/
DATA (XX(I), 1=1, 3)/-0.906179845938664D0, -0.538469310105 683D0,

& 0.0D0/

DATA NGAUS3 /3/
DATA (WT3 (I), 1=1,2)/0-555555555555556D0, 0 . 88888888888888889D0/ 
DATA (XX3(I),1=1,3)

& /-0.77459666924148D0,0.0D0,+0.77459666924148D0/

X X (4)= -1.0D0*XX(2)
X X (5)= -1.0D0*XX(1)
DO IGAUSS= 1,2
WTFN(IGAUSS)= (1.0D0 - X X (IGAUSS))/2.0D0 
WTFN(NGAUSS-IGAUSS+1)= 1.0D0-WTFN(IGAUSS)
END DO
WTFN(3)= 0.50D0

WTFN3(1)= (1.0D0 - XX3(1))/2.0D0 
WTFN3(3)= 1.0D0-WTFN3(1)
WTFN3(2)= 0.50D0

OPEN(UNIT=10,FILE='CHECK.SHBEM',STATUS='UNKNOWN')

WRITE(*,9000)
9000 FORMAT(5X, 1 INPUT NAME OF RUNFILE')

READ (*, 9010) ARUN 
9010 FORMAT(A20)

OPEN(UNIT=15,FILE=ARUN,STATUS='UNKNOWN') 
READ (15, *) NPROB 
DO 9999 IPROB=l,NPROB 
WRITE(*,9020)IPROB 

9020 FORMAT(/5X,'WORKING ON PROBLEM ',12)
C

WRITE(*,*) ' '
WRITE(*,*)'WORKING ON INPUT'
WRITE(*,*)' '
CALL INPUT(ANAME)
DO 100 IANGLE=1,NANGLE 
WRITE(60,6000) ANAME
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WRITE(*,6000) ANAME 
6000 FORMAT(//2X,A80)

WRITE(60,6010)ATYPE 
WRITE(*, 6010)ATYPE 

6010 FORMAT(/2X,'TYPE OF WAVE = ’,A2)
X1=FBAR*CSQRT(1.0-(0.0,2.0)*BETA(1) )
WRITE(60,6020)XI 
WRITE(*,6020)XI

6020 FORMAT(2X,'DIMENSIONLESS FREQUENCY (omega*Hl/Cs1) = ',F6.3) 
WRITE(60, 6030)IANGLE,ANGLE(I ANGLE)
WRITE(*,6030)IANGLE,ANGLE(IANGLE)

6030 FORMAT(2X,'INCIDENT ANGLE (',11,') WITH HORIZONTAL = ',F5.2, 
& ' degs')

CALC. INCIDENT WAVE DISPLACEMENTS
IF(ATYPE .EQ. ' SH')THEN
XMX=COS(ANGLE(IANGLE)/57.29577951)
ASH=1.0 

C END IF
DO 10 INODE =JNODE(HALFSP,1),KNODE(HALFSP , NBOUND(HALFSP) ) 
IINODE=INODE-JNODE(HALFSP, 1) +1
XIKTZ=(0.0,1.0)*FBAR/CSRAT(HALFSP)*Z(INODE)*SQRT(1.-XMX*XMX) 
XIKX= (0.0, 1.0) *FBAR*X(INODE)*XMX/CSRAT(HALFSP)
VINCDT(IINODE)=ASH*CEXP(-XIKTZ)*CEXP(XIKX)

10 CONTINUE
WRITE(60,6040)

6040 FORMAT(///2X,'INCIDENT WAVE DISPLACEMENTS ')
WRITE(60,6050)

6050 FORMAT(T5,'HALF-SPACE',T18,'NODE',T34,
& 'INCDT V DISPL'/)
DO 20INODE= JNODE(HALFSP,1),KNODE(HALFSP,NBOUND(HALFSP))
IINODE=INODE-JNODE(HALFSP,1)+1 
WRITE(60,6060)INODE,VINCDT(IINODE)

6060 FORMAT(T18,I3,T33,2F7.3)
20 CONTINUE

C
IF(NAREA .EQ. 1 .AND. ICLOSE(l,l) .EQ. l)GO TO 40 

C CAVITY IN FULL SPACE
IF(NNSURF .NE. 0)THEN 
WRITE(*,*)' '
WRITE(*,*)'WORKING ON FREE-FIELD MOTION'
DO 30IX=1,2 
CALL FFLD(IX)

30 CONTINUE 
END IF 

40 CONTINUE
WRITE (*, *) ' '
WRITE(*,*)'WORKING ON MATRIX'
WRITE (*, *) ' '
CALL MATRIX 
WRITE(*,*)' '
WRITE(*,*)'WORKING ON SOLVING MATRIX'
WRITE(*,*) ' '
CALL SOLVE(2)
WRITE (*,*) ' '
WRITE(*,*)'SORTING MATRICES'
WRITE(*,*) ' '
CALL SORT
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WRITE(*,*) ' '
WRITE< *, * )'OUTPUT' 
CALL OUTPUT(ANAME) 

100 CONTINUE
CLOSE(UNIT=60)

9 999 CONTINUE
CLOSE(UNIT=15)

C CLOSE(UNIT=10)
STOP
END
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SUBROUTINE INPUT(ANAME)
C
C GEOMETRY

COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),
& NCONN(720),NORDER(720),NNSURF,NSURF(720),N 3 (2,3),NN3 
COMMON/RGEOM/X(720) , Z (720)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

C
C WAVE

COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,VINCDT(130)
COMMON/AWAVE/ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

C
C SOIL

COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,BETA,POISS
COMPLEX CSRAT

C
C FREE-FIELD

COMMON/IFFLD/LTYPE(2,3),NTOP(2,3) ,NBOTT(2,3) ,NLAYER(2) ,
& JF F (2,3),KFF(2, 3) ,FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,100),ZFF(2,100)
COMMON/CFFLD/FFV(2,100),TCORR(720),HSV(2) ,FFSXYH(2,100),

& HSSZYH(2),STIFF(10,10)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFV,TCORR,HSV,FFSXYH,HSSZYH, STIFF

C
C NUMBER OF EQUATIONS AT EACH NODE

COMMON/EQN/IEQN(720)
INTEGER IEQN

C
INTEGER NELEM(4,2),NSURF1(3,3),NSURF2(3,3) , NBND(3)
REAL XENDPT(50),ZENDPT(50)
CHARACTER*25 AINPT,AOUT 
CHARACTER*80 ANAME

C
C
C

78 9112345 6789212345 678 9312345 67 8 9412345 67 8 9512345678 9 612345 67 8 9712 
PI=4.*ATAN(1.0)

C
READ(15,1500)AINPT 

1500 FORMAT(A25)
WRITE(*,9000)AINPT 

9000 FORMAT(/2X,'WORKING ON INPUT FILE: ',A25/)
C
C WRITE(*,9000)
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C 9000 FORMAT(5X,'NAME OF INPUT FILE1)
C READ(*,9010)AINPT
C 9010 FORMAT(A20)

OPEN(UNIT=50,FILE=AINPT,STATUS='UNKNOWN')
READ(50,5000) AOUT 

5000 FORMAT(A25)
READ(50,5010) ANAME 

5010 FORMAT(A80)
C TYPE OF INCIDENT WAVE (SH)

READ(50,5020)ATYPE 
5020 FORMAT(A2)

C ANGLE OF INCIDENCE WITH HORIZONTAL (degrees)’)
READ(50,*)NANGLE, (ANGLE(I),1=1,NANGLE)

C DIMENSIONLESS FREQUENCY (omega*H1/Cs1)')
READ (50, *) XI 
FBAR=(1.0,0.0)*X1 

C # OF HOMOGENEOUS REGIONS
READ(50,*)NAREA

INITIALIZE JSTART 
JSTART=0

DO 50IAREA=1,NAREA
INPUT SOIL SHEAR VELOCITY RATIO Cs (area i)/Cs (area 1) 
READ (50, *) XI
CSRAT(IAREA)=X1*(1.00, 0.0)
INPUT POISSON'S RATIO 
READ (50, *)POISS(IAREA)
INPUT UNIT WEIGHT RATIO WT(layer i)/WT(layer 1)
READ(50,*)UWTRAT(IAREA)
INPUT DAMPING (%)
READ (50, *) BETA (IAREA)
BETA(IAREA)=BETA(IAREA)/100.0 
INPUT GEOMETRY DATA 
READ(50,*)NBOUND(IAREA)

DO 40 IBOUND=l,NBOUND(IAREA)
NELEM(IAREA,IBOUND)=0 
READ(50,*)NENDPT 
STARTING NODE NUMBER 
JSTART=JSTART + 1 
JNODE(IAREA,IBOUND)=JSTART 
JNO= JNODE(IAREA,IBOUND)
DO 30IENDPT=1,NENDPT-1
INPUT END POINTS THAT DEFINE BOUNDARY 
READ(50,*)XENDPT(IENDPT),ZENDPT(IENDPT),

& XENDPT(IENDPT+1),ZENDPT(IENDPT+1)
INPUT NUMBER OF SEGMENTS TO DIVIDE EACH PORTION OF BOUNDARY INTO 
DIST = SQRT((XENDPT(IENDPT+1)-XENDPT(IENDPT))**2+

& (ZENDPT(IENDPT+1)-ZENDPT(IENDPT) )**2)

CHECK IF CIRCULAR BOUNDARY 
IF (DIST .LT. 0 .00001)THEN 

C  CIRCULAR BOUNDARY
ICLOSE(IAREA,IBOUND)=1 

C  INPUT CENTER OF CIRCLE
READ (50, *) X0, Z0
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C INPUT DIRECTION OF ROTATION +1=CCW, -1= CW AND NUMBER OF SEGMENTS
READ(50,*)IROTAT,NSEG 
X1=XENDPT (1)
Z1 = ZENDPT (1)
R=SQRT((X1-X0)**2+(Z1-Z0)**2)
DETERMINE ALPHA, ANGLE FOR Z1 & Z1

IF(XI .EQ. 0)THEN 
IF(Z1 .GE. 0)ALPHA=PI/2.
I F (Z1 .LT. 0)ALPHA=3.*PI/2.

ELSE

ALPHA=ATAN( (Z1-Z0)/ (X1-X0) )
ALPHA=ABS(ALPHA)
IF (XI .LT. 0. .AND. Z1 • GE. 0)ALPHA=PI-ALPHA
IF (XI .LT. 0. .AND. Z1 • LT. 0)ALPHA=PI+ALPHA
IF (XI .GE. 0. .AND. Z1 • LT. 0)ALPHA=2.*PI-ALPHA
END IF

X (JNO)=X1 
Z(JNO)=Z1
DTHETA=2.*PI/NSEG*IROTAT 
DO 10ISEG=1,NSEG-1 
INODE=JNO+ISEG 
THETA=ISEG*DTHETA 
X(INODE)=XO+R*COS(THETA+ALPHA) 
Z(INODE)=Z0+R*SIN(THETA+ALPHA) 

10 CONTINUE
KNODE(IAREA,IBOUND)=JNO+NSEG-l 
JSTART=KNODE(IAREA,IBOUND) 
NELEM(IAREA,IBOUND)= NSEG 
GO TO 40 
END IF

READ(50,*)NSEG
ZDELTA=ZENDPT(IENDPT+1)-ZENDPT(IENDPT)
XDELTA=XENDPT(IENDPT+1)-XENDPT(IENDPT)
JSTOP=JSTART+NSEG
DO 20INODE=JSTART,JSTOP
X (INODE)=XENDPT(IENDPT)+XDELTA/NSEG*(INODE-JSTART)
Z(INODE)=ZENDPT(IENDPT)+ZDELTA/NSEG*(INODE-JSTART)

20 CONTINUE
JSTART=JSTOP
NELEM(IAREA,IBOUND)=NELEM(IAREA,IBOUND)+NSEG 

30 CONTINUE
DIST=SQRT((X(JSTOP)-X(JNO))**2+(Z(JSTOP)-Z(JNO))**2)
ICLOSE(IAREA,IBOUND)=0
IF(DIST .LT. 0.00001) THEN
ICLOSE(IAREA,IBOUND)=1
JSTOP=JSTOP-l
JSTART=JSTOP
END IF
KNODE(IAREA,IBOUND)=JSTOP 

40 CONTINUE 
50 CONTINUE

DO 60INODE=1,KNODE(NAREA,NBOUND(NAREA))
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NSURF(INODE)=0 
60 CONTINUE 

NNSURF=0
C NUMBER OF AREAS BORDERING SURFACE

READ(50,*)NSURFA 
IF(NSURFA .NE. 0)THEN 
READ(50,*)(NBND(I),1=1,NSURFA)
DO 67 ISURFA=1,NSURFA 

C SURFACE NODES
DO 67IBND=1,NBND(ISURFA)
READ(50,*)NSURF1(ISURFA,IBND), NSURF2(ISURFA,IBND)
DO 65 INODE=NSURFl(ISURFA,IBND),NSURF2(ISURFA,IBND)
NSURF(INODE)=1 

65 CONTINUE
NNSURF= NNSURF+NSURF2(ISURFA,IBND)-NSURF1(ISURFA,IBND)+1 

67 CONTINUE 
END IF 

C HALF-SPACE REGION
READ(50,*)HALFSP

C
NLAYER(1)=0 
NLAYER(2)=0

C
IF(NAREA .GT. 1 .AND. NNSURF .NE. 0)THEN 
INPUT DESCRIPTION OF FREE-FIELD SOIL COLUMN 
1: -X AREA , 2: +X AREA
DO 901=1,2 
READ(50,*)NLAYER(I)
DO 80ILAYER=1,NLAYER(I)
READ(50,*)NTOP(I,ILAYER),NBOTT(I,ILAYER)
DO 7 0 IAREA=1,NAREA 
MARK1=0 
MARK2=0
DO 7 0 INODE=JNODE(IAREA,1),KNODE(IAREA, NBOUND(IAREA))
IF(NTOP(I,ILAYER) .EQ. INODE)MARK1=1 
IF(NBOTT(I,ILAYER) .EQ. INODE) MARK2=1
IF(MARK1 .EQ. 1 .AND. MARK2 .EQ. 1)LTYPE(I,ILAYER) = IAREA 

7 0 CONTINUE 
80 CONTINUE

LTYPE(I,NLAYER(I)+1)=HALFSP 
90 CONTINUE 

END IF
CLOSE(UNIT=50)
OPEN(UNIT=60,FILE=AOUT,STATUS='UNKNOWN 1)
WRITE(60,6000) ANAME 

6000 FORMAT(2X,A80)
WRITE(60,6010)ATYPE 

6010 FORMAT(/2X,'TYPE OF WAVE = ',A2)
X1=REAL(FBAR)
WRITE(60,6020)XI 

6020 FORMAT(2X,'DIMENSIONLESS FREQUENCY (omega*Hl/Csl) = ',F7.4) 
WRITE(60,6025)NANGLE 

6025 FORMAT(
& /2X,'ADMITTANCE FUNCTIONS ARE CALCULATED FOR ',11,' ANGLES') 
DO 100 IANGLE=1,NANGLE 
WRITE(60,6030)IANGLE,ANGLE(IANGLE)

6030 FORMAT(2X,'INCIDENT ANGLE (',11,') WITH HORIZONTAL = ',F5.2,
& ' degs')



o 
o 

o
o

o
200

100 CONTINUE
WRITE(60,6040)NAREA 

6040 FORMAT(2X,'NUMBER OF HOMOGENEOUS SUBREGIONS = ’,12/)
IELEM=0
DO 190IAREA=1,NAREA 
X1=REAL(CSRAT(IAREA) )
WRITE(60, 6050)IAREA 

6050 FORMAT(/2X,'HOMOGENEOUS SOIL REGION : ',11/)
WRITE(60,6060)IAREA,XI 

6060 FORMAT(2X,'Cs(area ',II,')/Cs(area 1) = ',F8.3)
WRITE(60,6070)IAREA,UWTRAT(IAREA)

6070 FORMAT(2X,'UNIT WT(area ',11,')/UNIT WT(area 1) = ’,F5.3)
WRITE(60, 6080)POISS(IAREA)

6080 FORMAT(2X,'POISSIONS RATIO ’,F5.3)
WRITE(60,6090)BETA(IAREA)*100.0 

6090 FORMAT(2X,'DAMPING ',F5.2,' %')
WRITE(60,6100) NBOUND(IAREA)

6100 FORMAT(//2X,'NUMBER OF BOUNDARIES ’,12/)
DO 120 IBOUND=l,NBOUND(IAREA)
WRITE(60, 6120)IBOUND, NELEM(IAREA,IBOUND)

6120 FORMAT(2X, 'NO. OF BOUNDARY ELEMENTS FOR BOUNDARY',12,' = ',13) 
120 CONTINUE

WRITE(60,6130)
6130 FORMAT(/2X,'BOUNDARY NODE COORDINATES', T35,'X/ H (layerl)',T55, 

& ' Z/H(layerl) ')
DO 140 IBOUND=l,NBOUND(IAREA)
WRITE(60,6140)IBOUND 

6140 FORMAT(/2X,'BOUNDARY = ',12)
DO 130 INODE=JNODE(IAREA,IBOUND),KNODE(IAREA,IBOUND)
WRITE(60, 6150)INODE,X(INODE),Z(INODE)

6150 FORMAT(T20,I3,T36,F8.4,T51,F8.4)
130 CONTINUE 
140 CONTINUE

NODE CONNECTIVITY 
WRITE(60,6160)

6160 FORMAT (//2X,'NODE CONNECTIVITY')
WRITE(60,6170)

6170 FORMAT(/T6,'BOUNDARY',T17,'ELEMENT',T27,'NODE l',T37,'NODE 2') 
DO 160 IBOUND=l,NBOUND(IAREA)
IELEM=IELEM+1
WRITE(60,6180)IBOUND,IELEM,
& JNODE(IAREA,IBOUND),JNODE(IAREA,IBOUND)+1 

6180 FORMAT(T9,12,T19,13,T2 8,13,T38,13)
DO 150 INODE=JNODE(IAREA,IBOUND)+1,KNODE(IAREA,IBOUND)-1 
IELEM=IELEM+1 

C WRITE(60,6190)IELEM,INODE,INODE+1
6190 FORMAT(T19,I3,T2 8,13,T38,13)
150 CONTINUE

IF(ICLOSE(IAREA,IBOUND) .EQ. 1)THEN 
IELEM=IELEM+1

C WRITE(60,6190)IELEM,KNODE(IAREA,IBOUND),JNODE(IAREA,IBOUND)
END IF 

160 CONTINUE
WRITE(60,6230)

6230 FORMAT(/)
DO 6260IBOUND=l,NBOUND(IAREA)
IF(ICLOSE(IAREA,IBOUND) .EQ. 0)WRITE(60,6240)IBOUND 
IF(ICLOSE(IAREA,IBOUND) .EQ. 1) WRITE(60,6250)IBOUND



62 40 FORMAT(5X,'BOUNDARY',12,' IS OPEN')
6250 FORMAT(5X,'BOUNDARY',12,' IS CLOSED')
62 60 CONTINUE 
190 CONTINUE

DO 210 INODE=1,KNODE(NAREA,NBOUND(NAREA))
IEQN(INODE)=1 
NCONN (INODE)=0 

210 CONTINUE
DO 220 IAREA=1,NAREA-1 
DO 220 IBOUND=l,NBOUND(IAREA)
DO 220 INODE=JNODE(IAREA,IBOUND),KNODE(IAREA,IBOUND)
IF(NCONN(INODE) .NE. 0 ) GO TO 220 
DO 217 IIAREA=IAREA+1, NAREA
DO 215IINODE=JNODE(IIAREA,1),KNODE(NAREA,NBOUND(NAREA)) 
IF(IEQN(IINODE) .EQ. 0) GO TO 215
DIST=SQRT((X(INODE)-X(IINODE))**2+(Z(INODE)-Z(IINODE))* 
IF(DIST -LT. 0.00001) THEN 
NCONN(IINODE)=INODE 
IEQN(INODE)=IEQN(INODE)+1 
IEQN(IINODE)=0 
GO TO 217 
END IF 

215 CONTINUE 
217 CONTINUE 
220 CONTINUE

WRITE(60,6270)
6270 FORMAT(/5X,'INTERFACE NODES'/)

DO 240 INODE=l,KNODE(NAREA,NBOUND(NAREA))
IF(IEQN(INODE) .EQ. 2)THEN
DO 230 IINODE =INODE+l,KNODE(NAREA,NBOUND(NAREA))
IF(NCONN(IINODE) .E Q . INODE) WRITE(60,6280)INODE,IINODE 

6280 FORMAT(T9,13, ' - ',13)
230 CONTINUE 

END IF 
240 CONTINUE

WRITE(60,6290)
6290 FORMAT(/5X,'3 NODE INTERFACES’/)

ICOUNT=0
DO 252 INODE=l,KNODE(NAREA,NBOUND(NAREA))-1 
IMARK=0
IF(IEQN(INODE) .E Q . 3)THEN 
ICOUNT=ICOUNT+l
DO 250 IINODE=INODE+l,KNODE(NAREA,NBOUND(NAREA))
IF(NCONN(IINODE) .EQ. INODE .AND. IMARK .E Q . 0) THEN 
MARK1=IINODE 
IMARK=1 
END IF
IF(NCONN(IINODE) .E Q . INODE .AND. IMARK .EQ. 1) THEN 
MARK2=IINODE 
END IF 

250 CONTINUE
N3(ICOUNT,1)=INODE 
N 3 (ICOUNT,2)=MARK1 
N3(ICOUNT,3)=MARK2
WRITE(60, 6300)N3(ICOUNT,1),N3(ICOUNT,2) ,N3(ICOUNT,3)

6300 FORMAT(T9,13,' - ',13,' - ', 13)
END IF 

252 CONTINUE
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NN3=IC0UNT
IF(NN3 .EQ. 0) WRITE(60,6305)

6305 FORMAT(Til,'NONE')
WRITE(60,6307)

6307 FORMAT(/5X,'SURFACE NODES')
IF (NSURFA .EQ. 0)THEN 
WRITE(60,6305)
ELSE
DO 253 ISURFA=l,NSURFA 
DO 253IBND=1,NBND(ISURFA)
WRITE(60,6308)ISURFA,NSURF1(ISURFA,IBND),NSURF2(ISURFA,IBND)

6308 FORMAT(/5X,'AREA',12,1: NODE ',13,' THROUGH NODE ’,13)
253 CONTINUE

END IF

NODE ORDER 

ICOUNT=0
DO 255 INODE=l,KNODE(NAREA,NBOUND(NAREA))
IF(IEQN(INODE) .NE. 0) THEN 
ICOUNT=ICOUNT+l 
NORDER(ICOUNT)=INODE 
END IF 

255 CONTINUE
IF(NAREA .GT. 1 .AND. NNSURF .NE. 0)THEN 
FREE-FIELD COLUMN DESCRIPTION 
WRITE(60,6310)

6310 FORMAT(//2X,'FREE-FIELD COLUMN DESCRIPTION')
DO 270 1=1,2
IF (I .EQ. 1)WRITE(60, 6320)
I F (I .EQ. 2)WRITE(60, 6330)

6320 FORMAT(/2X,'-X REGION')
6330 FORMAT(/2X,'+X REGION')

WRITE(60,6340)
6340 FORMAT(T3,'LAYER',T21,'d(i)/d(l)',T32,

& 'Cs(layer i)/Cs(1)',T57,'WT(layer i)/WT(l)',
& T82,'DAMPING')
WRITE(60,6350)

6350 FORMAT(T84,'(%)'/)
DO 260ILAYER=1,NLAYER(I)
ITYPE=LTYPE(I,ILAYER)
X1=REAL(CSRAT(ITYPE))
WRITE(60,6360)ILAYER,Z(NBOTT(I,ILAYER)),XI,UWTRAT(ITYPE),

& BETA(ITYPE)*100.0 
6360 FORMAT(T4,12,T22,F 5 .2,T37,F 6 .2, T62,F 6 .2, T82, F 6 .3)
2 60 CONTINUE

X1=REAL(CSRAT(HALFSP))
WRITE(60,6370)XI,UWTRAT(HALFSP),

& BETA(HALFSP)*100.0 
6370 FORMAT('HALF-SPACE',T37,F6.2,T62,F6.2,T82,F6.3)
270 CONTINUE 

END IF

FBAR=FBAR/CSQRT(1.0-(0.0,2.0)*BETA(1)) 
DO 280 IAREA=1,NAREA



CSRAT(IAREA)=CSRAT(IAREA)*CSQRT((1.0-(0.0,2.0)*BETA(IAREA))/ 
& (1.0-(0.0,2.0)*BETA(1)))

280 CONTINUE 
XSCATT=0 . 0
DO 320 INODE=JNODE(HALFSP,1),KNODE(HALFSP,NBOUND(HALFSP))
DO 320 IN3=1,NN3 
DO 320 IINODE=l,3
IF(N3(IN3,IINODE) .EQ. INODE)THEN 
XSCATT=X(INODE)
GO TO 330 
END IF 

32 0 CONTINUE 
330 CONTINUE

IF(NNSURF .NE. 0)THEN 
WRITE(60,6410)XSCATT 

6410 FORMAT(/2X,'SCATTERING BOUNDARY OCCURS AT X/Hl = ' , F 1 . 2 )
END IF 
RETURN 
END
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SUBROUTINE FFLD(IX)
C23456789112345678921234567893123456789412345678951234567896123456789712 
C
C GEOMETRY

COMMON/IGEOM/NBOUND(4) ,JNODE(4,3), KNODE(4,3),NAREA,ICLOSE (4,3),
& NCONN(720),NORDER(720),NNSURF,NSURF(720),M3(2,3),NN3 
COMMON/RGEOM/X(720) ,Z(720)
INTEGER NBOUND, JNODE,KNODE,NAREA, ICLOSE, NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

C
C WAVE

COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR, VINCDT(130)
COMMON/AWAVE/ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

C
C SOIL

COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,BETA,POISS
COMPLEX CSRAT

C
C FREE-FIELD

COMMON/IFFLD/LTYPE(2,3),NTOP<2,3) ,NBOTT(2,3),NLAYER(2) ,
& JFF(2,3),KFF(2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,100),ZFF(2,100)
COMMON/CFFLD/FFV(2,100),TCORR(720) ,HSV(2),FFSXYH(2,100),

& HSSZYH(2),STIFF(10,10)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF, ZFF
COMPLEX FFV,TCORR,HSV,FFSXYH,HSSZYH,STIFF

C
C MATRIX

COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(730)
COMMON/CMATRIX/HMAT(720,720),GMAT(720, 730),

& FVECT(720),XVECT(720)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

C
INTEGER NSEG(2)
REAL HRATIO(5),ZLAYER(2),FFWTR(3),FFBETA(5)
COMPLEX VTOP,AS H (5),BSH(5),FFCSR(3) , THEATA(5),CALC,

& XIKTH1,XIKTH2,XMX(5),XI,XIKTZ, XIKX, FFSZYH(100),HSSXYH(2),VOTCRP,
& STOUT

C
COMPLEX XTEMP1,CALC1

C
C23456789112345678921234567 89312345 6789412345 67 8951234567 89612345 6789712
C
C

PI=3.141593
C
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IF(NAREA .EQ. 1)THEN 
C NAREA = 1

FFCSR(l)=CSRAT(HALFSP)
FFWTR(1)=UWTRAT(HALFSP)
FFBETA(1)=BETA(HALFSP)
THEATA(1)=(1.0,0.0)*ANGLE(IANGLE)/57.29577951 
ASH<1)=(1.0,0.0)
XMX(l)=CCOS(THEATA(1))

C
B S H (1)= +1.0 *ASH(1)

C
FFDIM=2
DO 5 1=1,FFDIM 
FVECT(I)=(0.0,0.0)
DO 5J =1,FFDIM 
STIFF(I,J)=(0.0,0.0)

5 CONTINUE 
ZHS=0.0
XIKTZ=(0.0,1.0)*FBAR/FFCSR(1)*

& CSQRT(1.0-(XMX(1)**2))*ZHS 
C XIKX=(0.0, 1.0)*FBAR*XMX(1)/FFCSR(l)*XHSFF(IX,INODE)

XIKTH1=(0.0,1.0)*FBAR/FFCSR(1)*CSQRT(1.0-(XMX(l)**2)) 
HSV(IX)=

& (ASH(1)*CEXP(-XIKTZ)+ BSH(1)*CEXP(+XIKTZ))

& *CEXP(XIKX)

HSSZYH(IX)= XIKTH1*
& (-1.0*ASH(1)*CEXP(-XIKTZ)+BSH(1)*CEXP(+XIKTZ) )
& *CEXP(XIKX)

HSSXYH(IX)= (0.0,1.0)*FBAR*XMX(1)/FFCSR(l) *
& (ASH(1)*CEXP(-XIKTZ)+ BSH(1)*CEXP(+XIKTZ))
& *CEXP(XIKX)

XIKX=(0.0,1.0)*FBAR*XMX(1)/FFCSR(l) *X(KNODE(HALFSP,1)) 
FFV(1,1)=HSV(1)*CEXP(XIKX)
XIKX=(0.0,1.0)*FBAR*XMX(1)/FFCSR(l) *X(JNODE(HALFSP,1)) 
FFV (2,1) =HSV(2) *CEXP (XIKX)
WRITE(60,6090)
WRITE(60,6100)
WRITE(60,6110)HSV(IX)
WRITE(60,6130)

XTEMP1=HSSZYH(IX)*(1.0-(0.0,2.0)*FFBETA(1))

WRITE(60,6140)XTEMP1 
WRITE(60,6150)HSSXYH(IX)
WRITE(60,6170)
WRITE(60,6180)HSPX(IX)
WRITE(60, 6190)HSPZ(IX)
GO TO 9999 
END IF

NUMBER OF FREE-FIELD SEGMENTS = NNSEG 
NNSEG=5
CREATE 10 SEGMENTS PER SHEAR WAVE LENGTH 
NNSEG=REAL(FBAR)*10/(2.0*PI) +1
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IF (NNSEG .LT. 5)NNSEG=5

DO 10 ILAYER=1,NLAYER(IX)
ITYPE=LTYPE(IX,ILAYER)
FFCSR(ILAYER)=CSRAT(ITYPE)
FFWTR(ILAYER)=UWTRAT(ITYPE)
HRATIO(ILAYER)= Z(NBOTT(IX,ILAYER) )
FFBETA(ILAYER)=BETA(ITYPE)

10 CONTINUE
FFCSR(NLAYER(IX)+1)=CSRAT(HALFSP)
FFWTR(NLAYER(IX)+1)=UWTRAT(HALFSP)
FFBETA(NLAYER(IX)+1)=BETA(HALFSP)
THEATA(NLAYER(IX)+ 1) = (1.0,0.0)*ANGLE(IANGLE)/57.29577951 
ASH(NLAYER(IX)+1)=(1.0,0.0)
XMX(NLAYER(IX)+1)=CCOS(THEATA(NLAYER(IX)+1))
DO 25ILAYER=1,NLAYER(IX)
XMX(ILAYER)=XMX(NLAYER(IX)+1)*FFCSR(ILAYER)/FFCSR(NLAYER(IX)+1) 

25 CONTINUE
FFDIM=2 *NLAYER(IX)+1 
DO 401=1,FFDIM 
FVECT(I) = (0.0, 0.0)
DO 40J=l,FFDIM 
STIFF(I,J)=(0.0,0.0)

40 CONTINUE

STIFF(1,1)=(1.0,0.0)
STIFF(1,2)=(-1.0,0.0)
DO 501LAYER=1,NLAYER(IX)
XIKTH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& HRATIO(ILAYER)*CSQRT(1.0-(XMX(ILAYER)**2))
XIKTH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*CSQRT(1.0-(XMX(ILAYER+1)**2))
1=(ILAYER-1)*2+1+1 
J = (ILAYER-1)*2+1
XI=(FFCSR(ILAYER+1)/FFCSR(ILAYER))**2 

& * FFWTR(ILAYER+1)/FFWTR(ILAYER)
DIFF1= A B S ( REAL(XMX(ILAYER+1)-XMX(ILAYER)) )
DIFF2= A B S ( AIMAG(XMX(ILAYER+1)-XMX(ILAYER)) )

IF(DIFF1 .LT. 0.0001 .AND. DIFF2 .LT. 0.0001)THEN 
CALC= XI * FFCSR(ILAYER)/FFCSR(ILAYER+1)
ELSE
CALC= XI* CSQRT(1.0-(XMX(ILAYER+1)**2) )/

& CSQRT(1.0-(XMX(ILAYER)**2)) * FFCSR(ILAYER)/FFCSR(ILAYER+1)
END IF

STIFF(I,J)=(+1.0,0.0)*CEXP((-1.0,0.0)*XIKTH1)
STIFF(I,J+1) = ( + 1.0,0.0)*CEXP(( + 1.0, 0.0) *XIKTH1)
STIFF(I+1,J) = -1.0*CEXP((-1.0,0.0)*XIKTH1)
STIFF(I+1,J+1) = +1.0*CEXP((+1.0,0.0)*XIKTH1)
IF(ILAYER .LT. NLAYER(IX))THEN
STIFF (I, J+2) = (-1.0, 0.0)*CEXP((-1.0,0.0)*XIKTH2)
STIFF(I,J+3)=(-1.0,0.0)*CEXP((+1.0,0.0)*XIKTH2)
STIFF(1+1,J+2) = +1.0*CALC*CEXP((-1.0,0.0)*XIKTH2)
STIFF<1+1,J+3) = -1.0*CALC*CEXP((+1.0,0.0)*XIKTH2)
ELSE
STIFF(I,J+2)=(-!.0,0.0)*CEXP((+1.0,0.0)*XIKTH2)
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STIFF(I+l,J+2) = -1.0*CALC*CEXP((+1.0,0.0)*XIKTH2)
FVECT(I)=(+l.0,0.0)*CEXP((-1.0,0.0)*XIKTH2)*ASH(NLAYER(IX)+1) 
FVECT(I+l)=(-1.0,0.0)*CALC*CEXP((-1.0,0.0)*XIKTH2)*

& ASH(NLAYER(IX)+1)
END IF 

50 CONTINUE
CALL SOLVE(1)
DO 70ILAYER=1,NLAYER(IX)
IROW=(ILAYER-1)*2+1 
ASH(ILAYER)=XVECT(IROW)
BSH(ILAYER)=XVECT(IROW+1)

7 0 CONTINUE
BSH(NLAYER(IX)+1)=XVECT(FFDIM)
VTOP=(A S H (1)+BSH(1))

IF(IX .EQ. 1)THEN 
WRITE(60,6000)

6000 FORMAT(//5X,'FREE-FIELD CALCULATION')
WRITE(60,6002)

6002 FORMAT(//5X,'-X BOUNDARY')
END IF
IF(IX .EQ. 2)THEN 
WRITE(60,6004)

6004 FORMAT(//5X,'+X BOUNDARY')
END IF
WRITE(60,6005)

6005 FORMAT(/T3, 'LAYER',T15,'Ash',T30,'Bsh'/)
DO 80ILAYER=1,NLAYER(IX)+1
WRITE(60,6010)ILAYER,ASH(ILAYER),BSH(ILAYER)

6010 FORMAT(I5,T8,2F7.3,T23,2F7.3)
80 CONTINUE

VREAL=REAL(VTOP)
VIMAG=AIMAG(VTOP)
V=SQRT(VREAL*VREAL+VIMAG*VIMAG)
WRITE(60,6020)

6020 FORMAT(//T18,'REAL',T31,'IMAGINARY',T46,'MAGNITUDE') 
WRITE(60,6030)VREAL,VIMAG,V 

6030 FORMAT(/2X'V ( t o p ) ' ,T15,F8.3,T30,F 8 .3,T45,F8.3)
WRITE(*,6000)
IF(IX .EQ. 1)THEN 
WRITE(*,6002)
END IF
IF(IX .EQ. 2)THEN 
WRITE(*,6004)
END IF
WRITE(*,6005)
DO 90ILAYER=1,NLAYER(IX)+1
WRITE(*,6010)ILAYER,ASH(ILAYER),BSH(ILAYER)

90 CONTINUE
WRITE(*,6020)
WRITE(*,6030)VREAL,VIMAG,V

TBIG=0.
DO 10 01LAYER=1,NLAYER(IX)
T=Z(NBOTT(IX,ILAYER))-Z(NTOP(IX,ILAYER))
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IF(T .GT. TBIG)TBIG=T 
IF(ILAYER .EQ. 1) THEN 
ZLAYER(1)=T 
ELSE
ZLAYER(ILAYER)=ZLAYER(ILAYER-1)+T 
END IF 

10 0 CONTINUE
DO 110 ILAYER=1,NLAYER (IX)
IF (ILAYER .EQ. 1)TLAYER=ZLAYER(1)
IF (ILAYER .GT. 1)TLAYER=ZLAYER(ILAYER)-ZLAYER(ILAYER-1) 
NSEG(ILAYER)= TLAYER/ZLAYER(1)*NNSEG
NSEG1=REAL(FBAR)*10/(2.0*PI)* TLAYER/REAL(FFCSR(ILAYER) ) 
IF(NSEG1 .GT. NSEG(ILAYER))THEN 
NSEG(ILAYER)=NSEG1 
END IF 

110 CONTINUE

INODE=0
DO 130 ILAYER=1,NLAYER(IX)
ZTOP=Z(NTOP(IX,ILAYER))
ZBOTT=Z(NBOTT(IX,ILAYER))
SEGLEN=(ZBOTT-ZTOP)/NSEG(ILAYER)
IF(ILAYER .EQ. 1)JFF(IX,ILAYER)=1
IF(ILAYER .GT. 1)JFF(IX,ILAYER)=KFF(IX,ILAYER-1)+1 
KF F (IX,ILAYER)=JFF(IX,ILAYER)+NSEG(ILAYER)
XF F (IX,ILAYER)=X(NTOP(IX,ILAYER))

XIKX=(0.0,1.0)*FBAR*XMX(1)/FFCSR(1) *XFF(IX,ILAYER)

DO 120 ISEG=1,NSEG(ILAYER)+1 
INODE=INODE+l
IF(IX .EQ. 1)ZFF(IX,INODE)=ZTOP+(ISEG-1)*SEGLEN 
IF(IX .EQ. 2)ZFF(IX,INODE)=ZBOTT-(ISEG-1)*SEGLEN

XIKTZ=(0.0, 1.0)*FBAR/FFCSR(ILAYER)*
& CSQRT(1.0-(XMX(ILAYER)* * 2 ) )*ZFF(IX,INODE)
XIKTH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*CSQRT(1.0-(XMX(ILAYER)* * 2 ) )  
FFV(IX,INODE)=

& (ASH(ILAYER)*CEXP(-XIKTZ)+ BSH(ILAYER)*CEXP(+XIKTZ))*CEXP(XIKX)
FFSZYH(INODE)=XIKTH1*

& (-1.0*ASH(ILAYER)*CEXP(-XIKTZ)+BSH(ILAYER) *CEXP(+XIKTZ) )*
& CEXP(XIKX)

FFSXYH(IX,INODE)=(0.0,1.0)*FBAR*XMX(1)/FFCSR(1)*
& (ASH(ILAYER)*CEXP(-XIKTZ)+ BSH(ILAYER)*CEXP(+XIKTZ))*CEXP(XIKX)

12 0 CONTINUE 
130 CONTINUE

DO 150 ILAYER=1,NLAYER(IX) 
WRITE(60,6050)ILAYER 

6050 FORMAT(/5X,'LAYER = ’,11) 
WRITE(60,6060)
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6060 FORMAT(T21, 1 D I S P L A C E M E N T T 6 0 , ’STRESS')
WRITE(60,6070)

6070 FORMAT(T2, 'NODE',T8, 'X/H1',T15, 'Z/H1',T27, 'V',
& T51, 'SZY*H1/Gi',T65, 'SXY*H1/Gi*'/)
DO 140 INODE=JFF(IX,ILAYER),KFF(IX,ILAYER)

C
XTEMP1=FFSZYH(INODE)*(1.0-(0.0,2.0)*FFBETA(ILAYER))

C
WRITE(60, 6080)INODE,XFF(IX,ILAYER),ZFF(IX,INODE),

& FFV(IX,INODE),XTEMP1,FFSXYH(IX,INODE)
6080 FORMAT(14,T6,F7.3,T14,F6.3,

& T20,2F7.3,T48,2F7.3,T63,2F7.3)
140 CONTINUE 
150 CONTINUE

C
NN=NLAYER(IX)+1

C
C
C FREE-FIELD MOTION IS BASED ON HORIZONTAL HALF-SPACE INTERFACE
C 
C 
C

ZHS=Z(KNODE(HALFSP,NBOUND(HALFSP) ) )
XIKTZ=(0.0,1.0)*FBAR/FFCSR(NN)*

& CSQRT(1.0-(XMX(NN)**2))*ZHS 
C XIKX=(0.0,1.0)*FBAR*XMX(1)/FFCSR(1)*XHSFF(IX, INODE)

XIKTH1=(0.0,1.0)*FBAR/FFCSR(NN)*CSQRT(1.0-(XMX(NN)**2)) 
HSV(IX)=

& (ASH(NN)*CEXP(-XIKTZ)+ BSH(NN)*CEXP(+XIKTZ))

& *CEXP(XIKX)

HSSZYH(IX)= XIKTH1*
& (-1.0*ASH(NN)*CEXP(-XIKTZ)+BSH(NN)*CEXP(+XIKTZ))
& *CEXP(XIKX)

HSSXYH(IX)= (0.0,1.0)*FBAR*XMX(1)/FFCSR(l)*
& (ASH(NN)*CEXP(-XIKTZ)+ BSH(NN)*CEXP(+XIKTZ))
& *CEXP(XIKX)

160 CONTINUE
WRITE(60,6090)

6090 FORMAT(/5X,'HALF-SPACE')
WRITE(60,6100)

6100 FORMAT(/2X,'DISPLACEMENT: ')
WRITE(60,6110)HSV(IX)

6110 FORMAT(5X,’v/exp(ikx) =',T30,2F8.3)
WRITE(60,6130)

6130 FORMAT(/2X,'STRESS: ')

XTEMP1=HSSZYH(IX)*(1.0-(0.0,2.0)*FFBETA(NLAYER(IX)+1))

WRITE(60,6140)XTEMP1 
6140 FORMAT(5X, 1 (Szy*Hl/Ghs) /exp(ikx) =',T30,2F8.3)

WRITE(60,6150)HSSXYH(IX)
6150 FORMAT(5X,’(Sxy*Hl/Ghs*)/exp(ikx) = 1,T30,2F8.3)

WRITE(60,6170)
6170 FORMAT(/2X,'TRACTION: ')
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6180 FORMAT(5X,'(Px*Hl/Ghs)/exp(ikx) =',T30,2F8.3) 
WRITE(60, 6190)HSPZ (IX)

6190 FORMAT(5X,'(Pz*Hl/Ghs)/exp(ikx) =',T30,2F8.3)

HALF-SPACE OUTCROP 
VOTCRP= 2.0*ASH(NN)*CEXP(-XIKTZ)
VOTMAG=SQRT(REAL(VOTCRP)**2+AIMAG(VOTCRP)**2) 
STOUT=(0.0,0.0)
WRITE(60,6200)

62 00 FORMAT(/5X,'ROCK OUTCROP')
WRITE(60,6210)

6210 FORMAT(/2X, 'DISPLACEMENT: ')
WRITE(60, 6220) VOTCRP,VOTMAG 

6220 FORMAT (5X, ' u = ' , T30, 2F8 . 3, T50, ' | u | =- ',F6.3) 
WRITE(60,6240)

6240 FORMAT(/2X,'STRESS: ')
CALC1=(0.0,0.0)

C
WRITE(60, 6250)CALC1 

6250 FORMAT(5X,'(Szy*Hl/Ghs) /exp(ikx) =',T30,2F8.3) 
CALC1=(0.0,1.0)*FBAR*XMX(1)/FFCSR(l)*VOTCRP 
WRITE(60,62 60)CALC1 

6260 FORMAT(5X,'(Sxy*Hl/Ghs*)/exp(ikx) =',T30,2F8.3) 
C WRITE(60,6280)
C 62 8 0 FORMAT(/2X,'TRACTION: ')
C WRITE(60,6290)CALC1
C 6290 FORMAT(5X,'(Px*Hl/Ghs)/exp(ikx) =',T30,2F8.3)
C WRITE(60, 630 0)CALC1
C 6300 FORMAT(5X,'(Pz*Hl/Ghs)/exp(ikx) =',T30,2F8.3)
C
99 99 CONTINUE 

RETURN 
END
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SUBROUTINE MATRIX
2345678 9112345678 9212345678 9312345678 9412345678 95123 45 67 8 9 612345 678 9712 

GEOMETRY
COMMON/IGEOM/NBOUND(4) ,JNODE(4,3) ,KNODE(4,3) ,NAREA,ICLOSE(4,3) ,

& NCONN(720),NORDER(720),NNSURF,NSURF(720),N 3 (2,3),NN3 
COMMON/RGEOM/X(720),Z (72 0)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE, NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,VINCDT(130)
COMMON/AWAVE/ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4) ,POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,BETA,POISS
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2,3),NLAYER(2),
& JF F (2,3),K F F (2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,100),ZFF(2,100)
COMMON/CFFLD/FFV(2,100),TCORR(720),HSV(2),FFSXYH(2,100),

& HSSZYH(2),STIFF(10,10)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFV,TCORR,HSV,FFSXYH,HSSZYH, STIFF 

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(730)
COMMON/CMATRIX/HMAT(720,720),GMAT(720, 730) ,
& FVECT(720),XVECT(720)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/IEQN(720)
INTEGER IEQN

DATA REQUIRED FOR GAUSSIAN QUADRATURE

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

COMMON/IGAUS3/NGAUS3
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COMMON/DGAUS 3/WT 3(2),WTFN3(3),XX3(3)
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3 

COMPLEX DSTAT,DCORR
7 8 911234567 8 9212345 67 8 931234567 8 9412345 67 8 9512345 67 8 9612345 67 8 9712 

REAL XKH1,XKSH1 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

XMXHS=COS(ANGLE(IANGLE)/57.29577951)
XKSH1=FBAR/CSRAT(HALFSP)
XKH1=XKSH1*XMXHS

IF (IANGLE .EQ. 1)THEN

PI=3.14159265 
TWOPI=2.0*PI

HDIM=KNODE(NAREA,NBOUND(NAREA))
GDIM=KNODE(NAREA,NBOUND(NAREA))+3*NN3 
FORM "G" & "H" MATRIX FOR EACH SUBREGION 
DO 20IROW=l,KNODE(NAREA,NBOUND(NAREA) )
FVECT(IROW)=(0.0,0.0)
DO 5JCOL=l,HDIM
HMAT(IROW,JCOL)=(0.0,0.0)

5 CONTINUE
DO 10 JCOL=l,GDIM
GMAT(IROW,JCOL)=(0.0,0.0)

10 CONTINUE 
2 0 CONTINUE

OPEN(UNIT=8 0,FILE='TRUNC.C K ',STATUS=1 UNKNOWN 1)

CHECK IF HALF-SPACE OR FULL-SPACE PROBLEM
IFULSP=0
ICOUNT=0
DO IBOUND=l,NBOUND(HALFSP)
ICOUNT=ICOUNT+ICLOSE(HALFSP,IBOUND)
END DO
IF (ICOUNT .EQ. NBOUND(HALFSP))IFULSP=1 
IF IFULSP =1, FULL SPACE PROBLEM 
IF IFULSP =0, HALF-SPACE PROBLEM
JGMAT=0
IN3=0
JCOUNT=0
DO 100IAREA=1, NAREA 
WRITE(10,*)'REGION ',IAREA

DO IBOUND =1,NBOUND(IAREA)
DO ISRCE =JNODE(IAREA,IBOUND),KNODE(IAREA,IBOUND) 

JCOUNT=JCOUNT+l 

I F (JCOUNT .EQ. 10)THEN
WRITE(*,*)'WORKING ON INFLU FOR SOURCE POINT ',ISRCE 
JCOUNT=0
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END IF
C

CALL INFLU(ISRCE,X(ISRCE),Z(ISRCE),IAREA,JGMAT)

FIND DIAGONAL TERMS OF HMAT

IF(IAREA .EQ. HALFSP .AND. IFULSP .E Q . 0)THEN

DETERMINE INTERIOR ANGLES 
JNO=JNODE(IAREA,IBOUND)
KNO=KNODE(IAREA,IBOUND)
IROW=ISRCE
JCOL=IROW

IF(ISRCE .EQ. JNO .OR. ISRCE .E Q . KNO)THEN

IF(ICLOSE(IAREA,IBOUND) .EQ. 0)THEN 
ROTAT=PI
HMAT(IROW,JCOL)=ROTAT/TWOPI+HMAT(IROW,JCOL) 

ELSE
IF (ISRCE .EQ. JNO)THEN 
X1=X(KNO)
Z1=Z(KNO)
X2=X(ISRCE+1)
Z2=Z(ISRCE+1)
ELSE
X1=X(ISRCE-1)
Z1=Z(ISRCE-1)
X2=X(JNO)
Z2=Z(JNO)
END IF 
XI=X(ISRCE)
ZI=Z(ISRCE)
CALL ROTATE(X1,Z1,X2,Z2,XI,ZI,ROTAT)
HMAT(IROW,JCOL)=ROTAT/(TWOPI)+HMAT(IROW, JCOL)

END IF 
ELSE

X1=X(ISRCE-1)
X2=X(ISRCE+1)
XI=X(ISRCE)
Z1=Z(ISRCE-1)
Z2=Z(ISRCE+1)
ZI=Z(ISRCE)
CALL ROTATE(XI,Z1,X2,Z2,XI,ZI,ROTAT)
HMAT(IROW,JCOL)=ROTAT/(2.*PI)+HMAT(IROW, JCOL) 

40 CONTINUE

END IF

WRITE(*,*)'ISRCE = ',ISRCE 
WRITE(*, 9040)

9040 FORMAT(/'Cij')
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C DO 1=1,2
C WRITE(*, 9050) ((DSTAT(I,J)-DCORR(I,J)) , J=l, 2)
C 9050 FORMAT(2F10.3,5X,2F10.3)
C END DO
C WRITE(*,9052)
C 9052 FORMAT(/'Dij1)
C WRITE(*,9054)HMAT(IROW,JCOL)
C 9054 FORMAT(2F10.3,5X,2F10.3)
C PAUSE

ELSE
C

CALL STATIC(ISRCE,X(ISRCE) , Z(ISRCE) , IAREA, DSTAT,DCORR) 
IROW=ISRCE 
JCOL=IROW 

C SINCE "DIST" = 0.0, DCORR =0.0
HMAT(IROW,JCOL)=DSTAT+HMAT(IROW,JCOL)-DCORR

C
C
C WRITE(*,*)'ISRCE = ',ISRCE
C WRITE(*,9040)
C WRITE(*,9050)DSTAT-DCORR
C WRITE(*,9052)
C WRITE(*,9054)HMAT(IROW,JCOL)
C

END IF
C

END DO 
END DO 

C WRITE(10,*)'GMAT'
ISTART=JNODE(IAREA, 1)
ISTOP= KNODE(IAREA,NBOUND(IAREA))
JSTART=JCOLl(JNODE(IAREA, 1))
JSTOP= JCOL1(KNODE(IAREA,NBOUND(IAREA)))
WRITE(10,*)'ISTART = ',ISTART 
WRITE(10,*)1ISTOP = ',ISTOP 
WRITE(10,*)'JSTART = ',JSTART 
WRITE(10,*)'JSTOP = ',JSTOP 
DO 50 IROW=ISTART,ISTOP 

C WRITE(10,1010)(GMAT(IROW,J),J=JSTART,JSTOP)
1010 FORMAT(8F10.5)

50 CONTINUE 
C WRITE(10,1015)
1015 FORMAT(/)

C WRITE(10,*)'HMAT'
DO 1020 I=ISTART,ISTOP 

C WRITE(10,1010)(HMAT(I,J),J=ISTART,ISTOP)
1020 CONTINUE 
100 CONTINUE

C
CALL FIXMAT 
CALL AFORM 
END IF

Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

JCOUNT=0
DO 150IAREA=1,NAREA 

C WRITE(10,*)'REGION ',IAREA
DO 140ISRCE=JNODE(IAREA,1),KNODE(IAREA,NBOUND(IAREA))
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TCORR(ISRCE)=(0.0,0.0)
IF(NAREA .EQ. 1 .OR. NNSURF .EQ. 0) GO TO 140

C
C

JCOUNT=JCOUNT+l
IF(JCOUNT .EQ. 10)THEN
WRITE(*,*)'WORKING ON CORRCT FOR SOURCE POINT 1,ISRCE
JCOUNT=0
END IF
IF(IAREA .NE. HALFSP)CALL CORRCT(ISRCE,X(ISRCE),Z (ISRCE),IAREA) 
IF(IAREA .EQ. HALFSP .AND.

& ISRCE .NE. JNODE(HALFSP,1) .AND.
& ISRCE .NE. KNODE(HALFSP,NBOUND(HALFSP)))THEN 
CALL HSCORR(ISRCE,X(ISRCE),Z(ISRCE),IAREA)
END IF 

140 CONTINUE
DO 150INODE=1,KNODE(NAREA,NBOUND(NAREA))
IROW=INODE
FVECT(IROW)=TCORR(INODE)

150 CONTINUE
DO 170 INODE=JNODE(HALFSP,1) ,
& KNODE(HALF S P,NBOUND(HALF S P ) )
IROW=INODE
IINODE=INODE-JNODE(HALFSP,1)+1
FVECT(IROW)=FVECT(IROW)+VINCDT(IINODE)

170 CONTINUE
C

IF(NAREA .EQ. 1 .AND. ICLOSE(1,1) .E Q . 1) GO TO 190

IF(NNSURF .GT. 0 .AND. NAREA .G T . 1)THEN
C

DO ISIDE =1,2
C

IF (NAREA .GT. 1)THEN
C

DO ILAYER =1,NLAYER(ISIDE)
I F(ISIDE .EQ. 1)INODE=JFF(ISIDE,ILAYER)
I F(ISIDE .EQ. 2)INODE=KFF(ISIDE,ILAYER)
IROW=NTOP(ISIDE,ILAYER)
ICOUNT=0
IF(NCONN(NTOP(ISIDE,ILAYER)) .EQ. 0)THEN 
NNODE=NTOP(ISIDE,ILAYER)
ELSE
NNODE=NCONN(NTOP(ISIDE,ILAYER))
END IF
DO 1=1,NNODE
IF(NCONN(I) .EQ. 0)ICOUNT=ICOUNT+l
END DO
JCOL=ICOUNT
FVECT(IROW)=FFV(ISIDE,INODE)
DO J=1,ADIM
HMAT(IROW,J)=(0.0,0.0)
END DO
HMAT(IROW,JCOL) = (1.0, 0 . 0)

C
END DO

C
END IF
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IF(ISIDE .EQ. 1)INODE=KNODE(HALFSP,NBOUND(HALFSP))
IF(ISIDE .EQ. 2)INODE=JNODE(HALFSP, 1)
IROW=INODE
IF(NCONN(INODE) .E Q . 0)THEN
NNODE=-INODE
ELSE
NNODE=IiICONN (INODE)
END IF 
ICOUNT=0 
DO 1=1,NNODE
IF(NCONN(I) .EQ. 0)ICOUNT=ICOUNT+l
END DO
JCOL=ICOUNT
FVECT(IROW)=HSV(IS IDE)*CEXP((0.0,1.0)*XKH1*X(INODE))
DO 180 J=1,ADIM
HMAT(IROW,J) = (0.0, 0.0)

18 0 CONTINUE
HMAT(IROW,JCOL)=(1.0,0.0)

END DO

END IF

190 CONTINUE
WRITE(10,1015)
WRITE(10,*)'FVECT'
DO 1050 1 = 1,2*KNODE(NAREA,NBOUND(NAREA) ) 
WRITE(10, 1040)I,FVECT (I)

1040 FORMAT(15,5X,8F10.5)
1050 CONTINUE

CLOSE(UNIT=80)
RETURN
END

SUBROUTINE AFORM 

GEOMETRY
COMMON/1GEOM/NBOUND(4),JNODE (4,3),KNODE(4,3),NAREA,ICLOSE(4,3), 

& NCONN(720),NORDER(720),NNSURF,NSURF(720) ,N3(2,3) , NN3 
COMMON/RGEOM/X(7 2 0), Z (720)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE, NCONN, NORDER, NNSURF,

& NSURF,N3,NN3 
REAL X,Z

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(730)
COMMON/CMATRIX/AMAT(720,720),GMAT(720, 730) ,

& FVECT(720),XVECT(720)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX AMAT,GMAT,FVECT,XVECT 

C
C NUMBER OF EQUATIONS AT EACH NODE

COMMON/EQN/IEQN(720)
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INTEGER IEQN
C

INTEGER ACOL
C
C 78 9112345678 9212345678 9312345678 9412345678 9512345678 9 612345 678 9712
C
C [A]*{x } = {FJ
C FORM 'A' MATRIX
C A [DISPLACEMENT/STRESS],F [DISPLACEMENT]
C

ACOL=HDIM
ADIM=ACOL
IADD=0
IF(NAREA .EQ. l)GO TO 4 0
DO 30 INODE=l,KNODE(NAREA,NBOUND(NAREA))

C SURFACE NODE WITH NO INTERFACE
IF (IEQN(INODE) .EQ. 1 .AND. NSURF(INODE) .E Q . 1)THEN
GO TO 30 
END IF
IF(NCONN(INODE) .EQ. 0 )THEN
IADD=IADD+1
ACOL=HDIM+IADD
DO 10IROW=l,KNODE(NAREA,NBOUND(NAREA))
AMAT(IROW,ACOL)= -1.*GMAT(IROW,JCOL1(INODE))

10 CONTINUE
IF(IEQN(INODE) .EQ. 3)THEN
IADD=IADD+1
ACOL=HDIM+IADD
DO 20 IROW=l,KNODE(NAREA,NBOUND(NAREA))
AMAT(IROW,ACOL)= -1.*GMAT(IROW,JCOL1(INODE)+1)

20 CONTINUE 
END IF 
END IF 

30 CONTINUE 
ADIM=ACOL 

40 CONTINUE 
NDIM=ADIM

C
C WRITE(10,*)'AMAT'
C WRITE(10,*)'ADIM = ',ADIM

DO 50 1=1,KNODE(NAREA,NBOUND(NAREA))
C WRITE (10, 1000) (AMAT (I, J) , J=l, ADIM)
1000 FORMAT(4F10.5)

50 CONTINUE
RETURN 
END
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SUBROUTINE INFLU(ISRCE,XI,ZI,IAREA,JGMAT)
C23456789112345678921234567893123456789412345678951234567896123456789712

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),

& NCONN(720),NORDER(720),NNSURF,NSURF(720),N3(2,3),NN3 
COMMON/RGEOM/X(720) , Z (720)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR, VINCDT(130)
COMMON/AWAVE/ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA, POISS 
COMPLEX CSRAT

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM, JCOL1 (730)
COMMON/CMATRIX/HMAT(720,720),GMAT(720, 730) ,

& FVECT(720),XVECT(720)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/IEQN(720)
INTEGER IEQN

DATA REQUIRED FOR GAUSSIAN QUADRATURE

COMMON/IGAUS 5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN<5),XX(5)
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX

COMMON/IGAUS3/NGAUS3
COMMON/DGAUS3/WT3 (2) , WTFN3 (3) , XX3 (3)
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3

C
C23456789112345678921234567 8931234567 894123456789512345 67 8961234567 89712 
C

REAL XGAUSS(5),ZGAUSS(5),RADIUS(5)
COMPLEX G (5),T (5),XKSR,H01KSR,H11KSR
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PI=4.*ATAN(1.0)
JADD=JGMAT 

C CALCULATE INFLUENCE FUNCTIONS
DO 7 0 IBOUND=l,NBOUND(IAREA)
JNO=JNODE(IAREA,IBOUND)
JNDCOL= JNODE(IAREA,IBOUND)
WRITE(10,*)'INODE = ',INODE

IF(ICLOSE(IAREA,IBOUND) .EQ. 0)THEN 
NNODE=KNODE(IAREA,IBOUND)-1 
ELSE
NNODE=KNODE(IAREA,IBOUND)
END IF

DO 60 INODE=JNODE(IAREA,IBOUND),NNODE 
X1=X(INODE)
Z1=Z(INODE)

IF(INODE .NE. KNODE(IAREA,IBOUND))THEN 
X2=X(INODE+1)
Z2=Z(INODE+1)
IINODE=INODE+1 
ELSE
X2=X(JNO)
Z2=Z(JNO)
IINODE=JNO 
END IF

SEGLEN=SQRT((X2-X1)**2+(Z2-Zl)**2)
DIFF=ABS(X2-X1)
IF(DIFF .LT. .00001)THEN 
DIST=X2-XI 
ELSE
SLOPE=(Z2-Z1)/ (X2-X1)
DIST=(ZI-Z2-SLOPE*(XI-X2))/SQRT(SLOPE**2+l)
END IF
DIST=ABS(DIST)
WRITE(10,*)ISRCE,INODE,SEGLEN 
IF (DIST .LT. 0.000001) GO TO 10 
IF ROTAT .GT. 0. CLOCKWISE , DIST/RADIUS = - 
IF ROTAT .LT. 0. COUNTERCLOCKWISE, DIST/RADIUS = +
CALL ROTATE(XI,Z1,X2,Z2,XI,ZI,ROTAT)
IF(ROTAT .GT. PI)ROTAT=-l.*(2.*PI-ROTAT)
IF(ROTAT .GT. 0.) DIST=-1.*DIST 

10 CONTINUE
DO 40IGAUSS=1,NGAUS3
XGAUSS(IGAUSS)=(XX3(IGAUSS)+1.0)*(X2-X1)/2.0+X1 
ZGAUSS(IGAUSS)= (XX3(IGAUSS)+1.0)*(Z2-Z1)/2.0+Z1 
RADIUS(IGAUSS)=SQRT((XGAUSS(IGAUSS)-XI)**2 

& + (ZGAUSS(IGAUSS)-ZI)**2)
XKSR=FBAR*RADIUS(IGAUSS)/CSRAT(IAREA)

SURFACE ELEMENT , G * traction =0
IF(NSURF(INODE) .E Q . 1 .AND. NSURF(IINODE) .EQ. 1)THEN 
IF(NSURF(INODE) .EQ. 1 .AND. NSURF(IINODE) .EQ. 1 
& .AND. IEQN(INODE) .EQ. 1 .AND. IEQN(IINODE) .E Q . 1)THEN 
G(IGAUSS)=(0.0,0.0)
ELSE
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CALL HANKEL(0,XKSR,HO1KSR)
G(IGAUSS)=(0.0,0.25)*H01KSR 
END IF

ELEMENT IS HORIZONTAL WITH ISRCE 
IF(ABS(DIST) .LT. 0.000001)THEN 
T(IGAUSS) = (0.0,0 .0)
ELSE
CALL HANKEL(1,XKSR, H11KSR)
T(IGAUSS)=

« (0.0,-0.25)*FBAR/CSRAT(IAREA)*DIST/RADIUS(IGAUSS)*H11KSR
END IF

40 CONTINUE
IF INODE IS PART OF 3 NODE INTERFACE, INCLUDE PI & P2 ON BOTH 

ES OF NODE
IF(NN3 .EQ. 0) GO TO 47 
DO 451=1,NN3 
DO 45J=1, 3
IF(N3(I,J) .EQ. INODE) THEN 
JADD =JADD+1 
GO TO 47 
END IF 

45 CONTINUE 
47 CONTINUE

JCOL=INODE+JADD 
JCOL1(INODE)=JCOL 
JCOL1(INODE+1)=JCOL+l 
JJCOL=INODE 
IROW= ISRCE
IF(INODE .EQ. NNODE .AND. ICLOSE(IAREA,IBOUND) .E Q . 1)THEN

KCOL=JCOLl(JNO)
KKCOL=JNDCOL

ELSE

KCOL=JCOL+l
KKCOL=JJCOL+l

END IF

GMAT(IROW,JCOL)=GMAT(IROW,JCOL)
& + (WT3(1)*WTFN3(1)*G(1)+WT3(2)*WTFN3(2)*G(2)
& + W T 3 (1)*WTFN3(3)*G(3))*SEGLEN/2.

