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gravitational Tnaded semi-infinitse planse: 4n ordsr  bo

snlive this probkiem.

The developed model iz tested zgainst aveilable
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CHAFTER Z
T REVIEW CGF THE LITERATURE

Z-1. A Review and Evaiustion of Subsdidenc—s

A mumber of methods have been proposed or appiied
o predict surface goround movements {(subsdiderncs  snd

horizontal stratin) dus. o underground mining. These

arprocaches carn b2 brosdly divided dnto  thres  groupss

i. Theaorebtical modeis basad on =lastic, pizstic,
visroslastic oF obther phenomenclicgical modsls which ars

widaely used in other snginssring Fielids.

Z. hMumerical methods. mostly used as  socliukicon=s to

~ompTex situations irmvoiving tir= mlhencnenoiogical
metiwds. Both these approaches assume that the strata  r

overburden banaves acoording to S spacific Elglal
eraedictabise marwmer. In gsing thwese models considerabkis
informetion descrioing the baenzevior of the overburdses iz
reguired, wminich hasrmften Fimited appiicabiiity of thess

methods. Furthesrnore. in order o adopt their resulits  to

Fimld  data,., a rnumbsr of adiusting coefficisnts may  have

3. Empirical or semni-empirdical methods arse based
Targeiy on & conbirnation of experisnce and  deitsiied
analysizs of & Targs mwmaer of obssrwved ground movenents

[

djad in the Linited  Eincdom

~

zind nave besn successTulivy appd

and European coaifisids.
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discreate deformatichal and colliapse mechanisms arse the
orimary modez infliusscing subsidence devealopment
{(Munson  and Berxliey. 1980). Howsver, to faciiitzte

coilapse mechanisms must. be

physicel models constructed to  simulizte  the

process (Whittaker, =t al., 1996). The &ffect of scaling
factors on this tvepe of nodel must tierefore raiss
questions  conterning the validity of the resuits.
aspeciaily since different typasymf material Eeﬁévimr

1 i

are invoived in the co

(i1 Clossed Form E

Were evoived from ths ansiysis of & dizsgliacensnt
discontinuity produced by & =711t i an infioite h&17-
SPECE miastic madia. Orziviical Procedures wWeEre
supseqguantly developsd Tor thraees tvpes of unhderground

aztic ground conditions (Be=rryv,

o
[53)]
h
o]
L

AdditcionaT work {Berry and Salss, 1981 =nd
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DISPLACEMENT BOUNDARY CONDITION
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PLACEMENT BOUNDARY CONDITION
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PLACEMENT

APPENDIX A ANALYTIC SOLUTION or DIs
- - DISCONTINUITY 1IN A HAL? PLANE
This appendix inciudes the analytic solution of the
preobiem for the ;isplacement discontinuity in_ a heaif
plane that is dif@ctiy taken from the Boundary Element )
Methods in Solid Mechanics bookl{Frouﬁl .and Starfield,
1981} . )
_ Displacement Discontinuity in a Half Flane )
- The  probien . of a COnsiant &ispiacement
discontinuity over the line segment gx§£ a § = 0 in
the semi-infinite region . ¥y £ € is gepicted in
Figure A.1. The origin of the local §,§v co—-cordinate
system 1is at the peint x= &x , ¥ = CLC¥ {(where
Oy <« O ;. The displacement discontinuity componentzs are
Dx > O and D§ » 0 . The analytical soliuticon to this
probliem can be obtained‘by using a procedure known as the
method of images. The details of the derivation of this
but a brief d@scription of the method of images
nd the basic formief the

method,
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the Tocal xX.v co-ordinates ars ratated to the Qicbhad =.v

. —mrd1ﬂ ea by transformation formulas.

% ={x=Cx)cosp + (y-Cy)sing’ ]
- : - (27
B ; == {x-CRizind + (yv-Cylcosp - )

sauzbior {( 3 }.Tiis furchion witl be derhobsd a3




w—m) /{{w-m) B4y )

Fox %=F5 06, y)=1/4m i) [{x-2
—£§+§3x<§§+asa%§zi§ _
Foxy ;=Fé(;,§>=i/4ﬁii-v)Ei(g—abﬂ-;23/€€%;322+;1)3
. —££:+a}2—;2)f€€;+a2ﬁ+§2;i3
v v %o ) =EV AT 1-v) [ (x-2) / { (%-2) Ty 2) )

~ (xR} S ({nta) Ty 2]

" denotes the partial derivabtdive of tie  funchbdion

o 2iven Tabslis.

y = Duei{il-ZvicoslFE

a v & - =
oy [ = {1 -2vI=inpra+tZ2{l-viIcospFE~-v{sinpBFé—co=p
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Opy = ZEDRISINEEF4-cosZBRFS+y (31nEp

{342 The dispiacements and stressss dus o tihwe dnags

goeiution  dim o this cass can be sxpressed im0 beree of =2
i_ _
Furmchion Filx'.y'}), definsd for the dmage Joceb  co-

I .
Fixt v i==i/4ml{i-viiy ' {arctani{y A=’ a2 ) ~fy ' A=’ +x2 )
{ & 2
(' -m) i {x"-a) 24y " 234 {x" Fad Tnd i i 4+ad 24y " 23 ]

CThe ®w.y g ¥,y co-ordinates are reiated by  Lee

®" =lx-Cxloosp-(y+Cyising

{772

whick arse obbtzined by repliacing Ly amd B i sguaticn (22



Now, it can be shown (Crouch - 1976a.b2 that the

aispiacements arnd stressss for ths suppisnentsry SO

it iz possibie, thersfore. to quote the Firad resulits for

I
e combired dispiacensnts Ui + Ui arnd stresses

iz *
g 1
G54 - Danobing the derivatives of funchion FR'.¥") a=:
I _ - I _ - I - i _ -
EF{x’, v ")/ 0x" = F2{x",¥") -, SFi{x’ ¥y 7/ by’ =F3{x",¥y")

. r C
EZF{a " 3EF ',y ) /5" 8yR! =F&(x",¥v")
ey -

FNE R S APV I 2 SV =FF{xt, v ")

I 5 :
it s fownd that the displacements Ui + Ui dn the glcoba’l

co-orainate system

I = _ , I T
iswslin=Du [ (1-2viesinBFZ-25i-viIcosBF3
_ I
4 {34 {veinZB-vsinB) +2ysinZBiF4

A
& e

F{{R-4w) (voosZB-yoosRl -y {i~Zcos2ZB) FFS
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-2y {ysin3f-ysin2P}F7]
¢ 83
i 5 : I A | ‘
Uy+Uy= ﬂx{—”i —2vicospBF2-2{i-v;sinBF3
_ - ¥
—{{3-4v){ycosiB-yeosBl+y{i-2cos2B) }F4
_ I
+{{(3-v}{ysin2B-ysinB}-2ysin2B}1FS
- T T
+2y {ycosldf-yecosiB i Fe+Zy (ysin3G- y51RZB}F i
_ I T - I
+DyI{i-2v}sinBF2-2{i-vicosBf3-(3-4v} (y3inZPB-ysinB)}F&

T
+2¥ {y2iniR-y3in2P}F6-2y {ycos33- ycosZB‘F?;

T 8
Finally, the stresses ojji+0;i; associated with these
displacements are -
I 5 - T ¥ I

O+ Oy =26DX [F4-3{CcOo828F4-51n2AFS)

e
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AFFENDIX A1, SUBROUTINE INFLUENCE CORFFICIENT
This appendix  includes the isting of wnedified influence

coefficient in fortran language.The Tine nupbers show the place the
rodification 13 done in the progran.

COMHON/ 81 /P, PR, PRI, PRZ, PRI, CON, CONG

P33, -4, PR
gs )
PR LT TR BT LT ot PP S E L LTS SR P LS DL L T ST I P LIS PRSI P S 1 L
e %
o* THIS SUPROUTINE CALCULATES INFLUENCE. COEFFICIENTS OF 5edl ¥
e INFINITE FLANE FROBLEM SGLUTIONS ®
Cx 2

CREEREE RSP S R R LR RS AR S SRR e DA S S SR SRS R RSB SFERTL LIRSS
; SUBROUTINE COEFF{x,Y,CX, LY, #,0088, 5108, 5Ve)
RS .
C@G%W/SUPLF?;"M Rz, PR3, COM, CONS
COMMON/ 52484 504, 5YY, BYYN, S5, SRV, LS, LN, LVE, LY
Iy

THYDS=(,

THYDN=E,

TYYRE=G.

TYVDN=0,

VADS=0.

LADS=0

UGSZ':-:%S £42-SINEse7

SINZ8=72. *SINR*CGSE

C08B7=0088%7

SIND2=E1MB#*Z

SIN3B=CINB*C0S2E+LOSR*5INE

{0538=C08B4L0S2B-SINB*EINED

SINAB=8INZB*C0RZB+00R7RA5INZE

{0548=00578%C0528~8INTR*SINB
OSSR ESREECIR S AR LR SRR DI FEREERH AR RE LIS RIS ELREUIILE RIS EREROTLIIE

i

5

b‘t‘

s THIS PART OF THE SUBRCUTINE I8 FOR THE ACTURL INFLUENCE @
ge COEFICIENT CALCULATION OF SEMI-INFINITE PROBLEM #
T T T R e R L R R S g g S S T R P L T LD

- A Kp= {X-0X) 8008R¢ {Y-CY I 8IMR
YE=- (K~ $BINE+ (Y-0Y) #0088

RiG={%E-A) #824Yp847
P2G= (KRR ML YEEZ
FLI=G. FHALORIRIS
FL2=0. F*ALOGRIRZE)
FRZ=COMH (FLE-FLZ
IFOVB.NE.S.) BB TR B0
FE3=8,
IF{ABS{XB) LT, &IFBI=CON#FL
G070 2
H FE2=-COM* (RTANI (NB#R) /YB) -RTAN{ {XB-R1 VB )

Ling Nupber

-
LF] > bed
D MY D



oo

FRASCONC (YB/RIS-VE/R28)

FESCCINE 1 {X8-0) /R15= (XBHR) /A28

FBE=CONS { { {NB-R) #32-YB®2) /R1BE%2- [ (¥BIR) #82-YES42) /R2B9%2)
FB7=2, SCONSYBS { (MB~A) /R15%#2- (XB+R) /R25%%2)

VXDE=~FRI4SINDSFB2¢PRECOSBFEI1 YR (SINDOFB4-COSBSFES)
VADN=~FRIPCOSEOFBZ-PRZOSINEFRI- V% (COSBOF DA+ SINBOFED)
VYDSsPRISCOSEAFB2+PR2MEIND#FES-VE*® (COSB FR4+BINBOFES)

VD= ~-PRICBINB*FEZ4PRISCOEROFBI-YB® (BINDOF B4 -C0BBHFES)

TRDE-CONEY (2. $C0SB2F4+ BINEBOFBI+YB® (CORZBSFBO-8INZR%FET) )
THEN=CONG® { ~FES+ VDS (BINZBSFBESCOBZBSFETI)

TYYDE~CONE® (2, SBINBZOFB4-STNABSFB3-Yo° (COSZRAFBE-RTNARYFET) )
TVVEN=CONG® (~FB3-VB* (STN2B*FD5+COSZB4F BT }

TAYDS=CONS* (SINZBOFB4-COBZRSFES+ VB* (STNZB*FB6+ COSZB4FRT) )
THYDN=CONS® (-VB® (COSZB*FBE-GIMNZBOFRTH

¥
kit ddidadaddiad gt ddddaaaaganaigibblida ddat et daeidet i dast ik g il

oo
by
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e

pceiaaa s

by
Ry

) DD

L+

3

B
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THIS PART OF THE SUBRGUTIME 18 FOR THE INFLUENCE COEFICIENT
{F SUPLEMENTARY AND IMASE SUPERPOSITION OF SEMI-INWFINITE

