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{
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DEEFIICONTE~RB, Fig, 3 K700 5 A2ED
Ja—F = bAERLI. 705 AducERLE

EHO—E£% Table 1 i€, ¥—4 ANDHEEFig.
4&(‘.’.’/:]:\.L/7L~:o

Table 1 r N — ¥ %
P 7 = £ B % 2 %
NELEM # O D K X(1).Y(Lr | HABAD x |,y B
NNODE LOE D B NODE(1,]) HEERYBUDAES
NTOP ERER i B=YoY 1 N(I PEENAEE PRI SL
NCONF HRBEDOH (x, y Hid MC(I BA RS AES L L
NTRACT HEIERBAOH () | ACD AP KEE . BT
NDRAIN Bk B o NFORCE (1) AR EAES
IMATER FgtE (55T 0 ) FORCE( I : hokE &
TINIT S R R NPRES (1) RO v KER S %S
TFINAL v I RREER STIFE(I . J) BREEORAIME= ) 7 2 Qe
NN HNERESER (x .y A ) PRESE(I. J: BEFOM »KE~+Y 72 Re
NP FH > K S VISCE(1.]) EEBOMK~+ 9 7 A Le
Eo or E(I} ERO W FH STIF(I, J) LB~ U2 R Q
VO or V{I: HFENHET U PRES(I,] Sy EKE~ V2 AR
THICKOor THICK (1| # % o B & VISC(I, ) SHHK~ Y 7 2L
DENSOorDENS (1 |8 % o & & DISP(1 oA B
PKX0or PKX (I BHEO x SEEKER FINAL (1 B R B S
PKYO or PKY (1) EHoy HEy o PINV(IL.J" R
AREA # F o f & DE(I.]} D(¥E~rv7 R
TWIDTH of BOEE DQCI, ) du Q
KAI 17 F R A B H QBAR(I, 1) Q
cM(L, ) KR~ Y7 A UuCl, 3 u
co, R BRI E ) vV(L, ) v
ABC(I. J . a,b,c uv {uv)

TOT B YT LTI L &5 & T AHBEYOHBD
ERH, SAR, BRSE A, BSEE, §AES,
MREHEEOREERF -5 2 AL T, EERBIIKE D
BEI RN, HimMS HKE, S AEERE FEEEER
BILTFEAHAIEN B, A T OO DB SE
EEBRA L, RUESEMCHESOAHT= MY 7 xDE
BET->TW5, ILMBEHNE—RE & EBL0E
RTHRNDLELDBEDIDBNRINT VS, 70—
FACE= MY 7 X O PREZFRNICRIE U CEY—K

FREREM Cholesky &l o FEfchick -
THITNSRDEBLEDENR T B,

2) 7RIS LDERR

UMic ZiRuER S CHll e X 338) &k 5 7Bl
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15 BEOL TRECHT 2B RN

DN D P NN

100

120

CONSOLIDATION ANALYSIS (F,E.M

IMPLICIT REAL#R(A=H,0=7)
COMMON M(130,130),C(130),PRES(20,20)
DIMENSION STIF(130,130),NFORCE(CTI30)-01ISP(130),F0RCECT13N) ,AN(20)
DIMENSION OFLTAD(130),VISC(20,130),NPRES(20),FINAL(130),A(20)
DIMENSINN NODE(32,6),X(25),Y(25),N(35),M(20),PINY(20,20)
DIMENSION E(1),V(1),THICK(1)Y,DENS(1),PKX(1),PKY (1)
DIMENSION STIFE(12512),QBAR(3,3),DE(3,3),0Q(9,9),UU(3,6),VYV(3,6)
DIMENSION UVI(9,12),PRESE(3,3),VISCE(3,12)7ABC(3,3)
INITIAL INPUT
READ(S,10) NELEM,NNODE,NTOP,NCONF, NTRACT,NDRAIN,IMATER
READ(S5,12) TINIT,TFINAL
NN=22 «NNOADE~NCONF

NPzNTOPNDRA
WRITE(6,13)
WRITE(4,14)
WRITE(6,15)
WRITE(6,16)
WRITE(K,19)
WRITE(&,20)
WRITE(A,21)
WRITE(6,22)

IN

o)

NEL'EM,NNODE ,NTOP,NCONF,NTRACT,NDRAIN,IMATER

TINIT,TFINAL

DO 1NN r=1,NTOP

READ(S5,23) x
WRITE(6,24)
WRITE(4,25)
WRITE(6,26)

(I),y(D)

1.x(1),Y(1)

D0 110 t=1,NELEM
READ(5,27) (NODE(l,J)sJ21,6)
I1,(NODECI,J),U=ts06)

WRITE(6,28)
WRITE(6,29)
WRITE(6,30)

IF (IMATER,EQ.()

DO 120 1=1,NELEM
READ(S,31) ECI) V(1) THICK(I),DENSC(I),PKX(1),PKY(])
WRITE(6,32) 1,ECI),V(I),THICKCI)SDENSCI),PRX(I),PKY(])

CONTINUF
GO T0 140

GO 10 130

— 219 —

1 11 21 31 41 51 61 71
NELEM | NNODE | NTOP | NCONF | NTRACT | NDRAIN | IMATER
TINIT | TFINAL
X{1) Y(I? } NTOP
1
NODE( . 1| NODE(1,2)| NODE(I.3)| NODE(I .4) [NODE(1,5) |NODE(I, 6) }NELEM
ECL® Vil) |THICK(I}| DENS(D) | PKX(I) | PKY(I} }NELEM
—— ===t = — 4= == 1 —— —| — — — (8L IMATER=00 & *127485 )
E0 Vo THICKO | DENSO | PKXO0 PKY0 | (IMATER=0mé&% )
N(1) N(2) N3) | ——— —] —— NCONF
MDD ACD } NTRACT
NCL) NED N(37 |————4 — NDRAIN
Fig. 4 F-4DANERX
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109
110
ARD
112

130

140

150

180

190
160

220

210

330
340

370

350

300

READ(S,31) EN,VO,THICKO,pENSQ,PKX0,PKYD
WRITE(6,35) EN,VO,THICKO,DENSO,PKX0,PKYOD

NFORCE=w==~=NPRES
WRITE(6,36)

WRITE(6,37)

READ(S,3R) (N(I),I=1,NCONF)
DO 150 1=1,NTRACT
READ(S5,39) M(I1),A(])

K=l

10=2#NNODE

b0 140 1=1,10

DO 170 =m1,NCONF

1F (N(JY.EQ,IY GO TO 160
CONTINUF

Ka3K+19

NFORCE(Kk)=1

DO 180 1=1,NTRACT

IF (M(J)Y.EQ.1) GO TO 190
CONTINUF

FORCE(XKY=0,

GO TO0 140

FORCE(Ky®mA())

CONTINUE

nO 200 1=21,NN
WRITE(6,40) I,NFORCE(I),FORCECI)
WRITE(K,41)

WRITE(4,42)

READ(5,%38) (N(I),I=1,NDRAIN)
K=0

DO 210 1=1,NTOP

DO 220 | =1,NDRAIN

1F (N(JY.EQ,1) GO TO 210
CONTINUF

K=K+

NPRES(Ky=1]

CONTINUF

DO 230 1=1,NP
WRITE(&,43) I, NPRES(I])
INITIAL SET

00 340 1=1,3

00 3460 1=1,3

DE(Il,J)a0,

00 340 1=1,3

b0 340 ;s1,3

IF (1.En.J) GO To 330
QBAR(I,1)=1,

GO TO 340

QBAR(I,y)=2,

CONTINUF

IF (IMATERLEQ,1) GO TO0 350
CC=EQ/((1a4v0)2(1,=2,*V0))
DE(1,1)aCC*(1,~V0D)
DE(1,2)aCC*VvQ
DE(2,2)=DE(1,1)
DE(3,3)=CCo(1,~2.2v0)/2,
DE(2.,9)2DE(1,?2)

00 370 1=21,3

00 370 4=1,3

CC=DEC(T,LY)

0o’ 370 4131,3

00 370 2=1,%

1023« (1<1)+ )1
JN=3x(Jat)+y?
DA(IN,JN)aCLwQRAR(IT,J2)
CONTINUF

STIFF,PRESSURE AND VISCO MATRIX OF

DO 3INO r=1,NN
D0 3INN =1,NN
STIF(L,0)=0,

po 310 rs1,NP
po 310 y=1,NP

— 220 —
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R REDOTLEICHT 2 RN

113 310 PRES(1,.4)=0.

114 b0 320 1=1,NP

115 DO 320 4=1,NN

116 320 VISC(1,1)=0,

117 DO 400 1J31,NELEM
118 If (IMATER,€Q.0) GO TO 410
119 EN=E(IJY

120 vOav (L))

121 THICKOITHICK(TJ)

122 DENSN=DENS(1J)

123 PKXN=PKX(1J)

124 PKYN=PKY(IJ)

129 CCREN/((1a+VNI*(1,=2.4VD))
126 DE(1,1)2CC*(1.=VD)
127 DE(1,2)=2CC*V0

128 DE(2,2)aDE(1,1)

129 DECY, 3 )aCCe(1,-2,+V0) /2,
130 DE(2,1)aDE(1,2)

131 PO 38R0 1=1,3

132 DO 3IR’N 21,3

133 CC=DE(I,L)

134 D0 3RO 41=1,3

135 p0 380 ,2=21,3

136 1023+ (1=1)441

137 JOR3e(Ju1)4y2

138 DA(IN,JIN)=CC*QBAR(JIT,I2)
139 380 CONTINUF

140 410 MIZNODE(IJ,1)

141 M2=NODE(1J,2)

147 MIxNODE(1J,3)

143 X1=X (M1)y

164 Y1=Y (M1

145 X2EX (M2)

166 Y22Y (M2

147 X3mX (MY

148 Y3I=Y (M3

149 ABC(1,1)12X22Y3ex3uyY?
150 ABC(1,2)=X3y1eX12Y3
151 ABC(1,3yxxtey2=XxpxY 1
152 ARBC(2,1)aY2ay}

153 ARC(2,2)3Y3ay1

154 ABC(2,3)mY1=Y?

155 ARC(3,1y2x3=x?

156 ARC(3,2yax1=-X3

157 ABC(3,31=X2=-x1

158 AREA=ABS(ABC(1,1)+ABC(C1,7)+ABC(1,3))%0.5
159 00 390 1x1,3

140 00 390 =1,3

161 IF (1.EQ.J) GO To 39N
162 UUCL,d)a=ABC(2,J)
163 VV(I,J)==ABC(3,J)
164 GO T0 390

165 391 UUCT,0)x3.%#ABC(2,4)
166 VV(1,J)x3,#%A8C(3,J)
167 390 CONTINUEF

168 UU(1,4)x4,*ABC(2,2)
169 UU(1,5)x0,

170 UB(1,6)a4,*ARC(2,3)
171 UUC2,4)u4 ,*ABC(2,1)
172 BUC2,5) x4, *ABC(2,3)
173 Uu(2,6)20,

174 uu(3,4e)=0,

175 UUC(3,5)wb,*ABC(2,2)
176 UU(3,6)=4.%4R8C(2,1)
177 VV(1,4)=b,*ARC(3,2)
178 vV (1,5)=a0,

179 VV(1,6)mb,*ARC(Y, D)
180 VV(2,06)nb,.*aRC(3,1)
181 VV(2,5) b, *ARC(3,3)
182 vV (2,6)20,

183 vV (3,4) a0,

184 VVI(3,5)ab,*ARBC(3,2)
185 VV(3,6)x4,%vABC(3,1)
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186 DO 392 1=21.6

187 00 392 =112

188 3192 UV(1,4)=0,

189 00 393 1m1,3

190 D0 393 =14

191 393 UV(I,J)sUUCT, )

192 DO 394 1mbs6

193 00 394 4m7,1?

194 394 UV(I,J)aVV(l=3,0=6)

195 DO 395 r=a7,9

196 D0 395 ymish

197 395 UV(I,J)eVV(l=hsd)

198 D0 396 137,09

199 DO 396 u=7,1?

200 396 UV(I,J)sUU(1=6,0=6)

201 poO 40% 1=1.,0Q

202 DO 40T 1=i1,.12

203 cc=0.

204 PO 402 k=1,9

205 402 CC=CC+DA (1KY 2UV(K,J)

206 CMCI,J)aCC

207 401 CONTINUF

208 DO 403 131,12

209 DO 603 ys1,1?

210 cCs0.

211 DO 40G x=1,9

212 6046 CCECCeUVIK, I lM(K,J)

213 STIFE(I,J)mCCwTHICKO/ (48, «AREA)
21 403 CONTINUE

215 060 405 1=21,3

216 DO 405 ymi,1?

217 405 VISCE(I,J)=n.