HMAT(IROW,JJCOL)= HMAT(IROW,JJCOL)
& + (WT3(1)*WTFN3(1)* T (1)+WT3(2)*WTFN3(2)*T(2)
& + WT 3 (1)*WTFN3(3)* T (3))*SEGLEN/2.

GMAT(IROW,KCOL)=GMAT(IROW,KCOL)
& + (WT3(1)*WTFN3(3)* G (1)+WT3(2)*WTFN3(2)* G (2)
& + W T 3 (1)*WTFN3(1)*G (3))*SEGLEN/2.

C
HMAT(IROW,KKCOL)=HMAT(IROW,KKCOL)
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& + (WT3 (1) *WTFN3 (3) *T (1) +WT3 (2) *WTFN3 (2) *T (2) 
& + WT3 (1) *WTFN3 (1) *T (3) ) *SEGLEN/2 .

50 CONTINUE 
60 CONTINUE 
70 CONTINUE

IF(ISRCE .E Q . KNODE(IAREA,NBOUND(IAREA)))THEN
JGMAT=JADD
END IF
RETURN
END
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SUBROUTINE HANKEL(IORDER,Z,HOK) 
***********************************************
HANKEL FUNCTION OF A COMPLEX ARGUMENT 
INTERGRATION USING 5 POINT GAUSSIAN QUADRATURE 

0 KIND
45 678 9112345678 9212345678 9312345678 9412345 678 9512345678 961234567 8 9712

DATA REQUIRED FOR GAUSSIAN QUADRATURE

COMMON/1GAU S 5/NGAUS S 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX 

C
DOUBLE PRECISION TOLER,HDELTA,AOLD,

& X (5), Y (5),ATOT(2),DIFF,ADELTA,PI,XREAL,YIMAG,CALC,
& AA,A,B 
COMPLEX HOK,Z,JN,YN

C
C WRITE(*,9000)
C 9000 FORMAT(2X,'INPUT ORDER',12)
C READ(*,*)IORDER
C WRITE(*,9010)
C 9010 FORMAT(2X,'REAL PART OF k r ')
C READ(*,*)XREAL
C WRITE(*,9020)
C 9020 FORMAT(2X , 'IMAGINARY PART OF k r ')
C READ(*,*)YIMAG
C Z =CMP L X (XREAL,YIMAG)
C

PI=3.1415926535D0 
TOLER=.000001D0

C
XREAL=REAL(Z)
YIMAG=AIMAG(Z)

C CALCULATE BESSEL FUNCTION OF 1ST KIND (JN)
A=0.0D0 
B=PI
DO 25ITYPE=1,2 
HDELTA=B-A 
AOLD=9.99 99 9D20 
ICYCLE=0 

10 CONTINUE
ICYCLE=ICYCLE+1 
ATOT(ITYPE)=0.0 
N=(B-A)/HDELTA 
DO 201=1,N 
AA= (1-1)*HDELTA+A 
DO 15J=1,NGAUSS
X(J)= AA + (XX(J)+1.ODO)*HDELTA/2.0D0 
IF(ITYPE .EQ. 1) THEN
Y (J)= DCOS(XREAL* DSIN(X(J))-IORDER*X(J))*DCOSH(YIMAG* DSIN(X(J))) 
ELSE
Y(J)=DSIN(XREAL* DSIN(X(J))-IORDER*X(J))* DSINH(YIMAG*DSIN(X(J))) 
END IF 

15 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2)*Y(2)+WT(3)*Y(3)+
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& W T (2)*Y(4)+WT(1)*Y(5))
ATOT(ITYPE)=ATOT(ITYPE)+ADELTA 

2 0 CONTINUE 
C N1=N

DIFF=ABS(ATOT(ITYPE)-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT(ITYPE)
GO TO 10 
END IF 

25 CONTINUE
JN=(ATOT(1)-(0.0,1.0)*ATOT(2))/PI 

C CALCULATE BESSEL FUNCTION OF 2ND KIND, ORDER N (YN)
A=0 .
B=PI
DO 55ITYPE=1,2 
HDELTA=B-A 
AOLD=9.999 99D20 
ICYCLE=0 

30 CONTINUE
ICYCLE=ICYCLE+1 
N=(B-A)/HDELTA 
ATOT(ITYPE)=0.0 
DO 501=1,N 
AA= (I—1)*HDELTA+A 
DO 40J=l,NGAUSS
X (J)=AA +(XX(J)+1.0D0)*HDELTA/2.0D0 
IF(ITYPE .EQ. 1) THEN
Y (J)= DSIN(XREAL* DSIN(X(J))-IORDER*X(J))*DCOSH(YIMAG* DSIN(X(J))) 
ELSE
Y (J)= DCOS(XREAL* DSIN(X(J))-IORDER*X(J))*DSINH(YIMAG* DSIN(X(J))) 
END IF 

40 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2)*Y(2)+WT(3)*Y(3)+
& W T (2)*Y(4)+WT(1)*Y(5))
ATOT(ITYPE)=ATOT(ITYPE)+ADELTA 

50 CONTINUE 
C N2=N

DIFF=ABS(ATOT(ITYPE)-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT(ITYPE)
GO TO 30 
END IF 

55 CONTINUE
YN=ATOT(l)+(0.0,1.0)*ATOT(2)
A=0 .
B=10 .
DO 90ITYPE=1,2 
HDELTA=1.0 

C HDELTA=B-A
AOLD= 9.99999D20 
ICYCLE=0 

60 CONTINUE
ICYCLE=ICYCLE+1 
ATOT(ITYPE)=0.0 
N=(B-A)/HDELTA 
DO 801=1,N
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AA= (I—1)*HDELTA+A 
DO 70J=1,NGAUSS
X (J)=AA + (XX(J)+1.0D0)*HDELTA/2.0D0 
CALC=XREAL*DSINH(X(J))
IF(CALC .GT. 40.)CALC=40.0D0 
IF(ITYPE .EQ. 1) THEN
Y (J)= (DEXP(IORDER*X(J))+DEXP((-1.)*IORDER*X(J))*DCOS(IORDER*PI))* 

& DEXP(-CALC)*DCOS(YIMAG*DSINH(X(J) ) )
ELSE
Y(J) = (DEXP(IORDER*X(J))+DEXP((-1.)*IORDER*X(J) )*DCOS(IORDER*PI) ) * 

& DEXP(-CALC)*DSIN(YIMAG*DSINH(X(J) ) )
END IF

7 0 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2) *Y(2)+ WT(3) *Y(3) +
& W T (2)*Y(4)+WT(1)*Y(5))
ATOT(ITYPE)=ATOT(ITYPE)+ADELTA

8 0 CONTINUE 
C N3=N

DIFF=ABS(ATOT(ITYPE)-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOI.D=ATOT (ITYPE)
GO TO 60 
END IF

9 0 CONTINUE
YN= (YN-ATOT (1) + (0 . 0, 1 .0) *ATOT (2) ) /PI 
HOK=JN+(0.0,1.0)*YN 

C WRITE(*,9030)
C 9030 FORMAT(5X,'HANKEL FUNCTION ')
C WRITE(*,90 40)IORDER
C 9040 FORMAT(5X,'ORDER = ’,II,3X,'KIND = O')
C WRITE(*,9050)HOK
C 9050 FORMAT(5X,F10.5,2X,' + i',F10.5)
C WRITE(*,9060)N1
C 90 60 FORMAT(5X,'# OF INTEGRAL SEGMENTS,N1 = ',14)
C WRITE(*,9070)N2
C 9070 FORMAT(5X,'# OF INTEGRAL SEGMENTS,N2 = ',14)
C WRITE(*,9080)N3
C 9080 FORMAT(5X,'# OF INTEGRAL SEGMENTS,N3 = ',14)
C PAUSE

RETURN 
END
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SUBROUTINE ROTATE ( X I , Y 1 , X 2 , Y 2 , X I , Y I , BETA)
C CALCULATE ANGLE BETWEEN X I ,  Y l  & X 2 ,Y 2  ON DOMAIN S IDE

DOUBLE P R EC IS IO N  X 1 D I F F , Y 1 D I F F , X 2 D I F F , Y 2 D I F F , R ,
& ALPHA,PSI ,X2NEW,Y2NEW 

P I = 3 . 1 4 1 5 9 2 6 5  
X 1 D I F F = X 1 - X I  
X 2 D I F F = X 2 - X I  
Y 1 D I F F = Y 1 - Y I  
Y 2 D I F F = Y 2 - Y I
I F  (A B S (X 1 D IF F )  . L T . 0 . 0 0 0 0 0 1 ) X 1 D I F F = 0 . 0 0 0 0 0 1  
R=DSQ RT( X2D IFF *  * 2 + Y 2 D I F F * * 2 )
ALPHA=DATAN(Y 1 D I F F / X 1 D I F F )
W R I T E ( 1 0 , * ) X I , Y I , X I , Y l , X 1 D I F F , Y 1 D I F F  
W R I T E ( 1 0 , * ) X 2 , Y 2 , X 2 D I F F , Y 2 D I F F  
W R I T E ( 1 0 , * ) R,ALPHA 
CALL Q U A D (X 1 D IF F ,Y 1 D IF F ,A LP H A )
X2NEW=X2DIFF*DCOS(ALPHA)+Y2DIFF*DSIN(ALPHA)  
Y2NE W=Y2DIFF*DCOS(ALPHA)-X2DIFF*DSIN(ALPHA)
PSI= D A SIN (Y 2N EW /R )
CALL QUAD(X2NEW,Y2NEW,PSI)
BETA=PSI 
RETURN 
END

SUBROUTINE QUAD(X,Y,ANGLE)
DOUBLE P R EC IS IO N  ANGLE,X ,Y  

C DETERMINE QUADRANT IN  WHICH ANGLE I S  LOCATED
P I = 3 . 1 4 1 5 9 2 6 5  
ANGLE=ABS(ANGLE)

C QUADRANT 2
I F  (X . L T . 0 . • AND . Y • GE. 0 . ) ANGLE = P I - A N G L E
QUADRANT 3
I F  (X . L T . 0 . .AND . Y • LT. 0 . ) ANGLE = PI+ANGLE
QUADRANT 4
I F  (X .G E . 0 . .AND . Y • LT. 0 . ) ANGLE = 2 . * P I - A N G L E
RETURN
END
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SUBROUTINE S T A T I C ( I S R C E , X I , Z I , IAREA,DSTAT,DCORR)
C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2

GEOMETRY
COMMON/IGEOM/NBOUND( 4 ) , JN O D E ( 4 , 3 ) ,  KNODE( 4 , 3 ) , N A R E A , I C L O S E ( 4 , 3 ) ,

& NCONN( 7 2 0 ) , NORDER( 7 2 0 ) , NN SU RF ,N SU R F( 7 2 0 ) , N 3 ( 2 , 3 )  , NN3 
COMMON/RGEOM/X( 7 2 0 )  , Z ( 7 2 0 )
INTEGER NBOUND,JNODE,KNODE,NAREA, ICLOSE,NCONN,NORDER,NNSURF,

& N S U R F , N 3 , N N 3  
REAL X , Z

WAVE
COMMON/IWAVE/ IANGLE, NANGLE 
COMMON/RWAVE/ANGLE(4 )
COMMON/CWAVE/FBAR,VINCDT( 1 3 0 )
COMMON/AWAVE/ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

S O IL
COM MON/ISOIL /HALFSP
COMMON/RSOIL/UWTRAT( 4 ) , B E T A (4 )  , P O I S S (4)
COM MON/CSO IL /CSRAT(4 )
INTEGER HALFSP 
REAL UW TRA T,BE TA,P OI SS  
COMPLEX CSRAT

F R E E - F I E L D
C OM M ON /I F FL D /L T YP E ( 2 , 3 ) , N T O P ( 2 , 3 )  , NBOTT( 2 , 3 )  , NLAYER(2 )  ,

& J F F ( 2 , 3 ) , K F F ( 2 , 3 ) , FFDIM 
COMMON/R FF LD/ XSC ATT ,XF F( 2 , 1 0 0 )  , Z F F ( 2 , 1 0 0 )
COMMON/CFFLD/FFV( 2 , 1 0 0 ) , T C O R R ( 7 2 0 )  , H S V ( 2 )  , FF S X Y H ( 2 ,  1 0 0 )  ,

& HSSZYH ( 2 ) , S T I F F ( 1 0 , 1 0 )
INTEGER L TY PE , NTOP, NBOTT, N L A Y E R , J F F , K F F , FFDIM 
REAL X S C A T T , X F F , Z F F
COMPLEX F F V ,T C O R R ,H SV ,F F S X Y H ,H S S Z Y H ,  S T I F F  

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,  JCOL1  ( 7 3 0 )
COMMON/CMATRIX/HMAT( 7 2 0 , 7 2 0 ) , GMAT( 7 2 0 ,  7 3 0 ) ,

& F V E C T ( 7 2 0 ) , XVECT( 7 2 0 )
INTEGER N D IM ,G D IM ,H D I M ,A D IM ,J C O L 1  
COMPLEX HMAT,GMAT,FVECT,  XVECT

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/ EQN/ I E Q N ( 7 2 0 )
INTEGER IEQN

COMMON/ 1GAUS 5 / NGAUS S
COMMON/DGAUS5 / W T ( 3 ) ,W T F N ( 5 )  , X X ( 5 )
INTEGER NGAUSS
DOUBLE P R E C I S I O N  WT,WTFN,XX

COMMON/IGAUS3/NGAUS3
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COMMON/ DGAUS3 / WT3 (2 )  , WTFN3 (3 )  , XX3 (3 )
INTEGER NGAUS3
DOUBLE P R E C I S I O N  WT3, WTFN3, XX3

C
C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2  
C

REAL XGAUSS( 5 ) , Z GAU SS ( 5 ) , R A D I U S ( 5 ) , X N( 2 )
COMPLEX T ( 5 ) , DSTAT,DCORR

D S T A T = ( 0 . 0 , 0 . 0 )
DCORR=< 0 . 0 ,  0 . 0)
P I = 4 . *ATAN( 1 . 0 )
CALCULATE INFLUENCE FUNCTIONS 
DO 70  IBOUND=l ,NBOUND(IAREA)
JNO = JN O D E( IA R E A, IB O UN D )
W R I T E ( 1 0 , * ) ' INODE = 1, INODE

I I S R C E = I S R C E
I F ( I C L O S E ( I A R E A , I B O U N D )  . E Q . 0 ) THEN
NNODE=KNODE(IAREA, IBOUND)- 1  
ELSE
NNODE=KNODE(IAREA,IBOUND)
I F ( I S R C E  .E Q .  JN O ) I I S R C E = N N O D E + l  
END I F

DO 60 I N O D E = J N O D E ( I A R E A , IB O U N D ) , NNODE 
X 1 =X( INO DE)
Z 1 = Z ( I N O D E )

I F ( I N O D E  . N E .  K N O D E ( I A R E A , I B O U N D )) THEN 
X 2= X ( IN O D E + 1 )
Z 2 = Z ( I N O D E + 1 )
ELSE
X 2 = X ( JN O )
Z 2 = Z ( J N O )
END I F

SEGLE N=SQR T( ( X 2 - X 1 ) * * 2 + ( Z 2 - Z l ) * * 2 )
D I F F = A B S ( X 2 - X 1 )
I F ( D I F F  . L T .  . 0 0 0 0 1 ) THEN 
D I S T = X 2 - X I  
ELSE
S L O P E = ( Z 2 - Z 1 ) / (X 2 - X 1 )
D I S T = ( Z I - Z 2 - S L O P E * ( X I - X 2 ) ) / S Q R T (S L O P E * * 2 + 1 )
END I F
D I S T = A B S ( D I S T )
W R I T E ( 1 0 , * ) IS R C E , I N O D E , S E G L E N  
I F  ( D I S T  . L T .  0 . 0 0 0 0 0 1 )  GO TO 10 
I F  ROTAT .G T .  0 .  CLOCKWISE , D I S T / R A D I U S  = -  
I F  ROTAT . L T .  0 .  COUNTERCLOCKWISE, D I S T / R A D I U S  = + 
CALL R O T A T E ( X 1 , Z 1 , X 2 , Z 2 , X I , Z I , R O T A T )
I F ( R O T A T  . G T .  P I ) R O T A T = - l . * ( 2 . * P I - R O T A T )
I F ( R O T A T  . G T .  0 . )  D I S T = - 1 . * D IS T  

10  CONTINUE 
C

DO 40IGAUSS=1,NGAUS3
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X G A U S S ( I G A U S S )= ( X X 3 ( I G A U S S ) + 1 . 0 ) * ( X 2 - X 1 ) / 2 . 0+X1 
ZGAUSS( IGAUSS)  = ( X X 3 ( I G A U S S ) + 1 . 0 ) * ( Z 2 - Z 1 )  / 2 . 0+Z1  
R A D I U S ( I G A U S S ) = S Q R T ( ( X G A U S S ( I G A U S S ) - X I ) * * 2  

& + ( Z G A U S S ( I G A U S S ) - Z I ) * * 2 )

T ( I G A U S S ) =
& - 1 . 0 / ( 2 . 0 * P I ) * D I S T / ( R A D I U S ( I G A U S S ) * R A D I U S ( I G A U S S ) )

40 CONTINUE
I F  ( INODE .N E .  ISR CE)  THEN 

DSTAT= DSTAT 
& + (W T 3 ( 1 ) *WT FN3 ( 1 ) * T ( 1 ) +W T3 ( 2 ) *WTFN3(2 )  * T (2)
& + WT3 (1 )  *WTFN3 (3 )  *T (3 )  ) *SEGL EN/ 2  .

ELSE

DCORR= DCORR 
& + (W T 3 ( 1 ) *WT FN3 ( 1 ) * T ( 1 ) +W T3 ( 2 ) *WTFN3( 2 ) * T (2)
& + W T 3 ( 1 ) *W TF N3( 3 ) *T ( 3 ) ) * S E G L E N / 2 .
END IF

I I NO DE =  INODE + 1
I F  ( I IN O D E  . N E .  ISRC E .AND.

& I INO DE . N E .  I I S R C E ) T H E N
DSTAT=DSTAT

& + (WT3 ( 1 )  *WTFN3 (3 )  *T ( 1 ) +WT3 (2 )  *WTFN3 (2 )  *T (2 )
& + W T 3 ( 1 ) *W T F N3 ( 1 ) * T ( 3 ) ) * S E G L E N / 2 .

ELSE
DCORR=DCORR

& + (W T 3( 1 ) *WT FN3 ( 3 ) * T ( 1 ) +W T3 ( 2 ) *WTFN3(2 )  * T (2 )
& + WT3 (1 )  *WTFN3 ( 1 )  *T (3 )  ) *S EGL EN/ 2  .

END I F
C

50  CONTINUE 
60 CONTINUE 
7 0 CONTINUE

C
I F  (NLAYER(1 )  . G T .  0 . O R.  NLAYER(2 )  . G T .  0 ) THEN
DO I S I D E  = 1 , 2
LAYER=0

C
IF ( NBO UN D( IA RE A)  . E Q .  1 ) THEN 

DO I L A Y E R = 1 , N L A Y E R ( I S I D E )
N l = N T O P ( I S I D E , I L A Y E R )
N 2 = N B O T T ( I S I D E , I L A Y E R )
I F ( N 1  . G T .  N 2 ) THEN
NTEMP=N1
N1=N2
N2=NTEMP
END I F
I F ( I S R C E  . G E .  N1 .AND.  ISRC E . L E . N 2 ) THEN
LAYE R=ILAYER
GO TO 7 5
END I F
END DO
GO TO 2 0 0
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75 CONTINUE
ELSE

C
DO ILAYER = 1 , NLAYER( I S I D E )

I F ( L T Y P E ( I S I D E , I L A Y E R )  .E Q .  IAREA) LAYER=ILAYER 
END DO

C W R I T E ( 8 0 , * ) ' I S I D E , L A Y E R ' , I S I D E , L A Y E R
I F ( L A Y E R  . E Q .  0)  THEN
W R I T E ( * , * ) 'PROBLEM IN  SUBROUTINE CORRECT'
PAUSE 
STOP 
END I F

END I F
C

X 1 = X F F ( I S I D E , L A Y E R )
X 2 = X F F ( I S I D E , L A Y E R )
DO 1 5 0  I N O D E = J F F ( I S I D E , L A Y E R ) , K F F ( I S I D E ,  LAY E R) - 1  
S E G L E N = A B S ( Z F F ( I S I D E , I N O D E + 1 ) - Z F F ( I S I D E , I N O D E ) ) 
X N ( 1 ) = ( Z F F ( I S I D E , I N O D E ) - Z F F ( I S I D E , I N O D E + 1 ) ) /SEGLEN 
X N ( 2 ) = 0 . 0

C
Z 1 = Z F F ( I S I D E , I N O D E )
Z2 = ZFF ( I S I D E , I N O D E + 1 )

C
SEGLEN=SQRT( (X 2 -X 1)  * * 2 + ( Z 2 - Z 1 ) * * 2 )
D I F F = A B S ( X 2 - X 1 )
I F ( D I F F  . L T .  . 0 0 0 0 1 ) THEN
D I S T = X 2 - X I
ELSE
SLOPE= ( Z 2 - Z 1 ) / ( X 2 - X 1 )
D I S T = ( Z I - Z 2 - S L O P E * ( X I - X 2 ) ) / S Q R T ( S L O P E * * 2 + l )
END IF
D I S T = A B S ( D I S T )

C W R I T E ( 1 0 , * ) I S R C E , I N O D E ,S E G L E N
I F  ( D I S T  . G T .  0 . 0 0 0 0 0 1 )  THEN
I F  ROTAT . G T .  0 .  CLOCKWISE , D I S T / R A D I U S  =  -  
I F  ROTAT . L T .  0 .  COUNTERCLOCKWISE, D I S T / R A D I U S  =  + 
CALL R O T A T E ( X I , Z 1 , X 2 , Z 2 , X I , Z I , R O T A T )
IF(ROTAT .G T .  PI)ROTAT=-l.* ( 2 .*PI-ROTAT)
I F ( R O T A T  . G T .  0 . )  D I S T = - 1 . * D IS T  
END I F

DO 14 0 IG A U S S =1 ,N G A U S 3
X G A U S S ( I G A U S S ) = X F F ( I S I D E , L A Y E R )
ZGAUSS( IGAUSS)  =  ( X X 3 ( I G A U S S ) + 1 . 0 ) * ( Z 2 - Z 1 )  / 2  . 0+Z 1  
R A D I U S ( I G A U S S ) = S Q R T ( ( X G A U S S ( I G A U S S ) - X I ) * *2  

& + ( Z G A U S S ( I G A U S S ) - Z I ) * * 2 )

T ( I G A U S S ) =
& - 1 . 0 / ( 2 . 0 * P I ) * D I S T / ( R A D I U S ( I G A U S S ) * R A D I U S ( I G A U S S ) )

1 3 0  CONTINUE 
1 4 0  CONTINUE

C
D I S T = S Q R T ( ( X I - X F F ( I S I D E , L A Y E R ) ) * * 2  + ( Z I - Z F F ( I S I D E , I N O D E ) ) * * 2 )
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I F  ( D I S T  .G E .  0 . 0 0 0 0 1 )  THEN 
DSTAT= DSTAT 

& + (W T 3 ( 1 ) *WT FN3( 1 ) * T ( 1 ) + W T 3 ( 2 ) *WTFN3(2 )  * T (2 )
& + W T 3 ( 1 ) *WT FN3( 3 ) * T ( 3 ) ) * S E G L E N / 2 .

C
END I F

C
I I NO DE = INODE + 1
D I S T = S Q R T ( ( X I - X F F ( I S I D E , L A Y E R ) ) * * 2  + ( Z I - Z F F ( I S I D E , I I N O D E ) ) * * 2 )  

I F  ( D I S T  . G E .  0 . 0 0 0 0 1 )  THEN 
DSTAT=DSTAT

& + (WT3 (1 )  *WTFN3 (3 )  *T ( 1 ) +WT3 (2 )  *WTFN3 (2 )  *T (2 )
& + W T 3 ( 1 ) *WTFN3( 1 ) * T { 3 ) ) * S E G L E N /2 .

END I F
C

1 5 0  CONTINUE

2 00 CONTINUE
END DO

C
END IF
DSTAT= -DSTAT 
IF(IAREA .EQ. HALFSP)THEN 
DSTAT=(1.0,0.0)+DSTAT 
END IF

C
C
C WRITE(*,*)'ISRCE = ISRCE
C WRITE ( * , 9 0 0 0 )
C 9 0 0 0  FORMAT('DSTAT')
C W R I T E ( * , 9 0 1 0 ) DSTAT
C 9 0 1 0  F O R M A T ( 2 F 1 0 . 3 , 5X,  2 F 1 0 . 3 )
C
C
C W R I T E ( * , 9 0 2 0 )
C 9 0 2 0  FORMAT( / ' D C O R R ' )
C WRITE ( * , 9 0 3 0 ) DCORR
C 9 0 3 0  F O R M A T ( 2 F 1 0 . 3 , 5 X , 2 F 1 0 . 3 )
C W R I T E ( * , 9 0 4 0 )
C 9 0 4 0  FORMAT( / ' C i j ' )
C W R I T E ( * , 9 0 5 0 ) (DSTAT-DCORR)
C 9 0 5 0  F O R M A T ( 2 F 1 0 . 3 , 5 X , 2 F 1 0 . 3 )
C
C PAUSE
C
C
C
C

RETURN
END
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SUBROUTINE C O R R C T ( I S R C E , X I , Z I , I A R E A )
2 3 4 5  6 7 8  9 1 1 2 3 4 5 6 7 8  9 2 1 2 3 4 5 6 7 8  9 3 1 2 3 4 5 6 7 8  9 4 1 2 3 4 5 6 7 8  9 5 1 2 3 4 5 6 7 8  9 6 1 2 3 4 5  6 7 8  9 7 1 2

GEOMETRY
COMMON/IGEOM/NBOUND( 4 ) , J N O D E ( 4 , 3 ) , KNODE( 4 , 3 ) , N A R E A , I C L O S E ( 4 , 3 ) ,

& NCONN( 7 2 0 ) , NORDER( 7 2 0 ) , NNSURF, N S U R F ( 7 2 0 ) , N 3 ( 2 , 3 ) , NN3 
COMMON/RGEOM/X( 7 2 0 )  , Z ( 7 2 0 )
INTEGER NBO UND ,J NODE,KNODE,NAREA, ICLOSE,  NCONN,NORDER,NNSURF,

& N S U R F , N 3 ,N N 3  
REAL X , Z

WAVE
COMMON/IWAVE/ IANGLE, NANGLE 
COMMON/ RWAVE/ ANGLE(4 )
COMMON/CWAVE/FBAR, V I N C D T ( 1 3 0 )
COMMON/ AWAVE/ ATYP E 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

S O I L
COMMON/IS OIL /H ALF SP
COMMON/RSOIL/UWTRAT( 4 ) , B E T A ( 4 ) , P O I S S (4 )
COMMON /CSO IL /CSRA T(4 )
INTEGER HALFSP
REAL UW TR A T, B E TA ,P O IS S
COMPLEX CSRAT

F R E E - F I E L D
C O M M O N /I FF LD /L T Y P E ( 2 , 3 ) , N T O P ( 2 , 3 ) , NBO TT ( 2 , 3 ) , NLAYER( 2 ) ,

& J F F ( 2 , 3 ) , K F F ( 2 , 3 ) , FFDIM 
COM MON /RF FL D/ XSC ATT ,X FF ( 2 , 1 0 0 ) , Z F F ( 2 , 1 0 0 )
COMMON/CFFLD/FFV( 2 , 1 0 0 ) , TCORR( 7 2 0 ) , H S V ( 2 ) , F F S X Y H ( 2 , 1 0 0 ) ,

& H S S ZY H ( 2 ) , S T I F F  ( 1 0 , 1 0 )
INTEGER LTYP E, NTOP, NBOTT, NLAYER, J F F , K F F , FFDIM 
REAL X S C A T T , X F F , Z F F
COMPLEX F F V , T C O R R , H S V , F F S X Y H , H S S Z Y H , S T I F F

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT( 3 ) , W T F N ( 5 )  , X X ( 5 )
INTEGER NGAUSS
DOUBLE P R E C I S I O N  WT,WTFN,XX

COMMON/ 1GAUS 3 / NGAUS 3
COMMON/ DGAUS3 / WT3 ( 2 ) , WT F N3 (3 )  , X X 3 (3 )
INTEGER NGAUS3
DOUBLE P R E C I S I O N  WT3, WTFN3, XX3

C
C 2 3 4 5  6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5  6 7 8 9 3 1 2 3 4 5  6 7 8 9 4 1 2 3 4 5  67 8 9 5 1 2 3 4 5  67 8 9 6 1 2 3 4 5  67 8 9 7 1 2  
C

REAL XGAUSS( 5 ) , ZGAUSS( 5 ) , R A D I U S (5 )
COMPLEX G ( 5 ) , T ( 5 ) , X K S R ,H 0 1 K S R ,H 1 1 K S R , V C O R R ,  STCORR

C
P I = 4 . *ATAN( 1 . 0 )
T C O R R ( I S R C E ) = ( 0 . 0 , 0 . 0 )
STC O R R= ( 0 . 0 , 0 . 0 )
VCORR=( 0 . 0 , 0 . 0 )
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C W R I T E < 8 0 , * ) ' I S R C E ' , ISR C E
C
C
C
C
C CALCULATE INFLUENCE FUNCTIONS

DO 60 I S I D E = 1 , 2  
LAYER=0

C
IF( NBO UN D( IA RE A)  . E Q . 1 ) THEN 

DO 4 I L A Y E R = 1 , N L A Y E R ( I S I D E )
N l = N T O P ( I S I D E , I L A Y E R )
N 2 = N B O T T ( I S I D E , I L A Y E R )
I F ( N 1  . G T .  N 2 ) THEN
NTEMP=N1
N1=N2
N2=NTEMP
END I F
I F ( I S R C E  . G E .  N1 .AND.  ISRCE . L E . N 2 ) THEN 
LAYER=ILAYER 

C W R I T E ( 8 0 , * ) ' I S I D E , L A Y E R ' , IS I D E , L A Y E R
GO TO 6 
END I F  

4 CONTINUE
C W R I T E ( * , * ) ' S ID E  = ' , I S I D E , ' I S  NOT INCLUDED IN  CORRECTION'

GO TO 60
6 CONTINUE

END I F
C

IF ( N B O U N D ( IAREA) . G T . 1 ) THEN 
DO 7 ILAYER = 1 , NLAYER( I S I D E )
I F ( L T Y P E ( I S I D E , I L A Y E R )  . E Q .  IAREA) LAYER=ILAYER

7 CONTINUE
C W R I T E ( 8 0 , * ) ' I S I D E , L A Y E R ' , I S I D E , L A Y E R .

I F ( L A Y E R  . E Q .  0)  THEN
W R I T E ( * , * ) 'PROBLEM IN  SUBROUTINE CORRECT'
PAUSE 
STOP 
END I F

END I F
C

DO 5 0  I N O D E = J F F ( I S I D E , L A Y E R ) , K F F ( I S I D E , L A Y E R ) - 1  
S E G L E N = A B S ( Z F F ( I S I D E , I N O D E + 1 ) - Z F F ( I S I D E , I N O D E ) )
CALCULATE INFLUENCE FUNCTIONS 
W R I T E ( 1 0 , * ) ' INODE = ' , INODE 
D I S T = X F F ( I S I D E , L A Y E R ) - X I  
D I S T = A B S ( D I S T )
W R I T E ( 1 0 , * ) I S R C E , I N O D E ,S E G L E N  
X 1 = X F F ( I S I D E , L A Y E R )
X 2 = X F F ( I S I D E , L A Y E R )
Z 1 = Z F F ( I S I D E , I N O D E )
Z 2 = Z F F ( I S I D E , I N O D E + 1 )
I F  ( D I S T  . L T .  0 . 0 0 0 0 0 1 )  GO TO 10 
I F  ROTAT . G T .  0 .  CLOCKWISE , D I S T /R A D I U S  =  -  
I F  ROTAT . L T .  0 .  COUNTERCLOCKWISE, D I S T / R A D I U S  = +
CALL R O T A T E ( X 1 , Z 1 , X 2 , Z 2 , X I , Z I , R O T A T )
IF ( R O T A T  . G T .  P I ) R O T A T = - l . * ( 2 . *P I - R O T A T )
IF ( R O T A T  . G T .  0 . )  D I S T = - 1 . *D IST
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10 CONTINUE
DO 4 0 IG A U S S = 1 , NGAUS3
X G A U S S ( I G A U S S )= ( X X 3 ( I G A U S S ) + 1 . 0 ) * ( X 2 - X 1 ) / 2 . 0+X1 
Z G A U S S ( IG A U S S )= ( X X 3 ( I G A U S S ) + 1 . 0 ) * ( Z 2 - Z 1 ) / 2 . 0 +Z 1  
R A D I U S ( I G A U S S ) = S Q R T ( ( X G A U S S ( I G A U S S ) - X I ) * * 2  

& + ( Z G A U S S ( I G A U S S ) - Z I ) * * 2 )
X K S R = F B A R * R A D IU S ( I G A U S S ) / C S R A T ( IAREA)
CALL HANKEL( 0 , XKSR,HO1KSR)
CALL HANKEL( 1 , X K S R ,H I 1K S R )

C
G ( I G A U S S ) = ( 0 . 0 , 0 . 2 5 ) *H01KSR

C
T ( I G A U S S ) =

& ( 0 . 0 ,  - 0 . 2 5 ) * F B A R / C S R A T ( I A R E A ) * D I S T / R A D I U S ( I G A U S S )  *H11KSR
C

40 CONTINUE

W R I T E ( 8 0 , * ) ' IN O D E ' , INODE 
CORRECTION TO STRAIN

3 POINT GAUSSIAN QUADRATURE 
STCORR=

& ( (W T 3( 1 ) *WTFN3( 1 ) * G ( 1 ) + W T 3( 2 ) *WTFN3( 2 ) * G ( 2 )
& + W T 3 ( 1 ) *WTFN3( 3 ) * G ( 3 ) ) *  FFS XYH ( I S I D E , I N O D E )
& + (WT3 (1 )  *WTFN3 ( 3 )  *G ( 1 ) +WT3 (2 )  *WTFN3 (2 )  *G (2 )
& + W T 3 ( 1 ) *WTFN3( 1 ) *G (3 )  ) *  F F S X Y H ( I S I D E , I N O D E + 1 )  )
& * S E G L E N /2 . 0

IN  -X  REGION,  d v / d n  =  - d v / d x  
I F ( I S I D E  . E Q .  1 ) STCORR= - 1 . 0 * S T C O R R

3 POINT QUADRATURE 
CORRECTION TO DISPLACEMENT 
VCORR=

& ( (WT3 ( 1 )  *WTFN3 (1 )  *T ( 1 ) +WT3 (2 )  *WTFN3 ( 2 )  *T (2 )
& + WT3 ( 1 )  *WTFN3 (3 )  *T (3 )  ) * F F V ( I S I D E ,  INODE)
& + (WT3 (1 )  *WTFN3 (3 )  *T ( 1 ) +WT3 (2 )  *WTFN3 (2 )  *T (2 )
& + W T 3( 1 ) *WT FN3( 1 ) * T ( 3 ) ) *  F F V ( I S I D E , I N O D E + 1 )  )
& * S E G L E N /2 . 0

C
TCORR( I S R C E ) = T C O R R ( ISRCE) -VCORR+STCORR 

C W R I T E ( 8 0 , * )V C O R R ,S T C O R R ,T C O R R ( IS R C E )
50  CONTINUE 
60 CONTINUE

C
RETURN
END
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SUBROUTINE HSCORR( I S R C E , X I , Z I , I A R E A )
CALCULATE INTEGRAL OF HANKEL FUNCTION H01KSR 
BETWEEN 0 . 0 0 0 1  AND I N F I N I T Y  

4 5 6 7 8  9 1 1 2 3 4 5 6 7 8  9 2 1 2 3 4 5 6 7 8  9 3 1 2 3 4 5 6 7 8  9 4 1 2 3 4 5 6 7  8 9 5 1 2 3 4 5 6 7  8 9 6 1 2 3 4 5  6 78  9 7 1 2  
DOUBLE P R E C I S I O N  T O L E R , P I  
COMPLEX AREA,XKH1

GEOMETRY
COMMON/IGEOM/NBOUND( 4 ) , JN O D E ( 4 , 3 ) , KNODE( 4 , 3 ) , N A R E A , I C L O S E ( 4 , 3 ) ,  

& NCONN( 7 2 0 ) , NORDER( 7 2 0 ) , NN SU RF ,N SU R F( 7 2 0 ) , N 3 ( 2 , 3 ) , NN3 
COMMON/RGEOM/X( 7 2 0 )  , Z ( 7 2 0 )
INTEGER NBOUND,JNODE,KNODE,NAREA, ICLOSE,NCONN,NORDER,NNSURF,

& N S U R F , N 3 , N N 3  
REAL X , Z

WAVE
COMMON/IWAVE/ IANGLE, NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,VINCDT( 1 3 0 )
COMMON/ AWAVE/ ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

S O I L
COMMON/ISOIL /HALFSP
COMMON/RSOIL/UWTRAT( 4 ) , B E T A ( 4 ) , P O I S S (4 )
COMMON/CSOIL /CSRAT(4)
INTEGER HALFSP
REAL UW TRA T,BE TA,P OI SS
COMPLEX CSRAT

F R E E - F I E L D
CO M MO N /I FF LD /LT YP E( 2 , 3 ) , N T O P ( 2 , 3 ) , NBOTT( 2 , 3 ) , NLAYER( 2 ) ,

& J F F ( 2 , 3 ) , K F F ( 2 , 3 ) , FFDIM 
COM MON/RFFLD/XSCA TT,XFF( 2 , 1 0 0 ) , Z F F ( 2 , 1 0 0 )
COMMON/CFFLD/FFV( 2 , 1 0 0 ) , T C O R R ( 7 2 0 ) , H S V ( 2 )  , FF S X Y H ( 2 , 1 0 0 ) ,

& HS SZY H( 2 ) , S T I F F  ( 1 0 , 1 0 )
INTEGER L TYP E, NTOP, NBOTT, N L A Y E R , J F F , K F F , FFDIM 
REAL X S C A T T , X F F , Z F F
COMPLEX FF V ,T C O R R ,H S V ,F F S X Y H ,H S S Z Y H ,  S T I F F

COMMON/IGAUS 5 /NGAUS S 
COMMON/DGAUS5/WT( 3 ) , W T F N ( 5 ) , X X ( 5 )
INTEGER NGAUSS
DOUBLE P R E C I S I O N  WT,WTFN,XX

C
C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2  
C

COMPLEX VCORR,STCORR
C

TCORR( I S R C E ) =  ( 0 . 0 ,  0 . 0 )
STCO RR= ( 0 . 0 , 0 . 0 )
VCORR=( 0 . 0 , 0 . 0 )

C W R I T E ( 8 0 , * ) ' I S R C E ' , I S R C E
P I = 3 . 1 4 1 5 9 2 6 5 3 5D0
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T O L E R = . 0 0 5 0 D 0  
XKSH1=FBAR/CSRAT(HALFSP)
X K H 1 = C 0 S (A N G L E ( I A N G L E ) / 5 7 . 2 9 5 7 7 9 5 1 ) *F BAR /CS RAT (H ALF SP )

C
XMX=COS(ANGLE( IANGLE) / 5 7 . 2 9 5 7 7 9 5 1 )

C
I F ( A N G L E ( I A N G L E )  . L T . 0 . 0 0 0 1 ) T H E N  
XMX=0. 9 9 9 9 9 9  
END I F

C
DO 3 0  I S I D E  = 1 , 2  
A RE A =( 0 . 0 , 0 . 0 )

C W R I T E ( * , 9 0 0 0 ) I S I D E
9 0 0 0  F O R M A T ( / 5 X , ’ WORKING ON S ID E  ’ , 1 1 )

A = 0 . 0 0 0 1
I F  ( I S I D E  . E Q .  1 ) THEN
B= X I - X ( K N O D E (H A L F S P , N B O U N D ( H A L F S P ) ) )
S IGN  = - 1 . 0  
END I F
I F  ( I S I D E  .E Q .  2 ) THEN
B= X (JN O D E (H A L F S P , N B O U N D (H A L F S P ) ) ) - X I  
S IG N = + 1 . 0  
END I F

ALPHA =  Ks  , ZETA = K 
ALPHA=XKSH1 
ZETA=XKH1

CALL N U M I N T G R ( 1 , 0 , A L P H A , Z E T A , A , B ,  A J S I N E )
CALL NUMINTGR( 2 , 0 , A L P H A , Z E T A , A , B , A J C O S )
CALL NUMINTGR( 3 , 0 , A L P H A , Z E T A , A , B , A Y S I N E )
CALL NUMINTGR( 4 , 0 , A L P H A , Z E T A , A , B , A Y C O S )
AREA= (A J C O S - S I G N * A Y S I N E ) + ( 0 . 0 , 1 . 0 ) * ( A YC OS +S IG N *A JS IN E)
AREA= -AREA
INTEGRAL FROM 0 TO I N F I N I T Y
& + ( 1 . 0 , 0 . 0 ) / ( ( F B A R / C S R A T ( H A L F S P ) ) * S I N ( A N G L E ( IA N G L E ) / 5 7 . 2 9 5 7 7 9 5 1 )  ) 

& + ( 1 . 0 , 0 . 0 ) / ( (F B A R / C S R A T ( H A L F S P ) ) * S Q R T ( 1 . 0-XMX*XMX) )
& * ( 1 . 0 - S I G N *  2 . 0 / P I * ( P I / 2 . - A N G L E ( I A N G L E ) / 5 7 . 2 9 5 7 7 9 5 1 ) )  

AREA=AREA*CEXP( ( 0 . 0 , 1 . 0 ) *XKH1*XI )
STCORR =  i / 4 * A R E A * S T R A I N
STCORR= ( 0 . 0 , 1 . 0 ) / 4 . 0 * A R E A * H S S Z Y H ( I S I D E )
APPLY CORRECTION TO FVECT ; STCORR= -STCORR 
STCORR= - 1 . 0*STCORR 
VCORR=( 0 . 0 ,  0 . 0 )
TCORR( I S R C E ) = T C O R R ( ISRCE) -VCO RR+ ST COR R 
W R I T E ( * , * ) 1ISRC E = ' , I S R C E , '  AREA = ' , AREA 
W R I T E ( * , * ) 1ISRC E =  ' , I S R C E , ' STCORR = ' , STCORR 
W R I T E ( * , * ) ' ISR C E  =  ' , I S R C E , ' TOTAL CORR = ' , TCORR( ISRCE)

30  CONTINUE 
RETURN 
END

SUBROUTINE NUMINTGR( I F U N C , N U , A L P H A , Z E T A , A , B , A R E A )  
DIMENSION R ( 5 ) , Y (5 )



2 3 6

DOUBLE P R E C I S I O N  A O L D, A T OT ,A D E L TA ,D IF F
C

COMMON/IGAUS5/NGAUSS
COMMON/DGAUS5 / W T ( 3 ) , W T F N ( 5 ) , X X ( 5 )
INTEGER NGAUSS
DOUBLE P R E C I S I O N  WT,WTFN,XX

C
C

HDELTA=B-A
C

A R E A = 0 . 0
IF ( A B S (H D E L T A )  . L T . 0 . 0 0 0 0 1 ) T H E N
RETURN
END I F

C
I F ( A  . L T .  1 . 0  .AND.  B . G T .  2 . 0 ) THEN
AA=A
B B = 2 . 0
NCYCLE =2
ELSE
AA=A
BB=B
NCYCLE=1 
END I F
DO 5 0 IC Y C L E  = 1 , NCYCLE 
HDELTA =BB-AA 
A O L D = 9 . 9 9 9 9 9 D 2 0  
T O L E R = 0 . 0 0 5  

10 CONTINUE 
A T O T = 0 . 0D0 
N = ( B B - A A ) / H D E L T A  

C W R I T E ( * , * ) ' N  = ' , N
DO 4 0 1 = 1 , N 
A AA =( I - 1 ) *HDELTA+AA 
DO 2 0 J = 1 , N G A U S S
R ( J ) =  AAA + (X X (J ) + 1 . 0 D 0 ) * HDELTA/2 . 0D0 
CALL YVALUE( IF U N C ,N U , A L P H A ,Z E T A ,  R ( J )  , Y ( J )  )

2 0  CONTINUE
A DEL TA= HDE LTA /2 . ODO*(WT( 1 ) * Y ( 1 ) + W T ( 2 ) * Y ( 2 ) + W T ( 3 ) * Y ( 3 ) + 

& WT (2) *Y ( 4 )  +WT (1 )  *Y ( 5 )  )
ATOT=ATOT+ADELTA 

40 CONTINUE
DIFF=DAB S(ATO T-A OLD )

C W R I T E ( * , * ) 'ATOT = ' , ATOT
I F  ( D I F F  . G T .  TOLER ) THEN 
HDE LTA =H DEL TA/ 2 . 0  
AOLD=ATOT 
GO TO 10 
END I F
AREA=ATOT+AREA 
AA=BB 
BB=B 

50  CONTINUE 
C W R I T E ( * , * ) 'AREA =  ' , AREA

RETURN 
END

SUBROUTINE YVALUE( I F U N C , IO R D E R , A L P H A , Z E T A ,  R,  Y)
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c
COMMON/IGAUS5/NGAUSS
COMMON/DGAUS5 / W T ( 3 ) , W T F N ( 5 ) , X X ( 5 )
INTEGER NGAUSS
DOUBLE P R E C I S I O N  WT,WTFN,XX

C
DOUBLE P R E C I S I O N  JN , Y N

C
GO TO ( 1 0 , 2 0 , 3 0 , 4 0 ) ,  IFUNC 

10  CONTINUE 
X=ALPHA*R
CALL J N U ( I O R D E R , X , J N )
Y = J N * S I N ( Z E T A * R )
GO TO 9 9 9 9  

2 0  CONTINUE 
X=ALPHA*R
CALL J N U ( I O R D E R , X , J N )
Y = J N * C O S ( ZETA*R)
GO TO 9 9 9 9  

30 CONTINUE 
X=ALPHA*R
CALL YNU( IOR DE R, X, Y N)  
Y= YN *S IN (Z ET A *R )
GO TO 9 9 9 9  

40  CONTINUE 
X=ALPHA*R
CALL YNU( IO R D E R ,X ,  YN)
Y=YN*COS(ZETA*R)

C
9 9 9 9  CONTINUE 

RETURN 
END

SUBROUTINE J N U ( I O R D E R , X R E A L ,J N )

B ES SE L FUNCTION ( J n )  OF A COMPLEX ARGUMENT 
INTERGRATION USING 5 P O IN T  GAUSSIAN QUADRATURE 
**********************************************

C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2  
C

COMMON/IGAUS5 /NGAUSS
COMMON/DGAUS5 / W T ( 3 ) , WTFN( 5 ) , X X ( 5 )
INTEGER NGAUSS
DOUBLE P R E C I S I O N  WT,WTFN,XX

C
DOUBLE P R E C I S I O N  TOLER,HDELTA,AOLD,

& X ( 5 ) , Y ( 5 ) , A T O T , D I F F , A D E L T A , P I , A A , A , B  
DOUBLE P R E C I S I O N  J N

C
Z=XREAL
P I = 3 . 1 4 1 5 9 2 6 5 3 5D0 
T O L E R = . 0 0 0 0 1 D 0  

C CALCULATE BESSEL FUNCTION OF 1ST  KIND ( JN)
A = 0 . 0 D 0
B = P I



238

HDELTA=B-A 
A 0 L D = 9 . 9 9 9 9 9 D 2 0  

10 CONTINUE 
A T O T = 0 . 0  
N = ( B - A ) / H D E L T A  
DO 2 0 1 = 1 , N 
AA= ( I —1 ) *HDELTA+A 
DO 1 5 J = l , N G A U S S
X ( J ) =  AA + (X X ( J ) + 1 . 0 D 0 ) * HDE LTA/2 . 0D0 
Y ( J ) =  DCOS(XREAL* D S I N ( X ( J ) ) - I O R D E R * X (J ) )

15  CONTINUE
ADELTA=HDELTA/2 . 0D0* (WT ( 1 )  * Y ( 1 )  +WT ( 2 )  *Y (2 )  +WT (3 )  *Y (3 )  + 

& WT (2 )  *Y (4 )  +WT (1 )  * Y ( 5 )  )
ATOT=ATOT+ADELTA 

2 0  CONTINUE
D IFF =A BS( AT OT -A O LD )
I F  ( D I F F  . G T .  TOLER) THEN 
HDELTA =H DEL TA/2 . 0  
AOLD=ATOT 
GO TO 10 
END I F  

2 5  CONTINUE
JN= ATOT/PI
RETURN
END

SUBROUTINE YNU( IORDER,XREAL,YN)
0  **********************************************
C BESSEL  FUNCTION (Yn)  OF A COMPLEX ARGUMENT
C INTERGRATION USING 5 PO INT  GAUSSIAN QUADRATURE
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2  
C

COMMON/IGAUS 5/NGAUSS
COMMON/DGAUS5 / W T ( 3 ) , WTFN(5 )  , X X ( 5 )
INTEGER NGAUSS
DOUBLE P R E C I S I O N  WT,WTFN,XX

C
DOUBLE P R E C I S I O N  TOLER,HDELTA,AOLD,

& X ( 5 ) , Y ( 5 ) , A T O T , D I F F , A D E L T A , P I , C A L C , A A , A , B  
DOUBLE P R E C I S I O N  YN

C
C CALCULATE BESSEL  FUNCTION OF 2ND KIND,  ORDER N (YN)

P I = 3 . 1 4 1 5 9 2 6 5 3 5D0 
T O L E R = 0 . 0 0 0 0 1  
A=0  .
B = P I
HDELTA=B-A 
A O L D = 9 . 9 9 9 9 9 D 2 0  

3 0  CONTINUE
N = ( B - A ) / H D E L T A
A T O T = 0 . 0
DO 5 0 1 = 1 , N
AA= ( I —1 ) *HDELTA+A
DO 4 0 J = 1 , N G A U S S
X ( J ) =  AA + (X X (J ) + 1 . 0 D 0 ) * H D E L T A / 2 . 0D0 
Y ( J ) = DS IN (X R E AL *  D S I N ( X (J ) ) - I O R D E R * X ( J ) )



40 CONTINUE
A DEL TA= HDE LTA /2 . 0 D 0 * ( W T ( 1 ) * Y ( 1 ) + W T ( 2 ) * Y ( 2 ) + W T (3)* Y (3)+

& W T ( 2 ) * Y ( 4 ) + WT( 1 ) *  Y ( 5 ) )
ATOT=ATOT+ADELTA 

50  CONTINUE
DI FF =A BS( ATO T-A OLD )
I F  ( D I F F  . G T .  TOLER) THEN 
HDELTA =H DEL TA/2 . 0  
AOLD=ATOT 
GO TO 30  
END I F  

5 5  CONTINUE 
YN=ATOT 
A=0 .
B =1 0  .
H DEL TA= 1 . 0  
HDELTA=B-A 
A O L D = 9 . 9 9 9 9 9 D 2 0  

60 CONTINUE 
A T O T = 0 . 0  
N = ( B - A ) / H D E L T A  
DO 8 0 1 = 1 , N 
AA= ( 1 - 1 ) *HDELTA+A 
DO 7 0 J = 1 , N G A U S S
X ( J ) =  AA + (X X (J ) + 1 . ODO) * HDELTA/2 . 0D0 
CALC =X REA L*D SIN H(X (J ) )
I F ( C A L C  . G T .  4 0 . ) C A L C = 4 0 .
Y ( J )  =

& (D E X P ( IO R D E R * X (J ) ) + D E X P ( ( - 1 . ) * I O R D E R * X ( J ) ) * D C O S ( I O R D E R * P I ) ) 
& D EX P ( -C A LC )

7 0  CONTINUE
A D E L T A = H D E L T A /2 .0 D 0 * ( W T ( 1 ) * Y ( 1 ) + W T (2 )  * Y ( 2 ) + W T (3)* Y ( 3 )  +

& WT( 2 ) * Y ( 4 ) + W T ( 1 ) * Y ( 5 ) )
ATOT=ATOT+ADELTA 

80  CONTINUE
DIFF=A BS( ATO T- AO LD)
I F  ( D I F F  . G T .  TOLER) THEN 
HDE LTA =HDELTA/2 . 0  
AOLD=ATOT 

' GO TO 60 
END I F  

90 CONTINUE
Y N = ( Y N - A T O T ) / P I
RETURN
END
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SUBROUTINE FIXMAT
C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2  

GEOMETRY
COMMON/IGEOM/NBOUND( 4 ) , JN O D E ( 4 , 3 ) ,  KNODE( 4 , 3 ) , N A R E A , I C L O S E ( 4 , 3 ) ,

& NCONN( 7 2 0 ) , NORDER( 7 2 0 ) , NN SU RF ,N S UR F( 7 2 0 ) , N 3 ( 2 , 3 ) ,NN3 
COMMON/RGEOM/X(7 2  0 ) , Z ( 7 2 0 )
INTEGER NBOUND,JNODE,KNODE,NAREA, ICLOSE,NCONN,NORDER,NNSURF,

& N S U R F , N 3 , N N 3  
REAL X , Z

WAVE
COMMON/IWAVE/IANGLE, NANGLE 
COMMON/ RWAVE/ ANGLE(4 )
COMMON/CWAVE/FBAR,VINCDT( 1 3 0 )
COMMON/ AWAVE/ ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL /HALFSP
COMMON/RSOIL/UWTRAT( 4 ) , B ETA (4 )  , P O I S S (4 )
COMMON/CSOIL/CSRAT(4 )
INTEGER HALFSP 
REAL UWTRAT,BETA,  P O I S S  
COMPLEX CSRAT

MATRIX
C O M M O N /I M AT R IX /N DI M ,G D IM ,H D IM ,A DI M ,JC OL 1 ( 7 3 0 )
COMMON/CMATRIX/HMAT( 7 2 0 , 7 2 0 ) , GMAT( 7 2 0 , 7 3 0 ) ,

& F V E C T ( 7 2 0 ) , XVECT( 7 2 0 )
INTEGER N D IM , G D IM , H D I M , A D IM ,J C O L 1  
COMPLEX HMAT,GMAT,FVECT,XVECT

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/ IEQN( 7 2 0 )
INTEGER IEQN

INTEGER I S K I P ( 6 ) , J A R E A (3 )
REAL X N 1 ( 6 ) , X N 2 (6 )
COMPLEX GRATIO

7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5  67 8 9 3 1 2 3 4 5  67 8 9 4 1 2 3 4 5  6 7 8  9 5 1 2 3 4 5  67 8 9 6 1 2 3  45 67 8 9 7 1 2  

KNO=KNODE(NAREA,NBOUND(NAREA))
OP EN (U NI T=7  0 , F I L E = ' G H . C H E C K 1, S TA TU S=1 UNKNOWN 1)

IF (N ARE A .E Q .  1 ) THEN 
GO TO 2 0 5  
END I F

NAREA > 1

JMARK=0
DO 5 0 IA R E A  = 1 , N A R E A - 1
DO 5 0 I N O D E = J N O D E ( I A R E A , 1 ) , KNODE( IAREA,NBOUND( I A R E A ) )
I F  ( I E Q N( IN OD E)  .E Q .  0)  GO TO 50
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JMARK=JMARK+1 
DO 2 0 IROW=1,KNO
HMAT(IROW,JMARK)=HMAT(IROW,INODE)

2 0 CONTINUE
I F  ( I E Q N ( IN O D E )  . G E .  2 ) THEN 
DO 40  I I A R E A = I A R E A + 1 ,N A R E A
DO 40  I I N O D E = J N O D E ( I I A R E A , 1 ) , K N O D E ( I I A R E A ,N B O U N D ( I I A R E A ) )
IF (NCONN(IINODE) .E Q . INODE) THEN
J J C O L 2 = I I N O D E
DO 30  I R O W = l , KNO
HMAT( IROW,JMARK)=HMAT( IROW,JMARK)+HMAT( I R O W , J J C O L 2 )

30  CONTINUE 
END I F  

40  CONTINUE 
END I F  

50  CONTINUE 
HDIM=JMARK

C
IN 3  = 0 
JMARK=0
DO 2 0  0 IAREA = 1 , NAR EA- 1
DO 1 9 0 I N O D E = J N O D E ( I A R E A , 1 ) , KNO DE( IA REA ,NBO UND (IA REA ))
I F ( I E Q N ( I N O D E )  . E Q .  0 )  GO TO 1 9 0

C
I F ( I E Q N ( I N O D E )  . E Q .  1 .OR.  IE Q N( IN O DE )  . E Q .  2 ) THEN 

JMARK=JMARK+1 
DO 60 I ROW=1,KNO
G MA T(I R O W ,J M A R K ) =G M A T (I R O W ,J C O L 1 ( I N O D E ) )

60 CONTINUE
C

I F  ( I E Q N ( IN O D E )  . E Q .  2 ) THEN 
DO 80 I I A R E A = I A R E A + 1 ,N A R E A
DO 80  I I NODE=JNO DE ( I I A R E A ,  1)  , KNODE ( I I A R E A ,  NBOUND ( I I A R E A )  )

I F  (NCONN(I INODE)  . E Q .  INODE) THEN 
J J C O L l = J C O L l ( I N O D E )
J J C O L 2 = J C O L l ( I I N O D E )
G R A T I O = ( ( C S R A T ( I A R E A ) / C S R A T ( I IA R EA )  ) * * 2 ) *