" PLANE
53 I T U P LT P L LR L D R LTt
Cr = {(X-CX3 50088~ (Y4CVI #5TM
h 3 F¥810B« {V+CY) 5CO88

8 9 o

CF~R) 4247997
HF7

iR
o
n
gt
R
e
D
£y
<
P ]
b
el

& 76 3

FH3=-CONS (ATANC(CF+8) /8F) -ATAN T (CF-Ri /dF )

FrA=CONS (1 /RIG-HF /R45)

Fro=C0N ((CF-) /R3S~ (CF4R) /R45}

FHE=CON® { { {OF -R1#52~HF o062} /R3E98 7~ { (TP 11 #82-HF42) /R48097}

rFr7=2. SCONSHFS { (CF -0 /R35992~ (CF 4R} /RA802)

FriBe =2, SCONSHF S [ {L{CF R 3920 #472) 42, L ICF-R) 992-HF 52) ) /R3E%93-
PLUHCFeR) #024Hr #9020 42, € ({OF Q) #02-4F 092 ) /RAE%E0)

P92, SC0N0 { { (OF-R) 024F 992) & (OF ~A) & [ (CF-R) 8924, 51 ®
n (CFERY S {ICFAR) PR24RFEOZ) 8 (CF 2R) 2974, HFOST) /RATEC4)

o
<p
™)
p
oy
§§
[3d
€«
o

LDE=PRI *SINBOFHR-PRESCOSBFHI (PRI% (VSBTNZB-YBORTNE) 42. 9V081N7B
B) RS (PRI% (YSCOS2E-YBSLO8E) ~Vo (1. ~2. 0C0R2B) ) 6FHT42. 9V9 (YOZINIE~1E
CRQINAD) FFHE-Z. #YR (YSLOSIR-YRE00IB) 747

23

5

GREN=FRL *CO3BOPH2APRESS INBSFHA- (PR3S (900828~ YBYC08B) -
YS31N28~ YB3 TNB) OFHS-2. ¢1¢ {Y5C080R-YBO0082B) 4FHE-2. 29
BOSTNI) FHT

Ui¥DB=-FRI “00BBIFH2-PRASGINBIFHS - (PRO%{Y200878-YB9C0%B
5C0828) ) 4FHA* (PRA® {YBTZB-YBRSTNB) ~2. SYISINZB) FHD4 2. ¥
SBSCORTE) SFHBET. PYE (VOSINIB-YBOSINGE) OFHT

Py

<3

& e



&%
e

s

QR

U DN=FRE*SINBSFHZ-PR2ICCRBAFHI~PRI® {YSEINZB VB2 INBI FHA~ (PRI®Y
#300528-YBHCOSE) +Y) RS2, ¥YR {YR5INIE-YEOINZE) ¥FHE-2. 3V (Y*QOE5B-Y
$pHC032B) #FH7 -

TIAALE=CONG* (FHA-G.  (COBZB*Fr4-SINZB¥F 1) + (2. ¥V% {CO8B-3. *COS3BI43
&, $YRCOS2B) AFHA (2. 9YS (SIND-. $8INGE) 43, 3YB*SINZB) SFH{7-2. #Y* (Yo C08
~#45-YB*CORID) $FHE~2, Y (Y4GINAD~YB*SINGD) T -
TTXMDN=CONG* (FiiS+ {2, Y% (SINB-2. “SIN3E +3. #YB*SINZB) SFHE- (2. 5V (0
*88-~2. COSGB) 3. $YBHCUBZB) #FH7-Z. #¥# (Y#5IRAD-YDeEINIR) FHB+ 2. #Ys (Vs
#CC54B-YB*C0G30) 4FH%) :
TTYYDS=CONG® (FH4~ (COSTB4FHA-STNZBHFHS) - (4, *Y*BINB#SINB-YBSI082R)

$4FHE (4, ¥YSSINDSCOBZYBASINAB) P42, #Y¥ (V#CO04-VBSCO5IB) %FHg+Z.

ERYB {YeGINAE-YBSINGR) #FHD) :
TTYYDN=CONS® {FHZ- (2. SY3STHB-YB*SINZE) #Frib+ (2, *Y*C08B-YBeC0528) #FH

¥4, #Y#{Y*SINAB-YD#BINOB) $FHE-2. $Y# (V¥C084B-YB*CO50E) #7HD)
TTXYDS=CONS*® (SINZB*FHA+CORZBSFHT (2, #YFEINDS (1. ¢4, SCOBZB) -VB4SINZ

“BYAFHE (2. Y9COBB* (3, -4. SC0BZE) +YB*COB2BI ¥FHT+ 2, $Y#{Y3ETNAE-YB#EIN

#3IB) AFHE-2. Y {YRC054E-YBHCOEB) FHT) .

© TTHYN=CONS®{ (4, #Y#5INB*SINZB+VBHCEZB) #FHA (4. $YSINBUCOS2B-1B48

YINZB#FH7-2. ¥Y5 (Y40084B-YRCOSTR) #FHE-2. #Y# (YS5INAB-YE*SINIR) *FH%)

ADS=VADS+ULNRS
UKDH=VADMUADN
UYDS=VYDEHAYDE
UYDN=WYRRAULYEN
URg=UKEHIBSIDE
U= SN
UYE=UYSHNBYIAYES
SYNUY YN

SRDE=THIDS T TS
DN THADN TTRRDN
SYVDE=TYYDSLYTYYDE
SYVEH=TYYBN+TTYYDN
SXYDS=THYDSHTTHAYES
SAYDH=THYDNE TTEVEN
SHRG= MBS YMASHATS
SYYG=BYYELMEWIEYYDE
SV H=RY YN SYYIN
SHYS=SHVEREYIHA SR

RETURN
i
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APPENMRIN AZ. COMPUTATION OF TANGEMTIAL 5TRESS PROGRAM 1IN

FORTRAN LANGUAGE Line Munber
DINENSIGN TITLE(S0),D5(100),D0(100) , AMa(100) KOD(1G) s
COLL SIGTAN (A.DS, DN, ANG, SIBT1, STGTR, BIRTH, I, MMBE) T,
WRITELS, 170 1 DITE), USNER, LSPOS, DTN} , GRNES, LNPOS, UXNES, LYNES, ait
P03, UYPOS, STGS, SI6N, B16T1, SIATR, SIETH 312
mmmwm:mf,%m:mmgwmwww*:*.:*:rwwmwww%wwmwww pENRLd 533
gt . .
0+ THIS SUBROUTINE CALOULATES TANRENTIAL STRESS ALONG THE I .
o BOUNDARY % i

L TT IS L PR PP VI LT R L e DS LT TR R L T
SUBROUTINE SIGVAN (R.DS, DN, ANG, SIGTI, SIGTF, BIGTN, I, NUMBE)

b
COMMON/SL/FT, PR, PRI PRZ, PR3, CON, 005 ‘
e
o
5]
DIMENSION AC1003 DN(100) DSCIG0) NG (100)
K
FANGLD)
BRNG(T+D)
7:G-F
[
1F{1.E8.1)80 70 10
HeRMG(I-1)
<F-H
IF (1.ER.MABEIGO TC 28
DELE=H(I~1)#C05 (V) €258 (1) 44 (141D 3CIBLD)
STGTDI=CONG/PR2# (D5 {T+114C0G(Z) -DB1I~13 2005 (V) DT+ 1) BGIN(Z) O
#{1-1)GIN{V) }/DELS
e

B 706 130
id PELE=A{I} $A{I+115C08(0)
BIGTDI=CONG/PRZ*(DR{1#1) *008(2) -DNII+ O ¥EIN{Z) -DET) ) /DELS
(e FRINT/. DELS, 1671, SI6TDL DE(I), DAN(DD
60 70 136
it ELE=A(1) +A{I-1)*005(¥
SIGTRI=CONG/PRE*(DB(1)-DE{I-1)=C08 (VI -DN{I-1128IN(V} ) /2ELB
&
136 SIGTP=5I8TI-SIGTII
SIBTN=CIBT148I6TDI .
E%EOM’.% L]
END 575

(X3
T



AFPENDIX AG. CONMFUTATION OF HORIZONTAL STRAIN IN FORTRAM

LANGURGE
DINENSION WX{108), %P {1002, 8TRI10G)
bt e i oA T e P R e SR R I T R e S 2R LI L LR ERE 3
s %
¢%  COMPUTATION OF HORIZONTAL STRAIN-BY USING FINITE DIFFERENCE ¥
(R METHGR ‘ #
ce ' %

CFRRERRa R ERRORREORRRINRRERRRRIRIRRLRRLLLPLALRRLLL PN S LRPLFEVE SIS IR SLY

HRITE (6,20}
B0 892 NI=1,hUMF
CALL STRAIN (UM, XP, NI, 5TR, NGHF)
WRITE (6,22} NI XPINID,STR(ND -
e L R e Tt

os . . %
g THIE SUBROUTINE CALCULATES THE HORIZANTAL STRAIN AT . #
Ky SFECIFIED FOINTS %

Rl Eat s eaa Rt T g SR T R ST eI R S e TR 2 P R TR R T SRR L
SUBRCUTING STRAIN (W, KF, K1, 5TR, NUMF)
DIMENSION UX{100) , RPLIGR STRUIGD)
IF{KI.E&. 1) G570 i3
IF (KI.Eq. MUNFY 8D 7D 14
FA=UR KT ~UHKI-10
HPS=YP KT 1-HRIKI- 12
STRIKI) =FY/FSE
66 70 173
FR=UX (KT ¢ ) -UAKT
XP3=4P iKL+1}-¥PUKD)
STRIKII=FR/PS
8370 178
i4 FR= (KT LR IKE-13
HPg=aF (KD} AP (KI-1}
STRIKI)=FY/¥FS
i78 FETURN
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Ixd
e
s

COWPUTATION OF BOUNDARY ELEMENTS BY USING

AFPENRIX A4, DIVIDING THE SEBMEWTS INTG

- - PROGRAMMING IN FORTRAN LANGUAGE

MUNBE=0

PMEEG=Y .
IF(NGER.EQ. MUMBS) 80 TG 1
NSEG=NSEGH )
MELG=8,

RELG=NELE

ELEMENTS

READ{3, 14) N, XBEG. YBES, XEND, YEND. KUDE, RDS, PATIC, PAI, VS, BUN
CEESRHEREERLER RIS RERP R SR RIS EARRLERERERLRERRERTREDLRLLRTN ORISR IR ES

CIRCULAR OR ELLIFTICAL

%
2
%

SEGMENTS
P L EE  EPEEEE TE P AR LT ST S T R e L e I L TR T R
IF(RDS.E6.0.) GO 70 &1
IF{RATIG.EB.8.) RATICL.
GINPSI=SIN(PEI*PL/18G.)
COSPSI=COS(PSI*FI/ 160,
Gb=.1E-18

806
403
£81

=RATIOHCGS (XEND-PEI)#PI/188.)
IF(ABS(GA).LT.GD) GA=GD
BR=RATIOHCOS{{YEND-PEII #PT/180.)
IFIABG(GE).LT.GDY GB=ED

CHIT=ATANZ (STi{ (AEND-FOI) SFT/ 180,20, 80)
CHIZ=ATANZ (SIN((YEND-PSI) #P1/163, ) ,6B)

DOHI={CRIZ-CHILI/NUK
IF(ABS{RCATY.LT.GDY 80 70 666
BC=DCHI/ABS (DCHID

a0 Ta 665

Gh==1.

