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SOURCE PROGRAM

" Susunswaanuuy A (Fatigue Cracking)

Usznauéing

1) Main Program

2) Subroutine PART

3) Subroutine BESSEL

4) Subroutine COEF

5) subroutine SSR (3 LATITAA2MM LFiL)
-6) -Subroutine EIGEN

i, Subroutine LEASQ
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C PROGRAM A -THICKNESS DESIGN OF AIRPORT FLEXIBLE PAVEMENT

C —-DESIGN TO LIMIT MAX. PRINCIPLE TENSILE STRAIN

C AT BOTTOM OF ASPHALT CONCRETE LAYER

C (CONSIDER FATIGUE CRACKING OF ASPHALT CONCRETE)

CCCCCCCCCCCCCCECCEeeeerereeereeeecereeeeceeereecceeceeceeeceeeceecece
COMMON ITN ?Z(Sl) H(2) ,RR(6),E(3 V )5AZ(6 ,200),
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DIMENSION HB

" DIMENSION DX
DIMENSION FF
DIMENSION P1(6,
DIMENSION TSZ(2

- DIMENSION NPT(5)
INTEGER TN(12,31
CCCCCCCCCCCCCCCCCCeeeeeeeeeceeeeececececcecececcccceceeeee

1) MATERIAL PROPERTIES -
EI EXPERIMENTALLY DETERMINED COEF. OF GRANULAR BASE(K1)
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c

C =

c E(Ng = ELASTIC MODULUS OF N-TH LAYER

c V(N)- = POISSON'S RATIO OF N-TH LAYER

& VB = VOLUME OF BITUMEN IN PERCENT

& vV = VOLUME OF VOID IN PERCENT

C P200 = _PERCENT AGGREGATE PASSING NO 200 SIEVE

C VS = ABSOLUTE VISCOSITY AT 70 F RROlseXlO 6

& 2) AVT = AVERAGE MEAN ANNUAL AIR TEMPE TURE

C 3) AIRCRAFT CHARACTERISTICS

& NA = TOTAL TYPE OF DESIGN PERIOD

c MODEL(J) = J-TH AIRCRAFT MODEL

€ NPS(J) = NUMBER OF J-TH PASSES OF THE J-TH AIRCRAFT
(i NT(J) = NUMBER OF TRAILING TIRE ROWS IN MAIN GEAR
C NM(J) = 1 24 8 MAIN GEAR TIRE)

& = 2 (16 MAIN GEAR TIRE)

C DT(I,J) = LATERAL DISTANCE BETWEEN MAIN GEAR AND AIRCRAFT
G : CENTERLINE

g WT(J) = MAXIMUM WEIGHT PER TIRE (MAIN GEAR)

"TP(J) TIRE PRESSURE (MAIN GEAR)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

41

47 8000 FORMAT (' ATRCRAEFT CHARACTERISTICS',/)

43 8030 FORMAT(5X,I2,'.','AIRCRAFT MODEL',2X,A12)

44 8040 FORMAT(5X,I2,'." 'STANDARD AIRCRAFT DC 8—-63F')

45 8060 FORMAT(10X, 'MOVEMENTS IN DESIGN PERIOD =',I5) '
46 8090 FORMAT(10X.'TYPE OF GEAR ASSEMBLIES = SINGLE-TRICYCLE' ;
47 8120 FORMAT(10X,'TYPE OF CEAR ASSEMBLIES = DOUBLE-TRICYCLE'
48 8150 FORMAT(10X.'TYPE OF TIRE ASSEMBLIES = TWIN'

29 8180 FORMAT(10X,'TYPE OF TIRE ASSEMBLIES = TWIN-TANDEM' )

50 8210 FORMAT(10X,'TYPE OF TIRE ASSEMBLIES = = TRIPLE—TANDEM )
51 8240 -FORMAT(10X,'TIRE SPACING(in.) =',F4.1)

52 8270 FORMAT(10X.'TIRE SPACING(in.X in.) =',F4.1,'X!,F4.1)
53 8300 FORMAT(10X.'X1 (in.) ; = 'F5.1}

52 8360 FORMAT(10X,'X2 (in.) =''F5. 1;

- 55 8390 FORMATélOX 'MAX. WEIGHT PER TIRE(1b) ='.F7.1

56 8420  FORMAT(10X.'TIRE PRESSURE (psi) ='¥5.1,/)
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9000 FORMAT (
9010 FORMAT (
9020 FORMAT (
9025 FORMAT (
FORMAT %
(
(
(
(

D Lin

et pin

30

35 FORMAT
40 FORMAT
50 FORMAT
9055 FORMAT
9060 FORMAT
*ES

D

%% 2),1X,F7.1)
< LX)
,1X,16,2(1X,I1),2(1X,F4.1),2(1X,F5.2),1X,F7.1,1X,
11352(1x ,F4.1),2(1X,F5.2),1X,F7.1,1X,F5.1)

9070 FORMAT (25X, 'THICKNESS DESIGN') =
9075 FORMAT (20X, 'TENSILE STRAIN CRITERION')
9076 FORMAT (5X, 'DETERMINE TENSILE STRAIN AT BOTTOM OF ASPHALT'
*' CONCRETE LAYER')
9080 FORMAT (ZOX 19HSTRUCTURAL RESPONSE)
9085 FORMAT ('+',19X,19(' '))
9090 ggR??T (lX "DESIGN AVERAGE MEAN ANNUAL AIR TEMPERATURAL(F)",
9092 FORMAT(lX EXP?RIMENTALLY DETERMINED COEF. OF GRANULAR BASE’,

*I
9095 EMAT (1X, 'DESIGN SUBGRADE RESILIENT MODULUS (psi)=',F8. l)
9100 FORMAT (1X, 'GRANULAR BASE THICKNESS(in.)=',F5.1,/)

9200 FORMAT(ZX IZ ', 'LAYER AND MATERIAL PROPERTIES )

9210 FORMAT ('+ 2 X, AY L8 ))

9220 FORMAT (5X, "LAYER ~MATERIAL  POISSON'S THICKNESS')

>< O~~trje =
o

FO
FORMAT (// 30X, 23HPREDICTED TRAFFIC VALUE)
FORMAT ('+',29%,23(' '),//)
FORMAT (' AIRCRAFT MODEL NUMBER OF STRAIN REPETITION AT ',
*'DISTANCE X(ft) FROM CENTERLINE').
FORMAT (14X,67(' _*)) '
FORMAg (13x25 1- -3 6 10 12 15 18 20°,
FORMAT (A14,10I6)
FORMAT é' TOTAL' , 8X, 1016)

//,30X, 'ALLOWABLE TRAFFIC VALUE )

[ e oleleleoleolelolelelVelVolVolVelVe Vo lVe lValVo Voo o cloc e cXoole oo oo Jo ~Xo . B ER B ES B ER B B B ER [ Yo rToaT o Yo TorTeaYorTopTe Y010, 18410 ))

9230 FORMAT (5X,'NUMBER  TYPE RATIO - (imn.)'./)

9240 - FORMAT (6X,' 1  ~~ ASPH. CONC. ' ,F4.2,7X,F5.1)

9250 FORMAT ésx * 2 GRANU. BASE ' F4.2,7X,F5.1)

9253 - FORMAT (oX, | 3 /JS QUBCRY SOLL '(F4.2,/)

9260 FORMAT (2X,'**',12,'.',12,'.",AlO, iX, "MOVEMENTS IN DESIGN',

*' PEROID=',I5) ;

9264 FORMAT('+',4X, 49(’ ‘)‘/)

9265 FORMAT (2X,'**! 127 2,'.',1X, 'STANDARD AIRCRAFT DC-8-63F')

9290 FORMAT gzx 'ELASTIC MODULUS OF ASPHAL CONCRETE(psi)=' F8.1)

9300 FORMAT (2X,'ELASTIC MODULUS OF GRANULAR. BASE(psi) = =F,F8.1)

9330 FORMAT (80(* *))

9340 FORMAT (' COMPUTATIONAL ',25X, STRESS(p51) )

9350 FORMAT(' POINT (IN)',3X,66('_F)). 1

9355 FORMAT (' E R e Y X "4
x' X2 s _ ’ ~ -

9361 FORMAT (2(1X,FS. 2) 6(E10.4,1X)) 3

9362 FORMAT(' PRINCIPAL TENSILE STRAIN(in/in)=' E13.7,/)

g%gg RMAT (' MAXIMUM PRINCIPAL TENSILE STRAIN =',Ei3.7,/)

9386

9400

. 9405

9410

9420

9430

9445

et bt et et et o et et e e et
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S
9447 FORMAT ('+',29X.23(" ‘),//)
9450 FORMAT (' ?UMBER OF STRAIN REPETITION(TENSILE STRAIN CRITERIA)',

ge
-02-
34
1

* v_c’

0,/

9530 FORMAT (' NUMBER OF ALLOWABLE TENSILE STRAIN REPETITION .I10)

9600 FORMAT?BO("') /) i

9800 FORMAT(' THE FINAL THICKNESS IS -',F5.2,' in.')
CHARACTER*50 FILEIN,FILEOT,TEMP, MAT, STAC MODEL (12)
WRITE (*,'(A\)') ' 'NAME OF DATA FILE:
READ g* ,9000) FILEIN
WRITE(*,'(A\)') ' NAME OF OUTPUT FILE:
READ (*,9000) FILEOT

: OPEN (UNIT=4, FILE=FILEIN, STATUS="'OLD") v

OPEN(UNIT=8,FILE=FILEOT, STATUS='NEW')

C READ IN AIRCRAFT CHARACTERISTICS AND MATERRIAL PROPERTIES
READ(4,9010) TEMP

READ (4.9020) AVT
READ(4.9030) MAT o
READ(4,90353P200,VB,VV,VS
READ(4,9040) EI
READ(4.9040) E(3)
READ(49050) V(1),V(2),V(3)
READ(4.9055) ITN
READ(4,9055) NA
 READ(4.9030) AAIRCH ,
DO 10 J = 1,N
READ (4, 9060) MODEL(J),NPS(J),NT(J%,NM%J;,DTgJ;,
*- D(J),DX(1,3),DX(2,d) \WT(J) . TP(J
R(J)=S QRT(WT(J)/(TP(J)* .141592654§) -