& UW TRA T( IAREA) /UWTRAT( I IA R EA )
DO 70  I R O W = l , KNO
GMAT( IROW, JMARK)=GMAT( IROW,JMARK)-GMAT( I R O W , J J C O L 2 ) *GRATIO

7 0 CONTINUE
END I F

8 0 CONTINUE
END I F  
END I F

C
C

I F  ( I E Q N ( IN O D E )  . E Q .  3 ) THEN 
I N 3 = I N 3 + 1  
DO 1 1 5  1 = 1 , 3  
I I N O D E = N 3 ( I N 3 , I )
I E L E M = 2 * I - 1
S EGLEN=SQRT( ( X ( I I N O D E ) - X ( I I N O D E - l ) ) * * 2 +

& ( Z ( I I N O D E ) - Z ( I I N O D E - 1 ) ) * * 2 )
X N 1 ( I E L E M ) = ( Z ( I I N O D E - 1 ) - Z ( I I N O D E ) ) /SEGLEN 
X N 2 ( I E L E M ) = ( X ( I I N O D E ) - X ( I I N O D E - l ) ) /SEGLEN 
SE GLEN=SQRT( ( X ( I I N O D E + l ) - X ( I I N O D E ) ) * * 2 +

& ( Z ( I I N O D E + 1 ) - Z ( I I N O D E ) ) * * 2 )
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X N 1 ( I E L E M + 1 ) = ( Z ( I I N O D E ) - Z ( I I N O D E + 1 ) ) /SEGLEN
X N 2 ( I E L E M + 1 ) = ( X ( I I N O D E + 1 ) - X ( I I N O D E ) ) /SEGLEN
CONTINUE
J A R E A ( l ) = IAREA
DO 1 3 0 1 = 2 , 3
DO 1 2 0  I I A R E A = 1 , N A R E A
DO 12  0 I I N O D E = l , K N O D E ( I I A R E A , N B O U N D ( I I A R E A ) )
I F ( I I N O D E  . E Q .  N 3 ( I N 3 , I ) ) THEN
J A R E A ( I ) = 1 IAREA
GO TO 1 3 0
END I F
CONTINUE
CONTINUE
DO 1 4 0  I E L E M = 1 , 6  
I S K I P ( I E L E M ) =0  
CONTINUE 
DO180  IE L E M = 1 , 5  
I F ( I S K I P ( I E L E M ) . E Q .  1 ) GO TO 1 8 0

I F ( I E L E M  . E Q .  1 . O R.  IELEM . E Q . 2 )  THEN 
NODE1 = INODE 
I A R E A 1 = J A R E A (1)
END I F
I F ( I E L E M  . E Q .  3 . O R.  IELEM . E Q .  4 ) THEN 
N O D E l = N 3 ( I N 3 , 2 )
IA R E A 1 = J A R E A (2)
END I F
I F ( I E L E M  . E Q .  5 . O R.  IELEM . E Q .  6) THEN 
N O D E l = N 3 ( I N 3 , 3)
IA R E A 1 = J A R E A (3)
END I F

DETERMINE I F  ELEMENT IELEM I S  EVEN (MARK1 
I F  IELEM I S  EVEN, J J C O L = J C O L l ( I I N O D E )
I F  IELEM I S  ODD, J J C O L = J C O L l ( I I N O D E ) - 1

0)  OR ODD(MARK1=1)

TEMP=IELEM 
XREAL = T E M P / 2 .
I = I E L E M / 2  
D I F F = A B S ( X R E A L - I )
MARK1=1
I F ( D I F F  . L T .  0 . 0 1 ) MARK1=0

150

JMARK=JMARK+1
DO 1 5 0  IROW=l ,KNO
JJ C O L = J C O L l ( N O D E 1 ) - M A R K 1
GMAT( IROW,JMARK)=GMAT( IR O W ,J JC O L )
CONTINUE

DO 1 7 0  I I E L E M = I E L E M + 1 , 6
D I F F = A B S ( A B S ( X N 1 ( I E L E M ) ) - A B S ( X N 1 ( I I E L E M ) ) )

I F  ( D I F F  . L T .  0 . 0 1 ) THEN 
ELEMENTS ARE PARALLEL

D I F F 1 = A B S ( X N 1 ( I E L E M ) - X N 1 ( I I E L E M ) )
D I F F 2 = A B S ( X N 2 ( I E L E M ) - X N 2 ( I I E L E M )  )
I F ( D I F F 1  . L T .  0 . 0 1  .AND. D I F F 2  . L T . 0 . 0 1 )  THEN 

ELEMENTS ARE PARALLEL WITH SAME NORMALS 
S IG N  = + 1 . 0



ELSE
C ELEMENTS ARE PARALLEL WITH O P P O S IT E  NORMALS

SIG N  = - 1 . 0  
END I F
I S K I P ( I I E L E M ) =1

C DETERMINE I F  ELEMENT I I E L E M  I S  EVEN (MARK2 = 0)  OR
ODD(MARK2=1)
C I F  I I E L E M  I S  EVEN, J J C O L = J C O L l ( I INO DE)
C I F  I I E L E M  I S  ODD, J J C O L = J C O L l ( I I N O D E ) - 1
C

TEMP= I I E L E M  
XREAL =TEMP/ 2 .
1 = 1 I E L E M / 2 
D I F F = A B S ( X R E A L - I )
MARK2=1
I F ( D I F F  . L T .  0 . 0 1 ) MARK2=0

C
C DETERMINE AREA & NODE FOR PARALLEL ELEMENT
C IN 3  = NODE 3 INTERFACE THAT WE 'RE  WORKING ON
C 
C

I F ( I I E L E M  .E Q .  2 )  THEN 
NODE2=INODE 
IA R E A 2 = J A R E A (1)
END I F
I F ( I I E L E M  .E Q .  3 . O R.  I I E L E M  . E Q . 4 ) THEN 
N O D E 2 = N 3 ( I N 3 , 2)
IA R E A 2 = J A R E A (2)
END I F
I F ( I I E L E M  . E Q .  5 . O R .  I I E L E M  . E Q . 6)  THEN 
N O D E 2 = N 3 ( I N 3 , 3)
IA R E A 2 = J A R E A (3)
END I F

J J C O L l = J C O L l ( N O D E 1 ) -MARK1 
J J C O L 2 = J C O L l ( N O D E 2 ) -MARK2
G R A T I O = ( ( C S R A T ( I A R E A 1 ) / C S R A T ( IA R E A 2 ) ) * * 2 ) *

& UWTRAT( I A R E A 1 ) /UWTRAT( I A R E A 2 )
DO 1 6 0  IR O W = J N O D E ( I A R E A 2 ,1 )  , KNODE( IAREA2,NBOUND(IAREA2)  ) 
GMAT( IROW,JMARK)=GMAT( IRO W,JM ARK )+

& SIGN*GMAT( I R O W , J J C O L 2 ) *GRATIO
1 6 0  CONTINUE

END I F  
1 7 0  CONTINUE 
1 8 0  CONTINUE 

END I F  
1 9 0  CONTINUE 
2 0 0  CONTINUE

GDIM=JMARK 
2 05 CONTINUE 

C W R I T E ( 7 0 , 7 0 0 0 )
7 0 0 0  F O R M A T ( 5 X , 'H M A T ' / )

C W R I T E ( 7 0 , * ) ' H D I M ' , H D I M
JMAX=HDIM

C W R I T E ( 7 0 , * ) ' O R D E R ' , ( N O R D E R ( J ) , J = l , J M A X )
DO 2 4 0 1 = 1 , KNODE(NAREA,NBOUND(NAREA))

C W R I T E ( 7 0 , 7 0 0 5 )  I  
7 0 0 5  FORMAT( 1 4 )

C W R I T E ( 7 0 ,  7 0 1 0 )  (HMA T( I ,  J ) , J = l , H D I M )



o 
o

7 0 1 0  F O R M A T ( 4 F 1 2 . 6 )
2 40 CONTINUE 

C W R I T E ( 7 0 , 7 0 2 0 )
7 0 2 0  F O R M A T ( / 5 X , ' G M A T ' / )

C W R I T E ( 7 0 , * ) ' G D I M ' , G D I M
DO 2 5 0 1 = 1 , KNODE(NAREA,NBOUND(NAREA))
W R I T E ( 7 0 , 7 0 0 5 ) I
W R I T E ( 7 0 , 7 0 1 0 ) ( G M A T ( I , J ) , J = 1 , G D I M )

2 5 0  CONTINUE 
C ESTA BLI SH  NEW JCOL1

1 1 = 0
DO 2 7 0  INODE=l ,KN OD E(NA REA ,NBO UN D(NA RE A)) 
IF ( N C O N N ( IN O D E )  . E Q . 0 ) THEN 

C NEXT NODE IN  NORDER
11 = 11+1
J C O L 1 ( I N O D E ) = 1 1  
I F ( I E Q N ( I N O D E )  . E Q .  3 ) 1 1 = 1 1 + 1  
END I F  

27  0 CONTINUE
N N O D E = I I -N N 3  

C W R I T E ( 7 0 ,  7 0 3 0 )
7 0 3 0  F O R M A T ( / 5 X , ' N O D E , J C O L 1 1)

DO 2 8 0 1 = 1 , NNODE 
INODE=NORDER( I )

C W R I T E ( 7 0 ,  7 0 6 0 )  I N O D E ,J C O L 1  (INODE)
7 0 6 0  FORMAT( 2 1 5 )

2 8 0  CONTINUE 
C C L O S E (U N IT = 7  0)

RETURN
END



o 
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SUBROUTINE SOLVE(MARK)

MARK=1;  F R E E - F I E L D  CALCULATION 
MARK=2; BEM CALCULATION 
F R E E - F I E L D
CO M MO N /I FF LD /LT YP E( 2 , 3 ) , N T O P ( 2 , 3 ) , NBO TT ( 2 , 3 ) , NLAYER( 2 ) ,

& J F F ( 2 , 3 ) , K F F ( 2 , 3 ) , FFDIM 
COM MON/RFFLD/XSCA TT,XFF( 2 , 1 0 0 ) , Z F F ( 2 ,  1 0 0 )
COMMON/CFFLD/FFV( 2 , 1 0 0 ) , T C O R R ( 7 2 0 ) , H S V ( 2 ) , F F S X Y H ( 2 , 1 0 0 ) ,

& HS SZY H( 2 ) , S T I F F ( 1 0 , 1 0 )
INTEGER L T Y P E , N T O P , N B O T T , N L A Y E R , J F F , K F F , F F D I M  
REAL X S C A T T ,X F F ,Z F F
COMPLEX F F V , T C O R R , H S V , F F S X Y H , H S S Z Y H , S T I F F  

MATRIX
COMMON/IMATR-IX/NDIM, GDIM, HDIM, AD IM,  JCOL1  ( 7 3 0 )  
COMMON/CMATRIX/AMAT( 7 2 0 , 7 2 0 ) , GMAT( 7 2 0 ,  7 3 0 )  ,

& F V E C T ( 7 2 0 ) , XVECT( 7 2 0 )
INTEGER N D I M , G D I M ,H D I M ,A D I M ,J C O L l  
COMP LEX AMAT, GMAT, FVEC T, XVECT 

C
DOUBLE P R E C I S I O N  A ( 1 4 4 0 ,  1 4 4 1 ) , X ( 1 4 4 0  ) ,  P I V O T , T E M P , ANORM 
INTEGER I X ( 1 4 4 0 )

C
0  ******************************************************
0  ******************************************************
C * * * * *  SUBROUTINE F INDS THE SOLUTION OF * * * * *
c  * * * * *  SIMULTANEOUS EQUATIONS USING * * * * *
C * * * * *  MAXIMUM P IV OT  PROCEDURE * * * * *
0  ******************************************************
q
C I I  REPRESENTS THE REAL PART,  I I + l  REPRESENTS THE IMAGINARY PART
C J J  REPRESENTS THE REAL PART,  J J + 1  REPRESENTS THE IMAGINARY PART
C

I F  (MARK . E Q .  1 ) THEN 
N = 2 . *FFDIM 
NROW=FFDIM 
DO 1 0 1 = 1 , FFDIM 
1 1 = 2  * 1 - 1
A ( I I , N + l ) =  1 . 0 D 0 * R E A L ( F V E C T ( I ) )
A ( I I + 1 , N + 1 ) = 1 . 0 D 0 * A I M A G ( F V E C T ( I ) )
DO 1 0 J = 1 , F F D I M  
J J = 2 * J - 1
A ( I I , J J ) = 1 . 0D0 * R E A L ( S T I F F ( I , J ) )
A ( I I + 1 , J J ) = 1 . 0 D 0 * A I M A G ( S T I F F ( I , J ) )
A ( I I , J J + 1 ) =  - 1 . 0 D 0 * A I M A G ( S T I F F ( I ,  J ) )
A ( I I  + 1 , J J + 1 ) =  1 . 0 D 0 * R E A L ( S T I F F ( I ,  J )  )

10  CONTINUE
END I F

C
I F  (MARK .E Q .  2 ) THEN 

N = 2 . *NDIM 
NROW=NDIM 
DO 1 5 1 = 1 , NDIM 
1 1 = 2  * 1 - 1
A ( I I , N + l ) =  1 . 0D0 * R E A L (F V E C T ( I ) )
A ( I I  + 1 , N + 1 ) = 1 . 0 D 0  *A IMA G(F VE CT( I ) )
DO 1 5 J = 1 , NDIM



J J = 2  * J - l
A ( X I , J J ) =  1 . O D O * R E A L ( A M A T ( I , J ) )
A ( I I + 1 , J J ) = 1 . ODO *AIMAG(AMAT( I , J )  )
A ( I I , J J + 1 ) =  - 1 . 0D0*AIMAG(AMAT( I , J ) )
A ( 1 1 + 1 , J J + 1 ) =  1 . ODO *REAL(AMAT( I , J )  )

15 CONTINUE
END I F

C
C O P E N (U N IT = 2  0 , F I L E = 1 MAT. OUT ' , S T A T U S = ' UNKNOWN' )
C W R I T E ( 2 0 , 2 0 0 0 ) ANAME

2 0 0 0  F O R M A T ( / / 5 X , A 8 0 )
C WRITE ( 2 0 , 2 0 1 0 )

2 0 1 0  F O R M A T ( / 1 0 X , ' A  m a t r i x  * X v e c t o r  = C v e c t o r ' )
C W R I T E ( 2 0 , 2 0 2 0 )

2 0 2 0  FORMAT( 5 X , ' A  m a t r i x : ' )
DO 2 0 1 = 1 , N 

C W R I T E ( 2 0 , 2 0 3 0 ) ( A ( I , J ) , J = 1 , N )
2 0 3 0  F O R M A T ( 5 X , 8 F 1 0 . 4 )

20  CONTINUE 
C W R I T E ( 2 0 , 2 0 4 0 )

2 0 4 0  F O R M A T ( / 5 X , ' C  v e c t o r : ' )
C WRITE ( 2 0 ,  2 0 3 0 )  ( A ( J , N + l ) , J = 1 , N )
C
Q  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C *SOLVE FOR X VECTOR US ING GAUSS! S ELI MINATION METHOD
q  * * * * * * * * * * * *  MAXIMUM PIVOT I S  USED * * * * * * * * * * * * * * * *
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

c 
c  
c

DO 3 0 1 = 1 , N 
I X ( I ) = 1  

30  CONTINUE
DO 10  OIROW=1,N 
I = I R O W / 1 0  
XX=IROW 
X X = X X / 1 0 .
D I F F = A B S ( X X - I )
I F ( D I F F  . L T .  0 . 0 0 0 1 ) THEN 
W R I T E ( * , 9 0 0 0 ) IROW,N 

9 0 0 0  FORMAT(5X, 'WORKING ON COLUMN # ' , 1 4 , '  /  ’ , 1 4 )
END I F  
JCOL=IROW 
P I V O T = 0 . 0D0 

C F IND  PIV OT VALUE
DO 40 I I RO W =I R O W ,N  
DO 4 0 J J C O L = J C O L , N
I F  ( A B S ( A ( I I R O W , J J C O L ) ) . G T .  ABS ( P I V O T ) )  THEN 
PIV OT = A ( I I R O W , J J C O L )
IMARK=IIROW 
JMARK=JJCOL 
END I F  

40 CONTINUE
I F  (A B S( P IV O T )  . L T .  1 . 0 D - 1 8 )  THEN 
W R I T E ( * , 9 0 1 0 )

9 0 1 0  F O R M A T ( / / / / 1 5 X , ' * *  MATRIX DOES NOT HAVE AN I N V E R S E , ' )
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W R I T E ( * , 9 0 2 0 )
9 0 2 0  F O R M A T ( 1 5 X , 'P U S H  RETURN * * ' )

PAUSE 
STOP 
END I F  

C INTERCHANGE ROWS
DO 50  J J C O L = l , N + l  
TEMP=A( IR O W , J J C O L )
A ( I R O W , J J C O L ) = A ( IM A R K, J J C OL )
A ( IM A R K ,J JC O L )= T E M P  

50 CONTINUE 
C INTERCHANGE COLUMNS

I T E M P = I X (JCOL)
I X ( J C O L ) =  IX( JMARK)
IX ( J M A R K ) = ITEMP 
DO 60 I I C O L = l , N  
TEMP=A( I I C O L , J C O L )
A ( I I C O L , J C O L ) = A ( I I C O L , JM A R K )
A ( I I C O L , J M A R K )= T E M P  

60 CONTINUE
W R I T E ( 2 0 , * ) ' IROW = ' , I R O W , ' tP I V O T  = ' , P IV OT 
DO 65  1 = 1 , N
W R I T E ( 2 0 , 2 0 5 0 ) ( A ( I , J ) , J = 1 , N + l )

65 CONTINUE
NORMALIZE ROW OF P IVOT ELEMENT 
DO 70  J J C O L = J C O L , N + l  
A ( IROW, J J C O L ) = A ( I R O W , J J C O L ) / P I V O T  

70  CONTINUE
SUBTRACT ROW FROM REMAINING ROWS 
DO 80  I I R O W = I R O W + l , N  
A N O R M = - l . 0 D 0 * A ( I I R O W , J C O L )
DO 80  J J C O L = J C O L , N + l
A ( I I R O W , J J C O L ) = A ( I I RO W ,JJ C O L) +A N O RM  * A ( IR O W ,J J C O L )  

80  CONTINUE
W R I T E ( 2 0 , * ) ' IROW =  ' , I R O W , ' P IV OT = ' , P IV OT 
DO 85  1 = 1 , N
W R I T E ( 2 0 , 2 0 5 0 ) ( A ( I , J ) , J = 1 , N + l )

2 0 5 0  F O R M A T ( 5 F 1 0 . 3)
8 5  CONTINUE 

1 0 0  CONTINUE 
C USE BACKWARD SUBS TIT UTI ON

X (N) =A (N,  N + l ) / A (N,  N)
DO 1 2 0 I R O W = N - 1 ,  1 , - 1  
SUM =0 . 0
DO 1 1 0  J C O L = I R O W + l , N  
SUM=SUM+A( I R O W , J C O L ) * X ( J C O L )

1 1 0  CONTINUE
X ( IROW)= ( A ( I R O W , N + l ) - S U M ) / A ( IROW,IROW)

1 2 0  CONTINUE 
C REORDER X VECTOR

DO 1 3 0  I R O W = l , N  
A ( I R O W , N + l ) = X ( IROW)

1 3 0  CONTINUE
DO 1 4 0  1 = 1 , N 
I R O W = I X ( I )
X ( IR O W ) = A ( I , N + l )

1 4 0  CONTINUE



C W R I T E ( 2 0 , 2 0 6 0 )
2 0 6 0  F O R M A T ( / / 5 X , ' X  v e c t o r  

C W R I T E ( 2 0 , 2 0 7 0 ) ( X ( J )
2 0 7 0  F O R M A T ( 5 X , 8 F 1 0 . 4 )

C CLOSE (U NI T=2  0)
DO 1 5 0 J = l , N R O W  
J J = 2 * J - 1
XVECT(J ) = X ( J J ) + ( 0  . 0 ,  1 

1 5 0  CONTINUE 
RETURN 
END

' )
= 1 , N )

0 ) * x ( j j + i )
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SUBROUTINE SORT
C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7  8 9 4 1 2  3 4 5  67 8 9 5 1 2 3 4 5  67 8 9 6 1 2 3 4  5 67 8 9 7 1 2  
C
C GEOMETRY

COMMON/IGEOM/NBOUND( 4 ) , J N O D E ( 4 , 3 ) , KNODE( 4 , 3 ) , N A R E A , I C L O S E ( 4 , 3 ) ,
& NCONN( 7 2 0 ) , NORDER( 7 2 0 ) , N N S U RF ,N S U R F ( 7 2 0 ) , N 3 ( 2 , 3 ) , NN3 

COMMON/RGEOM/X( 7 2 0 ) , Z ( 7 2 0 )
INTEGER NBOUND,JNODE,KNODE,NAREA, ICLOSE,NCONN,NORDER,NNSURF,

& N S U R F , N 3 ,N N 3  
REAL X,  Z

C
C S O IL

COM MON /ISOIL /HALFSP
COMMON/RSOIL/UWTRAT( 4 ) , B E T A ( 4 ) , P O I S S (4 )
COM MON/CSOIL /CSRAT(4 )
INTEGER HALFSP
REAL U W TRA T,B ETA ,PO ISS
COMPLEX CSRAT

C
C MATRIX

C O M M O N /I M A T R IX /N D I M , G D IM , H D IM , A D IM ,J C O L 1 ( 7 3 0 )
COMMON/CMATRIX/AMAT( 7 2 0 , 7 2 0 ) , GMAT( 7 2 0 , 7 3 0 ) ,

& F V E C T ( 7 2 0 ) , XVECT( 7 2 0 )
INTEGER N D IM , G D IM , H D I M , A D IM ,J C O L 1  
COMPLEX AMAT,GMAT,FVECT,XVECT

C
C OUTPUT DATA

COMMON/COUT/VDISPL( 7 2 0 ) , SN YH 1( 7 2 0 , 2 )
COMPLEX V D IS P L ,S N Y H 1

C
C NUMBER OF EQUATIONS AT EACH NODE

COMMON/EQN/ IEQN( 7 2 0 )
INTEGER IEQN

C
INTEGER I S K I P ( 6 ) , J A R E A (3 )
REAL X N 1 ( 6 ) , X N 2 (6 )

C
COMPLEX GRATIO

C
C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2  

DO 1 0 1 = 1 , HDIM 
IROW=I
INODE=NORDER( I )
V D I S P L ( IN O D E )= XVECT( IROW)

10 CONTINUE
DO 2 0  I I N O D E = l ,  KNODE(NAREA,NBOUND(NAREA) )
I F  ( I E Q N ( I I N O D E )  . E Q .  0 ) THEN 
INODE=NCONN( I I N O D E )
V D I S P L ( I I N O D E ) = V D I S P L ( INODE)
END I F  

2 0  CONTINUE
C
C

ICOUNT= HDIM 
I N 3 = 0

C
DO 1 5 0  INODE=l ,KNODE(NAREA,NBOUND(NAREA))
IF ( N S U R F ( I N O D E )  . E Q .  1 .AND. IEQ N( INO DE)  . E Q . 1 ) THEN
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S N Y H l ( I N O D E , 1 ) = 0 . 0  
END I F
I F ( N S U R F ( I N O D E )  . E Q . 0 .AND.  IEQ N( INODE)  . E Q . 1 ) THEN
ICOUNT=ICOUNT+l
IROW=ICOUNT
S N Y H l ( I N O D E , 1 ) =XVECT( IROW)
END I F
I F ( I E Q N ( I N O D E )  . E Q . 2 ) THEN 
ICOUNT=ICOUNT+l  
IROW=ICOUNT
S N Y H l ( I N O D E , 1 ) =XVECT(IROW)
DO 30 I IN OD E=I NO DE,KNODE(N AREA,NBOUND(NAREA))
IF ( N C O N N ( I I N O D E )  . E Q . INODE) THEN 
NODE2=IINODE 
GO TO 40 
END I F  

30  CONTINUE 
40 CONTINUE

DO 50  IAREA=1 ,NAREA
DO 50  I I N O D E = J N O D E ( I A R E A , 1 ) , KNODE( IAREA,NBOUND( I A R E A ) )
I F ( I I N O D E  . E Q .  I N O D E ) J A R E A ( 1 ) = IAREA 
I F ( I I N O D E  . E Q .  N O D E 2 ) J A R E A ( 2 ) = IAREA 

50  CONTINUE
G R A T I O = ( ( C S R A T ( J A R E A ( 1 ) ) / C S R A T ( J A R E A ( 2 ) ) ) * * 2 ) *

& UWTRAT(JAREA( 1 ) ) /UWT RA T (JA R EA ( 2 ) )
S N Y H l ( N O D E 2 , 1 ) =  - 1 . * S N Y H 1 ( I N O D E , 1 ) *GRATIO 
END I F
I F ( I E Q N ( I N O D E )  . E Q .  3 ) THEN 
I N 3 = I N 3 + 1  
DO 60  1 = 1 , 3  
I I N O D E = N 3 ( I N 3 , I )
I E L E M = 2 * I - 1

S E G L E N = S Q R T ( ( X ( I I N O D E ) - X ( I I N O D E - 1 ) ) * * 2  +
& ( Z ( I I N O D E ) - Z ( I I N O D E - 1 ) ) * * 2 )

X N 1 ( I E L E M ) = ( Z ( I I N O D E - 1 ) - Z ( I I N O D E ) ) /SEGLEN 
X N 2 ( I E L E M ) = ( X ( I I N O D E ) - X ( I I N O D E - 1 ) ) /SEGLEN 
SEGLEN=SQRT( ( X ( I I N O D E + 1 ) - X ( I I N O D E ) ) * * 2 +

& ( Z ( I I N O D E + 1 ) - Z ( I I N O D E ) ) * * 2 )
X N 1 ( I E L E M + 1 ) = ( Z ( I I N O D E ) - Z ( I I N O D E + 1 ) ) /SEG LEN 
X N 2 ( I E L E M + 1 ) = ( X ( I I N O D E + 1 ) - X ( I I N O D E ) ) /SEG LEN 

60  CONTINUE 
DO 8 0 1 = 1 , 3  
DO 7 0 IA R E A =l ,N A RE A
DO 7 0  I I N O D E = l ,K N O D E ( I A R E A , N B O U N D ( IAREA) )
I F ( I I N O D E  . E Q .  N 3 ( I N 3 , I ) ) THEN 
J A R E A ( I ) = IAREA 
GO TO 80  
END I F  

7 0  CONTINUE 
80  CONTINUE

DO 90  IE L EM =1 ,  6 
I S K I P ( I E L E M ) =0  

90 CONTINUE
DO 1 1 0  IE L E M = 1 , 5
I F ( I S K I P ( I E L E M )  . E Q .  l ) G O  TO 1 10

C
C DETERMINE I F  ELEMENT IELEM I S  EVEN (MARK1 = 2 )  OR ODD(MARK1=1)

TEMP=IELEM
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XREAL =TEMP/ 2 .
I = I E L E M / 2  
D I F F = A B S (X R E A L - I )
MARK1=1
I F ( D I F F  . L T .  0 . 01)MARK1=2

I F ( I E L E M  . E Q .  1 .OR.  IELEM . E Q . 2)  THEN 
NODE1 = INODE 
IA R E A 1 = J A R E A (1)
END I F
I F ( I E L E M  .E Q .  3 .OR.  IELEM . E Q . 4 ) THEN 
N O D E l = N 3 ( I N 3 , 2)
IA R E A 1 = J A R E A (2)
END I F
I F ( I E L E M  .E Q .  5 .OR.  IELEM .E Q .  6) THEN 
N O D E l = N 3 ( I N 3 , 3)
IA R E A 1 = J A R E A (3)
END I F
ICOUNT=ICOUNT+l
IROW=ICOUNT
S N Y H l (N OD E 1 , MARK1) = XVECT( IROW)

DO 1 0 0  I I E L E M = I E L E M + 1 , 6
D I F F = A B S ( A B S ( X N 1 ( I E L E M ) ) - A B S ( X N 1 ( I I E L E M ) ) )

I F  ( D I F F  . L T .  0 . 0 1 ) THEN 
D I F F 1 = A B S ( X N 1 ( I E L E M ) - X N 1 ( I I E L E M ) )
D I F F 2 = A B S ( X N 2 ( I E L E M ) - X N 2 ( I I E L E M ) )
I F  ( D I F F 1  . L T .  0 . 0 1  .AND. D I F F 2  . L T . 0 . 0 1 )  THEN
S IG N  = + 1 . 0
ELSE
S IG N  =  - 1 . 0  
END I F  

I S K I P ( I I E L E M ) =1
DETERMINE AREA & NODE FOR PARALLEL ELEMENT 
IN 3  =  NODE 3 INTERFACE THAT WE 'RE  WORKING ON

DETERMINE I F  ELEMENT I I E L E M  I S  EVEN (MARK2 = 2 )  OR ODD(MARK2=1) 
TEMP=I IELEM 
XREAL = T E M P / 2 .
I = I I E L E M / 2  
D I F F = A B S (X R E A L - I )
MARK2=1
I F ( D I F F  . L T .  0 . 0 1 ) MARK2=2

I F ( I I E L E M  . E Q .  2 )  THEN 
NODE2=INODE 
IA R E A 2 = J A R E A (1)
END I F
I F ( I I E L E M  .E Q .  3 .O R.  I I E L E M  . E Q .  4 ) THEN 
N O D E 2 = N 3 ( I N 3 , 2)
I A R E A 2 = JA R E A (2 )
END I F
I F ( I I E L E M  .E Q .  5 . O R.  I I E L E M  . E Q .  6) THEN 
N O D E 2 = N 3 ( I N 3 , 3)
I A R E A 2 = JA R E A (3)
END I F
G R A T I O = ( ( C S R A T ( I A R E A 1 ) / C S R A T ( IA R E A 2) ) * * 2 )  *
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& UWTRAT( XAREA1) /UWTRAT( IA R EA 2)
S N Y H l ( N 0 D E 2 , MARK2) = S N Y H 1 (N 0 D E 1 , MARK1) *G RA T IO *S IG N  
END I F  

1 0 0  CONTINUE 
1 1 0  CONTINUE 

END I F  
1 5 0  CONTINUE 

RETURN 
END
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SUBROUTINE OUTPUT(ANAME)
C 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 9 4 1 2 3 4 5 6 7 8 9 5 1 2 3 4 5 6 7 8 9 6 1 2 3 4 5 6 7 8 9 7 1 2  
C
C GEOMETRY

COMMON/IGEOM/NBOUND(4)  , J N O D E ( 4 , 3 ) ,  KNODE( 4 , 3 ) , N A R E A , I C L O S E ( 4 , 3 ) ,
& NCONN( 7 2 0 ) , NORDER( 7 2 0 ) , N NS U RF ,N S UR F ( 7 2 0 ) , N 3 ( 2 , 3 ) , NN3 

COMMON/RGEOM/X( 7 2 0 ) , Z ( 7 2 0 )
INTEGER NBOUND,JNODE,KNODE,NAREA, ICLOSE,  NCONN,NORDER,NNSURF,

& N S U R F ,N 3 ,N N 3  
REAL X , Z

C
C WAVE

COMMON/ IWAVE/ IANGLE, NANGLE 
COMMON/ RWAVE/ ANGLE(4 )
COMMON/CWAVE/FBAR,VINCDT( 1 3 0 )
COMMON/AWAVE/ATYPE 
REAL ANGLE 
COMPLEX FBAR,VINCDT 
CHARACTER*2 ATYPE

C
C
C SO IL

COMMON/ISOIL /HALFSP
COMMON/RSOIL/UWTRAT( 4 ) , B E T A ( 4 ) , P O I S S (4 )
COMMON/CSOIL /CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,B ETA ,PO ISS
COMPLEX CSRAT

C
C F R E E - F I E L D

CO M MO N /I FF LD /LT YP E( 2 , 3 ) , N T O P ( 2 , 3 )  , N BO T T ( 2 , 3 )  , NLAYER( 2 ) ,
& J F F ( 2 , 3 ) , K F F ( 2 , 3 ) , FFDIM  

COM MO N/ RFFLD/XSCATT,XFF( 2 , 1 0 0 ) , Z F F ( 2 , 1 0 0 )
COMMON/CFFLD/FFV( 2 , 1 0 0 ) , T C O R R ( 7 2 0 ) , H S V ( 2 ) , F F S X Y H ( 2 , 1 0 0 ) ,

& HS SZY H( 2 ) , S T I F F ( 1 0 , 1 0 )
INTEGER L T Y P E , N T O P , N B O T T , N L A Y E R , J F F , K F F , F F D I M  
REAL X S C A T T , X F F , Z F F
COMPLEX F F V , T C O R R , H S V , F F S X Y H , H S S Z Y H , S T I F F

C
C OUTPUT DATA

COMMON/COUT/VDISPL( 7 2 0 ) , S N Y H l ( 7 2 0 , 2 )
COMPLEX V D I S P L , S N Y H l

C
C NUMBER OF EQUATIONS AT EACH NODE

COMMON/EQN/ IEQN( 7 2 0 )
INTEGER IEQN

C
CHARACTER*80 ANAME

C
W R I T E ( 6 0 , 6 0 0 0 )

6 0 0 0  F O R M A T ( / / 5 X , ' O U T P U T ' )
W R I T E ( 6 0 , 6 0 0 1 )  ANAME

6 0 0 1  F O R M A T ( / 5 X , A 8 0 )
W R I T E ( 6 0 , 6 0 0 2 ) ATYPE

6 0 0 2  F O R M A T ( 5 X , ' T Y P E  OF WAVE = ' , A 2 )
X1=FBA R* CSQ RT ( 1 . 0 - ( 0 . 0 , 2 . 0 ) * B ET A (1 )  )
W R I T E ( 6 0 , 6 0 0 3 ) XI

6 0 0 3  FO RM A T (5 X , 'D IM E N S IO N L E S S  FREQUENCY ( o m e g a * H l / C s l )  = ’ , F 6 . 3 )
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W R I T E ( 6 0 , 6 0 0 4 ) IANGLE,ANGLE( IANGLE)
6 0 0 4  FORMAT( 5 X , ' INCIDENT ANGLE ( ' , 1 1 , ' )  WITH HORIZONTAL = ' , F 5 . 2 ,

& 1 d e g s ' )
C

W R I T E ( 6 0 , 6 0 0 5 ) NAREA
6 0 0 5  FORMAT( 5 X , 'N UM BER  OF HOMOGENEOUS REGIONS = ' , 1 1 )

W R I T E ( 6 0 , 6 0 0 6 )
6 0 0 6  FORMAT ( /5X, 'B OUN DAR Y VA LU ES ' )

DO 6 0 1AREA=1 , NAREA
W R I T E ( 6 0 , 6 0 1 0 ) IAREA 

6 0 1 0  FORMAT( / /5 X , 'H OM OGE NEO US  REGION ' , 1 1 )
W R I T E ( 6 0 ,  6 0 1 2 ) NBOUND(IAREA)

6 0 1 2  FORMAT(5X, 'NUMBER OF BOUNDARIES = ' , 1 1 )
DO 6 0 lB O UND =l ,N BOU ND (IA REA )
W R I T E ( 6 0 , 6 0 1 5 ) IBOUND 

6 0 1 5  FO RMA T( /5X, 'BOUNDARY =  ’ , 1 2 )
NNODE=KNODE( I A R E A , I B O U N D ) - J N O D E ( IA R E A , I B O U N D ) +1 
W R I T E ( 6 0 , 6 0 1 7 ) NNODE

6 0 1 7  FORMAT( 5 X, 'N UM BER  OF NODES = ' , 1 3 )
W R I T E ( 6 0 , 6 0 1 8 )

6 0 1 8  FO RM AT ( / 2X ,  'D ISPLACEMENTS  1)
W R I T E ( 6 0 , 6 0 2 0 )

6 0 2 0  FORMAT( / T 3 , ' N O D E ' , T 1 3 , ' X / H 1 ' , T 2 3 , ' Z / H 1 ' , T 4 2 , ' V  D I S P L ' , T 6 4 , ' | V | ' )  
DO 30 IN O D E = J N O D E ( I A R E A , I B O U N D ) , KNODE(IAREA, IBOUND)
X R E A L = R E A L ( V D I S P L ( I N O D E ) )
X I M A G = A IM A G (V D IS P L ( I N O D E ) )
AMPL=SQRT( (X R E A L * * 2 ) + ( X I M A G * * 2 ) )
W R I T E ( 6 0 , 6 0 3 0 ) I N O D E , X ( I N O D E ) , Z ( I N O D E ) , V D I S P L ( I N O D E ) , AMPL 

6 0 3 0  F O R M A T ( T 4 , I 3 , T 1 1 , F 8 . 3 , T 2 1 , F 8 . 3 , T 3 7 , 2 F 8 . 3 , T 6 1 , F 8 . 3 )
30  CONTINUE

IF ( N A R E A  . G T .  1 ) THEN 
W R I T E ( 6 0 , 6 0 3 8 )

6 0 3 8  F O R M A T ( / 2 X , ' T R A C T I O N S ' )
W R I T E ( 6 0 , 6 0 4 0 )

6 0 4 0  FORMAT( / T 3 , ' N O D E ' , T 1 8 , ' T A U ( n , y ) * H 1 / G i ' )
DO 55  IN O D E = J N O D E ( I A R E A , I B O U N D ) , KNODE(IAREA, IBOUND)

C
S N Y H l ( I N O D E , 1 ) = S N Y H 1 ( I N O D E , 1 ) * ( 1 . 0  -  ( 0 . 0 , 2 . 0 ) *BETA(IAREA)  )

C
W R I T E ( 6 0 , 6 0 5 0 ) I N O D E , S N Y H l ( I N O D E , 1)

6 0 5 0  F O R M A T ( T 4 , I 3 , T 1 5 , 2 F 1 0 . 4 )
DO 50  I N 3 = 1 , NN3 
DO 40 J = l , 3
I F  ( N 3 ( I N 3 , J )  . E Q .  INODE)THEN

C
S N Y H l ( I N O D E , 2 ) = S N Y H 1 ( I N O D E , 2 ) * ( 1 . 0 -  ( 0 . 0 , 2 . 0 ) * B E T A ( I A R E A ) )

C
W R I T E ( 6 0 , 6 0  6 0 ) S N Y H l ( I N O D E , 2)

6 0 6 0  F O R M A T ( T 1 5 , 2 F 1 0 . 4)
GO TO 55  
END I F  

40 CONTINUE 
50  CONTINUE 
55  CONTINUE

END I F  
60 CONTINUE 

RETURN 
END
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PROGRAM PSVMAIN
C23456789112345678921234567893123456789412345678951234567896123456789712 

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),

& NCONN(390),NORDER(390),NNSURF,NSURF(390),N3(2,3),NN3 
COMMON/RGEOM/X(390),Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYP E 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA,POISS 
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2,3),NLAYER(2),

& JFF(2,3),K F F (2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2,50)
COMMON/CFFLD/FFU(2,50),FFW(2,50) , TCORR(390, 2) ,

& H S U (2),HS W (2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF(20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF 

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(790)
COMMON/CMATRIX/HMAT(780, 780),GMAT(780, 790),

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1

COMPLEX HMAT,GMAT,FVECT,XVECT

OUTPUT DATA
COMMON/COUT/UDISPL( 3 9 0 ) , W D I S P L ( 3 9 0 ) , P X H 1 ( 3 9 0 , 2 ) , P Z H 1 ( 3 9 0 , 2 )  
COMPLEX U D I S P L , W D I S P L , P X H 1 , PZH1

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/ IEQN(3  9 0)
INTEGER IEQN

HALF-SPACE INTEGRALS 
COMMON/RHSINT/ASTART
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COMMON/CHSINT/HOEXP( 2 , 2 ) , H 1 E X P ( 2 , 2 ) , H 2 E X P ( 2 , 2 ) , H 2 E X P R ( 2 , 2 ) ,  
& E X P R 2 ( 2 ) , E X P R 3 (2 )

REAL ASTART
COMPLEX HOEXP, H1 EXP, H 2 E X P , H 2 E X P R , E X P R 2 , EXPR3

COMMON /AREA/ASSR12,ACSR12,ASCR12, ACCR12 ,
& ASSR32,ACSR32,ASCR32,ACCR32

COMMON/KHLFSP/XKH1,XKPH1,XKSH1 
REAL XKH1,XKPH1,XKSH1

COMPLEX XIKSH,XIKTH,XIKX 
CHARACTER*80 ANAME

DATA REQUIRED FOR GAUSSIAN QUADRATURE

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX

COMMON/IGAUS3/NGAUS3
COMMON/DGAUS 3/WT 3(2),WTFN3(3),XX3(3)
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3 

CHARACTER*2 0 ARUN 

DATA NGAUSS /5/
DATA (W T (I),1=1,3)/0.236926885056189D0,0.478628670499366D0,

& 0.568888888888889D0/
DATA (XX(I),1=1,3)/-0.906179845938664D0,-0.53846931010568 3D0,

& 0 .ODO/

DATA NGAUS3 /3/
DATA (WT3(I),1=1,2)/0.555555555555556D0,0.88888888888888889D0/ 
DATA (XX3(I),1=1,3)
& /-0.77459666924148D0,0.0D0,+0.77459666924148D0/

X X (4)= -1.0D0*XX(2)
X X (5)= -1.0D0*XX(1)
DO IGAUSS= 1,2
WTFN(IGAUSS)= (1.0D0 - X X (IGAUSS))/2.0D0 
WTFN(NGAUSS-IGAUSS+1)= 1.0D0-WTFN(IGAUSS)
END DO
WTFN(3)= 0.50D0

WTFN3(1)= (1.0D0 - X X 3 (1))/2.0D0 
WTFN3(3)= 1.0D0-WTFN3(1)
WTFN3(2)= 0.50D0

OPEN(UNIT=10,FILE='CHECK.BEM',STATUS='UNKNOWN')
WRITE(*,9000)

9000 FORMAT(5X,'INPUT NAME OF RUNFILE1)
READ(*,9010)ARUN 

9010 FORMAT(A20)
OPEN(UNIT=15,FILE=ARUN,STATUS=1 UNKNOWN')
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READ(15,*)NPROB 
DO 9999 IPROB=l,NPROB 
WRITE(*,9020)IPROB 

9020 FORMAT(/5X,'WORKING ON PROBLEM ',12)
C

WRITE(*,*)' '
WRITE(*,*)'WORKING ON INPUT'
WRITE(*,*)' '
CALL INPUT(ANAME)
DO 100 IANGLE=1,NANGLE 
WRITE(60,6000) ANAME 
WRITE(*,6000) ANAME 

6000 FORMAT(//2X,A80)
WRITE(60,6010)ATYPE 
WRITE(*,6010)ATYPE 

6010 FORMAT(/2X,'TYPE OF WAVE = ',A2)
Xl=FBAR*CSQRT(1.0-(0.0,2.0)*BETA(1))
WRIT'E (60, 6020) XI 
WRITE(*,6020)XI

6020 FORMAT(2X,'DIMENSIONLESS FREQUENCY (omega*Hl/Csl) = ',F6.3) 
WRITE(60,6030)IANGLE,ANGLE(IANGLE)
WRITE(*,6030)IANGLE,ANGLE(IANGLE)

6030 FORMAT(2X,'INCIDENT ANGLE (',11,') WITH HORIZONTAL = ',F5.2,
& ' degs')

C CALC. INCIDENT WAVE DISPLACEMENTS
IF(ATYPE .EQ. ' P ')THEN 
XLX=COS(ANGLE(IANGLE)/57.29577951)
AP=1.0 
ASV=0 . 0
RCPCS= SQRT((2.*(1.-POISS(HALFSP)))/(1.-2.*POISS(HALFSP))) 
XMX=XLX/RCPCS 
END IF
IF(ATYPE .EQ. 'SV')THEN
XMX=COS(ANGLE(IANGLE) /57.29577951)
AP=0.0 
ASV=1.0 
END IF
DO 10 INODE =JNODE(HALFSP,1),KNODE(HALFSP,NBOUND(HALFSP))
IINODE=INODE-JNODE(HALFSP,1)+1 
IF (ATYPE .EQ. 'P ')THEN
XIKSH=(0.0,1.0)*FBAR/CSRAT(HALFSP)*Z(INODE)*SQRT(1.-XLX*XLX)/ 

& RCPCS
UINCDT(IINODE)= XLX*AP*CEXP(-XIKSH)
WINCDT(IINODE)= -SQRT(1.-XLX*XLX)*AP*CEXP(-XIKSH)
END IF
IF (ATYPE .EQ. 'SV'JTHEN 

XIKTH=(0.0,1.0)*FBAR/CSRAT(HALFSP)*Z(INODE)*SQRT(1.-XMX*XMX) 
UINCDT(IINODE)= -SQRT<1.-XMX*XMX)*ASV*CEXP(-XIKTH)
WINCDT(IINODE)= -XMX*ASV*CEXP(-XIKTH)
END IF
XIKX= (0.0,1.0)*FBAR*X(INODE)*XMX/CSRAT(HALFSP)
UINCDT(IINODE)=UINCDT(IINODE)*CEXP(XIKX)
WINCDT(IINODE)=WINCDT(IINODE)*CEXP(XIKX)

10 CONTINUE
WRITE(60,6040)

6040 FORMAT(///2X,'INCIDENT WAVE DISPLACEMENTS ')
WRITE(60,6050)

6050 FORMAT(T5,'HALF-SPACE',T18,'NODE',T34,
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& 1INCDT U DISPL',T54,'INCDT W DISPL'/)
DO 20INODE= JNODE(HALFSP,1),KNODE(HALFSP, 1)
IINODE=INODE-JNODE(HALFSP,1)+1
WRITE(60,60 60)INODE,UINCDT(IINODE),WINCDT(IINODE) 

60 60 FORMAT(T18,13,T33,2F7.3,T53,2F7.3)
20 CONTINUE

C
IF(NAREA .EQ. 1 .AND. ICLOSE(1,1) .EQ. 1)GO TO 40

C CYLINDRICAL CAVITY IN FULL SPACE
IF(NNSURF .NE. 0)THEN 
IXMAX=1
IF(NAREA .GT. 1)IXMAX=2
WRITE(*,*)'WORKING ON FREE-FIELD MOTION1
DO 30IX=1,IXMAX
WRITE(*,*)'SIDE = ',IX
CALL FFLD(IX)

30 CONTINUE 
END IF 

40 CONTINUE
WRITE (*,*) ' '
WRITE (*,*) 'WORKING ON MATRIX'
WRITE (*,*) ' '
CALL MATRIX 
WRITE(*,*) ' '
WRITE(*,*)'WORKING ON SOLVING MATRIX'
WRITE(*,*)' '
CALL SOLVE(2)
WRITE(*,*)' '
WRITE(*,*)'SORTING MATRICES'
WRITE(*,*)' '
CALL SORT 
WRITE(*,*)' '
WRITE(*,*)'OUTPUT'
CALL OUTPUT(ANAME)

100 CONTINUE
CLOSE(UNIT=60)

9999 CONTINUE
CLOSE(UNIT=15)

C CLOSE(UNIT=10)
STOP
END
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SUBROUTINE INPUT(ANAME)
2345678 9112345678 921234567 8 9312345678 9412345 67 8 9512345 578 9 61234567 8 9712

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),

& NCONN(390),NORDER(390),NNSURF,NSURF(390),N 3 (2,3),NN3 
COMMON/RGEOM/X(390) , Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYPE 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,BETA,POISS
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2,3),NLAYER(2) ,

& J F F (2,3),K F F (2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2,50)
COMMON/CFFLD/FFU(2,50),FF W (2,50) , TCORR(390,2) ,

& HS U (2),H S W (2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF (20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/IEQN(390)
INTEGER IEQN

INTEGER NELEM (4,2),NSURF1(3,3),NSURF2(3, 3) ,NBND(3)
REAL XENDPT(70),ZENDPT(70)
CHARACTER*25 AINPT,AOUT 
CHARACTER*80 ANAME

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

P 1 = 4 . * ATA N( 1 . 0 )
C

READ ( 1 5 , 1 5 0 0 ) AINPT 
1 5 0 0  FORMAT(A25)

W R I T E ( * , 9 0 0 0 ) AINPT 
9 0 0 0  FO R M A T ( / 2 X , ' W O R K IN G  ON INPUT F I L E :  ’ , A 2 5 / )



on
 

o 
o 

o 
o

o
 

o
o

o
 

o
o

o
o

o
 

o
o

 
o 

o
o

o
o

o
261

WRITE(*,9000)
9000 FORMAT(5X,'NAME OF INPUT FILE')

READ(*,9010) AINPT 
9010 FORMAT(A20)

OPEN(UNIT=50,FILE=AINPT,STATUS='UNKNOWN')
READ(50,5000) AOUT 

5000 FORMAT(A25)
READ(50,5010) ANAME 

5010 FORMAT(A80)
TYPE OF INCIDENT WAVE (P or SV)
READ(50,5020)ATYPE 

5020 FORMAT(A2)
ANGLE OF INCIDENCE WITH HORIZONTAL (degrees)')
READ(50,*)NANGLE,(ANGLE(I),1=1,NANGLE)
DIMENSIONLESS FREQUENCY (omega*Hl/Csl) ' )
READ (50, *) XI 
FBAR=(1.0,0.0)*X1 
# OF HOMOGENEOUS REGIONS 
READ(50,*)NAREA

INITIALIZE JSTART 
JSTART=0

DO 50IAREA=1,NAREA
INPUT SOIL SHEAR VELOCITY RATIO Cs (area i)/Cs(area 1)
READ (50, *) XI
CSRAT(IAREA)=X1*(1.00, 0.0)
INPUT POISSON'S RATIO 
READ(50, *)POISS(IAREA)
INPUT UNIT WEIGHT RATIO WT(layer i)/WT(layer 1)
READ(50,*)UWTRAT(IAREA)
INPUT DAMPING (%)
READ (50, *) BETA (IAREA)
BETA<IAREA)=BETA(IAREA)/100.0 
INPUT GEOMETRY DATA 
READ(50,*)NBOUND(IAREA)

DO 40 IBOUND=l,NBOUND(IAREA)
NELEM(IAREA,IBOUND)=0 
READ(50,*)NENDPT 
STARTING NODE NUMBER 
JSTART=JSTART + 1 
JNODE(IAREA,IBOUND)=JSTART 
JNO= JNODE(IAREA,IBOUND)
DO 30IENDPT=1,NENDPT-1
INPUT END POINTS THAT DEFINE BOUNDARY 
READ(50,*)XENDPT(IENDPT),ZENDPT(IENDPT) ,

& XENDPT(IENDPT+1),ZENDPT(IENDPT+1)
INPUT NUMBER OF SEGMENTS TO DIVIDE EACH PORTION OF BOUNDARY INTO 
DIST = SQRT((XENDPT(IENDPT+1)-XENDPT(IENDPT))**2+

& (ZENDPT(IENDPT+1)-ZENDPT(IENDPT))**2)

CHECK IF CIRCULAR BOUNDARY 
IF (DIST .LT. 0.00001)THEN 

C CIRCULAR BOUNDARY
ICLOSE(IAREA,IBOUND)=1 

C INPUT CENTER OF CIRCLE
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READ(50,*)X0,ZO
C INPUT DIRECTION OF ROTATION +1=CCW, -1= CW AND NUMBER OF SEGMENTS

READ(50,*)IROTAT,NSEG 
X1=XENDPT(1)
Z1=ZENDPT(1)
R=SQRT((X1-X0)**2+(Z1-Z0)**2)
DETERMINE ALPHA, ANGLE FOR Z1 & Z1

IF(XI .EQ. 0)THEN 
I F (Z1 .GE. 0)ALPHA=PI/2.
IF (Z1 .LT. 0)ALPHA=3.*PI/2.

ELSE

ALPHA=ATAN((Z1-Z0)/ (X1-X0))
ALPHA=ABS(ALPHA)
IF(XI .LT. 0. .AND. Z1 .GE. 0)ALPHA=PI-ALPHA
IF(XI .LT. 0. .AND. Z1 .LT. 0)ALPHA=PI+ALPHA
IF(XI .GE. 0. .AND. Z1 .LT. 0)ALPHA=2.*PI-ALPHA
END IF

X (JNO)=X1 
Z(JNO)=Z1
DTHETA=2.*Pl/NSEG*IROTAT 
DO 10ISEG=1,NSEG-1 
INODE=JNO+ISEG 
THETA=ISEG*DTHETA 
X(INODE)=X0+R*COS(THETA+ALPHA)
Z(INODE)=Z0+R*SIN(THETA+ALPHA)

10 CONTINUE
KNODE(IAREA,IBOUND)=JNO+NSEG-l 
JSTART=KNODE(IAREA,IBOUND)
NELEM(IAREA,IBOUND)= NSEG 
GO TO 40 
END IF

REA D( 5 0 , * ) NSEG
Z D E L T A = Z E N D P T ( I E N D P T + 1 ) - Z E N D P T ( IENDPT)
XDELTA=XENDPT ( I E N D P T + 1 ) - X E N D P T ( IENDPT)
JS T O P=J ST AR T +N SE G
DO 2 0 IN O D E = J S T A R T , J S T O P
X ( I N O D E ) = X E N D P T ( I E N D P T ) + X D E L T A /N S E G * ( I N O D E - J S T A R T )
Z ( I N O D E ) = Z E N D P T ( I E N D P T ) + Z D E L T A / N S E G * ( IN OD E -JS T AR T )

2 0  CONTINUE
J S T A R T = JS T O P
N ELE M( IA R E A, IB O UN D) =N E L E M( IA REA , IBOUND)+NSEG 

30  CONTINUE
D I S T = S Q R T ( ( X ( J S T O P ) - X ( J N O ) ) * * 2 + ( Z ( J S T O P ) - Z ( J N O ) ) * * 2 )
I C L O S E ( IA R E A , IB O U N D )= 0
I F ( D I S T  . L T .  0 . 0 0 0 0 1 )  THEN
I C L O S E ( I A R E A , I B O U N D ) = 1
J S T O P = J S T O P - l
J S T A R T = JS T O P
END I F
KNODE( IAREA, IBOUND)  = JST O P  

40  CONTINUE 
50  CONTINUE
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DO 60INODE=1,KNODE(NAREA,NBOUND(NAREA))
NSURF(INODE)=0 

60 CONTINUE 
NNSURF=0

C NUMBER OF AREAS BORDERING SURFACE & SURFACE BOUNDARIES PER
BORDERING SURF.

