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In the stress aznalysis of elastic bedies which reach their finsl dimensicns

4

etion of materisl the final stress and displacement fields due to gravi-

o
ace

conal leoading depend upon the order and manner in which the body reaches its

ot
o
o4
Jd

1

tate. is abscence of uniqueness is attributable to a dislocation of

Finall

tn

F

the Somigeliana type being formed between the added meterizl and the existing
bedy. With the addition of a subsequent layer of material this dislocaticn is
healed btut the finel effect is that of incompatibility tensor occurring in the
final description of the state of the completed body. The stresses and displace-
ment at C{x,y) due to a layer of material added at A can be described for =z

plane strain case as

T )
uoE o (x,¥) (1)
st T
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c Le the F111 i¢ placed urp inhs sidse of the culivert it takes or =&
of Fig. Z{z} The £111 placed over the culvert tends tco change the chape o
thes of Fig. 2(b) “his tendency may be adéiticnally affected by the base
weterizl undsr the culvert, the i1l properties and the pessible presence of
organic back i1l in the region cover the crown These suspectibiiities and

this study. The extension to the previous papers {1,2) is in this
element of the work. The main problem is the description of the deformation of
the Tlexible culvert with lozd and the coupling of this response to the be-

havicur of the £ill and foundstion.

Modeling of Fill and Foundation

This part of the work fcllowed the program develcped previously for z rigid
(1,2)

culvert. Specifically the embankment with the included culvert was considered

s =& plane of unit thickness and the materials ss being linear. From the
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shesr stresses around the perimeter of the bleock due to the full helght

O

and the addition of these reversal effects to these stresses due t
the full fill.
Fig. 3{a} shows the arrangement used for the analysis of the problem at
Chadd Creek in Northern California. Fig. 3{®%), (c) and {(d) show the finite
element array employved tc model the fill with incremental effects at the eight

levels,
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The x,v displacements of the points i, (i+l} ars defined to represent

Fal

those of the corresponding ends of the curved element and the x displacement of

it and {21+1}' are defined to represent the rotations of the curved element

el
0
e
ja)
ot
7

gt the respective ends. The y displacements of these latter two points have nc
physical meaning and for simplicity, the generalized forces associated with these
degrees of freedom are set egual to zero.

The elements of the stiffness metrices of the triangles p, q and r are taken
from [k] computed previously, and arranged so that the stiffness of the assem-
blage p+g+r matches exactly that of the curved element. Note that if only two
triangles, e€.g£., p and r are included, then the assembled structure p+r could
not reproduce the curved structure exacily, since there would be no connectivity
between points i' and (i+1)' and thus the elements ii6 and Eé@ would be zero,

which is incorrect for the curved element.



MECHANICAL MODEL of FILL-CULVERT INTERACTION
FIG. 5(a)

CURVED MEMBER THREE ELEMENT ARRAY
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FIG. 5(b)
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Discursion ¢of Variour Anslyticel Results

8]

Fig, ={z) chows & schemstic of the fill et Cnadd Creek with a flexitle
inoluded culvert. Fig. & plote the results for ncormel pressure on the culvert
wrere the material directly under the culvert was concidered rigid. The
phycical condition for each pressure line is given in the Table

fnalyses Fill Interface Conditicn Culvert
(Fill to Culvert}

1 hemogeneous No selip rigid
z homogeneous slip rigid
3 hay repleacement glip rigid
L aomcgeneous No slip flexitle
5 hay replacement No slip fiexible

Thece precrure distributions allow comment on the effecis of modifying the
interface condition beiween the culvert and fill to allow for tangential slip,
the effect of culvert flexibility and the effect of the hay replecement cover

the culvert crown.

Interface Condition

Analyses 1 and 2 allow the compariccon of the extreme interface conditicns
of £1ip and no-slip. These lines are typical of those obtained in reference
(1) end the sensitivity to thie interface condition is sppavently negligitie
in the rigid culvert case. It is this information which justifies the use of

the analyticaelly easier no-slip condition in the flexible culvert case.

Culvert Flexibility

Analyses 1 and 4 and analyses 3 and 5 may be compared to determine the

effecte of culvert flexibility. Both these comparisons indicate that the



SCALE:

{" = 10,000 psf = 70 psi
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correct. Eccentially the deformation of the culvert

+the crown regicon preesurec gnd the increase of well

precsures ¢ue to the additional inducement of passive presgures.

Fev Replacement on Flexible Culvert

Anelyses b end 5 indicate the effect of hay repiacement on & {lexible
culvert. The effect msy be considered ec increasing the local flexibility of
the culvert over the crown end causing an additicnal resction of the walls
into the £ill., The results are reduced Crown pressures and increased wall
prescsures. It ie¢ of interest to compere this with the rigid case {Analyees
2 and 3) where the inability of the walles of the culvert to push into the
£411 results in minor alterations of the wall pressures. However, the hay
effectively increases the crown Tlexibility of the rigid culvert and reduces
the pressures in this region. These conclusions lead to a question concerning
the effect of the stiffness of the base material directly beneath the culvert.
To investigate this two cares were run on the arrangement of Fig. 3{a) with
no hey incliusion. This comparison ie indicated in Fig. 7 where the base mater-
isl was

a) rigid (Line 1)
Ebase

b} flexible with 5
fill

=2 (Line 2)

The absence of & hay inclusicn allows the full effect of the base stiff-
ness to be appreciated. For regions away from the base & minor reduction in
all pressurec is evident. For regions involving the contact between the base
and the foundation the results of anaslyses 2 would only be of interest; analy-

sis 1, with a rigid base would involve &n imprectical pressure singularity.
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SCALE :
i" = 10,000 psf. = 70 ps.i.