10 CONTINUE
20 © NAL = NA+l -
c ****READ IN STANDARD ATIRCRAFT CHARACTERISTICS -
: OPEN(UNIT=5 FILE = 'STR AIR.DAT',STATUS='OLD')

READ(5,9030) STAC,MODELTNAL)

READ(5.9061)NT(NAL) ,NM(NA1) ,DT(NAL),

«DD (NALS .DX(1,NAL),DX(2,NAL) ‘WT(NAL) TP (NAL)

R(NA1)=8QRT(WT (NAL)/ (TP (NA1§*3.141592654))
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C ****DETERMINE TRANSVERSDE DISTRIBUTION FACTOR

C FI(J,MX)=TRANSVERSE DISTRIBUTION FACTOR AT DISTANCE MX (£t)
.. " FROM RUNWAY CENTERLINE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
DO 500 J =1,NA
Wl = DD(J)" :
DO 501 I = 1,NM(J)
S = DX(I,d)
DO 555 MX=-30,30 .
B1=0.5%0.57735027+MX
B2=-0.5%0.57735027+MX .
FQl=EXP€§—.5§*(((Bl-S)/3.5)**2§)/( _5%SORT(2.0%3.1415927))
FO2=EXP{ (-.5)*(((B2-8)/3.5)*%2))/(3.5*SORT(2.0*3.1415927))
. . FF(MX)=0.5%(FQL+FQ2)
555 CONTINUE :
W=W1/12.0 e
IF(W.LE.O.S; N=0
TIF(W.GT.0.5) N=INT(W+0.5)
RD=W-0.5-AINT (W-0.5)
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DO 502 MX = -30,30
SUMFT=0.0
'N1=(-1)*N

DO 503 MI Nl,N
IF(ABS(MX+MI) 6€T.30)GOTO 511
IF(ABS(MI).EQ.N) SUMFT=SUMFT+FF (MX+MI)*RD
IF (ABS (MI) .LT.N) SUMFT=SUMFT+FF (MX+MI)

511 CONTINUE
503 CONTINUE
SFT(I,MX)=SUMFT
502 CONTINUE
501 CONTINUE
DO 527 MX = -30,30
" TOTFl = 0.0
DO 507 I = 1,NM(J)
TOTFl = TOTF1+SFT(I, MX)+SFT(I,-MX)
507 CONTI
Fld, MX)'TOTFl
CONTINUE

527 )

500 CONTINUE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
cx**xANALYSE STRESS AND STRAIN
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C x*x**COMPUTE ZEROS OF J1(X) AND JO(X) SET UP GAUSS CONSTANT

ITN4 = ITN*4
K =ITN+1
Bz(1) = 0.Q
=BZ2(2) = 1.0
BZ(3) = 2.4048
BZ(4) = 3.8317
BZ(5) =.5.5201 |
BZ(6) = 7.0156/ /i
Do 700 I = .7,K,2
T =1/2
TD=4,0*T-1.
. BZ{I)=3. 1415927*(T =0.25+0.050661/TD-0. 053041/TD**3+
% 0.262051/TD**5)
700. - CONTINUE
DO 710 I =08,;ITN;2
T = (I-2)/2 -
TD = 4.0*T+]1.
BZ(I) =3.1415927*(T+0. 25 0. 151982/TD+0 015399/TD**3
s ~0.245270/TD**5)
710° CONTINUE
C ****PRINT OUT INPUT DATA
WRITE(8,9065)
WRITE(8,9070;
WRITE(8,9075
WRITE(8,9076)
WRITE(8,9065)
WRITE(8,9090) AVT
WRITE(8,9092) EI .
WRITE(8,9095) E(3) :
C ***DETERMINE AVERAG% MEAN ANNUAL PAVEMENT TEMPERATURE FROM AIR TEMP.

AVT=1.05*%AVT+5
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WRITE(8,8000)

C ****PRINT OUT AIRCRAFT CHARACTERISTICS
; DO 699 J=1,NAl
IF%J oliTs NAl)WRITE(B 8030;J +MODEL(J)

IF(J.EQ.NA1)WRITE(8, 80
IF(J.LT. NAl)WRITE(8,8060)NPS
IF(NM(J) .EQ.1)WRITE(8,8090)
IFéNM(Jg.EQ.ngRITE(s,sle)
IF(NT(J).EQ.1 WRITE(8,8150§
IFgNT(J).EQ.2)WRITE(8,8180
IF(NT(J).EQ.3)WRITE(S,8210)
IF(NT(J).EQ.1)WRITE(8.8240)DD(J)
IF(NT(J).GT.1)WRITE(8,8270)DD(J),DT(J)
WRITE(8,8300)DX(1,J)
IF(NM(JJ .EQ.2)WRITE(8,8360)DX(2,J)
WRITE§8,8390)WT(J)
' WRITE(8.8420)TP(J)
699  CONTINUE
IMH = 0
DO 601 MH=1,10
TMH=IMH+1 :

. C ****READ IN A.C. SURFACE AND GRANULAR BASE THICKNESS
WRITE(*,'(A\)') ' INPUT GARNULAR BASE THICKNESS(ins.)=2"'
READ(;ﬁ%OZ?)HB(MH) '

WRITE(8,9100)H2
DO 602 M = 1,5
IF(M.GE.2JWRITE(*,*)'N0. Hl Na Np'

G
DO 444 1II=1, (M-1) .
IF(M.GE. 2 WRITE(*, 2010)IIIéHH(IIIg ,NAT(III),NPT(III)

2010 FORMAT (1X,12,2X,F5.2,2X,T
441 CONTINUE A
WRITE(8,9200) M
WRITE(S, 9210)
WRITE(8,9220) ]
WRITE(8,9230)
C **xxSTART NEW A.C. SURFACE THICKNESS
2 - WRITE%*,'(A g') INPUT A.C. SURFACE THICKNESS (ins.)=2"
AD (*,9025) HH(M »
C ****PRINT OUT LAYER AND MATERIAL PROPERTIES
WRITE (8,9240) v§1
WRITE(8,9250 g v ;
WRITE(8,9255) V(3
8 C *xx*xSET DEPTH OF EACH LAY
H(l; = HH(M)
0 H(2) = H(1)+H2
1 C **x*xPRINT OUT AIRCRAFT CHARACTERISTICS
2 DO 604 J = 1 NAl
3 F(J.EQ. NAl;WRITE(B 92653 M,J
. TF (3.0 NAL WRITE(8,9260) M,J,MODEL(J),NPS(J)
5 WRITE(8,9264) - 5
6 XPTSN(J, M) = 0.0
7 C ***xx*SET LOADING FREQUENCY(FRC(J)) OF J-TH AIRCRAFT
8 (NT(J).EQ.l;FR€§J;=4.0
9 IF(NT(J) .EQ.2)FRC(J)=2.0
0 (J) -EQ.3)FRC(J)=1.0
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Y(3)=0.0
ENDIF
IF(DD(J) .GT. DT(J))THEN
X(2)=0.0
Y(2)=R(J)
X(3)=0.0
Y(3)=DT(J)/2.0
ENDIF
ENDIF
C*COMPUTE DISTAN%%GBET EEgTER OF N-TH TIRE AND K-TH COMPUTATIONAL POIN
DO 1234 N :

RR(NN) = SQRT((X(K) XO(NN))**2+(Y(K)—Y0(NN))**2)
1234 CONTINUE
C*** COMPUTE ELASTICS MODULUS OF GRANULAR BASE
E(2) = (10.447)*(E(3)**0.287)*(EI**0.868)/
% ((HH(M)**0.471)* (H2**0.041)*(E(1)**0.139)).
IF(K.EQ.1) THEN .
WRITE(8,9080)
WRITE(8,9085)

ENDIF
Cx*x SET DEPTH (Z) Wg%%? STRESS AND STRAIN ARE REQ'D
TSZ(K /0.0
TSX(K) = 0.0
TSY(K) = 0.0
TSXY(K) = 0.0
TSXZ(K) = 0.0 .
TSYZ(K) = 0.0

DO 660 N = 1,NR
Cx*x CALCULATE THE PARTITION
" CALL PART(N)

DO'670 %1(- %iITN4
Cx*% CALCULATE THE . COEFFICIENTS =
CALL COEF(N,P)
‘ IF(RR(N))115,115,110
110 RR(N) -
CALL BESSEL(O,PR,YI)
RJO(N,LI) = Yi
CALL BESSEL(1,PR,Y1)
: RJIL(N,LI) = ¥i
115 PA = P*R(J)
_ CALL BESSEL(l PA, Yl)
AJ(N,LI) = Y1
670

CONTINUE
Cx**x SET LAYER WHERE STRESS AND STRAIN ARE REQ'D -
C*** CALCULATE STRESS FROM N-TH TIRE

. CALL_SSR(N)
TSZ{K) = TSZ(K)+SSZ(N
TSX(K) = TSX(K)+SSX(N
TSY(K) = TSY(K)+SSY(N

, ' TSXY(K) = TSXY(K)+SSXY(N)
TSXZ(K) = TSXZ(K)+SSXZ(N)
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TSYZ(K) = TSYZ(K)+SSYZ(N)
660 CONTINUE .
Cx*x* CALCULATE PRINCIPAL TENSILE STRAIN
TR(1,1) = (1/E(L))*(TSZ(K)-V(L)*(TSX(K)+TSY(K)))
TR(2,2) = (1/E(L))*(TSX(K)-V(L)*(TSZ(K)+TSY(K)))
TR§3,3) = (1/E(L))*(TSY(K)-V(L)*(TSZ(K)+TSX(K)))
TR(1,2) = ((1+V(L))/E(L))*TSXY(K)
TR{l,3] = ((l+V(L)g/E(L)§*TSXZ(K)
TR(2,3) = ((1+V(L))/E(L))*TSYZ(K)
CALL EIGEN(TR,PRE)
PTSN(K) = PRE :
IF(XPTSN(J,M)-PTSN(K) .GT. 0.000001) GO TO 661
. XPTSN(J,M) = PTSN(K)
661 CONTINUE A
Cx*x* PRINT OUT COMPUTATIONAL POINTS , STRESS AND STRAIN
IF(K.EQ.1) THEN ‘
WRITE(8,9290) E(1)
WRITE(8,9300) E(2)
WRITE(8,9330)
- WRITE§8,9340)
WRITE(8,9350).
WRITE(8,9355)
WRITE(B 9330)
WRITE(S 9361)X(K),Y(K),TSZ(K),TSX(K),TSY(K),TSXZ(K),
* TSXY(K) ,TSYZ(K)
WRITE(8,9362)PTSN(K)
606 : CONTINUE