218 VISCE(1,1)=aRC(2,1)

219 VISCE(2,2)=4RC(2,2)

220 VISCE(3,3)=ARC(2,3)

22 VISCE(1,4)3ABC(2,1)4ABC(2,2)42,
222 VISCE(1,5)=ARC(2,2)+ABC(?,3)
ggz VISCE(1,6)=3ARC(2,3)%2,+ARC(2,1)

VISCE(2,4)=ABC(2,1)%2.4ARC(2,2)
225 VISCE(2,5)=ARC(2,2)+ABC(2,3)%2,
226 VISCE(2,6)2ARC(2,3)+ABC(2,1)
227 VISCE(3,4)=ARC(2,1)+ABC(>,2)

228 VISCE(3,5)mARC(2,2)¢2,+ABC(2,3)
229 VISCE(3,A)=aRC(2,3)¢ABC(2,1)%2,
230 VISCE(1,7)=aRC(3,1)

231 VISCE(2,8)=ARC(3,2)

232 VISCE(3I,9)=ARC(3,3)

233 VISCE(1,10)=ARC(3,1)+ABC (3,202,
234 VISCE(1,11)=ARC(3,2)+ABC(3,3)
235 VISCE(1,12)=2ARC(3,3)82,44BC(3,1)
236 VISCE(2,10)=ABC(,1)22,4ARC(3,2)
237 VISCE(2,11)2ARC(3,2)+ABC(3,3)¢2,
23r VISCE(2,12)8ARC(3,3)+ABC(3,1)
239 VISCE(3,10)=ABC(3,1)+ABC(3,2)
240 VISCE(3,11)=ARC(3,2)22,+ARC(3,3)
2461 VISCE(3,12)=ABC(3,3)4ABC(3,1)%2,
2462 0O 430 11,1

243 DO 430 =1,12

244 430 VISCE(ILJII=VISCE(I,J)*THICKD/ b
245 D0.440 131,3

246 0N 44N 1=z1,%

247 IF (1.GT«J) GO TO 450

248 CC=ABC(D,1)»ARC(D,J)«PKXN+ARC(3,1)*ABC(3,J)*PKY0
249 PRESE(I.J)=CC#THICKO/ (4, «AREA)
250 60 10 440

251 450 PRESE(I,J)=PRESE(J,I)

252 460 CONTINUE

253 DO 660 g=1,2

254 DO 44N 12,4

255 10=NODE(IJ.1)

256 J1=210e24=2

257 J?2al4(J=1) %4

258 DO 470 w=1,NN
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259
260
261
262
26%
266
265
26A
267
268
269
270
271
272
273
274
275
274
277
27R
279
240
281
282
283
2RG
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
3102
303
304
3058
306
307
308
109
310
311
312
313
314
315
16
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331

470

4810
490
460

520
530
500

620
610

565
550

5AS
540

590
570
400

1060

630

1070

IF (JVY.FQ.NFORCE(K)) GO 10O 4BO
CONTINUF

JN=0

GO0 TO 490

J0=x

N(J2Yayn

CONTINYF

b0 SN0 1=1,7%

10=NODE(IJ,1)

b0 S10 x=1,Np

IF (I0.FQ.NPRES(X)) GO T10 520
CONTINUF

4N=0

GO T0 530

JOak

M{1)=i0

CONTINUE

DO 610 r1=1,147?

IN=N(1)

IF (10,e0,0) 60 10 610

DO 620 =1,12

J0=N(J)

1F (J0L,rQ.0) 60 10 620
STIF(IN,IO)=STIF(I0,J0)¢STIFECLLYY
CONTINUF

CONTINUF

b0 550 1=1,%3

IN=M(1)

IF (10.FQ.0N) GO 1O 550

DO 555 j=1,%

JO=M(J)

1F (J0.FQ@.0) GO TO 555
PRES(IN,JO)aPRES(I0,JO)+PRESE(LJ)
CONTINUF

CONTINUE

no 560 1=21,3

10=M(1)

IF (10.¢Q.0) GO TO 560

DO SAS u=1,92

JO=N(§)

1F (J0.FQ,.0) GO TO 565

VISC(IN,J0)=avISC(I0,J0)+vISCE(LILJ)

CONTINUF

CONTINUF

WEIGHTSAREA#DENSN*«THICKO/ 6,

DO 570 1=1.,6
10sNODE(IJ,1)¢2

D0 SRO k=1,NN

1F (IN.FQ.NFORCE(K)) GO 10 590

CONTINUF

GO T0 S70
FORCE(IN)®FORCECIO) +WEIGHT

CONTINUF

CONTINUF

DO 1060 1ai,NP

00 1060 Js1,NP

PINV(I,1)=PRES(1,J)
CALCULATION OF FALICINY)

DO 430 t=1,NP

00 630 j=1,NP
CM(1,J)=PRESC(I,J)

CALL INVERS(1,NP,KAL)

1f (KAI.EG,0) GO TO 1100

DO 1070 I=1,NP

00 1070 J=1,NP
PRES(1,1)3PINV(I,J)

DO 635 t=i,NP

DO 635 y=1,NP

PINV(I, )sCM(1,J)

N0 A37 y=1,NP

00 637 t1aJ,NP
PINV(1,))=CM(J,1)
CULCULATION OF FINAL SETTLEMENT
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332 WRITE(6.50)

333 DO 710 1=1,NN

334 C(I)=FORCE(ID)

335 DO 710 4=I.NN

336 710 CM(1,0)=STIF(1,d)

337 CALL INVERS(N,NN,KAI)

338 DO 720 1=1,NN

339 FINALCIY=C(I)

340 720 WRITE(6,58) I,FINALCI)
361 c TIME SETTLEMENT

3462 c

343 4 INITIAL DATA

344 TIME=D,

34S DO 2010 I=1,NN

346 DISP(I1)Y=0,

347 2010 DELTAD(1)=0,

348 D0 2020 I=1,NP

349 2020 A(I)=0,

350 ALFA=0,5

351 50 999 1Ta1,8

352 TWIDTHaTINIT# (10, «x(1T=1))
353 D0 999 4T=1,7

354 CC=TWIDTH=JT

355 DELTAT=CC=TIME

356 TIME=CC

357 C CULCULATION OF N

358 DO 730 r1=1.NP

359 cc=0,

340 DO 750 ymil,NP

361 750 CCaCC+PRESCI,J)*A(J)

3162 CC=CC*DFLTATe(1,=ALFA)
363 DO 740 1s1,NN

364 740 CC=CC=VISC(I,J)*DISP(J)
365 730 AN(I)=Ce

366 ¢ CALCULATION 0F C(1)

307 DO 440 Ts1,NN

368 CC=0.

369 D0 ASN 10s1,NP

370 DO &SN 10=1,NP

371 650 CCaCC+VISCUIN,II«PINVIIN,J D) *AN(IN)
372 640 C(I1)=FORCE(I)#ALFA#*DELTAT-CC
373 ¢ CALCULATION 0F K

374 b0 660 1=1,NN

3175 D0 460 i=m1,NN

376 cCc=0.

377 D0 A70 10=1,NP

378 00 470 10=1,NP

379 670 CC=CC+VISCLIN,IY«PINV(IN,J0)*VISC(JI0,J)
380 660 CM(1,J)aSTIF(1,J)#ALFADELTAT+CC
381 CALL INVERS(N,NN,KAD)

382 IF (KAT.EQ.N) 6O TO 1100
183 DO 99N 1=1,NN

384 DELTAD(T)=C(I)=DISP(I)
385 990 DISP(Id=C(1)

386 ¢ CALCULATION OF PRESSURE
3IR? D0 4R(O T=1,NP

38R CC=n0),

389 DO A9N ka1,NP

390 690 CC=2CC+PINV(I,K)*AN(K)

3191 DO 700 10=1,NP

392 DO 700 (0=31,NN

393 700 CCaCC+PINV(I,IN)+VISC(IQ,IN)Y*DISP(J0)
394 A(I)s=CC/(DELTAT#ALFA)
398 680 CONTINUE

196 WRITE(6,564) TIME

397 WRITE(6,55)

198 DO 1010 1=1,NN

399 1010 WRITE(A.56) 1,DISP(I),DISP(I)/FINALCI),DELTAD(])
400 WRITE(L,57)

401 DO 1020 1=1,Np

402 1020 WRITE(6.5R) 1,A(1)

403 ¢ CULCULATION OF COORDINATE
406 D0 1030 1=1,NN
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405 10=NFORCE(])

L06 JO=AINT(I0/2.40.51)

07 IF (UND.GT.NTOP) GO TO 1030

L08R 10=40+2-10

409 IF (10.¢Q,0) GO TO 1040

610 XCJN)=X(JN)+DELTAD(I)

1 GO TO 1030

612 1060 Y(JO)Y=Y(J0)+DELTAD(I)

L13 1030 CONTINUF

414 WRITE(6,22)

615 DO 105N 1=1,NTOP

416 10S0 WRITE(A,24) T1,X(1),Y(D)

17 IF (TIMF.GE.TFINAL) GO To 2000

L1R 999 CONTINUE

19 GO Ta 2n00

620 1100 WRITEC(A,AT) KAT

621 2000 sToP

422 10 FORMAT(7110)

623 12 FORMAT(2F10,3)

624 13 FORMAT(1KH1,30x%,27HCONSOLIDATION ANALISIS)

625 16 FORMAT (1HO,30Nx,12HINITIAL DATA)

L24 15 FORMAT(1HO,5X,SHNELEM,SX,SHNNODE,AX+4HNTOP,SX,SHNCONF,
.27 +4X s 6HNTRACT ,4X,6HNORAIN,LLX,6HIMATER)

L2R 16 FORMAT(IH ,7110)

429 19 FORMAT(4HO,SX,SHTINIT,4X,6HTFINAL)

430 20 FORMAT(IH L2F10.7%)

431 21 FORMAT(1HO,30x,1RHCOORDINATE OF NODE)

632 22 FORMAT(1HO,AX,4HNODE, X, 1HX,9X,1HY)

6433 ?3 FORMAT(>F10,73)

L34 26 FORMAT(4H ,110,2F10.3)

435 ?5 FORMAT(1H0,30X,31HNODAL NUMBER ARQUND THE ELEMENT)
L34 26 FORMAT(1H0,AX,4HNODE,20x,12KNODAL NUMBER)

L37 ?7 FORMAT(4A110)

L3R 28 FORMAT(1H ,110,615)

439 29 FORMAT(4HO,3NX,29HMATERTIAL CONSTANTS OF ELEMENT)
440 30 FORMAT(1HO,19XsTHEZ9Xs THY ) SXsSHTHICK,6X,4HDENS,8X s 2HKX,
441 +RX ) 2HKY Y

462 31 FORMAT(4F10.4,2F1048)

4463 32 FORMAT(IH ,11N,4F1046,2F10.8)

(XX 35 FORMAT(4H »1NX,4F104622F10,8)

L4 36 FORMAT(1HO,30X,32H NODAL NUMBER AND VALUE OF FORCE)
Lb6 37 FORMAT(4HO,7X,3HNO«,6XsLHNODE,SX,SHFORCE)

[X%4 38 FORMAT(RI10)

(4R 19 FORMAT(110,F10.4)

L49 40 FORMAT(1H ,2110,F1044)

450 41 FORMAT (1HO,30X,28HUNKNOWN NODE PRESSURE NUMBER)
451 42 FORMAT(1HO,7X,3HNO.,2Xs8HNODE NO,)

“52 43 FORMAT(IH ,2110)

453 50 FORMAT(1HO,20X,1RHFINAL DISPLACEMENT)

454 54 FORMAT(1HO,SHTIMEx,F10.3)

455 55 FORMAT(1HO,16X,BHDISPLACF,4X,6HDEGREE,4X,6HDELTAD)
4Sé 56 FORMAT(1H »2HI=,110s5X,F7.3,5%,F5,3,5%X,F743)

4«57 S7 FORMAT(1HO0,15x,14HWATER PRESSURE)

458 S8 FORMAT(1H ,2HI=,110,5X,F7,4)

659 A1 FORMAT(1HO,4HKALI=,110)
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30

50

40
40
20

200

90
80
70

140
110

SURRQUTINE INVERS(II,IK,kKAL)
CHOLESKY METHOD

IMPLICIT REAL#B(A=H,0~2)
COMMON ¢M(130,130),C(130),PRES(20,20)
0O S I=1,IK

D0 S J=1,1K

1F (ABS(CM(1,J)).LE-10.,E=19) CM(1,J)80,
CONTINUF
CM(1,1)sSQRT(CM(1,1))

DO 10 J=2,1K

(M1, 0)aCM(1,0)/CcM(1,1)
D0 20 I=x2,1K

cC=n.

10=1=1

00 30 K=xi,10
CC=CC+CM(KoT)ywe2
CCalM(I,1)=CC

IF (CC.1E.0.0y GO TO 160
CM(T,1)=SQRT(CC)

J0=141

IF (I-1x) 50,20,20

00 40 JeJ0,1K

¢C=0.

n0 AD kK=x1,10
CCaCCeCM(KeT)nCM(K,))
CMOL,J)es(CM(T1,4)=CC)/CM0T, 1)
CONTINUF

IF (11,.,8Q,0) GO 1O 100
00 200 t1=1,1K

D0 200 4=is1K
PRES(I,1)=0.

DO 70 IN=1,1K

I=IK=10+1
PRES(l,1)=1,/CM(1,1)
JO=1 44

1F (JO.6T.IKY GO TO 70
D0 AN Jaed0s1K
Jis1lKk=J4+40

cC=0.