FIG. 7
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A fingl point observed in References 1 and 2 invcives the change in

1 rots awey over a period of

2]

pressure distribution asz the orgenic hay materi

time. This emounts to the hay having zero stiffnecs and a dramatic reduction

[P

of crown pressures will be evident,

Synthesics of Analytical Results

The previous discussion indicates that the base, culvert and hay Inclu-
cion may be considered ac & system the vertical flexibility of which 1s influ-
enced by &ll the perts end the horizontal flexibility by the culvert elone.
The pressures cn the crown ere reduced with the reduction of vertical gtiff-
nese and those on well incressed with reduced horizontal stiffness. This

suggests that the effect of isotropic normal pressure may be attained by

proper adjustment of the hay and base characteristics.

Comperison of Analysis with Field Measurements

Figure 8 shows measured pressures on the culvert at Chadd Creek with &

total over-fill of 79'. The conditione sbove the crown are
Line 1 -1" earth + 5% gtraw
Line 2 -2' earth + 57 gtraw
Line 3 ~-2'" earth + 3' gtraw

Also plotted are the enalytical results for a homogeneous over-fill with
rigid base. A comparison with the straw inclusion and flexible base analy-
sis may be obtained by the use of Figs. 6 and 7.

From a quantitative viewpoint it is clear that the snalytical resultis
are of the correct order of magnitude and portray the distribution of pres-
sure fairly well. However, the most significant feature is thet the analy-

tical results are escentislly symmetric about the center-line vwhereas the
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= 10,000 psf
7O psi

A ~ Computed volues for
FIG. 8 homogeneous embankment
with rigid base.



£

sravely affected by the initial confi etion and
. of

obtain & complete picture it would be necessary

&) know the initial configuration
t) follow the changing configuration with increase or fill.
From a practical design viewpoint i1t ie apparent that pertinent pregsure
figurer are obtainatle from the analyses provided here. Tt is belleved that

more refined asnalyses would not be relevant to this work until the i1l prop-

ertiee nd behaviors are more ressonably undersicod.
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FORMAT (414sF8e2330 10,0 ,F8.04) !
FORMAT (31m TUTAL NUMsER OF B0, =1las)

FORMAT [11RW&F1241,4,2F12458)

FURMAT (Z214,1F842)

FORMAT (20HCELUNDAPY CUNDITIGKS)

QQLHT (3240 CyCit FORCE UNZALANTE)

FORMAT (1112,1E20e&)

FORMAT (42MONODAL POIRT X-DISPLACEMENT y-01cDLACEMENT,

FORMAT (1112+2F1%a61

FORMAT (1201 LLEMENT X=STREZS Y-STRESS XY—~5TRESC
1 AX o STRESS MINGSTRESS MLX e SHEAR DIRECTIONY
FORMAT (1710s3F15:645X34F 15,2

FURMAT (25R1RLSULTS FOR ANALYSIS NOe [4/220000e OF ELEMENTS =
Pla 7224 NO. OF NODAL POINTS =14/ 220 NCo. OF B.C, =Tay
FORMAT ([1H1)

FURMAT (37H-MUDIFIFED VERTICAL LUADS AT ELEVATION FR.2/13H NP, YL
1GAD

FORMAT (15H-~TOTAL STRESSES /564 CLEMINT X=35TRESE Y-5
1TRESS XY-STRESS

FORMAT (22+ PCISSUNS RATIO =F&43/722m DENSITY =£10
Ted

FURMAT {22H1ANALYSIS OF THE FIRST 13,84 LAYERS )

FURMAT {3cH MATERTAL 15 REMUVED AND LGADS MODIFIEL /20H NP. xLOA
1D YLCAD

FORMAT (364 PIT 1S FILLED WITH ORGANIC MATERIAL/OH DENSITY=E12.4/ i
len F =E12e¢4)

FORMAT (2014

FORMAT (1Bs2Flzet)

FORMAT (32H- NP . XLOAD YLOAD }

FORMAT (E£12.4)

FORMAT(1HO s 24HELEMENT REPLACEMENT DATA} ¢
FORMAT(1117+E15.6)

FORMAT (414

FORMAT(24H NODES ON PIPE. (NRMPNT))

FORMAT({59H]1 RADIUS XCENTR YCENTR NRMPTS EPIPE THP
1IPEY

FORMAT(2014)

FORMAT (32HOZERO OR NEGATIVE AREA, EL+ NOwe=114)

FORMAT (36HOMORE THAN 7 POINTS CONNECTED TO NP. 14)

FORMAT(3F 10013110981 164sF104%)

FORMAT (F442)

READ AND PRINT INPUT DATA ¢
PRINT 30

READ 1

PRINT 1
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101

120 READ 18 »(NAL) s (NMEL {NAL) sNMNP (NAL} sNMBC {NAL) s XUINAL} +RO(NAL ) sD15P
1L+ TOLER 4 XFAC) ¢

b
i

-

ITMNPT

READ 2o NUMELT+NUMNPT yNANAL +NUMBUT W NCPINLNOPINSNCYCMyNFROM,
NELOCKs 114172

PRINT 3,NUMELT

PRINT 4 NUMNPT

PRINT 5 NANAL

PRINT 19 NUMBCT

PRINT &6£+NCPIN

ERINT T7T+NOPIN

PRINT B NCYOM

READ 12+ (NJNPTINYSNPJIN) sNPRIN)SETIN), Nzl NUMELT)
CONTINUE

READ 144 {MsXORDIMY W YORD M) s XLOADIMI s YLOAD MY oDEXIMY yUSY M) oMol g NUM

NET

Ro Al ZIsUNPELLYWNFIX (LY sSLOPELLYsL= s NUMEBCT)

READ 44 4NELPIWNEFLPZs NPPls NPPZ

READ BN0s RADIUS, XCENTR, YCENTRE, NRMPTS,FDIFPE, THDIPE

READ 501s (NRMPNT(I1)s 1=1.NRMETSL)

TR(I1)Y 105,100,105

PRINT 113

PRINT 12+ INsNPIINYSNPIINISNPRKINISETINGY & N=1 NUMEL T
PRINT 13

PRINT 20 1M XSGRO M) o YORD UMY o XLOAD (M) oY LOADIMY yDSX MY 3DSY{MY) yM=] g NU

DRINT 22

PRINT 21« tNPBILY s NFIXIL ) o5L0PE L b o= s NIMECT

PRINT 400

PRINT BOOs RACIUSeXCENTRGYCENTRCNRMPTS oEPIPELTHPIPE
PRINT 497

PRINT 501+ {INRMPNT(J1sJd=1«NRMPTS)

READ 17 +NCOUTSNFREF sNTIOWRORVETORG sDURG

PRINT 17+NCUT W NFREFE JNTOFORWETCORGSDORE

SEAD 37, (NELOUT(T)sF=1.NOUT)

PRINT 37, {(NELOUTEIYaI1=1,NOUT) ¥
RZAD 274 (NPFREEtI)sI=]aNFREE)

PRINT 37 {NPFREE(I)si=1sNFREL)

w

INITIALTZATION OF ANALYSIS OF COMPLETE 5TRUCTURE !