WRITE(8,9330)
WRITE(8,9370) XPTSN(J, M)

604 CONTINUE

NPT
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CDETERMINE NUMBER OF PREDICTED EQUIVALENT DC-8-63F STRAIN REPETITION(Np)
CCCCCCCCCgCCg%gCﬁ%CCCSCggCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

NNT (NX) = 0

DO 912 J = 1,NA
TF(J) = ({XPTSN(J, M)/XPTSN§ NA1l,M))**4.995)
TN(J,NX) = NPS(J)*TF(J)*F1(J,NX) '

NNT (NX) = NNT(NX)+TN(J NX)
912 CONTINUE
‘ ; "IF(NPT(M) .GT. NNT(NX)) GO TO 916
NPT (M) = NNT(NX)

916 CONTINUE
DO 902 J=1,NA - ,
WRITE(89420)MODEL(J) ,TN(J,1) ,TN(J,3),TN(J,6) , TN(J,10),
* TN(J,12),TN(J,15),TN(J,18) ,TN(J, 205, TN(J,22) , IN(J, 25)
902 CONTINUE e
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WRITE(8
WRITE(8

9
9
WRITE(8,9
PT(M)=LOG

NNT(6) ,NNT(10)

T(3) NNT(12) ,NNT(15
T(zb) NNT(22) ,NNT(25) alle
1))

-~ =

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C DETERMINE NUMBER OF ALLOWABLE DC-8-63F STRAIN REPETITION(Na)
CCCCCCCCeCoCCCCCCCCCCCCCCCeCCCeeCCCCCCCCCreceeceeeccceceecececeeeeceeeeece
) NAT(M) =INT(1.86351E-17*(1. 01996**(AVT**1 45))/
* (XPTSN(NAl M) **4. 99 ))
WRITE(8,9530)NA ,

: AT (M) LOGlO(FLOAT(NAT(M)))

602  CONTINUE
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C DETERMINE RELATIONSHIP OF

r — A.C. SURFACE THICKNESS (hl) AND Na

C - A.C. SURFACE THICKNESS (hl) AND Np

C BY LEAST SQUARE METHOD

C AND DETERMINE THE INTERSECTION OF hl-Np CURVE AND hl—Na CUVRE

C NEEDED TO SATISFY THE ASPHALT CONCRETE TENSILE STRAIN CRITERION
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
CALL LEASQ(HH PT,AT,DHT,DNT)

WRITE(8,9600)

NTD=INT(10.0%*(DNT))

WRITE(*,9800)DHT

gg%TEEB g§90)DHT
\g§%¥g28 *gj#################### END ########################'

HA (MH)=DHT

WRITE(*,*) 'PRESS 1 —> SELECT NEW GRANULAR BASE THICKNESS'

‘WRITE %*,* A f > QUIT

WRITE(*, ' (A\)")"* SELECT . %

READ (*, *)NNN-. , AY -

IF(NNN.EQ.1) GOTO 601

IF(NNN.GT.1)GOTO 311

CONTINUE -
CONTINUE
WRITE(* *)-
DO 312 I %

*

WO .
O
ot pt

“NO. h2(ins.) - hl(ins.)

5X,F6.2)
(1§

[
5]
%
=

o2,
 HA
312 CONTINUE
STOP
END
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FILE STR_AIR. DAT

STANDARD AIRCRAFT DC-8-63F
7271.55.0 32.0 17.50 00.00 43000.0 196.0 4.0



184

H = Od
Oum

D Linef 1 7 Microsoft FORTRANT7 V3.30 Ma

SDEBUG

SUBROUTINE PART(N)
CCCCCCCECCCCECLCECECCCCCCeCCCCCCeCCECCeeeerCCeeeCecCCCCCLCCELeee
C COMPUTE POINTS FOR LEGENDRE-GAUSS INTREGRATION
CCECCEECEECEOCECLCCECCCCEECCECECCLCECCCECCEEECCELCCECCCELECCEaEees

COMMON ITN,BZ(71),H(2).RR(6),E(3),V(3),AZ(6,280),
* RJO(6,280) . RJ1(6,280) ,AJ(6,280),L,LI,J,K,
* X(25) .Y (25,2, R(12) ,%0(6),Y0(6),TP(12),
* 937(6),58X(6).S5Y(6),SSXY(6) ,S8XZ(6),55YZ(6),
* NTEST(6),A(280,3),B(280,3),C(280,3),D(280,3)
EQTA G1/8.6113631E-1/,62/3.3998104E-1/
NI = J
ZF = R(NI)

\TEST(MK) =12
1F {RR(MX))8,8,9
9 CONTINUE
NTEST (MX) =R(NI)/RR(MX)+0.0001
IF (NTEST(MX))6,6,3

6 CONTINUE
NTEST (MX) = RR(MX)/R(NI)+0.0001
ZF = RR(MX)

5 CONTINUE

NTEST (MX) = NTEST(MX)+1
IF (NTEST(MX)-10)8,8

T CONTINUE
NTEST (MX) =10

8 CONTINUE

MK "l
2¥EE

SZZ
DO

tatatgratatato il 1l |

AZ(MX, Mk+l) = PP-5G2
AZ(MX, MK+23 =PP+5G2
AZ(MX,MK+3) = PP+5Gl
MK =MK+4
28 CONTINUE
RETURN
END

s bttt bt ot bt et e et et
YU LI B OO 00 I DNUTHR W BRI OO 00 I QY UL LI B L0 00~ I QVUTHS LI RO O\ CO~I O Ui (I B

HE S S S S S 1B GO G0 G0 LI 0 LI G0 L2 0 LI B BN B B B B BN BN BN N b= b b = = et e et ot et
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DEBUG

SUBROUTINE BESSEL(NI,XI,Y)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCpCCCCCCCCC GCE
C CALCULATE BESSEL FUNTION ORDER 1 AND O
CCCCCCCLCCFCCCCCCCCCCCCCCCCCCCCCCCC“CCCCCCCCC”CC”CCCCC”CC”CCCCCCCCP

# h
1

2

3

:

% DIMENSION D(20),PZ(6),02(6),P1(6),01(6)
8

9

0

1

2

3

D Line

DOUBLE PRECISION T4 50831
DATA PZ2/)1.0EQ,-1. 125E-4,2.8 8E 77—2 3449658E-9,
9F-8,2.8307087E~10,

" DATA Qz/-5.0E-

" DATA P1/100%0.1 | 2.7713232E-9,
" DATA Q1113857
.1415927

| oo} L»)[TJU"m

TGt OV CT oW
Mot | o

-8,
=2.5327056E=-13/

DA

700) 10,10,160

-X%X2*X2
11,11;14

I oty

01 1

)
- /10 /0%34+80)
1/42

(oL lwlndel tles il st~ dav}
rri b

(2B ]
—~3
=k (-
—toO

(T

s

\IAI-—]

T %
»——avr—-]

v

I
aw

zZ

ONT E

M HHWOQ O I 'Bx‘

b

BB

oz 4t ';H
c

16 T = 1,34

C/(T*(T+l 0))
EST = ABS( =10~ 0x%(~8)
IF(TEST)17, 1\PAES

Y = Y+C

FO\TINUE

RETUR

IF(N)161 161,164
DO_162 I'=9,6

D(I) = PZ(I)

D{(I+10) = QZ(I)

162 CONTINUE

et bt et et et
HHOHEO= QR
([@N]
m i

bt = b
ao-Jow
O

ottt

D(I) = PI(I
D(I+10) = Q1(I)
165 CONTINUE
163 CONTINUE
A= 25 O/X

T2 Tl
D(6)*T2+D(5)
DO 170 I =1,4

O
O\U‘Ivbwl\)l——'O\OCO\lO\U‘IubLJL\N—'O\.OOO\'IO\UML)L'JNP—‘O\OOO\JO\U"bb(»JL\Jl-—‘O\OOO\JO\Lﬂ .

mwmmwwuw;u:-u:.u:-u>u>.b‘b»rz-u:-wwwuuwwwuwmwwmwwmwwL\Jf——w—w-ar—'»—v-



B
('R
=
@

-
0O ~JOV U LRI OO Co Itk

bt bt et
[ealeplerierlerTorlorNerteor O 18,18,

P SR L NG R NE 1o N
[N RIS

186

Page 2
03-09-91
' 16530222
3 ) . Microsoft FORTRAN77 V3.30 March 1985
J = 5-T
P = P*T2+D(J)
170 CONTINUE
0 = D{16)*T2+D(15)
DO 171 I =1,4
J = 5-T
Q = Q*T2+D(J+10)
L7 CONTINUE
C 0 = Q*T]
T4 = DSQRT(X*PI)
T6 = SIN(X)
o T7 = COS(X)