00 9N Jo=J0,J1
K3J1=J2440
CC=CC+CM(T,K)#PRFS(K,J1)
PRES(1,11)==CC/CM(I,1)
CONTINUF

00 190 1=1,1K

00 190 J=2i,1K

cC=0.

00 TR0 k=1,1K
CCsCC+PRES(I,K)*PRES(J,K)
CM(T,J)=acCC

CONTINUF

60 TO 110
CNY=aC(4)/CM{1,1)

D0 120 1=22,1k

(C=0,

1Nal=1

00 130 ¥k=1,10
CC=CC+CM(K,T)eC(K)
CIda(Cel)=CCY/CM(ILI)
CONTINUF

COIKY=CeIK) /CM(IK,IK)
10=1k=1

00 140 1=1,10

JOalKe=1

cc=0.

J1=Jj0+9

DO 160 w=Ji,1K
CC=CCeCM(J0,KINC(K)
CIM=(e(J0Y=-CCI/CMID, )
CONTINUE

KAT=1

RETURN
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73 1640 xal=n
76 RETURN
75 END
3) HAB
CONSOLINRATION ANALYSIS
INITIAL DATA
NELEM NNQDE NTOP NCONF NTRACT NDRAIN IMATER
8 25 9 15 5 7 0
TINIT TFINAL
1.000 2,000
COORDINATE OF NOOE
NODE X Y
1 0. 2.0nn
2 1,000 2.0n0
3 2,000 2.000
A 0. 1,900
5 1,000 1.000
6 2,000 1.0n0
7 Qe 2.
8 1.000 J.
9 2,000 0.
NODAL NUMBFR ARAUND THE ELEMENT
NODE NODAL NUMBER
1 1 4 S 12 17 13
2 1 5 2 13 14 10
3 2 5 3 14 15 11
A 3 5 6 15 18 16
5 4 7 5 19 20 17
6 5 7 8 20 24 21
7 5 8 9 21 25 22
8 S 9 6 22 23 18
MATERIAL CONSTANTS OF E{LEMENT
£ v THICK DENS K X KY
20,0000 0.3000 1.n0N0 0. 0.001000000.00100000
NODAL NUMBFR AND VALUE OF FORCE
NO, NODE FORCE
1 -1.00n0
2 3 0.
3 4 -1.0000
4 6 -1.0000
5 8 0.
6 9 0.
7 10 0.
8 12 0.
9 15 0.
10 19 0.
R 20 -1.0000
12 21 0.
13 22 -1,0000
e 24 0.
15 25 0.
16 26 0.
17 27 0.
18 28 0.
19 29 0.
20 30 0.
21 32 0.
22 33 0.
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23 34
24 35
25 36
26 38
27 39
28 490
29 41
30 42
39 43
32 Ly
33 L6
34 %4
35 49

NO, NODE NO

1
2

= 1
1= 2
1= 3
1= 4
I= S
I= é
1= 7
= 8
1= 9
I= 10
1= 11
1= 12
I= 13
1= 14
1= 15
I= 16
1= 17
1= 18
1= 19
1= 20
1= 21
1= 22
I= 23
1= 24
1= 25
1= 26
= 27
1= 28
= 29
1= 30
= 31
I= 32
I= 33
1= 34
1= 35

5
8

0.
0.
0.
0.
0.
0.
0.
0.
0,
0,
0.
0.
0.

UNKNOWN NODE PRESSURE NUMBER

FINAL NSISPLACEMENT

-0,250%3
-0,000n
-0,1770
-0,250%
~0,0988

0.0000
~0,0904
-0,0988

0,0000
~0,0103
-0,1717

0,0103
0,177
-0,1657

0.007¢
-0,138%

0.000n0
-0.1298
-0,0074
~0,1383
~0,1657

0.0046
-0,0920
-0,0044
-0.0920
~0,0477

0.0008
=0,0466

0,0000
~0,06454
-0,0008
-0,0466
-0.0477

0.0005
-0,0005
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TIME= 2.000
DISPLACE PEGREE DELTAD
1= 1 =0.14% Ne585 ~0.012
I= 2 =0,000 7.734 -0.000
1= 3 -0.,064 0.340 -0.01¢
1= 4 “0.14% 0.585S =0.01>
1= 5 ~0.037 0.376 -0.004
= 6 0.,00n 2.012 0.000
1= 7 -0.025 0.271 -N.007
1= 8 ~0.037 0,376 ~N.004
= 9 0.,0C0o 30612 0.000
1= 10 ~0.01s 1,625 0.001
1= 11 =0.061 0.355 -0.013
1= 12 0.015 1,625 -0.001
= 13 ~0.061 0.355 -0,01%
1= 14 ~0.078 0.472 -0.010
1= 15 -0.,001 LR KA 0.001
= 16 -0.043 0.310 -n.011
1= 17 0.000 1.001 0.000
= 18 -0.02% 0.204 “N.01>
1= 19 0,001 EFRRNA -N,.001
1= 20 =D.043% 0.310 -0.011
1= 21 -0,07%8 0.672 -0.010
= 22 -0.010 x A 0.00>
1= 23 -0.02%8 0.308 -0.N007
1= 24 g.01n EREE S -0.00?
1= 25 -0.,02%8 0.308 -0.007
1= 26 -0.017 0.340 -0.00%
= 27 -0.014 LAY 0.001
1= 28 -0.017 0.367 -N,.00>2
= 29 0,000 2.408 n.000
1= 30 =0.014 0.361 -N.001
1= 3 0.0%¢ LRR RS -0.001
= 32 -0.017 0.367 -0.00?
= 33 -0.017 0.360 -0,00%
12 34 -0.013 ke 0.00n0
1= 35 0.013 LA -N.NoON
WATER PRESS|IRE
1= 1 3,7440
1= 2 2.,802n0
NODE X Y
1 0. 1.854
2 1,000 1,934
3 2,000 1.854
4 0. 0.943
5 1.000 0.975s
6 2,000 0.943
? 0. 0.
8 1.000 0.
9 2,000 0.
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4) 7as T LD

1~107T; COMMON, DIMENSIONDEE, &
#CM, C, PRESH 7 Nv—F v TERT LD
COMMON &9 %,

11~4117; EEKNELEM, HS¥NNODE, T8
SEIABMNTOP, #WEMHAMNCONFE, & I{EH
HRBNTRACT, HKEHSHNDRAIN, E®EHE
B (TINIT~TFINAL), THSSSOBEX, Y,
BEZOHSESNODE, EROMEEK (E, v,
THICK, DENS, PKY) #SEOHET— 5 DAS &
FOT YV o MEEHOE- -S4 IMATER @
0 &35, RENHIAZECERAIEAGSAE) NN=2 x
NNODE — NCONF T, #%f4 K Eai S8z
NP = NTOP — NDRAIN T5% 513,

42 ~TT57T; MEEISESN, RENEASHESESM
LEDRE S ARFESAALT, AHIERESESNFOR
CELZDHA DA% SFORCE, # L THKEAES
NZAH L CREM S +kEEHEFSNPRES %58
T 5, RENERHSALSTRANOKRE X130 &5,
T8~1164F; 1 =Y vty b, QBAR (=(Q)),
DE (=(D)), DQ (=(diiQ) »&ELSTIF
PRES, VISCo##i1t,

117~31217; BHRED(Qel, (Rel), (Le) %&t
BL, eNELk2 b Y 7 2~NAHT B EEAD
HEHTI.

118~1391T; EXRBOMBEHMNRLTIEHE,
TDE & DQ DR EET 5,

140~15877; ZAREROHESAOBEL LS, a,
b, ¢ DEOHE LERDOHELT 5,
159~18577; UU (=(U)) &VV (=(VD) o
BE
186~120077;
201~21477;
215~2447F;
DEE,

245~ 25277 ;
(Re) DFHE,

[y e

UV 0,
ERORIE< Y 7 2 (Qe ) DFFE,
EROPIRICBEIT 57U 7R [ Le )

BEROMA+KECETE< ) 7=

253~2751T; BROHAES LNAMEAHSES S
L URME Y+ KEFAES & OISO, DR
NiCi&ERE< 1Y) 7 2 icB 1 BIERL, Miciielk
Mo £KE= M) 7 2IeB BIRRASA S N2MAS 0
D EEEEY b ) 7 ZANAHT BBEHI N,
276~28477; (Qel) 2&MRIE~ Y7 2(Q) ~
ANT 5B,

285~29377; (RelJ%(RI~AHNT 5,
294~30277; (Le) 2 (LI~ATIT 5,
303~31177, EROERBENDOIHELATEHE DM,
AEHIERORHAIEZICHRS 5.
313~3307F; (R) 09I (R) ™ oifs.
331~3401T; BRESZMFINALOHE, (QJx
{0}={m} Xy 7r—FVINVERSTHET 3,
341~40247; 2% (TIME) Kb 5 &L
DISP &AM 7 +/KEADHE, Tz (AN} =
—(LY{0 ap}+(1—-a) 4t (R)q (t1),
({n} BBKEAHEEESTNE0L5), {C)=
adt{m}-(LIT(RIV{AN}, £H<rvsx
(K)=ad4t(Q)+(LIT(R)I{L) oatBEAETL,
(K){d}={C}p»o+7nv—F 2 INVERS %{#if
LCHEEORISENM {0 (1) } 2RKHTVWE, EH
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L H1EEZHICE D LT OR O R AER
DFEEEIT->TVWADT, I TRHEADERICETFDE
EAEmMZ, WA s L ToORBEETNIEL L,

Biot DIGH& & X BT TR

6=D¢~ 179
CTIED; BRI Y 7 X THY, BBHEEDIES
REIIGE L T2 DMELLT B,
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[&*Toav = [ S¥TFav + [ i*TTds (180
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(8D

%7 Darcy QI HAETERT UL
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AR FKER X BRI DO THEHBTREE
dév
&

s & (83) HK&D
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b
—EL}iLi—ERﬂ{é}: (188)
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TiEET, BBHEOBEROTTEEEESLED
ERETNE
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(START)
!

| DIMENSIONEE

(__DATA INPUT )
|

[(ANEHESES Ry ¥ KEESESOHE |

‘
[ D, diiQ, QD& |
i

DO 1]=1, NELEM >

| ERoMEER, EEE mEitE |

I
[t~ Y27 2cBY BIBEN EMOFHE |

|
[Qe, Le, Re DFE ]

d
[ 2k~ U 272Q, L, RO
]
T BRADHE L ATE~OM |

o
d1, 4y, 9y, IELEM=0
a, my-m;, ALFAP O%E

!
| K=a4tQ+LTR 'Loil® |

l
K~ 'opts
|
DO I1T=1, 100

]
[TIME=11Tx4t |
v
b’=-Ld+(1-a) 4tRq
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{
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NO
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| YES
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| NO
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N
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Table 4 FHAEH —B %
xE ¥ % ] = Z B % ] w

NELEM BEOK X(I} Y(1) TESHED X,y EE
NNODE SHIEADOK NODE (I, 1) %%%%%Uéﬁﬁ%ﬁ _
NTOP TE 5 55 D 8 N(I) ;?%Eﬂ}.ﬁ%%, kS aES
NCONF FISRE S OB (%, Y 71 MI(1) RENFHGSES TS
NTRACT REDERDAOK o AW EENOKES, mAHy+
NDRAIN HEKEI DB NFORCE(I) AR AES
IMATER WEZE B—T0) FORCEII) AHOK % &
DELTAT FER R R R NPRES(I) AR K SRS
TFINAL T 3 B R Ak STIFE(, ) |EZBORIME< Y 27 2Qe
NN ANfEMmEs (x, yHED |[PRESE(I, )  |EXBOMY ALY 2
NP RENRT 5 + 7K FEH S8 VISCE (I, J) |EZBOFK~ )72 Le
EQ or E(I) R ORI STIF(, D SEHE~ MY 7 2Q
VO or V(1) BEOETY VI PRES (I, 1) LB 2 RE< MY 2 2R
THICKO or THICK(I)| E&DE S VISC(, D SHEFR= b Y 2 2L
DENSQ or DENS(I) |EFEDOHE DISP(I) = A
PKX0 or PKX(I) BEO x HEBEKEK DD (I, ] D (= b Y7 R)
RKY 0 or PKY(I) BHROYy HHE PINV (I, ] R™! ”
AREA BEROEH DE (1, 1 Dg (@~ bty 27 2)
COHESD o, Jnpsn| EROM#H DQ (I, D dijQ
KA1 A HER DO QBAR (I, D) Q
FRLCTO o o oqip)| EX M~ v uud, D U
cl1) S (SRS &) VV (. D Vv
ABC (1, 1 a, b, c uv (uv)
PRATE HE Nz DISPOI(I) g o)
1ASSOC B AAN0), JEBSERAAID) [CD(D »o§ (eFD
COEFA tang, W9+ 12 tang DELTAD(I) v DS 46
COEFB 1-3al AN(T) b’
COEFK 3C,/ J9+12 tanlp DLOAD(I) a’
WE IGHT EHEOIKFES BN(T) b=-LTR 'b’
ALFA a STRES (I, ) |EZOENG
ALFAP T E R IR STRESO (I, ] n oy
TIME FE DSTRES(I) IS D8E% Ao
ISTATE CERETIED S E 0, T STRATN(D BHEOL XL ¢
ITR Iteration®[E¥Kk DSTRAN(I) £ X 3 DS de