DORI=DCHT# ((YEND-XEND) /ABS{YEND-REND) ~GC) #PT/NUN
NUMBE=NUMBESS

Fi=DHEE

CHI=CHI14RELGHPORT
EX1=RDS*(COS(CHI) *SINFSI+EIN (ORI} #COSFET2RATIO) +XBER
EYi=RpSt (COS{OHI) #COSPSI-SIN (CHI) *EINFST4RATIO) ~VBEG

CHI=CHI ORI -

EXZ=RD5#{C05{CRI) *EINPSTSGINICHT) #COSPSI#RATIO) +XBEG
EYZ=RDG* (COS {CHI) $0GEPSI-BIN (ORI} *BINPSI*RATI £
G = FHELLHEXT)

YN () =-. 38 (EVI4EYD

DE=EXZ-EXL

PY=EYE-EY1

IF(ARRIDAY AT, (- E-12)5RDEI DH=0,
IFIRBSIRY) LT. (. IE-130%RDG) D=0

SH=GGRT (DXPRDYEDY)

M) =, 300

SINBET (M)=-DY/SH

COSBET (M =DX/SH

AN () =ATANZ (SINBET () , COBBET (D)

KOD{KI=KBIE

Ml=ZH

h 1060




HE=Hh-1

BB =BYS

B =B

NELG=NELS+

RELA=NELG

IFINELG.LT. MR 80 TO 601

& 10 768 _ ,
SEEESELSESREORARISRRAISRLLERSLLR0ELLCRFIDSIRLRILANLLEREINGLPEL2E

<%

¢ CONPUTATION GF BOUNDARY ELEFENTS BY USTNG STRAIGT LINE SEGMENT
PTT T PR T LR Tt LD T eI I bbbt e it S S ekt e i e g

801 KD= (¥END-#BER} /RS

= {YEND-YBER} /NUH

SHeSRRT (SRR HDAYE)

RELG=D.

PO 150 HE=1, M

MUMBE =IUMBE 5

H=NUBE

RELGRELGH

NELG=FELE

(M) =XBEGH. 3% (2. 46E-1.) 90D

YR (R =YBER4 54 (2. #E -1, ) 9D

A=, 5554

SINBET () =i/ 56

COSBET () =¥/ 86

G () =ATANZ (SINBET 48 , COBBET ()}

KaD 43 =4CRE

Yi=2si

HE=i-

BiS) =B¥3

B ) =BUK

IFINELG. E5. 009 B0 75 704
%
0 CONTINE
WRITELS, 133
PO 143 Mei, MAEE
817E=2. %4 1)
AGLE=$80. SATANZ (GINEET ) , COSBET (0 ) /71 .
BRTTE(S, 131 M.KOD (03 , KM VIR0 BIZE, ANGLE, B2ON- 13 BIZ#H)
CONTINGE .
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AFPEMDIA B COMPUTER PROGRAM FOR THE T DIMENSIONAL
DISPLACEMENT DISCONTINUITY METHOR (TWODD)
FORTRAN LISTING (%)

SNFILE  SUEND=RISK, TITLES"TWDE",FILETYPEST)
C¥FIlE  SUIKIMD=PRINVER, HARECSIZE=132)

CRE0SES00R A R0 BERREARERREE RS OLESRORUREEAGEOUERRONERIFASLIEOR0RPRTS
I N : 3
ge YH FROGRAN IS A HODIFIED THO DIMENSIONAL DISPLACEMENTY ¥
N DISCONTIMUITY DOUMDARY ELENMENT METHOD FOR SENMI-INFINITE ¥
£e FLANE #
e @
CRsTEERsSeReRoRLRsRRETENEOAOOOLERURERREREECESATERERERRRNRELURRFOIARE

COMION/21 /P, PR, PRI, PRZ, FRS, CON, CONG
COMMON/S2/ B8, S0, SYY5, BYYN, SHYS, BV, U8, UAN, UYS, UV
COMSON/23/C (200, 2061 . B(200) , D {2601

Loed
o5

DIVENSIGH %4{106).¥{1062,4(109) COSBET (1607, SINBET(100)
DINENSION TITLE(501,D81i60) . DN(10G) , ANG{106) Koplics!
DIMENSION UX(1681.%P{160) . 8TR{1G0}
ot
PeAl 13,10 OITLE(DD,1=1,20)
WRITE {6,2) (VITLE(D), 1=, 20}
RERD (3,3} NUMES,MUWOS.KSVH
READ (T4 . PR.E,XSYN, VEW
fEAD 13,50 AR, YK PAY
WRITE (6,6 NUMMES, MUMOS
&l T@ {65,83,96,930, KW
*{6 7

8 B 8
H N R
Shedhed-
il n’ m
mem
‘:’” 2
U') Q‘)
L= T
B35
5=

= Dy

=D

COMTINE
WRITE {6,100
WRITE 16.120 %“%@&‘nm‘i’ﬁ'
PI=A%ATANLL
LN, F(4%PT% (3. -FRY)
COMG=ES {1, 4FF)
FRizi.~2.%1
FR2=2.%(1.~P%
PR=3. -4, 9FR
s
Lt DEFINE LOCATION, SIZES,CRIENTATIONS AND DOUNBARY CONDITIONG OF
cs PRARRERY ELENENIS -
MREE-L
MEEG=0
IFINGES. FQ. OB B T W
NEEG=NEERS]
MELGS0-

=
=

102 -



- RELG=NELS
REAR(E, 14) MUM, XBEG, YBEE, YEMND, YEND, KG&E,RB%RMIG PaI. BvS, By
It i s gt i it da s dd &wwwawv#@&w»z:wz;#c:a%w@#mmsss
o %
£% COXPUTATION OF BOUNDARY FLEWEMTS BY USING CIRCULAR OR ELLIPTIOAL +#
¢t , SEGHENTS , %
i dsadadd kb ddaiaadidddaddaaddeagaaadidddaddud bladadanadd i addgd i 1 2
IF{ADE.ER.G.17 G0 T0 261
IF{RATIC.EG. .1 RATIO=1.
SINPST=BIN(PEI*PL/180.)
COEPSI=COS(PEISPI/186.)
8b=.1E~18
FA=RATICHCOS{ (MEND-PETI*PT/ 1800
IF(ABSER) .LT.GD) &A=6D
@B=RATICHCOS( (YEND-PSII #P1/180.}
IF{ARS(GR) LY. 6D} GB=5D.
" CHIT=ATANZ (BIN{ (XEND-PSI)#P1/180.0,GR)
CHIZ=ATANZ {STH{ {YEND-PSTI PI/ 160, ), 68)
DCHI=(CHIZ-CHIL) s
-IFIABSIDCRID LY. GD) G0 T0 466
GL=DCHI/RBRIDOHD)
G0 70 605
&6 GC=-1.
§05  DCAT=DOHIS( (YEND-XENDS /ARG (YEND-KEND) ~BC) $PI /NI
31 NUNBE=MUWBESS
H=NuMBE
CHI=CHII+RELEDONT
EX1=RDG* (COB(THT} *BINPST+BIN{CHI ) SCOBFSTRATIO) +HRER
EYi=RDE* (CO5 (LK) *CO5PEI-SIN(CNT) *SINPETYRATION ~YBES
CHI=CHI+DOHI
EX2=RD3% (08 (CAL) *SINPST+8TNCHI ) *COBPBI*RATIO) ¢XBEE
EYZ=RDE® (CO5ONI) *COSPEI-51M (CHI) *CINPST*RATIC ~YEEG
HAE = 3R ERLSEND)
YHh{ig=- ZE(EVI4EYT)
PR=ER2-EXL
PY=EYZ-EY1
1F€ BS{DHI LT 40
IFEBSOYI.LT. (.
SH=CORT (DRSPHADYHY
%”D’ SRGH
SIMEET () =-2Y/
COSBET (i) =DR/ gM
ANG N =RTANZ (STNBET (0 . C@&Bﬁ' i
0D (M =K 0DE
1R4=25%
WE=N~1
BiNBY=BVS
BN sV
MELG=WEL 2§
FELG=NELE
IFGELE.LT. B G2 TG 681
8 79 704

iE-
ie-

ety
P
Tk
Lok



DEaReRseeRR0tR0UR0RCRRNRREREE0ECR0RRENOONRRENRONCRONDISIESIRNINERENE
e . ) %
£¢  COMPUTATION OF EGIMDARY CLEMENTS BY USING STRAIGT LINE SEQMENT ¢
CHRRERORREORNREREERANCRESRRLLPLETINGREEICNIREISIVPOTTANLANRTE2LPE00
801 AR={MEND-XDEE) /NN

VD= (YEND-VBEG) /U

Sh=SART (ARRNDIND)

EL&=0

PRIMBE=MUBE

H=NBE

RELS=RELEs1

MELB-RELE

W) "HBER . TR 2. NE-1. 13
Y iM) =YBEG. 3802, NE-1. 370
A= 500

SINBET (HI=YR/RY |
CORBET M) =MD/

ANG () =RTANZ (RTNBET (M), COBBET 1)
K00 () sKODE

=2

H8=H-1

B{NZI=B¥3

BrNI =B

IFIMELG.FQ.NUM) BD 70 708

¢ W02
110 CONTIRE
3 WRITE(G IR

B0 113 =1, MUMBE

SIZE=Z. SR

ANGLE=180. SATANZ {SINBET (M) s COSBET (i3 3 /7%

HRITE(G, 13} W, KODIH) /N1 - YHIK) . SIZE. ANGLE, BI2%0-1), B (24N}
§  CONTINE

i
P 2o e B Oy o £y o by 2 o 2y 0 oo P ot e o do s #p oty o iy e ot P ot o o o By e s e it B P s P o 0 Py i da i e o e da i e o oy
P PP PRI o ety [ A R AR AR R A P A R R e

W T WP @ P e

,“' % > & 4 &
Le ARJUST STRESS BOUNDARY VALUES 7O ACCOUNT FOR INITIAL STRE2ZES. ¢
ciiaaaiadadaaddapdoadad i s aaddaaadaviaddaddadagad g aadadtanded
DO 138 N=i,NUMBE
S
No=Nt-1
COSR=COSRET (%)
SEND-SINBET (M) -
FYY=TH (N SGARER
FRE=YRSFYY
=0,
BI68= (PYY-FXR) SEINBOCOSERHYS (COBEAC03E-FINB*EINE?
SIGN=FHXeSING*BINE-7, SFHYSEINESCOSBeFYYSC08R%C0B
&6 70 (120,138,130, 1461, K0P
120 BNE)=BINGI-54E5
BIoEE =B (NN -BI8N
&0 76 156
435 BN =B ~SIEN
& 18 138
140 BiNGI=RINZI-SIE
i36  CONTIMUE

S

.
s
=



e
Fxc
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gr
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Fas -3
R

| CONPUTE INFLUENCE COBFFICTENTS AN SET UP SYSTEN OF ALGEBRAIC

EGUETIONS

20 200 I=,NMEE
125

18=Tii-1

HE=HHID)
YI=1(}
COSBI=COSBETIT)
SINBE=BINBET {1}
KEDE=KODT)

DG 3060 J=1,NUMBE

Ji=ge

$g=3h-1

CALL INITL
AJ=H (3
Y=t
COSRI=CORBET {
SINBJ=SINBET{
RI=A(J}

CALL COEFF (ML, VI %4, YJ.AJ,COSBJ, 8INBJ, 41}
G0 10 (246,210,220, 736) HEWH

- .
Y
47 - -
74

o

£3=2 HEVE-HD
CQLL CGEFF ﬂ‘\‘If yI: x«;: YJ: @n;p CQSEL "333‘3‘5; -g}
g3 TG 740

¥5=2. SYB-YT
CALL COEFF (XI.YI X3, YJ.AJ,-C05RS, SINBS, -1}
&0 6 246

£3=2. AR )

DALL COEFF (X1, Y1, X5, Y3, AT, COSEJ, -SINES, -1}
Ki=¥ndi)

Yi=2. BYEH-YHID

CALL CORFF(RI,¥1,X5.YJ. A5, -COSBS, 8TMBJ, -1)
HF=2, RS- )