IF(N) 180,180,185
180 TS5 = ((P Q) *T6+ (P+Q) *T7) /T4

GOTO
185 Fo = ((P+Q)*T6 (P=Q)*TA) /T4
99 Y = 15

RETURN

END
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1 SDEBUG
2 SUBROUTINE COEF(N,P)
3 CCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLeee
3 ¢ USE FOR ALL PROBLEM, UP TO MAX. DIMENSION OF 3-LAYER
5 C CALCULATE COEF. A,B.C AND D OF 3-LAYER ELASTIC SYSTEM
& CCCCCCCCCCCCCCCCCCCCCCCECECeCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeee
7 COMMON TTN BZ(71§,H(2),RR(6; JE(3), v(3g ,AZ(6,280),
8 * RJO(6,280) ,RJ1(6,280) ,AJ(6,280) ,L,LI,d,K,
9 * X(25).Y(25),2,R(12) X0(6),10(6),TPé1 ),
10 * 33716 ,59X(6).SSY (65, 58XV (6),88XZ(6),88YZ(6),
11 % NTEST(6),A(280,3),B(280,3),C(280,3),D (2 3)
12 DIMENSION PM(4,4,4),XP(5,4,4),FEM(4),8C(4)
13 REAL *4 Q(2,2)
14 LC = LI
15 C**** SET UP MATRIX X=DI*MI*KI*K*M*D
16 C COMPUTE THE MATRIC S X(K)
19 DO 10NL =1
1 18 Tl = E(VlS*(l +V(NI+1))/(E(N1+1)*(1.+V(N1)))
1 19 TIM = T1-1.
1 20 PH = P*H(N1)
1 21 PH2 = PH*2. ;
1 22 VK2 = 2.*V{(N1)
1 23 VKP2 = 2.*V(N1+1)
1 24 VK4=2. O*VKZ
1 25 VKP4=2. o*
% %g . VKK8 = *V(Nl)*V(Nl+l)
1 28 XP(N1,1,1) = VE4-3./-T1
1 29 xp§N1,2,1) =g
1 30 - XP(N1.3/1) = TiM¥(PH2-VK4+1.)
1 31 XP(N1,4,1) = =2.*TIM*P
1 33 ¢
1 33 T3 = PH2*(VK2-1.)
1 34 T4 = VKK8+1.-3.*VKP2
1 35 T5 = PH2*(VKP2-1.)
% %g . T6 = VKK8+1.-3.0*VK2
1 38 XP(N1,1,2) = (T3+T4-T1*(T5+T6))/P
1. 39 XP(N1,2,2) = T1*(VKP4-3,)-1.
% 3? XP (N1 4.2) = TIM*(1.-PH2-VKP4)
% 3% . XP(N1,3,4) = (T3-T4-T1*(T5-T6))/P
1 44 T3 = PH2*PH-VKK8+1.
% gg ; T4 = PH2*(VK2-VKP2)
147 XP§N1,1,4§ = (T3+T4+VKP2- Tl*(T3+T4+Vh2§)/P
% 33 ; XP(N1,3,2)=(~T3+T4-VKP2+T1*(T3-T4+VK2))/P
1 50 XP(N1,1,3) = Tl M*(l —PHZ -VK4)
1 51 XP(N1,2,3) = 2.
1 52 XP(N1,3,3) = VK4 3 Tl
1" 53 XP(N1,4,3) = 0.
1 54 C
1 55 XP(N1,2,4§ = TIM* (PH2-VKP4+1.)
1 56 XP(N1.4.4) = T1*(VKP4-3.)-1.
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DEBU

SUBROUTINE SSR(N)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC"CCC"CCCC

¢ THIS SUBROUTINE COMPUTE THE STRESS IN CYLINDRICAL COORDINATE
E AéﬁWERAVSfORM TO CARTESIAN SYSTEM BY USING TRANSFORMATION
s 1
CCCCCCCCeCCCeCeCtteCeCeCCCCCCeCeCeCeCeCcCCCCeCeCeCCeeCCCeCeCeCeeeeCeeee
COMMON ITN,BZ(71),H(2),RR(G),E(3),V(3),AZ(6,280),

s RJO(6,280) {Jl(64280),AJ(6,280§,L,LI 9.0,

* %(25) . ¥(259,2,R(12),X0(6),¥0(6),TP(12),

* 587(6),88%(6) 85V (6),SSXY(6),S8%Z(6),85YZ(6),

” NTEST(6),A(280,3),B(280,3),C(280,23),D(280,3)

DIMENSION W(4),ARP(21).TEST(11)

DATS W/0.34785285,0.65214515,0.65214515,0.34785485/

MI=

MX=N

VL=2.0*V(L)
EL= i. O+\(%i)/E(L)

CHsns gg;PU o THE COMPONENT OF STRESS IN CYLINDRICAL COORDINATE SYSTEM
CST = '
CSR =
CTR =

yzmlocxao

RST

12
RS7 =
RSR =

=1}
CrErasxy COMPUTE THE SUB-INTEGRALS
DO 1002 NJ = 1,4

Jl = NK + NJ
P = AZ(MX,J1)

IF%P* .LE. 80 . OYER T iBaRLP*7)

IF(P*Z.GT.80.0)EP = 1.0E20

Tl = B(J¥A*ER

T2 =-D(J1,L)/EP

T1P = T1+gl

T1M = T1-%2

Tl = (A(Jl,L)+B(J1l,L)*Z)*EP

T2 = (C(J1,L)+D(J1,L)*Z)/EP
T2P = P*(T1+T2)

T2M. P R ( T~2 2)

WA = AJ(MX,J1)*W(NJ)

IF (RR(MX).EQ.0.0) GO TO 20

BJ1 = RJ1(MX,J1)*P

BJO = RJO(MX,J1)*P

RSZ = RSZ+WA*P*BJO* (VL1*T1P-T2M)
TR = RTR+WA*P*BJ1* (VL*T1M+T2P)

R

RSR=RSR+WA* (P*BJO*((1.0+VL)*T1P+T2M)-BJ1*(T1P+T2M) /RR(MX))
. RST = RST+WA* (VL*BJQ*P*T1P+BJ1*
e (T1P+T2M) /RR (MX))

GOTO 1002
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Crwxxxxkyxx SPECIAL ROUTINE FOR RR(N)= ZERO
20 Pp = P*P '
RSZ = RSZ+WA*PP*(VL1*TIE—T2M)
RST = RST+WA*PP*((VL+O.D)*T1P+O.5*T2M)
RSR = RST
1002 CONTINUE
SF = (AZ(MX,NK+4)—AZ(MX,NK+1))/1.7222726
CS7 = C8Z+RSZ*SF
CST = CST+RST*SF
CSR = CSR+RSR*SF
CTR = CTR + RTR*SF
1001 CONTINUE
CSZ = CSZ*ARP(MI)
CST = CST*ARP(MI)
CTR = CTR*ARP(MI)
CSR = CSR*ARP (MI)
cxx*%x TRANSFORM THE COMPONENT OF STRESS IN THE CYLINDRICAL COORDINATE
C SYSTEM TO THE CARTESIAN COORDINATE SYSTEM
8§87 (MX)=CSZ
IF(RR(N))70,70,80
70 SSX(MX3=CSR
88Y (MX)=CS3ST
38XY(MX)=0.0
S8XZ(MX)=0.0
g9YZ(MX)=0.0
GOTO 90
80 SSX(MX)=O.5*(CSR+CST)+O.5*(CSR—CST)*((X(K)—XO(N))**Z
* —(Y(K)—YO(N))**2)/((X(K)~XO(N))**2+(Y(K)—Y0(N))**2)
SSY(MX) = 0.5*(CSR+CST)~O.5*(CSR—CST)*((X(K)-XO(Ng)**Z
% -(Y(R)—YO(N))**Z)/((X(R)—XO(N))**2+(Y(K)—YO(N))**2
88Xy (MX) = (CSR—CST)*%X(K%-XO?N%;*(Y(K)—YO(N))/((X(K)—
* X0 (N)) ¥*2+ (Y (K)-YO (N *x9)
. §SXZ(MX) = YS?%;§§§%%-XO(N))/SQRT((X(K)—XO(N))**2+(Y(K)—
§8YZ(MX) = CTR*(Y(K)—YO(N))/SQRT((X(K)—XO(N))**2+(Y(K)—
* YO (N) )**2)
90 CONTINUE
RETURN
END



191

Pag
o
D Llneﬁ éDEBUG7 Microsoft FORTRAN77 V3.30 March
2 CCCCECCOCCECECECCECCCECCECECECCELECECCOUECECLCEECECCCCCEECECCCELCELD
3 C SUBROUTINE LEASQ —DETERVI\E RELATIONSHIP BLTMEE
4 € 1) A.C. SURFACE THICKNESS (hl) AND Na
5 € 2) A.C. SURFACE THICKNESS (hl) AND Np
6 C BY LEAST SQUARE METHOD (POLYVOMIAL DEGREE 4)
| € — DETERMIN INTERSECTION BET. hl-Na AND hl-Np
8§ C BY NEWTON-RAPHSON ITERATIVE METHOD
Q CCCCCCCOCCCCoCCrerrttoereetereceeereeerereorecceecceeeceecceeccere
10 SUBROUTINE LEASQ(HL PTL,ATL ,DHT,DNT)
11 DIMENSION HL(5 ),ATL(S) PTL(S)
12 DIMENSION A(5,6),k(6)
13 DIMENSION SL(9),S8S(5)
14 REAL*4 1.1,L2,L3,L4,N1,N
%g REAL*4 LA(4),LB(4),LC(4),LD(4),LE(4)
4 0 901 k=1,2
i 18 SL(l) = 5.0
1 19 DO 1000 KK = 2,9
2 20 SL(KK)=0.0
2 21 1000 CONTINUE
1 27 DO 1010 KK = 1,5
2 23 SS(KK)=0.0
2 24 1010 CONTINUE
1 25 L1 = 0.0
i} 26 L2 = 0.0
1 21 L3 = 0.0
1 28 14 = 0.0
1 29 L5 = 0.0
i} 30 LA(K) = 0.0
1 31 LB(K) = 0.0
1 32 LC(K) =0.0
il 33 LD(K) = 0.0
1 34 LE(K) = 0.0
3t 35 IF (K.EQ.l) THEN
1 36 DO 1020 KK = 2,9
2 37 DO 1020 M =1,
3 38 SL{KK)=SL(KK )+PTT(M)**(RL 1)
3 39 1020 CONTINUE
i1 40 DO 906 KK = 1,5
2 41 DO 906 M = 1,5
2l 42 SS(KK)=SS(Rk)+HL(W)*PTL(M)**(RK—i)
3 43 906 CONTINUE
il 44 ENDIF
1 45 IF (K.EQ. 2) THEN
il 46 DO 1030 KK= 2 9
2 47 DO 1030 M =
3 48 SL(RR) SL(RK)+ATL(W)**(RR— )
3 49 1030 CONTINUE
1 50 DO 908 KK l 5
2 51 DO 908 M
3 =52 SS(KK) SS(RK)+HL(M)*ATL(W)**(RR i)
3 53 908 CONTINUE
il 54 ENDIF
1 55 DO 1060 KK = 1,5
2 56 DO 1060 KM = 1,6
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1060  CONTINUE
DO 960 NE=1
DO 962 NP=NK,5
D=2 (NP, NKJ
DO 962 NJ=NK,6
A(NP,NJ)=A(NP,NJ)/D
962 CONTINUE
IF(NK.EQ.5)GOTO 960
DO 966 NP=NK+1,5
DO 966 NJ=NK,6
A (NP, NJ)=A (NP, NJ)~A(NK,NJ)
CONTINUE
CONTINUE
X(6)=0.0
DO 970 NK=5,1,-1
% (NK)=A(NK, 6)
DO 970 NW=KK,5
X (NK) =X (NK) =3 (NK, NW+1) X (N¥+1)
970 CONTINUE
LA(K)= g
(
(