NCTAG= 8 €
IFLAG=D

NAL =0

NNN=D

NID=0

DO 101 I=1«NUMNPT

DO 101 UJ=1.+8

NPITsJ)Yy = N

INTTIALTIZATION OF INDIVIDUAL ANALYSIS

READ 12sNMNP 1 sNMNF2 NMNP3sNMNP 4, ELEVINAL)
NUMEL =NMEL (NAL)
NUMNP =NMNP [ NAL )
NUMBC=NMBC (NAL)
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122
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127

141
142

144

145

146

147

156

157

148
158

159
160

161

IF {INAL=-I1Y 1251224125
NNUMEL =1

PRINT 16 oNALSNUMEL ¢ NUMNP s NUMEC
GO YO 127

NNUMEL =NMEL {NAL-11+1

PRINT 29« NAL WJNUMEL o NUMNPE ¢ NUMEB L
PRINT 10sXFAC

PRINT 33sXUINALYSRDINAL)

PRINT 9, TOLER

IF (NMNPZ) 14He1454139

UNTT LOAD MODIFICATION

PRINT 31 LELEVINAL)Y

DO 142 N=NMNP1 .NMNPZ
PFOIN-NMANPZ 3 1405101141
UNTTL=ABS {(XORDIN+1)1-XORDIKYI} /2o
YLOAGINI=YLOADINY=UNTITL
YLOADIN+11=YLOAD(N+ I} -UNITL
PRINT 1asNsYLOADINY
CONTINUE

TF tNMNP3)y 145,1454144
NMNP 1 =NMNP 3

NMNP 2 aNMNP G

NMNP2=0

GO TO 143

TP INMNP2) 14651464129

DEAD LCAD MODIFICATION

NFEL =NNUMEL

NLEL=NUMEL
RORG=ROINALY

DO 161 M=NFELJNLEL

1F (NMNP2) 15&64+157+156&
N=NELOUT (M)

GO TO 1%:58

N=M
IF{N-NELP1}158+]148+148
TFIN~NELPZ2)161+161,158
T=NPI (N}

J=NPJIN)Y

K=NPK (N)
AJ=XORD(JY-XORD!{ 1
AK=X0ORDIK)I-XORDI{ I
BJ=YORD(J)Y=-YORDI I}
RK=YORD(IK}Y-YORDI(1}
ARFA=(AJRBK~-AK®¥BJ})1 /2.0
DL=AREA®RORG /3.0
YLOAD(Iy=YLOAD(I1~DL
YLOAD(Uy=YLOAD({ 4y ~DL
YLOAD(K)y=YLOAD{K)=-DL
CONT INUE

PRINT 3¢9

PRINT 38, (MeXLOAD(M) s YLOAD(M} 4M=1NUMNP)

v
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125 NCYCLF=0
NUMPT=NCPIN :
NUMOPT=NOP I N
DO 130 L=1oNDIM
SXX{L)=0e0
SXY(L1=0e0 =
CYX{L 10, ,

130 SYY(L)=0a0

C THE TAG ARRAY FOR MAPPING OF TOTAL STIFNESSES 5 FORMED ) :

162 UG 170 N=1sNUMEL

LMOTy=NPLIN) ot
LMI21=NPJIN)

LMI3)1=NPKIN)

DG 170 I1=1.3

MS=tM(IT} ’
NP {MSs11=M5

DD 170 JJ=1s3

TF (MS=LMIJUYY 16541704170 -
165 DO 168 L5=2+NCTAG
166 TF (NPIMS LS -LM{JJY)Y 16741701867
167 1F {(NPIMS.LS}1) 16341691832
162 IF (LS-NCTAG) 168B+184s164
164 TFLAGs]
PRINT 712+¢M5
168 CONTINUE

r 1F NP 15 ZEROCSSTORE LM(IJJy
169 NPIMS,LSy=LMIJ)
170 CONTINUE
R R TR RARE RN R R EE AT FFE A AR R A RFEXH AR AT R L E R IR IR R HK SRR F R EH AR AR AR XX R IR
IFE12)1001.1002.1001
1001 PRINT 350
PRINT 3510 {NP(IsJi1sJ=1+8)s1=1+NUMNPT)
350 FORMATU13H11ST NP ARRAY//) 3
3251 FORMATLIBTE)
CHAR TR R LR R R AR AR TR XA IR L KRR AN N R AR A A AT ARR TR RRIRRIFFXRRA R A ERR

1C02 1F LIFLAGY 442+153.442

r ¥
C CONSECUTIVE NUMBERING OF NODAL POINT LABELLING ARRAY b
C
153 L=0
DO 155 N=1 NUMNPT ¥
IF (NP(Nesly) 155,1554.154
154 L=L+1

MNP{L)Y=NP{Ns1) ;
155 CONTINUE
MNP {NUMNP<+1 ) =MNP {NUMNP } +1
CRE R R R AR R ARE RS R RN BRI AR R AR R E R R A F R R E R R R F KL A AR AR IR RA R R ARSI R RARA AR LA SRR
IF(IZ211003,100451003
1003 PRINT 352
PRINT 353, (MNP{I1sI=1sL) MNP {NUMNP+]1}
352 FORMAT{10H1IMNP ARRAY//)