CRLL COEFF (M1, Y1, A3 YJ. A3, -COSBI, ~BINBS, 41

COMTINUE -
60 TO (230,260,274, 280) JXODE

04318, J3) = (BYY5~BE) s3TNBI“COSRI +ONYE (COBBTIA42-CIHBI*42)
CAIB, 301 = (BYN-8000) $5THBT *COSRT + SXVNR (COSBI*2-SINBI*42)
CUIN, JS) =EKKEISINDT 672, Y8 YE*SINB T *CORBT+8Y YRR COSBI N2

CLEN, JH) =BR0NCEINBT 927, vEX VIS INB T *CORRT 4 BY VNS COBB1 942

& 10 206

CL18, 383 sUp8eCoRBT+UYSPaINEL
CLIZ, JN) =N COSRI AN SINGT
CiIN, J8) =-UXS*SIHBT «LYE*COSET
CUTN, i) =- LN e B INBT UV COSRT
& 73 206

Fs
pic’
A



K

27 (I8, J8) =UXS*COBBL VS STT
G185, ) =UXsCOSRT +LYNSSINET
CLIN, J5) =5HK3SETNBTI#52-2, *SX VS4B TNBT *CORBI +5YYB9C0ERI442
CUIN, N} =GN ESTNBI#92-2. SV SINBT #C0SBI + SYVNACOBRI%92
& 79 356
(s

280 . CU15,J3)=(8YV3-SHX5) $EINBISCOBRI+BAYE® {COSBI##2-CINBI*Z)
CLI8, 3} = (SYVH-200) #STNBISCOSRI +5XYIN* (COBRI#4Z-81NBI#42)
C{IN, J8) =-LKS*GINRT +UYECO8B1
CLTM, JN) =-UAN*STNBI +VN*COBBT

e
360 CONTINME
o .
c# S0LVE SYSTEN GF PLGEBRAIC EOUATIGNS
o
N=ZeiilEE
CALL SeLVE(W)
Cs  _ SEPARATICH OF D AND DI ARRAY FROM A COMBINED ARRAV
cs
PO 311 K=, MME
JN=2%
J8=JH-1
hattegnioni
PEGI =D (I8
311 COWTIME
e
g

ot COMPUTE BOUNDORY DISFLACEMENTS AND STRECEES.

&

PST=08(T)
PHI=DN(T)
ARBT=ANE (1)
AT=R(D)
KI=RHT)
I
SINBI=8INBET ()
COSBi=COSEET (D)
e
UREE=G,
PYY=YIORANA
FRK=YKAPYY
FiY=g.
BIGYY=RYY
STGHY=PRY
B0 570 Jeb. MAEE
=245
JE
CAL THITL



Ri=geld

YI=YRLT)

A=A

{0587 =COBBET (40

SINRJ=RINBETIR

CALL COEFF YT VI %3, YT,A5, 00085, BINBY, +1}
8 70 {340,318,570,330) k5%

TG KI=2. SHSVNANBIE ,
CALL CORFF(NL, VI, %5, Y3,A9,C0887, ~SINGT, ~1)
&0 70 546

3Zh V=2, SYBYR-VHID )
CALL COEFFIXI, VI %J,¥J,AJ,-COSB, SINBJ, -1}
G0 70 346 -

T3 AT=Z.HSYH-AILI)
CRLL COEFF (A1, Y1 %3, J,43,0088), -SINBY, -1
"AI=RY L
¥3=2, $YSYN-YH{J} . -
CALL COEFF (KT, VI, XJ, YT A, -C0SBJ, SINES. -1}
Ay=Z, WASHI-HHIS)
CALL COEFF (KT, VI X3, Y3, A, -008BJ . ~5INEJ, ¢1}

o8

346 CONTINUE

£s

o
UXNEG=UNER HUXE#R {75 sURRAD (B0}
UYNEB=UYNEGUYESD(J5) 0D (i)
SIRAK=CIGHACRREH D I5} 150D LN
SIGYY=EIGYY+EYVYSSR{Jg) s8N (5N
STV =SIRAY ¢ SAVEHD {J5) 480 MNEDLIN)

oF

376 CONTINE

UBNEG=(ANEG*COSRT+UYNEG*STNDT

UNNEG=~LBOEGSBTHE T +UVMNEGSCOSET

USPOS=UshEe-D{I%;

UFCE=UMNES-DMI

UXFO3=USFOS*COgRI -UNPOSYSINET

UYPOS=USPOS*SINBT +UNPOB#CISEL

B1GS= (STGYY-GIENN) $ETHBTACOSET+ T ANY % {CORRIH42-RINST ™47}

SIEN=SIEI0RINBT #4072, *EIRY4CINBIvCOBBT +BIYYEL0ERT %67

SIETI=R16XA*COBBI*COSBIL. SRIGKY 4BINBI*COSBI+ SRV Y * 2 INBT#51NET

CALL SIGTON (A, DS, DN, ANG, 16T, BIGTP, S16TH, I, MMEED

WRITE (6, 1721, 24180  USNES, USROS, D(IN) , LNNER, LIPS, LES UNES,
HPOE, UYPOS, G168, 16N, S16T1, 8I6TP, BIT)

s
806 CONTIMNE
gs .
%S CONFNE DISFLACEMENTS D STRESSES AT SPECIFIED POINTE 1M BODY.
V)
b‘r
IF (MUMOS.LE. Y80 7O 208
WRITE(S, i
MROINT=0

20 850 =i, NGS
READ(S, 1%) ¥DES, YBES, YO, VOWD, MAFE

i 107 :



o

)
s

N
3

<y
N I3

iy
foteq
L

s
840

.
i

PR+
DELK= (END-XBES) ARAR

DEL Y= (YEND-YEER) /NP

IF (NGRS 6T G GNP =P

TF (DELROO24DELY 2, EQ. D) NP1

00 890 Ni=1.MaF

AP (L) XBEG (NI -1 DELY
YP=YREGH (MI~1}9DELY
UA NI} =5,

=,

FUY=CARNASYP
PRA=YHARYY

FRY=g.

BIGAX=FRX

SIGYY=PYY

SIGHY=FAY

DO 85 Jo1. MAEE ,
SHezsy -
J5=3i-4

oL TNITL

i)

10N

AT=AL

IF{SERTIOF INLI -YJ0 %829 {YP-Y3) 42} LT.2%Q5)60 70 896

CO8EJ=COSRET {33

SINBJ=BINEET (5}

CALL COEFF (RF NI . VP, X3, Y008, T0SBS, SINBT, 415
G0 TG (940,810,870,830) KoV

AI=2. SREV-RIT}
CALL COEFF (NPANTD YP X5, ¥, 45.C0SBS, ~GINBS, -1)
a0 70 240

Y372, $VEYH-10LT) ~ -
CALL COEFF 0P (WD . VP %3, YT, 83, ~COBBT, ST, - 1)
& Y6 B4

KI=2. SASVH-HR LT . ;

CALL COEFF (RPINID VP, 43, Y3, 53, COBRI, ~E1NBS, -33
RI=Ai

Yi=Z. #EM-THD

CALL CORFF [RFINE) VP, 44, Y3, 55, -COBR, BEBS, -1}
Ki=Z, HEV-HH T ’

AL WEFF@NNI*:W;XJ:YJ«M«-%% 'SI%BJ:HB

CONTINE

&

% (NT) =N INT) SESD (35 40D (IR
YUY B 83 $INE RN
STH=STE A T80 sBNER L)

SIGYY=BIGVV4BYYER{IE) sEVIOD LI

& o



NPOTNT=NPOTNT 41
HRITE(6,21) NPOINT. AP (MDD, VP, UXIND)  UY. SIRKY, 8I6YY, ST6HY

890 CONTIMUE - v
CHEESEERIRE 00000 ERRIRREALR0RRIUIERTIERIRROLOPRSERENCLALLETOTE000S

g
L
gt
gs

832
it

G\&J}-&\QMW’QQ

Lol [ S N |
> «

fany
fan ]

[oes
(55

COMPUTATION OF HORTZONTAL STRATH BY USING FINITE DIFFEREN #
HMETHOD i
$

iadeaaddadatdadadaddaadidaad i g P b B T aada d e qa d 2 4 btk

HRITE (6,201

PO 852 Ni=i. WP

CALL STRATH{UA, #F . K1, TR, NI
#RITE {6,220 NI, #F(NI).STRIND)
CONTINUE

CONTINUE

FORMAT STATEMENTS

FORMAT (2004)

FORIAT (4HL, /, 23K, 204, /1

FORMAT (314}

FORMAT (6. 2,211, 4, 712,40

FORMAT(3EL1.4) '

FORMAT(/. © WUWBER GF STRRIT-LINE SEGNENTS (EACH CONTRINING AV L
$EAZT ONE BOUNDARY CLEWENT) USED VO DEFINE BOUNDARIES =°,15,//.123
# WNUNBER OF STRAIGHT-LING SEGMENTS USED 7O SFECIFY OTHER LOCATIGNS
#{1.E. . HOT ON A BOUNDARY) WHERE RESULTS ARE TO BE FOUND =; I3

FORMAT (/7,321 N0 SYWAETRY COMDITIONS INPOSED.)

FORMAT (/. 180 THE LIME X = %8 =,F12.4,234 I8 & LING OF SYRIETRY.)

FORMAT{/, 180 THE LINE ¥ = Y8 =FiZ.4, 230 IZ A LINE OF SVIMETRY.)

FORMAT(/, 150 THE LINES # = ¥8 =, Fi2.4,13H 4D ¥ = Y8 =,FiZ.4,
23 ARE LINES OF SYMUEWRY.) .

FORMAT(/. " POISSION'S RATID =°,F6.2,//," YOUNG'S MODULUS =",
SEli.4

FORMAT/, 310 UNIT WEIGHT OF QVERBURDEN =.2il.4.//,

# 21K RATIO OF FIELD 5TRESS =.Eii-4.//;

@ 316 KY-CONFONENT. OF FIELD STRESS = Eif.4) .
FORMAT(GHL 7,274 BOUNDARY ELEMENY DATR..//. © ELEMENT

WODE A (CENTER) Y (CEWTER} LENGTH ANBLE US OR siame-
*2 UN GR sI@a-N", /0

FORMAT (I3.4F10.3,10.12.16,16,2810.3)

FORMAT (219, 5F 12,4, Fi2.2, 2E15.4)

FORMAT(IRE, /., ° DISPLACENENTS AND STRESSES AT MIDPOINTG OF
SPOUNDARY ELEMENTS®.//.40H ELEM 28 ugi-r  usiy o
¢ OBIH BN UNIR B wi-} WXl WYi%r Sig-
¢ 298 SiG-N SISVl SIGW SIGTN, /)

FORMAT (2K, 13,4 {207, 1) A2, F7. 1) BIL BT, 40 . SR, EZ. 10, 205K, E7.
L tH

FORMAT (K17, ° TOPLACENENTS AND STRESSGES AT APECIFIED PUI
4TS IN THE BORYT.//. ° ROENT X CG-ORD Y CO-ORD

HK it SI6A Bi8YY BIGKY™./}



¥ FORMAT4F 12,4, 140
2 FORMAT(I9,2F12.4, 2F12. 6.4:-1;.13 }
i FORMAT(IHI. 7, ® HORIZONTAL STRAIN AT SPECIFIED POINTR °,/4.°
3 N-FOINT RPND STRAIN "N} '
22 FORRRTIISFI2.4,Fi2.6)
BN
Ge
or -
&
-SUBROUTINE INITL
cs
C@F"’?ﬁmﬂ%ﬁ.am\i BYYS, SYYN, SAYS, BHVN, UNKE, BN, UYS, Ut
o
SH¥8=4,
855,
§YYE=3,
SYYHsG,
BKYE=3.
XY=,
U¥5=3,
u?i%‘-we
ifvhi=g.
s
RETURH
P
R L L I T L P YL L g A SR S P L T
0s %
cs THIS SUBROUTINE CALCILATES INFLUENCE COEFFICIENTS OF BEMI #
e INFINITE PLANE FROBLEN S0LUVIONE ¥
i £4

gmwzzaczfzamwmcws% S A L PR L T L
"GUBROUTINE COEFF (X, Y, CX, Y, A, 05D, 318, K2V