STIFP (I, ) |BXREOWBHE~Y 22

IELEMID) BUESRI(0), BMESRIR(1)

BETA(I) 3f /o

ZETA(I) DEdf /do

ZETAD(I) Dg 0800
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B BEOWTREICET 5 BRIz

2) TassADER

[4 CONSOLIDATION ANALYSIS (ELASTO-PLASTIC)

IMPLICIT REAL#B(A=H,0=2)
DIMENSION STIF(178,178),¢(178),0ELTAD(178)
DIMENSION PRES(24,20) /NFORCE(178),0ISP(178),FORCECITRY ,AN(24)
DIMENSION VISC(24,178) /NPRES(24),A(024),0L0AD(178),D15P0(178)
DIMENSION NODE(4N,6),X(30),Y(30),N(S0),M(50),PINV(26,24),BN(178)
OIMENSION STRES(LO0,3),IELEM(LO),0Q0(9,9),STIFP(12,12),CD(178)
DIMENSION E(1),V(1),THICK(1),DENS(1),PKX(1),PKY(1)
DIMENSION COMES(1),FRICT(1),STRAIN(3),DSTRAN(3),DSTRES(3)
DIMENSION STIFE(12,12),QRAR(3,3),0E(3,3),0Q(9,9),UU(3,6),VV(3,6)
DIMENSIAN UVI(9,12),PRESE(3,3),VISCE(3,12)/ABC(3,3),STRESQ(40,3)
DIMENSION ZETA(3Y,BETA(3),D0(3,3),2ETAD(Y)

C INITIAL INPUT
READ(S5,10) NELEM,NNODE,NTYOP,NCONF,NTRACT,NpRAIN, IMATER
READ(5,12) DELTATLTFINAL,PRATE,IASSOC
NNe2aNNODE=NCONF
NP=NTOPLNDRAIN
WRITE(6.13)
WRITE(S.14)

[ N NN
DOBR®NOWV S LWNAOOC® NS WA -

21 WRITE(6,15)

22 WRITE(A.,16) NELEM,NNODE,NTOP,NCONF,NTRACT/NORAIN,IMATER
23 WRITE(6.19)

246 WRITE(6.20) DELTAT,TFINAL,PRATE,IASSOC
25 WRITE(6,21)

26 WRITE(6,22)

27 50 100 1=1,NTOP

28 READ(S,23) x(1),¥(1)

29 1IN0 WRITE(4,24) 1.X(IY,Y(1)

30 WRITE(6,25)

31 WRITE(6,26)

32 DO 110 v=1,NELEM

33 READ(S,27) (NODEC(!,J)oim1,6)

34 110 WRITE(6.28) I1.(NODE(I,J),J=1,6)

35 WRITE(6.29)

36 WRITE(6,30)

37 1F (IMATER,E£Q.0) GO T0 130

38 DO 120 t1=1,NELEM

39 READ(S,31) E(I),VCI),THICK(I), DENSCL),PKX(1),PKY(1),COHESCL),FRICT
40 (X8 9]

L1 WRITE(6,32) L14ECI) V(1)L THICKCI),DENSCI),PKX(I),PKY(L),COMES(I),FR
42 RICTC(D)

43 120 CONTINUf

X3 60 To 140

45 130 READ(S,%1) EOQ,VO,THICKO,DENSO,PXKX0,PKYO,COKESO,FRICTO
46 WRITE(6,35) EN,VN,THICKO,DENSO,PKX0,PKYO,COHESQ,FRICTO
47 FRICTO=fFRICTO®3,9416/180.

48 CCoSQRT (D¢ 12, #(TAN(FRICTO) ) ¢#%2)

49 COEFA®TAN(FRICTOY/CC

50 COEFB=1_=3,4(COEFA®*2)

51 COEFK=3  +COHESO/CC

52 ¢ NFORCE=-=~NPRES

53 140 WRITE(4,36)

3 WRITE(6.37)

55 READ(S5,%8) (N(1).,1=1,NCONF)

56 DO 150 1=1,NTRACT

57 150 READ(S,39) M(1),A(D)

58 K=0

59 10824NNADE

60 b0 140 1=1,10

61 DO 170 y=1,NCONF

62 IF (N(JY.EQ.I) GO TO 160

63 170 CONTINUF

64 KxK¢1q

65 NFORCE (k) =1

66 DO 180 y=1,NTRACT

67 IF (M(Jy.EQ.1) GO TO 190

68 180 CONTINUF

69 FORCE(K)=Q,

70 60 To 140

71 190 FORCE(KY®mAC(Y)

72 140 CONTINUF

73 D0 200 r=1,NN

74 200 WRITE(6,40) I,NFORCE(I),FORCE(T)

75 WRITE(6,41)

76 WRITE(6.42)

77 READ(S,%8) (N(I),I=1,NDRAIN)
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78 k=0

79 DO 210 1=1,NTOP

80 00 220 J=1,NODRAIN

81 IF (N(JY.EQ.I) GO TO 210
82 220 CONTINUF

83 K=K ¢4

84 NPRES(Kys]

85 210 CONTINUF

86 00 230 t1=1,NP

87 230 WRITE(6.43) 1,NPRES(ID)
88 4 INITIAL SET

89 4

90 b0 340 1=1.,3

91 D0 340 431,3

92 340 DE(1.J)=0.

93 00 340 1=1,3

76 D0 340 =1,3

95 IF (1.E0.J) GO To 330

96 GBAR(I,)=1,

97 60 TO 340

98 3310 QBAR(1,4)=2,

99 340 CONTINUF
100 IF (IMATER,EQ.1) GO TO 350
101 CCmEDN/((1asVOIa(1.22,¢V0))
102 DE(1,1)=CCe(1,.=VD)
103 DE(1,2)aCCeVO
104 DE(2,2)=DE(1,1)
105 DE(3,3)uCCe(1.=2.ev0)/2,
106 DE(2,1)abDE(1,2)
107 DO 370 1m1,3
108 b0 370 1=1,3
109 CCaDECT,J)
110 00 370 41mi,3
111 00 370 i2=1.,3%
112 1023 (1et)eyd
113 JOBYa(Jwt)e)2
116 DACIN,JNI=CCeaBAR(ITI,I2)
115 370 CONTINUF

116 4 STIFF,PRESSURE AND VISCO MATRIX
117 c

118 350 00 300 t=1,NN

119 00 300 .us1,NN

120 300 STIF(1,.4)=0,

121 60 310 t1=i,Np

122 D0 310 .a=1,NP

123 310 PRES(1,4)=0.

124 00 320 rs1,NP

125 D0 320 4=1,NN

126 320 vISC(1,1)20.

127 DO 400 1Jm=1,NELEM

128 1F (IMATER.EQ.0) GO TO 410
129 EOmE(IJ)

130 V0=V (IJ)

131 THICKOSTHICK (1J)

132 DENSQ=DENS(IJ)

133 PKXO=PKY(1J)
134 PKYDaPKY([J)

135 CCREQ/((1.4VNY®(1,22,2V0))
136 DEC1,1)aCCe(1.mVN)

137 DE(1,2)uCCevn

138 DE(2,2)=DE(1,1)

139 DE(3,3)aCCe(1.=2.ev0)/2,
140 DE(2,1)aDE(1,2)

141 00 380 1=1,3

142 00 380 u=1.,3

143 CCaDE(L,J)

144 b0 3RO 41s1,%

145 b0 380 42m1,3

146 10a3e(1a1)e41

147 JO0a3e(Jat)ed?

148 0A(IN,JN)=CC*QBAR(JIT,J2)
149 3RO CONTINUF

150 410 M1=NODE(IJ-1)

151 M2=NODE(1J4?2)

152 M3aNODE(IJ,3)

153 X1=X(M1y

154 YimY (M1

155 X23X (M2

156 Y2=Y (M2)

157 X3eX (M3

158 Y3aY (M3



B REOUTRECHYT 5

ERT I

159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
236
235
236
237
238

4R0
490
440

5?20
510
SN0

301

392

393

394

395

ABC(Y,1)mX2eyTaXxteyY?
ABC(1,2)eX3ay1=X1aY]
ABC(1,3ymXtay2mXxpuyl
ABC(2,11mY2~Y3
ABC (2,2 ymY3~yy
ABC(2,3yaY1~y?2
ABC(3,1)2X3~x2
ABC(3,2ymX1~x7
ABC(3,31aX2~x1

AREARABS (ABC(1,1)+¢ABC(1,2)+ABC(1,3))40,5

D0 440 4=1,2
D0 460 1ai,4
10aNODE(LJ,1)
Ji=nl10#24)=2
J2uI4(le1)ws
DO 4720 x=1,NN

IF (J1.FQ.NFORCE(K)) GO TO 48D

CONTINUF

J0=0

GO TO 4900
JO=K

N{J2)=in
CONTINUF

DO 500 1=1,3
10=NODECIJ, 1)
D0 510 k=1,NP

IF (IN0.FQNPRES(K)) GO To 520

CONTINUF

100

GO To 530

J0=x

M{1)=J40

CONTINUE

00 390 1=1,3

00 390 1=1,3

IF (I.Eq.J) GO Ta 391
UU(l,J)a=ABC(2,J)
VV(I,J)e=ABC(3,J)
GO T0 300
UU(L,J)e3.2ABC(2,4)
VVII,J)=3.%ABC(3.4)
CONTINUF
UU(1,4)mda%ABC(R2.2)
uUu(1,5)a0,
UUC1.6)ab *ARC(2.3)
UUC(2,6) a6, *ABC(2.,1)
UU(2,5)=b.*ARBC(2,3)
uu(2,6)=0.
UU(3,4)=0.
UU(3,5)mb,*ARC(2,2)
UU(3,6)ab *ARC(2.41)
VV{1,4)ub,*ARBC(3,2)
VV{1.,5)=0.
VV(1,68)eb.%ARC(3.3)
VV(2,4)ub *ARC(3.Y)
VV(2,5)wb.*ABC(3.3)
VV(2.,6)aD.
VV(3,6)a0.
VV(3,5)=4.¢ARC(3.2)
VV(3,6)wb,*ARC(3.1)
D0 392 1=1,6

D0 392 ,4=1,12
UV(l.,J)u0.

00 393 1=1,3

50 393 y=1,6
UV(1,3)YaUUCT,y)

00 394 r1=b,6

DO 394 ja7,12
UV(TILJ)sVV(TI=t,0a6)
00 395 17,9

00 395 umil.é6
UV(T,J)eVV(labld)
00 396 1=7.,9

DO 3946 4=7.,12
UV(L, ) aUU(T=hsd=6)
b0 4N3 rw1,12

00 403 y=1,12

¢C=0.

D0 404 10=1,9

p0 404 10=1,9

— 251 —



RRKEBEZ2HHBE H295 (1981)

239 Ln6 CCaCCeyv(I0,1)00a(I0,40)eUV(J0.))
240 403 STIFE(I,J)BCCeTHICKO/ (4B »AREA)
241 b0 40S r1=1,3

262 00 40S 4s1,12

243 4nsS VISCE(I.LJ)=0.

2464 VISCE(1,1)=maRC(2,1)

245 VISCE(2,2)=ABC(2.2)

246 VISCE(3,3)=ARC(2,3)

247 VISCE(1,4)mARBC(2,1)¢ABC(2,2)22.
248 VISCE(1,5)=ABC(2,2)+ABC(2,3)

2469 VISCE(1.,6)mARC(2,3) 2, ¢ARC(2,1)
250 VISCE(2.4)8ARC(2,1)*2,4ARC(2,2)
251 VISCE(2.,5)aABC(2,2)¢ABC(2,3)42,
252 VISCE(2.6)=RBC(2.3)4ABC(2,1)

253 VISCE(3,4)mARC(2,1)+ABC(2,2)

254 VISCE(3,5)=ARC(2,2)*2.+ARC(2,3)
255 VISCE(3,6)=ARC(2,3)¢ABC(2,1)2,
256 VISCEC1.7)mARC(3,1)

257 VISCE(2,8)8ABC(3,2)

258 VISCE(3,9)=ARC(3.3)

259 VISCE(1.10)=ABC(T,1)+ABC(3,2)e2,
260 VISCE(1,11)aABC(1,2)¢ABC(3,3)
261 VISCE(1.12)sARC(1,3)92,44BC(3,1)
262 VISCE(2.10)=ARC(Y,1)*2,+4RC(3,2)
263 VISCE(2.11)=ARC(1,2)+ABC(3,3)e2,
264 VISCE(2.12)=ABC(%,3)+ABC(3,1)
265 VISCE(3,10)=ARC(3,1)+ABC(3,2)
266 VISCE(3,11)8aRC(%,2)*2,+4ABC(3,3)
267 VISCE(3.,12)mABC(3,3)+ABC(3,1)e2,
268 0O 430 1a1,3

269 D0 430 4=1,12

270 430 VISCE(L,J)eVISCE(I,J)*THICKO/6,
271 D0 440 1s1,3

272 DO 44N 1m1,3

273 1F (1J6T.J) GO Yo 450

274 CC=ABC(?,1)#ABC(2,J) *PKXN+ABC(3,1)«ABC(3,J)*pPKYD
275 PRESE(1.J)aCCeTHICKO/(6,#AREA)
276 GO TO 440

277 450 PRESE(I,J)=PRESE(J,I)