33

2572 FORMATIIS)
PR R KRR EF R R E R KA RS A F R SR AR R H A AR A R R AR I I A F AR K AR R RR R FFRFERLRER AR RIS R H R X

COUNT ING ADJACENT NUDAL POINTSSTHE COUNT IS STORELD
iN THE FIRST COLUMN OF THEt TAG ARRAY

[N

iR

1074 NPilaYr=]
U175 M=1,NUMNP

T=MNP (M) ¢
IN=MNPIM+1)
N=1
1731 N=N+1
IF INP{TaNY)Y 17441744172 ¢ 3

172 1F (N-NCTAGH 1711734173
173 NP{IN9113N+pr191)
GO TG 175
174 NPUINglIy=N+NP({Is1)=1
175 CONTINUE
(************%*{'***ﬁ'*******ﬁ'**%********'ﬁ"i*%*-i'*%*************%**ﬁ***********{
IFt1211005,1006.10C5
10085 PRINT 354
PRINT 3519t (NFPLI¢drsd=148)a1=1NUMNPT)

254 FORMAT(13H12ND NP ARRAY)
R EEEF AR RN R A ERRE RN RERE AN AR H R FE R AR R AR AR AR L A RS F R SRR F IR LB FF R EERFAH AR RS

PRINTOUT OF NUMBER OF CONNECTED NODAL POINTS.THIS SHOULD EQUAL THE
NUMBER OF TERMS IM EACH OF THE TOTAL STIFNESS ARRAYS AND NCT
EXCEED NDIM,.

YYD MY

N=MNP { NUMNP)

NUMTOT=NP({N.1)

PRINT 15NUMTOT

IF (NDIM~-NUMTOT) L4241T780176

ot
L]
g
o

C FORMATION OF STIFFNESS ARRAY

176 M=D ’
NNELP1 = NELPL

178 M=M+1
NLST=NMEL (M)

C INITIALIZATION FOR PIPE STIFFNESS CALCULATION f
NNPPI = NPP1 |
KIK=0
IN = O
P51=0.0
IF (M =13 180+179,+180

179 NFST=]
¢O TO 181
180 NFST=NMEL(M~-1)+1
181 DO 199 N=NFS5T.NLST
N=N
IF(NELPI-N) 5215224521
522 CALL PYP
GG TO 531
521 1=NPI(N)



*#&iii**ii*i*i******#**#******i**************iI*************l**i************

P

703

182

34

J=NP N}
KENPR(N)

£ J=XORD(JYV=XORDI T
AK=XORDIE)-XORD( D)

AREAT [AJ¥BK-AK®¥B ) /2.0

IF(IZ2)1007,1008,1007
PRINT 507N |
FORMAT( GHOELEMENT 313431H PROCESSED BY OLD PSIT CONLY ) |
***i*ﬁ&&f*i**i*i**%**ﬁ**i%*i*******#**%#***i**i****i*******!***i*i#&**%*
PRINT OF ERRORS IN INPUT DATA
IF (AREA}Y 701+70192700C
IF (1FLAG) 70257024199 '
PRINT 711N '
1FLAG=]
GO TO 199
COMM=0s25%ETIN)/((1a=XU(MI*%2 ) ¥AREA)
All411=BJ-BK
ALl1e+2)1=0.0
A1 143)=BK
Al ls&4 =080
A{lsSy¥==-BU
A<196)=OOG
At291!=0.0
AlLZ2e21=AK=-A
5(2!3}=00O
AlZ2sb4)y==AK
AlZs51=0e0
AlZes6)r=A01
A{231Y=AK~AJ
A{3,2)=BJ~-BK
Al343)=~AK
Al3+41=BK
At3s53=AJ
Al3eb)=~BJ
IF (NFST-NLST) 703+520:703
B{1s1}=COMM
B{le2)1=COMMREXUIM)
Bi{ls3)1=0.0
Bt2s11=COMMEXU (M)
BL2y2)=C0OMM

B(293)=0a0 b
E(3s1)=040
E(3,2120.0

B(3s3)=COMME (1 ,~XU(M])*,5

DO 182 Jd=1lse6

DO 1B2 II=1+3

SUIIadd1=0.0

DO 182 KK=113

SUTITeddy=S{TTsJdJI+Bl I1+KK)EALKKJJ)
DO 183 Jd=1.6




~
.

MY EY Y Y

Ci*****i**l**i**i***i**i*******

C******!************i**********

C
C
C

DO 183 11=1+3 3°
183 B(JJIs111=5{11sJ0)

D0 184 JJd=1s5

00 184 11=14+6

Si1ledJ)=0.0

DO 184 KK=1s3
184 SUI1eJdd¥=S011+JJ P4B LTI 4 KK)*A (KK JI)
531 CONTINUE

****!i**i***i************ilI*************i***********i*******************i!

1IFLI271009+1010+1009
1009 PRINT S06s N ((S(K’J);J=igb}sx=l’6)
506 FORMAT(26H0S MATRIX FOR FLEMENTsI14/16E12021)

%***************i****{***********************%**********************%******

SEARCHING FOR AND STORING NONZERO TERMS OF THE
TOTAL STIFNESS ARRAY

1010 LM{1y=NPI{N)
LM{2)=NPJIN)
LM(3I=NPKIN)
DO 198 11=1s3
KS=lLM{IT)
DG 198 JJ=1.:3
NS=NP{KS5sl1}
LS5=LM{JI)
1F (KS-LS) 186+195,198
186 DO 188 MS=2NCTAG
187 NS=N5+1
I[F (NP{KS,MS)~LS) 188,195,188
188 CONTINUE
195 5XX(NS!=SXX(NS}+S(2*II-ng*JJ—l)
5XY(NS)=5XY{NS)+S(Z*EIFI.Z*JJ )
SYXINSI=SYXINS)+5(2#%]1] e 2% JJ-1)
SYY (NS =5YYINSY+5(2#%]1 L JUIE R
IFI{NELP1-NELP2) 198+196,532
532 NELP1 = NELP1-1
198 CONTINUE
199 CONTINUE
*****************************i**************
1IF(123Y1011.1012+1011
1011 PRINT 802
ROZ2 FORMAT{44H] SXX SxY 5YX SYY)S
PRINY 8030(5XX(K)9SXY(K)95YX(K)9SYY(K§9K=19NUMTOT!
803 FORMAT(4EL1Z2.2)
RN FFHE R REEERERERRE AN R ERFARERF IR R ERAR AR RN
1012 IF (M=NAL} 17B+200+2C0
200 CONTINUE
IF (IFLAG) &42:2019+442