"CONRGN/B1 /7T, PR, PR, PRZ, PR3, 00N, CONG :
COMHON/S2 7 SHNT. BHHN, BYYS, BYVN, SXYS, SHYM, UNS, 100, UYE, UV
os /
THYDS=E.
THYDN=G.
= TYYDE=G.
TYYBNaG.
UDE=1. .
AHD3=6, .
CDAZE=000E%42-E1NR% 2
FINZD=2. #3INBC0SE
CO5B2=0088%92
SINER=CINBS4Z
SINGE=SIND*CORTDL0SB40TINE
CO33E=C08peCas7B-2INR 5INZE
SIN4B=5INZD*C0828+C0578+5ING
£0548=C082B%C0528-STHARIGINGD

o
[2=9
[



C$&?*3*¢$%$$$$$$$$%%3&@&é$$$3$$$$$&$$$$$$$$3$*$$$¢$$$$$$$$$$$$$$$¢$$$$$$~

eo )
gs THIS PART OF THE SUBROUTINE 18 FOR THE ACTURL INFLUENCE ¥
c# CUEFICIEMT CALCULATION OF SEMI-INFINITE PROBLEM &
LR TE L T D T L P R T I S PR T R TP SRR S PP R O ee s

KB= (R-CX) #C08B4 (V-CYH 0T
YB=-{K-CK) SETNR ¥~CY) 20058
o o
RiS= (XB-R) 542415442
E= (HBHANHTEZ
FLi=8. S0B(R1S)
FL220. SHALOGIRZE)
FEZECONS (FLI-FLZ)
TF (5. 4E-5.1 60 70 16
FE3=0,
IF (ABS{¥E) LT, AYFB3-CONYPT
T i
FR3=-CON* (ATEN( (XB4R) /YR) -ATAN! (K3-R) /Y53)
F4=CONS{YB/RIS-YB/RRS)
FRS=CON® (XB-A} /RS- (KB4} /R2S)
FBG=CONE € § CHB-R) $42-YB947) /RIG#82~ L (KBHA) H2-1B442) /RIEH4T)
FR7=2. 4CON¥YE% L (4B~A) FRIG#42- (RB4A) /RZEH4D)

DY e
[ e

<3
%

VADB=-PRI“EINBOFB2¢PR24COSBYF B34 Y% (BINB*FE4-COSBSF BT}
VHDN=-PRI*COERIFBI-FRE*EINGFBI- V% {COSBHTBA+EINDEFET)
VYRG=FRI*COBESFBZ¢FR2*BINE 4T B3-YE* (COSBAFBA4SINE4FRY)

VDW= ~FRI ¥ SINBSFEZ+PR2SCOSEYFB3-VB* (BINB#FB4~LOSB*FBT)

TAARE=CONG® (2, #COSBZ*F B4+ SINRBHFET+ VD% (COSZE5FEe-SIN2B4FET))
THAD=CONG® (-FDS+YE* (BINZB4FBE+ COBIBEFET) )
TYYDS=0ONG® (2. *SINER*FB4-CINZDFES-YB* (COBLBAFRE~SINZBSFB 7))
TIYIN=CONG® (~FBS-YB% (GINZo*Fpe+(OSZB4FET))
TRYES=CONG* (STNZB*FB4-COSZBeFBI R (SINZBSFBE+L052E%FET) )
. THYDW=CONE® {-YB% (COBZR#TBO-SINZBHFRT ) .
idizadaddadsaadiandagicddadaadiadddadtddadddadiadat dddddudd ddaada el
c
ot THIS PART OF THE SUBROUTINE IS-FOR THE INFLURNCE COEFICIENTY
(R 'OF SUPLEMENTARY AMD IMAGE SUPERFOSITION OF SEMI-INFINITE
os ’ PLAE -

b
<&

<%
° D

oD &

CF={B~0R) ¥C08R- (VLY 45TNB
§ = -0 #BTNB+ (Y+LY) $005E
o .
[35= {0F-R1 342 R0 -
RAG={CF40) 487417552
FL3=. 9RLOR (R385
Fig=. PALOG{R4S)
Fr2=CONe (FL3-FLAY
IFGHF.NE.G.) B0 TO 24
FH3=6.

FH3=-CON® (ATAN{ (OF R} /HF) -ATARLICF-R/HFD)
Fr4=CON® (HF /R3B-HF /R4G)
FrI=COoue{ {CF-A) /R385~ (OF R} /RABI

Ly DY
- B



fad:]

(¥
08

c#

DR

2

FrG=CoNt { {(CF-R1892-HPRaZ) /P38 7- ( (CF4Q) 282-4F000) /R4557)

Fri7=2., SCONMHF ® { (CF-A)/R389%2- (TF4R) /R48%32)

FHB=-2, SCONSHF® ({ {{CF-R) 39247 92) 42, # { {CF-RI ¥32-HF 042} ) /RIGHH3~
R{CICFA) %420HF 22} 42, S LICF Q) $32-1F 342} ) FRASH43)

FHS=2, SCONY { ({CF-Q) S245F292) 8 (OF-A) € { {CF-R) 9924, BHF3%2) /R3804
B {CFoR) B ((CFR) R0 0021 S {{TF +R) 99224, SHFEI2) /R4E904}

UUHPB=FR1 S INBHFHR-PRIPCOSBEFHD4 (FRS® (Y RTN2B-YBHETNB) 42, £Y75INZB
#)4rHA+ (FR3% (VSCOSZE-YDRC0RE) ~V# (1. ~2. 500528) ) SFHB4Z, Y% (YSSINGE-1E
+431NZB) #FHE-2, $Y4 (YAL0E3E-YB4L0528) #Fh7

UUKDH=PRI*COBB*FHZFR2SEINDFHI- (PRO# (Y#C0B28-VE*CO8E) -Y) 4FHALFRS
4 {YEGINZD-YBUSING) 4TH3-2. ¥v& (Y#00R3B-YB+C0S28) #Frb-2. #Ye {Y*3INap-Y
“BH3INZE) 5FHT :

UYDe=-FRIFCOSROFHZ-FREPGIND#FHI~ (PR3 (Y¢COS2E-YBSCOSRI 419 (1. 2. %
$COSTR) ) $FHA ¢ (PRI% (Y2CINZE~YB#BINE) -2, YSSINZBI $FHT4 2. #Ye (V(OB3R-Y
#B*COSIE) #FHE4Z. ¥Y4 {Y#STINOR-YBAGINER) 4F7 ' o

UUYDN=FRE S5 IND*FRZ-PROSCOBBFHI-FRE% {VASINZE- YBUBIND) 4FHe~ (PR3# (Y
#4C087B-YB*CO8E) 4] $FHDZ, 4V (Y4SINIE-YRHGINZB) #7HE~2. #Y# (V400838
#pCOBZB) $FH7

TTAADS=CONE® (FR4-2. # (COSZBFHA-STNZB4FHE) + (2. #Y* (COSE-3. 800838 43
%, #YBCCR2B) SFHG+ (2. Y% (SINB-3. 9SINIE) 3. SYBASTNED) #FH7-2. 8V (Y3008
$4B-YE*COS3R) $FR8-Z. ¥Y% (VOBINAD-YESGINGBI 7R

TTRADN=CONE (PRS2 (2. Y% {SINB-Z. *BINGB) 43, $YB*GINZE) #Frc- (2. 5V5 {00
“ER~7. ¥C0E3E) ¢3. SYBSLOEZD) SFHT-Z. Y4 {YSSINAE-VBIEINIB) $rHBe2. #YR (V2
#(034B-YBSC0BD) #Frg)

TTYYDE=CONS* (Fiié- (COSZBHFHA-GINZBAFHT) - (4, SYRINB*BINZE-YB#C0828)
$4F b+ (4, #YSSINBEDOSTBVESBINGD) #Fri742, #Y¢ (Y2(0S48-YRUCOEID) #FrgeZ.
SV (YRGINAR-YB*SINGE) $FHI

TYYVRN=CONG® (FH3- (2. #V*BINE- VDS INED) #Fvibe (2, ¥(#CO8~YB#C0SERI 47
¥742, $YS (YSEINGB-YE4BINIB) FHE-Z. $VS {YRC0248~ YEHL0GIE) 4Frd)

TTRYDS=CONG* [SINZBFH4+ COBRBAFHE (2. 5Y4BINE* (1, 44, YCOSER) ~YBSINZ
SB)IFHES (2. $Y5C08B% {3, ~4. *C0E2B) ¢ YRRCOGZB) $FH T+ 2, Y8 {5 IuAD-VB®ETH
438 FHG-72. BY# [YS00R4B-VBH00ETE) #FHE)

TTAVDN=CONS# { {4, 4V 42 TNDHSTNZBYBHC0STD) SFHb- (4. #VHSINDACOZR-YBS
“INZB) SRR -2, $Y% {Y4C084B-VBHC0B3E) $FHa-1. #Y4 {YSBINAB-YB4STNGD) 4FHT)

UKDS=VHDGHADS - -
UABN=AADN UKD )
WRE=WYDSHANDS

W=V LVEY

(HE=UKg e Ge

=0 UNEN

UVE=UYS+NEVIoUYDS

UYN=UYNYEH

SDE=TRDSLTTAORS
DUIN=TOINCTTODN
SYVBS=TYVDS:TTVIDE
BYPH=TYYDNSTTIYDN
SXYDG=TAYDETTAYDS
SRAYDN=THYDNCTTAYDN
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X
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SHAB=ERHEHNEYINENNDS

S-SR BN

BYYS=GYVSHIBYINEYIRE

SYYN=BYYNEBYYIN

BB VORI ENYRS

SHYN=QVNCSXVDN
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SUBROUTINE SOLVE ()
COMMON/S3/R4200, 2007 . B{2061. X(206)

Wi
D6 20 =1,
L=g4
B0 20 oL,
€t IFIA15,90.E0.0.0R(5, 0=, 50661
RH=R(33, 33 1B, 51
D0 16 7=5.H
6 AT IR, D805, Dt
7% BIRNBUN-B Y
€8 IFERUN,MLER. 0. )AL =. 5006
KON =B0N /R 0N,
D0 45 5200

@D 8 @

Jozhind
L=Ji¢l
wﬁ': ”
90 30 I=L.
3 SUN=SEA LIS, T #AIDD
A4Q R{I3)= (BN -G /R 105, 30}
ot i
FETURN
B
e T s S L e L g e
ct
ce THIS SUBROUTINE CALCULATES TANGENTIAL GTRESS ALONG THE
cs BOARARY B
R T T E e P L L L e e
SUBROUTINE SIGTAN {A,DS, D, ANG, SIGTI, S1GTP, SK&TH, I, NMEE)
o
COMMON/SL/PL, PR, PR, PR, PR3 CON, CONB
oe
gs
gs
DIVENSION A1807,DN(5003.D3(R80), ANG(140)
ga
F=iNg(T)
G=ANG(I+1)
Z=g-F

L)
1313 -
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IF(1.E8.1160 79 10
HeiR 1)
Yo ,
IF {1.E8.MABEIGS O 20
DELS=RIT~1) ¥CO3() $29A(T) #RL1#5) 9C081T)
SISTOT=CONG/PR2# (D5 (1411 900512) DS (-1 $COB W) -DN(T+1) #BTNIZ) DN
#{1-1)96THIY) ) /DRLS | '
G+ FRINT/,DELS,SI6T1SI6TRI DSID,INID)
& 0 130
16 DELSSR(LIA(TH)%C05(D) ]
STGTDI=CONG/PRZ¢(DS(1+1) 4CRE(Z) DN (111 $5DNZ) D8 (1
C¢  PRINT/,DELS, BIETH, SIGTRL, DB(L) V(D)
88 70 150 -
2 DELSSA(D) eA(I-1)9005(9)
SIGTRI=CONG/PR2% (DSLT) -DBLT-1) COB IV -DNIT-1) 48T (V) ) /DELS
O+ -PRINT/.DELS, BI6TI, BI6TET, DSLD), DL
13 . SIGTPeSIGTI-EIATDT ,
SIGTH=STATL +516731