\O\O
[oAlen}
OO

DA DA D
On N
i

LR 1

£ ‘

901 CONTIN
K =1
N = (ATL{(2)+PTL(2))/2.0
920 CONTINUE
FN= (LA (K) -LA (K+ 1))+ (LB(K)=LB{EK+1) ) *N+ (LC (K) ~LC(K+1) ) *N**2
* + (LD (K)~ED{K+1) ) *N**3+ (LE(K)=LE(K+1) ) *N**4
FDN= (LB (K)-LB{(K+1))+2. 0% (LC(K)=LC(K+1) ) *N+
* 3-0% (LD (K) ~LD (K+1) ) *N=#2+4 . 0% (LE(K) ~LE (K+1) ) *N**3
N1=N-EN/EFDN
H1=LA (K) +LB (K) *N+LC (K) *N**2+LD (K) *N**3+LE (K) *N**4
HG=TA (K+1)+LB (K+1) *N+LC (K+1) *N**2+LD (K+1) *N**3+LE (K+1) *N**4
TF (ABS (H1-H2) .GT.0.001.0R.NN.LT.100)GOTO 921
GO TO 923
921 CONTINUE
NN=NN+1
N=N1

923 CONTINUE
DHT = HI
DNT = N

RETURN
END

t
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A% Main Program

2) subroutine PART

L) Subroutine’ BESSEL

4) Subroutine SSR (3 1AT1zAA2MM L)

5) Subroutine LEASQ
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C PROGRAM B -THICKNESS DESIGN OF AIRPORT 3-LAYER FLEXIBLE PAVEMENT
C —DESIGN TO LIMIT MAX. VERTICAL COMPRESSIVE STRAIN AT
c THE TOP OF SUBGRADE ‘

C (CONSIDER RUTTING OF SUBGRADE) :
CCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeee
- ,COMMON ITN,BZ(51) H(2),RR(6) E(3),V(3),AZ(6,200),

* RJO(6,200) ,RI1(6,200),A3( 200§, 0,L1,3,k,

B X(25),Y(25§,2,R(12) X0(6),Y0(6) (Th(13)" ,

* SSZ(65,SSX(6),SSY(65,SSXY(S),SSXZ(G),SSYZ(6),

* NTEST(6),A(200,3),B(200,3),C(200,3),D(200,3)
DIMENSION HA(10) HB(10) ,NPS(12),NT(12),DT(12§,DD(12),NM(12)
DIMENSION DX(2,12),XWT(12),SFC(3,61) FRC(12)" :

DIMENSION FF(81),F2(12,61) .HH(5) ‘
DIMENSION P1(6,280) ,XVCSN(12,5),VCSN(25),TR(3,3)
DIMENSION CZ(25),CX(25),CY(25) ,8PC(5),CF{12)
DIMENSION NAC(5),PC(5),AC(5),NC(12,315 NNC(61

1 )
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
1) MATERIAL PROPERTIES

EI = EXPERIMENTALLY DETERMINED COEF. OF N-TH LAYER
E(N) = ELASTIC MODULUS OF N-TH LAYER

V(N) = POISSON'S RATIO OF N-TH LAYER

"VB .~ =.VOLUME OF BITUMEN IN PERCENT

VV. = VOLUME OF VOID IN PERCENT .

VS = ABSOLUTE VISCOSITY AT 70 F.,poisexl0**6

2) AVT .= AVERAGE MEAN ANNUAL AIR TEMPERATURE
3)-N%IRCRAFT CHARACTERISTICS

C
C
C
C
C
C
C
c
g
g TOTAL TYPE OF DESIGN AIRCRAFT
C
C
C
&
C
C
c

MODEL(J) = J-TH AIRCRAFT MODEL .
NPS(J) = NUMBER OF RUNWAY PASSES OF J-TH AIRCRAFT
NT(J) . = NUMBER OF TRAILING TIRE ROWS IN MAIN GEAR
NM(J) =1 (4,8 MAIN .GEAR TIRE) o A

: = 2 (16 MAIN GEAR TIRE) - E '
DT(I,J) = LATERAL DISTANCE BETWEEN MAIN. GEAR AND ATRCRAFT CENTERLI
XWT (J) = MAXIMUM WEIGHT PER TIRE(MAIN GEAR) . _

o TR(d) = TIRE PRESSURE (MAIN GEAR) ' )
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
8000 FORMAT(' AIRCRAFT CHARACTERISTICS',/)

8030 FORMAT(5X,I2,'.','AIRCRAFT MODEL',2X,Al10) -
8040 FORMAT%SX,IZ,'.','STANDARD ATRCRAFT DC-8-63F') .
8060 FORMAT (10X, 'MOVEMENTS IN DESIGN PERIOD ', 16)

8090 - FORMAT (10X, "“TYPE OF GEAR ASSEMBLIES SiNGLE-TRICYCLE')

\lc\mbwaHO\Dm\TO\WPWNI—‘O\DOO\)O'\U'hb(.'JNP—'O\DmQO\MQWNI—'O\OOO\IO\UT&LJNP—‘

;pubu:-b»b‘bhwwwwuuwwwwwwmwwwwwww»—awwv—u’—-wr—w—‘w»—-

8120- FORMAT(10X,'TYPE OF GEAR ASSEMBLIES = DOUBLE-TRICYCLE')
-8150 FORMAT(10X, 'TYPE OF TIRE ASSEMBLIES = TWIN')
8180 FORMAT(10X,'TYPE OF TIRE ASSEMBLIES = TWIN-TANDEM')
8210 FORMAT(10X,'TYPE OF TIRE ASSEMBLIES = TRIPLE-TANDEM')
48 8240 FORMAT(10X,'TIRE SPACING (in.) . =", F4,.1 _
49 8270 FORMAT(10X,'TIRE SPACING (in.X in.) - ='/F4.1,°'X',F4.1)
50 8300 FORMAT(10X,'X1l (in.) =',F .1?- :
51 8360 .FORMAT(10X.'X2 (in.) : =',F5.1
22 8390 FORMAT(10X,'MAX. WEIGHT PER TIRE (1b) =''F7.1,/)
53 8420 FORMAT(10X,'TIRE PRESSURE (psi) =',F5.1}
54 9000 FORMAT (A) -
25 5010  FORMAT (A40)

9020 FORMAT (F4.1)
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FORMAT (F5.1) _ ;
FORMAT (A35,A8)
FORMAT (3(1X ¥5.2)  1X,.ET.1)
FORMAT (F8.1)
FORMAT (3(F4.2,1X))
FORMAT 212)
*g(gmiu)&T 2106,1%,16,2¢11%,31) , 201X, P4.1) 201X, F5.3) 1%, FT. 11X,
FORMAT(2(1X,I1),2(1X,F4.1),2(1X,F5.2) AX.F7.1.1X,F5.1)
FORMAT (80('$")) :
FORMAT (25X,'THICKNESS DESIGN') .
FORMAT §20X,‘COMPRESSIVE STRAIN CRITERION')
*Eogggg A%%§S'DETERMINE COMPRESSIVE STRAIN AT TOP (0]
FORMAT (15X,19HSTRUCTURAL RESPONSE)
FORMAT ('+',14X,19('_°' :

FOR?%T‘(lX,'DESIGN KVERAGE MEAN ANNUAL AIR TEMPERATURAL(F)=',
FORMAT(lk,'EXEERIMENTALLY DETERMINED COEF. OF GRANULAR BASE',

x'(psi) =',F8. 1
FOEMAT (* 'DESIGN SUBGRADE RESILIENT MODULUS (psi)=',F8.1)
FORMAT ('- GRANULAR BASE THICKNESS (in.)=',F5.1,/)

FORMAT (2X,12,'.', LAYER AND MATERIAL PROPERTIES’)

FORMAT ( '+ 2%, 31" ) ,

FORMAT (5X, LAYER ~"MATERIAL ~ POISSON'S ~ THICKNESS').
FORMAT (5X. 'NUMBER,  TYEE RATIO (in.)*./)
FORMAT (6X.' 1 ~ ASPH. CONC. ! ,F4.2,7X,F>.1)

FORMAT (6X,' 2~ GRANU. BASE ' ,F4.2,7X,F5.1)

FORMAT (6X,' 3 _  SUBGR. SOIL - ' ,F4.2,/)