INITIALIZATION OF DISPLACEMENTS

201 DO 205 1=NFROMsNUMNP
N=MNP (1} _
1F (NID=1) 20442025203
202 DSY{N)=DORG




3€

GO TC 205

203 DSY{N)==DSY(N)
GO TC 205

204 DS5YUtN)=DISPL

205 DLSX(N1=0.0

C INVERSION OF NODAL POINT STIFNESSES

DO 210 1=1sNUMNP
M=MAEP (1)
N=NP{ Mel)
COMM =5LXXINIESYY Ny =SXYINIESYXIN)
IF (COMMY 2085209208

ZOE TEM =5YYINY/COMM

SYYINY=SXX (N) /COMM
SXXINI=TEM
SXYIN)==SXY {N)/COMM ‘ ,
SYX{N)==5YX(N)/COMM
209 FRX(M)=XLOAD(M)
210 FRY({M)=YLOADIM)
C-ﬁ--ﬂ--.-"r*'}******}***‘}***ﬁ****i‘**%**ﬁ-***%*‘ﬁ”****‘ﬁ'{-*******%**#*********{****i******'
[F(12)1013+1014+1013
1013 PRINT 807
PRINT B03s(SXX(KIsSXY(K)sSYXIKI2SYY (K sK=1sNUMTCT)
‘x—-:c{'*%**i*%**'l-*{’***-}****%***{*****{'***i#***%***‘*******i****************i-}**-

MUUDIFICATION OF pOURDARY FLEXIBILITIES

1014 DO 240 L=1s+NUMBC
M=NPB (L}
N=ITABS (NP(Msl}}
NP ({Mgl)=~NP{Msl)
[FINFIX{LYI=1) 22542204215

215 C=({5XXIN yRSLOPE L) ~SXY N yIZLSYX AN VHSLOPE(L)Y=-5YY (N 1
R=le=~C¥S5LOPECIL}
SXX (N 1= (SXX N }=~C*SYX(N JI/R
SXY (N y=(SXYI{N J~CRESYY N 1 Y/R
SYX (N }=SXX{N y*SLOPE (L)
SYY (N }=5SXY I[N yeSLOPE(L)
DSYIMI=0e0

GO TO 240 .
220 SYYU(N )1=SYY(N )}=SYX(N J#SXY(N )/SXX{N ) .
DSX(M)1=0e0
GO TO 230
225 SYY(N 12040 \
DSY(M}=0.0
DSX(M)=00
230 SXX(N 12040 ,
235 SXY(N 1=0.0
SYX(N 1=0e0 ,

240 CONTINUE
C***iii**i****ii**i*i*i**i*i********l*l*li*i**********i*iii***l*******i****
1IF{12)1015+1016,1015
1015 PRINT 802
PRINT B803s {SXX{K)sSXY(K)sSYXIK)sSYY(K) sK=1+NUMTOT)
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262

28]
e
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250

300
301
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303

304

12 oEGe 0y GO TO 243
Je-1
T

CTCRATION OF NODAL POINT DISPLACEMENTS

PRINT 22

SUM=0 7

DU 290 I=1+NUMNP
N=MNF LI
NN=MNFPOT+1)

NOLAL POINT N I3 RELAXED

WMz JABS { NP{Nsl1V}

TF (SXXINMI+SYYINMY ) 2494,250249

NAP=TADS (NPINN s13)=-1A85 (NPINs1}I-1

IF (NAFPY 2602604250

DD 255 LL=1sNAP

No=NP {N,sLL+1 1}

Mo=LL+NH

FRXEN):?RX(N}-SXX(M)*DSX(NS}— SXY{(My*DSY{ND)
FRY(N)SFRYUN)=-SYXIMy®DSXINB) - SYY (M) #DSY (ND)
EX:SXX(NM}*FRX(N)-DSX%N)+5XY(NM)*FRY(N)

Sy SYXINMIEFRXINI=DSY(NT+SYY (NMY¥FRY (N)

O5% Ny =DSX(NY +XFACHEDX

SLYINY sDSYEN) +XFAC*DY

1F O INPINs1Y) 265+262s262

Sz SUM+ARS [DX/SXXINMY p+ABS LY /SYY ENMY )

NUDAL POINTS CONNECTED TO NGDAL POINT N ARE RELAXED

IF (NAP) Z2BDs2B0+265
OO 275 LL=1sNAP
No=NP{NeLL+1)

M= L+NM
FRXINB) = XX (MY ®DEXIN )~ SYX{M)*DSY (N y+FRX (NB)
FRY{NB)= —SXY(M)*DSXIN 1~ SYY(M)*DSY(N 3+FRY(NB)

FRAIN}=XLOADIN)
FRY (N =YLOADN)
CONTINJE

CYCLE COUNT AND PRINT CHECK

NCHECK=0

NCYCLE=NCYCLE +1

IF (NCYCLE=NUMPT1301+300+300
NUMPT=NUMPT+NCPIN

PRINT 24 sNCYCLE»SUM

IF (SUM=TOLERI305+305+302

1F (NCYCM=NCYCLE13054305,303
NCHECK=1

IF (NCYCLE-NUMOPT 24543044304
NUMOPT=NUMOPT+NOPIN

PRINT OF DISPLACEMENTS AND STRESSES

*ﬂ**i*i*i*%**&*%*******%%*****i**********i**f*********%*********‘




205 PRINT 28 38
DO 307 1=1sNUMNP
M=MNF (T}
507 PRINT 26 My DSX{(MysDSY (M)
FRINT 27
DO 421 M=1sNAL
NLST=NMEL (M)
IF (M =1) 311,310,311
NFST=14NBLOCK
00 TO 312
111 NFST=NMEL(M=1)+1
310 00 421 N=NFSTHNLST
1F {N-NNELP1} 407+406+406
4le IF(N=NELF2) 42144215407