READ(50,*)NSURFA
IF(NSURFA .NE. 0) THEN
READ(50,*)(NBND(I),1=1,NSURFA)
DO 67 ISURFA =1,NSURFA 

C SURFACE NODES
DO 67IBND=1,NBND(ISURFA)
READ(50,*)NSURF1(ISURFA,IBND), NSURF2 (ISURFA,IBND)
DO 65 INODE=NSURFl(ISURFA,IBND),NSURF2(ISURFA,IBND)
NSURF(INODE)=1 

65 CONTINUE
NNSURF=NNSURF+NSURF2(ISURFA,IBND)-NSURF1(ISURFA,IBND)+1 

67 CONTINUE 
END IF 

C HALF-SPACE REGION
READ (50, *) HALFSP

C
NLAYER(1)=0 
NLAYER(2)=0

C
IF(NAREA .GT. 1 .AND. NNSURF .NE. 0)THEN 

C INPUT DESCRIPTION OF FREE-FIELD SOIL COLUMN
C 1: -X AREA , 2: +X AREA

DO 901=1,2 
READ(50,*)NLAYER(I)
DO 80ILAYER=1,NLAYER(I)
READ(50,*)NTOP(I,ILAYER),NBOTT(I,ILAYER)
DO 70 IAREA=1,NAREA
MARK1=0
MARK2=0
DO 7 0 INODE=JNODE(IAREA,1) ,KNODE(IAREA,NBOUND(IAREA) )
IF(NTOP(I,ILAYER) .EQ. INODE)MARK1=1 
IF(NBOTT(I,ILAYER) .EQ. INODE) MARK2=1
IF(MARK1 .EQ. 1 .AND. MARK2 .EQ. 1)LTYPE(I,ILAYER) = IAREA 

70 CONTINUE 
80 CONTINUE

LTYPE(I,NLAYER(I)+1) = HALFSP 
90 CONTINUE 

END IF
CLOSE(UNIT=50)
OPEN(UNIT=60,FILE=AOUT,STATUS='UNKNOWN 1)
WRITE(60,6000) ANAME 

6000 FORMAT(2X,A80)
WRITE(60,6010)ATYPE 

6010 FORMAT(/2X,'TYPE OF WAVE = ',A2)
X1=REAL(FBAR)
WRITE(60,6020)XI 

6020 FORMAT(2X,'DIMENSIONLESS FREQUENCY (omega*Hl/Csl) = ',F7.4) 
WRITE(60,6025)NANGLE 

6025 FORMAT(
& /2X,'ADMITTANCE FUNCTIONS ARE CALCULATED FOR ',11,' ANGLES') 
DO 100 IANGLE=1,NANGLE 
WRITE(60,6030)lANGLE,ANGLE(IANGLE)
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6030 FORMAT(2X,'INCIDENT ANGLE (',11,') WITH HORIZONTAL = ',F5.2,
& 1 degs1)

100 CONTINUE
WRITE(60,6040)NAREA 

6040 FORMAT(2X,'NUMBER OF HOMOGENEOUS SUBREGIONS = ',12/)
IELEM=0
DO 190IAREA=1,NAREA 
X1=REAL(CSRAT(IAREA))
WRITE(60,6050)IAREA 

6050 FORMAT(/2X,'HOMOGENEOUS SOIL REGION : ',11/)
WRITE(60,60 60)IAREA,XI 

6060 FORMAT(2X, 'Cs(area ', II, ')/Cs(area 1) = ',F8.2)
WRITE(60,6070)IAREA,UWTRAT(IAREA)

6070 FORMAT(2X,'UNIT W T (area ',11,')/UNIT WT(area 1) = ' , F 5 . 2 )
WRITE(60,6080)POISS(IAREA)

6080 FORMAT(2X,'POISSIONS RATIO >,F5.3)
WRITE(60,60 90)BETA(IAREA)*100.0 

6090 FORMAT(2X,'DAMPING ',F5.2,' %')
WRITE(60,6100) NBOUND(IAREA)

6100 FORMAT(//2X,'NUMBER OF BOUNDARIES ',12/)
DO 120 IBOUND=l,NBOUND(IAREA)
WRITE(60,612 0)IBOUND,NELEM(IAREA,IBOUND)

6120 FORMAT(2X,'NO. OF BOUNDARY ELEMENTS FOR BOUNDARY',12,'=',13)
120 CONTINUE

WRITE(60,6130)
6130 FORMAT(/2X,'BOUNDARY NODE COORDINATES', T35,'X / H (layerl)',T55,

& 'Z/H(layerl)')
DO 140 IBOUND=l,NBOUND(IAREA)
WRITE(60,6140)IBOUND 

6140 FORMAT(/2X,'BOUNDARY = ',12)
DO 130 INODE=JNODE(IAREA, IBOUND),KNODE(IAREA,IBOUND)
WRITE (60, 6150)INODE,X(INODE),Z(INODE)

6150 FORMAT(T20,I3,T36,F8.4,T51,F8.4)
130 CONTINUE 
140 CONTINUE 

C NODE CONNECTIVITY
C WRITE(60,6160)
C 6160 FORMAT (//2X,'NODE CONNECTIVITY')
C WRITE(60,6170)
C 6170 FORMAT(/T6,'BOUNDARY',T17,'ELEMENT',T27,'NODE l',T37,'NODE 2') 
C DO 160 IBOUND=l,NBOUND(IAREA)
C IELEM=IELEM+1
C WRITE(60,6180)IBOUND,IELEM,
C & JNODE(IAREA,IBOUND),JNODE(IAREA,IBOUND)+1
C 6180 FORMAT(T9,I2,T19,I3,T28,I3,T38,I3)
C DO 150 INODE=JNODE(IAREA,IBOUND)+1,KNODE(IAREA,IBOUND)-1
C IELEM=IELEM+1
C WRITE(60,6190)IELEM,INODE,INODE+1
C 6190 FORMAT(T19,I3,T28,13,T38,13)
C 150 CONTINUE
C IF(ICLOSE(IAREA,IBOUND) .EQ. 1)THEN
C IELEM=IELEM+1
C WRITE(60,6190)IELEM,KNODE(IAREA,IBOUND),JNODE(IAREA,IBOUND)
C END IF
C 160 CONTINUE

WRITE(60,6230)
6230 FORMAT(/)

DO 6260IBOUND=1,NBOUND(IAREA)



IF(ICLOSE(IAREA,IBOUND) .E Q . 0)WRITE(60,6240)IBOUND
IF(ICLOSE(IAREA,IBOUND) .E Q . 1) WRITE(60,6250)IBOUND 

6240 FORMAT(5X,'BOUNDARY',12,' IS OPEN')
6250 FORMAT(5X,'BOUNDARY',12,' IS CLOSED')
62 60 CONTINUE 
190 CONTINUE

DO 210 INODE=l, KNODE(NAREA,NBOUND(NAREA) )
IEQN(INODE)=1 
NCONN(INODE)=0 

210 CONTINUE
DO 220 IAREA=1,NAREA-1
DO 22 0 IBOUND=l, NBOUND(IAREA)
DO 22 0 INODE=JNODE(IAREA,IBOUND),KNODE(IAREA,IBOUND)
IF(NCONN(INODE) .NE. 0 ) GO TO 220 
DO 217 IIAREA=IAREA+1,NAREA
DO 2151INODE=JNODE(IIAREA,1),KNODE(NAREA,NBOUND(NAREA)) 
IF(IEQN(IINODE) .E Q . 0) GO TO 215
DIST=SQRT((X(INODE)-X(IINODE))**2+(Z (INODE)-Z(IINODE ) ) * *  
IF (DIST .LT. 0.00001) THEN 
NCONN(IINODE)=INODE 
IEQN(INODE)=IEQN(INODE)+1 
IEQN(IINODE)=0 
GO TO 217 
END IF 

215 CONTINUE 
217 CONTINUE 
220 CONTINUE

C
C WRITE(60,6270)
C 6270 FORMAT(/5X,'INTERFACE NODES'/)
C DO 240 INODE=l,KNODE(NAREA,NBOUND(NAREA))
C IF(IEQN(INODE) .EQ. 2)THEN
C DO 230 IINODE =INODE+l,KNODE(NAREA,NBOUND(NAREA))
C IF(NCONN(IINODE) .EQ. INODE) WRITE(60,6280)INODE,IINODE
C 6280 FORMAT(T9,13, ' - ',13)
C 230 CONTINUE 
C END IF
C 2 40 CONTINUE 
C

WRITE(60,6290)
6290 FORMAT(/5X,'3 NODE INTERFACES'/)

ICOUNT=0
DO 252 INODE=l, KNODE(NAREA,NBOUND(NAREA))-1 
IMARK=0
IF(IEQN(INODE) .EQ. 3)THEN 
ICOUNT=ICOUNT+l
DO 250 IINODE=INODE+l,KNODE(NAREA,NBOUND(NAREA))
IF(NCONN(IINODE) .EQ. INODE .AND. IMARK .EQ. 0) THEN 
MARK1=IINODE 
IMARK=1 
END IF
IF(NCONN(IINODE) .EQ. INODE .AND. IMARK .EQ. 1) THEN 
MARK2=IINODE 
END IF 

250 CONTINUE
N3(ICOUNT,1)=INODE 
N 3 (ICOUNT,2)=MARK1 
N3(ICOUNT,3)=MARK2
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WRITE(60,6300)N3(ICOUNT,1),N 3 (ICOUNT,2),N 3 (ICOUNT,3)
6300 FORMAT(T9,13,1 - ',13,' - ', 13)

END IF
252 CONTINUE 

NN3=ICOUNT
IF(NN3 .EQ. 0) WRITE(60,6305)

6305 FORMAT(Til,'NONE')
WRITE(60,6307)

6307 FORMAT(/5X,’SURFACE NODES')
IF (NSURFA .EQ. 0) THEN 
WRITE(60,6305)
ELSE
DO 253 ISURFA=l,NSURFA 
DO 253 IBND=1,NBND(ISURFA)
WRITE(60,6308)ISURFA,NSURF1(ISURFA,IBND),NSURF2 (ISURFA,IBND)

6308 FORMAT(/5X,'AREA ',12,': NODE ',13,' THROUGH NODE ’,13)
253 CONTINUE 

END IF

NODE ORDER

ICOUNT=0
DO 255 INODE=l,KNODE(NAREA,NBOUND(NAREA))
IF(IEQN(INODE) .NE. 0) THEN 
ICOUNT=ICOUNT +1 
NORDER(ICOUNT)=INODE 
END IF 

255 CONTINUE
IF(NAREA .GT. 1 .AND. NNSURF .NE. 0)THEN 
FREE-FIELD COLUMN DESCRIPTION 
WRITE(60,6310)

6310 FORMAT(//2X,'FREE-FIELD COLUMN DESCRIPTION')
DO 270 1=1,2
I F (I .EQ. 1)WRITE(60, 6320)
IF(I .EQ. 2)WRITE(60, 6330)

6320 FORMAT(/2X,'-X REGION')
6330 FORMAT</2X,'+X REGION')

WRITE(60,6340)
6340 FORMAT(T3, 'LAYER',T21,'d(i)/d(l)',T32,

& 'Cs(layer i)/Cs(1)',T57,'WT(layer i)/WT(l)',
& T82,'DAMPING')
WRITE(60,6350)

6350 FORMAT(T84,'(%)'/)
DO 260ILAYER=1,NLAYER(I)
ITYPE=LTYPE(I,ILAYER)
X1=REAL(CSRAT(ITYPE))
WRITE(60,6360)ILAYER,2 (NBOTT(I,ILAYER)),XI,UWTRAT(ITYPE),

& BETA(ITYPE)*100.0 
6360 FORMAT(T4,12,T22,F5.2,T37,F6.2,T62,F6.2, T82, F 6 .3)
2 60 CONTINUE

X1=REAL(CSRAT(HALFSP))
WRITE(60, 6370)XI,UWTRAT(HALFSP) ,

& BETA(HALFSP)*100.0 
637 0 FORMAT('HALF-SPACE',T37,F6.2,T62,F6.2,T82,F6.3)
270 CONTINUE 

END IF
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FBAR=FBAR/CSQRT(1.0-(0.0,2.0)*BETA(1))
DO 280 IAREA=1, NAREA
CSRAT(IAREA)=CSRAT(IAREA)*CSQRT((1.0— {0.0,2.0)*BETA(IAREA))/ 

& (1.0-(0.0,2.0)*BETA(1)))
280 CONTINUE 

XSCATT=0.0
DO 320 INODE=JNODE(HALFSP,1),KNODE(HALFSP, NBOUND(HALFSP))
DO 320 IN3=1,NN3 
DO 320 IINODE=l,3
IF(N3(IN3,IINODE) .EQ. INODE)THEN 
XSCATT=X(INODE)
GO TO 330 
END IF 

32 0 CONTINUE 
330 CONTINUE

IF(NNSURF .NE. 0) THEN 
WRITE(60,6410)XSCATT 

6410 FORMAT(/2X,'SCATTERING BOUNDARY OCCURS AT X/Hl = ’,F7.2)
END IF 
RETURN 
END
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SUBROUTINE FFLD(IX)
C234567891123456789212345 67 893123 45 67 894123 4 56789512 34567 896123 45 6789712

GEOMETRY
COMMON/IGEOM/NBOUND(4) ,JNODE(4, 3) , KNODE(4,3),NAREA,ICLOSE(4,3) ,

& NCONN(390),NORDER(390),NNSURF, NSURF(390),N 3 (2,3),NN3 
COMMON/RGEOM/X(390),Z(390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X, Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYPE 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RS OIL/UWTRAT(4) ,BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA,POISS 
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2, 3),NBOTT(2,3),NLAYER(2),

& JFF(2,3),KFF(2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2,50)
COMMON/CFFLD/FFU(2,50),FFW(2,50),TCORR(390,2),

& H S U (2),HS W (2),FFPX(2,50),FFPZ(2, 50) ,HSPX(2),HSPZ(2),
& STIFF(20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX, FFPZ,HSPX,HSPZ,STIFF 

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(790)
COMMON/CMATRIX/HMAT(780,780),GMAT(780,790),

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

INTEGER N S E G (2 )
REAL H R A T IO ( 5 ) , ZLAYER( 2 ) , F F B E T A (5 )
COMPLEX F F S X X H ( 5 0 ) , F F S Z Z H ( 5 0 )  , F F S Z X H ( 5 0 ) ,

& HSSXXH( 2 ) , H S S Z Z H ( 2 ) , HSS ZXH (2)
COMPLEX UTOP, WTOP, A P ( 5 ) , B P (5 )  , A S V ( 5 ) , B S V ( 5 ) , F F C S R ( 3 ) , F F W T R ( 3 ) ,

& F F P O I S ( 3 ) , THEATA( 5 ) , C A L C 1 , C A L C 2 , C A L C 3 , C A L C 4 , C A L C 5 , C A L C 6 , CALC7,
& CALC8 , X I K S H 1 , X I K S H 2 , X I K T H 1 , X I K T H 2 , X L X ( 5 ) , X M X ( 5 ) , X I , X I K S Z , X I K T Z ,  
& X I K X , R C P C S , APHS, B P H S , A S V H S ,B S V H S , UOTCRP, WOTCRP, SXXOTC

C
COMPLEX XTEMP1 , XTEMP2 , XTEMP3

C
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C23456789112345678921234567893123456789412345678951234567896123456789712 
C

PI=3.141593
C

IF(NAREA .EQ. 1)THEN 
C NAREA = 1

FFCSR(l)=CSRAT(HALFSP)
FFWTR(l)=UWTRAT(HALFSP)
FFPOIS(1)=POISS(HALFSP)
FFBETA(l)=BETA(HALFSP)
THEATA(1)=(1.0,0.0)*ANGLE(IANGLE)/57.29577951 
IF(ATYPE .EQ. ' P ' )THEN 
AP (1) = (1.0,0.0)
ASV(l)=(0.0,0.0)
XL X (1)=CCOS(THEATA(1))
XMX(l)=XLX(1)*SQRT((1-2.*FFPOIS(1))/(2.*(1.-FFPOIS(1))))
ELSE
ASV(1)=(1.0,0.0)
AP(1) = (0. 0,0.0)
XM X (1)=CCOS(THEATA(1))
XL X (1)=XMX(1)* SQRT((2.*(1.-FFPOIS(1)))/(1-2.*FFPOIS(1)))
END IF 
FFDIM=2 
DO 51=1,FFDIM 
FVECT(I)=(0.0,0.0)
DO 5J=1,FFDIM 
STIFF(I,J)=(0.0,0.0)

5 CONTINUE
DIFF=ABS(ANGLE(IANGLE)-90.0)
IF (DIFF .LT. 0 .0001)THEN

C
C VERTICAL INCIDENCE
C

B P (1)= -1.0*AP(1)
B S V (1)= -1.0 *ASV(1)
ELSE

C
C NON-VERTICAL INCIDENCE
C

CALC1=CSQRT(1.0-(XLX(1)**2))
CALC3=CSQRT(1.0-(XMX(1)**2))
CALC5=(1.-2.*(XMX(1)**2))/XMX(l)
CALC7=CALC5/XMX(1)
STIFF(1,1)=XLX(1)*CALC7 
STIFF(1,2)= -2.*CALC3 
STIFF(2,1)= 2.*CALC1 
STIFF(2,2)=CALC5
FVECT(1)= -1.0* STIFF (1,1)*AP (1)+STIFF<1,2)*ASV(1)
FVECT(2)= STIFF(2,1)*AP(1)-STIFF(2,2)*ASV(1)
CALL SOLVE(1)
B P (1)=XVECT(1)
B S V (1)=XVECT(2)
END IF 
HSU(IX) =

& XLX(1)*(AP(1)+BP(1))+CSQRT(1.0-(XMX(1)**2))*(-ASV(l)+BSV(1))
HSW(IX)=

& SQRT(1.0-(XLX(1)**2))*(-AP(1)+BP(1))+XMX(1)*(-ASV(1)-BSV(1)) 
HSSZZH(IX)=(0.0,0.0)
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HSSZXH(IX) = (0.0, 0 . 0)
c

CALC1=SQRT( 2.*(1.-FFPOIS(1))/(1-2.*FFPOIS(1)))
CALC3=2.*FBAR*XMX(1)/FFCSR(l) *SQRT(1.0-XMX(1)*XMX(1)) 
CALC6=FBAR*(CALC1/FFCSR(1)+2.*(XLX(l) -1.0)/

& (CALC1*FFCSR(1)))
C

HSSXXH(IX)=(0.0,1.0)*
& ((AP(1)+ B P (1))*CALC6-
& (A S V (1)- BSV(1))*CALC3)

C
HSPX(IX)=(0.0,0.0)
HSPZ(IX)=(0.0,0.0)
HS U (2)=HSU(1)
H S W (2)=HSW(1)
HSSXXH(2)=HSSXXH(1)
HSSZZH(2)=(0.0,0.0)
HSSZXH(2)=(0.0,0.0)
HSPX(2)=(0.0,0.0)
HSPZ(2)=(0.0,0.0)
XIKX=(0.0,1.0)*FBAR*XMX(1)/FFCSR(1) *X(KNODE(HALFSP,1)) 
F F U (1,1)=HSU(1)*CEXP(XIKX)
F F W (1,1)=HSW(1)*CEXP(XIKX)
XIKX=(0.0,1.0)*FBAR*XMX(1)/FFCSR(1) *X(JNODE(HALFSP,1)) 
F F U (2,1)=HSU(2)*CEXP(XIKX)
F F W (2,1)=HSW(2)*CEXP(XIKX)
WRITE(*,*)'FFU(1,1) = 1,FFU(1,1)
WRITE(*,*)'FFW(1,1) = 1,FFW(1,1)
WRITE(*,*)'FFU(2,1) = ',FFU(2,1)
WRITE(*,*)'FFW(2,1) = ',FFW(2,1)
WRITE(60,6090)
WRITE(60,6100)
WRITE(60,6110)HSU(IX)
WRITE(60,6120)HSW(IX)
WRITE(60,6130)

XTEMP1=HSSXXH(IX)*(1.0-(0.0,2.0)*FFBETA(1)) 
XTEMP2=HSSZZH(IX)*(1.0-(0.0,2.0)*FFBETA(1)) 
XTEMP3=HSSZXH(IX)*(1.0-(0.0,2.0)*FFBETA(1))

WRITE(60,6140)XTEMP1 
WRITE(60,6150)XTEMP2 
WRITE(60,6160)XTEMP3 
WRITE(60,6170)

XTEMP1=HSPX(IX)*(1.0-(0.0,2.0)*FFBETA(1))
XTEMP2=HSPZ(IX)*(1.0-(0.0,2.0)*FFBETA(1))

WRITE(60,6180)XTEMP1 
WRITE(60,6190)XTEMP2

GO TO 9999 
END IF

NUMBER OF FREE-FIELD SEGMENTS = NNSEG 
NNSEG=5
CREATE 10 SEGMENTS PER SHEAR WAVE LENGTH 
NNSEG=REAL(FBAR)*10/(2.0*PI) +1
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IF (NNSEG .LT. 5)NNSEG=5
C

DO 10 ILAYER=1,NLAYER(IX)
ITYPE=LTYPE(IX,ILAYER)
FFCSR(ILAYER)=CSRAT(ITYPE)
FFWTR(ILAYER)=UWTRAT(ITYP E )
FFPOIS(ILAYER)=POISS(ITYPE)
HRATIO(ILAYER)=Z(NBOTT(IX,ILAYER))
FFBETA(ILAYER)= BETA(ITYPE)

10 CONTINUE
FFCSR(NLAYER(IX)+1)=CSRAT(HALFSP)
FFWTR(NLAYER(IX)+1)=UWTRAT(HALFSP)
FFPOIS(NLAYER(IX)+1)=POISS(HALFSP)
FFBETA(NLAYER(IX)+1)=BETA(HALFSP)
THEATA(NLAYER(IX)+1)=(1.0,0.0)*ANGLE(IANGLE)/57.2 9577 951 
IF(ATYPE .EQ. ' P ')THEN 
AP(NLAYER(IX)+1) = (1.0, 0.0)
ASV(NLAYER(IX)+1)=(0.0,0.0)
XLX(NLAYER(IX)+l)=CCOS(THEATA(NLAYER(IX) +1) )
XMX(NLAYER(IX)+1)=XLX(NLAYER(IX)+1)*

& SQRT((1-2.*FFPOIS(NLAYER(IX)+1))/
& (2.*(1.-FFPOIS(NLAYER(IX)+1))))
DO 20ILAYER=1,NLAYER(IX)

C
X L X (ILAYER)=XLX(NLAYER(IX)+1)*FFCSR(ILAYER)/FFCSR(NLAYER(IX) +1)* 

& SQRT((1.-FFPOIS(ILAYER))*(1.0-(2.*FFPOIS(NLAYER(IX)+1)) ) /
& ((1.-FFPOIS(NLAYER(IX)+1))*(1.-(2.*FFPOIS(ILAYER)))))

C
XMX(ILAYER)=XLX(ILAYER)*SQRT((1-2,*FFPOIS(ILAYER))/

& (2.*(1.-FFPOIS(ILAYER))))
20 CONTINUE 

ELSE
ASV(NLAYER(IX)+1)=(1.0,0.0)
AP(NLAYER(IX)+1)=(0.0,0.0)
XMX(NLAYER(IX)+1)=CCOS(THEATA(NLAYER(IX)+1))
XLX(NLAYER(IX)+1)=XMX(NLAYER(IX)+1)*

& SQRT((2.*(1.-FFPOIS(NLAYER(IX)+1)))/
& (1-2.*FFPOIS(NLAYER(IX)+1)))
DO 25ILAYER=1,NLAYER(IX)
X M X (ILAYER)=XMX(NLAYER(IX)+1)*FFCSR(ILAYER)/FFCSR(NLAYER(IX) +1) 
XL X (ILAYER)=XMX(ILAYER)*SQRT((2.*(1.-FFPOIS(ILAYER+1)))/

& (1-2.*FFPOIS(ILAYER+1)))
25 CONTINUE 

END IF
FFDIM=4*NLAYER(IX)+2 
DO 401=1,FFDIM 
FVECT(I) = (0.0, 0.0)
DO 40J=1,FFDIM 
STIFF(I,J)=(0.0,0.0)

40 CONTINUE
DIFF=ABS(ANGLE(IANGLE)-90.0)
IF(DIFF .LT. 0.0001)THEN

VERTICAL INCIDENCE

STIFF(1,1)=(1.0,0.0)
STIFF(1,2)=(1.0,0.0)
STIFF(2,3)=(1.0,0.0)
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STIFF(2,4)=(1.0,0.0)
DO 50ILAYER=1,NLAYER(IX)
XIKSH1=(0.0,1.0)*FBAR/FFCSR(ILAYER) *

& HRATIO(ILAYER)*SQRT( (1-2.*FFPOIS(ILAYER) ) /
& (2.*(1.-FFPOIS(ILAYER))))
XIKSH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*SQRT( (1-2.*FFPOIS(ILAYER) )/
& (2.*(1.-FFPOIS(ILAYER))))
XIKTH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& HRATIO(ILAYER)
XIKTH2=(0 . 0 , 1. 0 )*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)
1=(ILAYER-1)*4+3 
J=(ILAYER-1)*4+1
XI=(FFCSR(ILAYER+1)/FFCSR(ILAYER) ) **2 

& * FFWTR(ILAYER+1)/FFWTR(ILAYER)
CALC1=XI*FFCSR(ILAYER)/FFCSR(ILAYER+1)
CALC2=SQRT((2.*(1.-FFPOIS(ILAYER)))/(1.-2.*FFPOIS(ILAYER) ) ) 
CALC3=CALC1* SQRT((2.*(1.-FFPOIS(ILAYER+1) ) )/

& (1-2.*FFPOIS(ILAYER+1)))
STIFF(I,J+2) = (-1.0,0.0)*CEXP ( (-1.0,0.0)*XIKTH1)
STIFF (I, J+3) = ( + 1.0, 0 . 0) *CEXP ( ( + 1. 0, 0 . 0) *XIKTH1)
STIFF(1+1,J)=(-1.0,0.0)*CEXP((-1.0,0.0)*XIKSH1)
STIFF(1+1,J+l)=(+1.0,0.0)*CEXP((+1.0,0.0)*XIKSH1)
STIFF(1+2,J) =CALC2*CEXP((-1.0,0.0)*XIKSH1)
STIFF(1+2,J+l)=CALC2*CEXP( ( + 1.0,0.0)*XIKSH1)
STIFF(1+3,J+2)=CEXP((-1.0,0 .0)*XIKTH1)
STIFF(1+3,J+3)=CEXP((+1.0,0.0)*XIKTH1)
IF(ILAYER .LT. NLAYER(IX))THEN
STIFF(I,J+6)=(+1.0,0.0)*CEXP((-1.0,0.0)*XIKTH2)
STIFF(I,J+7)=(-1.0,0.0)*CEXP ( ( + 1.0,0.0)*XIKTH2)
STIFF(I+l,J+4)=(+1.0,0.0)*CEXP((-1.0,0.0)*XIKSH2)
STIFF(1+1,J+5>= (-1.0,0.0)*CEXP((+1.0, 0.0)*XIKSH2)
STIFF(1+2,J+4)= -CALC3*CEXP((-1.0,0.0)*XIKSH2)
STIFF(1+2,J+5)= -CALC3*CEXP((+1.0,0.0)*XIKSH2)
STIFF(1+3,J+6) = (-1.0,0.0)*CALC1*CEXP((-1.0, 0.0)*XIKTH2)
STIFF(1+3,J+7) = (-1.0,0.0)*CALC1*CEXP((+1.0, 0.0)*XIKTH2)
ELSE
STIFF(1+1,J+4) = (-1.0,0.0)*CEXP((+1.0, 0.0) *XIKSH2)
STIFF(1+2,J+4)= -CALC3*CEXP((+1.0,0.0)*XIKSH2)
STIFF(I,J+5)=(-1.0,0.0)*CEXP((+1.0,0.0)*XIKTH2)
STIFF(1+3,J+5) = (-1.0,0.0)*CALC1*CEXP((+1. 0, 0.0) *XIKTH2)
FVECT (I) = (-1.0, 0 .0) *CEXP ( (-1.0, 0 . 0) *XIKTH2) *ASV (NLAYER (IX) +1) 
FVECT(1+1)=(-1.0,0.0)*CEXP((-1.0,0.0)*XIKSH2)*AP(NLAYER(IX)+1) 
FVECT(1+2) = (+1.0,0.0)*CALC3*CEXP((-1.0, 0.0) *XIKSH2) *

& AP(NLAYER(IX)+1)
FVECT(1+3) = (+1.0,0.0)*CALC1*CEXP((-1.0, 0.0)*XIKTH2)*

& ASV(NLAYER(IX)+1)
END IF 

50 CONTINUE 
ELSE

NON-VERTICAL INCIDENCE

CALC1=CSQRT(1.0-(XLX(1)**2))
CALC3=CSQRT(1.0-(XMX(1)**2))
CALC5=(1.-2.*(XMX(1)**2))/XMX(l)
CALC7=CALC5/XMX(1)
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STIFF(1,1)=XLX(1)*CALC7 
STIFF(1,2)=STIFF(1,1)
STIFF(1,3)=2.*CALC3 
STIFF(1,4)=-1.*STIFF(1,3)
STIFF(2,1)= -2.*CALC1 
STIFF(2,2)= 2.*CALC1 
STIFF(2,3)=CALC5 
STIFF(2,4)=CALC5 
DO 60ILAYER=1,NLAYER(IX)
XIKSH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& HRATIO(ILAYER)*CSQRT(1.0-(XLX(ILAYER)**2))*
& SQRT((1-2.*FFPOIS(ILAYER))/(2.*(1.-FFPOIS(ILAYER))))
XIKSH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*CSQRT(1.0-(XLX(ILAYER+1)**2))*
& SQRT((1-2.*FFPOIS(ILAYER+1))/(2.*(1.-FFPOIS(ILAYER+1)))) 
XIKTH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& HRATIO(ILAYER)*CSQRT(1.0-(XMX(ILAYER)**2))
XIKTH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*CSQRT(1.0-(XMX(ILAYER+1)**2))
I=(ILAYER-1)*4+3 
J=(ILAYER-1)*4+1
XI=(FFCSR(ILAYER+1)/FFCSR(ILAYER))**2 

& * FFWTR(ILAYER+1)/FFWTR(ILAYER)
CALC1=CSQRT(1.0-(XLX(ILAYER)**2) )
CALC2=CSQRT(1.0-(XLX(ILAYER+1) **2) )
CALC3=CSQRT(1.0-(XMX(ILAYER)**2))
CALC4=CSQRT(1.0-(XMX(ILAYER+1)**2) )
CALC5=(1.-2.*(XMX(ILAYER)**2))/XMX(ILAYER) 
CALC6=(1.-2.*(XMX(ILAYER+1)**2))/XMX(ILAYER+1)
CALC7=CALC5/XMX(ILAYER)
CALC 8 =CALC 6/XMX(ILAYER+1)
STIFF(I,J)=(+1.0,0.0)*XLX(ILAYER)*CEXP((-1.0,0.0)*XIKSH1)
STIFF(1+1,J)=(-1.0,0.0)*CALC1*CEXP((-1.0,0.0)*XIKSH1)
STIFF(1+2,J)=XLX(ILAYER)*CALC7*CEXP((-1.0,0.0)*XIKSH1)
STIFF(1+3, J) = (-2.0,0.0)*CALC1*CEXP((-1.0,0.0)*XIKSH1)
STIFF(I,J+1) = ( + 1.0, 0.0)*XLX(ILAYER)*CEXP(( + 1.0,0.0)*XIKSH1) 
STIFF(1+1, J+l) = (+1.0,0.0)*CALC1*CEXP(( + 1.0,0 . 0)*XIKSH1)
STIFF(1+2,J+l)=XLX(ILAYER)*CALC7*CEXP((+1.0,0.0)*XIKSH1)
STIFF(1+3,J+l)=(+2.0,0.0)*CALC1*CEXP((+1.0,0.0)*XIKSH1)
STIFF(I,J+2)=(-1.0,0.0)*CALC3*CEXP((-1.0,0.0)*XIKTH1)
STIFF(1+1,J+2)=(-1.0,0.0)*XMX(ILAYER)*CEXP((-1.0,0.0)*XIKTH1) 
STIFF(1+2,J+2)=(+2.0,0.0)*CALC3*CEXP((-1.0,0.0)*XIKTH1)
STIFF(1+3,J+2)=(+1.0,0.0)*CALC5*CEXP((-1.0,0.0)*XIKTH1)
STIFF(I,J+3) = (+1.0,0.0)*CALC3 *CEXP((+1.0,0.0)*XIKTH1)
STIFF(1+1, J+3) = (-1.0, 0.0)*XMX(ILAYER)*CEXP(( + 1.0,0.0)*XIKTH1) 
STIFF(1+2,J+3)=(-2.0,0.0)*CALC3*CEXP((+1.0,0.0)*XIKTH1)
STIFF(1+3,J+3) = ( + 1.0,0.0)*CALC5 *CEXP(( + 1.0,0.0)*XIKTH1)
I F (ILAYER .LT. NLAYER(IX))THEN
STIFF(I,J+4)=(-1.0,0.0)*XLX(ILAYER+1)*CEXP((-1.0,0.0)*XIKSH2) 
STIFF (1 + 1, J+4) = ( + 1. 0, 0 .0) *CALC2*CEXP ( (-1. 0, 0 .0) *XIKSH2)
STIFF(1+2,J+4)= -XI*XLX(ILAYER+1)*CALC8*CEXP((-1.0,0.0)*XIKSH2) 
STIFF(1+3,J+4)=(+2.0,0.0)*XI*CALC2*CEXP((-1.0,0.0)*XIKSH2)
STIFF(I,J+5)=(-1.0,0.0)*XLX(ILAYER+1)*CEXP((+1.0,0.0)*XIKSH2) 
STIFF(1+1,J+5)=(-1.0,0.0)*CALC2*CEXP((+1.0,0.0)*XIKSH2)
STIFF(1+2,J+5)= -XI*XLX(ILAYER+1)*CALC8*CEXP((+1.0,0.0)*XIKSH2) 
STIFF(1+3,J+5)=(-2.0,0.0)*XI*CALC2*CEXP((+1.0,0.0)*XIKSH2)
STIFF(I, J+6) = (+1.0, 0.0)*CALC4*CEXP((-1.0,0.0)*XIKTH2)
STIFF(1+1,J+6)=(+1.0,0.0)*XMX(ILAYER+1)*CEXP((-1.0,0.0)*XIKTH2)
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STIFF(1+2,J+6)=(-2.0,0.0)*XI*CALC4*CEXP((-1.0,0.0)*XIKTH2)
STIFF(1+3,J+6)=(-1.0,0.0)*XI*CALC6*CEXP((-1.0,0.0)*XIKTH2)
STIFF(I, J+7) = (-l.0, 0.0)*CALC4*CEXP((+1.0,0.0)*XIKTH2)
STIFF (1 + 1, J+7) = ( + 1.0, 0 . 0) * XMX (ILAYER+1) *CEXP ( ( + 1.0, 0 . 0) *XIKTH2) 
STIFF(1+2,J+7)=(+2.0,0.0)*XI*CALC4*CEXP((+1.0,0.0)*XIKTH2)
STIFF(1+3, J+7) = (-1.0, 0.0)*XI*CALC6*CEXP(( + 1.0,0.0)*XIKTH2)
ELSE
STIFF ('i, J+4) = (-1.0,0.0) *XLX(ILAYER+1) *CEXP ( ( + 1. 0, 0 .0) *XIKSH2) 
STIFF(1 + 1,J+4) = (-1.0,0.0)*CALC2 *CEXP(( + 1.0,0.0)*XIKSH2)
STIFF(1+2,J+4)= -XI*XLX(ILAYER+1)*CALC8*CEXP((+1.0,0.0)*XIKSH2) 
STIFF(1+3,J+4)=(-2.0,0.0)*XI*CALC2*CEXP((+1.0,0.0)*XIKSH2)
STIFF(I,J+5) = (-1.0,0.0)*CALC4*CEXP( ( + 1.0,0.0)*XIKTH2)
STIFF(1+1,J+5) = ( + 1.0, 0.0)*XMX(ILAYER+1)*CEXP(( + 1.0,0.0)*XIKTH2) 
STIFF(1+2, J+5) = (+2.0,0.0)*XI*CALC4*CEXP(( + 1.0,0.0)*XIKTH2)
STIFF(1 + 3,J+5) = (-1.0,0.0)*XI*CALC6*CEXP ( ( + 1.0,0.0)*XIKTH2)
FVECT(I) = ( + 1/0,0.0)*XLX(ILAYER+1) *CEXP( (-1.0,0.0) *XIKSH2)

& *AP(NLAYER(IX)+1)-CALC4*CEXP((-1.0,0.0)*XIKTH2)*
& ASV(NLAYER(IX)+1)
FVECT(1+1) = (-1.0,0.0)*CALC2 *CEXP((-1.0,0.0)*XIKSH2)

& *AP(NLAYER(IX)+1)-XMX(ILAYER+1)*CEXP((-1.0,0.0)*XIKTH2)*
& ASV(NLAYER(IX)+1)
FVECT(1+2) = ( + 1.0, 0.0)*XI*XLX(ILAYER+1)*CALC8*

& CEXP((-1.0, 0.0)*XIKSH2)*AP(NLAYER(IX)+1)
& +(2.0,0.0)*XI*CALC4*CEXP((-1.0,0.0)*XIKTH2)*ASV(NLAYER(IX)+1) 
FVECT(1+3)=(-2.0,0.0)*XI*CALC2*

& CEXP((-1.0, 0.0)*XIKSH2)*AP(NLAYER(IX)+1)
& +XI*CALC6*CEXP((-1.0,0.0)*XIKTH2)*ASV(NLAYER(IX) +1)
END IF 

60 CONTINUE 
END IF
CALL SOLVE(1)
DO 701LAYER=1,NLAYER(IX)
IROW=(ILAYER-1)*4+1 
A P (ILAYER)=XVECT(IROW)
B P (ILAYER)=XVECT(IROW+1)
A S V (ILAYER)=XVECT(IROW+2)
BSV(ILAYER)=XVECT(IROW+3)

70 CONTINUE
BP(NLAYER(IX)+1)=XVECT(FFDIM-1)
BSV(NLAYER(IX)+1)=XVECT(FFDIM)
UTOP=XLX(1)*(AP(1)+ B P (1))+CSQRT(1.0-(XMX(l)**2))*(-ASV(l)+BSV(1)) 
WTOP=SQRT(1.0-(X L X (1)**2))*(-AP(1)+BP(1))+XMX(1)* (-ASV(l)-BSV(l) )

IF(IX .EQ. 1)THEN 
WRITE(60,6000)

6000 FORMAT(//5X,’FREE-FIELD CALCULATION’)
WRITE(60,6002)

6002 FORMAT(/5X,’-X BOUNDARY’)
END IF
IF(IX .EQ. 2)THEN 
WRITE(60,6004)

6004 FORMAT(/5X,’+X BOUNDARY’)
END IF
WRITE(60,6005)

6005 FORMAT(/T3,’LAYER’,T15,’A p ’,T30,’B p ’,T49,’Asv’,T64,’Bsv’/) 
DO 80ILAYER=1, NLAYER(IX)+1
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WRITE(60,6010)ILAYER,AP(ILAYER),BP(ILAYER),ASV(ILAYER),
& BSV(ILAYER)

6010 FORMAT(I5,T8,2F7.3,T23,2F7.3,T43,2F7.3,T58,2F7.3)
80 CONTINUE

UREAL=REAL(UTOP)
IF(ABS(UREAL) .LT. (1.0E-12) ) UREAL=0.0
UIMAG=AIMAG(UTOP)
IF(ABS(UIMAG) .LT. (1.0E-12) ) UIMAG=0.0
WREAL=REAL(WTOP)
IF(ABS(WREAL) .LT. (1.0E-12) ) WREAL=0.0
WIMAG=AIMAG(WTOP)
IF(ABS(WIMAG) .LT. (1.0E-12) ) WIMAG=0.0
U=SQRT(UREAL*UREAL+UIMAG*UIMAG)
W=SQRT(WREAL*WREAL+WIMAG*WIMAG)
WRITE(60,6020)

6020 FORMAT(//T18,'REAL1,T31,'IMAGINARY',T46,'MAGNITUDE')
WRITE(60,6030)UREAL,UIMAG,U 

6030 FORMAT(/2X'U(top)',T15,F 8 .3,T30,F 8 .3,T45,F 8 .3)
WRITE(60,6040)WREAL,WIMAG,W 

6040 FORMAT(/2X'W(top)',T15,F 8 .3,T30,F 8 .3,T45,F 8 .3)
WRITE(*,6000)
IF(IX .EQ. 1)THEN 
WRITE(*,6002)
END IF
IF(IX .EQ. 2)THEN 
WRITE(*,6004)
END IF
WRITE(*,6005)
DO 90ILAYER=1,NLAYER(IX)+1
WRITE(*,6010)ILAYER,AP(ILAYER),BP(ILAYER) , A S V (ILAYER),BS V (ILAYER) 

90 CONTINUE
WRITE(*,6020)
WRITE(*,6030)UREAL,UIMAG,U 
WRITE(*,6040)WREAL,WIMAG,W

TBIG=0.
DO 100ILAYER=1,NLAYER(IX)
T=Z(NBOTT(IX,ILAYER))-Z(NTOP(IX,ILAYER))
IF(T .GT. TBIG)TBIG=T 
IF(ILAYER .EQ. 1) THEN 
ZLAYER(l)=T 
ELSE
ZLAYER(ILAYER)=ZLAYER(ILAYER-1)+T 
END IF 

100 CONTINUE
DO 110 ILAYER=1,NLAYER(IX)
IF (ILAYER .EQ. 1)TLAYER=ZLAYER(1)
IF (ILAYER .GT. 1)TLAYER=ZLAYER(ILAYER)-ZLAYER(ILAYER-1) 
NSEG(ILAYER)= TLAYER/ZLAYER(1)*NNSEG
NSEG1=REAL(FBAR)*10/(2.0*PI)*TLAYER/REAL(FFCSR(ILAYER)) 
IF(NSEG1 .GT. NSEG(ILAYER))THEN 
NSEG(ILAYER)=NSEG1 
END IF 

110 CONTINUE

I N O D E = 0
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DO 130 ILAYER=1,NLAYER(IX)
ZTOP=Z(NTOP(IX,ILAYER))
ZBOTT=Z(NBOTT(IX,ILAYER))
SEGLEN=(ZBOTT-ZTOP)/NSEG(ILAYER)
IF(ILAYER .EQ. 1)JFF(IX,ILAYER)=1
IF(ILAYER .GT. 1)JFF(IX,ILAYER)=KFF(IX,ILAYER-1)+1 
KFF(IX,ILAYER)=JFF(IX, ILAYER)+NSEG(ILAYER)
XFF(IX,ILAYER)=X(NTOP{IX,ILAYER))

CALC1=SQRT((2.*(1.-FFPOIS(ILAYER)))/(1-2.*FFPOIS(ILAYER)))
X I K X = ( 0 . 0 , 1 . 0 ) * F B A R * X M X ( 1 ) / F F C S R (1) * X F F ( I X , I L A Y E R )  
C A L C 2 = F B A R / F F C S R ( I L A Y E R ) * C A L C 1 * ( 1 . 0 - 2 . * X M X ( I L A Y E R ) * X M X ( I L A Y E R )  ) 
C A L C 3 = 2 .* F B A R * X M X ( 1 ) / F F C S R ( 1 ) * S Q R T ( 1 . 0 - X M X (I L A Y E R ) * X M X ( I L A Y E R )  ) 
C A L C 4 = 2 .* F B A R * X M X ( 1 ) / F F C S R ( 1 ) * S Q R T ( 1 . 0 - X L X (I L A Y E R ) * X L X ( I L A Y E R ) ) 
C A L C 5 = F B A R / F F C S R ( I L A Y E R ) * ( 1 . 0 - 2 . * X M X ( I L A Y E R ) * X M X ( I L A Y E R ) ) 
C A L C 6 = F B A R * ( C A L C 1 / F F C S R (I L A Y E R )  + 2 . * ( X L X ( I L A Y E R ) - 1 . 0 ) /

& (CALC1*FFCSR(ILAYER)))

XNZ=0.0
IF(IX .EQ. 1)XNX= -1.0 
IF(IX .EQ. 2)XNX= +1.0 
DO 120 ISEG=1,NSEG(ILAYER)+1 
INODE=INODE+l
IF(IX .EQ. 1)ZFF(IX,INODE)=ZTOP+(ISEG-1)*SEGLEN 
IF(IX .EQ. 2)ZFF(IX,INODE)=ZBOTT-(ISEG-1)*SEGLEN

XIKSZ=(0.0,1.0)*FBAR/FFCSR(ILAYER)*
& CSQRT(1.0-(XLX(ILAYER)**2))/CALC1*ZFF(IX,INODE)
XIKTZ=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& CSQRT(1.0-(XMX(ILAYER)**2))*ZFF(IX,INODE)
F FU(IX,INODE)= (XLX(ILAYER)*

& (AP(ILAYER)*CEXP(-XIKSZ)+ B P (ILAYER)*CEXP(+XIKSZ))+
& (CSQRT(1.0-XMX(ILAYER)**2))*
& (-ASV(ILAYER)*CEXP(-XIKTZ)+ B S V (ILAYER)*CEXP(+XIKTZ)))*
& CEXP(XIKX)
FFW(IX, INODE) = (CSQRT(1.0-XLX(ILAYER)**2)*

& (-AP(ILAYER)*CEXP(-XIKSZ)+ B P (ILAYER)*CEXP(+XIKSZ))+
& XMX(ILAYER)*
& (-ASV(ILAYER)*CEXP(-XIKTZ)- BSV(ILAYER)*CEXP(+XIKTZ)))*
& CEXP(XIKX)

FFSZZH(INODE)=(0.0,1.0)*
& ((AP(ILAYER)*CEXP(-XIKSZ)+ B P (ILAYER)*CEXP(+XIKSZ))*CALC2+
& (ASV(ILAYER)*CEXP(-XIKTZ)- BSV(ILAYER)*CEXP(+XIKTZ))*CALC3)* 
& CEXP(XIKX)

FFSZXH(INODE) = (0.0, 1.0)*
& ((-AP(ILAYER)*CEXP(-XIKSZ)+ B P (ILAYER)*CEXP(+XIKSZ))*CALC4+
& (ASV(ILAYER)*CEXP(-XIKTZ)+ BSV(ILAYER)*CEXP(+XIKTZ))*CALC5)* 
& CEXP(XIKX)

FFSXXH(INODE) = (0.0, 1.0)*
& ((AP(ILAYER)*CEXP(-XIKSZ)+ B P (ILAYER)*CEXP(+XIKSZ))*CALC6- 
& (ASV(ILAYER)*CEXP(-XIKTZ)- BSV(ILAYER)*CEXP(+XIKTZ))*CALC3)* 
& CEXP(XIKX)
FFPX(IX,INODE)=FFSXXH(INODE)*XNX+FFSZXH(INODE)*XNZ 
FFPZ(IX,INODE)=FFSZXH(INODE)*XNX+FFSZZH(INODE)*XNZ
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c
120 CONTINUE 
130 CONTINUE

DO 150 ILAYER=1,NLAYER(IX)
WRITE(60,6050)ILAYER 

6050 FORMAT(/5X,'LAYER = ’,11)
WRITE(60,6060)

6060 FORMAT(T47,'DISPLACEMENT')
WRITE(60,6070)

6070 FORMAT(T3, 'NODE',T13,'X/H1',T23,'Z/H1',T45,'U',T60,'W'/) 
DO 140 INODE=JFF(IX,ILAYER),KFF(IX, ILAYER)
WRITE(60, 6075)INODE,XFF(IX,ILAYER),ZFF(IX, INODE) ,

& FFU(IX,INODE),FFW(IX,INODE)
607 5 FORMAT(T4,12,T12,F7.3,T22,F7.3,

& T37,2F7.3,T52,2F7.3,T67,2F7.3)
140 CONTINUE

WRITE(60,6077)
6077 FORMAT(/T57,'STRESS')

WRITE(60,6080)
6080 FORMAT(T3,'NODE',T13,'X/H1',T23,'Z/H1',T41,'Sxx*Hl/Gi' , 

& T56,'Szz*Hl/Gi', T71,'Szx*Hl/Gi' /)
DO 142 INODE=JFF(IX,ILAYER),KFF(IX,ILAYER)

C
XTEMP1=FFSXXH(INODE)*(1.0 -(0.0,2.0)*FFBETA(ILAYER)) 
XTEMP2=FFSZZH(INODE)*(1.0-(0.0,2.0)*FFBETA(ILAYER))
XTEMP3=FFSZXH(INODE)*(1.0-(0.0,2.0)*FFBETA(ILAYER))

C
WRITE(60,6075)INODE,XFF(IX,ILAYER),ZFF(IX,INODE),

C & FFSXXH(INODE),FFSZZH(INODE),FFSZXH(INODE)
& XTEMP1,XTEMP 2,XTEMP 3

C
142 CONTINUE

WRITE(60,6082)
6082 FORMAT(/T48,'TRACTION')

WRITE(60,6085)
6085 FORMAT(T3, 'NODE',T13,'X/H1',T23,'Z/H1',T41,'Px*Hl/Gi',

& T56,'PzHl/Gi'/)
DO 145 INODE=JFF(IX,ILAYER),KFF(IX, ILAYER)

C
XTEMP1=FFPX(IX,INODE)*(1.0-(0.0,2.0)*FFBETA(ILAYER)) 
XTEMP2=FFPZ(IX,INODE)*(1.0-(0.0,2.0)*FFBETA(ILAYER))

C
WRITE(60, 6075)INODE,XFF(IX,ILAYER) ,ZFF(IX, INODE),

C & FFPX(IX,INODE),FFPZ(IX,INODE)
& XTEMP1,XTEMP2

C
145 CONTINUE 
150 CONTINUE

C
NN=NLAYER(IX)+1

C
CALC1=SQRT( 2.*(1.-FFPOIS(NN))/(1-2.*FFPOIS(NN))) 
CALC2=FBAR/FFCSR(NN)*CALC1*(1.0-2.*XMX(NN)*XMX(NN))
CALC3=2.*FBAR*XMX(1)/FFCSR(1)*SQRT(1.0-XMX(NN)*XMX(NN)) 
CALC4=2.*FBAR*XMX(1)/FFCSR(1)*SQRT(1.0-XLX(NN)*XLX(NN)) 
CALC5=FBAR/FFCSR(NN)*(1.0-2.*XMX(NN)*XMX(NN))
CALC6=FBAR*(CALC1/FFCSR(NN)+2.*(XLX(NN)-1.0)/

& (CALC1*FFCSR(NN)))
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FREE-FIELD MOTION IS BASED ON HORIZONTAL HALF-SPACE INTERFACE 
XNX= 0.0 
XNZ= -1.0
ZHS=Z(KNODE(HALFSP,NBOUND(HALFSP) ) )

XIKSZ=(0.0,1.0)*FBAR/FFCSR(NN)*
& CSQRT(1.0-(XLX(NN)**2))/CALC1*ZHS 
XIKTZ=(0.0,1.0)*FBAR/FFCSR(NN)*

& CSQRT(1.0-(XMX(NN)**2))*ZHS 
XIKX=(0.0,1.0)*FBAR*XMX(1)/FFCSR(1) *X(INODE)
HS U (IX)= (XLX(NN)*

& (AP(NN)*CEXP(-XIKSZ)+ BP(NN)*CEXP(+XIKSZ))+
& CSQRT(1.0-XMX(NN)**2)*
& (-ASV(NN)*CEXP(-XIKTZ)+ BSV(NN)*CEXP(+XIKTZ)))
& *CEXP(XIKX)
HS W (IX)= (CSQRT(1.0-XLX(NN)**2)*

& (-AP(NN)*CEXP(-XIKSZ)+ BP(NN)*CEXP(+XIKSZ))+
& X M X (NN)*
& (-ASV(NN)*CEXP(-XIKTZ)- BSV(NN)*CEXP(+XIKTZ)))
& *CEXP(XIKX)

HSSZZH(IX)= (0.0,1.0)*
& ((AP(NN)*CEXP(-XIKSZ)+ BP(NN)*CEXP(+XIKSZ))*CALC2+
& (ASV(NN)*CEXP(-XIKTZ)- BSV(NN)*CEXP(+XIKTZ))*CALC3)
& *CEXP(XIKX)

HSSZXH(IX)= (0.0,1.0)*
& ((-AP(NN)*CEXP(-XIKSZ)+ BP(NN)*CEXP(+XIKSZ))*CALC4+
& (ASV(NN)*CEXP(-XIKTZ)+ BSV(NN)*CEXP(+XIKTZ))*CALC5)
& *CEXP(XIKX)

HSSXXH(IX)= (0.0,1.0)*
& ((AP(NN)*CEXP(-XIKSZ)+ BP(NN)*CEXP(+XIKSZ))*CALC6-
& (ASV(NN)*CEXP(-XIKTZ)- BSV(NN)*CEXP(+XIKTZ))*CALC3)
& *CEXP(XIKX)

HSPX(IX)=HSSXXH(IX)*XNX+HSSZXH(IX)*XNZ 
HSPZ(IX)=HSSZXH(IX)*XNX+HSSZZH(IX)*XNZ 

160 CONTINUE
WRITE(60,6090)

6090 FORMAT(/5X,'HALF-SPACE')
WRITE(60,6100)

6100 FORMAT(/2X,'DISPLACEMENT: ')
WRITE(60,6110)HSU (IX)

6110 FORMAT(5X,'u/exp(ikx) =',T30,2F8.3)
WRITE(60,6120)HSW(IX)

6120 FORMAT(5X,'w/exp(ikx) =',T30,2F8.3)
WRITE(60,6130)

6130 FORMAT(/2X,'STRESS: ')
C

XTEMP1=HSSXXH(IX)*(1.0-(0.0,2.0)*FFBETA(NLAYER(IX)+1)) 
XTEMP2=HSSZZH(IX)*(1.0-(0.0,2.0)*FFBETA(NLAYER(IX)+1))
XTEMP3=HSSZXH(IX)*(1.0-(0.0,2.0)*FFBETA(NLAYER(IX)+1))

C
WRITE(60,6140)XTEMP1 

6140 FORMAT(5X,'(Sxx*Hl/Ghs)/exp(ikx) =',T30,2F8.3)
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WRITE(60,6150)XTEMP2 
6150 FORMAT(5X,'(Szz*Hl/Ghs)/exp(ikx) = 1,T30,2F8.3)

WRITE(60,6160)XTEMP3 
6160 FORMAT(5X,'(Szx*Hl/Ghs)/exp(ikx) =•,T30,2F8.3)

WRITE(60,6170)
6170 FORMAT(/2X,'TRACTION: ')

C
XTEMP1=HSPX(IX)*(1.0-(0.0,2.0)*FFBETA(NLAYER(IX)+1)) 
XTEMP2=HSPZ(IX)*(1.0-(0.0,2.0)*FFBETA(NLAYER(IX)+1) )

C
WRITE(60,6180)HSPX(IX)

6180 FORMAT(5X,'(Px*Hl/Ghs)/exp(ikx) =',T30,2F8.3)
WRITE(60,6190)HSPZ(IX)

6190 FORMAT<5X,'(Pz*Hl/Ghs)/exp(ikx) =',T30,2F8.3)

ROCK OUTCROP

RCPCS=SQRT((2.*(1.-FFPOIS(NN)))/(1.-2.*FFPOIS(NN)))

HALF-SPACE OUTCROP 
FFDIM=2
APHS=AP(NN)*CEXP(-XIKSZ)
ASVHS=ASV(NN)*CEXP(-XIKTZ)
STIFF(1,1)= RCPCS-2.*XMX(NN)*XLX(NN)
STIFF(1,2)= -2.*XMX(NN)*SQRT(1.-XMX(NN)*XMX(NN)) 
STIFF(2,1)= 2.*XMX(NN)*SQRT(1.-XLX(NN)*XLX(NN))
STIFF(2,2)= 1.0-2.*XMX(NN)*XMX(NN)
FVECT(1)= (2.*XMX(NN)*XLX(NN)-RCPCS)*APHS 

& -2.*XMX(NN)*SQRT(1.-XMX(NN)*XMX(NN))*ASVHS 
FVECT(2)=2.*XMX(NN)*SQRT(1.-XLX(NN)*XLX(NN))*APHS 

& + (2.*XMX(NN)*XMX(NN)-1)*ASVHS
CALL SOLVE(1)
BPHS=XVECT(1)
BSVHS=XVECT(2)
UOTCRP= XLX(NN)* (APHS+BPHS)+

& SQRT(1.-XMX(NN)*XMX(NN))* (-ASVHS+BSVHS)
UOTMAG=SQRT(REAL(UOTCRP)**2+AIMAG(UOTCRP)**2) 
WOTCRP= SQRT(1.-XLX(NN)*XLX(NN))*(-APHS+BPHS)+
& XMX(NN)* (-ASVHS-BSVHS)
WOTMAG=SQRT(REAL(WOTCRP)**2+AIMAG(WOTCRP)**2)
SXXOTC= (0.0,1.0)*

& ((APHS+ BPHS)*CALC6- 
& (ASVHS- BSVHS)*CALC3)

C
WRITE(60,6200)

6200 FORMAT(/5X,'ROCK OUTCROP')
WRITE(60,6210)

6210 FORMAT(/2X,'DISPLACEMENT: ')
WRITE(60, 6220)UOTCRP, UOTMAG 

6220 FORMAT(5X,'u =',T30,2F8.3,T50,'|u| = ',F6.3)
WRITE(60, 6230)WOTCRP, WOTMAG 

6230 FORMAT(5X,'w =',T30,2F8.3,T50,'|w| = ’,F6.3)
WRITE(60,6240)

6240 FORMAT(/2X,'STRESS: ')
CALC1=(0.0,0.0)

c
XTEMPl=SXXOTC*(1.0-(0.0,2.0)*BETA(HALFSP))
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WRITE(60,6250)XTEMP1 
6250 FORMAT(5X,'(Sxx*Hl/Ghs)/exp(ikx) = 1,T30,2F8.3) 

WRITE(60,6260)CALC1 
6260 FORMAT(5X,'(Szz*Hl/Ghs)/exp(ikx) =',T30,2F8.3) 

WRITE(60,6270)CALC1 
6270 FORMAT(5X,'(Szx*Hl/Ghs)/exp(ikx) =',T30,2F8.3) 

WRITE(60,6280)
6280 FORMAT(/2X,'TRACTION: ')

WRITE(60, 62 90)CALC1 
6290 FORMAT(5X,'(Px*Hl/Ghs)/exp(ikx) = 1,T30,2F8.3) 

WRITE(60,6300)CALC1 
6300 FORMAT(5X,'(Pz*Hl/Ghs)/exp(ikx) =',T30,2F8.3)

C
9 999 CONTINUE 

RETURN 
END
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SUBROUTINE MATRIX
C23456789112345678921234567893123456789412345678951234567896123456789712 

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),
& NCONN(390),NORDER(390),NNSURF,NSURF(390),N 3 (2,3),NN3 
COMMON/RGEOM/X(390) , Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYPE 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA,POISS 
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3) ,NBOTT(2,3),NLAYER(2),

& JFF(2,3),KF F (2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2,50)
COMMON/CFFLD/FFU(2,50),FFW(2, 50) , TCORR(390,2),

& HSU(2),HS W (2),FFPX(2,50),FFPZ(2,50) ,HSPX(2) ,HSPZ(2),
& STIFF(20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF 

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM, ADIM,JCOL1(790)
COMMON/CMATRIX/HMAT(780,780),GMAT(780,790),

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/IEQN(390)
INTEGER IEQN

HALF-SPACE INTEGRALS 
COMMON / RH SINT / AS TART
COMMON/CHSINT/HOEXP(2,2),H1EXP(2,2),H2EXP(2,2),H2EXPR(2,2), 

& EXPR2(2),EXPR3(2)
REAL ASTART
COMPLEX H0EXP,H1EXP,H2EXP,H2EXPR,EXPR2, EXPR3
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COMMON /AREA/ASSR12, ACSR12,ASCR12, ACCR12, 
& ASSR32,ACSR32,ASCR32,ACCR32

C0MM0N/KHLFSP/XKH1, XKPH1, XKSH1 
REAL XKH1,XKPH1,XKSH1

DATA REQUIRED FOR GAUSSIAN QUADRATURE

COMMON/IGAUS5/NGAUSS
COMMON/DGAUS5/WT(3) ,WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

COMMON/1GAUS 3/NGAUS 3
COMMON/DGAUS3/WT3(2),WTFN3(3),XX3(3) 
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3 

REAL ALPHA(2,2)

COMPLEX DSTAT(2,2),DCORR(2,2)

78 9112345678 9212345678 9312345678 9412345 6789512345678 9 612345 678 9712

IF(IANGLE .EQ. 1)THEN

PI=3.14159265 
TWOPI=2.0*PI
HDIM=2*KNODE(NAREA, NBOUND(NAREA) )
GDIM=2*KNODE(NAREA,NBOUND(NAREA))+6*NN3 
FORM "G" & "H" MATRIX FOR EACH SUBREGION 
DO 20IROW=1,KNODE(NAREA,NBOUND(NAREA))*2 
FVECT(IROW) = (0.0, 0.0)
DO 5JCOL=l,HDIM
HMAT(IROW,JCOL) = (0.0, 0.0)

5 CONTINUE
DO 10 JCOL=l,GDIM
GMAT(IROW,JCOL) = (0.0,0 . 0)

10 CONTINUE 
20 CONTINUE

OPEN(UNIT=8 0,FILE='TRUNC.C K ',STATUS='UNKNOWN')

CHECK IF HALF-SPACE OR FULL-SPACE PROBLEM
IFULSP=0
ICOUNT=0
DO IBOUND=l,NBOUND(HALFSP)
ICOUNT=ICOUNT+ICLOSE(HALFSP,IBOUND)
END DO
IF (ICOUNT .EQ. NBOUND(HALFSP))IFULSP=1 
IF IFULSP =1, FULL SPACE PROBLEM 
IF IFULSP =0, HALF-SPACE PROBLEM

JGMAT=0
IN3=0



2 8 3

JCOUNT=0
DO 100IAREA=1,NAREA 

C WRITE(10, *) 'REGION IAREA
CONST=l.0/(8.0*PI*(l.O-POISS(IAREA)))

C
DO IBOUND = 1, NBOUND(IAREA)
DO ISRCE=JNODE(IAREA,IBOUND) , KNODE(IAREA,IBOUND)

C
JCOUNT=JCOUNT+1

C
IF(JCOUNT .EQ. 10)THEN
WRITE(*,*)'WORKING ON INFLU FOR SOURCE POINT ',ISRCE
JCOUNT=0
END IF

C
CALL INFLU(ISRCE,X(ISRCE),2(ISRCE),IAREA,JGMAT)

C
IF (IAREA .EQ. HALFSP .AND. IFULSP .E Q . 0)THEN

C
C FIND DIAGONAL TERMS OF HMAT
C DETERMINE INTERIOR ANGLES

JNO=JNODE(IAREA,IBOUND)
KNO=KNODE(IAREA,IBOUND)
IROW=ISRCE*2 - 1 
JCOL=IROW

C
IF (ISRCE .EQ. JNO .OR. ISRCE .EQ. KNO)THEN 

IF(ICLOSE(IAREA,IBOUND) .EQ. 0)THEN 
ROTAT=PI
HMAT(IROW,JCOL)=ROTAT/TWOPI+HMAT(IROW,JCOL)
HMAT(IROW+1,JCOL+1)=ROTAT/TWOPI+HMAT(IROW+1,JCOL+1)

ELSE
IF (ISRCE .EQ. JNO)THEN 
X1=X(KNO)
Z1=Z(KNO)
X2=X(ISRCE+1)
Z2=Z(ISRCE+1)
ELSE
X1=X(ISRCE-1)
Z1=Z(ISRCE-1)
X2=X(JNO)
Z2=Z(JNO)
END IF 
XI=X(ISRCE)
ZI=Z(ISRCE)
CALL ROTATE(XI,Zl,X2, Z2,XI,ZI,PHI1,PHI2)
ALPHA(1,1)= -<PHI1 -PHI2)/TWOPI 

& +CONST*(SIN(2.0*PHI2)-SIN(2.0 *PHI1))
ALPHA(1,2)=

& CONST*(COS(2.0*PHI1)-COS(2,0*PHI2))
ALPHA(2,1)=ALPHA(1,2)
ALPHA(2,2)= - (PHI1 -PHI2)/TWOPI 

& -CONST*(SIN(2.0*PHI2)-SIN(2.0*PHI1))
HMAT(IROW,JCOL)= (1.0+ALPHA(1,1))+HMAT(IROW,JCOL)
HMAT(IROW,JCOL+1)= ALPHA(2,1)+HMAT(IROW,JCOL+1)
HMAT(IROW+1,JCOL)= ALPHA(1,2)+HMAT(IROW+1,JCOL)
HMAT(IROW+1,JCOL+1)=(1.0+ALPHA(2,2))+HMAT(IROW+1,JCOL+1) 

END IF
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c
ELSE 

X1=X(ISRCE-1)
X2=X(ISRCE+1)
Z1=Z(ISRCE-1)
Z2=Z(ISRCE+1)
XI=X(ISRCE)
ZI=Z(ISRCE)
CALL ROTATE(XI,Z1,X2,Z2,XI,ZI,PHI1,PHI2)
ALPHA(1,1)= - (PHI1 -PHI2)/TWOPI 

& +CONST*(SIN(2.0*PHI2)-SIN(2.0*PHI1))
ALPHA(1,2)=
& CONST*(COS(2.0*PHI1)-COS(2.0*PHI2))
ALPHA(2,1)=ALPHA(1,2)
ALPHA(2,2)= - (PHI1 -PHI2)/TWOPI 

& -CONST*(SIN(2.0*PHI2)-SIN(2.0*PHI1) )
HMAT(IROW,JCOL)= (1.0+ALPHA(1,1))+HMAT(IROW,JCOL)
HMAT(IROW,JCOL+1)= ALPHA(2,1)+HMAT(IROW,JCOL+1)
HMAT(IROW+1,JCOL)= ALPHA(1,2)+HMAT(IROW+1,JCOL)
HMAT(IROW+1,JCOL+1)=(1.0+ALPHA(2,2))+HMAT(IROW+1,JCOL+1)

C
40 CONTINUE

C
END IF

DSTAT(1, 1)=1.0+ALPHA(1,1)
DSTAT(1,2)=ALPHA(2,1)
DSTAT(2,1)=ALPHA(1,2)
DSTAT(2,2)=1.0+ALPHA(2,2)
DO 1=1,2 
DO J=l,2
DCORR(I,J)=(0.0,0.0)
END DO 
END DO

WRITE(*,*)'ISRCE = ',ISRCE 
WRITE(*,*)'PHIl,PHI2'
WRITE(*,*)PHIl,PHI2 
WRITE(*,*)'CONST = ',CONST 
WRITE(*,9040)