FORMAT (2X ' *¥*,12,7.",12,"." A10,1X, "MOVEMENTS IN DESICGN®

)/ g : _ =
FORMAT '( '+ 4% 48(* *),/) L =
FORMAT (2X,'**',12,7.'.12,'.',3X, 'STANDARD AIRCRAFT DC-8-63F )
FORMAT (2X.'ELASTIC MODULUS OF ASPHALTIC CONCRETE(psi)=' F8.1)
FORMAT (2X, |ELASTIC MODULUS OF GRANULAR BASE(psi) =',F8.1)
FORMAT (* COMPUTATIONAL ' ,8X,'STRESS (psi)')
FORMAT(, POINT (1n§"3¥'?6('z')) 3
FORMAT (2(1X, F5.2),3(E10.4,1X)) .
FORMAT (' VERTICAL COMPRESSIVE STRAIN(in/in)=' ,E13.7./)
FORMAT (' 'MAXIMUM VERTTCAL COMPRESSIVE STRAIN =',E13.7,//).
FORMAT (//, 30X, 23HPREDICTED TRAFFIC VALUE)
FORMAT ('+%729%,23('_").//) |
FORMAT (80(f ")f | : A
0 FORMAT (' AIRCRAFT MODEL _  NUMBER OF STRAIN REPETITION AT,

x' DISTANCE X(ft) FROM CENTERLINE') Pk S

FORMAT (14X,67('_")) -
JFORMAT (13X~ 71~ 3 6 .l 12, 15,

18 22 5 )
‘FORMAT (A14,10I6)
FORMAT (' TOTAL',8X,1016)" L
FORMAT (//,30X,'ALLOWABLE TRAFFIC VALUE') -
FORMAT ('+',29X,23(' '),//) : 1
*¥8R§§T (* NUMBER OF STRAIN REPETITION(COMP. STRAIN CRITERIA)='

.n)'
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FORMAT (' NUMBER OF ALLOWABLE COMPRESIVRE STRAIN REPETITION',I9,//)

FORMAT(80('="),/) .

FORMAT (' THE FINAL A.C. THICKNESS IS ',F5.2,' in. ')

CHARACTER*50 FILEIN FILEOT, TEMP, MAT, STAC, MODEL(lZ)

WRITE (*,'(A\)') ' NAME OF DATA FILE:

READ (*,9000) FILEI

WRITE(*, ' (A\)') ° NAME OF OUTPUT FILE: '

READ (*,9000) FILEOT

OPEN (UNIT=4,FILE=FILEIN, STATUS='OLD")

OPEN(UNIT=8, FILE=FILEOT . STATUS="'NEW')

READ IN AIRCRAFT CHARACTERISTICS AND MATERTIAL PROPERTIES

READ§4 90103 TEMP

READ (4. 9020 AVT

READ(4,9030) M

READ(4,9035)P zoo VB,VV,VS

READ(4,9040; .

READ(4.9040) E(3

READ(4.9050) V(1),V(2),V(3)

READ(4.9055)ITN

READ(4,9055) NA

READ (4,9030) AAIRCH

DO.10 J = 1,N

READ (4, 9060) MODEL(J),NPS(J),NT(J),NM(J) DT(J),
D(J),DX(1,d),DX(2,J) . XWT(J}, TP (J}
R(J)= SQRT(XWT(J)/(TP(J) 3.141592654))

CONTINUE

NAl = NA+1

READ IN STANDARD ATRCRAFT CHARACTERISTICS -

OPEN&UNIT— FILE = 'STR AIR.DAT', STATUS-'OLD )

READ(5,9030§ STAC,MODELTNAL)

- READ(5.9061)NT(NAL),NM(NA1) ,DT(NAL)
*DD(NALJ,DX(1,NA1),DX(2,NAL) :XWT(NALY, TP (NAL)

R(NAL)=SORT (XWT (NA1) /(TP (NA1)*3.141592654))

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C DETERMINE TRANSVERSE DISTRIBUTION FACTOR

C F(J,
C
C
C

335

C (VERTICAL COMPRESSIVE STRAIN CRITERIA)

MX)‘TRANSVERSE DISTRIBUTION FACTOR ‘
J-TH ATIRCRAFT AT DISTANCE MX(ft)
FROM 'RUNWAY CENTERLINE

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

DO 500 J
W2 = DD(J)/Z 0+(S?RT(XWT(J)/(TP(J)*1 452)/2 0))
DO 501

FQI=EXP((-.5)*
FQZ EXPL{~.5)
FF(MX)=0.5*(
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DO 505 MX = -30,30
SUMFC=0.0
N1=(-1)*N
DO 504 MI = N1,N
IF(ABS(MX+MI).GT.30) GO TO 566
TF(ABS(MI).EQ.N )SUMFC=SUMFC+FF (MX+MI)*RD
IF(ABS(MI).LT.N) .SUMFC=SUMFC+FF (MX+MI)
566 CONTINUE
504 CONTINUE
: : SFC(I,MX)=SUMFC
505 . CONTINUE —_
501 CONTINUE
DO 527 MX = -30,30
TOTF2 = 0.0 ;
DO 507 I = 1,NM(J)
TOTF2 = TOTF2 +(SFC(I,MX)+SFC(I,—-MX))*NT(J)
507 CONTINUE
F2(J, MX)=TOTF2
527 CONTINUE .
500 CONTINUE .
CCCccCCCCeCeeeeeeceeccececceeceeecceeecccceeececccececceeeccceccceece
C **xxANALYSE STRESS AND STRAIN
CCCCCCCCCCCCCCCCCCeeterLCeCCeeetEeltCCCCCCCCCCCccccceccccccee
Cx*xx*COMPUTE ZEROS OF J1(X) AND JO(X) SET UP GAUSS CONSTANT
ITN4 = ITN*4 s E
K =ITN+1
Bz(1) = 0.0
BZ(2) = 1.0
BZ(3) = 2.4048
Bz(4) = 3.8317
BZ(S; = 5.5201
Bz(6) = 7.0156
D0.700 I = 7,K,2
T =1/2 , _ .
TD=4.0*T-1. )
BZ(I)=3.1415927*(T-0.25+0.050661/TD~0.053041/TD**3+
* ‘ 0. 262051 /TD**5) ; )
700  CONTINUE
po 710 I = 8,ITN,2
T = (E2)72¢
. TD = 4.0*T+1.
BZ(I) =3.1415927*(T+0.25-0.151982/TD+0.015399/TD**3
* -0.245270/TD**5) :
710 CONTINUE '
Cxxx* PRINT OUT INPUT DATA .
’ . WRITE(8,9065)
WRITE(8,9070)
WRITE(8,9075)
WRITE(8,90763
WRITE(8,9065
WRITE(8.9090g AVT
WRITE(8,9092) EI ,
WRITE(8,9095) E(3) )
C*x** DETERMINE AVERAGE MEAN ANNUAL PAVEMENT TEMPERATURE FROM AIR TEMP.
AVT=AVT*1.05+5.0 : e
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D Line# 1 7
225 WRITE(8,8000)
226 C*x*** PRINT OUT AIRCRAFT CHARACTERISTIC
227 - DO 699 J=1,NAIL
1 228 IF(J.LT.NAL) WRITE(S,8030) J,MODEL(J)
1 229 IF(J.EQ.NAL) WRITE(8.8040) J
1 230 IF(J.LT.NA1) WRITE(8,8060) NPS(J)
1 231 IF(NM(J; .EQ. 1)WRITE(8,8090;
1 232 IF(NM(J) .EQ.2)WRITE(8.8120
1 233 IF(NT(J).EQ.1)WRITE(8,8150)
1 234 IF(NT(J) .EQ.2)WRITE(8.8180)
1 235 IF(NT(J) .EQ.3)WRITE(8.8210)
1 236 IF(NT(J) .EQ.1)WRITE(8.8240) DD(J)
1 337 IF (NT(J).GT.1)WRITE(8,8270) DD(J),DT(J)
1 238 WRITE(8,8300) DX(1,J)
+ I3 IF(NM(JJ .EQ.2)WRITE(8,8360) DX(2,J)
1 240 WRITE§8,8420g TP (J)
1 241 WRITE(8.8390) XWT(J)
1 242 699 CONTINUE '
%32 Cx*xx READ IN A.C. SURFACE AND BASE THICKNESS
245 DO 601 MH=1,10
1 246 IMH=IMH+1
1- 219 WRITE(*, ' (A\)') ' INPUT GARNULAR BASE THICKNESS(lns y=o*
1 248 READ (*, 9025 ) HB (MH)
1 249 H2=HB(MH) "
Jd 250 WRITE(8,9100)H2 :
1 251 DO 602 M = 1,5 ~
2 252 IF(M.GE.2)WRITE(*, %) 'NO.  Hl Na Np
2 253 DO 444 IIT=1, (M-
3 254 IF(M.GT. 1) WRITE(*,2010)TII,HH(III) NAC(III) ,NPC(III)
3 255 2010 “FORMAT(1X,12, 2X, F$ zx 18,2X,18)
3 256 444 CONTINUE /
2 257 WRITE(8,9200) M
2 258 WRITE(8,9210)
2 259 WRITE(8,9220; , S
2 260 WRITE(S 9230 S :
2 261 C**xxx START NEW A.C. SURFACE THICKNESS ' : _
2 262 WRITE(*,'(A\)')' INPUT A.C. SURFACE THICKNESS(ins.)=?"
2 263 . READ (*,9025) HH(M)
2 264 Cx*** PRINT OUT LAYER AND MATERTAL PROPERTIES
2 265 ' WRITE(8,9240§ V(1) HH(M)
2 266 WRITE(8,9250) V(2).
2 - 957 WRITE(8.9255) V(3)
2 268 Cxxxx SET DEPTH OF EACH LAYER
2 269 H(1) = HH(M) '
2 270 H(2) = H(1)+H2
2 271 C**** PRINT OUT AIRCRAFT CHARACTERISTICS
2 97 604 J = 1,NAl
3 273 IFgJ .EQ.NA1)WRITE(S, 9265; M,J . :
B = o . IF(J.LT. Al)WRITE(S 9260) M,J,MODEL(J),NPS(J)
3 275 . WRITE (8,9264) ~ _
3 976 VCSN(J,M) = 0.0 _
3 277 Cx*xx*x SET LOADING FREQUENCY
3 278 ‘IF NT(J;.EQ.I;chsJ =4.0
3 “279 IF(NT(J).EQ.2)FRC(J)=2.0
3° 280 IF(NT(J).EQ.3)FRC(J)=1.0
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IF(DD(J) .GE. DT(J))THEN

X(2)=0.0

Y(2)=R(J)

X(3)=0.0

Y(3)=DT(J)/2.0
ENDIF
ENDIF
X(1)=0.0 .
Y(1)=0.0
DISTANCE BET. CENTER OF N-TH TIRE AND K-TH COMPUTATIONAL P
DO 606 K = 1,3 . .