et
pt
o0

427 1 = NPIL{Ny
JENPJIN}
K=NPK{N}

AJ=X0ORD{Jy~-XORDI(I}

AR=XORU(KI=XORD(I}

Bi=YORD{JY~YORD(1}

EK=YORDIKI-YORDI( I

Xz IBJ-BKI#*#DSX (] 1+BK*D5X(J)-BJ¥DSIX (K
EPY=({ AK=AJYEDSY [ ) —AK*DSY(J1+AJ®DSY (K)
GAM= {AK—AS)I#DSX{ ]I —AK®DEX (J)+AJ¥DSX (K +(BJI-BK)*¥D3Y 11 1+BK*¥DSY (Jy~BJ
1+05y {K)
COMM=FETINI/ {1 e-XU{Mi#X2 ) {AJ¥BK-AK¥RB )} )
X=COMMR [ EPX+XU(MI*EPY)

Y=CCOMM¥ {EPY+XU(MI®EPX )

XV:COMM*GAM*( II—XU{M} ?*05

TF O INCHECK )Y 321+317,321

317 IF (NMNPZY 319+328,319
315 IF (NNN-13 320+328,3228
320 1F (NAL=-M) 322.3224323
3272 CG={YORDLII+YORDUIJI+YORDIKY) /340

SIGYY{(N)=z=140
6C 1O 324

3232 COG=FLEVINAL=-1)

324 THMUL={ELEVINALI-CUL)I*ROINAL Y/ 20
SIGYYT(NI=SIOGYYTINI+{SIGYY (N +Y ) *TMUL
SIGXXTINI=SIGXXTINY+{SIOXX{NY+X) #TMUL
SIGYXYTINI=SIGXYTINI+{SIGRY {N)+XY ) *TMUL
SIGXX(INY =X
SIGYY({Ny=Y
SIGAYUIN)=XY
GO TC 321

328 SIGUXXTINI=SIGKXTINI+X
SIGYYTI(NI=SIGYYT{NI+Y
SIGXYTINI=SIGXYT(N}+XY

321 C={X+Y} /2.0
R=30RT ({{Y=X)/2.01%%24+XY¥%2)
XMAX=C+R
AMIN=C=R
TMAX= [ XMAX~-XMIN} /2.0
IF (Y=X) 32543264325

325 PAzQe5#5742F5T8*¥ATAN [ 2Ze% XY/1Y=X))
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CO TO 327

PA=G0.0

IF (2 *¥X-XMAX—XMIN) &405:420+42C

IF (PA) 410942054615

Pa=PA+T0.0

GS TC 420

pQ;pA—QOQG

L=N-NBLOCK

PRINT 289(LgXbYoXY,XMAX9XM{N;TMAX9PA)
CONT INUE

T OURCHECK Y 43124318243
PRINT 32

NFST=NBLOCK+1

DO %33 NsNFSTeNUMEL

£ =N-NBLOCK

P UN=NNELPL) 42544295425
IF(N-NELFZ) 433,433,425
PRINT 28, LsSIGXXTIN)sSIGYYTINYSIGXYTIN)
CUNT INUE

NELP1 = NNELPL

NPP1 = NNPP1

LOADRS 3ET 7O ZERG

DO 435 1=1«NUMNP

M=MNP (1}

XLOAD (M1 =00

YLOAD{MI=0.0

FRX{(M)=0+0

FRY{M)I=0e0

CONT INJE

N=MNP (NUMNP<+1}

NP(Ns11=0

1F (NAL —NTO) 4405+500+440

MUDIFICATION OF LUAD DUE TO REMOVAL OF MATERTAL

NN=0

1F {NNN-1) 505+5B80+50¢
NNN=0

NID=0O

DO 503 1=1NFROM
DSY(11=0e0
DEX{11=0e0

GO TO 440

PRINT 34, NAL
PRINT 35

NN=NN+1
EL=NELOUT{NN)
ET(LLY=00
NFST=LL

NLST=LL

M=NTC

GO TO 181

~r
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0
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440
A

442

zARLA®ROINTC)/3.C
Gily=SI0XXRTILL)Y
Cegy=516YYTHILL)
Ge3y=5IGXYTILL)
LM{lYy=NPILLL)
LMEZ)r=NPILLL)
LM3Yy=NPK(LL?

00 530 Ji=le3
M=LM(dJd}
FRY{MI=FRY (My+DL
DO 530 II=143

w7

-

Y

y

[VRNNS

FRX(M)=A(E§&2*JJ-1}*SIGC?§)/2-O+FRX{M}

FRY{M):A(1192*JJ)*SIG(iI)/ZoO*FRY(M)
CONT INUE

TF (NN=NOUT? 5105401540

S0 570 M=1sNFREL

N=NPFREE{M)

XLOADIN)I= FRXIUN}

YLOADIN)Y=2 FRY({N)

PRINT lés NsXLCADIN) s YLOAU(N)
NNN=1

NiD=1

50 70 129

REPLACING MATERTAL

DO 590 N=1sNCUT
L=NELOUT N}
ET(L)=ETORG
RURGL=ROR

PRINT 34sNAL
PRINT 36sRURGSETORG
NID=2

NHNN=NNN+1
NFEL=1
NLEL=NIOUT

GO TO 147

IF {NANAL=-NAL) LGbab s 4445120
READ BO1ls NEXT

IFINEXT eEQe 0) GO TO 1000
STOP

END

40

R




T
2 inF 1l PYPO DECK 41
SUBROUTINE PYP
UIMENS]ON NRMENT(Z0) s YORDI26Z2)s XURDIZEZ Y ELFLEX (3431, ELRIGUZ,Z *
T1s ELA(3s6 s ELATRNIAEs3)s ATRUE43)s BARUDKIESE ) S{6sEYy MNPLZEG )
I USXi262)s DSY(262)
COMMON }Z‘NLLPI,N.KI&,lN.NRMPNT,NRMPTS,YORE;YCtNTR¢XORDs
1 XCENTRGTHPIPL RALUILVSWEFPIPE S NNEP L s NUMNP o NPR L o MPsUSX s DOY s NPP L ..