278 440 CONTINUF

279 D0 610 131,17

280 10=N(1)

281 1F (10.£G.0) GO TO 610

282 D0 620 u=m1,17

283 JO=N(J)

28¢ 1F (J0.FQ.0) GO TO 620

285 STIF(10,J0)aSTIF(10,J0)+STIFE(LLI)
286 620 CONTINUF

287 610 CONTINUF

288 00 550 r=1,3

289 10=M(1)

290 1F (10.FG.0) GO 70 550

291 00 555 i=1,3

292 JO=M(J)

293 1F (J0.FQ.0) GO TO 555

294 PRES(IN,JO0)sPRES(10,JO)+PRESE(L,J)
295 555 CONTINUF

296 550 CONTINUF

297 0O 560 1=21,3

298 10=M(1)

299 1F (10.F@.0) GO 10 560

300 DO 565 ym1,17

301 JO=N(J)

302 1F (J0.FQ.0) GO 10 565

303 VISC(IN,J0)=svISC(10,J0)evISCE(LLY)
304 SAS CONTINUE

305 SA0 CONTINUF

306 WEIGHT=AREADENSN®THICKO/6,

307 PO S70 1=1,6

308 10=NODE(TI) 1) 82

309 DO SARO k=1,NN

310 IF (I0.FQ.NFORCE(K)) GO 10 $90
311 SA0 CONTINUF

312 G0 To 570

313 590 FORCE(IN)=FORCE(10)+WEIGKHT

314 570 CONTINUE

3158 400 CONTINUF

316 ¢ CALCULATION OF R(INV)

317 00 630 tmi,NP

318 DO 630 jal,NP

319 630 PINV(1,1)=PRESCILI)
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320 PINV(1,1)%SQRT(PINV(1,1))
321 DO 6010 J=2,NP

322 6010 PINV(1, 1)=PINV(1,J)/PINV(1,1)
323 b0 6020 1=2,NP

324 cC=0.

325 10x1-1

326 b0 6030 k=1,10

327 6030 CCuCC+PINV(K,1)*a2

328 CCxPINVIILI)aCC

329 1F (CC i £.0.0) Go TO 1100
330 PINV(I,1)=SQRT(CC)

33 J0xT41

332 IF (I-Np) 60S5N,6N20,6020
333 6050 0O 4040 J=JO.NP

334 cC=0,

338 00 606N k=1,10

336 6040 CCaCC+PINVIKLII*PINV(K, )
337 6040 PINV(I,1)m(PINV(I,J)=CCY/PINV(L,I)
338 6020 CONTINUEF

339 00 6070 10=1,NP

340 1aNP=1041

34 PINV(LI,1)®1,/PINV(I,1)

342 JOx]a1

343 1F (J0.GT.NPY GO TO 6070
A DO 60RO J=JOLNP

345 J1aNP=J4J0

346 CC=0.

367 DQ 6090 J2=yn,Jit

348 K=j1=42440

349 6090 CCoCCH+PINV(I,KI*PINVIK,J1)
350 60R0 PINV(1,11)maCCePINV(I,I)
351 6070 CONTINUF

352 00 6190 1=1,NP

353 00 6190 J=sI,NP

354 CC=0.

3sS D0 6180 K=J,NP

356 6180 CCmCC+PINV(ILK)*PINV(J,K)
357 PINV(1, )=CC

358 6190 CONTINUF

359 D0 6200 Jasi,NP

360 DO 6200 1=J,NP

361 PINV I, )=PINV(J,1)

362 6200 CONTINUEF

363 4 INITIAL SET

364 00 2010 I=1,KNN

365 2010 0ISP(1)x0,

366 D0 2020 t=i,NP

367 2020 A(1)=0,

368 00 300N I=1,NELEM

369 00 3010 J=1,3

370 STRESO(1,J)x0,

371 3010 STRES(1.,J)=0.

372 3000 ITELEM(1y=0

373 ALFAeO, 5

374 CCu(ta=2,aVOY (Y eV0)e(4,e?2)
375 ALFAP=COMESN«PKYN«ED%(1,-VO)*PRATE/CC
376 00 501N I=1,NN

377 FORCE(IVYSFORCE(I)«ALFAP«DELTAT
378 S010 CONTINUEf

379 4 CALCULATION OF K & XK(INV)
380 DO 660 1=l NN

381 DO 660 I=ILNN

382 ¢cC=0.

383 00 670 10=1,NP

384 00 670 40=1,NP

385 670 CCoCC+VISCCINLI)PINVIINLIN)*VISC(IO,))
386 640 STIF(I,4)=STIF(I,J)*ALFADELTAT#CC
387 STIF(1,4)=SQRT(STIF(1,1))
388 DO 6210 J=2,NN

389 6210 STIF(1,0)=STIF(1,0)/STLIF(1,1)
390 DO 6220 I=2,NN

391 cC=0.

392 10=1-1

393 00 6230 X=1,10

39¢ 6210 CCaCC+STIF(K,1)we2

3958 CCoSTIF(I,1)aCC

396 1F (€C,1E.0.N) Go TO 1100
397 STIF(l,1)=SQRT(CC)

398 JO=141

399 1F (1=NN) 6250.,6220,6220
400 6250 DO 6240 J=JOLNN
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401
602
403
406
405
406
407
408
409
410
411
612
413
L4
415
416
L7
418
419
420
621
422
423
L2k
425
426
627
428
429
430
431

432
433
L3
435
436
637
438
439
440
L4

462

443

Lag

X3}

XY

47

448

449
450
451

6s2

453
LS6

455

456

457
458
459
L60
461

L62
L63
L6h
465
Lb6b
L67
L6R
469
470
471
472
473
L74
475
W76
.77
(78
L79
LB0
481

6240
6240
6220

6290
6280
6270

6380

6390

6600

740
730

5070
5040

650
640

5080

4070

1310
1300

cCa0.

DO 6260 K=1,10
CCaCCeSTIF(K,T)eSTIF(K,J)
STIF(I,3m(STIF(I,J)=CCY/STIF(1,1)
CONTINUF

D0 6270 10=1.NN

I1=NN=10s1
STIF(I,1)m4./STLIF(1,1)
JO=ale1

1F (J0.aT.NNY GO TO 6270
00 6280 JsJOLNN
J1zNNeJ 30

cC=0.

00 6290 J2s40,J1
KaJleJ2s40
CCnCC+STIF(I,KIaSTIF(K,41)
STIF(1,11)a=CCeSTIF(L,1)
CONTINUF

00 6390 I1=1,NN

D0 6390 JsI,NN

cC¢=0. )

DO 6380 K=J,NN
CCmCCeSTIF(1LKI&STIF(JAKY
STIF(I,i)mcCC

CONTINUF

DO 6400 Js1,NN

D0 6400 1=J,NN
STIF(1,1)aSTUF(JL1)
CONTINUF

TIME SETTLEMENT

NG 999 11721,100

TIME=DE( TATeIIT

DO 730 1=1,NP

0.

00 750 usmt.NP
CCaCC+PRES(1,J)®a())
CCaCCeDFLTATe(1.~ALFA)

D0 740 ami1,.NN
CCaCCeVISC(ILU)epISP(J)
AN(Iy=Cr

60 5060 I=a1,NN

€C=0.

00 S070 J=i,NP
CCoCCsVTISC(Ja1dwaty)
DLOAD(IYmFORCE(LIY=CC

00 640 1m1,NN

€Cs0.

DO 650 10=1,NP

00 650 0=1,NP
CCuCCaVISC(IN,I)«PINV(IOLJOI*ANCID)
BN(I)e=r(

DO SNBN 1=1,NN
DISPN(IY=DISP(L)

b0 SNOD JTRa1,20N
ITR=jTR.1

DO 4020 I=s1,NN

C(13=0.

1F (ITR_NE.O) GO TO 1310
1F (11TZEG.1Y GO TO 1400
ISTATE=14

60 To 1100

ISTATE=N

DO 4010 1Jm1.NELFM

1fF (IMATER.EQ.0) GO TO 4410
EO=E(1J)

vOaV Ly

THICKO=THICK (IJ)
DENSQO=DFNS(IJ)
PXKXO=PKY(1J)

PXY0=PKY(1J)
COHESO=rOHES(1J)
FRICTOafFRICT(1J)e3,1416/180.
CCaSQRT(9,¢12., «(TAN(FRICTO))ee2)
COEFARTANCFRICTOY/CC
COEFR®Y,=3,¢(COEFA®+2)
COEFKa3_ «COMES(IUI/CC
CCoEQ/ ((1aeVD)eld,=2,%V0))
PDEC1.,1)=CCx(1.=VN)
DEC1,2)=aCC*VN
DE(2,2)=DE(1,1)
DE(3.3)=CCe(1,=2.V0) /2.
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482
L83
L84
L85
86
L87
“88
489
490
491
“92
4«93
494
495
496
w97
L98
499
500
S01
502
503
504
505
506
507
508
509
510
511
512
513
S14
5158
516
517
518
519
520
521

522
523
524
525
526
527
528
529
530
531

532
533

534

535

536

537

538

539

540
541

542

543
S44
545

S46
547
548
549
550
551

552
553
554
555
556
557
558
559
560
561

562

4380
4410

4420

4680
4690
4440

6391

4390

6392

6393

6394

4395

DE(2,1)aDE(1,2)

00 4380 I=1,%

PO 4380 Jy=1,3
CCaDE(ILY)

00 4380 J1e=1,%

00 4380 J2=1,3
10m3e(lut)egt
JO=3w(ua1)+y?
0Q(IN,JN)aCC#QBAR(IT,J2)
CONTINUF
M1=NODE(IJ,1)
M2=NODE(1J,2)
M3=xNODE(I1J,3)

X$=X (M1

Yi=Y (M1

X2®3X (M2

Y2=Y (M2

X3mX (MY

Y3aY (M3
ABC(1,11aX24yYTmXyeY?2
ABC(1,2)aX3ey1~X1+Y3
ABC(1,3y=X1ay2eXaY1
ABC(2,112Y24YY
ABC(2,2)8Y3w=y
ABC(2,3 mY{ay?
ABC(3,1y2X3~x2
ABC(3,2)8X1=X3
ABC(3,3ymXx2-x1

AREA=ARS(ABC(1,1)¢ABC(1,2)+ABC(1,3))e0,5

DO L4AhN J=1,>

00 446N Is1,4
I0=NODEC(IJ, 1)
J1810#24y=2
J2814(Ja1)eh

00 4470 x=1,NN

IF (J1.FQ.NFORCE(K)) GO TO 4480
CONTINUF

J0=0

GO TOo 4490

JOmK

N(J2)=yn

CONTINUF

DO 4390 1=1,%

D0 4390 J=1,3

IF (1.€n.d) GO To 4391
UUCTLd)a=ABC(2,4)
VV(1,J)==ABC(3,4)
GO To 4390
UUCL,J0)a3.%ARC(2,J)
VV(1.J)a3.eARC(3,J)
CONTINUF

UUC1,4)ab  #ARC(2,2)
UUC1.5)=0.
UUC1,6)n4.%ARC(2,3)
UU(2,4) 86, %ABC(2,1)
UUC2,5)s6.%ABC(2.L3)
Uu{2,.6)e0,

U3, 6)a0.
UUC3,5)ab,*aRC(2.,2)
UH(3,6)mb vARC(2,1)
VV(1,4)u6,#ARC(3,2)
VV(1.5)«0.
VV(1,6)ub,%ARC(3,3)
VV(2,4)ab *ARC(3.,1)
VV(2,5)ub,2ABC(3.3)
VV(2,6)a0,
VV(3,4)a0.
VV(3,5)=6,+ARC(3.,2)
VV(3,6)ud.vARC(3,1)
DO 4392 1a1.,6

00 4392 u=1,12
uv(l.Jd)1=0.

D0 4393 I=1,%

b0 4393 Jmi,4

UV l,Ji)=tU(1.d)

DO 4394 1m4,4

DO 4394 J=7,12

UV 1,0)aVV(I=lslab)
DO 4395 I=7,9

00 4395 J=1,6

UVl d)aVV(Iwbhaed)
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563 DO 4396 1=7,9

564 DO 4394 J=7,12

565 4396 UV(L,J)alllU(l=bsd=6)

566 D0 4403 1=1,12

567 DO 4403 Js1,12

568 CCa0.

569 D0 44NG 10=1,9

570 00 4404 JO0=1,9

S71 44Nl CCuCC+UVCI0,1)20a(10,J0)eUV(J0J)
572 4403 STIFE(I,J)mCCoTHICKO/ (LR 2AREA)

S73 IF (ITR_EQ.0) GO TO 6530

574 XOs(x1+x¥2+x3)/3,

575 YO=(Y1+v24Y3)/3,

576 pO 3N2N I=1,3

S77 3020 IETA(1)a(ABC(1,1)+4ABC(2,1)ex0+ABC(3,1)%Y0)/(2,¢AREA)
578 00 30S0 1=2,3%

579 00 3030 J=1,3

580 3030 UUCI,J)eABC(I,J)e(bo*ETACI) 1)/ (2.2AREA)
581 00 3N40 Jmid,h

582 J0s=y=~3

583 10=J0+1

584 IF (10.FQe4) 10814

585 3040 UUCL,J)mb v (7ETA(CTIO)*ABC(1,J0)¢ZETACJ0)eABC(1,10))/(2,%AREA)
586 3050 CONTINUF

SR? DO 3270 1=1.,%

588 00 3270 J=1,12

589 3270 VISCEC(I.J)=0.