DO 1234 NN=1,NR

ON%R&%%) - QRT((X(K)—XO(NN))**2+(Y(K)—Y0(NN))**2)
C MODULUS OF GRANULAR BASE
E(2) = (10.447)*(E(3)**0.287)*(EI**0, 868;/

((HH(M)**O 471)*(H2**0 041)*(E(1)**0.139))

IF(K.EQ.1) THEN

WRITE(8,9080)

WRITE(8,9085)

ENDIF

IF(XK.EQ.1) THEN

WRITE(8,9290) E(1)

WRITE(8;9300; E(2)

WRITE(8,9330

WRITE(8.9340;

WRITE(8,9350

WRITE(8,9355)

WRITE(8,9330)

ENDIF

H(%?ESS AND STRAIN ARE REQ'D

CZ(K) = 0.0

CX(K) = 0.0

CY(K) = 0.0

DO 810 N=1,NR

Cxx*xx CALCULATE THE PARTITION

ol
Cx*xx CALCULATE THE COEFICIENTS

110

115

CALL PART(N)
DO 777 LI=1,ITN4

CALL COEF(N,P)
IF(RR(N))115,115,110
PR=P*RR(N) F
CALL BES EL(O,PR Y1)
RJO(N,LI)=Y1
CALL BESSEL(l,PR Y1)
RJ1(N,LI)=Y1 -
PA=P*R(J)

CALL BESSEL(1,PA, Yl)
AJ(N,LI)=Y1 -

i
F(N
)
N
S

~

777 ’ ‘ CONTINUE ' :
Cxxx* SET LAYER (L)LW§E§E STRESS AND STRAIN ARE REQ'D
Cx*** CALCULATE STRESS FROM N-TH TIRE
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WRITE(8,9460) NPC(M)

WRITE(8,9387)

WRIT (8,9445)

WRITE (8,9447)
CCCCCECCCCCCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee
C DETERMINE NUMBER OF ALLOWABLE DC-8-63F STRAIN REPETITION(Na)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

: NAC(M) = INT(10.0**(248.14810177-485.45078636*XN
* . +364.20477903% (XN**2)~122.003* (XN**3)
x +15.29% (XN**4)))

WRITE(8,9540)NAC (M)

AC(M)=LOG10 (FLOAT (NAC(M)))

602 CONTINUE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C DETERMINE RELATIONSHIP BETWEEN

'C -A.C. SURFACE THICKNESS(hl; AND LOG(Npg

C -A.C. SURFACE THICKNESS(hl) AND LOG(Na

C BY LEAST SQUARE METHOD

7 C AND DETERMINE INTERSECTION OF hl-LOG(Na) AND hl-LOG(Np)

C NEEDED TO SATISFY THE ASPHALT CONCRETE COMPRESSIVE STRAIN CRITION
CCCCCCCCCCCCCCCCceeeceececeececccccccccccececcecececeeccecceccccecccccccececeececeee
- CALL LEAS (HH PC,AC,DHC, DNC) ‘
WRITE(8,9600)
NCD=INT(10. 0**(DNC))
¥§%$EE8 9800)DHC
WRITE(S *) ################################## END $HHHHEHHHBHRHRH

HA(M Sz -
WRITE (* ' PRESS % => 8%%%9T NEW GRANULAR BASE THICKNESS'
A 'Y SELECT > !
) NNN B3\ \ ‘
'EQ.1)GOTO 601
T.1)60T0 311

A\JVOV# v

IF
601  CONTINUE

' NO. : hZ(ins.) hl(ins.)"'

2 TR PO L)
.HA(I)

WRITE(*, *)
DO 312 I=k
$

—
"KI
§
N

312 CONTINUE
STOP --
END
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810 ' CONTINUE

606 - CONTINUE
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R(N
Cz
CX

CY

Cx*** CALCULATE VERTICAL COMPRESS
VCSN(K) = (1/E(L)
IF{XVCSN(J,M)-VCS
XVCSN(J,M) = VCSN

811 CONTINUE

Cx*** PRINT OUT COMPUTATIONAL POINT

- WRITE(8,9363)X(K)
WRITE(8,9365)VCSN:

9330)
80) XVCSN(J,M)

CALL SS
CzZ(K)

CX(K)
CY(K)

)
(K
(K
(K

o

3
)
S

RESS AND STRAIN
K),CZ(K) ,CX(K),CY(K)

~
%
~ 3

WRITE(8
: © WRITE(
604 CONTINUE

-

; NPC(M) =0
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCeeeeceeeeeeeee
C DETERMINE NO. OF PREDICTED EQUIVALENT DC-8-63F STRAIN REPETITIONS (Np)
CCCCCCCCCCCCCCCCC%ngCCCgCgSCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
NNC(NX) = 0
DO 912 J = 1,NA
Cx*** CALCULATE EQUIVALENT TRAFFIC VALUE .
. XV=ABS(XVCSN(J,M))*1000.0 -
‘ XN=ABS (XVCSN(NA1,M))*1000.0
C1=248.14810177-485.45078636*XV+364.20477903* (XV**2)=122.003*
* (XV**3)+15, 29* (XV**4)
C2=248.14810177-485.45078636*XN+364.20477903* (XN**2)—122.003* -
* (XN**3)+15,29*% (XN**4) '
, CF{J)=(10.0**C2)/(10.0**Cl)

NC(J,NX) = NPS(J;*CF(J)*FZ(J,NX)
 NNC(NX) = NNC(NX)+NC(J,NX)
912 CONTINUE :
IF(NPC(M) .GT. NNC(NX)).GO TO 916
: NPC(M) = NNC(NX) - A
916 CONTINUE :
DO 902 J=1,NA g :
WRITE(8,9420)MODEL(J) ,NC(J,1) ,NC(J,3) ,NC(J,6) ,NC(J,10),
* NC(J,12§,NC(J,15),NC(J,18) i NC(J,20] ,NC(J,25),KC(d . 35)

- 902 CONTINUE ~ : , :
WRITE(8,9387) :
WRITE(8,9430)NNC(1) ,NNC(3),NNC(6),NNC(10),NNC(12),NNC(15),

* NNC(18) ,NNC(20) ,NNC(22),NNC(25)
WRITE(8.9387)
PC(M)=LOG10 (F

LOAT(NPC(M)))
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FILE STR_AIR. DAT

STANDARD AIRCRAFT DC-8-63F
571.55.0 32.0 17.50 00.00 43000.0 196.0 4.0
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1 7
SDEBUG

SUBROUTINE PART(N)
COCC e COrCrCrreLlCCLECCCCECCCEELCeCEECECCCCCCCCCCCCCCCCCCCOL
C COMPUTE POINTS FOR LEGENDRE-GAUSS INTREGRATION
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC?CCCCCCCCCCC

COMMON ITN,BZ(71),H(2),RR(6),E(3),V(3),Az2(6,280),
% RJO(6,280) ,RJ1(6,280) ,AJ(6,280),L,LI,J,K,
* X(25).Y(25%,2,R(12),X0(6),Y0(6),TP(12),
* 5872(6),98%(6),S8Y(6) SSXY(6),SSXZ(6),SSYZ(6§,
* NTEST(6) ,A(280,3),B(280,3),C(280,3),D(280,3
HXTA §1/8.6ll363lE—l/,G2/3.3998104E—l/
NI = J
2F = R(NI)

NTEST(MX) = 2
IF (RR(MX))8,8,9
9 CONTINUE
NTEST (MX) =R(NI)/RR(MX)+0.0001
IF (NTEST(MX))6,6,5
6 CONTINUE
NTEST(MX) = RR(MX)/R(NI)+0.0001
ZF = RR(MX)
5 CONTINUE
NTEST(MX) = NTEST(MX)+1
IF (NTEST(MX)-10)8,8,7
7 CONTINUE
NTEST (MX) =10
8 CONTINUE

MK =1

ZE = 2%F
822=0.0

DO 28 Nln= 1,ITN

SG2 SF*G2
AZ(MX,MK)=PP-SG1
AZ(MX,MK+1l) = PP-8G2
AZ&MX,MK+2;=PP+SG2
AZ(MX,MK+3) = PP+S5Gl
MK =MK+4

28 CONTINUE

RETURN

END
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SDEBUG
SUBROUTINE BESSEL(NI,XI,Y)
CCCCCCCCCCCCCpCCCCCCCCCCCCCCC CCCCCC"CCCCC”CCCCCCCC”CCpCCCCC”CCCCC”
€ CALCULATE BESSEL FUNTION ORDER 1 AND O
CCCCCCCLCCCCCCCC”CCCCCCCC”C”CC“CCCC"C CCC CC;C CECECeeeeeeceeeeceeee
DIMENSION (20), 6) 2 DZ(6) 6) 6)
DOUBLE PPLCI I PL
DATA PZ/l OE

DATA QZ/ 5.
DATA Pl/l

D Linet

A

s
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7—2 3449658E-9,
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BLI} = PZ(I)
D(I+10) = QZ(I)
162 CONTINUE
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T2 = T1*T]
P = BL6)*T2+D(5)
DO 170 I =1,4
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SDEBUG