9040 FORMAT(/'Cij')
DO 1=1,2
WRITE(*, 9050) ((DSTAT(I,J)-DCORR(I, J) ) , J=l,2) 

9050 FORMAT(2F10.3,5X,2F10.3)
END DO
WRITE(*,9052)

9052 FORMAT(/'Dij')
DO I=IROW,IROW+1
WRITE(*,9054)(HMAT(I,J),J=JCOL,JCOL+1)

9054 FORMAT(2F10.3,5X,2F10.3)
END DO 
PAUSE

ELSE

WRITE(*,*)'ISRCE = ',ISRCE
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C WRITE(*, *)'X = ',X (ISRCE)
C WRITE( * , *)'Z = ',Z(ISRCE)
C IR0W=2.*ISRCE -1
C JCOL=IROW
C WRITE(*,*)'GMAT'
C DO I=IROW,IROW+1
C
C WRITE(*, 9053) (GMAT(I, J),J=JCOL,JCOL+1)
C 9053 FORMAT(2F10.3,5X,2F10.3)
C END DO
C WRITE(*,*)1HMAT'
C DO I=IROW,IROW+1
C
C WRITE(*,9054)(HMAT(I,J),J=JCOL,JCOL+1)
C 9054 FORMAT(2F10.3,5X,2F10.3)
C END DO
C
C PAUSE

CALL STATIC(ISRCE, X(ISRCE) ,Z(ISRCE) ,IAREA,DSTAT,DCORR)
C

IROW=2.*ISRCE -1 
JCOL=IROW 

C CHECK IF CORNER POINT
C
C IF (ISRCE .NE. JNODE(IAREA,IBOUND) .AND.
C & ISRCE .NE. KNODE(IAREA,IBOUND))THEN
C SGLN1=SQRT((X(ISRCE)-X(ISRCE-1))**2 + (Z (ISRCE)-Z(ISRCE-1))**2)
C SGLN2=SQRT((X(ISRCE+1)-X(ISRCE))**2 + (Z (ISRCE+1)- Z (ISRCE))**2)
C
C IF SEGMENT LENGTH IS SMALL ON BOTH SIDES OF ISRCE, USE STATIC
C
C IF (SGLN1 .LT. 0.0999 .AND. SGLN2 .LT. 0.0999)THEN
C HMAT(IROW,JCOL)= (0.0,0.0)
C HMAT(IROW,JCOL+1)= (0.0,0.0)
C HMAT(IROW+1,JCOL)= (0.0,0.0)
C HMAT(IROW+1,JCOL+1)= (0.0,0.0)
C DCORR(1,1)= (0.0,0.0)
C DCORR(1,2)= (0.0,0.0)
C DCORR(2,1)= (0.0,0.0)
C DCORR(2,2)= (0.0,0.0)
C END IF
C END IF
C

HMAT(IROW,JCOL)= DSTAT (1,1)+HMAT(IROW,JCOL)-DCORR(1,1)
HMAT(IROW,JCOL+1)= DSTAT(1,2)+HMAT(IROW,JCOL+1)-DCORR(1,2)
HMAT(IROW+1,JCOL)= DSTAT (2,1)+HMAT(IROW+1,JCOL)-DCORR(2,1)
HMAT(IROW+1,JCOL+1)=DSTAT(2,2)+HMAT(IROW+1,JCOL+1)-DCORR(2,2)

C
C WRITE(*,*)'ISRCE = ',ISRCE
C WRITE(*,9040)
C DO 1=1,2
C WRITE(*, 9050) ((DSTAT(I,J)-DCORR(I,J)),J=1, 2)
C END DO
C WRITE(*,9052)
C DO I=IROW,IROW+1
C WRITE(*, 9054) (HMAT(I, J),J=JCOL,JCOL+1)
C END DO
C
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END IF
END DO 
END DO 

C WRITE(10,*)'GMAT'
ISTART=2 *JNODE(IAREA,1)-1
ISTOP= 2*KNODE(IAREA,NBOUND(IAREA) )
JSTART=JCOLl(JNODE(IAREA,1))
JSTOP= JCOL1(KNODE(IAREA,NBOUND(IAREA)))+1 

C WRITE(10,*)'ISTART = ' , ISTART
C WRITE(10,*)'ISTOP = ',ISTOP
C WRITE(10,*)'JSTART = ',JSTART
C WRITE(10,*)'JSTOP = ',JSTOP
C DO 50 IROW=ISTART,ISTOP
C WRITE(10,1010) (GMAT(IROW,J),J=JSTART, JSTOP)
C 1010 FORMAT(8F10.5)
C 50 CONTINUE 
C WRITE(10,1015)
C 1015 FORMAT(/)
C WRITE(10,*)'HMAT'
C DO 1020 I=ISTART,ISTOP
C WRITE(10,1010)(HMAT(I,J),J=ISTART,ISTOP)
C 1020 CONTINUE 

100 CONTINUE
CALL FIXMAT 
CALL AFORM 
END IF

IMARK=0
JCOUNT=0
DO 150 IAREA=1,NAREA
DO 140 ISRCE=JNODE(IAREA,1),KNODE(IAREA,NBOUND(IAREA))
TCORR(ISRCE,1)=(0.0,0.0)
TCORR(ISRCE,2)=(0.0,0.0)

C
IF( NAREA .EQ. 1 .OR. NNSURF .EQ. 0 )GO TO 140

C
JCOUNT=JCOUNT+l
IF(JCOUNT .EQ. 10)THEN
WRITE(*,*)'WORKING ON CORRCT FOR SOURCE POINT',ISRCE
JCOUNT=0
END IF

C
IF(IAREA .NE. HALFSP)CALL CORRCT(ISRCE, X (ISRCE),Z (ISRCE),IAREA) 

IF(IAREA .EQ. HALFSP .AND.
& ISRCE .NE. JNODE(HALFSP,1) .AND.
& ISRCE .NE. KNODE(HALFSP,NBOUND(HALFSP)))THEN 
IF(IMARK .EQ. 0)CALL HSINTGR

CALL HSCORR(ISRCE,X(ISRCE),Z(ISRCE),IAREA)
C

IMARK = 1 
END IF 

140 CONTINUE
DO 145 INODE=l,KNODE(NAREA,NBOUND(NAREA) )
IROW=2*INODE-1
FVECT(IROW)=TCORR(INODE,1)
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FVECT(IROW+1)=TCORR(INODE,2)
145 CONTINUE 
150 CONTINUE

DO 170 INODE=JNODE(HALFSP,1),
& KNODE(HALFSP,NBOUND(HALFSP))
IINODE=INODE-JNODE(HALFSP,1)+1 
IROW=2*INODE-1
FVECT(IROW)= UINCDT(IINODE)+FVECT(IROW)
FVECT(IROW+1)=WINCDT(IINODE)+FVECT(IROW+1)

17 0 CONTINUE
C

I F ( NAREA .EQ. 1 .AND. ICLOSE(NAREA,NBOUND(NAREA)) .E Q . 1)THEN 
GO TO 190 
END IF

C
IF(NNSURF .GT. 0 .AND. NAREA .G T . 1)THEN

C
DO - ISIDE =1,2

C
IF (NAREA .GT. 1)THEN

C
DO ILAYER =1,NLAYER(ISIDE)

IF(ISIDE .EQ. 1)INODE=JFF(ISIDE,ILAYER)
IF(ISIDE .EQ. 2)INODE=KFF(ISIDE,ILAYER)
IROW=2*NTOP(ISIDE,ILAYER)-1 
ICOUNT=0
IF(NCONN(NTOP(ISIDE,ILAYER)) .EQ. 0)THEN 
NNODE=NTOP(ISIDE,ILAYER)
ELSE
NNODE=NCONN(NTOP(ISIDE,ILAYER))
END IF
DO 1=1,NNODE
IF(NCONN(I) .EQ. 0)ICOUNT=ICOUNT+l 
END DO
JCOL=2 *ICOUNT - 1
FVECT(IROW)=FFU(ISIDE,INODE)
FVECT(IROW+1)=FFW(ISIDE,INODE)
DO J=1,ADIM
HMAT(IROW,J)=(0.0,0.0)
HMAT(IROW+1,J)=(0.0,0.0)
END DO
HMAT(IROW,JCOL) = (1.0, 0.0)
HMAT(IROW+1, JCOL+1) = (1.0, 0.0)

C
END DO

C
END IF

C
IF(ISIDE .EQ. 1)INODE=KNODE(HALFSP,NBOUND(HALFSP))
IF(ISIDE .EQ. 2)INODE=JNODE(HALFSP,1)
IROW=2 *INODE-l
IF(NCONN(INODE) .EQ. 0)THEN
NNODE=INODE
ELSE
NNODE=NCONN(INODE)
END IF 
ICOUNT=0 
DO 1=1,NNODE
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IF(NCONN(I) .EQ. 0)IC0UNT=IC0UNT+1 
END DO
JC0L=2 *ICOUNT - 1
FVECT(IROW)=HSU(ISIDE)*CEXP((0.0,1.0)*XKH1*X(INODE)) 
FVECT(IROW+1)=HSW(ISIDE)*CEXP((0.0, 1.0)*XKH1*X(INODE) ) 
DO 180 J=1,ADIM 
HMAT(IROW,J)=(0.0,0.0)
HMAT(IROW+1,J)=(0.0,0.0)

18 0 CONTINUE
HMAT(IROW,JCOL)=(1.0,0.0)
HMAT(IROW+1,JCOL+1)=(1.0,0.0)

END DO

E N D  IF

1 9 0  CONTINUE
W R I T E ( 1 0 , 1 0 1 5 )
W R I T E ( 1 0 , * ) ' F V E C T '
D O  1 0 5 0  1 = 1 , 2 * K N O D E ( N A R E A , N B O U N D ( N A R E A ) ) 
W R I T E (10, 1 0 4 0 ) I , F V E C T  (I)

1 0 4 0  F O R M A T ( 1 5 , 5 X , 8 F 1 0.5)
1 0 5 0  C O N T I N U E

C L O S E ( U N I T = 8 0 )
RETURN
END

SUBROUTINE AFORM 

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4 

& NCONN(390),NORDER(390),NNSURF,NSURF(390),N3(2,3),NN3 
COMMON/RGEOM/X(390) , Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE, NCONN,NORDER,NNSURF 

& NSURF,N3,NN3 
REAL X,Z

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(7 90) 
COMMON/CMATRIX/AMAT(780, 780),GMAT(780, 790) ,

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM, JCOL1 
COMPLEX AMAT,GMAT,FVECT,XVECT

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/IEQN(390)
INTEGER IEQN

INTEGER ACOL

[A]* (x) = (F)
FORM 'A' MATRIX
A [DISPLACEMENT/STRESS],F {DISPLACEMENT}
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c
ACOL=HDIM
ADIM=ACOL
IADD=0
IF(NAREA .EQ. 1)GO TO 40
DO 30INODE=1,KNODE(NAREA,NBOUND(NAREA))

C SURFACE NODE WITH NO INTERFACE
IF(IEQN(INODE) .EQ. 1 .AND. NSURF(INODE) .E Q . 1 )GO TO 30 
IF(IEQN(INODE) .GT. 0 )THEN 
IADD=IADD+1 
ACOL=HDIM+1ADD * 2-1
DO 10IROW=1,2*KNODE(NAREA,NBOUND(NAREA))
AMAT(IROW,ACOL)= -1.*GMAT(IROW,JCOL1(INODE))
AMAT(IROW,ACOL+1)= -1.*GMAT(IROW,JCOL1(INODE)+1)

10 CONTINUE
IF(IEQN(INODE) .E Q . 3)THEN
IADD=IADD+1
ACOL=HDIM+IADD*2-l
DO 20 IROW=l,2*KNODE(NAREA,NBOUND(NAREA))
AMAT(IROW,ACOL)= -1.*GMAT(IROW,JCOL1(INODE)+2)
AMAT(IROW,ACOL+1)= -1.*GMAT(IROW,JCOL1(INODE)+3)

2 0 CONTINUE 
END IF 
END IF 

30 CONTINUE 
ADIM=ACOL+1 

40 CONTINUE 
NDIM=ADIM

C
C WRITE(10,*)'AMAT1
C WRITE(10,*)'ADIM = ',ADIM
C DO 50 1=1,2*KNODE(NAREA,NBOUND(NAREA))
C INODE=I/2 + 1
C WRITE(10,*)'ROW = ', ' INODE = ',INODE
C WRITE (10, 1000) (AMAT (I, J) , J=l, ADIM)
C 1000 FORMAT(8F10.5)
C 50 CONTINUE 
C CLOSE(UNIT=80)

RETURN
END
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SUBROUTINE INFLU(ISRCE,XI,ZI,IAREA,JGMAT)
C
C23456789112345678921234567893123456789412345678951234567896123456789712 

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),

& NCONN(390),NORDER(390),NNSURF,NSURF(390) ,N3(2,3) ,NN3 
COMMON/RGEOM/X(390) , Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER, NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/1WAVE/1ANGLE, NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
C OMMON/AWAVE/ATYPE 
REAL ANGLE
COMPLEX FBAR,UINCDT, WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA,POISS 
COMPLEX CSRAT

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(790)
COMMON/CMATRIX/HMAT(780,780),GMAT(780, 790) ,

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

COMMON/1GAUS 5/NGAUSS
COMMON/DGAUS5/W T (3) ,WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

C
COMMON/IGAUS3/NGAUS3
COMMON/DGAUS3/WT3(2) , WTFN3(3) , XX3(3)
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3

C
C23456789112345678921234567893123456789412345678951234567896123456789712 
C

REAL XGAUSS(5),ZGAUSS(5),RADIUS(5),R(2) ,XN(2)
COMPLEX G M U (5,2,2),T(5,2,2),

& PIK,SIK,F1H1,F2H1,F3H1,P1,P2,S1,S2,XKSR,XKPR,
& H01KPR,H11KPR,H01KSR,H11KSR,H21KPR, H21KSR

C
COMPLEX PIKR,SIKR,P1R,P2R,SIR,S2R,F2H1R,F3H1R 
PI=4.*ATAN(1.0)
JADD=JGMAT



291

CALC1=(1.-2.*POISS(IAREA))/(2.*(1.-POISS(IAREA)))
CALC2=POISS(IAREA)/(1.-POISS(IAREA) )
CPCSR= 1.0/SQRT(CALC1)

C CALCULATE INFLUENCE FUNCTIONS
DO 7 0 IBOUND=l,NBOUND(IAREA)
JNO=JNODE(IAREA,IBOUND)
JNDCOL=2 * (JNODE(IAREA,IBOUND)-1)+1 

C WRITE(10,*)'INODE = ',INODE
C

IF(ICLOSE(IAREA,IBOUND) .EQ. 0)THEN
NNODE=KNODE(IAREA,IBOUND)-1
ELSE
NNODE=KNODE(IAREA,IBOUND)
END IF

C
DO 60 INODE=JNODE(IAREA,IBOUND),NNODE
ISEG=INODE
X1=X(INODE)
Z1=Z(INODE)

C
I F (INODE .N E . KNODE(IAREA,IBOUND))THEN 
X2=X(INODE+1)
Z2=Z(INODE+1)
ELSE
X2=X(JNO)
Z2 = Z(JNO)
END IF

C
SEGLEN=SQRT((X2-X1)**2+(Z2-Z1)**2)
X N (1)=(Z1-Z2)/SEGLEN 
X N (2)=(X2-X1)/SEGLEN

C
MARK=0
IF (ISEG .EQ. ISRCE -1 ) MARK = 1 
IF (ISEG .EQ. ISRCE ) MARK = 2
IF (ISRCE .EQ. JNO .AND. ISEG .EQ. KNODE(IAREA,IBOUND) ) MARK=1 

C MARK = 1, ADJACENT ELEMENT PRIOR TO ISRCE
C MARK = 2, ADJACENT ELEMENT AFTER ISRCE

IF (MARK .EQ. 1 .OR. MARK .EQ. 2)THEN
CALL AADJSEG(IAREA, SEGLEN,CPCSR, P1,P2,S1,S2, P1R, P2R,

& SIR,S2R,F2H1,F3H1, F2H1R,F3H1R)
C
C WRITE(*,*)'ISEG = ',ISEG

IF (MARK .EQ. 1)THEN 
R (1) = -XN(2)
R(2) = +XN(1)
ELSE
R(l) = +XN(2)
R(2)= -XN(1)
END IF
DO I =1,2
DO K = 1,2
PIK= P2*R(I)*R(K)
SIK= S2*R(I)*R(K)
PIKR= P2R*R(I)*R(K)
SIKR= S2R*R(I)*R(K)

C
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IF (I .EQ. K) THEN 
PIK = PI + PIK 
SIK = SI + SIK 
PIKR= P1R+ PIKR 
SIKR= SIR + SIKR 
END IF
G M U (1,I,K)=CALC1*PIK+SIK 
GMU(2,I,K )=CALC1*PIKR+SIKR

T (1,I,K)=XN(I)*R(K)*F2H1 + XN(K)*R(I)*F3H1 
T (2,I,K)=XN(I)*R(K)*F2H1R + XN(K)*R(I)*F3H1R

END DO 
END DO

ELSE

DO 40IGAUSS=1,NGAUS3
XGAUSS(IGAUSS)= (XX3(IGAUSS)+1.0)*(X2-X1)/2.0+X1 
ZGAUSS(IGAUSS)= (XX3(IGAUSS)+1.0)*(Z2-Z1)/2.0+Z1 
RADIUS(IGAUSS)=SQRT((XGAUSS(IGAUSS)-XI)**2 

& + (ZGAUSS(IGAUSS)-ZI)**2)
XKSR=FBAR*RADIUS(IGAUSS)/CSRAT(IAREA)
XKPR=FBAR*RADIUS(IGAUSS)/ (CPCSR*CSRAT(IAREA))

C
XMAG1=SQRT((REAL(XKSR))**2 + (AIMAG(XKSR))**2)
IF(XMAG1 .LT. 0.010 )THEN
Pl= -1.0/(4.0*PI) * CLOG(XKPR) +

& (0.0,0.125)*(XKPR*XKPR/8.0 +1.0)
P2 = -1.0*(0.0,1.0)/32.0*XKPR*XKPR 
Sl= -1.0/(4.0*PI) * CLOG(XKSR) +

& (0.0,0.125)*(1.0-XKSR*XKSR/8.0)
S2 = +1.0*(0.0,1.0)/32.0*XKSR*XKSR 
F1H1= -1.0/PI * (CALC1 - 1.0)
F2H1= 1.0/PI * (CALC1-0.5) +

& (0.0,1.0)/16.0*(-2.0*XKPR*XKPR +3.0* CALC1*XKPR*XKPR+XKSR*XKSR) 
F3H1=-1.0/(2.0*PI) - 

& (0.0,1.0)/16.0*(CALC1*XKPR*XKPR+XKSR*XKSR)
F1H1=F1H1/RADIUS(IGAUSS)
F2H1=F2H1/RADIUS(IGAUSS)
F3H1=F3H1/RADIUS(IGAUSS)

C
ELSE

C
CALL HANKEL(0,XKPR,H01KPR)
CALL HANKEL(1,XKPR,HI1KPR)
CALL HANKEL(0,XKSR,HO1KSR)
CALL HANKEL(1,XKSR,HI1KSR)
H21KPR=2.*H11KPR/XKPR - H01KPR 
H21KSR=2.*H11KSR/XKSR - H01KSR
Pl = (0.0,+0.1250)*(H21KPR+H01KPR)-1./(2.0*PI*XKPR*XKPR)
P2=(0.0,-0.250)*H21KPR + 1./(PI*XKPR*XKPR)
Sl=(0.0,+0.1250)*(-H21KSR+H01KSR)+1./(2.0*PI*XKSR*XKSR)
S2=(0.0,+0.250)*H21KSR - 1./(PI*XKSR*XKSR)

C
F1H1=(0.0,1.0)*(CALC1*(2.*H21KPR -0.5*XKPR*H11KPR)

& -2.0*H21KSR + 0.5*XKSR*H11KSR)/RADIUS(IGAUSS)
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F2H1= (0.0,0.25)*((2.0*CALC1-1.0)*XKPR*H11KPR 
& - 2.0*CALC1*H21KPR + 2.0*H21KSR)/RADIUS(IGAUSS)
F3H1=(0.0,0.25)*

& (-2.0*CALC1*H21KPR + 2.0*H21KSR - XKSR*H11KSR)/RADIUS(IGAUSS)
C

END IF
C

R (1)=XGAUSS(IGAUSS)-XI 
R(2)=ZGAUSS(IGAUSS)-ZI 
RJNJ=0.0 
DO 20J=1,2
RJNJ=R(J)*XN(J)+RJNJ 

20 CONTINUE 
C WRITE(10,*)'ISRCE = ISRCE

DO 30 1=1,2 
DO 30 K=l,2
PIK= P2*R(I)*R(K)/ (RADIUS(IGAUSS)**2)
SIK= S2 *R(I)*R(K)/ (RADIUS(IGAUSS)**2)

C
IF(I .EQ. K)THEN 
PIK=PIK+P1 
SIK=SIK+S1 
END IF

C
GMU(IGAUSS,I, K)=CALC1*PIK+SIK

C
T(IGAUSS,I,K)=( XN(I)*R(K)*F2H1 

& + XN(K)*R(I)*F3H1
& + RJNJ*R(I)*R(K)*F1H1/(RADIUS(IGAUSS)**2) )

C
IF (I .EQ. K)THEN 

T(IGAUSS,I,K)=T(IGAUSS,I,K)+
& + RJNJ*F3H1
END IF

C
T(IGAUSS,I,K)=T(IGAUSS,I,K)/RADIUS(IGAUSS)

C
30 CONTINUE 
40 CONTINUE

END IF

C IF INODE IS PART OF 3 NODE INTERFACE, INCLUDE PI & P2 ON BOTH
SIDES OF NODE

IF(NN3 .EQ. 0) GO TO 47 
DO 451=1,NN3 
DO 45J=1,3
IF (N3 (I, J) .EQ. INODE) THEN 
JADD =JADD+2 
GO TO 47 
END IF 

45 CONTINUE 
47 CONTINUE

JCOL=2*(INODE-1)+1+JADD 
JCOL1(INODE)=JCOL 
JCOL1(INODE+1)=JCOL+2
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JJC0L=2 * (INODE-1)+1
IF(INODE .EQ. NNODE .AND. ICLOSE(IAREA,IBOUND) .EQ. 1)THEN

C
KCOL=JCOLl(JNO)
KKCOL=JNDCOL

C
ELSE

C
KCOL=JCOL+2
KKCOL=JJCOL+2

C
END IF

C
DO 50 K=l,2
IROW=2 * (ISRCE-1) +K

C
C

IF (MARK .EQ. 0)THEN
C

GMAT(IROW,JCOL)=GMAT(IROW,JCOL)
& + (WT3(1)*WTFN3(1)*GMU(1,1,K)+WT3(2)*WTFN3(2)*GMU(2,1,K)
& + W T 3 (1)*WTFN3(3)*GMU(3,1,K))*SEGLEN/2.

C
GMAT(IROW,JCOL+1)=GMAT(IROW,JCOL+1)

& + (W T 3 (1)*WTFN3(1)*GMU(1,2,K)+WT3(2)*WTFN3(2)*GMU(2,2, K)
& + W T 3 (1)*WTFN3(3)*GMU(3,2,K))*SEGLEN/2.

C
HMAT(IROW,JJCOL)= HMAT(IROW,JJCOL)

& + (WT3(1)*WTFN3(1)* T (1,1,K)+WT3(2)*WTFN3(2)* T (2,1,K)
& + WT 3 (1)*WTFN3(3)*T(3,1,K))*SEGLEN/2.

C
HMAT(IROW,JJCOL+1)=HMAT(IROW,JJCOL+1)+

& + (WT3(1)*WTFN3(1)* T (1,2,K)+WT3(2)*WTFN3(2)* T (2,2,K)
& + WT 3 (1)*WTFN3(3)*T(3,2,K))*SEGLEN/2.

C
C

GMAT(IROW,KCOL)=GMAT(IROW,KCOL)
& + (WT3(1)*WTFN3(3)*GMU(1,1,K)+WT3(2)*WTFN3(2)*GMU(2,1,K)
& + WT 3 (1)*WTFN3(1)*GMU(3,1,K))*SEGLEN/2.

C
GMAT(IROW,KCOL+1)=GMAT(IROW,KCOL+1)

& + (WT3(1)*WTFN3(3)*GMU(1,2,K)+WT3(2)*WTFN3(2)*GMU(2,2,K)
& + W T 3 (1) *WTFN3(1)*GMU(3,2,K))*SEGLEN/2.

C
HMAT(IROW,KKCOL)=HMAT(IROW,KKCOL)

& + (WT3(1)*WTFN3(3)*T(1,1,K)+WT3(2)*WTFN3(2)* T (2,1,K)
& + W T 3 (1)*WTFN3(1)*T(3,1,K))*SEGLEN/2.
HMAT(IROW,KKCOL+1)=HMAT(IROW,KKCOL+1)+

& + (WT3(1)*WTFN3(3)* T (1,2,K)+WT3(2)*WTFN3(2)*T(2,2,K)
& + WT 3 (1)*WTFN3(1)*T(3,2,K))*SEGLEN/2.

C
ELSE
IF (MARK .EQ. 1)THEN

C ELEMENT ADJACENT TO SOURCE AND BEFORE ISRCE
C

GMAT(IROW,JCOL)=GMAT(IROW,JCOL)
& +1.0/SEGLEN * GM U (2,1,K )
GMAT(IROW,JCOL+1)=GMAT(IROW,JCOL+1)
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& +1.0/SEGLEN * GM U (2,2,K)
C

HMAT(IROW,JJCOL)= HMAT(IROW,JJCOL)
& +1.0/SEGLEN * T (2,1,K)
HMAT(IROW,JJCOL+1)=HMAT(IROW, JJCOL+1)

& +1.0/SEGLEN * T (2,2,K)
C

GMAT(IROW,KCOL)=GMAT(IROW,KCOL)
& +GMU(1,1,K ) -1.0/SEGLEN * GMU(2,1,K)
GMAT(IROW,KCOL+1)=GMAT(IROW,KCOL+1)

& +GMU(1,2,K) -1.0/SEGLEN * G M U (2,2,K)
C

HMAT(IROW,KKCOL)=HMAT(IROW,KKCOL)
& + T (1,1,K) -1.0/SEGLEN * T(2,1,K)
HMAT(IROW,KKCOL+1)=HMAT(IROW,KKCOL+1)+

& + T (1,2,K) -1.0/SEGLEN * T(2,2,K)
C

ELSE
C
C MARK = 2, ELEMENT ADJACENT TO SOURCE AND AFTER ISRCE
C

GMAT(IROW,JCOL)=GMAT(IROW,JCOL)
& +GMU(1,1,K ) -1.0/SEGLEN * GMU(2,1,K)
GMAT(IROW,JCOL+1)=GMAT(IROW, JCOL+1)

& +GMU(1,2,K ) -1.0/SEGLEN * GMU(2,2,K)
C

HMAT(IROW,JJCOL)= HMAT(IROW,JJCOL)
& + T (1,1,K) -1.0/SEGLEN * T(2,1,K)
HMAT(IROW,JJCOL+1)=HMAT(IROW,JJCOL+1)

& + T (1,2,K) -1.0/SEGLEN * T(2,2,K)
C
C

GMAT(IROW,KCOL)=GMAT(IROW,KCOL)
& +1.0/SEGLEN * GM U (2,1,K)
GMAT(IROW,KCOL+1)=GMAT(IROW,KCOL+1)

& +1.0/SEGLEN * GM U (2,2,K)
C

HMAT(IROW,KKCOL)=HMAT(IROW,KKCOL)
& +1.0/SEGLEN * T (2,1,K)
HMAT(IROW,KKCOL+1)=HMAT(IROW, KKCOL+1)

& +1.0/SEGLEN * T (2,2,K)
C

END IF 
END IF

C
50 CONTINUE 
60 CONTINUE 
70 CONTINUE

IF(ISRCE .EQ. KNODE(IAREA,NBOUND(IAREA)))THEN
JGMAT=JADD
END IF
RETURN
END
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SUBROUTINE HANKEL(IORDER,Z,HOK)
C HANKEL FUNCTION OF A COMPLEX ARGUMENT
C INTERGRATION USING 5 POINT GAUSSIAN QUADRATURE
C 0 KIND
Q ***********************************************
C23456789112345678921234567893123456789412345678951234567896123456789712 
C
C DATA REQUIRED FOR GAUSSIAN QUADRATURE
C

COMMON/IGAUS5/NGAUSS
COMMON/DGAUS5/WT(3),WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

C
DOUBLE PRECISION TOLER,HDELTA,AOLD,

& X (5),Y<5),ATOT(2),DIFF,ADELTA,PI,XREAL,YIMAG,CALC,
& AA, A, B 
COMPLEX HOK,Z,JN, YN

C
C WRITE (*, 9000)
C 9000 FORMAT(2X, 1 INPUT ORDER1,12)
C READ(*,*)IORDER
C WRITE(*,9010)
C 9010 FORMAT(2X, ’REAL PART OF kr* )
C READ(*,*)XREAL
C WRITE(*,9020)
C 9020 FORMAT(2X,'IMAGINARY PART OF kr')
C READ(*,*)YIMAG
C Z=CMPLX(XREAL,YIMAG)
C

PI=3.1415926535D0 
TOLER=.000001D0

C
XREAL=REAL(Z)
YIMAG=AIMAG (Z)

C CALCULATE BESSEL FUNCTION OF 1ST KIND (JN)
A = 0 .0D0 
B=PI
DO 25ITYPE=1,2 
HDELTA=B-A 
AOLD=9.99999D20 
ICYCLE=0 

10 CONTINUE
ICYCLE=ICYCLE+1 
ATOT(ITYPE)=0.0 
N=(B-A)/HDELTA 
DO 201=1,N 
AA= (1-1)*HDELTA+A 
DO 15J=1,NGAUSS
X(J)= AA + (XX(J)+1.ODO)*HDELTA/2.0D0 
IF(ITYPE .EQ. 1) THEN
Y(J)= DCOS(XREAL* DSIN(X(J))-IORDER*X(J))*DCOSH(YIMAG* DSIN(X(J))) 
ELSE
Y(J)=DSIN(XREAL* DSIN(X(J))-IORDER*X(J))* DSINH(YIMAG*DSIN(X(J))) 
END IF 

15 CONTINUE
ADELTA=HDELTA/2.ODO*(WT(1)*Y(1)+WT(2) *Y(2) +WT(3) *Y(3) +
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& W T (2)* Y (4)+WT(1)*Y(5))
ATOT(ITYPE)=ATOT(ITYPE)+ADELTA 

20 CONTINUE 
C N1=N

DIFF=ABS(ATOT(ITYPE)-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT(ITYP E )
GO TO 10 
END IF 

25 CONTINUE
JN=(ATOT(1)-(0.0,1.0)*ATOT(2))/PI 

C CALCULATE BESSEL FUNCTION OF 2ND KIND, ORDER N (YN)
A=0 .
B=PI
DO 55ITYPE=1,2 
HDELTA=B-A 
AOLD=9.99999D20 
ICYCLE=0 

30 CONTINUE
ICYCLE=ICYCLE+1 
N=(B-A)/HDELTA 
ATOT(ITYPE)=0.0 
DO 501=1,N 
AA= (1-1)*HDELTA+A 
DO 40J=1,NGAUSS
X (J)=AA + (XX(J)+1.0D0)*HDELTA/2.ODO 
IF(ITYPE .EQ. 1) THEN
Y (J)= DSIN(XREAL* DSIN(X(J))-IORDER*X(J))*DCOSH(YIMAG* DSIN(X(J))) 
ELSE
Y (J)= DCOS(XREAL* DSIN(X(J))-IORDER*X(J))*DSINH(YIMAG* DSIN(X(J))) 
END IF 

40 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT<2)*Y(2)+WT(3)*Y(3)+

& WT (2) *Y (4) +WT (1) *Y (5) )
ATOT(ITYPE)=ATOT(ITYPE)+ADELTA 

50 CONTINUE 
C N2=N

DIFF=ABS(ATOT(ITYPE)-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT(ITYPE)
GO TO 30 
END IF 

55 CONTINUE
YN=ATOT(l)+(0.0,1.0)*ATOT(2)
A=0.
B=10 .
DO 90ITYPE=1,2 
HDELTA=1.0 

C HDELTA=B-A
AOLD=9.99999D20 
ICYCLE=0 

60 CONTINUE
ICYCLE=ICYCLE+1 
ATOT(ITYPE)=0.0 
N=(B-A)/HDELTA 
DO 801=1,N



298

AA= (1-1)*HDELTA+A 
DO 70J=1,NGAUSS
X (J)=AA + (XX(J)+1.ODO)*HDELTA/2.ODO 
CALC=XREAL*DSINH(X(J))
IF(CALC .GT. 40.)CALC=40.ODO 
IF(ITYPE .EQ. 1) THEN
Y (J)= (DEXP(IORDER*X(J))+DEXP((-1.)*IORDER*X(J))*DCOS(IORDER*PI))* 

& DEXP(-CALC)*DCOS(YIMAG*DSINH(X(J)))
ELSE
Y (J)= (DEXP(IORDER*X(J))+DEXP((-1.)*IORDER*X(J))*DCOS(IORDER*PI))* 

& DEXP(-CALC)*DSIN(YIMAG*DSINH(X(J)))
END IF

7 0 CONTINUE
ADELTA=HDELTA/2.ODO*(WT(1)*Y(1)+WT(2)*Y(2)+WT (3)*Y (3) +

& W T (2)*Y(4)+ WT(1)* Y (5))
ATOT(ITYPE)=ATOT(ITYPE)+ADELTA

8 0 CONTINUE 
C N3=N

DIFF=ABS(ATOT(ITYPE)-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT(ITYPE)
GO TO 60 
END IF 

90 CONTINUE
YN=(YN-ATOT(1)+(0.0,1.0)*ATOT(2))/PI 
HOK=JN+(0 . 0, 1. 0)*YN 

C WRITE(*,9030)
C 9030 FORMAT(5X,'HANKEL FUNCTION ')
C WRITE(*,9040)IORDER
C 9040 FORMAT(5X, 'ORDER = ',II,3X,'KIND = 0')
C WRITE(*,9050)HOK
C 9050 FORMAT(5X,F10.5,2X,' + i',F10.5)
C WRITE(*,9060)N1
C 9060 FORMAT(5X,'# OF INTEGRAL SEGMENTS,N1 = ',14)
C WRITE(*,9070)N2
C 9070 FORMAT(5X,'# OF INTEGRAL SEGMENTS,N2 = ',14)
C WRITE(*,9080)N3
C 9080 FORMAT(5X,'# OF INTEGRAL SEGMENTS,N3 = ',14)
C PAUSE

RETURN 
END
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SUBROUTINE ROTATE (XI,Zl,X2,Z2,XI,Zl,PHI1,PHI2) 
0 CALCULATE ANGLE BETWEEN XI,Zl AND X AXIS (PHI1)

CALCULATE ANGLE BETWEEN XI,Zl AND X AXIS (PHI2)

REAL X1DIFF,Z1DIFF,X2DIFF,Z2DIFF,PHI1,PHI2

PI=3.14159265 
X1DIFF=X1-XI 
X2DIFF=X2-XI 
Z1DIFF=Z1-ZI 
Z2DIFF=Z2-ZI
IF (ABS(X1DIFF) .LT. 0.000001)THEN 

IF (Z1DIFF .GT. 0.0)THEN 
PHIl=PI/2 . 0 
ELSE
PHI1=1.5*PI 
END IF

ELSE
PHI1 = ATAN(Z1DIFF/X1DIFF)
CALL QUAD(X1DIFF,Z1DIFF,PHI1)
END IF

IF (ABS(X2DIFF) .LT. 0.000001)THEN 
IF (Z2DIFF .GT. 0.0)THEN 
PHI2=Pl/2 .0 
ELSE
PHI2=1.5 *PI 
END IF

ELSE
PHI2 = ATAN(Z2DIFF/X2DIFF)
CALL QUAD(X2DIFF,Z2DIFF,PHI2)
END IF
IF (PHI2 .GT. PHI1)PHIl=PHIl+2.0*PI 
RETURN 
END

SUBROUTINE QUAD(X ,Z,ANGLE)
REAL ANGLE,X,Z 

C DETERMINE QUADRANT IN WHICH ANGLE IS LOCATED
PI=3.14159265 
ANGLE=ABS(ANGLE)

C QUADRANT 2
IF (X .LT. 0. .AND. Z .GE. 0.) ANGLE = PI-ANGLE 

C QUADRANT 3
IF (X .LT. 0. .AND. Z .L T . 0.) ANGLE = PI+ANGLE 

C QUADRANT 4
IF (X .GE. 0. .AND. Z .LT. 0.) ANGLE = 2.*PI-ANGLE
RETURN
END
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SUBROUTINE STATIC(ISRCE,XI, Zl,IAREA,DSTAT,DCORR)
C
C DETERMINE STATIC DIAGONAL TERMS
C
C23456789112345678921234567893123456789412345678951234567896123456789712 
C
C GEOMETRY

COMMON/IGEOM/NBOUND(4),JNODE(4,3) ,KNODE(4,3),NAREA,ICLOSE(4,3),
& NCONN(390),NORDER(390),NNSURF, NSURF(390) , N 3 (2,3),NN3 
COMMON/RGEOM/X(390),Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

C
C WAVE

COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYP E 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

C
C SOIL

COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4) , POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,BETA,POISS
COMPLEX CSRAT

C
C MATRIX

COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(790)
COMMON/CMATRIX/HMAT(780,780) , GMAT(780,790) ,
& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

C
COMMON/IGAUS 5/NGAUS S 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

C
C

COMMON/IGAUS 3/NGAUS 3
COMMON/DGAUS3/WT3(2) , WTFN3(3),XX 3 (3)
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3

C
C23456789112345678921234567893123456789412345678951234567896123456789712 
C
C FREE-FIELD

COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2,3),NLAYER(2),
& JFF(2,3),KFF(2,3), FFDIM 
COMMON/RFFLD/XSCATT, X F F (2,50), ZFF(2,50)
COMMON/CFFLD/FFU(2, 50),FFW(2,50),TCORR(390,2),

& HS U (2),HS W (2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF(20,20)
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INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF

REAL XGAUSS(5),ZGAUSS(5),RADIUS(5),R (2),X N (2)
COMPLEX T (5,2,2),DSTAT(2,2),DCORR(2,2)

C
PI=4.*ATAN(1.0)
CALC1= -1.0/((1.-POISS(IAREA))*4.0*PI)
CALC2= 1.- 2.0* POISS(IAREA)

C
DO 1=1,2 
DO J=l,2
DSTAT(I,J)=(0.0,0.0)
DCORR(I,J) = (0.0,0.0)
END DO 
END DO

C CALCULATE INFLUENCE FUNCTIONS
DO 70 IBOUND=l,NBOUND(IAREA)
JNO=JNODE(IAREA,IBOUND)
KNO=KNODE(IAREA,IBOUND)

C
IF(ICLOSE(IAREA,IBOUND) .EQ. 0)THEN
NELEM=KNO-JNO
ELSE
NELEM=KNO-JNO+1 
END IF

C
ISKIP=0 
NSKIP = 0
DO 60 IELEM=1,NELEM

C
IF (ISKIP .EQ. 1)THEN 
ISKIP = 0 
GO TO 60 
END IF
IF (NSKIP .EQ. 1 .AND. IELEM .EQ. NELEM)THEN 
NSKIP = 0 
GO TO 60 
END IF

C
INODE=JNO+IELEM-1
IF(ICLOSE(IAREA,IBOUND) .EQ. 1 .AND. IELEM .EQ. NELEM)THEN
IINODE =JNO
ELSE
IINODE = INODE + 1 
END IF

C
X1=X(INODE)
Z1=Z(INODE)

C
X2=X(IINODE)
Z2=Z(IINODE)

C
SEGLEN=SQRT((X2-X1)**2+(Z2-Zl)**2)
X N (1)=(Z1-Z2)/SEGLEN 
X N (2)=(X2-X1)/SEGLEN
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IF (INODE .EQ. ISRCE .OR. IINODE .E Q . ISRCE)THEN
IF (ISRCE .EQ. JNO .AND. ICLOSE(IAREA,IBOUND) .E Q . 0)THEN
DSTAT(1,2)=DSTAT(1,2)-CALC1*CALC2
DSTAT(2,1)=DSTAT(2,1)+CALC1*CALC2
DCORR(1,2)= -1.0 *CALC1*CALC2 *LOG(SEGLEN)
DCORR(2,1)= +1.0*CALC1*CALC2*LOG(SEGLEN)
GO TO 60 
END IF
IF (ISRCE .EQ. KNO .AND. ICLOSE(IAREA,IBOUND) .EQ. 0)THEN
DSTAT(1,2)=DSTAT(1,2)+CALC1*CALC2
DSTAT(2,1)=DSTAT(2,1)-CALC1*CALC2
DCORR(1,2)= +1.0*CALC1*CALC2*LOG(SEGLEN)
DCORR(2,1)= -1.0 *CALC1*CALC2 * LOG(SEGLEN)
GO TO 60 
END IF
IF (ISRCE .EQ. JNO .AND. ICLOSE(IAREA,IBOUND) .E Q . 1)THEN
SEGL1=SQRT((X(ISRCE)-X(KNO))**2+(Z (ISRCE)-Z(KNO) )**2)
NSKIP = 1 
ELSE
SEGL1=SQRT((X(ISRCE)-X(ISRCE-1))**2+(Z (ISRCE)-Z(ISRCE-1) )**2) 
ISKIP = 1 
END IF
IF (ISRCE .EQ. KNO .AND. ICLOSE(IAREA,IBOUND) .E Q . 1)THEN
SEGL2=SQRT((X(JNO)-X(ISRCE))**2+(Z(JNO)-Z(ISRCE))**2)
ELSE
SEGL2=SQRT((X(ISRCE+1)-X(ISRCE))**2+(Z (ISRCE+1)-Z(ISRCE) )**2) 
END IF
DCORR(1,2)= -1.0 *CALC1*CALC2 *LOG(SEGL2/SEGL1)
DCORR(2,1)= +1.0 *CALC1*CALC2 *LOG(SEGL2/SEGL1)
GO TO 60

C
ELSE 

5 CONTINUE

DO 40IGAUSS=1,NGAUS3
XGAUSS(IGAUSS) = (XX3(IGAUSS)+1.0)*(X2-X1) /2.0+X1 
ZGAUSS(IGAUSS)=(XX3(IGAUSS)+1.0)*(Z2-Z1)/2.0+Z1 
RADIUS(IGAUSS)=SQRT((XGAUSS(IGAUSS)-XI)**2 

& + (ZGAUSS(IGAUSS)-Zl)**2)

R(l)=XGAUSS(IGAUSS)-XI 
R (2)=ZGAUSS(IGAUSS)-Zl 
WRITE(10,*)'ISRCE = ',ISRCE

RJNJ=0.0 
DO 20J=l,2
RJNJ=R(J)*XN(J)+RJNJ 

20 CONTINUE
C

DO 30 1=1,2 
DO 30 K=l,2
T(IGAUSS,I,K)=(-XN(I)*R(K)

& + XN(K)*R(I))*CALC2
& + (2.0*R(I)*R(K))/(RADIUS(IGAUSS)**2)*RJNJ

C
IF(I .EQ. K)THEN
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T(IGAUSS,I,K)=T(IGAUSS,I,K)+
& + CALC2 *RJNJ
END IF

C
T(IGAUSS,I,K)=T(IGAUSS,I,K)*CALC1/(RADIUS(IGAUSS)**2 )

C
30 CONTINUE 
40 CONTINUE

C
C

DO K=1, 2
DSTAT(K,l)= DSTAT(K,1)

& + (WT3 (1) *T (1, 1, K)+WT3 (2) *T (2, 1, K)
& + WT3(1)*T(3,1,K))*SEGLEN/2 .

C
DSTAT(K,2)=DSTAT(K,2)
& + (WT3(1)*T(1,2,K)+WT3(2)*T(2,2,K)
& + WT3 (1) *T (3,2, K) ) *SEGLEN/2 .
END DO

C
50 CONTINUE 

END IF 
60 CONTINUE 
70 CONTINUE

C
IF (NLAYER(l) .GT. 0 .OR. NLAYER(2) .GT. 0)THEN
DO ISIDE =1,2
LAYER=0

C
IF(NBOUND(IAREA) .EQ. 1)THEN 

DO ILAYER=1,NLAYER(ISIDE)
Nl=NTOP(ISIDE,ILAYER)
N2=NBOTT(ISIDE,ILAYER)
IF(N1 .GT. N2)THEN
NTEMP=N1
N1=N2
N2=NTEMP
END IF
IF(ISRCE .GE. N1 .AND. ISRCE .L E . N2)THEN 
LAYER=ILAYER 
GO TO 75 
END IF 
END DO 
GO TO 200 

75 CONTINUE
ELSE

C
DO ILAYER =1,NLAYER(ISIDE)

IF(LTYPE(ISIDE,ILAYER) .EQ. IAREA) LAYER=ILAYER 
END DO

C WRITE(80,*)'ISIDE,LAYER',ISIDE,LAYER
IF(LAYER .EQ. 0) THEN
WRITE(*,*)'PROBLEM IN SUBROUTINE CORRECT'
PAUSE 
STOP 
END IF

END IF
C
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c
DO 150 INODE=JFF(ISIDE,LAYER),KFF(ISIDE,LAYER)-1

C
DIST1=SQRT((XI-XFF(ISIDE,LAYER))**2 +(ZI-ZFF(ISIDE,INODE))**2) 
DIST2=SQRT((XI-XFF(ISIDE,LAYER))**2 +(ZI-ZFF(ISIDE,INODE + 1))**2)
IF (DIST1 .LT. 0.00001)THEN
SEGLEN= SQRT((XI-XFF(IS IDE,LAYER))**2 + (ZI-ZFF(ISIDE,INODE + 1) )**2)
DSTAT(1,2)=DSTAT(1,2)-CALC1*CALC2
DSTAT(2,1)=DSTAT(2,1)+CALC1*CALC2
DCORR(1,2)= DCORR(l,2)-CALC1*CALC2*LOG(SEGLEN)
DCORR(2,1)= DCORR(2,1) +CALC1*CALC2*LOG(SEGLEN)
GO TO 150 
END IF

C
IF (DIST2 .LT. 0.00001)THEN
SEGLEN= SQRT((XI-XFF(ISIDE,LAYER))**2 +(ZI-ZFF(ISIDE,INODE))**2)
DSTAT(1,2)=DSTAT(1,2)+CALC1*CALC2
DSTAT(2,1)=DSTAT(2, 1)-CALC1*CALC2
DCORR(1,2)= DCORR(1,2)+CALC1*CALC2 *LOG(SEGLEN)
DCORR(2,1)= DCORR(2,1>-CALC1*CALC2*LOG(SEGLEN)
GO TO 150 
END IF

C
SEGLEN=ABS(ZFF(ISIDE,INODE+1)-ZFF(ISIDE, INODE) )
XN(1)=(ZFF(ISIDE,INODE)-ZFF(ISIDE,INODE+1))/SEGLEN 
XN (2)=0 . 0

C
Z1=ZFF(ISIDE,INODE)
Z2=ZFF(ISIDE,INODE+1)
DO 140IGAUSS=1,NGAUS3
XGAUSS(IGAUSS)=XFF(ISIDE,LAYER)
ZGAUSS(IGAUSS)=(XX3(IGAUSS)+1.0)*(Z2-Z1)/2.0+Z1 
RADIUS(IGAUSS)=SQRT((XGAUSS(IGAUSS)-XI)**2 

& + (ZGAUSS(IGAUSS)-Zl)**2)
C

R (1)=XGAUSS(IGAUSS)-XI 
R (2)=ZGAUSS(IGAUSS)-Zl 
RJNJ=0.0 
DO J=l,2
R J N J = R ( J ) * X N ( J ) + R J N J  
END DO

C WRITE(10,*) 'ISRCE = ', ISRCE
DO 130 1=1,2 
DO 130 K=l,2
T (IGAUSS,I,K)=(-XN(I)*R(K)

& + XN(K)*R(I))*CALC2
& + (2.0*R(I)*R(K))/(RADIUS(IGAUSS)**2)*RJNJ

C
IF(I .EQ. K)THEN 

T (IGAUSS,I,K)=T(IGAUSS,I,K)+
& + CALC2 *RJN J
END IF

C
T(IGAUSS,I,K)=T(IGAUSS,I,K)*CALC1/(RADIUS(IGAUSS)**2 )

C
C

130 CONTINUE 
140 CONTINUE
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c
DO 150K=1,2 

DSTAT(K,l)= DSTAT(K,1)
& + (WT3(1)*T(1,1,K)+WT3(2)*T(2,1,K)
& + W T 3 (1)*T(3,1,K))*SEGLEN/2.

C
DSTAT(K,2)=DSTAT(K,2)

& + (WT3(1)*T(1,2,K)+WT3(2)*T(2,2,K)
& + W T 3 (1)*T(3,2,K))*SEGLEN/2.

C
150 CONTINUE

20 0 CONTINUE
END DO

C
END IF

C
DO K=l,2 
DO J=l,2
DSTAT(K,J)= -DSTAT(K,J)
END DO 
END DO
IF(IAREA .EQ. HALFSP)THEN 
DSTAT(1,1)=(1.0,0.0)+DSTAT(1,1)
DSTAT(2,2)=(1.0,0.0)+DSTAT(2,2)
END IF

C
C
C WRITE(*,*)'ISRCE = ',ISRCE
C WRITE(*,9000)
C 9000 FORMAT('DSTAT')
C DO 1=1,2
C WRITE(*,9010)(DSTAT(I,J),J=l,2)
C 9010 FORMAT(2F10.3,5X,2F10.3)
C END DO
C
C
C WRITE(*,9020)
9020 FORMAT(/'DCORR' )

C WRITE(*,*)'SEGL1 = ',SEGL1
C WRITE(*,*)'SEGL2 = ',SEGL2
C DO 1=1,2
C WRITE(*,9030)(DCORR(I,J),J=l,2)
C 9030 FORMAT(2F10.3,5X,2F10.3)
C END DO
C WRITE(*,9040)
C 9040 FORMAT(/'Cij')
C DO 1=1,2
C WRITE(*, 9050) ( (DSTAT(I,J)-DCORR(I,J)),J=l,2)
C 9050 FORMAT(2F10.3,5X,2F10.3)
C END DO
C PAUSE
C 
C

RETURN
END
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C23456789112345678921234567893123456789412345678951234567896123456789712 
SUBROUTINE AADJSEG(IAREA,SEGLEN,CPCSR,PI,P2,SI,S2,P1R,P2R,

& SIR,S2R,F2H1,F3H1,F2H1R,F3H1R)
C

COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMPLEX FBAR,UINCDT, WINCDT

C
COMMON/CSOIL/CSRAT(4)
COMPLEX CSRAT

C
DOUBLE PRECISION PI,S E G (11),EPSLN 

C DOUBLE PRECISION PI,XREAL,XIMAG,XMAG,PHI,SEG(11), EPSLN
COMPLEX*16 ALPHA(11),AJN,AYN,AH01(2),AH11(2),AH21(2),

& ARH01(2),ARH11(2) , ARH21(2),AH21R(2),AKR2(2) , ARKR2(2) ,
& ZETA,Al,A2,A3 
COMPLEX PI, P2,SI,S2,P1R,P2R,SIR,S2R,F2H1,F3H1,F2H1R,F3H1R

C
REAL KPKSR2

C
C
C SOLVE ANALYTICALLY
C

PI = 4.0 *DATAN(1.ODO)
C
C CPCSR=1.7321
C IAREA=1
C FBAR=1.6 +(0.0,1.0)*0.05
C CSRAT(1)=1.0
C SEGLEN = 0 . 0 5

EPSLN=0.00001D0 
XLNS= LOG(SEGLEN)
KPKSR2=1.0/(CPCSR*CPCSR)

c  
c

SEG(1)=SEGLEN 
DO IPOWER=2,11
ALPHA(IPOWER)=ALPHA(1) * *IPOWER 
SEG(IPOWER)=SEGLEN**IPOWER 
END DO

C

DO IWAVE=1, 2
C

I F (IWAVE .EQ. 1)ALPHA(1)=FBAR/(CPCSR*CSRAT(IAREA))
IF(IWAVE .EQ. 2)ALPHA(1)=FBAR/CSRAT(IAREA)

C
DO IPOWER=2,11
ALPHA(IPOWER)=ALPHA(1)* *IPOWER 
END DO

C
C INTEGRATION OF JO(alpha*r)
C

AJN = SEG(1) -ALPHA(2)*SEG(3)/12.ODO +ALPHA(4)*SEG{5)/320.ODO 
& -ALPHA(6)*SEG(7)/16128.0D0 +ALPHA(8)*SEG(9)/1327104.0D0

C
C INTEGRATION OF Y0(alpha*r)

Al=
& SEG(1)*(XLNS-1.ODO)- ALPHA(2)*SEG(3)/12.0D0*(XLNS-1.ODO/3.ODO)
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& +ALPHA(4)*SEG(5)/320.ODO*(XLNS-1.ODO/5.ODO)
& -ALPHA(6)*SEG(7)/16128.ODO*(XLNS-1.ODO/7.ODO)

C
ZETA=-0.115931516DO+CDLOG(ALPHA(1))
A2=ZETA*SEG(1)-ALPHA(2)*SEG(3)/12.0D0*ZETA 

& +ALPHA(4)*SEG(5)/1280.ODO*(4.0D0*ZETA-6.ODO)
& -ALPHA(6)*SEG(7)/193536.ODO*(12.0D0*ZETA-22.ODO) 
AYN=2.ODO/PI * (A1+A2)

C
AH01(IWAVE)=AJN+(0.0,1.0)*AYN 

INTEGRATION OF J1(alpha*r)

AJN=ALPHA(1)*SEG(2)/4.0D0-ALPHA(3)*SEG(4)/64.ODO 
& +ALPHA(5)*SEG(6)/2304.0D0-ALPHA(7)*SEG(8)/147456.0D0 
& +ALPHA(9)*SEG(10)/14745600.0D0

INTEGRATION OF Y1(alpha*r)
Al= -1.0D0/ALPHA(1) * (XLNS-DLOG(EPSLN))
A2= ALPHA(1)*SEG(2)/4.0D0 * (XLNS-1.ODO/2.ODO)

& - ALPHA(3)*SEG(4)/64.0D0* (XLNS-1.0D0/4.0D0)
& + ALPHA(5)*SEG(6)/2304.0D0* (XLNS-1.0D0/6.0D0)
& - ALPHA(7)*SEG(8)/147456.ODO*(XLNS-1.0D0/8.0D0)

ZETA=-1.115931516D0 +CDLOG(ALPHA(1))

A3=ALPHA(1)*SEG(2)/8.ODO* (2.ODO*ZETA+1.ODO)
& -ALPHA(3)*SEG(4)/256.0D0* (4.0D0*ZETA-1.ODO)
& +ALPHA(5)*SEG(6)/6912.0D0* (3.0D0*ZETA-2.ODO)
& -ALPHA(7)*SEG(8)/24772608.ODO*(168.0D0*ZETA-161.ODO) 
AYN=2.ODO/PI * (A1+A2+A3)

AH11(IWAVE)=AJN+(0.0, 1.0)*AYN

INTEGRATION OF J2(alpha*r)

AJN=ALP H A (2)*SEG(3)/24.ODO-ALPHA(4)*SEG(5)/480.0D0 
& +ALPHA(6)*SEG(7)/21504.0DO

INTEGRATION OF Y2(alpha*r)
Al= (0.ODO,0.ODO)

& +2.ODO/ALPHA(2) * (1.ODO/SEG(1)-1.ODO/EPSLN)
A2= ALPHA(1)*SEG(3)/24.ODO* (XLNS-1.0D0/3.ODO)

& - ALPHA(4)*SEG(5)/480.0D0* (XLNS-1.0D0/5.ODO)
& + ALPHA(6)*SEG(7)/21504.0D0* (XLNS-1.ODO/7.ODO)

ZETA=-1.615931516D0 +CDLOG(ALPHA(1))

A3= -0 . 5D0*SEG(1)
& +ALPHA(2)*SEG(3)/96.0D0* (4.0D0*ZETA+3.ODO)
& -ALPHA(4)*SEG(5)/5760.0D0* (12.0D0*ZETA+1.ODO)
& + ALPHA ( 6) *SEG (7) / 516096.0D0* (24 . 0D0*.,:ETA-7 . ODO)
AYN=2.ODO/PI * (A1+A2+A3)

AH21(IWAVE)=AJN+(0.0,1.0)*AYN

INTEGRATION OF r*J0(alpha*r)
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AJN = SEG(2)/2.ODO -ALPHA(2)*SEG(4)/16.ODO 
& +ALPHA(4)*SEG(6)/384.0D0
& -ALPHA(6)*SEG(8)/18432.0D0 +ALPHA(8)*SEG(10)/1474560.ODO

INTEGRATION OF r*Y0(alpha*r)
Al= SEG(2)/2.ODO * (XLNS-1.0D0/2.ODO)
A2=-ALPHA(2)*SEG(4)/16.0D0* (XLNS-1.ODO/4.ODO)

& + ALPHA(4)*SEG(6)/384.0D0* (XLNS-1.0D0/6.ODO)
& - ALPHA(6)*SEG(8)/18432.0D0* (XLNS-1.0D0/8.ODO)

ZETA=-0.115931516D0 +CDLOG(ALPHA(1))

A3= ZETA*SEG(2)/2.0D0 
& -ALPHA(2)*SEG(4)/16.ODO* (ZETA)
& +ALPHA(4)*SEG(6)/1536.0D0* (4.0D0*ZETA-6.ODO)
& -ALPHA(6)*SEG(8)/221184.0D0* (12.ODO*ZETA-22.ODO)
AYN=2.ODO/PI * (A1+A2+A3)

ARH01(IWAVE)=AJN+(0.0,1.0)*AYN

INTEGRATION OF r*Jl(alpha*r)

AJN=ALPHA(1)*SEG(3)/6.0D0-ALPHA(3)*SEG(5)/8 0.ODO 
& +ALPHA(5)*SEG(7)/2688.0D0-ALPHA(7)*SEG(9)/I65888.ODO 
& +ALPHA(9)*SEG(11)/16220160.ODO

INTEGRATION OF r*Yl(alpha*r)
Al= -SEG(1)/ALPHA(1)
A2= ALPHA(1)*SEG(3)/6.ODO * (XLNS-1.0D0/3.0D0)

& - ALPHA(3)*SEG(5)/80.ODO* (XLNS-1.0D0/5.ODO)
& + ALPHA(5)*SEG(7)/2688.0D0* (XLNS-1.0D0/7.0D0)
& - ALPHA(7)*SEG(9)/165888.ODO*(XLNS-1.0D0/9.ODO)

ZETA=-1.115931516D0 +CDLOG(ALPHA(1))

A3=ALPHA(1)*SEG(3)/12.0D0* (2.0D0*ZETA+1.ODO)
& -ALPHA(3)*SEG(5)/320.0D0* (4.0D0*ZETA-1.0D0)
& +ALPHA ( 5 ) *SEG(7)/8064.0D0* (3.0D0*ZETA-2.0D0)
& -ALPHA(7)*SEG(9)/27869184.0D0* (168.0D0*ZETA-161.ODO)
AYN=2.0D0/PI * (A1+A2+A3)

ARH11(IWAVE)=AJN+(0.0,1.0)*AYN

INTEGRATION OF r*J2(alpha*r)

AJN=ALPHA(2)*SEG(4)/32.0D0-ALPHA(4)*SEG(6)/576.0D0 
& +ALPHA(6)*SEG(8)/24576.0D0

INTEGRATION OF r*Y2(alpha*r)
Al= (0.ODO,0.ODO)

& -2.0D0/ALPHA(2) * ( XLNS -DLOG(EPSLN))
A2= ALPHA(2)*SEG(4)/32.0D0* (XLNS-1.0D0/4.0D0)

& - ALPHA(4)*SEG(6)/576.0D0* (XLNS-1.0D0/6.0D0)
& + ALPHA(6)*SEG(8)/24576.0D0* (XLNS-1.0D0/8.0D0)



ZETA=-1.615931516D0 +CDLOG(ALPHA(1) )
C

A3= -SEG(2)/4.ODO 
& +ALPHA(2)*SEG(4)/128.0D0* (4.ODO*ZETA+3.ODO)
& -ALPHA(4)*SEG(6)/6912.0D0* (12.ODO*ZETA+1.ODO)
& +ALPHA(6)*SEG(8J/589824.0D0* (24.0D0*ZETA-7.ODO)

C
AYN=2.ODO/PI * (A1+A2+A3)

C
ARH21(IWAVE)=AJN+(0.0,1.0)*AYN

C
C INTEGRATION OF J2(alpha*r) / r
C

AJN=ALPHA(2)*SEG(2)/16.0D0-ALPHA(4)*SEG(4) / 384. ODO 
& +ALPHA(6)*SEG(6)/18432.ODO

C
C INTEGRATION OF Y2(alpha*r) / r

Al= -1.0D0/2.0D0 * (XLNS-DLOG(EPSLN))
C & +1.0D0/ALPHA(2) * (1.ODO/SEG(2)-1.0/(EPSLN*EPSLN) )