VHDELR

RETUR
]
I T T e L e e A S T P T R A b e T T L I S S T
gt $
ce THIS SUBROUTIME CALCULATES THE HORIZANTOL STRATN &7 $
o &

s SPECIFIED POINTS

N Tt L T L G e T A S e
SUBROUTINE STRATN (UK, %P, X1 SR, MU
DIMENSION UX(1087 ,F (1667 ,5TRIS00
IFIKI.EQ.1) G010 13
IF(KEEQ.NF) 80 10 14
FR=UR KT 41) - (KI-13
HPE=P KT 1) -4 (KI-1)
STRIKII=FAIES -
8 mim

i3 FAsURIKI* 1} R (KTD

KPa=HPKI400 ¥R (KD
STRIKII=FRAFS
I - -

i4 FR=UAKE) - KT-13
iPS=RP KL ~HP (KI5
SIRIKI PR/ 7S

172 RETURM
(2

14y Wodified THODD corsists of 2 mein progrem ard five
sybroutines. The sain progras hendies 21t irpub/output operations

and conbains the Jogic needed to define Ghe boundery efement



“m-:a’;r;@m, set up the systam of alpebraic eonbions and compuls
the unspecified boundary paragetars (dispincements or tractions )
25 well 28 the displacements and stresses at 211 field pemts; in
ares of dissiacenant disconbinuity compovents 2t a1l tne
boundary elsments. The influsnce coefficient are eveiusted in
sibrouting COEFF, ard the results are used n the main prosrem to
compute the displacessnt for both boundary points and field
points. Bubroutine IMITL i3 usdd fo initiatize these mmﬁaﬁens

)

for cases in whith the svemebry conditions are jwposed , 50 that

image boundary elements are generated witk in the pregram. The
imeging process iz done by meking surcessive calls to COeff,

after suitabiy defining the co-ordinates and inclinabionz of the

2

ingge  giements. anpentiat sbress value 15 computed usin

finite difference spprovinmelion in subrovbine BIETAN. The same

A

spproxizetion i3 alse used in subroutine SITRATN in order o

“l

calouizbe horizantel strain velues.Fingily, subroubing SOLVE
soives bhe systen of algebraic equstions defined in the main
Program. The solubion procedure uses Geussien  elimimetion.
without pivoting.

fs Tizted above, progran Prodd resuires ab Jeest above 42K
cantral memory Tecebions. Bub iU depends mainiy on bhe used
elzments nupber. The first statemert (She PROGRSN sﬁaéemnﬁ) is
reded for Burroughs systempbiviz stabenert must be changed b0 rin
prograq on obner systen or personel cozpubers. sysiemsie.g to rum

in pc's this stabement must be insarted 2fler dimensions’

shemertlThe process (ime §0 run the prograz i refsted o

W,

eleperds rumber.It  takes twenty S0 Frfby mimubes according o

vsed eisments for the running of subsidance oodel.

fa.
Jonb
H



AFPENDIN B i EXR@“’ £ PROBLEW 7O CHECK ThE CORRECTNESS OF
HE THODD PROGRAN

R cirouler nole in an sani-infivite body under wniaxind
tension ab dnfiniby probien shown in Figuer B L 4 considared
for the checking the corvectness of the modifisd THODD Firstiv.
then the seme probiem i3 axparienced with gravitatissal loading

£ase.  The rexuihs are in comncurrence with amelvbical solulions

those can be faumd 2asiiy by wsing Kirsch 2quabionz.

Y

In thiz exampie ond the obher auperienced model for

subsidence praegiction, My the kaif of the pmﬂ is jdentifiad

for specifying bowndary condition due S0 syomebry.

with  zere ﬁmsm&mﬁ {Fixed point) 0 orgder to prevent rigid
bodv nobion dn the bodyin any dirsctions. The Jast alessnd

specifiad in the output s thab ome.



THE QUTPUT OF THE EXQNPLE FROBLEM

THE CIRCULAR HOLE IN A SEWI-IWFINITE BODY OUMDER UNIAXIAL TENSION AT INFIMITY

STRAIGTH-LINE SEGNENTS (EACH CONTAINING AT L EAST ONE BOUNDARY ELEWENT) USED 75 DEFINE BCUNPARIES = 1

RMBER OF STRAIGHT-LINE SEGNENTS USED O SPECIFY OTHER LOCATIONS (WOT ON & BOUNDRRY) =1

THE LINE X = X8 = 8.9088 18 4 LINE OF SYMYETRY.

YOUNR'S MODULUS =. .5000E404
KA-CONPONENT OF FIELD STRESS = . 10G0F402
YY-CORPONENT OF FIELD STRESS = 6.
X-COPONENT OF FIELD GTRESS = G.

i

BOUNDARY ELEMENT DATA.

ELEMENT KODE # (CENTER) Y (CENTER) LENGTH ANALE US IR SIGMA-3 UN OR SIZMA-N

1 t 5.0668  -202.99%7 8.8321 5,92 2 s
Z i §.4481  -202.9987 50528 2.7 & é.
3 £ 6,080 -267.9%67 §.0321 4.3% Ge 5.
4 i 5.1126 ~Z02.993% §.532¢ £.43 g G-
3 i 0.31437 -202.9935 g.4321 .27 z. &
& i 8.1734  -2062.9844 8.8321 18.15 G. e
7 i §.2008  -262.5782 B.83z1 i1.94 & G-
8 i .78 -202.97H1 8.0321 i3.78 g 8.
¥ i 0.76%1  -202.9630 §.4321 15,61 §- 6.

18 i £.2998 2629333 5. 0321 17,43 & 8.

i i 0.3362  -702.9438 . 4321 19.2% & 5.

iz 4 0.3603  -202.%37 6.6321 2i.12 5. g.

13 i 6.3%08  -7062.9207 4. 4324 22,96 g g

i4 i 6.4193 -202.9077 6. 0321 74,85 a. i

i8 i §.4482 -707.8338 5. 0321 Z6.63 8- g

) i §.4766  -202.573¢ 8,032t 28,47 8. &

17 i« 0306 -202.8632 g.q32t 36,31 g. &

i3 i 0.5320  -202.8486 3. 0321 32.14 ¢ g.

b i 0.5388  -202.82%1 86,0321 3,98 §. 8.

25 i 6.3831  -~202.6108 8,332t 35.82 3 §.

2i i 0,818 -202. 7316 8.8321 37,63 4. 8.

2 § 5,803 -262.77:6 8, 0321 39,48 6 g

23 i 6,688 -~202.730% 8.3328 41,33 g g.

24 i 0.6840 -R0Z.T2% 8. 5321 43,16 8. i

23 i 6. 7670 -202.707% 8.832% 43,80 g. 8.

28 § 8,729 -202.6540 6,032t 46 84 §- &a

27 i .736%  -202.6603 8,0521 48.67 §. G

22 § 8.7718  ~202.633% 40321 56,31 §. 5.
232 i 8.796  -202.6108 8. 0321 3233 ¢ 8.
3 i 0.8{08 -202.383i 6.0321 34.48 2. g
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DISPLACEMENTS AND STRESSES AT MIDPOINTS OF BOUNDARY ELEMENTS
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JOEHE - 9E-03 - BES07 LTEH02 LIE-02 -.TEHE3 -.28-07 L2603 ~B.0 6.0 ~T.4 8.5
BE403 -.9E-03 -.BE403 LTRSS .1F-67 -.TE403 -.ZE-G7 LZE-05 -0.6 8.6 ~9.4  ~2.8
JBEHE -, 9E-83 - BE505  J7E4BS LIE-02 -.TERG3 -.2E-02 LZE-0S 5.0 6.5 6.8 3.4
JOES03 -,5E-83 -.OR602 LGE4B3 LIE-02 -.6E903 -.ZF-82  LIE-03 -0.5 8.0 -4.3 1.8
JOEH03 -.5E-03 -.9E4GT L6E483  L2E-02 -.6E403 -.26-02  .0E-G3 0.6 6.0 -B.3  -Z.5
JEHE - -3 -.9F03 JEHG3  L2E-07 - 6EH03 - ZE-02 JBE-03 8.5 8.8 -8 ~1.3
SEHED - BE-03 - 9EHE3 LEEHED L2E-07 -.BEH03 ~.ZE-02 L1E-03 8.6 0.6 5.5 §.2