590 00 3N60 Ist,a

591 10=1+6

592 VISCE(1,I)=Uu(2,1)

593 VISCE(Y. D) =yu(l, 1)

594 VISCE(2,10)=yu(3.1)

595 3040 VISCE(3,I10)=uyu(2.1)

5964 D0 3n61 1=1,3

597 c0=0.

598 00 3062 J=1,12

599 JO=N(S)

600 1f (J0.rQ.0)Y GO TO 3062

601 CO0=CN+VISCE(1,J)eDELTAD(IO)

602 3042 CONTINUF

603 3041 DSTRAN(1)=(Cn

606 IF (1TRIEG.1) GO TO 1320

605 1F (IELFM(IJY.EQ.Y) GO To 3240

606 60 TO 6530

607 1320 00 3070 1=i,3

608 cc=0.

609 00 30AN 10=1,%

610 3080 CC=CC+0F(1,1N)eDSTRANCIM

611 STRESO(T1J,1)aSTRESO(IJ,1Y4CC

612 3070 DSTRES(1)=(CC

613 1F (TELFMC1J)Y.EQ.1) GO To 3240

614 RR®((STRESO(1J,1)=STRESO(I1J,2))2e¢2) /L sSTRESQ(IJ,3) 482
615 X0= (STRESO(IJ,1)+STRESO(1J,2))+CO0EFARTL,S
616 CCxSQRT(RRYaSQRT(COEFB)-COEFK+XO

617 IF (CC.iT.0.) GO TO 6530

618 b0 6500 I=1,%

619 6500 STRES(1.4,1)aSTRESO(IJ,1)aDSTRES(I)
620 X183 . 4CNEFAS(DSTRES(1)4DSTRES(2)) /2.
621 Y12(0STRES(1)=DSTRES(2)) /2.

622 Y2u(STRES(1J,1)=STRES(IJ,L2))/2.

623 X0=(STRES(1J,1)+STRES(IJ,2))¢COEFA®1.S
624 RREY?4e2+STRES(11,3)¢e2

625 X38X42e>~COEFR* (Y194 240STRES(3)ee2)
626 Y3aX14(x0=COEFK)=COEFBe(Y1«Y2¢STRES(IJ,3)*DSTRES(3))
627 X2m (X0=~rOEFK) 0#2-COEFB*RR

628 CCaYJaedaXJex2

629 CCm(=Y3ASQRT(CCI) /XD

630 00 6520 1=1,1

631 65720 STRES(I1,1)wSTRESCIJ,I)+CC#DSTRES(I)
632 00 6560 1=1,3

633 6540 DSTRAN(TI)=(1.-CC)*DSTRANCI)

634 3240 X2=SGRT(COEFR)

635 Y1eSTRES(1J, )

636 X1mSTRES(1J,1)=STRES(1J,?)

637 RRESQRT ((X1e22) /b, ¢Y1222)

638 X3nb . ¢CAEFACRR/X)

639 CCaX2/(4.*RR)

640 BETA(1)a(X3ex1)ocC

641 BETA(2)n(X3=x1)eCC

642 BETA(3)2b.eY14CC

6463 CCoX2%EN/(Lae(1,eV0)*RR)
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664 CO=XR/(1.=2.+v)

645 TETA(1)=(COsx1) o0 C

646 TETA(2)u(CO-x1)%CC

647 JETA(3) w2, aY1elC

648 IF (1ASS0C.EQ.0) GO TO 3202
649 CC®ED/ (La*(1.4V0)*X2#RR)
650 TETAD(1ymX1acC

651 TETAD(2y=m=2ETAD(Y)

652 TETAD(3yx2,eY14CC

653 6OT0 3201

654 3202 00 320% 1=1,%

655 3203 ZETAD(IVSZETACI)

656 3201 cCx=0.

657 00 3220 1=1,3

658 3220 CCaCC+BFTA(IY#2ETAD(T)

659 s0=C¢

660 00 6570 I=1,%

661 00 6570 J=1,3

662 6570 DO(I,J)mDEC],i)=2ETADCI)«2ZETACJ)/SO
663 b0 6580 I=1,3%

664 cC=n.

665 b0 6590 J=1,3

666 6590 (C=CL+0n(1,4)+0STRANCY)
667 65R0 STRES(I.1,1)=xSTRES(IJ,I)scC
668 00 3260 1=1,3

669 00 3260 J=1,3

670 CCudD1Ld)

671 00 32460 Ji1=1,3

672 DO 3260 J2=1.,3

673 1053e(1a1)+01

674 JO*3e(yat)ey?

675 000 (10,.10)xCCeQBAR(IYI, D)
676 3240 CONTINUE

677 D0 3281 1:1,1>

678 0O 3281 J=1,12

679 cC=0.

680 PO 3282 10x1,9

681 00 3282 J0=1.,9

682 I2R2 CC=CC+UVCIN,1)1«DaDCI0,J0)YUV(J0,J)
683 3281 STIFP(1.J)=CC*THICKO/ (4B vAREA)
684 ISTATE=1

685 TELEM(T )=t

686 G0 To &nO1

687 6530 b0 3071 I=1,12

688 00 3071 J=1,12

689 3071 STIFP(1.J)=STIFECT,J)

690 40N 00 4810 11,12

691 10=N(1)

692 1F (10.FG.0) GO T0 4610
693 cC=0.

694 D0 4620 y=1,1?

695 JOeN(J)

696 IF (J0.FQ.0)Y GO TO 4620
697 CCmCCo(STIFE(I,J)=STIFP(1,J))¢DISPOCJO)+STIFP(I,4)DISP(J0)
698 4620 CONTINUF

699 €(10)=CrI0YecCC

700 4410 CONTINUF

701 4010 CONTINUF

702 1F (1STATE.LEQ.0) GO TO 5200
703 4 CALCULATION OF DISPLACE
704 1400 00 5100 I=1,NN

705 5100 C(I)m(Ce1)+DLOAD(I))*ALFA*DELTAT#BN(I)
706 D0 S110 I=1,NN

707 cC=0.

708 00 5111 J=1,NN

709 S111 CC=CCeSTIF(T,4)ec(d)

710 $110 CD(Iy=Cr

711 DO 6550 Iat1,NN

712 DELTAD(T)=CD(1)=0ISPO(])
713 6550 DISPO(IY=CD(T)

714 1F (1TRIEG.0)Y GO TO 5000
7158 cc=0.

716 00 S130 I131,NN

717 S130 CCmCC+ARS(DELTAD(I))

718 1F (€C.1T7.0.005) 60 10 5200
719 SON0 CONTINUF

720 5200 00 S140 1=1,NN

721 S140 DISP(I)aDISPOCL)

722 DO 1330 1=1,NELEM

723 00 1330 J=1,3%

724 1330 STRES(I.J)aSTRESNCI,J)
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725 ¢ CALCULATION OF PRESSURE

726 60 6R0 t1aia.NP

727 cC=0,

728 D0 690 x=l1,NP

729 690 CC2CC+PINVITILK)eAN(K)

730 060 700 10=s1.NP

731 00 700 40=1,NN

732 700 CC=CCePINV(TILT0)=VISC(IN,JIN)2DISP(JO)

733 A(I)m=Cr/(DELTAT«ALFA)

734 680 CONTINUF

735 WRITE(6,54) TIME

736 WRITE(6.55)

737 60 1010 =1 ,NN

738 1010 WRITE(6.56) 1,0IsP(I)

739 WRITF(6,57)

740 60 1N20 t=i,NP

7461 1020 WRITE(46.58) 1.,A(1)

762 WRITE(6.62)

7463 WRITE(6.63)

744 00 3300 I=1,NFLEM

745 3300 WRITE(A,64) T,I1ELEMUI),(STRES(I,J),i=1,3)

746 CCBALFAPSIIT

747 WRITE(6.65) CC,1TR

748 IF (TIMeE.GE.TFINAL)Y GO To 2000

749 999 CONTINUF

750 60 T0 2n00

751 1100 WRITE(6.61) O

752 2000 sToOP

753 10 FORMAT (7110}

754 12 FORMAT(RF10.%.110)

755 13 FORMAT(1H1,30%x,3QHCONSOLIDATION ANALISIS (ELASTO=PLASTIC))
756 14 FORMAT(4HO,INX,1PHINITIAL DATA)

757 15 FORMAT(1HO,S5X,SHNELEM,S5SX,SHNNODE,6Xs4KNTOP,5x, SHNCONF,
758 $4X s 6HNTRACT ,,UX 6HNDRAIN, (X, 6HIMATER)

759 16 FORMAT(IH ,7110)

760 19 FORMAT(1HOLLX, AHNELTAT, 4x,6HTFINAL,10H LOAD RATE,10H ASSOCIATE)
761 720 FORMAT(AK ,3F10,3,110)

762 21 FORMAT(4HO,30x,1AHCO0RDINATE OF NODE)

763 72 FORMAT(1HO,AX,4HNODE,OX, 1HX,9X,1HY)

764 23 FORMAT(>F10,3)

765 26 FORMAT(YH ,110,2710.3)

766 25 FORMAT(1HO,3NXx,31HNODAL NUMBER AROUND THE ELEMENT)
767 26 FORMAT(1HO, 46X, LHNODE,20X,12HNODAL NUMBER)

768 27 FORMAT(AI10)

769 P8 FORMAT(1H ,110,615)

770 29 FORMAT(1HO,30X,29HMATERTIAL CONSTANTS OFf ELEMENT)
771 10 FORMAT(1HO,190Xs VHE#9X s THY »SX, SHTHICK,6X, 4HDENS, BX s 2HKX .
772 SRX,2HKY . 9X1HC,7X . 3HFAL)

773 31 FORMAT(4F10.4.,2F10.8,2F10n.4)

774 12 FORMAT(IH ,11N,4LF10.4,2F10.8,2F10.4)

775 IS FORMAT(AH ,40X,6F104602F10.8,2F10.4)

776 36 FORMAT(1HO,3INX,372H NODAL NUMBER AND VALUE OF FORCE)
777 37 FORMAT(1HO,7X,3HNO.s6Ks4MNODE,SX,SHFORCE)

778 18 FORMAT(RITO)

779 19 FORMAT(110,F10.4)

780 40 FORMAT(YH ,2110,F10.4)

781 L1 FORMAT (1HO,30x,?B8HUNKNOWN NODE PRESSURE NUMBER)
782 42 FORMAT(1HO,7Xx,3HNO,,2%X,8HNODE NO,)

783 03 FORMAT(IH L2190

T84 56 FORMAT(1HO,SHTIMF=,F10,3)

785 §5S FORMAT(1HO,1AX,8HDISPLACE)

786 S6 FORMAT(IH ,2HIa,11005%,F7,3)

787 S7 FORMAT(1HO,15x,14HWATER PRESSURE)

788 S8 FORMAT(1H ,2HT1=2,110,5X,F7.4)

789 61 FORMAT(4HO,4HKALIR,110)

790 A2 FORMAT(4HO,INX,1?7HSTRESS OF ELEMENT)

791 A3 FORMAT(1HO,SX,3HNO o+ bX, SHSTATE,SX, 7HSTRES X,8X,7HSTRES Y,8X,SHSHEA
792 &R)

793 AL FORMAT(YIH ,2110,5X,F10.4,5X,F1044,5%X,F10,6)

794 AS FORMAT(1HO,SX,SHI OAD2,FIN.5,5X,LHITRR,14)

795 END .
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SIS

3) F—RDANFE
Fig. 2307 4 =% v b TF— 5 £ ANT 5,

1 11 21 31 41 51 61 71
NELEM | NNODE NTOP NCONF |NTRACT | NDRAIN | IMATER
DELTAT | TFINAL | PRATE | IASSOC
Xal | ¥4l 1y nrop
NODE (1.1)|NODE (1.2) |NODE (1.3)|NODE (1.4) |NODE (1.5)|NODE (1.6) } NELEM
E (I) V(1) THICKI(I)! DENS(I) | PKX(I) PKY(I) |[COHES(I)|FRICTI(I)
Eo Vo THICKO | DENSg PKXO0 PKYO0 |COHESO [FRICTO
N(1) N(2) N(3) |- - — - - NCONE
M(@D_ | AM |y NTRACT
N (1) N (2) N (3 |-- -~ - -NDRAIN
Fig. 23 F -5 0O ANER
4) HAHH
CONSOLINATION ANALISIS (ELASYQ-PLASTIC)
INITIAL DATA
NELEM NNODE NYOP NCONF NTRACT NDRAIN IMATER
40 99 30 20 5 I 0
DELTAT TFINAL LOAD RATE ASSOCTATE
5.000 150.000 56.830 0
COORDINATE OF NODE
NODE X Y
1 0. 8.000
2 1.000 8.000
3 2.000 8.000
4 3.500 8.000
S 6.000 8,000
6 10.000 8.000
7 0. 7.000
8 1.000 7.000
9 2.000 7.000
10 3.500 7.000
11 6.000 7.000
12 10.000 7,000
13 0. S.500
14 1.000 5.500
15 2.000 5.500
16 3.500 5.500
17 6.000 5.500
18 10.000 54500
19 0. 3.500
20 1.000 3.500
21 2.000 3.500
22 3.500 3.500
23 6.000 3.500
24 10.000 3.500
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25
26
27
28
29
30

NOOE

-
OO 00 ~N O VN

-
~ o

31
32
33
3¢
35
36
37
38
39
40

z
(=]

OO XNV SN e

1

NN WD W N RN

19
19
20
21
21
21
22
23
23
23

0.