A2= ALPHA(2)*SEG(2)/16.0D0* (XLNS-1.ODO/2.ODO)
& - ALPHA(4)*SEG(4)/384.0D0* (XLNS-1.ODO/4.ODO)
& + ALPHA(6)*SEG(6)/18432.0D0* (XLNS-1.ODO/6.ODO)

C
ZETA=-1.615931516D0 +CDLOG(ALPHA(1))

C
A3=

& +ALPHA(2)*SEG(2)/64.0D0* (4.0D0*ZETA+3.ODO)
& -ALPHA(4)*SEG(4)/4608.ODO* (12,ODO*ZETA+1.ODO)
& +ALPHA(6)*SEG(6)/442368.0D0* (24.0D0*ZETA-7.ODO)

C
AYN=2.ODO/PI * (A1+A2+A3)

C
AH21 R (IWAVE)=AJN+(0.0,1.0)*AYN

C
AKR2(IWAVE)= -1.ODO/(ALPHA(1)*ALPHA(1))*(1.ODO/SEG(1) - 

1.ODO/EPSLN)
ARKR2(IWAVE)= 1.ODO/(ALPHA(1)*ALPHA(1))*( DLOG(SEG(1)) -

DLOG(EPSLN))
C

END DO
C
C
C DISPLACEMENT INFLUENCE FUNCTION
C

PI = (0.0D0,0.125D0)* (AH21(1)+AH01(1) )
& - AKR2 (1)/(2.0D0*PI)
P2 = (O.0D0,-0.25D0)*AH21(1)

& + AKR2(1)/PI
51 = (0.0D0,0 .125D0)* (AH01(2)-AH21(2) )

& + AKR2(2)/(2.0D0*PI)
52 = (0.ODO,+ 0 .25D0)*AH21(2)

& - AKR2(2)/PI
C

P1R = (0.ODO,0.125D0)*(ARH21(1)+ARH01(1) )
& - ARKR2(1)/(2.0D0*PI)
P2R = (0.ODO,-0.25D0)*ARH21(1)

& + ARKR2(1)/PI
SIR = (0.ODO,0.125D0)* (ARH01(2)-ARH21(2) )
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& + ARKR2(2)/(2.0D0*PI)
S2R = (0.0D0,+0.25D0)*ARH21(2)

& - ARKR2(2)/PI

TRACTION INFLUENCE FUNCTION

F2H1=(0.0D0,0 .25D0)*
& ((2.0D0*KPKSR2-1.0D0)*FBAR/(CPCSR*CSRAT(IAREA))*AH11(1)
& - 2.ODO*KPKSR2*AH21R(1) + 2.0D0*AH21R(2))
F3H1=(0.0D0,0.25D0)*

& (-2.0D0*KPKSR2*AH21R(1) + 2.0D0*AH21R(2)
& -FBAR/CSRAT(IAREA)*AH11(2))

C
F2H1R=(0.0D0,0 .25D0)*

& ((2.0D0*KPKSR2-1.0D0)*FBAR/(CPCSR*CSRAT(IAREA))*ARH11(1)
& - 2.0D0*KPKSR2*AH21(1) + 2.0D0*AH21(2))
F3H1R=(0.0D0,0 .25D0)*(-2.0D0*KPKSR2*AH21(1)+2.0D0*AH21(2) 

& - FBAR/CSRAT(IAREA)*ARH11(2))
C
C
c WRITE(* *) 'SEGLEN = ',SEG(1)
c WRITE(* *) 'FBAR = ',FBAR
c
c WRITE(* *) 'PI = PI
c WRITE(* *) 'P2 = ',P2
c WRITE(* *) 'SI = ', SI
c WRITE(* *) 'S2 = ', S2
c WRITE(* *) ' P1R = ', P1R
c WRITE(* *) ' P2R = ', P2R
c WRITE(* *) 'SIR = ', SIR
c WRITE(* *) 'S2R = ', S2R
c
c WRITE(* *) ' F2H1 = ' ,F2H1
c WRITE(* *) 'F3H1 = ',F3H1
c WRITE(* *) 'F2H1R = ',F2H1R
c WRITE(* *) 'F3H1R = ',F3H1R
c

RETURN
END
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SUBROUTINE CORRCT(ISRCE,XI,ZI,IAREA)
C23456789112345678921234567893123456789412345678951234567896123456789712

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),

& NCONN(390),NORDER(390),NNSURF,NSURF(390),N 3 (2,3),NN3 
COMMON/RGEOM/X(390) , Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCD T(200),WINCDT(200)
COMMON/AWAVE/ATYP E 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA, POISS 
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2,3),NLAYER(2),

& JFF(2,3),KFF(2,3),FFDIM 
COMMON/RFFLD/XSCATT, X F F (2, 50),ZFF(2, 50)
COMMON/CFFLD/FFU(2,50),FFW(2,50),TCORR(390,2),

& HSU(2),HS W (2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF (20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,.FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF

COMMON/IGAUS 5/NGAUSS 
COMMON/DGAUS5/WT(3) ,WTFN(5) ,XX(5) 
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX

COMMON / IGAUS 3 / NGAUS 3
COMMON/DGAUS3/WT3(2) , WTFN3(3),X X 3 (3)
INTEGER NGAUS3
DOUBLE PRECISION WT3,WTFN3,XX3

C
C23456789112345678921234567893123456789412345678951234567896123456789712 
C

REAL XGAUSS(5),ZGAUSS(5),RADIUS(5),R(2),XN(2)
COMPLEX G M U (5,2,2), T (5, 2, 2),

& PIK,SIK,F1H1,F2H1,F3H1,PI,P2,SI,S2, XKSR, XKPR,
& H01KPR,H11KPR,H01KSR,H11KSR,H21KPR,H21KSR,WCORR, STCORR



COMPLEX PIKR,SIKR,P1R,P2R,SIR,S2R,F2H1R, F3H1R

PI=4.*ATAN(1.0)
TCORR(ISRCE,1)=(0.0,0.0)
TCORR(ISRCE,2)=(0.0,0.0)
STCORR=(0.0,0.0)
WCORR=(0.0,0.0)
CALCl=(l.-2.*POISS(IAREA))/(2.*(1.-POISS(IAREA))) 
CALC2=POISS(IAREA)/(1.-POISS(IAREA))
CPCSR= 1.0/SQRT(CALC1)
WRITE(80,*)1ISRCE',ISRCE 
CALCULATE INFLUENCE FUNCTIONS 
DO 60 ISIDE=1,2 
LAYER=0

IF(NBOUND(IAREA) .EQ. 1)THEN 
DO 4ILAYER=1,NLAYER(ISIDE)
Nl=NTOP(ISIDE,ILAYER)
N2=NBOTT(ISIDE,ILAYER)
IF(N1 .GT. N2)THEN
NTEMP=N1
N1=N2
N2=NTEMP
END IF
IF(ISRCE .GE. N1 .AND. ISRCE .LE. N2)THEN 
LAYER=ILAYER
WRITE(80,*)’ISIDE,LAYER',ISIDE,LAYER 
GO TO 6 
END IF 
CONTINUE
WRITE(*,*)'SIDE = ',ISIDE,' IS NOT INCLUDED IN CORRECTION'
GO TO 60
CONTINUE

END IF

IF(NBOUND(IAREA) .GT. 1)THEN 
DO 7ILAYER =1,NLAYER(ISIDE)
IF(LTYPE(ISIDE,ILAYER) .EQ. IAREA) LAYER=ILAYER 
CONTINUE
WRITE(80,*)'ISIDE,LAYER',ISIDE,LAYER 
IF(LAYER .EQ. 0) THEN
WRITE(*,*)'PROBLEM IN SUBROUTINE CORRECT'
PAUSE 
STOP 
END IF

END IF

DO 50 INODE=JFF(ISIDE,LAYER),KFF(ISIDE,LAYER)-1 
SEGLEN=ABS(ZFF(ISIDE,INODE+1)-ZFF(ISIDE,INODE))
XN(1)= (ZFF(ISIDE,INODE)-ZFF(ISIDE,INODE+1))/SEGLEN 
XN (2)=0 . 0

Z1=ZFF(ISIDE,INODE)
Z2=ZFF(ISIDE,INODE+1)

MARK=0
IF (ISIDE .EQ. 1)THEN
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IF (ISRCE .EQ. NTOP(1,LAYER)
& .AND. INODE .EQ. JF F (1,LAYER)) MARK = 2 
IF (ISRCE .EQ. NBOTT(1,LAYER)

& .AND. INODE .EQ. K F F (1,LAYER)-1) MARK = 1 
END IF
IF (ISIDE .EQ. 2)THEN 
IF (ISRCE .EQ. NTOP(2,LAYER)

& .AND. INODE .EQ. K F F (2,LAYER)-1) MARK = 1 
IF (ISRCE .EQ. NBOTT(2,LAYER)

& .AND. INODE .EQ. JF F (2,LAYER)) MARK = 2 
END IF

MARK = 1, ADJACENT ELEMENT PRIOR TO ISRCE 
MARK = 2, ADJACENT ELEMENT AFTER ISRCE

IF (MARK .EQ. 1 .OR. MARK .E Q . 2)THEN
CALL AADJSEG(IAREA,SEGLEN,CPCSR,PI, P2,SI, S2,P1R,P2R, 

& SIR,S2R,F2H1,F3H1,F2H1R,F3H1R)
C

IF (MARK .EQ. 1)THEN 
R (1)= -XN(2)
R(2)= +XN(1)
ELSE
R (1)= +XN(2)
R(2)= -XN(1)
END IF
DO I =1,2
DO K = 1,2
PIK= P2*R(I)*R(K)
SIK= S2*R(I)*R(K)
PIKR= P2R*R(I)*R(K)
SIKR= S2R*R(I)*R(K)

C
IF (I .EQ. K) THEN 
PIK = PI + PIK 
SIK = SI + SIK 
PIKR= P1R+ PIKR 
SIKR= SIR + SIKR 
END IF
G M U (1,I,K)=CALC1*PIK+SIK 
G M U (2,I,K)=CALC1*PIKR+SIKR

C
T (1,I,K)=XN(I)*R(K)*F2H1 + XN(K)*R(I)*F3H1 
T (2,I,K)=XN(I)*R(K)*F2H1R + XN(K)*R(I)*F3H1R

C
END DO 
END DO

C
ELSE

C
DO 40IGAUSS=1,NGAUS3
XGAUSS(IGAUSS)=XFF(ISIDE,LAYER)
ZGAUSS(IGAUSS) = (XX3(IGAUSS)+1.0)*(Z2-Z1) /2.0+Z1 
RADIUS(IGAUSS)=SQRT((XGAUSS(IGAUSS) -XI) **2 

& + (ZGAUSS(IGAUSS)-ZI)**2)
XKSR=FBAR*RADIUS(IGAUSS)/CSRAT(IAREA) 
XKPR=FBAR*RADIUS(IGAUSS)/ (CPCSR*CSRAT(IAREA))
CALL HANKEL(0,XKPR,HO1KPR)
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CALL HANKEL(1,XKPR, H11KPR)
CALL HANKEL(0,XKSR,H01KSR)
CALL HANKEL(1,XKSR,H11KSR)
H21KPR=2.*H11KPR/XKPR - H01KPR 
H21KSR=2.*H11KSR/XKSR - H01KSR
Pl = (0.0,+0.1250)*(H21KPR+H01KPR)-1./(2*PI*XKPR*XKPR)
P2=(0.0,-0.250)*H21KPR + 1./(PI*XKPR*XKPR)
Sl=(0.0,+0.1250)*(-H21KSR+H01KSR)+1./(2*PX*XKSR*XKSR)
S2=(0.0,+0.250)*H21KSR - 1./(PI*XKSR*XKSR)

C
F1H1=(0.0,1.0)*(CALC1*(2.*H21KPR -0.5*XKPR*H11KPR)

& -2.0*H21KSR + 0.5*XKSR*H11KSR)/RADIUS(IGAUSS)
F2H1=(0.0,0.25)*((2.0 *CALC1-1.0)*XKPR*H11KPR 

& - 2.0*CALC1*H21KPR + 2.0*H21KSR)/RADIUS(IGAUSS)
F3H1=(0.0,0.25)*

& (-2.0*CALC1*H21KPR + 2.0*H21KSR - XKSR*H11KSR)/RADIUS (IGAUSS)
C
C

R (1)=XGAUSS(IGAUSS)-XI 
R (2)=ZGAUSS(IGAUSS)-ZI 
RJNJ=0.0 
DO 20J=1,2
RJNJ=R(J)*XN(J)+RJNJ 

20 CONTINUE 
C WRITE(10,*)'ISRCE = ',ISRCE

DO 30 1=1,2 
DO 30 K=1,2
PIK= P2*R(I)*R(K)/ (RADIUS(IGAUSS)**2)
SIK= S2*R(I)*R(K)/ (RADIUS(IGAUSS) **2)

C
IF(I .EQ. K)THEN 
PIK=PIK+P1 
SIK=SIK+S1 
END IF

C
GMU(IGAUSS,I,K)=CALC1*PIK+SIK

C
T(IGAUSS,I,K)=( XN(I)*R(K)*F2H1 

& + XN(K)*R(I)*F3H1
& + RJNJ*R(I)*R(K)*F1H1/(RADIUS(IGAUSS)**2) )

C
IF(I .EQ. K)THEN 

T(IGAUSS,I,K)=T(IGAUSS,I,K)+
& + RJNJ*F3H1
END IF

C
T(IGAUSS,I,K)=T(IGAUSS,I,K)/RADIUS(IGAUSS)

C
30 CONTINUE 
40 CONTINUE

C
END IF

C
C WRITE(80,*)'INODE',INODE

DO 45 K=l,2 
C CORRECTION TO STRAIN

IF (MARK .EQ. 0)THEN 
STCORR=
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c
& ( (WT3(1)*WTFN3(1)*GMU(1
& + W T 3 (1)*WTFN3(3)*GMU(3

& + (WT3(1)*WTFN3(1)*GMU(1
& + W T 3 (1)*WTFN3(3)*GMU(3
& + (WT3(1)*WTFN3(3)*GMU(1
& + W T 3 (1)*WTFN3(1)*GMU(3

& + (WT3(1)*WTFN3(3)*GMU(1
& + W T 3 (1)*WTFN3(1)*GMU(3
& •k SEGLEN/2.0

1,K)+WT3(2)*WTFN3(2)*GMU(2,1,K)
1,K) ) *FFPX(IS IDE,INODE)

2,K)+WT3(2)*WTFN3(2)*GMU(2,2,K) 
2, K))*FFPZ(ISIDE,INODE)

1,K)+WT3(2)*WTFN3(2)*GMU(2,1,K)
1,K))* FFPX(ISIDE,INODE+1)

2,K)+WT3(2)*WTFN3(2)*GMU(2,2,K) 
2,K))*FFPZ(ISIDE,INODE+1) )

CORRECTION TO DISPLACEMENT 
WCORR=

& ( (WT3(1)*WTFN3
& + W T 3 (1)*WTFN3
& + (W T 3 (1)*WTFN3
& + W T 3 (1)*WTFN3

& + (WT3(1)*WTFN3
& + W T 3 (1)*WTFN3
& (WT 3(1)*WTFN3
& + W T 3 (1)*WTFN3
& * SEGLEN/2.0

FFU(ISIDE,INODE)

FFW(ISIDE,INODE+1)

ELSE

IF (MARK .EQ. 1)THEN
ELEMENT ADJACENT TO SOURCE AND BEFORE ISRCE

S T C O R R =  ( + 1 . 0 / S E G L E N  * G M U ( 2 , 1 , K )  ) *FFPX(I S I D E , I N O D E )
& + ( + 1 . 0 / S E G L E N  * G M U ( 2 , 2 , K) ) *FFPZ(I S I D E , I N O D E )
& + ( G M U ( 1 , 1 , K) - 1 . 0 / S E G L E N  * G M U ( 2 , 1 , K ) )  *FFPX(I S I D E , I N O D E + 1 )
& + ( G M U ( 1 , 2 , K) - 1 . 0 / S E G L E N  * G M U ( 2 , 2 , K ) )  *FFPZ(IS I D E , I N O D E + 1 )

WCORR = (+1.0/SEGLEN * T(2,1,K) ) * F F U (ISIDE,INODE)
& + (+1.0/SEGLEN * T ( 2 , 2 , K) ) * FFW(ISIDE,INODE)
& + (T(1,1,K) -1.0/SEGLEN * T(2,1,K)) * FF U (ISIDE,INODE+1)
& + (T(1,2, K) -1.0/SEGLEN * T(2,2,K)) * FFW(ISIDE,INODE + 1)
ELSE

MARK = 2, ELEMENT ADJACENT TO SOURCE AND AFTER ISRCE

STCORR= (GMU( 1 , 1 , K) - 1 . 0 /S E G LE N  * GMU( 2 , 1 , K ) ) * F F P X ( I S I D E ,  INODE)
& + (GMU( 1 , 2 , K) - 1 . 0 /S E G LE N  * GMU( 2 ,  2 ,  K) ) * F F P Z ( I S I D E , I N O D E )
& + ( 1 . 0 /S E G LE N  * GMU( 2 , 1 , K ) ) * F F P X ( I S I D E , I N O D E + 1 )
& + ( 1 . 0 /S E G LE N  * G M U ( 2 , 2 , K ) ) * F F P Z ( I S I D E ,  INODE+1)

WCORR =  ( T ( 1 , 1 , K) - 1 . 0 /S E G L E N  * T ( 2 , 1 , K ) )  * F F U ( I S I D E , I N O D E )
& + (T ( 1 , 2 , K) - 1 . 0 /S E G LE N  * T ( 2 , 2 , K ) )  * FF W ( I S I D E , I N O D E )
& + ( 1 . 0 /S E G LE N  * T ( 2 , 1 , K ) ) * F F U ( I S I D E , I N O D E + 1 )
& + ( 1 . 0 /S E G LE N  * T ( 2 , 2 , K ) ) * FF W ( I S I D E , I N O D E + 1 )



o 
o 

o 
o

3 1 6

END IF 
END IF

WRITE(80,*)'ISRCE,ISIDE,K1,ISRCE,ISIDE,K 
TCORR(ISRCE,K)=TCORR(ISRCE,K)-WCORR+STCORR 
WRITE(80,*)'WCORR,STCORR,TCORR',
& WCORR,STCORR,TCORR(ISRCE, K)

45 CONTINUE 
50 CONTINUE 
60 CONTINUE 

RETURN 
END
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SUBROUTINE HSINTGR 
C23456789112345678921234567893123456789412345678951234567896123456789712

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),

& NCONN(390),NORDER(390) ,NNSURF,NSURF(390),N3(2,3) , NN3 
COMMON/RGEOM/X(390) , Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYPE 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4 )
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA,POISS 
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2,3),NLAYER(2) ,

& J F F (2,3),KF F (2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2,50)
COMMON/CFFLD/FFU(2,50),FFW(2,50),TCORR(390, 2) ,

& H S U (2),HSW(2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF(20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF, FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ, HSPX,HSPZ, STIFF

HALF-SPACE INTEGRALS 
COMMON/RHSINT/ASTART
COMMON/CHSINT/H0EXP(2,2),H1EXP(2,2),H2EXP(2,2) ,H2EXPR(2, 2) ,

& EXPR2(2),EXPR3(2)
REAL ASTART
COMPLEX H0EXP,H1EXP,H2EXP,H2EXPR,EXPR2,EXPR3

COMMON / A R E A / A S S R 1 2 , A C S R 1 2 , A S C R 1 2 , A C C R 1 2 , 
& A S S R 3 2 , A C S R 3 2 ,  A S C R 3 2 , A C C R 3 2

COMMON/KHLFSP/XKH1, XKPH1, XKSH1 
REAL XKH1,XKPH1 ,XKSH1

DATA REQUIRED FOR GAUSSIAN QUADRATURE

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT( 3 ) , W T F N ( 5 ) , X X ( 5 )
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INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

DIMENSION S I G N (2 )

P I = 4 . 0  *ATAN( 1 . 0 )

CPCSR= S Q R T ( 2 . * ( 1 . - P O I S S ( H A L F S P ) ) /  ( 1 - 2 . * P O I S S ( H A L F S P ) )  )

I F ( A T Y P E  . E Q .  ' P ' ) THEN
X L X H S = C O S ( A N G L E ( I A N G L E ) / 5 7 . 2 9 5 7 7 9 5 1 )
XMXHS=XLXHS/ CPCSR 
END I F
I F ( A T Y P E  . E Q .  ' S V ' ) T H E N
X M X H S = C O S ( A N G L E ( I A N G L E ) /5 7 . 2 9 5 7 7 9 5 1 )
XLXHS=XMXHS*CPCSR 
END I F

XKS H1=FBAR/CSRAT(HALFSP)
XKPH1=XKSH1/CPCSR
XKH1=XKSH1*XMXHS

J N O = J N O D E ( H A L F S P , 1)
KNO=KNODE(HALFSP, NBOUND( HAL FS P) )
S E G L N 1 = A B S ( X ( K N O ) - X ( K N O - l ) )
S E G L N 2 = A B S ( X (J N O + 1 ) - X ( J N O ) )
I F ( S E G L N 1  . G T .  SEGLN 2) THEN
ASTART =  SEGLN2
ELSE
ASTART =  SEGLN1 
END I F  
S I G N ( 1 ) = + 1 . 0  
S I G N ( 2 ) = - 1 . 0

ZETA=XKH1 
DO 50 ITYPE=1,2
ITYPE=1 (P WAVE), ITYPE=2 (SV WAVE) 
ISIDE=1 (-X), ISIDE=2 (+X)

DETERMINE ALPHA AND ZETA 
I F (ITYPE .EQ. 1)THEN 

C ALPHA= KpHl , ZETA = KH1
ALPHA= XKPH1 
END IF
IF(ITYPE .EQ. 2)THEN 

C ALPHA= KsHl , ZETA = KH1
ALPHA=XKSH1 
END IF

C
CALL ATRIG(PI,0,ALPHA, ZETA)
CALL INTGJSINE(PI,0,ALPHA,ZETA,AJSINE) 
CALL INTGYSINE(PI,0,ALPHA,ZETA,AYSINE) 
CALL INTGJCOS(PI,0,ALPHA,ZETA,AJCOS) 
CALL INTGYCOS(PI,0,ALPHA,ZETA,AYCOS)
DO 10ISIDE=1,2
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HOEXP(ITYPE,ISIDE)=(AJCOS+SIGN(ISIDE)*AYSINE)+
& (0.0,1.0)*(AYCOS-SIGN(ISIDE)*AJSINE)

10 CONTINUE
C
C

CALL ATRIG(PI,1,ALPHA,ZETA)
C

CALL INTGJSINE(PI,1,ALPHA,ZETA,AJSINE)
CALL INTGYSINE(PI,1,ALPHA,ZETA,AYSINE)
CALL INTGJCOS(PI,1,ALPHA,ZETA,AJCOS)
CALL INTGYCOS(PI,1,ALPHA,ZETA,AYCOS)
DO 20ISIDE=1,2
H1EXP(ITYPE,ISIDE)=(AJCOS+SIGN(ISIDE)*AYSINE)+

& (0.0,1.0)*(AYCOS-SIGN(ISIDE)*AJSINE)
2 0 CONTINUE

C
CALL ATRIG(PI,2,ALPHA, ZETA)
CALL INTGJSINE(PI,2,ALPHA,ZETA,AJSINE)
CALL INTGYSINE(PI,2,ALPHA,ZETA,AYSINE)
CALL INTGJCOS(PI,2,ALPHA,ZETA, AJCOS)
CALL INTGYCOS(PI,2, ALPHA,ZETA, AYCOS)

C
C

CALL INTGJSINER(PI,2,ALPHA,ZETA,AJSINR)
CALL INTGYSINER(PI,2,ALPHA,ZETA,AYSINR)
CALL INTGJCOSR(PI,2,ALPHA,ZETA,AJCOSR)
CALL INTGYCOSR(PI,2,ALPHA,ZETA,AYCOSR)
DO 30ISIDE=1,2
H2EXP(ITYPE,ISIDE)= (AJCOS+SIGN(ISIDE)*AYSINE)+

& (0.0, 1.0) * (AYCOS-SIGN(ISIDE)*AJSINE)
H2EXPR(ITYPE,ISIDE)= (AJCOSR+SIGN(ISIDE)*AYSINR)+

& (0.0, 1.0) * (AYCOSR-SIGN(ISIDE)*AJSINR)
30 CONTINUE 
50 CONTINUE 

C AREA FOR EXP(IKR)/ (R*R)
CALL INTGSINR2(PI,0,ALPHA,ZETA,ASINR2)
CALL INTGCOSR2(PI,0,ALPHA,ZETA,ACOSR2)

C CALL INTGSINR3(PI,0,ALPHA,ZETA,ASINR3)
C CALL INTGCOSR3(PI, 0, ALPHA,ZETA, ACOSR3)

DO 60 ISIDE=1,2
EXPR2(ISIDE)=ACOSR2-(SIGN(ISIDE)*(0.0,1.0)*ASINR2) 

C EXPR3(ISIDE)=ACOSR3-(SIGN(ISIDE)*(0.0,1.0)*ASINR3)
60 CONTINUE 

RETURN 
END

SUBROUTINE A T R I G ( P I , N U , A L P H A , Z E T A )
C

COMMON / A R E A /A S S R 1 2 , A C S R 1 2 , A S C R 1 2 ,  ACCR12 ,  
& A S S R 3 2 , A C S R 3 2 , A S C R 3 2 , A C C R 3 2

C
C DATA REQUIRED FOR GAUSSIAN QUADRATURE
C

COMMON / 1GAUS 5 /  NGAUS S 
COMMON/DGAUS5/WT(3 )  , W T F N ( 5 ) , X X ( 5 )
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INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

C
C
C CALCULATE TRIG AREAS FROM 20 TO INFINITY
C

DIFF = ABS(ALPHA - ZETA)
C

IF (ZETA .GT. ALPHA)THEN 
SIGN=+1.0 
ELSE
SIGN = -1.0 
END IF

FUNCTION = S I N E (alpha*r)* S I N E (beta*r)/SQRT(R)
IFUNC=9

I F  ( D I F F  . L T .  .001)THEN 
A=2 0.0 
B=1000000.0
CALL NUMINTGR( IF U N C ,N U , A L P H A , Z E T A , A , B , A R E A )
ASSRI2=AREA 
ELSE
ASSR12=0.6266*(1./SQRT(ABS (ZE TA -A L PH A )) - 1 . /SQRT(ALPHA+ZETA)  )
A=0.0001 
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
ASSRI2=ASSRI2-AREA 
END IF

FUNCTION = COS(alpha*r)*SINE(beta*r)/SQRT(R)
IFUNC=10

I F ( D I F F  . L T .  .001)THEN 
A=2 0.0 
B=1000000.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A, B, AREA)
ACSR12=AREA 
ELSE
ACSR12=0.6266*(1./SQRT(ALPHA+ZETA)

& +1./SQRT(ABS(ALPHA-ZETA))*SIGN)
A = 0 .0001 
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA, A, B,AREA)
ACSR12=ACSR12-AREA 
END I F

FUNCTION = COS(alpha*r)*COS(beta*r)/SQRT(R)
IFUNC=11

I F ( D I F F  .LT. .001)THEN 
A=20.0 
B=1000000.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
ACCR12=AREA 
ELSE
ACCR12=0.6266*(1./SQRT (ALPHA+ZETA) +1./SQRT ( A B S (A L P H A -Z E T A ))) 
A=0.0001



u
o

o
o

 
u

o
o

 
o

o
o

 
o 

o 
o

o
o

321

B = 2 0 . 0
CALL NUMINTGR( IF U N C ,N U ,A L P H A , Z E T A ,  A , B ,  AREA) 
ACCR12=ACCR12 -AREA 
END I F

FUNCTION = SINE(alpha*r)*COS(beta*r)/SQRT(R)
IFUNC=12

IF (DIFF .LT. ,001)THEN 
A=2 0.0 
B=1000000.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
ASCR12=AREA
E L S E
ASCR12=0.6266*(1./SQRT(ALPHA+ZETA)

& -1./SQRT(ABS(ALPHA-ZETA))*SIGN)
A=0.0001 
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
ASCR12=ASCR12-AREA 
END IF

FUNCTION = SINE(alpha*r)*SINE(beta*r) / (R*SQRT(R))
IFUNC=13

IF (DIFF .LT. .001)THEN 
A=20.0 
B=100.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
AS S R3 2 =AREA 
ELSE
ASSR32= -1.25331*(SQRT(ABS(ZETA-ALPHA)) - SQRT(ALPHA+ZETA) )
A=0.0001 
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
ASSR32=ASSR32-AREA 
END IF

FUNCTION = COS(alpha*r)*SINE(beta*r)/ (R*SQRT(R))
IFUNC=14

ACSR32= +1.25331*(SQRT(ALPHA+ZETA) + SQRT(ABS(ALPHA-ZETA))*SIGN) 
A=0.0001 
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
ACSR32=ACSR32-AREA

FUNCTION = COS(alpha*r)*COS(beta*r)/ (R*SQRT(R))
IFUNC=15 
A=2 0.0 
B=100.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
ACCR32=AREA

FUNCTION =  S I N E ( a l p h a * r ) * C O S ( b e t a * r ) / ( R * S Q R T ( R ) ) 
IFU NC= 16
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A SC R32=  + 1 . 2 5 3 3 1 * (SQRT(ALPHA+ZETA)  -  S Q R T ( A B S ( A L P H A - Z E T A ) ) *SIGN)  
A = 0 . 0 0 0 1  
B = 2 0 . 0
CALL NUMINTGR( I F U N C , N U , A L P H A , Z E T A , A , B , A R E A )
ASCR32=A SCR 32-A REA
RETURN
END

SUBROUTINE I N T G J S I N E ( P I , N U , A L P H A , Z E T A , A J S I N E )  
COMMON/RHSINT/ASTART 
REAL ASTART
COMMON / A R E A / A S S R 1 2 , A C S R 1 2 , A S C R 1 2 , AC C R 12 ,

& A S S R 3 2 , A C S R 3 2 , A S C R 3 2 , A C C R 3 2

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT ( 3 ) ,WTFN(5),XX(5)
INTEGER NGAUSS
D O U B L E  P R E C I S I O N  W T , W T F N , X X

FUNCTION= Jn <alpha*r)*SINE(beta*r) '
IFUNC=1

DIFF=ABS(ALPHA-ZETA)
IF(DIFF .GT. 0.001)THEN

IF(ALPHA .GT. ZETA)THEN
AJSINE = SIN(NU*ASIN(ZETA/ALPHA))/SQRT(ALPHA**2-ZETA**2)
E N D  I F
IF(ALPHA .LT. ZETA)THEN 
AJSINE=(ALPHA* *NU)*COS(NU*PI/2)
& / (SQRT(ZETA**2-ALPHA**2)*((ZETA+SQRT(ZETA**2-ALPHA**2))**NU)) 
END IF

A=0 . 0 
B=ASTART
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
AJSINE=AJSINE-AREA

ELSE

SOLVE NUMERICALLY
A=ASTART
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
AJSINE=AREA
IF (NU .EQ. 0 .OR. NU .EQ. 1)SIGN1=+1.0
IF (NU .EQ. 2)SIGN1= -1.0
IF (NU .EQ. 0 .OR. NU .EQ. 2)SIGN2=+1.0
IF (NU .EQ. 1)SIGN2= -1.0
AJSINE=AJSINE+SIGN1/(SQRT(PI*ALPHA))*(SIGN2*ACSR12+ASSR12)

E N D  I F
C
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RETURN
END

SUBROUTINE INTGJCOS(PI,NU,ALPHA,ZETA,AJCOS) 
COMMON/RHSINT/ASTART 
REAL ASTART
COMMON /AREA/ASSR12,ACSR12,ASCR12, ACCR12,
& ASSR32,ACSR32,ASCR32,ACCR32

COMMON/1GAUS 5/NGAUS S 
COMMON/DGAUS5/WT(3) ,WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= Jn(alpha*r)*COS(beta*r)'
IFUNC=2

DIFF=ABS(ALPHA-ZETA)
IF (DIFF .GT. 0.001)THEN

IF(ALPHA .GT. ZETA)THEN
AJCOS = COS(NU*ASIN(ZETA/ALPHA))/SQRT(ALPHA**2-ZETA**2)
END IF
IF(ALPHA .LT. ZETA)THEN
AJCOS= -1.0*(ALPHA**NU)*SIN(NU*Pl/2)

& / (SQRT(ZETA**2-ALPHA**2)*((ZETA+SQRT(ZETA**2-ALPHA**2))**NU)) 
END IF

A=0 . 0 
B=ASTART
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
AJCOS=AJCOS-AREA

ELSE

SOLVE NUMERICALLY
A=ASTART
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
AJCOS=AREA
IF (NU .EQ. 0 .OR. NU .EQ. 1)SIGN1=+1.0
IF (NU .EQ. 2)SIGN1= -1.0
IF (NU .EQ. 0 .OR. NU .EQ. 2)SIGN2=+1.0
IF (NU .EQ. 1)SIGN2= -1.0
AJCOS=AJCOS+SIGN1/ (SQRT(PI*ALPHA))*(ASCR12+SIGN2*ACCR12)

END IF

RETURN
END

SUBROUTINE INTGYSINE(PI,NU,ALPHA,ZETA,AYSINE) 
COMMON/RH SINT/AS TART 
REAL ASTART
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COMMON /AREA/ASSR12r ACSR12,ASCR12,ACCR12, 
& ASSR32,ACSR32,ASCR32,ACCR32

COMMON/IGAUS 5/NGAUS S 
COMMON/DGAUS5/WT(3) , WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= Yn(alpha*r)*SINE(beta*r)'
IFUNC=3

DIFF=ABS(ALPHA-ZETA)

IF(NU .EQ. 0 .AND. DIFF .GT. 0.001)THEN

IF(ALPHA .GT. ZETA)THEN
AYSINE = 2.0 *ASIN(ZETA/ALPHA)/ (PI*SQRT(ALPHA**2-ZETA* *2)) 
END IF
IF(ALPHA .LT. ZETA)THEN
AYSINE = 2.0/(PI*SQRT(ZETA**2-ALPHA**2))

& * LOG(ZETA/ALPHA - SQRT((ZETA/ALPHA)**2 -1.0))
END IF 
A=0 . 0 
B=ASTART
CALL NUMINTGR(IFUNC, NU,ALPHA, ZETA, A, B, AREA)
AYSINE=AYSINE-AREA

ELSE

SOLVE NUMERICALLY 
A=ASTART 
B=20.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
AYSINE=AREA
IF (NU .EQ. 0 )SIGN1=+1.0
IF (NU .EQ. 1 .OR. NU .EQ. 2)SIGN1= -1.0
IF (NU .EQ. 1)SIGN2= +1.0
IF (NU .EQ. 0 .OR. NU .EQ. 2)SIGN2=-1.0
AYSINE=AYSINE+SIGN1/(SQRT(PI*ALPHA)) * (ASSR12+SIGN2*ACSR12) 

END IF

RETURN 
END

SUBROUTINE INTGYCOS(PI,NU,ALPHA,ZETA,AYCOS)
COMMON/RHSINT/ASTART 
REAL ASTART
COMMON /AREA/ASSR12,ACSR12, ASCR12,ACCR12,

& ASSR32,ACSR32,ASCR32,ACCR32
C
c

COMMON/IGAUS 5/NGAUS S 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
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DOUBLE PRECISION WT,WTFN,XX

FUNCTION= Yn(alpha*r)*COS(beta*r)1 
IFUNC=4

DIFF=ABS(ALPHA-ZETA)
IF(NU .EQ. 0 .AND. DIFF .GT. 0.001)THEN

IF(ALPHA .GT. ZETA)THEN 
AYCOS = 0 . 0  
END IF
IF(ALPHA .LT. ZETA)THEN
AYCOS = -1.0/ SQRT(ZETA**2-ALPHA**2)
END IF

A=0 . 0 
B=ASTART
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA)
AYCOS=AYCOS-AREA

ELSE

SOLVE NUMERICALLY
A=ASTART
B=20.0
CALL NUMINTGR(IFUNC, NU,ALPHA,ZETA,A,B,AREA)
AYCOS=AREA
IF (NU .EQ. 0 )SIGN1=+1.0
IF (NU .EQ. 1 .OR. NU .EQ. 2)SIGN1= -I.0
IF (NU .EQ. 1)SIGN2= +1.0
IF (NU .EQ. 0 .OR. NU .EQ. 2)SIGN2=-1.0
AYCOS=AYCOS+SIGNl/(SQRT(PI*ALPHA)) * (ASCR12+SIGN2*ACCR12)

END IF

RETURN
END

SUBROUTINE INTGJSINER(PI,NU,ALPHA,ZETA,AJSINR) 
COMMON/RHSINT/ASTART 
REAL ASTART
COMMON /AREA/ASSR12,ACSR12,ASCR12,ACCR12,
& ASSR32,ACSR32,ASCR32,ACCR32

COMMON/IGAUS5/NGAUS S
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= Jn(alpha*r)*SINE(beta*r)/r 
IFUNC=5 

C
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IF(ALPHA .GE. ZETA)THEN
AJSINR = SIN(NU*ASIN(ZETA/ALPHA))/NU
END IF
IF(ALPHA .LT. ZETA)THEN 
AJSINR=(ALPHA**NU)*SIN(NU*PI/2.)

& / (NU*((ZETA+SQRT(ZETA**2-ALPHA**2))**NU) ) 
END IF

A=0.0001 
B=ASTART
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA) 
AJSINR=AJSINR-AREA

RETURN
END

SUBROUTINE INTGJCOSR(PI,NU,ALPHA,ZETA,AJCOSR) 
COMMON/RHSINT/ASTART 
REAL ASTART
COMMON /AREA/ASSR12,ACSR12,ASCR12,ACCR12,

& ASSR32,ACSR32,ASCR32, ACCR32

COMMON/IGAUS5/NGAUSS
COMMON/DGAUS5/WT(3) ,WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= Jn(alpha*r)*COS(beta*r)/r 
NU = 2

IFUNC=6

IF(ALPHA .GE. ZETA)THEN
AJCOSR = COS(NU*ASIN(ZETA/ALPHA))/NU
END IF
IF(ALPHA .LT. ZETA)THEN 
AJCOSR= (ALPHA**NU)*COS(NU*PI/2.)

& / (NU*((ZETA+SQRT(ZETA**2-ALPHA**2))**NU)) 
END IF

A=0.0001 
B=ASTART
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA) 
AJCOSR=AJCOSR-AREA

RETURN
END

SUBROUTINE INTGYSINER(PI,NU,ALPHA,ZETA, AYSINR) 
COMMON/RHSINT/ASTART
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REAL ASTART
COMMON /AREA/ASSR12,ACSR12,ASCR12,ACCR12, 

& ASSR32,ACSR32,ASCR32,ACCR32

COMMON/IGAUS5/NGAUSS 
C0MM0N/DGAUS5/WT(3),WTFN(5),XX(5) 
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= Yn(alpha*r)*SINE(beta*r)/r 
NU =2 
IFUNC=7 
SIGN=-1.0

SOLVE NUMERICALLY
A=ASTART
B=20.0
CALL NUMINTGR(IFUNC, NU,ALPHA, ZETA, A, B, AREA)
AYSINR=AREA
AYSINR=AYSINR+SIGN/(SQRT(PI*ALPHA)) * (ASSR32-ACSR32)

RETURN
END

SUBROUTINE INTGYCOSR(PI,NU,ALPHA,ZETA,AYCOSR)
COMMON/RHSINT/AS TART 
REAL ASTART
COMMON /AREA/ASSR12,ACSR12,ASCR12,ACCR12,

& ASSR32,ACSR32,ASCR32,ACCR32

COMMON/1GAUS 5/NGAUS S
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= Yn(alpha*r)*COS(beta*r)/r 
NU =2 
IFUNC=8 
SIGN=-1.0

SOLVE NUMERICALLY 
A=ASTART 
B=2 0.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A,B,AREA) 
AYCOSR=AREA
AYCOSR=AYCOSR+SIGN/(SQRT(PI*ALPHA)) * (ASCR32-ACCR32)

RETURN 
END

SUBROUTINE INTGSINR2(PI,NU,ALPHA,ZETA,ASINR2)
C

COMMON/RHSINT/AS TART 
REAL ASTART
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COMMON/IGAUS5/NGAUSS 
C0MM0N/DGAUS5/WT(3),WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= 1./R2 * SINE(BETA*R)
IFUNC=17

SOLVE NUMERICALLY
A=ASTART
B=100.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A, B, ASINR2)

RETURN
END

SUBROUTINE INTGSINR3(PI,NU,ALPHA,ZETA,ASINR3)

COMMON/RHSINT/AS TART 
REAL ASTART

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN<5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= 1./R3 * SINE(BETA*R)
IFUNC=18

SOLVE NUMERICALLY
A=ASTART
B=100.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A, B, ASINR3)

RETURN
END

SUBROUTINE INTGCOSR2(PI,NU,ALPHA,ZETA,ACOSR2)

COMMON/RHSINT/ASTART 
REAL ASTART

COMMON/IGAUS5/NGAUSS
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= 1./R2 * COS(BETA*R)
IFUNC=19

SOLVE NUMERICALLY
A=ASTART
B=100.0
CALL NUMINTGR(IFUNC,NU,ALPHA,ZETA,A, B, ACOSR2)
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RETURN
END

SUBROUTINE INTGC0SR3(PI,NU,ALPHA,ZETA,AC0SR3)
C

COMMON/RHSINT/AS TART 
REAL ASTART

COMMON/1GAUS 5/NGAUS S 
COMMON/DGAUS 5/W T (3),WTFN(5),XX(5)
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX

FUNCTION= 1./R3 * COS(BETA*R)
IFUNC=20

SOLVE NUMERICALLY 
A=ASTART 
B=100.0
CALL NUMINTGR(IFUNC, NU,ALPHA,ZETA,A,B,ACOSR3)

RETURN 
END

SUBROUTINE NUMINTGR(IFUNC,NU,ALPHA,ZETA, A,B,AREA) 
DIMENSION R (5),Y(5)
DOUBLE PRECISION AOLD,ATOT,ADELTA,DIFF

COMMON/IGAUS 5/NGAUS S 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

HDELTA=B-A
C

AREA=0.0
IF(ABS(HDELTA) .LT. 0.00001)THEN
RETURN
END IF

C
IF(A .LT. 1.0 .AND. B .GT. 2.0)THEN
AA=A
BB=2.0
NCYCLE =2
ELSE
AA=A
BB=B
NCYCLE=1
END IF
DO 50ICYCLE =1,NCYCLE 
HDELTA =BB-AA 
AOLD=9.99999D20 
TOLER=0.005



3 3 0

10 CONTINUE 
ATOT=0.0D0 
N=(BB-AA)/HDELTA 

C WRITE(*,*)'N = 1,N
DO 401=1,N 
AAA=(I-1)*HDELTA+AA 
DO 20J=1,NGAUSS
R (J) = AAA + (XX(J)+1.0D0)*HDELTA/2.0D0 
CALL YVALUE(IFUNC,NU,ALPHA,ZETA,R(J) ,Y(J))

20 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2)*Y(2)+ W T (3)*Y(3)+ 

& WT (2) *Y (4)+WT (1) *Y (5) )
ATOT=ATOT+ADELTA 

4 0 CONTINUE
DIFF=DABS(ATOT-AOLD)

C  WRITE(*,*)'ATOT = ',ATOT
IF (DIFF .GT. TOLER ) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT 
GO TO 10 
END IF
AREA=ATOT+AREA 
AA=BB 
BB=B 

50 CONTINUE 
C  WRITE(*,*)'AREA = ',AREA

RETURN 
END

SUBROUTINE YVALUE(IFUNC,IORDER,ALPHA,ZETA,R,Y)
C

COMMON/IGAUS 5/NGAUS S 
COMMON/DGAUS5/WT(3) , WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

C
DOUBLE PRECISION JN, YN

C
GO TO (10,20,30,40,50,60,70,80,90,100,

& 110,120,130,140,150,160,170,180,190,200), IFUNC
10 CONTINUE 

X=ALPHA*R
CALL JNU(IORDER,X,JN)
Y=JN*SIN(ZETA*R)
GO TO 9999 

20 CONTINUE 
X=ALPHA*R
CALL JNU(IORDER,X,JN)
Y=JN*COS(ZETA*R)
GO TO 9999 

30 CONTINUE 
X=ALPHA*R
CALL YNU(IORDER,X, YN)
Y=YN*SIN(ZETA*R)
GO TO 9999 

40 CONTINUE 
X=ALPHA*R
CALL YNU(IORDER,X,YN)



Y=YN*COS(ZETA*R)
GO TO 9999 

50 CONTINUE 
X=ALPHA*R
CALL JN U (IORDER,X,JN)
Y=JN*SIN(ZETA*R)/R 
GO TO 9999 

60 CONTINUE 
X=ALPHA*R
CALL JNU(IORDER,X,JN)
Y=JN*COS(ZETA*R)/R 
GO TO 9999 

7 0 CONTINUE 
X=ALPHA*R
CALL YNU(IORDER,X,YN)
Y=YN*SIN(ZETA*R)/R 
GO TO 9999 

80 CONTINUE 
X=ALPHA*R
CALL Y N U (IORDER,X,YN)
Y=YN*COS(ZETA*R)/R 
GO TO 9999 

90 CONTINUE
Y=SIN(ALPHA*R)*SIN(ZETA*R)/SQRT(R) 
GO TO 9999 

10 0 CONTINUE
Y=COS(ALPHA*R)*SIN(ZETA*R) /SQRT(R) 
GO TO 9999 

110 CONTINUE
Y=COS(ALPHA*R)*COS(ZETA*R)/SQRT(R) 
GO TO 9999 

120 CONTINUE
Y=SIN(ALPHA*R)*COS(ZETA*R)/SQRT(R) 
GO TO 9999 

130 CONTINUE
Y=SIN(ALPHA*R)*SIN(ZETA*R)/ (R**1.5) 
GO TO 9999 

140 CONTINUE
Y=COS(ALPHA*R)*SIN(ZETA*R)/ (R**l.5) 
GO TO 9999 

150 CONTINUE
Y=COS(ALPHA*R)*COS(ZETA*R)/ (R**l.5) 
GO TO 9999 

160 CONTINUE
Y=SIN(ALPHA*R)*COS(ZETA*R)/ (R**1.5) 
GO TO 9999 

170 CONTINUE
Y= 1./(R**2) * SIN(ZETA*R)
GO TO 9999 

180 CONTINUE
Y= 1./(R**3) * SIN(ZETA*R)
GO TO 9999 

190 CONTINUE
Y= 1./(R**2) * COS(ZETA*R)
GO TO 9999 

200 CONTINUE
Y= 1./(R**3) * COS(ZETA*R)



o
o
o
o

3 3 2

9999 CONTINUE 
RETURN 
END

SUBROUTINE JNU(IORDER,XREAL,JN)
•k'k'k'k-k-k'kic-kic'k-k-kif'k-k'k-k'k-kir'k-kic'k'k'k'kir'kick-k-k'k'k'k'k'k'k'k'k'^'kick

BESSEL FUNCTION (Jn) OF A COMPLEX ARGUMENT 
INTERGRATION USING 5 POINT GAUSSIAN QUADRATURE 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C23456789112345678921234567893123456789412345678951234567896123456789712 
C

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

C
DOUBLE PRECISION TOLER,HDELTA,AOLD,

& X (5) , Y (5) , ATOT, DIFF, ADELTA,PI,AA,A,B 
DOUBLE PRECISION JN

C
Z=XREAL
PI=3.1415926535D0 
TOLER=.00001D0 

C CALCULATE BESSEL FUNCTION OF 1ST KIND (JN)
A=0.0D0 
B=PI
HDELTA=B-A 
AOLD=9.99999D20 

10 CONTINUE 
ATOT=0.0 
N=(B-A)/HDELTA 
DO 201=1,N 
AA= (1-1)*HDELTA+A 
DO 15J=l,NGAUSS
X(J)= AA + (XX(J)+1.0D0)*HDELTA/2.0D0 
Y (J)= DCOS(XREAL* DSIN(X(J))-IORDER*X(J))

15 CONTINUE
ADELTA=HDELTA/2.0D0 * (WT(1)*Y(1)+WT(2)*Y(2)+WT(3)*Y(3) +

& W T (2)* Y (4)+WT(1)*Y(5))
ATOT=ATOT+ADELTA 

20 CONTINUE
DIFF=ABS(ATOT-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT 
GO TO 10 
END IF 

25 CONTINUE
JN= ATOT/PI
RETURN
END

C
SUBROUTINE YNU(IORDER,XREAL,YN)
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BESSEL FUNCTION (Yn) OF A COMPLEX ARGUMENT 
INTERGRATION USING 5 POINT GAUSSIAN QUADRATURE

145 67 8 91123456789212345678 9312345 6789412345 67 8 9512 345 678 9 612345 67 8 9712

COMMON / IGAUS 5 / NGAUS S 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX

DOUBLE PRECISION TOLER,HDELTA,AOLD,
& X (5) , Y (5) , ATOT, DIFF, ADELTA, PI, CALC, AA, A, B 
DOUBLE PRECISION YN
CALCULATE BESSEL FUNCTION OF 2ND KIND, ORDER N (YN)
PI=3.1415926535D0 
TOLER=0.00001 
A=0 .
B=PI
HDELTA=B-A 
AOLD=9.99999D20 

30 CONTINUE
N=(B-A)/HDELTA 
ATOT=0.0 
DO 501=1,N 
AA= (I-1)* HDELTA+A 
DO 40J=1,NGAUSS
X(J)= AA + (XX(J)+1.ODO)*HDELTA/2.0D0 
Y(J)= DSIN(XREAL* DSIN(X(J))-IORDER*X(J))

40 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2)* Y (2)+WT(3)*Y(3)+

& W T (2)*Y(4)+WT(1)*Y(5))
ATOT=ATOT+ADELTA 

50 CONTINUE
DIFF=ABS(ATOT-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT 
GO TO 30 
END IF 

55 CONTINUE 
YN=ATOT 
A=0 .
B=10 .
HDELTA=1.0 

C HDELTA=B-A
AOLD=9.99999D20 

60 CONTINUE 
ATOT=0.0 
N=(B-A)/HDELTA 
DO 801=1,N 
AA= (I — 1)*HDELTA+A 
DO 70J=1,NGAUSS
X(J)= AA + (XX(J)+1.0D0)*HDELTA/2.ODO 
CALC=XREAL *D SINH(X(J))
IF(CALC .GT. 40.)CALC=40.
Y(J) =

& (DEXP(IORDER*X(J))+DEXP((-1.)*IORDER*X(J))*DCOS(IORDER*PI) ) *
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& DEXP(-CALC)
70 CONTINUE

ADELTA=HDELTA/2.ODO*(WT(1)*Y(1)+WT(2)* Y (2)+ W T (3)* Y (3)+ 
& W T (2)*Y(4)+WT(1)*Y(5))
ATOT=ATOT+ADELTA 

80 CONTINUE
DIFF=ABS(ATOT-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT 
GO TO 60 
END IF 

90 CONTINUE
YN=(YN-ATOT)/PI
RETURN
END

SUBROUTINE HSCORR(ISRCE,XI,ZI,IAREA)
C23456789112345678921234567893123456789412345678951234567896123456789712

GEOMETRY
COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3), NAREA,ICLOSE(4,3),

& NCONN(390),NORDER(390),NNSURF,NSURF(390) ,N3(2,3),NN3 
COMMON/RGEOM/X(390), Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z
WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYPE 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA, POISS 
COMPLEX CSRAT

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3),NBOTT(2, 3),NLAYER(2),

& JFF(2,3),K F F (2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2, 50)
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COMMON/CFFLD/FFU(2,50),FFW(2,50),TCORR(390,2),
& HSU(2),HS W (2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF(20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF 

C23456789112345678921234567893123456789412345678951234567896123456789712

HALF-SPACE INTEGRALS 
C OMMON/RHSINT/ASTART
COMMON/CHSINT/H0EXP(2,2),H1EXP(2,2),H2EXP(2,2),H2EXPR(2,2),

& EXPR2(2),EXPR3(2)
REAL ASTART
COMPLEX H0EXP,H1EXP,H2EXP,H2EXPR, EXPR2, EXPR3

COMMON/KHLFSP/XKH1, XKPH1,XKSH1 
REAL XKH1,XKPH1,XKSH1

COMMON/IGAUS5/NGAUSS 
COMMON/DGAUS5/WT(3) ,WTFN(5),XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

COMPLEX WCORR,STCORR
COMPLEX CH0EXP(2),CH1EXP(2),CH2EXP(2),CH2EPR(2),CEXPR2, 

& F2H1,F3H1,HSDISPL(2),HSTRAC(2),T(2,2),GMU(2,2),
& P1,P2,S1,S2,PIK,SIK 
COMPLEX CEXPR3

DIMENSION SIGN(2),R (2),X N (2)
SIGN(1)=1.0 
SIGN(2)=—1.0 
PI=4.*ATAN(1.0)
TCORR(ISRCE,1)=(0.0,0.0)
TCORR(ISRCE, 2) = (0 .0,0.0)
CALC1=(1.-2.*POISS(IAREA))/(2.*(1.-POISS(IAREA))) 
CALC2=POISS(IAREA)/(1.-POISS(IAREA))
CPCSR= 1.0/SQRT(CALC1)
WRITE(80,*)'ISRCE',ISRCE 
AREA = HALF-SPACE

A=ASTART
C

ZETA=XKH1 
STCORR=(0.0,0.0)
WCORR=(0.0,0.0)
R(2)=0.0 
XN (1)=0 . 0 
X N (2)= -1.0 
DO 30ISIDE=1,2 
IF(ISIDE .EQ. 1)THEN
B=XI-X(KNODE(HALFSP,NBOUND(HALFSP))) 
R(l)= -1.0 
END IF
IF(ISIDE .EQ. 2)THEN 
B=X(JNODE(HALFSP,1))-XI
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R(l)= +1.0 
END IF
DO 10 ITYPE=1,2
ITYPE=1 (P WAVE), ITYPE=2 (SV WAVE) 
ISIDE=1 (-X), ISIDE=2 (+X)

DETERMINE ALPHA AND ZETA 
I F(ITYPE .EQ. 1)THEN 
ALPHA= Kp , ZETA = K 
ALPHA= XKPH1 
END IF
IF(ITYPE .EQ. 2)THEN 
ALPHA= Ks , ZETA = K 
ALPHA=XKSH1 
END IF

CALL NUMINTGR(1,0,ALPHA,ZETA,A,B,AJSINE)
CALL NUMINTGR(3,0,ALPHA,ZETA,A,B,AYSINE)
CALL NUMINTGR(2,0,ALPHA,ZETA,A,B,AJCOS)
CALL NUMINTGR(4,0,ALPHA,ZETA,A,B,AYCOS)
CH0EXP(ITYPE)=H0EXP(ITYPE,ISIDE)- 

& ((AJCOS+SIGN(ISIDE)*AYSINE)+(0.0,1.0)*(AYCOS-SIGN(ISIDE)*AJSINE))

CALL NUMINTGR(1,1,ALPHA,ZETA,A,B,AJSINE)
CALL NUMINTGR(3,1,ALPHA,ZETA,A,B,AYSINE)
CALL NUMINTGR(2,1,ALPHA,ZETA,A, B, AJCOS)
CALL NUMINTGR(4,1,ALPHA,ZETA,A,B,AYCOS)
CH1EXP(ITYPE)=H1EXP(ITYPE,ISIDE)- 

& ((AJCOS+SIGN(ISIDE)*AYSINE)+(0.0,1.0)*(AYCOS-SIGN(ISIDE)*AJSINE))

CALL NUMINTGR(1,2,ALPHA,ZETA,A,B,AJSINE)
CALL NUMINTGR(3,2,ALPHA,ZETA,A,B,AYSINE)
CALL NUMINTGR(2,2,ALPHA,ZETA,A,B,AJCOS)
CALL NUMINTGR(4,2,ALPHA,ZETA,A,B,AYCOS)

CALL NUMINTGR(5,2,ALPHA,ZETA,A,B,AJSINR)
CALL NUMINTGR(7, 2,ALPHA,ZETA,A,B,AYSINR)
CALL NUMINTGR(6,2,ALPHA,ZETA,A,B,AJCOSR)
CALL NUMINTGR(8,2,ALPHA,ZETA,A,B,AYCOSR)
CH2EXP(ITYPE)=H2EXP(ITYPE,ISIDE)- 

& ((AJCOS+SIGN(ISIDE)*AYSINE) + (0.0,1.0)*(AYCOS-SIGN(IS IDE)*AJSINE) )
CH2EPR(ITYPE)=H2EXPR(ITYPE,ISIDE)- 

& ( (AJCOSR+SIGN(ISIDE)*AYSINR)+
& (0.0,1.0)*(AYCOSR-SIGN(ISIDE)*AJSINR))

10 CONTINUE
AREA FOR EXP(IKR)/ (R*R)
CALL NUMINTGR(17,2,ALPHA,ZETA,A,B,ASINR2)
CALL NUMINTGR(19,2,ALPHA,ZETA,A,B,ACOSR2)
CALL NUMINTGR(18,2,ALPHA,ZETA,A,B,ASINR3)
CALL NUMINTGR(20,2,ALPHA,ZETA,A,B,ACOSR3)
CEXPR2= EXPR2(ISIDE)- (ACOSR2-(SIGN(ISIDE)*(0.0,1.0)*ASINR2)) 
CEXPR3= EXPR3(ISIDE)-(ACOSR3-(SIGN(ISIDE)*(0.0,1.0)*ASINR3))

HSDISPL(1)=HSU(ISIDE)*CEXP((0.0,1.0)*XKH1*XI)
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HSDISPL(2)=HSW(ISIDE)*CEXP((0.0, 1.0)*XKH1*XI) 
HSTRAC(1)=HSPX(ISIDE)*CEXP((0.0, 1.0)*XKH1*XI) 
HSTRAC(2)=HSPZ (ISIDE)*CEXP((0.0,1.0)*XKH1*XI)

P l = (0.0,+0.1250)*(CH2EXP(1)+CH0EXP(1))
& -1./(2*PI*XKPH1*XKPH1)*CEXPR2 
P2=(0.0,-0.250)*CH2EXP(1) + 1./(PI*XKPH1*XKPH1)*CEXPR2 
S1=(0.0,+0.1250)*(-CH2EXP(2)+CH0EXP(2))+

& 1./(2*PI*XKSH1*XKSH1) * CEXPR2 
S2=(0.0,+0.250)*CH2EXP(2) - 1./(PI*XKSH1*XKSH1)*CEXPR2

F2H1=(0.0,0.25)*((2.0*CALC1-1.0)*XKPH1*CH1EXP(1)
& - 2.0*CALC1*CH2EPR(1) + 2.0*CH2EPR(2))
F3H1=(0.0,0.25)*

& (-2.0*CALC1*CH2EPR(1) + 2.0*CH2EPR(2)- XKSH1*CH1EXP(2))

DO 1=1,2
DO K=l,2

C
PIK=P2 * R (I)*R(K)
SIK=S2*R(I)*R(K)

C
IF(I .EQ. K)THEN 
PIK=PIK+P1 
SIK=SIK+S1 
END IF

C
G M U (I,K)=CALC1*PIK+SIK

C
T (I,K)=XN(I)*R(K)*F2H1+XN(K)*R(I)*F3H1

STCORR=HSTRAC(I)*GMU(I,K)
WCORR= HSDISPL(I)*T(I,K)
TCORR(ISRCE,K )=TCORR(ISRCE,K)-WCORR+S TCORR

C
END DO

C
END DO 

30 CONTINUE
C

RETURN
END
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SUBROUTINE FIXMAT
C23456789112345678921234567893123456789412345678951234567896123456789712 

GEOMETRY
COMMON/IGEOM/NBOUND(4) , JNODE(4,3), KNODE(4,3),NAREA,ICLOSE(4,3),

& NCONN(390),NORDER(390),NNSURF, NSURF(390) , N 3 (2,3),NN3 
COMMON/RGEOM/X(390),Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

WAVE
COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON / AWAVE / AT YP E 
REAL ANGLE
COMPLEX FBAR,UINCDT,WINCDT 
CHARACTER*2 ATYPE

SOIL
COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP 
REAL UWTRAT,BETA,POISS 
COMPLEX CSRAT

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(7 90)
COMMON/CMATRIX/HMAT(780,780),GMAT(780,790),

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

NUMBER OF EQUATIONS AT EACH NODE 
COMMON/EQN/IEQN(390)
INTEGER IEQN

INTEGER ISKIP(6),JAREA(3)
REAL XN1 (6) , XN2 (6)
COMPLEX GRATIO

789112345678921234567 8 93123456789412345 678 9512345 67 8 9 612345 678 9712 

KNO=KNODE(NAREA,NBOUND(NAREA))
OPEN(UNIT=70,FILE='GH.CHECK',STATUS='UNKNOWN')