34 LREHD3 ~.BE-DQ -.9E483  LDEM02 L2E-02 - 3000 ~.ZE-02 LIESR3 -0.0 -0.D 5.3 2.3 3.2
3% JIES04 -.BE-GS ~.1E%04  3ESGE L2E-0R ~.3EA03 - 2E-R2 - L3ES03 60 0.0 4.8 =31 =34
36 L4 -.TE-Q5 - 1ERB4 LBEMES LZE-02 ~.3ES03 -.2E-RR 1B~ G0 0.0 4.7 i ~%.8
37 LIEHGE -7E-00 - QER04 LAER0S LZE-02 - 4ER03 - ZE-02 LOE-B4 0.6 G0 4.6 0.3 8.6
35 LIED4 -, 7E-03 - 16404 L4ENDY L2E-02 ~4EME3 -.2E-02 L9E-04 0.0 0.8 5.7 0.9 -i0.4
¥ LIEH04 -.BE-03 -~ 1EW0R LAEN0E L2E-G2 -.4RN03 -RE-92 LBE-04 -6.0 8.0 3.9 .9 ~5.7
48 J1E04 -.6E-83 - iEN04 L3EHGF L ZE-D2 - SEMRY - 2E-02 0 LTESD6 <D0 8.8 -2.2 2.3 ~7.8
4 LIEH04 -.3E-03 - QEWM4 L3EM03 L2802 - SEME ~.ZE-02 AFE-U4 6.8 .0 -2 0.6 “4.8
42 JIEH4 -.3E-03 ~.iEe04  JJEHS LZE-02 -3ER03 ~2E~02 LEE-04 6.0 <6.0 -3.3 -1.4 -3
43 . 1E*04 -.4E-0Q - 1EH04 LZEHB3 LZE-0R ~.2ERGY -~ 2E-G2 L3E-04 6.0 -0.0 3.2 -1 ~4.9
44 JIEH4 -.4E-03 . - IEMD4 L2E$QE LZE-02 - RER0Y ~ZE-02 WEES04 6.0 0.0 5.8 -1.3 ~6.%
45 LIE+04 -.3E-03 - 1EE04  LZEHIS J2E-02 -.ZBR03 ~ZE-0Z 4E-04 (0.0 00 -8 i.4 ~8.6
46 .1E¥04 ~.GE-03 -, iEH04  L1E®08  LZE-02 -.1E40Q -.ZE-02 JZE-4 G0 8.0 2.3 2.7 ~7.2
47 JiE404 -.2E-03 -~.QE¢04 LQESE3  .ZE-02 - MEME3 -.2E-02 LSE-OT -8.0 0.0 -2.2 8.9 ~4.5
45 LIEM04 -, 1E-03 - IES04 JTERG2 L26~02 - TER02 ~.2E-02  LEE-0S 6.0 -6.0 2.6 -1.2 ~4.1
49 LiE#04 - 7E-04 -.iE%04  .3E#02 L 2E-82 - 3EMGR - EES0R -.3E-GR B0 8.8 -2.6 -5, 7 ~4.8
50 .iEH04 -.5E-05 -.1E#04 (3E-02 .2E-02 -.1E-02 -.ZE-02 - BESDD OB 6.0 A28 ~3.6 ~4.8
51 JIE04  L3E-04 -.1Es04 -.3E802  L2E-02 L3EMGZ -.2E-02 -.2E-04 -0.0 0.8 <27 ~3.7 -4.4
37 CLIEH04 JQE-GF - IEH04 -, 7EROZ - L2E-02 L7EM0R -.2E-02 ~.2E-04 6.0 G0 2.6 ~1.1 ~4.
3 OJIE4 JZE-0F - B0 -GGERMOE L 2E-02 LIEH -.2E-R2 -.2E-04 -6 &0 2.2 2.1 -4.3
54 LAEHR4 L2E-03 - QEH0R - 0ERD3 L2E-02  LIERDS ~.2E-02 < 4E-04 <08 6.8 <22 2.8 ~h2
3 JIEM4 J3E-08 - BEMDE -, ZER0) JZE-GE RN - 2E-02 -GBS0 6.0 -0, -Q.6 3% ~8.7
36 LIEM4 L3E-08 - QE#04 ~RERG3 JZE-02  LZEHS -2E-02 - 7R84 0.8 0.0 4.8 ~1.3 ~6,5
57 LAEHR4 L 4E-03 - AEHRE -.ZEHD3 LZE-02 L2BE03 - 2E02 - TED4 <00 -0 -8.2 -, ~3.3
38 .iEe04  .3E-03 -.QER04 -.3EM03 ZE-02  (OEHES ~.2E-02 - 0E-04 0.6 -0 3.3 i ~3.%
5% LIEH04  J3E-03 - E404 -, 3603 L2E-62  LQERNY - EE-D2. ~.BE-04 <00 <00 <344 ~§.6 6.3
8¢ LiEt04  .6E-G3 -.QE04 -.GE$03  .2E-0%  LOERES -.2E-02 -.%E-04 6.8 <00 -85 ~2.7 5.3
61 .IEM4  L6E-G3 ~ IEH04 -.4E803 LZE-02 AEMS - ZE-0Z -.FE-04 0.8 0.0 -2.4 .4 -6.2
62 LiER34  LEE-R2 - 1EH0A ~o4EMIS WZESBR 0 N4EMT - ZE-(E ~-iE-03 6.0 6.0 4.0 2 -8,
83 JIE#04  JTE-DR - QEM04 -.4ER03 L2E~02 L4EMES -.ZE-02 o 1E-00 0.0 8.0 4.2 &3 -%.8
84 .1EH04  .7E-83 -.QE04 - 8EEG2 LEE-0Z N3ERRY - R0 -.IE-03 G0 0.0 4.3 8.3 =7.3
83 LiE®04  .BE-0S -.iEr04 -l L2027 W3EHS - 2E-02 - 0BT G0 0 47 3.1 =%.3
66 .5E4R3  LBE-03 - 9E#GY - 3Ee00 LZE-G2 LEEWS - 2E-02 ~.ME-E0 0.8 <30 -3.2 2.3 -8.7
67  .SE4QY  LBE-QE -.9EH03 -~ 6E#B3  .2E-02  .OEEGS -.2E-02 -.1EROS 0.0 0.0 -E.S .3 -2z
68 L7E403  .BE-Q% -.SEMR -~ 6ER0E  L2E-~02  GEWG3 -.2E-02 -.ZE-Q3 0.0 8.6 -B.0 =13 -14.3
89 LSEHI3  .5E-03 -~,9E¢03 ~.6ESG3  .2E-02  .GE4O] -.2E-92 -.2E-08 0.0 2.0 -8.2 I S LA
W OL3EE 903 - 9ER03 ~.8EH0S LZES0Z LBESRY - ENR 2B G0 -G.0 404 1.9 =147
74 .BE#03  J9E-03 -.BE+03 - 7E403 L 1E-02  LTERQY -~.2E-42 -.2E-03 -G.0 8.0 -5.B &4 -14.0
72 LBE+03 L9E-03 ~.BE€03 ~.7E%03  LIE-0R LTEMOS -.2E-62 -.2E-8T 0.8 0.0 3.3 & -i6.6
73 LBEHGE  LBE~G8 -.8E¢03 -0 7ESGS .IES02 L TEWE - EES02 - 08 6 00 -4 8.6 -14.8
74 .BE403  L9E-G3 -.BER03 -.7EX0S IE-02 LTERRS 28R -ZE-83 0.0 -0.8 RS &4 i3S
73 LBEHR3  .9E-83 ~.BER03 -.5E408  LIE-02  .BENOY ~.26-02 -.2E-03 0.0 6.6 -8.1 8.3 ~i6.4
76 JFEH3 J9E-03 - 7E403 -8R0 TEESQ2  BEWOS 4L IE-92 -,2E-03 -G -0.0 -18.7 -4, -1%9.4
77 JEeRE J9E-03 - 76403 -.BER03 L IE-0R .BEWR -, iE-§2 -.28-00 <60 3.0 -B.B 8.3 -18.1
7 TERS O LBE~ID -~.TERGS -.BEXRY L1E-02 ABENEY -.iE-02 -ZE-00 000 0.0 6.7 2.3 -6
79 .TEH03 L%E-03 ~.7ES03 -, 9Ee03  LIE-02  .9EM03 -.0E-02 -.2E-03 0.0 0.0 9.4 8.1 187
80 NAEH03 L5E-03 ~.GE#DY -.%EX03 LBE-0D LBESRR -.1E0R -AZE-03 -0.0 0.0 -0.9 ~i.8 =221
81 LBEM3  L3E-03 -.6EXD3 -T2 L9E-0Q BEROY -a1E-DR -.2E-00 <66 8.0 -80.1 .6 2.1
B2 LGE%M3 LBE-03 -.GE%03 -.9ER03  LBE-03 (EESGY - 1E-0R -.2E-08 6.0 -0 -84 23 ~i%0
83 .3EMR  LBE-03 -.GEMS -.%E#03 LGE-DQ LUEGRD -.QE-0Z -n3ENY 0.0 0.0 -10.5 &3 2.0
B4 LBEHS  .BE-03 -.DEMOS -.1ES04 L7E-G3 LIECR4 -.iE-02 -ZE-G3 0.0 3.0 -12.8 ~.8 24,3
83 WA LFER03 - BEHY - MERM4 JTESGY L IE994 -.1ERR -A3ER30 <08 <30 114 .6 -8
86 L4E*03  .7E-9% -.4EMQ - QEC04 LBE-03 L1E4G4 -.3E~03 -~3E-00 60 -6 -1R i.4 -2
87 Y3 JTE-63 -.4EHI8 -.1E#04 LGE-DR L1EG04 -BERS -.3E-08 &0 0.0 -ICW2 2.2 -4
B8 L4EMS J6E-03 ~.4ER00 -.1E#04 WDE-G3 . 1ESGE ~EERGS -.3E-03 6.0 0.0 -EELS ~8.2 -7

oy
P
oy



S

B9 L4EN0R  LAE-02 - 4EMS - 1ENM4 LEENIS LEERR4 ~ZES0E - 3E-00 800 6N0 22 8.2 2.5
90 .3E63  .3E-03 ~.3EH03 - (B4 LDE-O} MIEWGA o8R0 -.3E-93 6.0 -0.G -i2.4 0.4 35S
3 L3EH03 L3E-03 ~JEHDS -~ IERGE L 4E-G3 LIEWG4 -BE-G3 . 3E-03 ~0.0 0.8 -12.3 6.7 -0
32 NEMI AE-0Q ~.3ER0Y - QE204 L4E-03  (IERG4 -.3E-03 -.3E-08 0.0 -0.0 -10.8 5.8 -24.4
93 .2EM3  L4E0G - ZEM3 - MER04 4E-D} LIEH04 -.4E-03 -.3E-03 8.8 -0.0 -12.% -3 -6
94 L2E403  L3E-03 ~.2EM03 - RE804 L3E-DD LIESR4 ~4E-03 ~.3E-00 ~0.0 6.0 -13.2 ~4,6 2.7
§5  JRE#03  .3E-63 - 2EM3 -~ 1EH04 LOE-0F LIESG4 -0 3E-03 -.3E-03 -8.0 -0.0 -04.0 ~i.6 263
98 LIEW3  LZE-03 -.1ERG3 ~.1EWG4 L3E-B3 LEEM04 -.3E-03 - 3E-03 -G8 6.0 -i3.5 .7 -3
§7  L9ENR  J2E-03 -.%EX0Z -.MER04 (SE-DS LIER04 - 2E-03 . 3E-62 0.0 ~0.0 -13.4 L7 2.3
°8  L3Ee07  L%E-04 -.5EH02 -~ QERG4 LOE-03 LQE#04 T-.0E-03 -~.3E-Q3 -0.0 -0 -13.4 2 -
9% LEEH0Z  J3E-04 -.2E02 - 1ER04 LQE-G3 LQEH04 - 4E-D4 - 3E-D03 -0.6 0.6 -13.4 i -27.%

DISPLACEMENTS AND STRESSES AT SPECIFIED POINTS IN THE BODY

POINT X CO~ORD Y CO-ORP U i 8IaKK SIGYY - BIGNY
i 8. 6066 - 0.0000  Q.000086  -0,000007 -8.8 .0 )
2 12. 2000 . Q008  -0.G00000  -D.000007 =3.6 & G0
3 23,0000 .8006  -3.000051  -0.000007 ~3.8 0.8 8.8
4 37,5608 60000 -0.00001  -0.000007 6.8 ~d. 38
§ 34,0008 0.0000  -0.000002  -G.000008 8.8 6.2 -0.8
& 82,3000 G.0000  -0.08C0G3  -0.000003 -3.8 6.5 3.8
7 75,0002 &.000¢  -0.000683 -0, 0G0GTY =3, 8 3.8 ~3.8
§ 875008 3.0008  -D.G00GR4  -0.0B000Y -3.8 6.8 -3 &
% 100.00%0 §.0086  -0.800008  -0.000010 ~8.8 &8 8.8

18 132.30060 80000 0000006 -2.40080I1% 3.8 0.8 &4
i 1236000 0.0680  -2.000006  -0.000810 8.0 ~3.8 ~8.3
12 137.586% 2.0808  ~0.G00007  -0.380010 =3.8 3.0 4.2
19 136,000 88800 -0.000088  -Q.0900:0 =0, & 3.8 8.8
14 162.5000 8, 0006  -6.600008  -0.0600L0 ~3. 8 2.0 4.2
13 175.8000 ¢.086%  -0.00004%  -0.008010 -.8 3-8 -3.0
16 187,360 §.9000  -0.00600% -0.302010 -4 HI 8.8
i7 2000800 6. 0800 ~G.000010  -.000010 ~0.8 ~8.6 3.6
15 242.3000 0.9000  -5.00001%  -0.200QID ~&. 8 8.8 2.8
1% Z25.0000 3.0006  ~0.500011  -2.000019 ~3.8 3.0 ~8.%
N 2.0 §.0000 -0.00QOIT  -0.000809 -3.8 ~88 ~3.8
A 23,0008 0.060¢ -6.000Gi1  -Q.0008GS ~3.8 ~3.8 8.6
R 262.5000 6.0000  -0.00003%1  -0.00C0G9 ~0.8 &.8 ~5.8
PRI AR i 8.000¢  -0.00001%  -0.500008 -8.4 ~3-8 6.8



APRENDIX € THE GUTRUT OF STFESS-FREE BOUNDARY COMPITIGN'S
BOUNDARY DISPLACEMENT USED A5 A DISPLACENENT BOUNDARY. CONDITION

OF THE SECOND RUNNING FROCESS ( 2 ).

P
i

THIS MODEL IS M EXAWFLE OF BOUNDARY DISPLACEMENT OF TR FIRST HUNNING FROCESS 70 BE THE SECOMD'S INFUT DRTA

NUNBER OF STRATGHT-LINE SERMENTS (EACH CONTAINING AT L EAST OVE BOUWDARY ELEWENT) USED TO DEFINE BOWNDARIES = 12
MUNBER OF STRAIGHT-LINE SERWENTS UGED TO SPECIFY OTHER LOCATIONS (WOT O A BOWARY) = 1 |

TELTE K =48+ 6.0000 15 A LIV OF SINHETRY.