EoulvapeEnCE

5727 TFURIK}IS23+5274523
527 IN = IN+L
C PO £ACH ELEMENT OF PIFE

(cLRIG,ELFLEX]

¢ CALCJLATE ANGLE PHI
-
'
TE(I121200142002,200
2001 PRINT 492N
6oz FORMAT(I4HIPIPE ELEMENT 12)
C*i*ii*#***#***ﬁ%**%*#%**i****%%*#***%*
2002 NRI = NRMPNT(IN)

TF(IN-NRMETE}
515 NRTIT = NRMPNTOINSIY

GO TG 615

617 NRIL = NRMPNT(1}

615 v11 = YORD(NRI) = YCENTR
XI1 = XORDINRI) _ xCENTR
FI11 = ATANZ (YI1,XI1)

£19 YI12=YORDINRI1)=YCENTR
12 = XORD(NRIl} -
F12 = ATANZ (YIZ»
616 PAl=FI2-F11
TF (PHIY 6206214621
£20 1FIF111623+8622+56232
6522 PrI=PHI+3.,14153%265
GO 1O 621
623 IFIFI21624+4622+674
6524 PHI=PHI+642831852
£21 PHIONZ2=PHI/2.0
PHIBYZ2 = 20%*PHI

xlzn

C%**i*%*********************4#*******%**********%*

1F(1212003+2004,20C3
2003 PRINT 1006+F11
1006 FORMAT( BHFI
PRINT 1006sF12
ANPHI=PHI*180.0/34142
PRINT 1496+ANPHI
1496 FORMAT( 6HOANPHI/F1045)

618s6517+618

XCENTR

1 F1l0ebd

SUETENDING BACH ELEMENT OF PIPE

i**#i#%**i*i#%%i*****i*%%*%*i**%*******%*%%*¥%**%%***%**}*%**#*%********%*i

R A Rk R LR R o

*********%***************4*

C******l***{i***i*******ﬁ*****#*******i************************************i

€
¢ CALCULATE
C
2004 IF{IN=1) 65046512650
651 P51 = FI1

INCLINATION OF EACH PIPE ELEMENT

L

B 1 e, et R = = e




42

680 P:l = PSI+PHION?
C%-*i‘%*{»**-ﬁﬁ{-*%*{‘**‘}***ﬂ%%ﬁ*i’-i—%-}-}‘}*‘}%**** IR R E-EEEEEEEEEREEE X EEEE R I3 X XL XX I E-]
IFL12)2005420064200%
207t ANPS1=PSI*#180e0/3e142
PRINT 1495,ANPST
1425 FORMAT( BHOANPSI/ZF1045)

Y

oy

ool To MOMINT OF INERTIA OF PIPE, = PIRPEL]

AR
F
I
-

GCA RPIPED s({(ThF[PE##3,0)/172.0

C CUMFoTE PIPE SLEMENT FLiEXIBILITY MATRIX DLFLEX

ALFA = 1.0/02.0%5IN {(PHIONZ))
ELFLEX (1911 =PHI-PI*J0C% (PHI}/2+0-5IN (PHION2
SLFLEX(1lsel) = ELFLEX(1,1)*ALFA*ALFA
ELFLEX(192)==PHI*C0OS (PHIJ/2e0+SIN (PA1)/240
ELFLEX{192) = ELFLEX(1s2)*%ALFAXALFA
LLFLEX{193128IN (PALI*PHI/240-1.0+C3% (Pr1)
ELFLEX(1s3) FLELEX{1+21%RADTUS=ALF

1 H

ELFLEXIZ41)
FLFLEXt2492) ELFLEX{1a1)
CLFLEX{243) ELFLEX{1I.3)
ELFLEX{341) = ELFLEX(1+s3)

ELFLEX {192

H

1

ELFLEX{342) = ELFLEX{2+3) 3

ELFLEX{333)=PHI+PHIONZ#COS (PRIY=-1.5%5IN (PHI)
ELFLEX{3+3) = ELFLEX{3,43 ) #RADIJE*RADIUS
DC 604 J=143
DO 604 X=143
£04 FLELEX{JeKY = EFLFLEXEJGK I *RADIUS/(EFPIPE*PIPET Y
(%***%*%i******%******#*%**ﬁ—**********%***{-%i*%**ﬁ-i*'}***%%%*%*#********%*%%%
IFLI212007+2008,200
2007 PRINT 1494;:(aLFLEX(J.K)-K=is3)s J=1+2)

1494 FORMAT( THOELFLEX/(3E1Z2e42))
R e e s s S s e e

r
C INVERT ELFLEX TO GET PIPE ELEMENT STIFFNESLs = ELPIO
2008 CALL SYMINVIELFLEX3)

C**-H—** ISR S XL SRS EERS S SR TR SEEEEE R TR LS L EEEFEREEEEEEREEEEEESERESEE R EEREEREEE SR

IF112)200542010+2C09 3

2009 PRINT 14G]+((ELRIGIJeK)IeK=1331ed=143

1451 FORMAT{GHOELRIG/I3E1Z2.21))
C*******i’%*********‘}*"‘************%**** IR S E R T EEEEFFL I EESIEIZAEREERER R E L E L L X
C
C CONSTRUCT DISPLACEMENT TRANSFORMATION MATRIX TO FIXED AXESs = ELA

C 3
2010 ELA(141) = COS (PSIV/{2.0%RADIUS®SIN (PHICNZ )
ELAGZs1) =—ELA{Y1411
ELA{3,1) = «SIN (PSI}
ELALL1+2) = SIN (PSI1)/(2.0%RADTIUS*SIN (PHIONZ )
ELALZ2)=~ELALL+2)
ELA(3,2) = COS (PSI)
FLA(Ly3)Y = =ELA{Ls1)