IF(NAREA .EQ. 1)THEN 
GO TO 205 
END IF

NAREA > 1

JMARK= -1
DO 50IAREA =1,NAREA-1
DO 50INODE=JNODE(IAREA,1),KNODE(IAREA, NBOUND(IAREA))
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IF (IEQN(INODE) .GT. 0)THEN 
JMARK=JMARK+2 
JJCOL1=2*INODE-1 
DO 2 0 IROW=l,2 *KNO
HMAT(IROW,JMARK)=HMAT(IROW,JJCOL1)
HMAT(IROW, JMARK+1)=HMAT(IROW,JJCOL1 + 1)

2 0 CONTINUE
IF(IEQN(INODE) .GE. 2)THEN 
DO 40 IIAREA=IAREA+1,NAREA
DO 40 IINODE=JNODE(IIAREA,1),KNODE(IIAREA, NBOUND(IIAREA))
IF (NCONN(IINODE) .EQ. INODE) THEN 
JJCOL2=IINODE*2 -1 
DO 30 IROW=l,2*KNO
HMAT(IROW,JMARK)=HMAT(IROW,JMARK)+HMAT(IROW,JJCOL2)
HMAT(IROW,JMARK+1)=HMAT(IROW,JMARK+1)+HMAT(IROW,JJCOL2+1)

30 CONTINUE 
END IF 

40 CONTINUE 
END IF

END IF
C

50 CONTINUE
HDIM=JMARK+1

C
IN3=0 
JMARK= -1
DO 200IAREA =1,NAREA-1
DO 190INODE=JNODE(IAREA,1),KNODE(IAREA,NBOUND(IAREA))

IF (IEQN(INODE) .E Q . 0)GO TO 190
C

IF(IEQN(INODE) .EQ. 1 .OR. IEQN(INODE) .EQ. 2)THEN 
JMARK=JMARK+2 
DO 60 IROW=l,2*KNO
GMAT(IROW,JMARK)=GMAT(IROW,JCOL1(INODE))
GMAT(IROW,JMARK+1)=GMAT(IROW,JCOL1(INODE)+1)

60 CONTINUE
C

IF(IEQN(INODE) .EQ. 2) THEN 
DO 80 IIAREA=IAREA+1,NAREA
DO 80 IINODE=JNODE(IIAREA,1),KNODE(IIAREA,NBOUND(IIAREA))

IF (NCONN(IINODE) .EQ. INODE) THEN 
JJCOLl=JCOLl(INODE)
JJCOL2=JCOLl(IINODE)
GRATIO=((CSRAT(IAREA)/CSRAT(IIAREA))**2)*

& UWTRAT(IAREA)/UWTRAT(IIAREA)
DO 70 IROW=l,2*KNO
GMAT(IROW,JMARK)=GMAT(IROW,JMARK)-GMAT(IROW,JJCOL2)*GRATIO 
GMAT(IROW,JMARK+1)=GMAT(IROW,JMARK+1)-GMAT(IROW,JJCOL2+1)

& *GRATIO 
70 CONTINUE 

END IF 
80 CONTINUE

END IF 
END IF

C
C

IF (IEQN(INODE) .EQ. 3)THEN 
IN3=IN3+1
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DO 115 1=1,3 
IINODE=N3(1N3,I)
IELEM=2*I-1
SEGLEN=SQRT((X(IINODE)-X(IINODE-l))**2 +

& (Z(IINODE)-Z(IINODE-1))**2)
XN 1 (IELEM)= (Z(IINODE-1)-Z(IINODE))/SEGLEN 
XN2(IELEM)=(X(IINODE)-X(IINODE-1))/SEGLEN 
SEGLEN=SQRT((X(IINODE+l)-X(IINODE))**2 +

& (Z(IINODE+1)-Z(IINODE))**2)
XN 1 (IELEM+1)=(Z(IINODE)-Z(IINODE+1))/SEGLEN 
XN2(IELEM+1)=(X(IINODE+1)-X(IINODE))/SEGLEN 

115 CONTINUE
JAREA(l)=IAREA
DO 1301=2,3
DO 120 IIAREA=1,NAREA
DO 120 IINODE=l,KNODE(IIAREA,NBOUND(IIAREA))
IF(IINODE .EQ. N3(IN3,I))THEN 
JAREA(I)=1IAREA 
GO TO 130 
END IF 

120 CONTINUE 
130 CONTINUE

DO 140 IELEM=1,6 
ISKIP(IELEM)=0 

140 CONTINUE
DO180 IELEM=1,5
IF(ISKIP(IELEM) .EQ. l)GO TO 180

C
IF(IELEM .EQ. 1 .OR. IELEM .EQ. 2) THEN 
NODE1=INODE 
IAREA1=JAREA(1)
END IF
IF(IELEM .EQ. 3 .OR. IELEM .EQ. 4)THEN 
NODEl=N3(IN3,2)
IAREAi=JAREA(2)
END IF
IF(IELEM .EQ. 5 .OR. IELEM .EQ. 6) THEN 
NODEl=N3(IN3,3)
IAREA1=JAREA(3)
END IF

C
C DETERMINE IF ELEMENT IELEM IS EVEN (MARK1 = 0) OR ODD(MARK1=2)
C IF IELEM IS EVEN, JJCOL=JCOLl(IINODE)
C IF IELEM IS ODD, JJCOL=JCOLl(IINODE)-2
C

TEMP=IELEM 
XREAL =TEMP/2.
I=IELEM/2 
DIFF=ABS(XREAL-I)
MARK1=2
IF(DIFF .LT. 0.01)MARK1=0

C
JMARK=JMARK+2 
DO 150 IROW=l,2 *KNO 
JJCOL=JCOLl(NODE1)-MARK1 
GMAT(IROW,JMARK)=GMAT(IROW,JJCOL)
GMAT(IROW,JMARK+1)=GMAT(IROW, JJCOL+1)

150 CONTINUE
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c
DO 170 IIELEM=IELEM+1,6
DIFF=ABS(ABS(XN1(IELEM))-ABS(XN1(IIELEM)))

IF (DIFF .LT. 0.01)THEN 
C ELEMENTS ARE PARALLEL

DIFF1=ABS(XN1(IELEM)-XN1(IIELEM))
DIFF2=ABS(XN2(IELEM)-XN2(IIELEM))
IF (DIFF1 .LT. 0.01 .AND. DIFF2 .L T . 0.01) THEN 

C ELEMENTS ARE PARALLEL WITH SAME NORMALS
SIGN =+1.0 
ELSE

C ELEMENTS ARE PARALLEL WITH OPPOSITE NORMALS
SIGN = -1.0 
END IF
ISKIP (IIELEM)=1

C DETERMINE IF ELEMENT IIELEM IS EVEN (MARK2 = 0) OR
ODD(MARK2=2)

IF IIELEM IS EVEN, JJCOL=JCOLl(IINODE)
IF IIELEM IS ODD, JJCOL=JCOLl(IINODE)-1

TEMP=IIELEM 
XREAL =TEMP/2.
I=IIELEM/2 
DIFF=ABS(XREAL-I)
MARK2=2
IF (DIFF .LT. 0.01)MARK2 = 0

DETERMINE AREA & NODE FOR PARALLEL ELEMENT 
IN3 = NODE 3 INTERFACE THAT WE'RE WORKING ON

IF(IIELEM .EQ. 2) THEN
NODE2=INODE
IAREA2=JAREA(1)
END IF
IF(IIELEM .EQ. 3 .OR. IIELEM .EQ. 4)THEN 
NODE2=N3(IN3,2)
IAREA2=JAREA(2)
END IF
IF(IIELEM .EQ. 5 .OR. IIELEM .EQ. 6) THEN 
NODE2=N3(IN3,3)
IAREA2=JAREA(3)
END IF

JJCOLl=JCOLl(NODE1)-MARK1 
JJCOL2=JCOLl(NODE2)-MARK2
GRATIO=((CSRAT(IAREA1)/CSRAT(IAREA2))**2)*

& UWTRAT(IAREA1)/UWTRAT(IAREA2)
IS TART=2 * JNODE(IAREA2,1)-1
ISTOP=2*KNODE(IAREA2,NBOUND(IAREA2))

DO 160 IROW=ISTART,ISTOP
GMAT(IROW,JMARK)=GMAT(IROW,JMARK)+

& SIGN*GMAT(IROW,JJCOL2)*GRATIO
GMAT(IROW,JMARK+1)=GMAT(IROW,JMARK+1)+

& SIGN*GMAT(IROW,JJCOL2+1)*GRATIO
160 CONTINUE 

END IF 
17 0 CONTINUE 
180 CONTINUE
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END IF 
190 CONTINUE 
200 CONTINUE

GDIM=JMARK+1 
2 05 CONTINUE 

C WRITE(70,7000)
7000 FORMAT(5X,'HMAT'/)

C WRITE(70,*)'HDIM',HDIM
JMAX=HDIM/2

C WRITE(70,*)'ORDER',(NORDER(J),J=l,JMAX)
DO 2401=1,2*KNODE(NAREA,NBOUND(NAREA))

C WRITE(70,7005)I 
7005 FORMAT(14)

C WRITE(70,7010)(HMAT(I,J),J=1,HDIM)
7010 FORMAT(6F12.6)
240 CONTINUE 

C WRITE(70,7020)
7020 FORMAT(/5X,'GMAT'/)

C WRITE(70,*)'GDIM',GDIM
DO 2501=1,2*KNODE(NAREA,NBOUND(NAREA)) 
WRITE(70,7005)I
WRITE(7 0,7 010)(GMAT(I,J),J=1,GDIM)

250 CONTINUE 
C ESTABLISH NEW JCOL1

1 1 = 0
DO 270 INODE=l,KNODE(NAREA,NBOUND(NAREA)) 
IF(NCONN(INODE) .E Q . 0)THEN 

C NEXT NODE IN NORDER
11=11+1
JCOL1(INODE)=11*2-1 
IF(IEQN(INODE) .EQ. 3)11=11+1 
END IF 

270 CONTINUE
NNODE=II-NN3 

C WRITE(70,7030)
7030 FORMAT(/5X,'NODE,JCOL1')

DO 2801=1,NNODE 
INODE=NORDER(I)

C WRITE(70,7060)INODE,JCOL1(INODE)
7060 FORMAT(215)
280 CONTINUE 

C CLOSE(UNIT=70)
RETURN
END
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SUBROUTINE SOLVE(MARK)

MARK=1; FREE-FIELD CALCULATION 
MARK=2; BEM CALCULATION

FREE-FIELD
COMMON/IFFLD/LTYPE(2,3),NTOP(2,3) , NBOTT(2, 3) , NLAYER(2) ,
& JFF(2,3),KF F (2,3),FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2, 50)
COMMON/CFFLD/FFU(2,50),FFW(2,50) , TCORR(390, 2),

& H S U (2),HS W (2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF (20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF, FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF 

MATRIX
COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(7 90) 
COMMON/CMATRIX/AMAT(780,780),GMAT(780,7 90),

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX AMAT,GMAT,FVECT,XVECT 

C
DOUBLE PRECISION A (1560, 1561),X (1560) , PIVOT,TEMP,ANORM 
INTEGER IX(1560)

C
0

0  ★ a ' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ' * * * * * * * * * * * * * * * * * * * * *

c ***** SUBROUTINE FINDS THE SOLUTION OF *****
C ***** SIMULTANEOUS EQUATIONS USING *****
C ***** MAXIMUM PIVOT PROCEDURE *****
0

0  'k'k'k'k'kic'k'k'k'k'k'k-k'k'kit'kitick'k'k'k'k'kir'k-k'kic'k'k'k'kitic'kic'k'kirif'k'kit'k-k'k'kieic'k'k'k

C II REPRESENTS THE REAL PART, II+l REPRESENTS THE IMAGINARY PART
C JJ REPRESENTS THE REAL PART, JJ+1 REPRESENTS THE IMAGINARY PART
C

IF(MARK .EQ. 1)THEN 
N=2.*FFDIM 
NROW=FFDIM 
DO 101=1,FFDIM 
11=2 *1-1
A (II,N+l)= 1.0D0*REAL(FVECT(I))
A (II+l,N+l)=1.0D0*AIMAG(FVECT(I) )
DO 10J=1,FFDIM 
JJ=2*J-1
A (II,JJ)= 1.0D0*REAL(STIFF(I, J))
A(II+1,JJ)=1.0D0*AIMAG(STIFF(I,J) )
A (II,JJ+1)= -1.0D0*AIMAG(STIFF(I,J))
A(II+1,JJ+1)= 1.0D0*REAL(STIFF(I, J))

10 CONTINUE
END IF

C
IF (MARK .EQ. 2)THEN 

N=2.*NDIM 
NROW=NDIM 
DO 151=1,NDIM 
11=2 *1-1
A (II,N+l)= 1.0D0*REAL(FVECT(I) )
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A (II + l,N+l)=1.ODO *AIMAG(FVECT(I) )
DO 15J=1,NDIM 
JJ=2*J-1
A (II,JJ)= 1.ODO *REAL(AMAT(I,J))
A(II + 1,JJ)=1.ODO *AIMAG(AMAT(I,J) )
A (II,JJ+1)= -1.ODO*AIMAG(AMAT(I,J)) 
A (II+l,JJ+1)= 1.0D0*REAL(AMAT(I,J)) 

15 CONTINUE
END IF

C
C OPEN(UNIT=20,FILE='MAT.OUT',STATUS='UNKNOWN')
C WRITE(20,2000)ANAME
C 2000 FORMAT(//5X,A80)
C WRITE(20,2010)
C 2010 FORMAT(/10X,'A matrix * X vector = C vector1)
C WRITE(20,2020)
C 2020 FORMAT( 5X,'A matrix:')
C DO 201=1,N
C WRITE(20,2030)(A(I,J),J=l,N)
C 2030 FORMAT(8F9.4)
C 2 0 CONTINUE
C WRITE(20, 2040)
C 2040 FORMAT(/5X,'C vector:')
C WRITE(20,2030)(A(J,N+l),J=1,N)
C0 ******************************************************
0 ★★★★★★★★★★★it****************’**************************
C *SOLVE FOR X VECTOR USING GAUSS'S ELIMINATION METHOD *
C ************ MAXIMUM PIVOT IS USED *****************
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

c  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

c  
c 
c

DO 301=1,N 
IX(I)=1 

30 CONTINUE
DO 100IROW=1,N 
I=IROW/10 
XX=IROW 
XX=XX/10.
DIFF=ABS(XX-I)
IF (DIFF .LT. 0 .0001)THEN 
WRITE(*,9000)IROW,N 

9000 FORMAT(5X,'WORKING ON COLUMN # ',14,' / ',14) 
END IF 
JCOL=IROW 
PIVOT=0.ODO 

C FIND PIVOT VALUE
DO 40IIROW=IROW,N 
DO 40JJCOL=JCOL,N
IF (ABS(A(IIROW,JJCOL)) .GT. ABS (PIVOT)) THEN 
PIVOT =A(IIROW,JJCOL)
IMARK=IIROW 
JMARK=JJCOL 
END IF 

40 CONTINUE 
C WRITE(*,*)'PIVOT = ',PIVOT
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IF (ABS(PIVOT) .LT. 1.0D-15) THEN 
WRITE (*,9010)

9010 FORMAT(////15X,'** MATRIX DOES NOT HAVE AN INVERSE, 
WRITE(*,9020)

9020 FORMAT(15X,'PUSH RETURN **')
PAUSE 
STOP 
END IF 

C INTERCHANGE ROWS
DO 50 JJCOL=l,N+l 
TEMP=A(IROW,JJCOL)
A (IROW,JJCOL)=A(IMARK,JJCOL)
A (IMARK,JJCOL)=TEMP 

50 CONTINUE 
C INTERCHANGE COLUMNS

ITEMP=IX(JCOL)
I X (JCOU)=IX(JMARK)
IX(JMARK)=ITEMP 
DO 60 IICOL=l,N 
TEMP=A(IICOL,JCOL)
A (IICOL,JCOL)= A (IICOL,JMARK)
A(IICOL,JMARK)=TEMP 

60 CONTINUE 
DO 65 1=1,N 

65 CONTINUE 
C NORMALIZE ROW OF PIVOT ELEMENT

DO 70 JJCOL=JCOL,N+l 
A(IROW,JJCOL)=A(IROW,JJCOL)/PIVOT 

7 0 CONTINUE 
C SUBTRACT ROW FROM REMAINING ROWS

DO 80 IIROW=IROW+l, N 
ANORM=-l.ODO *A(IIROW, JCOL)
DO 80 JJCOL=JCOL,N+l
A (IIROW,JJCOL)=A(IIROW,JJCOL)+ANORM *A(IROW,JJCOL) 

80 CONTINUE 
DO 85 1=1,N 

85 CONTINUE 
100 CONTINUE 

C USE BACKWARD SUBSTITUTION
X(N)=A(N,N+l)/A(N,N)
DO 120IROW=N-1,1,-1 
SUM=0.0
DO 110 JCOL=IROW+l,N 
SUM=SUM+A(IROW,JCOL)*X(JCOL)

110 CONTINUE
X (IROW) = (A(IROW,N+l)-SUM)/A(IROW, IROW)

120 CONTINUE 
C REORDER X VECTOR

DO 130 IROW=l,N 
A (IROW,N+l)= X (IROW)

130 CONTINUE
DO 140 1=1,N 
IROW=IX(I)
X (IROW)=A(I, N+l)

140 CONTINUE

WRITE(20,2060)
2060 FORMAT(//5X,'X vector:')
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C WRITE(20,2070)(X(J),J=1,N)
2070 FORMAT(5X, 8F10.4)

C CLOSE (UNIT=20)
DO 150J=1,NROW 
JJ=2*J-l
XVECT(J)=X(JJ)+(0.0,1.0)*X(JJ+1) 

150 CONTINUE 
RETURN 
END
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SUBROUTINE SORT
C
C23456789112345678921234567893123456789412345678951234567896123456789712 
C
C GEOMETRY

COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3), NAREA,ICLOSE(4,3),
& NCONN(390),NORDER(390),NNSURF,NSURF(390),N3(2,3),NN3 
COMMON/RGEOM/X(390) , Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA,ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

C
C SOIL

COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,BETA, POISS
COMPLEX CSRAT

C
C MATRIX

COMMON/IMATRIX/NDIM,GDIM,HDIM,ADIM,JCOL1(790)
COMMON/CMATRIX/HMAT(7 80,780),GMAT(780,790),

& FVECT(780),XVECT(780)
INTEGER NDIM,GDIM,HDIM,ADIM,JCOL1 
COMPLEX HMAT,GMAT,FVECT,XVECT

C
C OUTPUT DATA

COMMON/COUT/UDISPL(390),WDISPL(390),PXH1 (390,2) ,PZH1(390,2)
COMPLEX UDISPL,WDISPL,PXH1,PZH1

C
C NUMBER OF EQUATIONS AT EACH NODE

COMMON/EQN/IEQN(390)
INTEGER IEQN

C
INTEGER ISKIP(6),JAREA(3)
REAL X N 1 (6),XN 2 (6)

C
COMPLEX GRATIO

C
C23456789112345678921234567893123456789412345678951234567896123456789712 

DO 101=1,HDIM/2 
IROW=2*I-l 
INODE=NORDER(I)
UDISPL<INODE)=XVECT(IROW)
WDISPL(INODE)=XVECT(IROW+1)

10 CONTINUE
DO 20 IINODE=l,KNODE(NAREA,NBOUND(NAREA))
IF (IEQN(IINODE) .EQ. 0)THEN 
INODE=NCONN(IINODE)
UDISPL(IINODE)=UDISPL(INODE)
WDISPL(IINODE)=WDISPL(INODE)
END IF 

20 CONTINUE
C
C

ICOUNT= HDIM/2 
IN3=0



DO 150 INODE=l,KNODE(NAREA,NBOUND(NAREA) )
IF(NSURF(INODE) .EQ. 1 .AND. IEQN(INODE) .E Q . 1)THEN 
PXH1(INODE,1)=0.0 
PZH1(INODE,1)=0.0 
END IF
IF(NSURF(INODE) .EQ. 0 .AND. IEQN(INODE) .E Q . 1) THEN
ICOUNT=ICOUNT+l
IROW=ICOUNT * 2-1
PXH1(INODE,1)=XVECT(IROW)
PZH1(INODE,1)=XVECT(IROW+1)
END IF
IF(IEQN(INODE) .EQ. 2)THEN
ICOUNT=ICOUNT+l
IROW=ICOUNT*2-l
PXH1(INODE,1)=XVECT(IROW)
PZH1(INODE,1)=XVECT(IROW+1)
DO 30IINODE=INODE,KNODE(NAREA,NBOUND(NAREA))
IF(NCONN(IINODE) .EQ. INODE) THEN 
NODE2=IINODE 
GO TO 40 
END IF 

30 CONTINUE 
40 CONTINUE

DO 50 IAREA=l,NAREA
DO 50 IINODE=JNODE(IAREA,1),KNODE(IAREA, NBOUND(IAREA)) 
IF(IINODE .EQ. INODE)JAREA(l)=IAREA 
IF(IINODE .EQ. NODE2)JAREA(2)=IAREA 

50 CONTINUE
GRATIO=((CSRAT(JAREA(1))/CSRAT(JAREA(2)))**2)*

& UWTRAT(JAREA(1))/UWTRAT(JAREA(2))
PXH1(NODE2,1)= -1.*PXH1(INODE,1)*GRATIO 
PZH1(NODE2,1)= -1.*PZH1(INODE,1)*GRATIO 
END IF
IF(IEQN(INODE) .EQ. 3)THEN 
IN3=IN3+1 
DO 60 1=1,3 
IINODE=N3(IN3,I)
IELEM=2*I-1

SEGLEN=SQRT((X(IINODE)-X(IINODE-l))**2+
& (Z(IINODE)-Z(IINODE-1))**2)

XN1(IELEM)= (Z(IINODE-1)-Z(IINODE))/SEGLEN 
X N 2 (IELEM)=(X(IINODE)-X(IINODE-1))/SEGLEN 
SEGLEN=SQRT((X(IINODE+1)-X(IINODE))**2+

& (Z(IINODE+1)-Z(IINODE))**2)
XN1(IELEM+1)= (Z(IINODE)-Z(IINODE+1))/SEGLEN 
XN2(IELEM+1)=(X(IINODE+1)-X(IINODE))/SEGLEN 

60 CONTINUE 
DO 801=1,3 
DO 70 IAREA=l,NAREA
DO 70 IINODE=l,KNODE(IAREA,NBOUND(IAREA))
IF(IINODE .EQ. N3(IN3,I))THEN 
JAREA(I)=1AREA 
GO TO 80 
END IF 

70 CONTINUE 
80 CONTINUE

DO 90 IELEM=1,6
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ISKIP(IELEM)=0 
90 CONTINUE

DO 110 IELEM=1,5
IF(ISKIP(IELEM) .EQ. l)GO TO 110

DETERMINE IF ELEMENT IELEM IS EVEN (MARK1 = 2) OR ODD(MARK1=1)
TEMP=IELEM
XREAL =TEMP/2.
I=IELEM/2 
DIFF=ABS(XREAL-I)
MARK1=1
IF(DIFF .LT. 0.01)MARK1=2

IF(IELEM .EQ. 1 .OR. IELEM .EQ. 2) THEN 
NODE1=INODE 
IAREA1=JAREA(1)
END IF
IF(IELEM .EQ. 3 .OR. IELEM .E Q . 4)THEN 
NODEl=N3(IN3,2)
IAREA1=JAREA(2)
END IF
IF(IELEM .EQ. 5 .OR. IELEM .EQ. 6) THEN 
NODEl=N3(IN3,3)
IAREA1=JAREA(3)
END IF
ICOUNT=ICOUNT+l 
IROW=ICOUNT*2-l 
PXH1(NODE1,MARK1)=XVECT(IROW)
PZH1(NODE1,MARK1)=XVECT(IROW+1)

DO 100 IIELEM=IELEM+1,6
DIFF=ABS(ABS(XN1(IELEM))-ABS(XNl(IIELEM)))

IF (DIFF .LT. 0.01)THEN 
DIFF1=ABS(XNl(IELEM)-XNl(IIELEM))
DIFF2=ABS(XN2(IELEM)-XN2(IIELEM))
IF(DIFF1 .LT. 0.01 .AND. DIFF2 .LT. 0.01) THEN
SIGN =+1.0
ELSE
SIGN = -1.0 
END IF 

ISKIP(IIELEM)=1
DETERMINE AREA & NODE FOR PARALLEL ELEMENT 
IN3 = NODE 3 INTERFACE THAT WE'RE WORKING ON

DETERMINE IF ELEMENT IIELEM IS EVEN (MARK2 = 2) OR ODD(MARK2=1)
TEMP=IIELEM
XREAL =TEMP/2.
I=IIELEM/2 
DIFF=ABS(XREAL-I)
MARK2=1
IF(DIFF .LT. 0.01)MARK2=2

IF(IIELEM .EQ. 2) THEN
NODE2=INODE
IAREA2=JAREA(1)
END IF
IF(IIELEM .EQ. 3 .OR. IIELEM .EQ. 4)THEN
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NODE2=N3(IN3,2)
IAREA2=JAREA(2)
END IF
IF(IIELEM .EQ. 5 .OR. IIELEM .EQ. 6) THEN 
NODE2=N3(IN3,3)
IAREA2=JAREA(3)
END IF
GRATIO=((CSRAT(IAREA1)/CSRAT(IAREA2))**2)*

& UWTRAT(IAREA1)/UWTRAT(IAREA2)
PXH1(NODE2,MARK2)=PXH1(NODE1,MARK1)*GRATIO*SIGN 
PZH1(NODE2,MARK2)=PZH1(NODE1,MARK1)*GRATIO*SIGN 
END IF 

100 CONTINUE 
110 CONTINUE 

END IF 
150 CONTINUE 

RETURN 
END
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SUBROUTINE OUTPUT(ANAME)
C234567891123456789212345 67 89312 345 67 89412345 678951234 5678961234567 89712 
C
C GEOMETRY

COMMON/IGEOM/NBOUND(4),JNODE(4,3),KNODE(4,3),NAREA,ICLOSE(4,3),
& NCONN(390),NORDER(390),NNSURF, NSURF(390) ,N3 (2,3) ,NN3 
COMMON/RGEOM/X(390),Z (390)
INTEGER NBOUND,JNODE,KNODE,NAREA, ICLOSE,NCONN,NORDER,NNSURF,

& NSURF,N3,NN3 
REAL X,Z

C
C WAVE

COMMON/IWAVE/IANGLE,NANGLE 
COMMON/RWAVE/ANGLE(4)
COMMON/CWAVE/FBAR,UINCDT(200),WINCDT(200)
COMMON/AWAVE/ATYP E 
REAL ANGLE
COMPLEX FBAR,UINCDT, WINCDT 
CHARACTER*2 ATYPE

C
C
C SOIL

COMMON/ISOIL/HALFSP
COMMON/RSOIL/UWTRAT(4),BETA(4),POISS(4)
COMMON/CSOIL/CSRAT(4)
INTEGER HALFSP
REAL UWTRAT,BETA, POISS
COMPLEX CSRAT

C
C FREE-FIELD

COMMON/IFFLD/LTYPE(2,3),NTOP(2, 3),NBOTT(2,3),NLAYER(2),
& JFF(2,3),KFF(2,3) , FFDIM 
COMMON/RFFLD/XSCATT,XFF(2,50),ZFF(2,50)
COMMON/CFFLD/FFU(2,50),FFW(2,50) , TCORR(390, 2) ,

& HS U (2),HSW(2),FFPX(2,50),FFPZ(2,50),HSPX(2),HSPZ(2),
& STIFF(20,20)
INTEGER LTYPE,NTOP,NBOTT,NLAYER,JFF,KFF,FFDIM 
REAL XSCATT,XFF,ZFF
COMPLEX FFU,FFW,TCORR,HSU,HSW,FFPX,FFPZ,HSPX,HSPZ,STIFF

C
C OUTPUT DATA

COMMON/COUT/UDISPL(390),WDISPL(390),PXH1(390,2),PZH1(390,2)
COMPLEX UDISPL,WDISPL,PXH1,PZH1

C
C NUMBER OF EQUATIONS AT EACH NODE

COMMON/EQN/IEQN(390)
INTEGER IEQN

C
CHARACTER*80 ANAME

C
WRITE(60,6000)

6000 FORMAT(//5X,'OUTPUT')
WRITE(60,6001) ANAME

6001 FORMAT(/5X,A80)
WRITE(60,6002)ATYPE

6002 FORMAT(5X,'TYPE OF WAVE = ',A2)
X1=FBAR*CSQRT(1.0-(0.0,2.0)*BETA(1))
WRITE(60,6003)XI
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6003 FORMAT(5X,'DIMENSIONLESS FREQUENCY (omega*Hl/Csl) = ',F6.3)
WRITE(60, 6004)IANGLE,ANGLE(IANGLE)

6004 FORMAT(5X, 'INCIDENT ANGLE (',11,') WITH HORIZONTAL = ' ,F5.2,
& ' degs1)
WRITE(60,6005)NAREA

6005 FORMAT(5X,'NUMBER OF HOMOGENEOUS REGIONS = ',11)
WRITE(60,6006)

6006 FORMAT(/5X,'BOUNDARY VALUES')
DO 6 01AREA=1,NAREA
WRITE(60,6010)IAREA 

6010 FORMAT(//5X,'HOMOGENEOUS REGION ',11)
WRITE(60,6012)NBOUND(IAREA)

6012 FORMAT(5X,'NUMBER OF BOUNDARIES = ',11)
DO 60IBOUND=1,NBOUND(IAREA)
WRITE(60,6015)IBOUND 

6015 FORMAT(/5X,'BOUNDARY = ',12)
NNODE=KNODE(IAREA, IBOUND)-JNODE(IAREA,IBOUND)+1 
WRITE(60,6017)NNODE

6017 FORMAT(5X,'NUMBER OF NODES = ',13)
WRITE(60,6018)

6018 FORMAT(/2X,'DISPLACEMENTS')
WRITE(60,6020)

6020 FORMAT( /T3, 'NODE',T13, 'X/Hl',T23, 'Z/Hl',T42, 'U DISPL',T64, ' I U I ' ) 
DO 30 INODE=JNODE(IAREA,IBOUND),KNODE(IAREA,IBOUND)
XREAL=REAL(UDISPL(INODE))
XIMAG=AIMAG(UDISPL(INODE))
AMPL=SQRT((XREAL**2)+(XIMAG**2))
WRITE(60,6030)INODE,X(INODE),Z(INODE),UDISPL(INODE),AMPL 

6030 FORMAT(T4,13,Til,F 8 .3,T21,F 8 .3,T37,2F8.3,T61,F 8 .3)
30 CONTINUE

WRITE(60,6035)
6035 FORMAT(/T3,'NODE',T13,'X/H1',T23,'Z/H1',T42,'W DISPL',T6 4,'|W|') 

DO INODE=JNODE(IAREA,IBOUND),KNODE(IAREA,IBOUND)
XREAL=REAL(WDISPL(INODE))
XIMAG=AIMAG(WDISPL(INODE))
AMPL=SQRT((XREAL**2)+(XIMAG**2))
WRITE(60,6037)INODE,X(INODE),Z(INODE),WDISPL(INODE),AMPL

6037 FORMAT(T4,13,Til,F 8 .3,T21,F 8 .3,T37,2F8.3, T61, F 8 .3)
END DO

C
IF(NAREA .GT. 1)THEN 

WRITE(60,6038)
6038 FORMAT</2X,'TRACTIONS')

WRITE(60,6040)
6040 FORMAT(/T3, 'NODE',T22,'PxHl/Gi',T42, 'PzHl/Gi')

DO 55 INODE=JNODE(IAREA,IBOUND),KNODE(IAREA,IBOUND)
C

PXH1(INODE,1)=PXH1(INODE,1)*(1.0-(0.0,2.0)*BETA(IAREA))
PZH1(INODE,1)=PZH1(INODE,1)*(1.0-(0.0,2.0)*BETA(IAREA))

C
WRITE(60,6050)INODE,PXH1(INODE,1),PZH1(INODE,1)

6050 FORMAT(T4,13,T15,2F10.4,T35, 2F10.4)
DO 50 IN3=1,NN3 
DO 40 J=l,3
IF(N3(IN3,J) .EQ. INODE)THEN

C
PXH1(INODE,2)=PXH1(INODE,2)*(1.0-(0.0,2.0)*BETA( IAREA))
PZH1(INODE,2)=PZH1(INODE,2)*(1.0-(0.0,2.0)*BETA(IAREA))
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WRITE(60,60 60)PXH1(INODE,2),PZH1(INODE,2) 
6060 FORMAT(T15,2F10.4,T35,2F10.4)

GO TO 55 
END IF 

40 CONTINUE 
50 CONTINUE 
55 CONTINUE

END IF 
60 CONTINUE 

RETURN 
END
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A.2: O ne-D im ensional C odes

For the one-d im ensional analysis, tw o codes, one fo r an ti-p lane and one fo r in-p lane 

m otion, w ere d eve loped  by the w rite r to  ca lcu la te  the su rface  tran sfer and  am plification 

function  o f  a u n it in c id en t w ave. D im ension less p ro p e rtie s  are used  to  define  the soil 

colum n w ith  characteristic  properties based on soil layer 1 . T he an ti-p lane code, "shffld", 

determ ines the su rface  values at increm ents o f the d im ension less frequency  equal to 0.05 

fo r a range betw een  0  and  10.0 . Surface values from  the  in -p lan e  code, "psvffld", are 

d e te rm in ed  at in c rem en ts  o f  the d im en sio n le ss  freq u en cy  eq u a l to  0 .025  fo r a range 

betw een 0  and 5 .0  . T he codes are  independen t o f  ou tside  ca ll lib raries and are therefore 

"stand-alone" p rogram s. B oth  the an ti-p lane code and in -p lan e  codes solve the surface 

transfer function using the m atrix  m ethod. A lthough the an ti-p lane m otion could  be solved 

m ore qu ick ly  using  a ra tio  m ethod  s im ila r to  the  m eth o d  u sed  in C A R ES (C ostan tino , 

M iller, et. al., 1991) o r S H A K E  (S chnabel, et. a l., 1 9 8 1 ) , the  m atrix  m ethod  w as used in 

order to have a sim ilar approach fo r both the in-plane and an ti-p lane codes. For the num ber 

o f  layers considered  in  these ca lcu lations, the tim e d iffe rence  is n o t considered  significant 

betw een  the  ra tio  and  m atrix  m ethods. T o  so lve the s im u ltan eo u s equations, the sam e 

routine is used as that used  for the boundary  elem ent code.

A sam ple o f  an  inpu t file  fo r "psvffld" is described  in  the fo llow ing  fo r a soil p rofile  o f  

2  layers on  a half-space.

T w o V iscoelastic Soil Layers on  a Elastic H alf-Space

Line 1 O utput file nam e using a m axim um  o f  20 characters and beginning at
co lum n  1 .

L ine 2 T itle  fo r output file using a m axim um  o f 80 characters and beginning at
co lum n  1 .

L ine 3 N um ber o f  layers
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Since the d im ension less ra tios are based on the shear velocity  ra tio , th ickness, and unit 
w eight o f  soil layer 1, only the Poisson ratio  and hysteretic dam ping  are requ ired  for layer 
1

Line 4  Poisson ratio  for layer 1

Line 5 Hysteretic dam ping fo r layer 1 (%)

If m ore than 1 layer is involved in  the calculation, properties are inputted for the additional 
layers.

Line 6  D epth ratio  to  the bottom  o f soil layer 2 ( X3 (layer 2) /  H I (layer 1 )).

Line 7 Shear velocity ratio  o f  layer 2 (Cs (layer 2) /  Cs (layer 1 ) ) .

Line 8  Unit w eight ratio o f  layer 2 ( unit wt. (layer 2) /  unit wt. (layer 1 ))

Line 9  Poisson ratio  o f layer 2.

Line 10 H ysteretic dam ping ( % )  fo r layer 2.

Lines 6  through 10 are repeated fo r the num ber o f  soil layers above 2 .

T he half-space properties are then entered.

Line 11 Shear velocity ratio  o f  the half-space (Cs (half-space) /  Cs (layer 1 ) ) .

Line 12 U nit w eight ratio o f  the half-space: unit wt. (half-space) /  unit wt. (layer 1)

Line 13 Poisson ratio  o f  the half-space.

Line 14 H ysteretic dam ping (% ) fo r the half-space.

T he soil p roperties w hich  define the soil colum n are com pleted . N ext, the param eters 
which define the half-space incident m otion are introduced.

Line 15 Type o f  incident wave. For "shffld" this w ould be SH (anti-plane shear
wave). F o r "psvffld" th is could either be SV (in-plane shear w ave) o r P 
(in-plane com pression wave).

Line 16 N um ber o f  half-space angles o f incidence to calculate for.

Line 17 Half-space angle o f  incidence in degrees.

Line 17 is repeated fo r the num ber o f  half-space angles o f incidence indicated on line 16 .

T o execute e ith er "shffld" o r "psvffld" a run file  is used w hich includes the num ber o f  

problem s and the nam es o f  the input files sim ilar to w hat is used fo r the boundary elem ent 

codes.
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S A M P L E  I N P U T  F I L E  F O R  T H E  O N E - D I M E N S I O N A L  A N L A Y S I S  
O F  2  L A Y E R S  O N  A  H A L F - S P A C E

LIN E #  C O L U M N  #  O F IN P U T  FIL E
1

1 P ffld ld .21ou
2  2 LA Y ERS O N  H A LF-SPA C E; O N E -D IM E N SIO N A L  A N A LY SIS
3 2
4  0 .25
5 5 .0
6 2.0
7 2 .5
8  1 .32
9 0 .2 5

10 2.0
11 10.0
12 1.32
13 0 .2 5
14 0 .0
15 P
16 4
17 9 0 .0
18 6 0 .0
19 4 5 .0
20 10.0



A.2.1: ONE-DIMENSIONAL ANALYSIS CODE

shffld
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PROGRAM FFLD
C23456789112345678921234567893123456789412345678951234567896123456789712 

MATRIX
COMMON/IMATRIX/NDIM
COMMON/CMATRIX/STIFF(100,100), FVECT(100),XVECT(100)
INTEGER NDIM
COMPLEX STIFF,FVECT,XVECT

REAL HRATIO(10),FFWTR(10),BETA(10),ANGLE(5)
COMPLEX VTOP,A S H (10),BSH(10),FFCSR(10),THEATA(10),CALC, 

& XIKTH1,XIKTH2,XMX(10),XI,XIKTZ,VOTCRP,FBAR

CHARACTER*20 AOUT,ARUN,AINPT 
CHARACTER*80 ATITLE 
CHARACTER*2 ATYTPE
678 911234567892123456789312345678 941234567 8 9512345678 9612345 678 9712

WRITE(*,9000)
9000 FORMAT(/10X,'FREE-FIELD CALCULATION',/) 

WRITE(*,9010)
9010 FORMAT(/5X,'ENTER RUN FILE NAME')

READ (*, 9020) ARUN 
9020 FORMAT(A20)

OPEN(UNIT=10,FILE=ARUN,STATUS='UNKNOWN') 
READ(10,*)NPROB 
DO IPROB=1,NPROB 
READ (10, 1000) AINPT 

1000 FORMAT(A20)
OPEN(UNIT=50,FILE=AINPT,STATUS='UNKNOWN') 
READ(50,5000)AOUT 

5000 FORMAT(A20)
READ(50,5010)ATITLE 

5010 FORMAT(A80)
READ(50,*)NLAYER 
DO 10 ILAYER=1,NLAYER +1 
I F (ILAYER .EQ. 1)THEN 
HRATIO(1)=1.
FFCSR(1)=(1.0,0.0)
FFWTR(1)=1.0 
READ(50,*)POISS 
READ(50,*)BETA(1)
BETA(1)=BETA(1)/10 0.0 
ELSE
IF( ILAYER .LE. NLAYER)THEN 
READ(50,*)HRATIO(ILAYER)
READ(50,*)X
FFCSR(ILAYER)=X
READ(50,*)FFWTR(ILAYER)
READ(50,*)POISS 
READ(50,*)BETA(ILAYER)
BETA(ILAYER)=BETA(ILAYER) /100.0 
ELSE
READ(50,*)X
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FFCSR(ILAYER)=X
READ(50,*)FFWTR(ILAYER)
READ(50,*)POISS 
READ(50,*)BETA(ILAYER)
BETA(ILAYER)=BETA(ILAYER)/100.0 
END IF 
END IF 

10 CONTINUE
READ(50,5020)ATYTPE 

5020 FORMAT(A2)
READ(50,*)NANGLE 
DO IANGLE = 1,NANGLE 
READ (50, *) ANGLE (IANGLE)
END DO
CLOSE(UNIT=50)

C
ASH(NLAYER+1) = (1.0, 0 . 0)

C
OPEN(UNIT=60,FILE=AOUT, STATUS='UNKNOWN')
WRITE(60,6000)

6000 FORMAT(/10X,'ANTI-PLANE FREE-FIELD CALCULATION') 
WRITE(60,6002)ATITLE 

6002 FORMAT(/5X,A80,/)
DO 25 ILAYER=1,NLAYER +1 
IF(ILAYER .LE. NLAYER)THEN 
WRITE(60,6005)ILAYER 

6005 FORMAT(/5X,'LAYER: ',12)
WRITE(60,6010)HRATIO(ILAYER)

6010 FORMAT(2X,'Z bottom(i) / Z bottom(l) = ’,T35,F7.3) 
X=REAL(FFCSR(ILAYER) )
WRITE(60,6020)X 

6020 FORMAT(2X,'Cs(i)/Cs(1) = ',T35,F7.3)
X=REAL(FFWTR(ILAYER))
WRITE(60,6030)X 

6030 FORMAT(2X,'Wt(i)/Wt(1) = ',T35,F7.3)
WRITE(60,6040)BETA(ILAYER)*100.

6040 FORMAT(2X,'DAMPING = ',T35,F7.3,' %')
ELSE
WRITE(60,6050)

6050 FORMAT(/5X,'HALF-SPACE')
X=REAL(FFCSR(ILAYER))
WRITE(60,6060)X 

6060 FORMAT(2X, 'Cs(half-space)/Cs (1) = ’,T35,F7.3) 
X=REAL(FFWTR(ILAYER))
WRITE(60,6070)X 

6070 FORMAT(2X,'Wt(half-space)/Wt(1) = ',T35,F7.3)
WRITE(60,6040)BETA(ILAYER)*100.
END IF 

25 CONTINUE
WRITE(60,6075)

6075 FORMAT(/2X,'INCIDENT WAVE TYPE = SH')
WRITE(60,6077)NANGLE

6077 FORMAT(2X,'NUMBER OF ANGLES OF INCIDENCE = ',11)
DO IANGLE=1,NANGLE
WRITE(60,6078)IANGLE,ANGLE(IANGLE)

6078 FORMAT(2X,'ANGLE (',11,') = ',F7.3,' degs')
END DO



o 
o
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NFREQ=2 00
DO 30 ILAYER=1,NLAYER+1
FFCSR(ILAYER)=FFCSR(ILAYER)*CSQRT((1.0-(0.0, 2.0) *BETA(ILAYER) ) / 

& (1.0-(0.0,2.0)* BETA(1)))
30 CONTINUE

NDIM=2 *NLAYER+1
C

DO IANGLE = 1,NANGLE
THEATA(NLAYER+1)=(1.0,0.0)*ANGLE(IANGLE)/57.2 9577 951 
XMX(NLAYER+1)=CCOS(THEATA(NLAYER+1) )

DO ILAYER=1,NLAYER
X M X (ILAYER)=XMX(NLAYER+1)*FFCSR(ILAYER) /FFCSR(NLAYER+1)
END DO

C
WRITE(60, 6080)ANGLE(IANGLE)

6080 FORMAT(//2X,'ANGLE OF INCIDENCE = ',T35,F7.3,' degs')
WRITE(60,6090)

6090 FORMAT(/T3, 1 FREQ',T17, 'V(top) ',T31, ' |V(top) I ',
& T45,'V(outcrop)',T60,'|V(outcrop)|',T77,'V(ampl)'/)
DO 120 IFREQ=1,NFREQ 
RFBAR=IFREQ*.05
FBAR=RFBAR/CSQRT(1.0-(0.0,2.0)*BETA(1) )
DO 401=1,NDIM 
FVECT(I)=(0.0,0.0)
DO 40J=1,NDIM 
STIFF (I, J) = (0 . 0, 0.0)

40 CONTINUE

STIFF(1,1)=(1.0,0.0)
STIFF(1,2)=(-1.0,0.0)
DO 50ILAYER=1,NLAYER
XIKTH1=(0.0,1.0)*FBAR/FFCSR(ILAYER) *
& HRATIO(ILAYER)*CSQRT (1.0-(XMX(ILAYER)**2))
XIKTH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*CSQRT(1.0-(XMX(ILAYER+1) **2) )
1=(ILAYER-1)*2+1+1 
J = (ILAYER-1)*2+1
XI=(FFCSR(ILAYER+1)/FFCSR(ILAYER) ) **2 

& * FFWTR(ILAYER+1)/FFWTR(ILAYER)
CALC= XI* CSQRT(1.0-(XMX(ILAYER+1)**2) )/
& CSQRT(1.0-(XMX(ILAYER)**2)) * FFCSR(ILAYER)/FFCSR(ILAYER+1) 
STIFF(I,J)=(+1.0,0.0)*CEXP((-1.0,0.0)*XIKTH1)
STIFF(I,J+1)=(+1.0,0.0)*CEXP((+1.0,0.0)*XIKTH1)
STIFF(I+1,J) = -1.0*CEXP( (-1.0,0.0)*XIKTH1)
STIFF(I+1,J+1) = +1.0*CEXP<(+1.0,0.0)*XIKTH1)
IF(ILAYER .LT. NLAYER)THEN
STIFF(I, J+2) = (-1.0,0.0)*CEXP((-1.0,0.0)*XIKTH2)
STIFF(I,J+3)=(-1.0,0.0)*CEXP((+1.0,0.0)*XIKTH2)
STIFF(1+1,J+2) = +1.0*CALC*CEXP((-1.0, 0.0)*XIKTH2)
STIFF(I+l,J+3) = -1.0*CALC*CEXP((+1.0,0.0)*XIKTH2)
ELSE
STIFF(I,J+2)=(-1.0,0.0)*CEXP((+1.0,0.0)*XIKTH2)
STIFF(1+1,J+2) = -1.0*CALC*CEXP((+1.0,0.0)*XIKTH2)
FVECT(I) = ( + 1.0,0.0)*CEXP ( (-1.0,0.0)*XIKTH2)*ASH(NLAYER+1) 
FVECT(1+1)=(-1.0,0.0)*CALC*CEXP((-1.0,0.0)*XIKTH2)*

& ASH(NLAYER+1)
END IF
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50 CONTINUE 
CALL SOLVE
DO 70ILAYER=1,NLAYER 
IROW=(ILAYER-1)*2+1 
ASH(ILAYER)=XVECT(IROW)
BSH(ILAYER)=XVECT(IROW+1)

70 CONTINUE
BSH (NLAYER+1)=XVECT(NDIM)
VTOP=(ASH(1)+BSH(1))
VTMAG=SQRT(REAL(VTOP)**2+AIMAG(VTOP)**2)

C DO 90ILAYER=1,NLAYER+1
C WRITE(*, 6010)ILAYER, ASH(ILAYER) ,BSH(ILAYER)
C 90 CONTINUE
C
C

NN=NLAYER+1
C
C

ZHS=HRATIO(NLAYER)
XIKTZ=(0.0,1.0)*FBAR/FFCSR(NN)*

& CSQRT(1.0-(XMX(NN)**2))*ZHS
C
C HALF-SPACE OUTCROP

VOTCRP= 2.0*ASH(NN)*CEXP(-XIKTZ)
VOTMAG=SQRT(REAL(VOTCRP)**2+AIMAG(VOTCRP)**2)

C
VAMP L=VTMAG/VOTMAG
WRITE(60,6100)RFBAR,VTOP,VTMAG,VOTCRP,VOTMAG,VAMPL 

6100 FORMAT(2X,F6.3,T13,2F7.2,T32,F7.2,T43,2F7.2,T62,F7.2,T77,F7.2) 
120 CONTINUE 

END DO
CLOSE (UNIT=60)
END DO
CLOSE(UNIT=10)
STOP
END
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SUBROUTINE SOLVE
C
C MATRIX

COMMON/IMATRIX/NDIM
COMMON/CMATRIX/AMAT(100,100), FVECT(100),XVECT(100)
INTEGER NDIM
COMPLEX AMAT,FVECT, XVECT

C
DOUBLE PRECISION A (200,201),X (200),PIVOT,TEMP,ANORM 
INTEGER IX(200)

CQ
0 •k-k-k'kit-k'kick-k'k-kic-k-klr'kit'k'k'k-k'k-k'k'k'k-k'k-k'k-k'k'k'k-k'k-k-k-k-kir-k-k'k-k-kic-kic'k'k-k-k

C ***** SUBROUTINE FINDS THE SOLUTION OF *****
C ***** SIMULTANEOUS EQUATIONS USING *****
c ***** MAXIMUM PIVOT PROCEDURE *****
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
c  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C II REPRESENTS THE REAL PART, II+l REPRESENTS THE IMAGINARY PART
C JJ REPRESENTS THE REAL PART, JJ+1 REPRESENTS THE IMAGINARY PART
C

N=2.*NDIM 
DO 101=1,NDIM 
11=2 *1-1
A (II,N+l)= 1.0D0*REAL(FVECT(I))
A(II+1,N+1)=1.0D0*AIMAG(FVECT(I))
DO 10J=1,NDIM 
JJ=2*J-1
A (II,JJ)= 1.0D0*REAL(AMAT(I, J) )
A(II + 1,JJ)=1.0D0*AIMAG(AMAT(I, J))
A(II,JJ+1)= -1.0D0*AIMAG(AMAT(I,J))
A(II+1,JJ+1)= 1.0D0*REAL(AMAT(I,J))

10 CONTINUE
C OPEN(UNIT=20,FILE='MAT.OUT',STATUS='UNKNOWN 1)
C WRITE(20,2000)ANAME 
2000 FORMAT(//5X,A80)

C WRITE(20,2010)
2010 FORMAT(/10X,'A matrix * X vector = C vector')

C WRITE(20,2020)
2020 FORMAT( 5X,'A matrix:')

DO 201=1,N 
C WRITE (20, 2030) (A (I, J) , J=l, N)
2030 FORMAT(5X,8F10.4)

20 CONTINUE 
C WRITE(20,2040)
2040 FORMAT(/5X,'C vector:*)

C WRITE(20,2030)(A(J,N+l),J=1,N)
C
0
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C *SOLVE FOR X VECTOR USING GAUSS'S ELIMINATION METHOD *
C ************ MAXIMUM PIVOT IS USED *****************q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C
c  
c

DO 301=1,N



IX(I)=I 
30 CONTINUE

DO 10 0IROW=l,N 
I=IROW/10 
XX=IROW 
XX=XX/10.
DIFF=ABS(XX-I)

C IF(DIFF .LT. 0.0001)THEN
C WRITE(*,9000)IROW,N
C 9000 FORMAT(5X,'WORKING ON COLUMN # ',14,' / ’,14)
C END IF

JCOL=IROW 
PIVOT=0.0D0 

C FIND PIVOT VALUE
DO 4 0IIROW=IROW, N 
DO 40JJCOL=JCOL, N
IF (ABS(A(IIROW,JJCOL)) .GT. ABS (PIVOT)) THEN 
PIVOT =A(IIROW,JJCOL)
IMARK=IIROW 
JMARK=JJCOL 
END IF 

40 CONTINUE
IF (ABS(PIVOT) .LT. 1.0D-18) THEN 
WRITE(*,9010)

9010 FORMAT(////15X,'** MATRIX DOES NOT HAVE AN INVERSE, 
WRITE(*,9020)

9020 FORMAT(15X,'PUSH RETURN **')
PAUSE 
STOP 
END IF 

C INTERCHANGE ROWS
DO 50 JJCOL=l, N+l 
TEMP=A(IROW,JJCOL)
A (IROW,JJCOL)=A(IMARK,JJCOL)
A (IMARK,JJCOL)=TEMP 

50 CONTINUE 
C INTERCHANGE COLUMNS

ITEMP=IX(JCOL)
IX(JCOL)=IX(JMARK)
IX(JMARK)=ITEMP 
DO 60 IICOL=l,N 
TEMP=A(IICOL,JCOL)
A(IICOL,JCOL)=A(IICOL,JMARK)
A(IICOL,JMARK)=TEMP 

60 CONTINUE
C WRITE(20,*)'IROW = ',IROW,'tPIVOT = ',PIVOT
C DO 65 1=1,N
C WRITE(20,2050)(A(I,J),J=1,N+l)
C 65 CONTINUE
C NORMALIZE ROW OF PIVOT ELEMENT

DO 7 0 JJCOL=JCOL, N+l 
A (IROW,JJCOL)=A(IROW,JJCOL)/PIVOT 

70 CONTINUE 
C SUBTRACT ROW FROM REMAINING ROWS

DO 80 IIROW=IROW+l,N 
ANORM=-l.0D0*A(IIROW, JCOL)
DO 80 JJCOL=JCOL, N+l
A(IIROW,JJCOL)=A(IIROW,JJCOL)+ANORM *A(IROW,JJCOL)
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80 CONTINUE
WRITE(20,*)'IROW = 1,IROW,1 PIVOT = ',PIVOT 
DO 85 1=1,N
WRITE(20,2050)(A(I,J),J=l,N+l)

2050 FORMAT(5F10.3)
85 CONTINUE 

100 CONTINUE
USE BACKWARD SUBSTITUTION 
X (N) =A (N, N+l) /A (N, N)
DO 120IROW=N-1,1,-1 
SUM=0.0
DO 110 JCOL=IROW+l,N 
SUM=SUM+A(IROW, JCOL)*X(JCOL)

110 CONTINUE
X (IROW) = (A(IROW,N+l)-SUM)/A(IROW, IROW)

120 CONTINUE
REORDER X VECTOR 
DO 130 IROW=l,N 
A(IROW,N+l)=X(IROW)

130 CONTINUE
DO 140 1=1,N 
IROW=IX(I)
X (IROW)=A(I,N+l)

140 CONTINUE

WRITE(20,2060)
2 0 60 FORMAT(//5X,'X vector:1)

C WRITE(20,2070)(X(J),J=1,N)
2070 FORMAT(5X,8F10.4)

C CLOSE (UNIT=20)
DO 150J=1,NDIM 
JJ=2*J-l
XVECT(J)=X(JJ) + (0.0, 1.0)*X(JJ+1)

150 CONTINUE 
RETURN 
END
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A.2.2: ONE-DIMENSIONAL ANALYSIS CODE

psvffld



o
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o
o
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n 
o
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3 6 6

PROGRAM FFLD
C23456789112345678921234567893123456789412345678951234567896123456789712 

MATRIX
COMMON/IMATRIX/NDIM
COMMON/CMATRIX/STIFF(100,100), FVECT(100),XVECT(100)
INTEGER NDIM
COMPLEX STIFF,FVECT,XVECT

REAL HRATIO(10),FFWTR(10),BETA(10),FFPOIS(10),RCPCS,A N G L E (5) 
COMPLEX UTOP,WTOP,A P (10),B P (10),ASV(10),BSV(10),FFCSR(10),

& THEATA(10),CALC1,CALC2,CALC 3,CALC 4,CALC 5,CALC 6,CALC 7,CALC 8, 
& XIKSH1,XIKSH2,XIKTH1,XIKTH2,XLX(10),XMX(10),XI,XIKSZ,XIKTZ, 
& UOTCRP,WOTCRP,FBAR,APHS,BPHS,ASVHS,BSVHS

CHARACTER*20 AOUT,ARUN,AINPT 
CHARACTER*80 ATITLE 
CHARACTER*2 ATYPE

456789112345 678 92123 45 67 8 93123 45 67 8 94123 45 67 8 9512 345 67 8 9612345 67 8 9712

WRITE(*,9000)
9000 FORMAT(/10X,'FREE-FIELD CALCULATION',/) 

WRITE(*,9010)
9010 FORMAT(/5X,'ENTER RUN FILE NAME')

READ(*,9020)ARUN 
9020 FORMAT(A20)

OPEN(UNIT=10,FILE=ARUN,STATUS='UNKNOWN') 
READ(10,*)NPROB 
DO IPROB=l,NPROB 
READ(10,1000)AINPT 

1000 FORMAT(A20)
OPEN(UNIT=50,FILE=AINPT,STATUS='UNKNOWN') 
READ(50,5000)AOUT 

5000 FORMAT(A20)
READ(50,5010)ATITLE 

5010 FORMAT(A80)
READ(50,*)NLAYER 
DO 10 ILAYER=1,NLAYER +1 
IF(ILAYER .EQ. 1)THEN 
HRATIO(1)=1.
FFCSR(1)=(1.0,0.0)
FFWTR(1)=1.0 
READ (50, *) FFPOIS (1)
READ(50,*)BETA(1)
BETA(1)=BETA(1)/100.0 
ELSE
IF( ILAYER .LE. NLAYER)THEN 
READ(50,*)HRATIO(ILAYER)
READ (50, *) X
FFCSR(ILAYER)=X
READ(50,*)FFWTR(ILAYER)
READ (50, *) FFPOIS (ILAYER)
READ(50,*)BETA(ILAYER)



BETA(ILAYER)=BETA(ILAYER)/100.0 
ELSE
READ(50,*)X
FFCSR(ILAYER)=X
READ(50,*)FFWTR(ILAYER)
READ(50,*)FFPOIS(ILAYER)
READ(50,*)BETA(ILAYER)
BETA(ILAYER)=BETA(ILAYER)/100.0 
END IF 
END IF 

10 CONTINUE
READ(50,5020)ATYPE 

5020 FORMAT(A2)
READ(50,*)NANGLE 
DO IANGLE = 1,NANGLE 
READ(50,*)ANGLE(IANGLE)
END DO
CLOSE(UNIT=50)

IF(ATYPE .EQ. 1P ' )THEN 
AP(NLAYER+1)=(1.0,0.0)
ASV(NLAYER+1) = (0.0, 0.0)
ELSE
AP(NLAYER+1)=(0.0,0.0)
ASV(NLAYER+1) = (1.0, 0.0)
END IF

C
C

THEATA(NLAYER+1)=(1.0,0.0)*ANGLE(IANGLE)/57.29577951 
XMX(NLAYER+1)=CCOS(THEATA(NLAYER+1))
IF(NLAYER .NE. 0)THEN 
DO ILAYER=1,NLAYER
XM X (ILAYER)=XMX(NLAYER+1)*FFCSR(ILAYER)/FFCSR(NLAYER+1) 
END DO 
END IF
OPEN(UNIT=60,FILE=AOUT, STATUS='UNKNOWN')
WRITE(60,6000)

6000 FORMAT(/10X,'PLANE FREE-FIELD CALCULATION')
WRITE(60,6002)ATITLE 

6002 FORMAT(/5X,A80,/)
DO 15 ILAYER=1,NLAYER +1 
IF(ILAYER .LE. NLAYER)THEN 
WRITE(60,6005)ILAYER 

6005 FORMAT(/5X,'LAYER: ',12)
WRITE(60,6010)HRATIO(ILAYER)

6010 FORMAT(2X,'Z bottom(i) / Z bottom(l) = ’,T35,F7.3) 
X=REAL(FFCSR(ILAYER))
WRITE(60,6020)X 

6020 FORMAT(2X, 'Cs(i)/Cs (1) = ’,T35,F7.3)
X=REAL(FFWTR(ILAYER))
WRITE(60,6030)X 

6030 FORMAT(2X,'Wt(i)/Wt(1) = ',T35,F7.3)
WRITE(60,6035)FFPOIS(ILAYER)

6035 FORMAT(2X,'POISSON RATIO = ’,T35,F7.3)
WRITE(60,6040)BETA(ILAYER)*100.

6040 FORMAT(2X,'DAMPING = ',T35,F7.3,' %')
ELSE
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WRITE(60,6050)
6050 FORMAT(/5X,'HALF-SPACE')

X=REAL(FFCSR(NLAYER+1))
WRITE(60,6060)X 

6060 FORMAT(2X,'Cs(half-space)/Cs(1) = ',T35,F7.3)
X=REAL(FFWTR(NLAYER+1))
WRITE(60,6070)X 

6070 FORMAT(2X,'Wt(half-space)/Wt(1) = ',T35,F7.3)
WRITE(60,6035)FFPOIS(NLAYER+1)
WRITE(60,6040)BETA(NLAYER+1)*100.
END IF 

15 CONTINUE
WRITE(60,6075)ATYPE 

6075 FORMAT(/2X,'INCIDENT WAVE TYPE = ',A2)
WRITE(60,6077)NANGLE

6077 FORMAT(2X,'NUMBER OF ANGLES OF INCIDENCE = ',11)
DO IANGLE=1,NANGLE
WRITE(60,6078)IANGLE,ANGLE(IANGLE)

6078 FORMAT(2X,'ANGLE (',11,') = ',F7.3,' degs')
END DO

C
NFREQ=2 00
DO 17 ILAYER=1,NLAYER+1
FFCSR(ILAYER)=FFCSR(ILAYER)*CSQRT((1.0-(0.0,2.0)*BETA(ILAYER))/

& (1.0-(0.0,2.0)*BETA(1)))
17 CONTINUE

C
DO IANGLE =1,NANGLE
THEATA(NLAYER+1)=(1.0,0.0)*ANGLE(IANGLE)/57.2 9577 951 
XMX(NLAYER+1)=CCOS(THEATA(NLAYER+1) )