POISSION'S RATIS = 0.17

YOUMG'S MODULLS = . 9000E+04

UNIT METGHT OF OVERBURDEN = 27808-33

RATIG OF FIELD 5TRESS = 20002401
AY-COMPONENT OF FIELD STRESS = 6.
i
DOUNDARY ELEMENT DATR.
ELEMENT KOUE % (CEWTER) Y {CENTER) LENGTH ANGLE U5 OR SIENG-S UM OF SIGMA-N

i 4 1.576%  -202.0068 3.187% §.06 . ~3BOGE4GE

Z 4 4.7368  -702.0060 3.157¢ §.49 g. - 3040468

3 4 28947 -262.668¢ 3.557% 8.68 8. ~Z0G0E 440

4 4 11.0326  -202.0600 3.5579. 840 g - 3006E400

b3 4 14.2103  ~Z62.0688 3.1579 .48 8. ~SUG0ELIG

& 4 §7.3686  -262.0040 3.157% .86 G. ~360OELH0

7 4 26.5263 2820009 3457 .40 §. « SH05E00

8 4 73,6247 -702.0008 3.157% 3.40 g. -3000E+60

7 4 26.2421  -2672.8006 35579 8.56 8. -« 3G0E46
i8 4 36.6000  -702.9009 31573 §.60 5. 34608435
i 4 38.1579  -20Z.0660 35578 .48 8, ~3006E450
iz 4- 36,3138 -207.0000 3.137% 4.90 g, - SUO0ES0
i3 4 39.473F  -747.0000 3.1579 .66 g. ~JO08E+G0
i4 4 42.5356  -202.0680 3.157% 6,36 Ge - 34G6E450
i3 4 45,7655 -202,500¢ 3.857% 8.6¢ g. -3G60E43G
s 4 48,9474 -262,9668 3,457 840 G- ~3050E+05
i7 4 32.1023  -20Z.6069 3.1373 5.40 ¢ ~3GBGE+GE
i8 4 33.2632  -202.0008 3.157% g.90 ¢ ~3006E+60
i? 4 B4zt -202.6680 31579 8.46 6. ~300GE+LG
28 4 61,3333  -~267.0600 2.6667 5,66 a- 20808400
yi 4 £4.8000  -262.0608 26667 2.85 8. -2360E+0E
Y73 4 £6.6687  -702.8000 26667 6.88 g - 2500400
2 4 £5.3333  -202.6060 2.8567 8.06 6. ~Z0G8E+50
i 4 T2.5000  -207.68308 2.6667 .36 g. - ZBG0EG8
3 4 FA.GE6T  -202.0055 26667 4.50 2. - ZBB5EGE
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DISFLACEMENTS AND STRESSES A7 MI

ELEH

D

LT & I S AN

iR R

S Ban e

vEyIIYRB/A

b8

LBE-01
LEE5D
LIR30
LAEHE
LSEeLR
JTESGS
HEDG
LG
4E40T
LiE4G3
LiE%81
LiE481
SEe88
L3E400
- AE+0G
-, 2E+81
- 4E+i
~,BE551
-, 9e401
~BE481
- 3E408
<E4GE
~8E401
L3401
~SE401
~FE464
~SEr08
~IESS
STE401
ST
I T

4 Tho4h44
4 51.3533
4 48,2222
4 43.1111
4 42,4068
4 36.8889
4 3. 7778
4 2. 6667
4 YERS
4 76,4444
4 73,3333
4 20,2222
4 17
4 14,0068
4 15.2883
4 .78
4 46667
§1.3536
Z 5310063

N

usi-r B4

CRE-G2 - EE-DI

LTE-52 - ZEsb
LAE-GE -, 32400
FAE-G -.4ERGE
L2E-01 -.SE40G
L3E-G8 ~.6E904
L3E-81 . 7RSS
AE-BT - EE¢0R
JAE-91 - SE4GE
LIE-01 -.1EHY
LE-61 -.3E40
it} I E2 4
- iE-§1 -.9E+(3
- AE¥08 - GE4DD
- ZE45G - LTE-GE
-.6E460 . IE4H
- 1E4B1  JZE40
- 20400 LAEHH
- JE4EE LGRS
-.ZE401  LBESDE
~9E20G L3R4
LZE20G -.%E40G
SBESG0 -, 2E48
LRESGE - 4E4G1
SE¥6e  -.3E408
L4E40E -, 3E46E
IEHGE - BEeBL
LJEH0S -.TER0
LJEEE -.TEHG
- 4E*§‘ﬁg; n&E" @i
JAEHG  -.SES00

-265- 6505
~236.9650
~260.0066
~766. 5802
~200.6600
~256. 8000
-250.6003
~769. 6008
~205. 6695
~266. 8090
-208.5000
~265.5050
~200, 8896
~265.5060
2038500
-200.6560
~263. 4600
~786, 6600

-8, 601

Jt]

2E7G3
SZEAG3
F2E233
LZEHE3
~AEHG3
L2203
ZE453
«2E403
L2E463
<ZE403
SZES03
-2E403
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88 -.1E01  L3E-01 L 1E%OM
89 ~.iE46D LEE-RL L 1B
80 -.%E¢00  L2E-01 L IERDM
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DISPLACEMENTS AND STRESSES

FOINT X LO-ORD Y CO-0RD
i 4.0006 £.5608
) 15,6667 6. 6050
3 73.333 $. 0006
4 336808 4.6006
3 46,6667 $.6000
& 39,3333 8. Glge
7 70.4696 | 0.0000
g Bi. 6667 8. 50685
2 93,3533 §.6088

18 850040 8.0008
i1 116.5667 8.5006
i7  128,3333 8. 5860
13 140.5000 §.0608
14 151,6667 2.6004
13 183,333 2.5006
6 173.50688 6. 0006
17 186.6867 8.036%
I8 196,333 8. 5064
1% 216.665% 5.0600
8 7286667 6.3668
3 BB §.5080
7 745.9308 §.0005
23 7366657 0.0
74 768.3333 “$.5000
23 7688.0000 ¢.0008
HORTZONTAL  STRATN 47 SPECIFIER

N-POINT  KP(ND STRALN
i 0.6060 -0.5024%8
2 15,6867  -0.002439
3 73.3333  -0.062374
4 330000 -0.802735
g 46.6657  ~5.002045%
& 0.3335  -6.401824
7 76,0080 ~6.501368
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-~ 2EH0G
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~ 2F483
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i

4. 000046
~§. 575031
-0. 037387
-0, 094421
5. 105338
-8, 132236
5. 157088
~5, 165824
-0, 162783
-0, 192433
-0, 193362
-6.203238
-3, 204358
-5, 283873
-5. 193655
~5. 194527
-5, 188643
~§. 186463
-8, 172181

o ~6.163479
0. 154435
- -5.143338
~0. 136437
-8.§27731
-5, 119306
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B Bi.6667  -0.001294

9 93.3333  -0.801012

10 105.0000  -0.000732

i 116.6667 -0.000464

12 128.3333  -6.000215
13 140.6000  0.000008

14 151.6667  5.000202
15 163.3333 - 0.000366
16 175.0000  0.0004%5

17 iB6.6667  §.000503

18 198.3333  6.000679

19 2106.6006  0.000736
G 221.6667  0.060760

21 233.3333  0.000773

22 265.8000  0.000771 - .

23 2%6.6667  §.9607%7

26 268:3333  0.000735

25 280.0000  6.900722

{ * ) The output from prograz zodified TRODD for the subsidence

displecements and siresses at the midpoints of the boundary

elezents; this is arranged to print vaiues of the dispiacesents

the asseciated displacezent discontinuity components {Ds=0S and
Dn=D¥}. The dispizcesent discontinuities are fictitious, and only
the dispiacements and siresss on the pegative zide of boundary

re physically meaningful.
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GFPENDIX D THE CUTPUT OF THE GUBSTDENCE MODEL ANALYSIS OF
DISFLACEMENT .BGJNMFSYC%‘MTI@N SPECIFIED AT THE BOUNDARY WITHOUT

SIVING HORIZONTAL DISPLACENENT AT THE BOINDART-

DISPLACEMENT  ECIADARY COWITION FOR THE PRWEL  WIDWWANDE

DEPTH=1.4 HITHOUT HORIZONTAL DISFLACEVWENT SPCIFIER AT BOUNDARY

WUMBER OF STRATGHT-LINE SEGWENTS (EACH CONTAINING AT L EAST ONC BOUMDARY ELENENT) USED 70 DEFINE BOUNDARIES = 9

MIMBER OF STRAIGHT-LINE SEGHENTS USED 70 SPECIFY OTHER LOCATIONS (NOT O 4 EK{Q’UNMRYE =1

THE LIME ¥ = ¥8 = §.0006 1S A LINE OF SYMMETRY.
FOISEION'S RATIC = §.17

VOUNE'S MODULUS = .BOURE+G4

Y

UNIT WEIGHT OF OVERBURDEN = .Z70E-0i

»

n

RATIC CF FIELD STRESS L2080E 481

#Y-CONPONENT OF FIELD STREES = L.

foy

EOUNDARY ELEWMENT DATA.

f s

ELEMENT KODE ¥ (CENTERD ¥ (CENTER) LENGTH BNGLE UB OR ZIgMe-S

i & 1.5237  -202.0806 3.043% §.08 3.
i 4 4.5657  ~202.G600 30433 §.490 2.
3 4 7.6087 -702.5468 3.5428 866 §a
4 4 10,8522 -202.8063 35435 3.68 g.
K 4 13,6937 -702.0060 3,0453 §.86 iR
& 4 16.73%1  ~782.0068 3.043% $.96 .
7 4 19,7626  ~70Z2.0080 3. 6435 5,60 ¢,
o 4 72.8261  -202.8060 30433 §.40 g,
9 4 25.8656  ~7262.0063 3,4433 8.86 {.
- i 4 78.3130  ~207.0008 30433 §.06 g,
1% 4 41,9365 -782.0008 3, 5435 §.08 th
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L 00000 G000 0.00000 174810 62 a3 3.0
2 L6667 G000 -0.0885 L7081 -3 6.0 6.8
3 A% 5000 %7 L7087 <306 3.8 8.6
4 350000 G.0000 -0.25804% -1.66016¢ <364 3.0 6.8
5 46,6567 00000 -0.300%%5 -1.3WN%  -E0 6.8 6.2
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3 SB3W G000 -0.324 103785 206 0.0 &0
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i 166667 06000 -0.60187 0.3 -6,2 8.0 6.8
12 123,338 00000 -0.504631  -0.3201% 2.1 0.9 6.0
13 400000 .00 0506102 -0.701803 %7 6.8 6.8
4 (516667 00000 -0.5TP42  -0.397040 i6.2 ~3.6 0.0
5 163.398 00000 -0.3%360  -0-48111S 214 2.0 8.0
16 (750000 00060 -0.516857  -G.38%643 2.2 3.6 6.8
7 186.8667  0.0006 -0.473040  -0.3013%2 7.5 5.8 8.9
198,330 Q000 0438 -0.20917 2.6 3.8 0.0
19 20.0000 00000 30367 -0.168148 2.6 -0.0 5.8 )
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2 - BEE66T  D.0000  -0.250160  ~3.0267%% 21.8 -G8 0.8
2 O3B 00000 -0.2206%  -0.002962 15,4 0.4 0.0
B 800000 Q6000 -0.194628  0.811601 7. 5.0 0.3
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93.3333
105.0000
116.6667
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140.0000
151.6667
163.3333
175.6006
$66.6667
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210.0600
221.6667
233.3333
2456000
256.6667
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--0.003908

T -0.602889
-0.001828
-0.960767.

0.003487
§.603379
8.603189
§.002843
6.002688
§.602380
G.5662235
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