1.000
2.000
3.500
6.000
0.000

25
26
26
26
27
28
28
28
29
30

3

21.7000

z

(=)
©
m

- D OO NN W

-

171
172
173
174
175
176
177
178

NO

[ RV I v

186
187
188
189
191
193
195
197

NODE NO.

7
8
9
10
"
12

/3
0.
0.
0.
0.
0.
0.
2 36
8 37
9 38
3 39
4 40
10 41
1 42
S 43
6 Ll
12 3
14 52
8 53
26 84
20 85
21 86
27 87
28 88
22 8¢9
23 90
29 91
50 92
24 93
v
0.
FORCE
-0,2500
a.
-0.5000
-0,2500
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

NODAL

NODAL
37
47
48
40
41
69
S0
(X%
L5
51
63
Sk

95
86
87
96
97
90
91
98
99
964

MATER

1

.0000 0.

NUMBER ARQUND THE ELEMFENT

NUMBER
31
38
39
32
33
L2
L3
34
35S
L6
53
&7

RS
79
&0
88
89
81
82
9
93
&3

TAL CONSTANTS OF ELEMENT

THICX DENS Kx
0.013400000.001170

NODAL NUMRER AND VALUE OF FORCF

UNKNOWM NODE PRESSURE NUMRER
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7 13
8 14
9 15
10 16
1 17
12 18
13 19
14 20
15 21
16 22
17 23
18 24
19 25
20 26
21 27
22 28
23 29
24 30
TIME= 35.000
DISPLACE
I= 1 -0.420
1= 2 ~0.063
I= 3 -0.567
I= 4 =0.090
1= 5 -0.324
I= 6 -0.005
I= 7 -0.092
I= 8 0.067
Ix 9 =0.011
I= 10 0.0n86
1= 114 0.0L6
1= 12 -0.488
1= 13 0.039
I= 14 -0.421
1= 15 0.059
1= 1719 0.001
I= 172 0.180
1= 173 0.014
I= 174 0.019
1= 175 0.057
I= 176 0.100
ts 177 0.150
I= 178 0.182
WATER PRE
1= 1 1.n808
I= 2 1.0139
I= 3 0.9067
[= 4 0.6611
la b 0.0534
Is <] «0.N295
ls 7 0.8935
1= 8 0.9212
1= 9 0.8R303
I= 10 0.S441
1s 21 0.3338
ls 22 0.2916
1= 23 0.1578
1= 24 -0.n231
NO, STATE
1 0
2 1
3 1
4 0
5 0
6 0

SSURE

STRESS OF ELEMENTY

STRES X
~0.7409
~0.1315
-0.0227
~0.3680

0.5185
0.3757

STRES ¥
-2.5902
“2,4411
~2,1044
-1.8243
~0,3956

0.1152
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4 0 0.3974 0.1584 =0.N664
8 0 0,6513 0,0143 ~0.0640
9 0 0.1419 0,0190 =0.0374
10 0 0,0476 0,0128 -0.0322
11 1 0.7252 -1.5979 n.,1381
12 1 0.4983 ~1,6R55 0.2548
13 1 0.4756 -1.3575 NeS645
14 0 00,5118 -0,9992 0.5864
15 o} 0.3165 -0.430S 0.5850
16 0 0.1573 0.0030 Ne4314
17 0 0.1839 0.1729 n.ngse
18 0 0.1168 0,1363 N.031%
19 0 0.0549 0.0842 -n.0813%
20 o] 0.0271 0,0270 ~-N.0580
21 1 0,8946 -1,3082 0.1196
22 1 0.8866 -1,1792 0.1765
23 0 0.8105 -1,0616 n.3105
24 0 066991 -0,9408 0.4405
25 0 0eb616 ~0,5648 n.s?723
26 0 0.6226 -0,4839 0.3733
27 0 042261 «“0,1666 0.23364
28 0 0.1005 0,06495 0.1177
29 0 0.0356 0,0863 ~0.N289
30 0 0,0113 0.1192 -N.N268
31 0 0.8871 -0,9998 0.0157
32 0 0.8861 -1,0289 N.0733
33 0 0.8143 ~0.9458 n.1509
34 0 0,7823 -0.8765 N.0843
35 n 0.6774 =0.7691 n.n982
36 0 0.5643 -0.6230 N.2014
37 0 0.3416 -0.3609 N.1471
38 0 0.,2732 -0.280¢ 0.0569
39 0 0.0843 -0.0165% n.n120
40 s} 0.0134 0.1277 =n0.n007
LOADA 0.60903% 1TR= 116
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VBT Bo
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TDp & dij QOEHEETS.
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ci DEDHTELHBEAREADHEET S,

169~1911T; EROHAFSLANEHESESS
FURME Y FKEHSAES L OFIEOHE. ORBR
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N®OMD 0 DBEERZEET MY 7 ZANATTT ZBEHSS
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DISP, Eififly +kEA, BEROEHSTRES %%
BHELLTH <o & BREIEHBEREN, 525 — b ¢
BOTIELEM=0 &4 %, RO FKEIE a (ALFA)
=05 &9 5. MEBMBHALFAP & 4t Kk DHA
D35y {my-mq } (FORCE) i

{my~m;} =FORCEXALFAP X 4t @12)
LB 1L
1-v
ALFAP= ckE ( ) @3

alyw (1-2v)(1+v) ¢
a FEEOHEMICET 2EHT, L&A EDHWEDORK
FMACNIKHE TS, -0 3WEBNRTRATESR
hb.

w= (%)/Tv @)

e UPRWE, ClkEY), Ty ZEERBRE (Ty

%;—w , Cv REBRHT

kK U-»E
Fw (1-20)(1+¥)

WEFORCE & L CHAMEL LU, EEBMtICE
ZETIMASNEFMEP RRD L H I B,

Cv (@18

P=ALFAP X t 16)
379~42977; K=adtQ+LTR 'L OHELKD
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ENENARLTRELTE. $720, =1 &9 3,
454~ 46277 ; Iteration ®BIBHS . a7 (C (1))
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X3 ey} HIALEMIKBET A< ) 7R T
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LT85,
604~61277; ITR=10E %k {do}=(Dg) x
{deye{og)={oy} + {40} oitBEETLT
EFEEEOEIICLBENOENERDTEL, ITR
>1DEERS SIERSHEERICD 50 &5 b0
BATHhN, WHRIEIL S Pe = Qe DitE~, MRS
OB DS (40, )} EHETZECANEN
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613~6331T; BEMSBUNLD {do, JOFHE~Y v v
TEE D, BRSEUE SIRITRERSH £ ik 2H51%
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T, f (o) <OBSHESHEL TOEDTP, =
=Qe ~BITEE B, £ (0)) 20 DEXFCDEST
BYERIEASE Um0, DWW HE E L v
WIS H~NETS € 51HD7 » 2 5 — r DIFEE, Zh
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HEEM ISTATE=1 KEET %,

687~6891T; ERMNWUMMBICOVTIEIPe =Qe &
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702~71347; ISTATE=0 O& & E & TOEHN
RO F LD Tlteration FITHNIE .
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T14~T7187F; ITR=0 D& 2R3 TOERNWHT
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BTXH5,
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BB (IELEM), EROENIBLIUMELE Itera —
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A Theoretical Study on the Settlement and Stability of Farm
Roads

KOHKI SHIO

I Introduction

Farm roads are important agricultural structures which improve not
only the agricultural productivity and the circulation of agricultural pro -
ducts but also the environment of farm villages. Especially now farm roads
become large and are often paved as the main farm roads or the wide dis -
trict farm roads, and so the cost for constructing farm roads tends to
increase year after year. That is to say farm roads, in the past, had the
additional role as the connecting roads for cultivation, but now have the
essential role as one of the agricultural production bases which have an
important relation to the agricultural productivity.

Farm roads have changed so qualitatively that recently they have become
more and more important. This study aims at to research the optimum
method for design and construction of such farm roads. Especially concerning
the problems of farm roads on soft foundations, the author investigated the—
oretically how to deal with both the consolidation settlement and the stability
in design and construction, observing the settlement results in the field and

analysing them.

I. Theoretical analysis of roads settlement

1. Two and three —dimensional analysis of consolidation

The two and three — dimensional consolidation theory developed by the
author has so high applicability that it is easy to apply the theory to elasto
—plastic body, finite deformation, large deformation and further visco- elastic
body, etc. And also the author cleared up the charactaristics of two -
demensional consolidation settlement by the embamkment load, which have
been so far indefinite. The equations which govern the two and three — dimen-

sional consolidation consist of four equations below,

o =De - p (1)
o ' effective stress e ! strain
p : pore—water pressure D : elastic matrix
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v=-KVh (2)
v : flow velocity h : water potential
K @ matrix of permeability
de
J( d:p*— v Up*) dV =0 (3)
p*: virtual pore water pressure ey ¢ volumetric strain
[é*Teav = [a*TRav + [u*TTds (a)
e* @ virtual strain u ™ virtual displacement
T ! traction vector F ' body force vector

These equations can be arranged into the next basic two and three — dimen —
sional consolidation equations which represent the change of deformation

and pore —water pressure by the external forces.
[e' i (De-p)dtrav = [0 FaV + [0*"Tds - [e+ T oodV

d
J(Ep*+ vh K vp*) dv = 0
dt
But it is quite difficult to get the solution for every optional boundary
condition, then the equations (5) have to be converted into the next equations

by Finite Element Method.

Q -LT S| |m 6]
-L —a4tR| |qit) [—LS(tlH-(l—a)Ath(tlH—ndt

where 9 (t) is the nodal displacement at time t, g (t) is the nodal pore — water
pressure, Q is the stiffness matrix, L is the matrix concerning with the form,
R is the matrix concerning with permeability and m is the item of external

forces.

Then the author explains about the results calculated from the equations,
specially about the deformation characteristics of the consolidation of finite
layer with strip load distribution which is commonly observed in farm roads.
The devided mesh form used in this analysis is shown in Fig. 1. Varying the
form of the model and the material constants of the elements, the character -
istics of two dimensional consolidation were investigated. First the varia-
tions of the time — consolidation degree were shown in from Fig. 2 to Fig.4
As shown in these figures, the characteristics of two dimensional consol -
idation become more remarkable and the process of consolidation becomes
faster as the values of H/B, kx./ky and v increase. Fig. 5. shows thevaria-
tions of surface subsidence. The settlement of ground is quite large at the
place directly under the embankment, and also swelling of surface is observ-
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Fig. 1 Finite Element division of ground

g
— One - dimensional consolidation

0.001 0.01 0.1 1T

Fig. 2 Variation of time - consolidation degree (H/B)

ed in the circumference (in the case of v = 0.3 and v = 0.49). On the
other hand in the case of v =0, surface of ground shows the inclination
of subsident in all area. This theoretical result agrees well with the observed
fact in field. Fig. 6 indicates the time varing characteristics of pore— water
pressure at the given depth of the consolidation layer. The pore — water pres—
sure changes violently at the top of the ground and slowly distinguishes at the
bottom. The change of pore-water pressure at the center of consolidation
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layer is complicated. After the loading,the pore — water pressure tends
increase, and afterwards it decreases generally. These phenomena
be observed in

dimensional consolidation such phenomena, i.e., Mandel-Cryer effect,
often occur.
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Fig. 5 Change of surface settlement by »
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one — dimensional consolidation, but it is proved that in two-—
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Generalized elasto — plastic consolidation analysis
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Depth
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Pore - water pressure (t/n)

Fig. 6 Variation of pore — water pressure

In the analysis of general soil structures, it is the present state of af -
fairs that problems of deformation and stability are treated individually.
Also, in the design of farm roads, it is the general procedure that first of
all one examines the stability by plastic theory and decides the available
load, and then calculates the consolidation settlement. However consolidation
is originally the process which varies with time. Therefore, the author
thinks that the stability also relates with time naturally. Namely the stability
of farm roads is not decided only by the situation of original ground and by
the magnitude of the embankment load, but the relative relation with the
consolidation progress seems to be important. Therefore, in order to unite
the problems of deformation and stability in consolidation, the author devel-
oped the generalized elasto — plastic consolidation analysis, introducing
the plastic theory into the usual consolidation theory, and also the author
cleared up the features of elasto - plastic consolidation by the culculation
results. By the way, this theoretical part is the new region compared with
the usual consolidation studies.