IF(NLAYER .NE. 0)THEN 
DO ILAYER=1,NLAYER
X M X (ILAYER)=XMX(NLAYER+1)*FFCSR(ILAYER)/FFCSR(NLAYER+1)
END DO 
END IF

C
WRITE(60,6080)ANGLE(IANGLE)

6080 FORMAT(//2X,'ANGLE OF INCIDENCE = ',T35,F7.3,' degs')
WRITE(60,6090)

6090 FORMAT(/T3,'FREQ',Til, ' |U(top) I ',T19, ' |U(outcrop) | ',T32, 'U(ampl) '
& ,T46,'|W(top)|',T54,'|W(outcrop)|',T67,'W(ampl)'
& /)
WRITE(*,6080)ANGLE(IANGLE)
WRITE(*,6090)

IF(ATYPE .EQ. 'P ')THEN
XLX(NLAYER+1)=CCOS(THEATA(NLAYER+1))
XMX(NLAYER+1)=XLX(NLAYER+1)*

& SQRT((1-2.*FFPOIS(NLAYER+1))/
& (2.*(1.-FFPOIS(NLAYER+1))))
IF(NLAYER .NE. 0)THEN 
DO 20ILAYER=1,NLAYER
XLX(ILAYER)=XLX(NLAYER+1)*FFCSR(ILAYER)/FFCSR(NLAYER+1) * 

& SQRT((1.-FFPOIS(ILAYER))*(1.0-(2.*FFPOIS(NLAYER+1)))/
& ((1.-FFPOIS(NLAYER+1))*(1.-(2.*FFPOIS(ILAYER)))))
X M X (ILAYER)=XLX(ILAYER)*SQRT((1-2.*FFPOIS(ILAYER) ) /

& (2.*(1.-FFPOIS(ILAYER))))
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2 0 CONTINUE 
END IF 
ELSE
XMX(NLAYER+1)=CCOS(THEATA(NLAYER+1))
XLX(NLAYER+1)=XMX(NLAYER+1) *

& SQRT((2.*(1.-FFPOIS(NLAYER+1) ) ) /
& (1-2.*FFPOIS(NLAYER+1)))
IF(NLAYER .NE. 0)THEN 
DO 25ILAYER=1,NLAYER
XMX(ILAYER)=XMX(NLAYER+1)*FFCSR(ILAYER)/FFCSR(NLAYER+1)
XL X (ILAYER)=XMX(ILAYER)*SQRT((2.*(1.-FFPOIS(ILAYER+1)))/

& (1-2.*FFPOIS(ILAYER+1)))
25 CONTINUE 

END IF 
END IF
DO 120IFREQ=1,NFREQ 
NDIM=4*NLAYER+2 
RFBAR=0.025*IFREQ
FBAR=RFBAR/CSQRT(1.0-(0.0,2.0)*BETA(1))
IF (NLAYER .E Q . 0)GO TO 95 
DO 4 01=1,NDIM 
FVECT(I) = (0.0, 0.0)
DO 40J=1,NDIM 
STIFF(I,J)=(0.0,0.0)

40 CONTINUE
DIFF=ABS(ANGLE(IANGLE)-90.0)
IF(DIFF .LT. 0.0001)THEN

C
C VERTICAL INCIDENCE
C

STIFF(1,1)=(1.0,0.0)
STIFF(1,2)=(1.0,0.0)
STIFF(2,3)=(1.0,0.0)
STIFF(2,4)=(1.0,0.0)
DO 50ILAYER=1,NLAYER
XIKSH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& HRATIO(ILAYER)*SQRT((1-2.*FFPOIS(ILAYER))/
& (2 .* (1.-FFPOIS(ILAYER))))
XIKSH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*SQRT((1-2.*FFPOIS(ILAYER))/
& (2.*(1.-FFPOIS(ILAYER))))
XIKTH1=(0.0,1.0)*FBAR/FFCSR(ILAYER) *

& HRATIO(ILAYER)
XIKTH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)
1=(ILAYER-1)*4+3 
J = (ILAYER-1)*4+1
XI=(FFCSR(ILAYER+1)/FFCSR(ILAYER))**2 

& * FFWTR(ILAYER+1)/FFWTR(ILAYER)
CALC1=XI*FFCSR(ILAYER)/FFCSR(ILAYER+1)
CALC2=SQRT((2.*(1.-FFPOIS(ILAYER)))/(1.-2.*FFPOIS(ILAYER))) 
CALC3=CALC1*SQRT((2.*(1.-FFPOIS(ILAYER+1)))/

& (1-2.*FFPOIS(ILAYER+1)))
STIFF(I,J+2) = (-1.0,0.0)*CEXP((-1.0, 0.0)*XIKTH1)
STIFF (I, J+3) = (+1.0,0 . 0) *CEXP ( (+1. 0, 0 .0) *XIKTH1)
STIFF(I + 1,J) = (-1.0,0.0)*CEXP((-1.0, 0.0)*XIKSH1)
STIFF(1+1,J+l)=(+l.0,0.0)*CEXP((+1.0,0.0)*XIKSH1)
STIFF(1+2,J) =CALC2*CEXP((-1.0, 0.0)*XIKSH1)
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STIFF(1+2,J+l)=CALC2*CEXP((+1.0,0.0)*XIKSH1)
STIFF(1+3,J+2)=CEXP((-1.0,0.0)*XIKTH1)
STIFF(1+3,J+3)=CEXP((+1.0,0.0)*XIKTH1)
IF(ILAYER .LT. NLAYER)THEN
STIFF(I, J+6) = (+1.0,0.0)*CEXP((-1.0,0.0)*XIKTH2)
STIFF (I, J+7) = (-1.0,0.0) *CEXP ( ( + 1 .0, 0 .0) *XIKTH2)
STIFF(1+1,J+4)=(+1.0,0.0)*CEXP((-1. 0,0.0)*XIKSH2)
STIFF (1 + 1, J+5) = (-1. 0, 0 . 0) *CEXP ( ( + 1.0, 0 .0) *XIKSH2)
STIFF(1+2,J+4)= -CALC3 *CEXP((-1.0,0.0)*XIKSH2)
STIFF(1+2,J+5)= -CALC3*CEXP((+1.0,0.0)*XIKSH2)
STIFF(1+3,J+6)=(-1.0,0.0)*CALC1*CEXP((-1.0,0.0)*XIKTH2) 
STIFF(1+3, J+7) = (-1.0,0.0)*CALC1*CEXP(( + 1.0,0.0)*XIKTH2) 
ELSE
STIFF (1 + 1, J+4) = (-1.0, 0 .0) *CEXP ( ( + 1.0, 0 . 0) *XIKSH2)
STIFF(1+2,J+4)= -CALC3 *CEXP(( + 1.0,0.0)*XIKSH2)
STIFF (I, J+5) = (-1. 0, 0 .0) *CEXP ( (+1. 0, 0 . 0) *XIKTH2)
STIFF(1+3,J+5)=(-1.0,0.0)*CALC1*CEXP((+1.0,0.0)*XIKTH2) 
FVECT(I) = (-1.0,0.0)*CEXP((-1.0,0.0)*XIKTH2)*ASV(NLAYER+1) 
FVECT (1 + 1) = (-1.0,0.0)*CEXP((-1.0,0.0)*XIKSH2)*AP(NLAYER+1) 
FVECT(1+2) = ( + 1.0,0.0)*CALC3*CEXP((-1.0, 0.0) *XIKSH2) *

& AP(NLAYER+1)
FVECT(1+3) = (+1.0,0.0)*CALC1*CEXP((-1.0, 0.0) *XIKTH2)*

& ASV(NLAYER+1)
END IF 

50 CONTINUE 
ELSE

NON-VERTICAL INCIDENCE

CALC1=CSQRT(1.0-(XLX(l)**2))
CALC3=CSQRT(1.0-(XMX(l)**2))
CALC5=(1.-2.*(XMX(1)**2))/XMX(l)
CALC7=CALC5/XMX(1)
STIFF(1,1)=XLX(1)*CALC7 
STIFF(1,2)=STIFF (1,1)
STIFF(1,3)=2.*CALC3 
STIFF(1,4)=-1.*STIFF(1,3)
STIFF(2,1)= -2.*CALC1 
STIFF(2,2)= 2.*CALC1 
STIFF(2,3)=CALC5 
STIFF(2,4)=CALC5 
DO 60ILAYER=1,NLAYER
XIKSH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& HRATIO(ILAYER)*CSQRT(1.0-(XLX(ILAYER)**2) )*
& SQRT((1-2.*FFPOIS(ILAYER))/(2.*(1.-FFPOIS(ILAYER) ) ) ) 
XIKSH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*CSQRT(1.0-(XLX(ILAYER+1)**2))*
& SQRT((1-2.*FFPOIS(ILAYER+1))/(2.*(1.-FFPOIS(ILAYER+1))) ) 
XIKTH1=(0.0,1.0)*FBAR/FFCSR(ILAYER)*

& HRATIO(ILAYER)*CSQRT(1.0-(XMX(ILAYER)**2) )
XIKTH2=(0.0,1.0)*FBAR/FFCSR(ILAYER+1)*

& HRATIO(ILAYER)*CSQRT(1.0-(XMX(ILAYER+1) **2) )
1=(ILAYER-1)*4+3 
J = (ILAYER-1)*4+1
XI=(FFCSR(ILAYER+1)/FFCSR(ILAYER) ) **2 

& * FFWTR(ILAYER+1)/FFWTR(ILAYER)
CALC1=CSQRT(1.0-(XLX(ILAYER)**2))
CALC2=CSQRT(1.0-(XLX(ILAYER+1)**2) )
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CALC3=CSQRT(1.0-(XMX(ILAYER)**2))
CALC4=CSQRT(1.0-(XMX(ILAYER+1) **2) )
CALC5=(1.-2.*(XMX(ILAYER)**2))/XMX(ILAYER)
CALC6=(1.-2.*(XMX(ILAYER+1)**2))/XMX(ILAYER+1)
CALC7=CALC5/XMX(ILAYER)
CALC 8 =CALC6/X M X (ILAYER+1)
STIFF(I, J) = ( + 1.0,0.0)*XLX(ILAYER)*CEXP((-1.0,0.0)*XIKSH1)
STIFF(1 + 1, J) = (-1.0, 0.0)*CALC1*CEXP((-1.0,0.0)*XIKSH1)
STIFF(1+2,J)=XLX(ILAYER)*CALC7*CEXP((-1.0,0.0)*XIKSH1)
STIFF (1+3, J) = (-2 . 0, 0 . 0) *CALC1*CEXP ( (-1. 0, 0 . 0) *XIKSH1)
STIFF(I,J+l)=(+1.0,0.0)*XLX(ILAYER)*CEXP((+1.0,0.0)*XIKSH1) 
STIFF(1 + 1, J+l) = ( + 1.0,0.0)*CALC1*CEXP(( + 1.0,0.0)*XIKSH1)
STIFF(1+2,J+l)=XLX(ILAYER)*CALC7*CEXP((+1.0,0.0)*XIKSH1)
STIFF (1+3, J+l) = (+2 . 0, 0 . 0) *CALC1 *CEXP ( (+1 . 0, 0 . 0) *XIKSH1)
STIFF(I,J+2) = (-1.0, 0.0)*CALC3*CEXP( (-1.0,0.0)*XIKTH1)
STIFF(1+1,J+2)=(-1.0,0.0)*XMX(ILAYER)*CEXP((-1.0,0.0)*XIKTH1) 
STIFF(1+2,J+2)=(+2.0,0.0)*CALC3*CEXP((-1.0,0.0)*XIKTH1)
STIFF <1 + 3,J+2) = ( + 1.0,0.0)*CALC5*CEXP((-1.0,0 . 0)*XIKTH1)
STIFF(I, J+3) = ( + 1.0, 0.0)*CALC3*CEXP(( + 1.0,0.0)*XIKTH1)
STIFF(1+1,J+3)=(-1.0,0.0)*XMX(ILAYER)*CEXP((+1.0,0.0)*XIKTH1) 
STIFF(1+2,J+3)= (-2 . 0, 0 . 0)*CALC3*CEXP((+1.0,0.0)*XIKTH1)
STIFF(1+3,J+3)= (+1.0,0.0)*CALC5*CEXP((+1.0,0.0)*XIKTH1)
IF(ILAYER .LT. NLAYER)THEN
STIFF(I,J+4)=(-1.0,0.0)*XLX(ILAYER+1)*CEXP((-1.0,0.0)*XIKSH2) 
STIFF(1 + 1,J+4) = ( + 1.0,0.0)*CALC2*CEXP((-1.0, 0.0)*XIKSH2)
STIFF (1+2,J+4) = -XI*XLX(ILAYER+1)*CALC8*CEXP((-1.0,0.0)*XIKSH2) 
STIFF(1+3,J+4)=(+2.0,0.0)*XI*CALC2*CEXP((-1.0,0.0)*XIKSH2)
STIFF(I, J+5) = (-1.0, 0.0)*XLX(ILAYER+1)*CEXP((+1.0,0.0)*XIKSH2) 
STIFF(1+1,J+5) = (-1.0,0 .0)*CALC2*CEXP((+1.0,0.0)+XIKSH2)
STIFF(1+2,J+5)= -XI*XLX(ILAYER+1)*CALC8*CEXP((+1.0,0.0)*XIKSH2) 
STIFF(1+3, J+5) =(-2.0,0.0)*XI*CALC2*CEXP((+1.0,0.0)*XIKSH2)
STIFF(I,J+6) = ( + 1.0,0.0)*CALC4*CEXP((-1.0, 0.0)*XIKTH2)
STIFF(1+1,J+6)=(+1.0,0.0)*XMX(ILAYER+1)*CEXP((-1.0,0.0)*XIKTH2) 
STIFF(1+2,J+6)=(-2.0,0.0)*XI*CALC4*CEXP((-1.0,0.0)*XIKTH2)
STIFF(1+3,J+6) = (-1.0,0.0)*XI*CALC6*CEXP((-1.0, 0.0)*XIKTH2)
STIFF(I,J+7) = (-1.0,0.0)*CALC4*CEXP(( + 1.0, 0.0)*XIKTH2)
STIFF(1 + 1,J+7) = ( + 1.0,0.0)*XMX(ILAYER+1) *CEXP(( + 1.0, 0.0)*XIKTH2) 
STIFF(1+2,J+7)=(+2.0,0.0)*XI*CALC4*CEXP((+1.0,0.0)*XIKTH2)
STIFF(1+3,J+7)=(-1.0,0.0)*XI*CALC6*CEXP((+1.0,0.0)*XIKTH2)
ELSE
STIFF(I,J+4)=(-1.0,0.0)*XLX(ILAYER+1)*CEXP((+1.0,0.0)*XIKSH2) 
STIFF(1+1,J+4)=(-1.0,0.0)*CALC2*CEXP((+1.0,0.0)*XIKSH2)
STIFF(1+2,J+4)= -XI*XLX(ILAYER+1)*CALC8*CEXP((+1.0,0.0)*XIKSH2) 
STIFF(1+3,J+4)=(-2.0,0.0)*XI*CALC2*CEXP((+1.0,0.0)*XIKSH2)
STIFF (I, J+5) = (-1.0, 0 .0) *CALC4*CEXP ( ( + 1. 0, 0 . 0) *XIKTH2)
STIFF(1+1,J+5)=(+1.0,0.0)*XMX(ILAYER+1)*CEXP((+1.0,0.0)*XIKTH2) 
STIFF (1+2, J+5) = (+2 . 0, 0 .0) *XI*CALC4*CEXP ( ( + 1.0, 0 . 0) *XIKTH2)
STIFF(1+3,J+5)=(-1.0,0.0)*XI*CALC6*CEXP((+1.0,0.0)*XIKTH2)
FVECT(I) = ( + 1.0,0.0)*XLX(ILAYER+1)*CEXP((-1.0, 0.0)*XIKSH2)

& *AP(NLAYER+1)-CALC4*CEXP((-1.0,0.0)*XIKTH2)*
& ASV(NLAYER+1)
FVECT(1+1) = (-1.0,0.0)*CALC2*CEXP((-1.0, 0.0)*XIKSH2)

& *AP(NLAYER+1)-XMX(ILAYER+1)*CEXP((-1.0, 0.0)+XIKTH2)*
& ASV(NLAYER+1)
FVECT(1+2)=(+1.0,0.0)*XI*XLX(ILAYER+1)*CALC8*

& CEXP((-1.0,0.0)+XIKSH2)*AP(NLAYER+1)
& +(2.0,0.0)*XI*CALC4*CEXP((-1.0,0.0)*XIKTH2)*ASV(NLAYER+1)
FVECT(1+3) = (-2.0,0.0)*XI*CALC2 *



oo
 

o 
oo
 

oo
oo

oo
o 

oo
o

372

& CEXP((-1.0,0.0)*XIKSH2)*AP(NLAYER+1)
& +XI*CALC6*CEXP((-1.0,0.0)*XIKTH2)*ASV(NLAYER+1)
END IF 

60 CONTINUE 
END IF 
CALL SOLVE
DO 70ILAYER=1,NLAYER 
IROW=(ILAYER-1)*4+1 
AP(ILAYER)=XVECT(IROW)
BP(ILAYER)=XVECT(IROW+1)
A S V (ILAYER)=XVECT(IROW+2)
BS V (ILAYER)=XVECT(IROW+3)

7 0 CONTINUE
BP(NLAYER+1)=XVECT(NDIM-1)
BSV(NLAYER+1)=XVECT(NDIM)
UTOP=

& XL X (1)*(AP(1)+BP(1))+CSQRT(1.0-(XMX(l)**2))*(-ASV(l)+BSV(1)) 
WTOP =

& SQRT(1.0-(XLX(1)**2))*(-AP(1)+ B P (1))+XMX(1)* (-ASV(l)-BSV(l))

UTMAG=SQRT(REAL(UTOP)**2+AIMAG(UTOP)**2) 
WTMAG=SQRT(REAL(WTOP)**2+AIMAG(WTOP)**2)

DO 90ILAYER=1,NLAYER+1
WRITE(*,*)ILAYER,AP(ILAYER),B P (ILAYER) 
WRITE(*,*)ILAYER,ASV(ILAYER),BSV(ILAYER) 

90 CONTINUE

95 CONTINUE 
NN=NLAYER+1

RCPCS=SQRT((2.*(1.-FFPOIS(NN)))/(1.-2.*FFPOIS(NN))) 
IF(NLAYER .EQ. 0)THEN 
ZHS=0.0 
ELSE
ZHS=HRATIO(NLAYER)
END IF
XIKSZ=(0.0,1.0)*FBAR/FFCSR(NN)*

& CSQRT(1.0-(XLX(NN)**2))*ZHS/RCPCS

XIKTZ=(0.0,1.0)*FBAR/FFCSR(NN)*
& CSQRT(1.0-(XMX(NN)**2))*ZHS

HALF-SPACE OUTCROP 
NDIM=2
APHS=AP(NN)*CEXP(-XIKSZ)
ASVHS=ASV(NN)*CEXP(-XIKTZ)
STIFF(1,1)= RCPCS-2.*XMX(NN)*XLX(NN)
STIFF(1,2)= -2.*XMX(NN)*SQRT(1.-XMX(NN)*XMX(NN)) 
STIFF(2,1)= 2.*XMX(NN)*SQRT(1.-XLX(NN)*XLX(NN)) 
STIFF(2,2)= 1.0-2.*XMX(NN)*XMX(NN)
FVECT(1)= (2.*XMX(NN)*XLX(NN)-RCPCS)*APHS 

& -2.*XMX(NN)*SQRT(1.-XMX(NN)*XMX(NN))*ASVHS 
FVECT(2)=2.*XMX(NN)*SQRT(1.-XLX(NN)*XLX(NN))*APHS
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& + (2 .*XMX(NN)*XMX(NN)-1)*ASVHS
CALL SOLVE 
BPHS=XVECT(1)
BSVHS=XVECT(2)
UOTCRP= XLX(NN)* (APHS+BPHS)+

& SQRT(1.-XMX(NN)*XMX(NN))* (-ASVHS+BSVHS)
UOTMAG=SQRT(REAL(UOTCRP)**2+AIMAG(UOTCRP)**2)
WOTCRP= SQRT(1.-XLX(NN)*XLX(NN))*(-APHS+BPHS)+

& XMX(NN)* (-ASVHS-BSVHS)
WOTMAG=SQRT(REAL(WOTCRP)**2+AIMAG(WOTCRP)**2)

C
IF(NLAYER .EQ. 0)THEN 
UAMPL=1.0 
WAMPL=1.0 
ELSE
UAMPL=UTMAG/UOTMAG 
WAMPL=WTMAG/WOTMAG 
END IF
WRITE(60, 6100)RFBAR,UTMAG,UOTMAG,UAMPL, WTMAG,WOTMAG,WAMPL 

6100 FORMAT(2X,F6.3,T13,F5.2,T23,F5.2,T33,F5.2,
& T48,F5.2,T58,F5.2,T68,F5.2)

C WRITE(*,6100)RFBAR,UTMAG,UOTMAG,UAMPL,WTMAG,WOTMAG,WAMPL
12 0 CONTINUE 

END DO
CLOSE (UNIT=60)
END DO
CLOSE(UNIT=10)
STOP
END
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SUBROUTINE SOLVE 

MATRIX
COMMON/IMATRIX/NDIM
COMMON/CMATRIX/AMAT(100,100), FVECT(100),XVECT(100) 
INTEGER NDIM
COMPLEX AMAT,FVECT,XVECT
DOUBLE PRECISION A (200, 201),X (200) , PIVOT,TEMP,ANORM 
INTEGER I X (2 00)
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
***** SUBROUTINE FINDS THE SOLUTION OF *****
***** SIMULTANEOUS EQUATIONS USING
***** MAXIMUM PIVOT PROCEDURE
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
II REPRESENTS THE REAL PART, II+l REPRESENTS THE IMAGINARY PART 
JJ REPRESENTS THE REAL PART, JJ+1 REPRESENTS THE IMAGINARY PART

* * * * * 
* * * * *

N=2.*NDIM 
DO 101=1,NDIM 
11=2 *1-1
A (II,N+l)= 1.0D0*REAL(FVECT (I))
A(II + l, N+l)=1.0D0*AIMAG(FVECT(I))
DO 10J=1,NDIM 
JJ=2*J-l
A (II,JJ)= 1.0D0*REAL(AMAT(I,J))
A(II + 1,JJ)=1.0D0 *AIMAG(AMAT(I,J))
A(II,JJ+1)= -1.0D0 *AIMAG(AMAT(I,J))
A(II + 1,JJ+1)= 1.0D0*REAL(AMAT(I, J))

10 CONTINUE
OPEN(UNIT=20,FILE='MAT.OUT',STATUS='UNKNOWN')
WRITE(20,2000)ANAME 

2000 FORMAT(//5X,A80)
1 WRITE(20,2010)
2010 FORMAT(/10X,'A matrix * X vector = C vector')
1 WRITE(20,2020)
2020 FORMAT( 5X,•A m a t r i x )

DO 201=1,N 
1 WRITE(20,2030)(A(I,J),J=l,N)
2030 FORMAT(5X, 8F10.4)

20 CONTINUE 
: WRITE(20,2040)
2040 FORMAT(/5X,'C vector:')

WRITE(20, 2030) (A(J,N+l),J=l,N)
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
****************************************************** 
*SOLVE FOR X VECTOR USING GAUSS'S ELIMINATION METHOD * 
************ MAXIMUM PIVOT IS USED ***************** 
****************************************************** 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

DO 301=1,N



I X (I)=1 
30 CONTINUE

DO 100IROW=1,N 
I=IROW/10 
XX=IROW 
XX=XX/10.
DIFF=ABS(XX-I)

C IF(DIFF .LT. 0.0001)THEN
C WRITE(*,9000)IROW,N
C 9000 FORMAT(5X,'WORKING ON COLUMN # ',14,' / ’,14)
C END IF

JCOL=IROW '
PIVOT=0.0D0 

C FIND PIVOT VALUE
DO 40IIROW=IROW,N 
DO 40JJCOL=JCOL,N
IF (ABS(A(IIROW,JJCOL)) .G T . ABS (PIVOT)) THEN
PIVOT =A(IIROW,JJCOL)
IMARK=IIROW 
JMARK=JJCOL 
END IF 

4 0 CONTINUE
IF (ABS(PIVOT) .LT. 1.0D-18) THEN 
WRITE(*, 9010)

9010 FORMAT(////15X,'** MATRIX DOES NOT HAVE AN INVERSE, 
WRITE(*,9020)

9020 FORMAT(15X,'PUSH RETURN **')
PAUSE 
STOP 
END IF 

C INTERCHANGE ROWS
DO 50 JJCOL=l,N+l 
TEMP=A(IROW, JJCOL)
A(IROW, JJCOL)=A(IMARK,JJCOL)
A (IMARK,JJCOL)=TEMP 

50 CONTINUE 
C INTERCHANGE COLUMNS

ITEMP=IX(JCOL)
IX(JCOL)=IX(JMARK)
IX(JMARK)=ITEMP 
DO 60 IICOL=l,N 
TEMP=A(IICOL,JCOL)
A (IICOL,JCOL)=A(IICOL,JMARK)
A (IICOL,JMARK)=TEMP 

60 CONTINUE
C WRITE(20,*)'IROW = ',IROW,'tPIVOT = ',PIVOT
C DO 65 1=1,N
C WRITE(20,2050)(A(I,J),J=1,N+l)
C 65 CONTINUE
C NORMALIZE ROW OF PIVOT ELEMENT

DO 70 JJCOL=JCOL,N+l 
A (IROW,JJCOL)=A(IROW, JJCOL)/PIVOT 

70 CONTINUE 
C SUBTRACT ROW FROM REMAINING ROWS

DO 80 IIROW=IROW+l,N 
ANORM=-l.0D0*A(IIROW,JCOL)
DO 80 JJCOL=JCOL,N+l
A(IIROW,JJCOL)=A(IIROW,JJCOL)+ANORM *A(IROW,JJCOL)
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80 CONTINUE
WRITE(20,*)'IROW = ',IROW, 1 PIVOT = ',PIVOT 
DO 85 1=1,N
WRITE(20,2050) (A (I,J),J=1,N+l)

2050 FORMAT(5F10.3)
85 CONTINUE 

100 CONTINUE
USE BACKWARD SUBSTITUTION 
X(N)=A(N,N+l)/A(N,N)
DO 120IROW=N-1,1,-1 
SUM=0.0
DO 110 JCOL=IROW+l,N 
SUM=SUM+A(IROW,JCOL)*X(JCOL)

110 CONTINUE
X (IROW)= (A(IROW,N+l)-SUM)/A(IROW,IROW)

12 0 CONTINUE
REORDER X VECTOR 
DO 130 IROW=l,N 
A (IROW, N+l)= X (IROW)

130 CONTINUE
DO 140 1=1,N 
IROW=IX(I)
X (IROW)=A(I,N+l)

140 CONTINUE

WRITE(20,2060)
2060 FORMAT(//5X,'X vector:')

C WRITE(20,2070)(X(J),J=1,N)
2070 FORMAT(5X,8F10.4)

C CLOSE (UNIT=20)
DO 150J=1,NDIM 
JJ=2*J-l
XVECT(J)=X(JJ)+(0.0,1.0)*X(JJ+1)

150 CONTINUE 
RETURN 
END
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A.3: Sort Codes

Sort codes were developed to reformat the information from the output files to a column 

format appropriate for the input to Cricket Graph (Computer Associates). The Cricket 

Graph program was used to generate the plots included in this thesis. The code "bemsort" 

is used to reformat the output files from the boundary element codes to give in column 

format the node coordinates and their corresponding surface amplifications The code 

"ffldsort" is used to reformat the output files from the one-dimensional programs and to 

give in column format the dimensionless frequencies and surface amplifications. Both of 

the sort programs use a run-file which includes:

Line 1 Number of problems

Line 2 Input file name using a maximum of 20 characters.

Line 3 Output file name which is the name of the sorted input file. A maximum of
20 characters can be used for this name.

Lines 2 and 3 are repeated for the number of problems above 2 indicated on line 1.



A.3.1: SORT CODE 

bem sort



PROGRAM BEMSORT
DIMENSION X (500),Z(500),DISPL(500),ANGLE(5),XFFLD(
CHARACTER*80 ANAME
CHARACTER*20 AINPT,ASORT,ARUN
CHARACTER*1 ADUM
CHARACTER*6 ASTART
CHARACTER*2 ATYPE

C
WRITE(*,9000)

9000 FORMAT(2X,'ENTER BEM SORT RUN FILE NAME')
READ(*,9010)ARUN
OPEN(UNIT=10,FILE=ARUN,STATUS='UNKNOWN')
READ(10,*)NPROB

C
DO IPROB=l,NPROB 

C WRITE(*,9005)
C 9005 FORMAT(2X,'ENTER BEM OUTPUT FILE NAME')

READ(10,9010)AINPT 
9010 FORMAT(A20)

C WRITE(*,9020)
C 9020 FORMAT(2X,'ENTER BEM SORT FILE NAME')

READ(10,9010)ASORT 
WRITE(*,9020)AINPT 

9020 FORMAT(/2X,'SORTING: ',A20)
OPEN(UNIT=50,FILE=AINPT,STATUS='UNKNOWN')
OPEN(UNIT=60,FILE=ASORT,STATUS='UNKNOWN')
READ(50,5000)NANGLE 

5000 FORMAT(/////,T43,II)
DO IANGLE =1,NANGLE 
READ(50,5002)ANGLE(IANGLE)

5002 FORMAT(T39,F6.0)
END DO

C
DO 9999 IANGLE =1,NANGLE
WRITE(*,*)'IANGLE= ',IANGLE,' OUT OF ',NANGLE

C
C FIND WHERE OUTPUT SECTION BEGINS

10 CONTINUE
READ(50,5005)ASTART 

5005 FORMAT(5X,A6)
IF(ASTART .EQ. 'OUTPUT')GO TO 20 
GO TO 10 

20 CONTINUE
READ(50,5010)ANAME 

5010 FORMAT(/,A80)
IF(IANGLE .EQ. 1)WRITE(60,6000)ANAME 
IF(IANGLE .GT. 1)WRITE(60,6005)ANAME 

6000 FORMAT(5X,A80)
6005 FORMAT(/5X,A80)

READ(50,5020)ATYPE 
5020 FORMAT(T21,A2)

WRITE(60,6010)ATYPE 
6010 FORMAT(5X,'TYPE OF WAVE = ',A2)

READ(50,5030)ANAME 
5030 FORMAT(A80)

WRITE(60,6000)ANAME 
READ(50,5030)ANAME
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WRITE(60,6000)ANAME 
READ(50,5040)NAREA 

5040 FORMAT(T38,II)
WRITE(60,6020)NAREA 

6020 FORMAT(5X,'NUMBER OF HOMOGENEOUS REGIONS = 'ID 
WRITE(60,6030)

6030 FORMAT(/5X,'BOUNDARY VALUES')
READ(50,5070)ADUM 
READ(50,5070)ADUM 
DO IAREA =1,NAREA 
IF(IAREA .EQ. 1)THEN 
WRITE(60,6040)IAREA 

6040 FORMAT(/5X,'HOMOGENEOUS REGION : ',11)
END IF

FIND WHERE HOMOGENEOUS REGION BEGINS 
30 CONTINUE

READ(50,5005)ASTART 
IF(ASTART .EQ. 'HOMOGE')GO TO 40 
GO TO 30 

40 CONTINUE
READ(50,5050)NBOUND 

5050 FORMAT(T29,II)
DO IBOUND=l,NBOUND 
FIND WHERE BOUNDARY BEGINS 

50 CONTINUE
READ(50,5005)ASTART 
IF(ASTART .EQ. 'BOUNDA')GO TO 60 
GO TO 50 

60 CONTINUE

READ(50,50 60)NNODE 
5060 FORMAT(T24,13)

IF (IAREA .EQ. 1 .AND. IBOUND .EQ. 1)THEN 
WRITE(60,6050)IBOUND 

6050 FORMAT(/2X,'BOUNDARY #',I1)
WRITE(60,6060)NNODE 

6060 FORMAT(2X,'NUMBER OF NODES = ',13)
END IF

DO 1=1,4 
READ(50,5070)ADUM 

5070 FORMAT(Al)
END DO 

READ DISPLACEMENTS

DO INODE=l,NNODE
READ(50,5080)X(INODE),Z(INODE),DISPL(INODE) 

5080 FORMAT(T11,F8.3,T21,F8.3,T61,F8.3)
END DO
IF (IAREA .EQ. 1 .AND. IBOUND .EQ. 1)THEN

C
CALL FFLDLGTH(X,DISPL,NNODE,XFFLD)

C
IF (IANGLE .EQ. 1)THEN 
WRITE(60,6070)

6070 FORMAT(/2X,'X COORDINATE')
DO INODE =1,NNODE



WRITE(60,6080)X(INODE)
6080 FORMAT(F8.3)

END DO
WRITE(60,6090)

6090 FORMAT(/2X,'Z COORDINATE')
DO INODE =1,NNODE 
WRITE(60,6100)Z(INODE)

6100 FORMAT(F8.3)
END DO 
END IF

n

IF(ATYPE .EQ. 'P' .OR. ATYPE .E Q . ’SV’)
& WRITE(60,6110)ANGLE(IANGLE)
IF(ATYPE .EQ. 1S H 1)WRITE(60,6120)ANGLE(IANGLE) 

6110 FORMAT(/2X,’|UI INCIDENT ANGLE = ',F6.2,' degs')
6120 FORMAT(/2X,'|V| INCIDENT ANGLE = ',F6.2,‘ degs1)

DO INODE =1,NNODE 
WRITE(60,6130)DISPL(INODE)

6130 FORMAT(F8.3)
END DO

C
WRITE (60, 6135) XFFLD (1) , XFFLD (2)

6135 FORMAT(/5X,'DISTANCE TO FREE-FIELD CALC: ',
& /5X, ' (-X SIDE) = ',F7.3, ' X/Hl',
& /5X,'(+X SIDE) = ',F 7 .3,' X/Hl'//)

C
END IF

C
IF(ATYPE .EQ. 'P' .OR. ATYPE .EQ. 'SV')THEN 

DO 1=1,2 
READ(50,5070)ADUM 

END DO

C READ DISPLACEMENTS
DO INODE=l,NNODE
READ(50,5080)X(INODE),Z(INODE),DISPL(INODE)
END DO

IF (IAREA .EQ. 1 .AND. IBOUND .EQ. 1)THEN
C

CALL FFLDLGTH(X,DISPL,NNODE,XFFLD)
C

WRITE(60,6140)ANGLE(IANGLE)
6140 FORMAT(/2X,'|W| INCIDENT ANGLE = ',F6.2,' degs') 

DO INODE =1,NNODE 
WRITE(60,6080)DISPL(INODE)
END DO

C
WRITE (60, 6135) XFFLD (1) , XFFLD (2)

C
END IF 
END IF

C
C

END DO 
END DO 

9999 CONTINUE
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CLOSE(UNIT=50) 
CLOSE(UNIT=60) 
END DO

C
STOP
END

SUBROUTINE FFLDLGTH(X,DISPL,NNODE,XFFLD)
C

DIMENSION X (500),DISPL(500),XFFLD(2)
C
C

IF(ABS(DISPL(1) ) .LT. 1.0)THEN
XHIGH = DISPL(1) +0.1 
XLOW = DISPL (1) -0.1 
ELSE
XHIGH = 1.10*DISPL(1)
XLOW = 0.90*DISPL(1)
END IF

C
IF (XLOW .LT. 0.0)XLOW = 0.0 
INODE =1 

10 CONTINUE
INODE =INODE+l 
MARK =0
IF (DISPL(INODE) .G T . XHIGH)THEN 
MARK = 1 
GO TO 2 0 
END IF
IF (DISPL(INODE) .LT. XLOW)THEN 
MARK =2 
GO TO 20 
END IF
IF (ABS(X(INODE)) .GT. 0.001)GO TO 10 

20 CONTINUE
IF (MARK .EQ. 0)THEN
XFFLD(2)=0.0
ELSE
IF (MARK .EQ. 1)THEN
XFFLD(2)= (XHIGH-DISPL(INODE-1))*(X(INODE)-X(INODE-1))

& / (DISPL(INODE)-DISPL(INODE-1)) +X(INODE-1)
END IF
IF (MARK .EQ. 2)THEN
XFFLD(2)= (XLOW-DISPL(INODE-1))*(X(INODE)-X(INODE-1))

& / (DISPL(INODE)-DISPL(INODE-1)) +X(INODE-1)
END IF 
END IF

C
IF(ABS(DISPL(NNODE) ) .LT. 1.0)THEN
XHIGH = DISPL(NNODE) +0.1 
XLOW = DISPL(NNODE) -0.1 
ELSE
XHIGH = 1.10*DISPL(NNODE)
XLOW = 0.90*DISPL(NNODE)
END IF

C
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IF (XLOW .LT. 0.0)XLOW = 0 . 0
C

INODE =NNODE 
30 CONTINUE

INODE = INODE-1 
MARK =0
IF (DISPL(INODE) .GT. XHIGH)THEN 
MARK = 1 
GO TO 4 0 
END IF
IF (DISPL(INODE) .L T . XLOW)THEN 
MARK =2 
GO TO 40 
END IF
IF (ABS(X(INODE)) .GT. 0.001)GO TO 30 

40 CONTINUE
IF (MARK .EQ. 0)THEN
XFFLD(1)=0.0
ELSE
IF (MARK .EQ. 1)THEN
XFFLD(1)= (XHIGH-DISPL(INODE+1))*(X(INODE)-X(INODE+l))

& / (DISPL(INODE)-DISPL(INODE+1)) +X(INODE+1)
END IF
IF (MARK .EQ. 2)THEN
XFFLD(1)= (XLOW-DISPL(INODE+1))*(X(INODE)-X(INODE+1))

& / (DISPL(INODE)-DISPL(INODE+1)) +X(INODE+1)
END IF 
END IF

RETURN
END



A.3.2: SORT CODE 

ffld so rt



PROGRAM FFLDSORT
CHARACTER*2 0 AINPT, ASORT,ARUN
CHARACTER*4 ASTART
CHARACTER*1 ADUM
CHARACTER*2 ATYPE
CHARACTER*80 ATITLE
DIMENSION X (1000, 5),ANGLE(5)

C
WRITE(*,9000)

9000 FORMAT(2X,'ENTER FREE-FIELD RUN SORT FILE')
READ (*, 9010) ARUN
OPEN(UNIT=10,FILE=ARUN,STATUS='UNKNOWN')
READ(10,*)NPROB 
DO IPROB=l,NPROB 

C WRITE(*,9000)
C 9000 FORMAT(2X,'ENTER FREE-FIELD FILE TO SORTED')

READ(10,9010)AINPT 
9010 FORMAT(A20)

C WRITE(*,9020)
C 9020 FORMAT(2X,'ENTER FILE NAME OF SORTED FILE')

READ(10,9010)ASORT
OPEN(UNIT=50,FILE=AINPT,STATUS='UNKNOWN')
OPEN(UNIT=60,FILE=ASORT,STATUS='UNKNOWN')
READ(50,5000)ATITLE 

5000 FORMAT(/A80)
WRITE(60,5000)ATITLE 
READ(50,5000)ATITLE 
WRITE(60,5000)ATITLE 

10 CONTINUE
READ(50, 5010)ASTART 

5010 FORMAT(T6,A4)
IF(ASTART .EQ. 'HALF')GO TO 20 
GO TO 10 

20 CONTINUE 
30 CONTINUE

READ(50,5020)ASTART 
5020 FORMAT(T3,A4)

IF(ASTART .EQ. 'DAMP')GO TO 40 
GO TO 30 

40 CONTINUE
READ(50,5030)ATYPE 

5030 FORMAT(/T24,A2)
READ(50,5040)NANGLE 

5040 FORMAT(T35,II)
DO IANGLE=1,NANGLE
READ(50,5050)ANGLE(IANGLE)

5050 FORMAT(T15,F7.3)
END DO

C
DO IANGLE =1,NANGLE

C
READ(50,5060)ATITLE 

5060 FORMAT(//A80///)
NFREQ=200
IF (ATYPE .EQ. 'P' .OR. ATYPE .EQ. 'SV')THEN
DO IFREQ=1,NFREQ
READ (50, 5070) (X (IFREQ, I) , 1=1, 5)

5070 FORMAT(T3,F6.0,T13,F5.2,T33,F5.2,T48,F5.2,T68,F5.2)
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END DO 
DO 1=1,5
WRITE<60,6010)ATITLE 

6010 FORMAT(//A80)
IF(I .EQ. 1)WRITE(60,6020)
IF(I .EQ. 2)WRITE(60,6030)
I F (I .EQ. 3)WRITE(60,6040)
I F (I .EQ. 4)WRITE(60,6050)
IF(I .EQ. 5)WRITE(60,60 60)

6020 FORMAT(/'FREQ (cps)'/)
6030 FORMAT(/'|U(top)I’/)
6040 FORMAT(/'|U(ampl)|'/)
6050 FORMAT(/’ |W(top) I 1/)
60 60 FORMAT(/'|W(ampl)I'/)

DO IFREQ=1,NFREQ 
WRITE(60,6070)X(IFREQ,I)

6070 FORMAT(F6.3)
END DO 
END DO 
END IF
IF (ATYPE .EQ. 1SH' )THEN 
DO IFREQ=1,NFREQ 
READ(50, 5080) (X(IFREQ,I),1=1, 3) 

5080 FORMAT(T3,F6.0,T32,F7.2,T77,F7.2) 
END DO 
DO 1=1,3
WRITE(60,6010)ATITLE
I F (I .EQ. 1)WRITE(60,6020)
IF(I .EQ. 2)WRITE(60,6080)
I F (I .EQ. 3)WRITE(60,6090)

6080 FORMAT(/'|V(top)I'/)
6090 FORMAT(/'|V(ampl)|'/)

DO IFREQ=1,NFREQ 
WRITE (60, 6070) X (IFREQ, I)
END DO 
END DO 
END IF

C
END DO 

CLOSE(UNIT=50)
CLOSE(UNIT=60)
END DO
CLOSE(UNIT=10)
STOP
END



387

A.4: Half-Space Angle of Incidence Codes:

Two codes, "svhsinc" and "phsinc", were developed to determine the incident and reflected 

angles in various soil layers from a given incident wave type and half-space incidence 

angle. The code "svhsinc" is used for an incident shear wave and "phsinc" is used for an 

incident compression wave. The codes are developed based on the wave number being 

constant for each of the soil layers and half-space. Input to these codes is interactive.
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A.4.1: ANGLE OF INCIDENCE CODE 

svhsinc
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PROGRAM SVHSINC 
COMPLEX XMXJ,TJ,XLXJ, SJ 
WRITE(*,9000)

9000 FORMAT(2X, 1 INPUT SV WAVE HALF-SPACE ANGLE OF INCIDENCE (DEGREES)’) 
READ(*,*)HSANG
IF(HSANG .GE. 89.999 .AND. HSANG .LE. 90.0001)HSANG= 89.9999 
HSANG=HSANG/57.2957 8 
WRITE(*, 9010)

9010 FORMAT(2X , 'INPUT SHEAR VELOCITY RATIO1)
READ(*,*)CSRAT 
WRITE(*,9020)

9020 FORMAT(2X, 1 INPUT DAMPING (%)')
READ (*, *) BETA 
BETA=BETA/100.0 
WRITE(*,9025)

9025 FORMAT(2X,'INPUT POISSON RATIO1)
READ(*,*)POISS

C
RCPCS=SQRT(2.0 *(1.0-POISS)/(1.0-2.0*POISS))
XMXJ=CSRAT/10.0*CSQRT(1.0-(0.0,1.0)*2.0 *BETA) *COS(HSANG)
TJ=CSQRT(1.0/(XMXJ*XMXJ) -1.0)
REALTJ=REAL(TJ)
THEATA=ATAN(REALTJ)
THEATA=THEATA*57.29578 
WRITE(*,9030)THEATA 

9030 FORMAT
& (2X,'ANGLE OF INCOMING SV WAVE = ',F9.3,' degrees') 
XLXJ=CSRAT*RCPCS/10.0 *CSQRT(1.0-(0.0,1.0)*2.0*BETA) *COS(HSANG)
SJ=CSQRT(1.0/(XLXJ*XLXJ) -1.0)
REALSJ=REAL(SJ)
THEATA=ATAN(REALSJ)
THEATA=THEATA* 57.29578 
WRITE(*,9040)THEATA 

9040 FORMAT
& (2X,'ANGLE OF INCOMING P WAVE = ',F9.3 ,' degrees')
PAUSE
STOP
END
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A.4.2: ANGLE OF INCIDENCE CODE 

phsinc
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PROGRAM PHSINC 
COMPLEX XMXJ,TJ,XLXJ,SJ 
WRITE(*,9000)

9000 FORMAT(2X,'INPUT P WAVE HALF-SPACE ANGLE OF INCIDENCE (DEGREES)') 
READ (*, *) HSANG
IF(HSANG .GE. 89.999 .AND. HSANG .L E . 90.0001)HSANG= 89.9999 
HSANG=HSANG/57.2 9578 
WRITE(*,9010)

9010 FORMAT(2X,'INPUT SHEAR VELOCITY RATIO')
READ(*,*)CSRAT 
WRITE(*,9020)

9020 FORMAT(2X , 'INPUT DAMPING (%)')
READ (*, *) BETA 
BETA=BETA/100.0 
WRITE(*,9025)

9025 FORMAT(2X,'INPUT POISSON RATIO')
READ(*,*)POISS

C
RCPCS = SQRT(2.0*(1.0-POISS)/ (1.0-2.0*POISS))
XLXJ=CSRAT/10.0*CSQRT(1.0-(0.0,1.0)*2.0*BETA) *COS(HSANG)
SJ=CSQRT(1.0/(XLXJ*XLXJ) -1.0)
REALSJ=REAL(SJ)
THEATA=ATAN(REALSJ)
THEATA=THEATA* 5 7.29578 
WRITE(*,9030)THEATA 

9030 FORMAT
& (2X,'ANGLE OF INCOMING P WAVE = ',F9.3,' degrees')
XMXJ=CSRAT/(RCPCS*10.0)*CSQRT(1.0-(0.0,1.0)*2.0 *BETA)*COS(HSANG) 
TJ=CSQRT(1.0/(XMXJ*XMXJ) -1.0)
REALTJ=REAL(TJ)
THEATA=ATAN(REALTJ)
THEATA=THEATA*57.2 957 8 
WRITE(*,9040)THEATA 

9040 FORMAT
& (2X,'ANGLE OF INCOMING SV WAVE = ',F9.3 ,' degrees')
PAUSE
STOP
END
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A.5: Analytic Solution for a Semi-Cylindrical Cavity in a Half-Space

A code was developed to calculate the surface amplification due to a semi-cylindrical 

cavity in a half-space subject to an incident SH wave. Incidence angles of 90.0, 75.0, 

60.0, and 30.0 degrees were used. The formulation of the code comes from the analytic 

solution (Trifunac, 1973 ). Output including node coordinates and surface amplification 

are given along the horizontal boundary and semi-cylindrical surface. The output is given 

in two formats for each o f the angles of incidence. The first format is in table form and 

allows for easy reading. The second format is column form and allows for easy input to 

the Cricket Graph program for reprocessing. The program is interactive and asks for the 

output file name and the dimensionless frequency to analyze for. The dimensionless 

frequency uses the radius of the cylinder for the characteristic length.
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A.5.1: SEMI-CYLINDRICAL CAVITY IN A HALF-SPACE
CODE

sccanyon



o 
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PROGRAM SCCANYON
C2345678911234567892123456789312345678941234567895123456789612345678971 
2

DOUBLE PRECISION JNO,J N (20),YN,JN2N, JN2N1 
COMPLEX HNK02,HNK2(20) ,AO,BO,FFLD, DISPL(60) ,

& HNK2N,HNK2N1 
COMPLEX*16 A N (20),B N (2 0)
DIMENSION ANGINC(4),THEATA(60) ,X(60) ,Y(60)
CHARACTER*20 AOUT

C
COMMON/1GAUS 5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

C
DATA NGAUSS / 5./
DATA (WT(I),1=1,3)/0.236926885056189D0,0.478 628 670499366D0,

& 0.568888888888889D0/
DATA (XX(I),1=1,3)/-0.906179845938664D0,-0.538469310105683D0,
& 0.0D0/

C
X X (4)= -1.0D0*XX(2)
X X (5)= -1.0D0 *XX(1)

c
DO IGAUSS= 1,2 

WTFN(IGAUSS)= (1.0D0 - X X (IGAUSS))/2.0D0 
WTFN(NGAUSS-IGAUSS+1)= 1.0D0-WTFN(IGAUSS)

END DO 
WTFN(3)= 0.50D0

C
PI=3.141593 
NANGLE=4 
NSTEP=58 
ANGINC(1)=90.0 
ANGINC(2)=75.0 
ANGINC(3)=60.0 
ANGINC(4)=30.0

WRITE(*,9000)
9000 FORMAT(2X,'ENTER DIMENSIONLESS FREQUENCY') 

READ(*,*)FBAR 
WRITE(*,9010)

9010 FORMAT(/2X, 'ENTER OUTPUT FILE NAME')
READ(*,9020)AOUT 

9020 FORMAT(A20)
CALL JNU(0,FBAR,JNO)
CALL Y N U (0,FBAR,YN)
HNK02=JN0-(0.0,1.0)*YN 

DO IORDER =1,15 
WRITE(*,*)'IORDER = ',IORDER 
CALL JNU(IORDER,FBAR,JN(IORDER) )
CALL YNU(IORDER,FBAR,YN)
HNK2(IORDER)=JN(IORDER)-(0.0,1. 0) * YN 

END DO
C

OPEN(UNIT=60,FILE=AOUT,STATUS= 'UNKNOWN') 
WRITE(60,6000)
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6000 FORMAT(5X,'SEMICIRCULAR CANYON DISPLACEMENTS DUE TO SH WAVE') 
WRITE(60,6010)FBAR 

6010 FORMAT(/2X,'OMEGA*Hl/(Cs) = ',F5.3)
C

DO IANGLE = 1,NANGLE 
WRITE(*,*)'WORKING ON ANGLE = ',IANGLE 
PHI=90.0-ANGINC(IANGLE)
PHI=PHI/57.29577951 
A0=-2.0*JN(1)/HNK2(1)
B0=(0.0,4.0)*SIN(PHI)*(FBAR*JNO-JN(1))/(FBAR*HNK02-HNK2(1))

DO N=1,7
AN(N)=-4.0*(-1.0**N)*COS(2.0*N*PHI)*

& (FBAR*JN(2*N-1)-2.0*N*JN(2*N))/
& (FBAR*HNK2(2*N-1)-2,0*N*HNK2(2*N))
BN(N)=(0.0,4.0)*

& (-1.0 **N)*SIN((2.0*N* + 1)*PHI)*
& (FBAR*JN(2*N)-(2.0*N+1)*JN(2*N+1))/
& (FBAR*HNK2(2*N)-(2.0*N+1)*HNK2(2*N+1))

C WRITE (*, *) ' N, AN, B N ' , N, AN (N) , BN (N)
END DO

DO 1=1,NSTEP+1 
IF(I .LT. 21)THEN 
THEATA(I)=0.0 
X (I)=3.0- (1-1)*0.1
Y (I)=0.0 
END IF
I F(I .GE. 21 .AND. I .LE. 3 9)THEN 
THEATA(I)=(1-21)*PI/(18)
X(I)=COS(THEATA(I))
Y(I)=SIN(THEATA(I) )
END IF
IF(I .GT. 39)THEN 
THEATA(I)=PI 
X(I)=-1.0-(1-39)*0.1
Y (I) =0 . 0 
END IF
XKX=FBAR* SIN(PHI)
XKY=FBAR*COS(PHI)

C
FFLD=2.0*CEXP((0.0,-1.0)*XKX*X(I))*COS(XKY*Y(I))

C WRITE(*,*)'X,Y,FFLD’,X(I),Y(I),FFLD
PSI=(PI/2.0) -THEATA(I)

C
I F(I .LT. 21 .OR. I .GT. 39)THEN 
XKR=FBAR*ABS(X(I))
CALL J N U (0,XKR,JN2N)
CALL Y N U (0,XKR,YN)
HNK2N=JN2N-(0.0,1.0)*YN 
CALL JNU(1,XKR,JN2N1)
CALL YN U (1,XKR,YN)
HNK2N1=JN2N1-(0.0,1.0)*YN
DISPL(I)=FFLD+A0 *HNK2N+B0 *HNK2N1*SIN(P SI)

DO N=l,7 
CALL JNU(2*N,XKR,JN2N)
CALL YNU(2*N,XKR,YN)
HNK2N=JN2N-(0.0,1.0)*YN 
CALL JNU(2*N+1,XKR,JN2N1)
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CALL YNU(2 *N+1,XKR,YN)
HNK2N1=JN2N1-(0.0,1.0)*YN 
DISPL(I)=DISPL(I) +
& AN(N)*HNK2N*C0S(2*N*PSI)+BN(N)*HNK2Nl*SIN((2*N+1)*PSI)

END DO
C

ELSE
C

DISPL(I)=
& FFLD+AO*HNK02 +B0*HNK2(1)*SIN(PSI)
DISPL(I)=DISPL(I)

DO N=l,7 
DISPL(I)=DISPL(I)+
& AN(N)*HNK2(2*N)*COS(2*N*PSI)+BN(N)*HNK2(2*N+1)*SIN((2*N+1)*PSI) 
DISPL(I)=DISPL(I)

C WRITE(*,*)'DISPL(I)',DISPL(I)
END DO

END IF
C

END DO
WRITE(60,6050)ANGINC(IANGLE)

6050 FORMAT(/5X,'ANGLE OF INCIDENCE = ',F5.2,' degrees'/)
WRITE(60,6055)

6055 FORMAT(T2,'THEATA',T14, 'X/a',T24,'Y/a',
& T43,'DISPL1,T56,'MAGNITUDE'/)

DO 1=1,NSTEP+1 
THEATA(I)=THEATA(I)*57.29578 
XREAL=REAL(DISPL(I))
XIMAG=AIMAG(DISPL(I))
XMAG=SQRT(XREAL*XREAL + XIMAG*XIMAG)

WRITE(60,6060)THEATA(I),X(I),Y(I),DISPL(I),XMAG 
60 60 FORMAT(T2,F6.2,T11,F8.4,T21,F8.4,T37,2F8.4,T56,F8.4)

END DO
C

IF(IANGLE .EQ. 1)THEN
DO ISTEP=1,NSTEP+1 

WRITE(60,6070)X(ISTEP)
6070 FORMAT(F10.3)

END DO
END IF

C

WRITE(60,6080)
6080 FORMAT(/5X,'MAGNITUDE'/)

DO I = 1,NSTEP+1 
XREAL=REAL(DISP L (I))
XIMAG=AIMAG(DISPL(I))
XMAG=SQRT(XREAL*XREAL + XIMAG*XIMAG)
WRITE(60,6090)XMAG 

6090 FORMAT(F10.3)
END DO

END DO

CLOSE(UNIT=60)
STOP
END
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SUBROUTINE JNU(IORDER,XREAL,JN) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
BESSEL FUNCTION (Jn) OF A COMPLEX ARGUMENT 
INTERGRATION USING 5 POINT GAUSSIAN QUADRATURE 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1456789112345678 9212345678 9312345678 9412345678 9512345678 9 612345 678 9712

COMMON/1GAUS 5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN(5) ,XX(5)
INTEGER NGAUSS
DOUBLE PRECISION WT,WTFN,XX

DOUBLE PRECISION TOLER,HDELTA,AOLD,
& X(5) , Y(5),ATOT,DIFF,ADELTA,PI,AA,A,B 
DOUBLE PRECISION JN

Z=XREAL
PI=3.1415926535D0 
TOLER=.0 0 0 0 ID 0
CALCULATE BESSEL FUNCTION OF 1ST KIND (JN)
A=0.0D0 
B=PI
HDELTA=B-A 
AOLD=9.99999D20 

10 CONTINUE 
ATOT=0.0 
N=(B-A)/HDELTA 
DO 201=1,N 
AA= (1-1)*HDELTA+A 
DO 15J=l,NGAUSS
X(J)= AA + (XX(J)+1.0D0)*HDELTA/2.0D0 
Y (J)= DCOS(XREAL* DSIN(X(J))-IORDER*X(J))

15 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2)*Y(2)+WT(3) *Y(3) +

& W T (2)*Y(4)+WT(1)*Y(5) )
ATOT=ATOT+ADELTA 

2 0 CONTINUE
DIFF=ABS(ATOT-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT 
GO TO 10 
END IF 

25 CONTINUE
JN= ATOT/PI
WRITE(*,*) 'JN = 1, JN
RETURN
END

S U B R O U T I N E  Y N U (I O R D E R , X R E A L ,  YN) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
B E S S E L  F U N C T I O N  (Yn) O F  A  C O M P L E X  A R G U M E N T  
I N T E R G R A T I O N  U S I N G  5 P O I N T  G A U S S I A N  Q U A D R A T U R E  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C 2 3 4 5  6 7 8 9 1 1 2 3 4 5 6 7 8 9 2 1 2 3 4 5 6 7 8 9 3 1 2 3 4 5  6 7 8 9 4 1 2 3 4 5  67 8 9 5 1 2 3 4 5  6 7 8 9 6 1 2 3 4 5 6 7  8 9 7 1 2
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COMMON/IGAUS 5/NGAUSS 
COMMON/DGAUS5/WT(3),WTFN(5),XX(5)
INTEGER NGAUSS 
DOUBLE PRECISION WT,WTFN,XX

DOUBLE PRECISION TOLER,HDELTA,AOLD,
& X (5), Y (5),ATOT,DIFF,ADELTA,PI,CALC,AA,A,B 
DOUBLE PRECISION YN

CALCULATE BESSEL FUNCTION OF 2ND KIND, ORDER N (YN)
PI=3.1415926535D0 
TOLER=0.00001 
A=0 .
B=P I
HDELTA=B-A 
AOLD=9.99999D20 

30 CONTINUE
N=(B—A)/HDELTA 
ATOT=0.0 
DO 501=1,N 
AA= (1-1)*HDELTA+A 
DO 40J=l,NGAUSS
X(J)= AA + (XX(J)+1.0D0)*HDELTA/2.0D0 
Y(J)= DSIN(XREAL* DSIN(X(J))-IORDER*X(J))

40 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2)*Y(2)+WT(3)*Y(3)+

& W T (2)*Y(4)+WT(1)*Y(5) )
ATOT=ATOT+ADELTA 

50 CONTINUE
DIFF=ABS(ATOT-AOLD)
IF (DIFF .GT. TOLER) THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT 
GO TO 30 
END IF 

55 CONTINUE 
YN=ATOT 
A=0 .
B=10 .
HDELTA=1.0 

C HDELTA=B-A
AOLD=9.99999D20 

60 CONTINUE 
ATOT=0.0 
N=(B-A)/HDELTA 
DO 801=1,N 
AA= (1-1)*HDELTA+A 
DO 70J=l,NGAUSS
X(J)= AA + (XX(J)+1.0D0)*HDELTA/2.0D0 
CALC=XREAL*DSINH(X(J) )
IF(CALC .GT. 40.)CALC=40.
Y(J) =

& (DEXP(IORDER*X(J))+DEXP((-1.)*IORDER*X(J))*DCOS(IORDER*PI))* 
& DEXP(-CALC)

70 CONTINUE
ADELTA=HDELTA/2.0D0*(WT(1)*Y(1)+WT(2)*Y(2)+WT(3)*Y(3)+
& WT (2) *Y (4) +WT (1) *Y (5) )
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ATOT=ATOT+ADELTA 
80 CONTINUE

DIFF=ABS(ATOT-AOLD)
WRITE(*,*)'DIFF = 1,DIFF 
WRITE(*,*)'TOLER = ',TOLER 
DIFPER=ABS((ATOT-AOLD)/AOLD *100.0) 
IF (DIFF .GT. TOLER) THEN 
IF(DIFPER .GT. 0.01)THEN 
HDELTA=HDELTA/2.0 
AOLD=ATOT 
GO TO 60 
END IF 

90 CONTINUE
YN=(YN-ATOT)/PI 
ISIGN=(YN+.00001)/ABS(YN)
I F ( A B S ( Y N )  .GT. 10.0 * * 10)T H E N  
Y N = I S I G N * (10.0**10)
E N D  I F

W R I T E  (*, *) ' Y N  =  ' , Y N
R E T U R N
E N D
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