R FFEFRERE R R AFERERNFR SRR TR FAF R FFFAEEF TR LEASTFR A S F SR FE IR IR T RS EE S 2 0s v

E
|




FLAIZ3Y = =ELA{Z2s1) 43
Eta{3,43) = —ELAL3S1)
ELALT 4y = ~ELA{Ll+2)
ELAtZ 44 = =CLA(Zs2)
FLALZ448) = =-ELAL3.2)
ELALTI.5)Y = 0.0
tLA(ZeD) = =10
FLA{AyB)Y = Qa0
ELalleb) = 140
FLA{Z46) = 0.0
ELt(336) = 0.0

e F R R R RERARES ST RAREERFR EF A AT RE IR HARAF LA B R LREARETE TR RIS ET x5
IFii212011+2012+2011

S0311 PRINT 10C7s ((ELA(JsRYsK=1s6)sJ2143)

1007 FORMAT( HIDLAZIG6EL1Z2e4)) é
f**i*%*%%*i%%**%**%%**%i%*****%%****%***%#**i***%*****%*%&*%**%*#ﬁi***%&**i:
r
€ CONSTRUCT TRANSPQSE OF ELAs =FLATRN
. i

2012 DO 603 J=1e32 !

o0 603 K=1a6
0% ELATRNIK«JIY = ELAL KD :
(%i******%%%%**%**#i******%*%*******i*****}**********%**%*****************iﬁ

IF(12)2013+201442013 '
3 DPRINT 4934 (ELATRN(K s J) 9d=153313K=146)
2 FORMAT({ T7HOELATRN/(3F12.2)

igon!
49
E R FRERER AR RAXFFFEHERFEF AR FE AR IR B F SR I TR FRERF RN R EFRE FFHUEARFRREESTHRF RN

C
C
C CUNnSTRUCT PIPE ELEMENT STIFFNESS IN FIXED COORDINATELSSs = BARDK
“

201 DT 710 I=1,6
DO 710 J=1s3
ATK(T5J1=040
DO 710 KK=1,3
710 ATK(I.J) = ATK(IeJ) + ELATRN(ISKKI¥ELRIGIKKsJ)
0O 709 I=1,6
CO 709 J=1,6
BARDK(IsJ} = 0.0
DO 709 KK=1s3
700 BARDK({1sJ) = BARDK(IsJ)+ATK(T»KK)*ELA(KK )
PSI=PSI+PHION2
C*i***&****************i**************#*********!**%*****%%*************i*i%
IF11212015s 52342015
2015 PRINT 1008+ ((ATK(KsJ)aJ=133}14K=146)
1008 FORMAT( 4HOATK/(3EX2e2))
PRINT 503, ({BARDK(KsJ)sJ=15619K=14+6)

503 FORMAT(31HOBARDK MATRIX FOR PIPE ELEMENT s/t6E12.2))
C******i******************%*********%******i***********%*l*****************i
€ STORING CURVED BAR STIFFNESS IN ELEMENT FORM Py Qs R

223 DO 533 Jd=1s6

DO 533 II=1+6
533 St115JJ1=0e0
TFIKIK-1152455254+52¢6
524 S(1,1)=BARDK(5+5)-1.0
S(1+3)=BARDK(5s1}




525
537

526
538

531

{14 )1=BARDK (S s2)
{1+51=BARDK ({5473}
(16 =BARDK {5 sk
{292):}o0

{241 Y=2BARDK {15
S{343)=BARDK {1411 ~1a0
S{3+4)=BARDK (1+2}
SE3+5)=BARDK (123
S{3+61zBARDK {14}
Sl4el1)=BARDK (245}
S{4421=BARDFK (21
SlLsdy=BAFDKIZs21~100
Sl{4s5)=BARDK {243}
(L6 )=BARDK (244
{541 )=BARDK (345

{5+ 3Y=BARDK (341
(Es4)=BARDK (3:2)
S{542)1=ARDK{ 342 1-2e0
S{5eb6)=BARDK {344}
Si6+11=BARDK {45
Si6»31=BARDK {41}
S{Es4)Y=RARDK {4 42}
Si6:5)=BARDK {443}
S{6+61=BARDK (44 )1~2,0
KIK=1

NELPl1=NELPI+]

GO TO 531

DO 537 Il=146
S{ITIa111=1.0
S{1+5)=BARDK{1+6)
S{2+5)1=BARDK {246}
S{3:51=BARDK {346
Sl4+D5)Y=BARDK (446} \
S(9+5)=BARDK{&+6 14
S5{5:4)=BARDK (6 +4)
S{5+s31=BARDK(6,+3)
S{5:2)=BARDK (64+2)
S505+11=BARDK {641
KIK=2

NELPI=NELP1+1

GO TO 531

DO 538 [I=1+6
S{I1+111=1s0
St165)=BARDK {56
St5+11=BARDKI(6¢5)
KIK=0

NELP1=NELP1+1

CONT INUE

RETURN

END
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SINV CECKLIST
SUBROUTINE SYMINV (ASNMAXNDIM)
DIMENSION A(NDIM.1)
DO 100 N = 1sNMAX
Al{Ns1) = A{1sN]}
DO 200 N = 1 ¢NMAX
PIVOT = AINsN)

AINsNY = =1,
DU 140 J = 1 eNMAX
AlNyJY = A{N+I)/PIVOT

o 180 I = I sNMAX
C = A{lsN)

FF [1eEWaNeORLCebEWeDe) GO T0 180

OC 160  J = 1 +NMAX

IF (JeE @GN} GO TC 150
AlTasdy = A{lesd) — CHAINLIY
Aldel) = AC]led}

CONT INUE

CONT INuUE

vl 200 I = 1 sNMAX

AUTeN) = AlNsI}

oo 300 I = 1sNMAX
DO 3200 J o= TyNMAX
Al{TsJy = =AClsJ)
Rt TURN

END

45
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SINVi
SINV!
SINV,
SINV |
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SINVE
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SINV
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