First of all, the author developes the governing equation of stress and
strain which contains the plastic theory, and acomplishes the general for -
mulation of plastic failure by optional yield conditions and flow laws. In the
elasto —plastic body, the strain e consists of both elastic component and plastic
one. Then we can get the next governing equations which are shown in
incrimental form.

€ =¢éy Tép (7)
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6 =Dgpép (Dg: elastic matrix ) (8)
R 0 .

Ep = (% (1 © proportional constant) (9)
- . og

6 =Dgré - ADg 55 (10
6 = D¢ (D: elasto —plastic matrix ) {11

_ _ ag [(0f T af T og
D=Dg - Dg g8{5;} D&/{5} Du 3 12

Now we introduce the Drucker - Prager condition as the practical yield
condition, and the Mises condition as the plastic potential.

f=a]i +1,% -k =0 ( Drucker - Prager) a3
g=1,"% -k =0 ( Mises ) 14

The Drucker condition can be related with Mohr —Coulomb’s parameters

¢, ¢ in plane strain condition, then

tan ¢ /v/9 + 12 tan’ ¢ (18
k=3c¢c//9+ 12tant ¢ iG]

By these introductions of plastic theory, we can now get the next elasto-

o

plastic consolidation equation.
Qr -L7 8y Qd; -LTqy +my; - my
[—L—aAtRJ {(12} :{“L81+(1—d)AtRQI } i
Where 8 is the nodal displacement, q is the nodal pore— water pressure
and Qp is the mean stiffness matrix.
For the practical culculation, we must execute the iteration by the
method of initial stress. In this case the equation is converted into the next one.
Q -L" 5,01 QS M- Q™ (88, ) -1 qp +my - my
[—L —adtRJ{qz(“')} :{—L31 +(1-a )4tRq, } e
From the equations above,the author drew up the practical culculation pro -
grams and executed the culculation . Then the author explains the cha-
racteristics of elasto —plastic consolidation. Fig. 7 shows the devided mesh
form which is used for elasto —plastic analysis of the ground with strip load
distribution, considering the case of farm roads. First, Fig. 8 shows the
relation between load and settlement. In the figure, two curves are shown
which indicate the different load —increasing rate. Both curves reach to the
infinite displacement at the given load. At the point, perfect plastic failure
occurs. But the value of each failure is quite different, that is, if the load-
increasing rate becomes smaller, the failure load becomes greater.
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Fig. 1

pC

pore—water pressure.

<84

P
Wit vy —
j I>
1 3
2l b 4 9 L
* b oo .
™ ](>| L
Ar.,b PY o e Nodal Point
®@ Drained Node
£ Roller support
wl b 5 L L 9
S
L Y [>é—o . ° o
L 86 68 A L L L - A
1 1:1_ 1.5 e 2.5 | 4 |
e B N
e
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Fig. 8 Load - Settlement curves

Fig. 9 shows that the failure of foundation progresses from the partial
developement of plastic region and the failure zone spreads from directly
under the embankment into circumference. Fig. 10 shows the variation of
As seen in the figure, the pore —water pressure in -
dicates the quite different inclination by the difference of the load ~ incre -

asing rate. In the case of rapid loading the pore — water pressure increases
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Fig. 9 Development of plastic failure zone
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Fig. 10 Variation of pore —water pressure

violently, specially at the top of the layer. On the other hand in the case
of slow loading, there is little change in pore —water pressure. Namely,
it is found that in the case of papid loading the increase of pore —water

pressure is dominant and so we can’t expect the increase of effective stress
and the plastic failure spreads rapidly. So it is cleared up by the elasto -

plastic consolidation analysis that the load increasing rate is the conclu-
sively important factor for the stability of embankment. We have so far
known empirically that it is better for embankment to increase the load slowly.
By the author’s theoretical analysis, these empirical affairs were cleared up

theoretically, and so it became possible to discuss the stability problems in
terms of load—-increasing rate.

I Analysis of the practical settlement in the field

The investigated area is located in the Fukuoka district, Yawahara vil-

lage, Ibaraki prefecture, and is the alluvial lawland on the left side of the
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river Kokai Prefecture— operated land consolidation project has been executed
up to 1977, and then a main farm road with a 3 km length was planned.
However, as there is a soft peat layer with a 2~3 meters thickness under
the planned district, the subsidence of ground surface came into question.
So that the method of preloading was proposed for countermeasure, and the
stability by consolidation settlement was expected. The test embankment
district was set up nearly in the center of a planned farm road, and the
embankment was constructed from January 1978. The research investigation
of test embankment was continued for about one year. Considering the re-
sult, it was decided to carry out the embankment for the main construction of
all the farm road routes, also. All the routes were divided into three construc -
tion districts, and embankments and pavements were executed according to
the time schedule. Investigation of settlement, and s¢ on, was continued dur-
ing the long period of three years containing the test embankment.

Fig. 11 shows the geologic profile of the farm road in the investigation
area. The thickness of the peat layer varies from about 3 meters in the
south and 1.5 meters in the north.

Measured Point No.

Depth

Fig. 11  Geologic profile of Farm road

Above this peat layer, a little compacted silty layer occurs, and a sandy
layer occurs below the peat layer. The method of observation is shown
in Fig. 12, Settlement plates were set up in each of the layers for observa-
ting the deformation of layers, and settement poles were arranged up to 50
meters apart from the center of the farm road for investigating the influence
of the farm road settlement to the suface of the paddy field around it.
Moreover, another apparatuses for observing under ground water and earth
pressure were set up and observed.
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settlement plate (00,07 37,56,80m)

kgrimd water level tube (04,2245 m)
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settlement plate (00, 07, 3.7m)
displace pole Ko 1 ~Na 10 L N ground water level tube (04, 22 45m)
. AN
+ + P E——————— ca \'[{.au.... + :BF‘
STy Ty T YT H displace pole N 1~ 10
flexible pipe
50m from §

earth pressure cell

Fig. 12 Set of apparatus for observation

From the observation of the final deformation of the farm road profile,
it is found that the central settlement of embankment is larger than that of
the side and so settlement of the side was 40~50 % of that in the center.
The influence of settlement to circumference was up to the range of 2 me-
ters from the side of the embankment and all of the area was subjected to
sinking because of the characteristic of the peat foundation.

Fig. 13 and Fig. 14 show the time - varing curves of settlement actually
measured. The final settlement was 34 cm at the N district in the test em -
bankment and 25 cm at the S district. These values were almost proportional
to the thickness of the peat layer at each point. It took about 25 days for
90 % consolidation degree from the end of embankment in both the N and

0

4h

Settlement

201 Center of

embankment

days
Fig. 13 Time settlement curve ( N district )
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5 districts.

Then the time —settlement curves which were culculated from one -
dimensional consolidation theory were written in the figures. It is shown
that the final settlement of theory agrees well with that of real meas-
urement, but time settlement differs extremely. Fig. 15 shows the time
settlement curve of the point NO. 71 of truth construction. In this case it is
characteristic that the settlement tends to creep because of the influence of

repeated traffic loading.

com

4h
10

20
30

40

] 1 . {
1 10 100 1000 days
t

Fig. 15 Time - settlement curve ( NO. 71 )

In Fig. 16 the actually measured settlement after one year from the
embankment was plotted against the thickness of the peat layer at all of the
routes of farm road. The settlemant and the thickness of consolidation layer
almost agree in inclination. But partially they differ extremely and specially
below NO.55 point the actually measured setllement isgenerally small.
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Measured point No.
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Thickness of consolidation laver

Fig. 16 Relation between the thickness of consolidation

layer and the measured settlement

These differences are thought to occur fundamentally because of the wrong
estimation of the thickness of consoclidation layer and variation of the
strength constants of consolidation layer. Therefore, it seems to be important
in the future that some proper method for testing the consolidation layer in
the field will be developed.

Next the author illustrates about the result adopting the consolidation
analysis by finite element method which was developed in the former chapter,
to the farm road measured this time. Fig. 17 shows the divided meshfig -
ure and the boundary condition which were used in the analysis of N dis-—
trict in test embankment. The material constants which were used in anal -

ysis and were given from soil test are shown in Table 1. Fig. 18 illustrates

¢ Nodal point
@ Drained Node

[ 4 Roller support
4 -4~ Pin support
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¢ Ie G 4 Py
\\»2 <& < 4
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sand| - L 2 | 2 | 2 | 4 m
' | Rl 1 il

Fig. 17 Divided mesh figure of Finite Element analysis
( N district )

— 325 —



KRKBEFMHMS

529 5

(1981)

Table 1

M aterial constants of element

Silt layer Peat layer

Modulus of elasticity E t/7 150 21.2
Poisson’s ratio v 03 0.1
Coefficient of permeability |, m da

(horizontal ) kx v 00035 00134

Cvertical ) ky mday 00035 000117
Cohesion C ot 8.0 1.0
Angle of internal friction ¢ ° 12.0 5.0

the comparison of the theoretical time settlement and the measured one.

As it is clear from the figure, the analysis by Finite Element Method

can

represent the settlement of the farm road quite well, and also the consolida -
tion analysis which was developed by the author can be justified.

om

0~

4h

Settlement

20

embankment 2 ™ S
7

1.3

O  Measured value

F.E.M. Analysis

Fig. 18

L
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Analysis of time — settlement

( embank ment center in N district )

Y

roads

When we make a farm road on a soft foundation,
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cessary to try some countermeasures. Though there are many construction
methods for improving the soft foundation, as mentioned in Table 2, the
author investigated concisely about the preloading method this time. First
of all, preloading is concluded to be relatively excellent for the ground

Table 2 Improvement methods of soft foundation

a. Displacement method @ Excavation
® Extrusion by embankment
b. Stabilizing method ® Drainage method (Sand drain, Well point, etc. )
@ Preloading
® Improvement of embankment (Side embankment. Widenning
of bed)
@ Raft method (sheets, fagot, etc.)
® Side support (Sheet pile, Trench)
® Reduction of embankment weight
c. Pile foundation ® Wood pile, Steel pile, concrete pile, lime pile
® Sand compaction pile
d. Improvement of ground @ Gtro%nd improving materials ( Slaked lime, Soil cement,
etc.
® Chemical treatment ( Ground solidification chemicals)
® Physical treatment ( Sintering, Freezing, etc. )

Table 3 Characteristics of preloading method

reliable
soft
adaptable
economical
passable

o e W N

reclamation. The merits of the method are described in Table 3. But the
preloading has a week point in that it takes a long period of time to accom-—
plish the construction, and then it is necessary for the success of this
method to research the manner of planning, economy and reasonability
which are proved theoretically. So that the author denotes the several means
of the optimum design for preloading, that is :

1) We should consider the load of subsiding road —bed in embankment load,
and then the height of embankment becomes
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Where Hy. H; and 71. 71 are the thickness and unit weight of road -bed
and pavement— part respectively, H is the thickness of consolidation layer and
Py is the traffic load.

2) The time for embankmesnt should be decided by estimating the variation
of ground water, consolidation term and stage construction synthetically.
Especially as consolidation time is the important factor for deciding construc—

tion term, it should be decided concisely by Finite Element analysis.

( First district )

Full embankment
Nov. 1978 | Embankment of Approach
way

( Second district )

Feb. 1979 IUpper excavation l-~—é Temporary embankment
Embankment of

I
Approach way
I

Construction of
lower subbase

{
Nov. [Additional embankment |
1 ( Third district )
Feb. 1980 |Upper excavation || Temporary embankment
] Embankment of
IReformation Approach way

|

Construction of
lower subbase

b
Nov. Pavement lidditional embankmentJ
)

Feb. 1981

mpper excavation ]a Removal
of surplus

b
Reformation soils
]

Construction of
lower subbase

Nov. E%ﬂent

Fig. 19 Construction planning
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3) The length and the number of each construction district should be de -
cided reasonablly, and so,
r® -1
S —— =1 2o
r — 1
where n is the district number, r is the coefficient of profile and S is the
coefficient of reserved soil.
4 Construction planning should be proposed by investigating the repeat use
of embankment materials and control of the height and the period of embank-
ment synthetically. Fig. 19 shows the one example for planning of pre-
loading.
The preloading method can accomplish the purpose by such the concise
planning and construction method as shown in Fig. 19. These treatments are
thought to be possibleowing to the author’s consolidation analysis which

can give the answer in any complicated load condition.

V. Conclusion

The author has described the results of his investigation of the settlement
and stability of farm roads from the three viewpoints; theory, observation,
and design and construction. Here the conclusion is summed up as below :
1D The basic equation by Finite Element Method governing the two and
three — dimensional consolidation were presented, and the theoretical char -
acteristics of consolidation settlement by farm road embankment were cle—
ared up.

2) The formulation of generalized elasto —plastic consolidation analysis was
executed and the problem of settlement and stability is represented syn -
thetically. And moreover, it was found that the load —increasing rate is quite
important for the stability of embankment.

3) The feature and the problem of the farm road settlement became clear
by the observational data in the field during three years.

4) The state of farm road settlement could be analyzed well by the consol-
idation analysis by Finite Element Method which was developed by the
author.

5 Preloading was investigated and the merits of this method were cleared
up, and then several means for the optimum design were proposed.

(Sci. Rep. Fac. Agr. Ibaraki Univ. No29, 205~329, 1981)
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