SUBROUTINE COEF(N,P)
CCCCCCCCCCCEECCLLCLCLCCCCCCLCCCCCCCECCCLCCCCCCCLLCECCCCCCLCCCECCECCLCCLCe
G USE FOR ALL PROBLEM, UP TO MAX. DIMENSION OF 3-LAYER

c CALCULATE COEF. A,B,C AND D OF 3-LAYER ELASTIC SYSTEM
CCCCCCCECCCCCCEECCECCLECCErCEECCCECLECCECCCCCLECCCCECCCCCCCCECCEECCELLCE

COMMON ITN,BZ(71),H
; RJO(6

®

% ¥
>
—
O
Ul
—
=D

%* % 3

~ ~—CA—~00

J
- NTEST(

Cx*xx%x SET UP MATRIX X=DI*MI*KI*K*M*D
& COMPUTE THE MATRICES X(K)
DO 10 N1 = 1,2
Tl = E(NI}*(1.+V(N1+1))/(E(N1+1)*(1.4+V(N1)))
TIM = T1-1.
PH = P*H(N1)
PH2 = PH*2.
VK2 2.%V(N1)
VKP2 = 2.*V(N1+1)
VK4=2.0*VK2
VKP4=2.0*VKP2
VKK8 = 8.*V(N1)*V(N1+1)

XK4—3.—T1
TiM* (PH2-VK4+1.)
~2 . *TIM*P

PH2* (VK2-%. )
VKK8+1.-3.*VKP2
PH2* (VKP2-1.)
VKK8+1.-3.0*VK2

XP(NL,1;:2) (T3+T4-T1*(T5+T6))/P
XP(N1,4,2) TiM* (1.-PH2-VKP4)

XP(N1,3,4) C23~TE4—T1*{15=P6) F7P

PH2*PH-VKK8+1.
PH2* (VK2-VKP2)

= (T3+T4+VKP2—T1*(T3+T4+VK23)/P
= —T3+T4—VKP2+T1*(T3-T4+VK2) /P

TIM*(1.,-PH2-VK4)
2« *PIM*P
XK4—3.-T1~

3
(Oa}
nuwnn

=
=
i
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X
2 SUBROUTINE SSR(N)
3 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCXZCKZCC
4 ¢ THIS SUBROUTINE COMPUTE THE STRESS IN CYLINDRICAL COORDINATE
2 8 %EQM%BQ§SFORM TO CARTESIAN SYSTEM BY USING TRANSFORMATION
MULAD
7 CCCCCCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCKZCCC
8 COMMON ITX,BZ(71),8(2),RR(6),E(3),V(3),AZ(6,280), :
9 * 2J0(6,280) RIL(6,280),Ad(6,280),L,LI,J K,
10 * X025 ¥(259,7,R(12) ,x0(6) ,¥0(6) , TE(12),
11 % 387(60.88%(6) .58V (6),S8XY(6),88XZ(6),S8YZ(6) .,
12 * NTEST(6),A(280,3),B(280,3),C(280,3),D(280,3)
13 DIMENSION W(4).ARP(21),TEST(11)
%% %%T% iW/0.34785485,0.65214515,0.65214515,0.34785485/
16 MX=N
17 VL=2.0*V(L)
18 EL=(1.0+V(L))/E(L)
i9 VL1 = 1.0-VL
%? Crxxx gggFUTg gHE COMPONENT OF STRES3 IN CYLINDRICAL COORDINATE SYSTEM
22 CST = 0.0
23 CSR = 0.0
24 CTR = 0.0 ,
25 ARP(MI) = R(MI)*TP(MI)
26 DO 1001 N1 = 1,ITN
i 27 Cx*x*xxx INITIALIZE THE SUB-INTEGRALS
1 28 RSZ = 0.
1 29 RST = 0.0
1 30 RSR = 0.0
1 31 RTR = 0.0
1 32 NE = 4*(N1-1)
i 33 Cxx*xx¥xx COMPUTE THE SUB-INTEGRALS
s 34 DO 1002 NJ = 1,4
2 35 Jl = NK + NJ
2 36 P = AZ(MX,Jl)
2 37 IF&P*Z.LE.S0.0)EP = EXP(P*Z)
2 38 IF(P*Z.GT.80.0)EP = 1.0E20
2 39 Tl = B(J1,L)*EP
2 30 T2 =-D(J1,L)/EP
2 41 T1P = T1+T2
9 42 TIM = T1-T2
2 43 T1 = (A(J1,L)+B{(JL,L)*Z)*EP
2 44 T2 = (C(J1,L)+D(J1,L)*Z)/EP
2 45 T2p = P*(T1+T2)
2 46 TOM, = P*(T1-T2)
2 47 WA = AJ(MX,J1)*W(NJ)
2 48 IF (RR(MX).EQ.0.0) GO TO 20
2 49 BJ1 = RJ1(MX,Jl)*P
2 50 BJO = RJO(MX,J1)*P
2 Sk RSZ = RSZ+WA*P*BJO*(VLl*TlP—TZM)
7 52 RTR = RTR+WA*P*BJ1*(VL*T1M+T2P)
2 53 RSR=RSR+WA*(P*BJO*((1.0+VL)*TlP+T2M)-BJl*(T1P+T2M)/RR(PQ{))
2 54 . RST = RST+WA*(VL*BJO*P*T1P+BJ1*
2 55 * (T1P+T2M) /RR (MX))
2 56 GOTO 1002
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wvxxxxtxr+ SPECIAL ROUTINE FOR RR(N)= ZERO
20 PP = P*P :
RSZ = RSZ+WA*PP* (VL1*T1P-T2M)
RST = RST+WA*PP*((VL+O.5)*T1P+O.5*T2M)
RSR = RST
1002 CONTINCE
St = (AZ(MX,NK+4)—AZ(MX,NK+1))/1.7222726
cs7 = C8Z+RSZ*S8F
CST = CST+RST*SF
CSR = CSR+RSR*SF
CTR = CTR + RTR*SF
1001 CONTINUE
€87 = CSZ*ARP(MI)
CST = CST*ARP(MI)
CTR = CTR*ARP(MI)
CSR = CSR*ARP(MI)
Cxx%%» TRANSFORM THE COMPONENT OF STRESS IN THE CYLINDRICAL COORDINATE
G SYSTEM TO THE CARTESIAN COORDINATE SYSTEM
557 (MX)=CSZ
IF(RR(N))70,70,80 :
70 SSX(MX§=CSR :
S8Y (MX)=CST
58XY(MX)=0.0
59XZ(MX)=0.0
88YZ(MX)=0.0
GOTO 90
80 SSX(MX)=0.5*QCSR+CST)+O.5*(CSR—CST)*((X(K)—XO%N))**Z
% —(Y(R)—YO(N))**Z)/((X(K)—XO(N))**2+(Y K)=-YO(N))**2)
SSY(MX) = O.5*(CSR+QST)-0.5*(CSR—CST)*((X(K)—XO(N;)**Z
* -(Y(R)—YO(N))**2)/((X(R)—X0(N))**2+(Y(K)—YO(N))**2
§SXY(MX) = (CSR—CST)*§X(K3—XOEN§)*(Y(K)—YO(N))/((X(K)—
* XO(N)) #%2+ (Y (K)-YO (N ) **2)
. 8SXZ(MX) = Y8¥§§§§Sgg-XO(N))/SQRT((X(K)—XO(N))**2+(Y(K)—
SSYZ(MX) = CTR*(Y(K)—YO(N))/SQRT((X(K)—XO(N))**2+(Y(K)~
* YO (N))**2)
90 CONTINUE
RETURN

END
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SDEBUG
SUBROUTINE EIGEN(H,PRE)
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
€ DETERMINE PRINCIPAL STRAIN
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
D%MENSION H(2,.3),%(3),10(3)
1( =Q.
=0,
(1,3)

A NN

ZARTRINT Sy
-

H=EFHOO | ~—0H~ ~ ~ ~ S

60

—
OHMNHWHBO
= om

OHED QDT T T
OoOH~O00~

—cy
=
=
N~
~J
O
~J
)
=3
[o0]
o

70

80 CONTINU
XMAX = 0.

90 CONTINUE
100 DO 120 I =1
IE (1.EQ.

IF(XMAX.G

110 XMAX = W(

Ip =1

Jp 1043
120 CONTINUE

TF (XMAX-1.E-12/3.)170,170,130

12 Zz = H(IP,IP)-H(JPIP)
Y = 2.*H(IP,JP)
TA = Y/(ABS(Z)+SQRT(Z*Z+Y*Y))
TF(Z.LT.0.) TA= —Ha
0 = ’./EQRT(1.+TA*TA)

I~ = BRI NIBO

bt et et ot ot
~ [l 2 Lasnhd
=

wt\)l—‘O\.OCO\'JO\W»I‘ALAC\JI—‘O\Om\IO\UhD(/JL\JP—‘O\OOO\'JO’\U"»D(/JM)—‘OKDOO\'IG\Uhf—Ath\)I*—':ﬂ:
HCG

, IP)*CO+H(K,JP)*81
K,JP) %€0+HTE*ST
JP)

188

O

140

-lhnbtbllhd‘»lbtbwb—’b)b)LJWLJL-)(/JLdL\)bJNN[\JL\J[\J(\J[\JMHP—'D—‘)—‘F—‘}—'I.—‘F—J}—‘W

ot
*

nn=ann
e

s OO

II+AA
JJ-ARA

e O~

GOTO
170 CONTINU

o
aloc]
td
1}
=

N

T

,2)) GO TO 180
3,3)) GO TO 185

—~ A~
Qo

fac
pom—

S ot

VUL OB OO OO IOV UTy
— N

TN

H
180 IF (PRE.

224
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D Lin
; PRE = H(3,3)

RETURN

END

oenm
D Co-J
et
co
(%)
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N =1 G0 L3 BN = G LI BN 1 = b= (G GO N = (0 G B b= b= = b b e = b = = B BO B = DI B

éDEBUG7 . Microsoft FORTRAN77 V3.30 Mar
FCPCCCCCCCCCCECCECCCECECCEEErtceeeeceeeerereeeeececereceereceeeecec
SUBROUTINE LEASQ —-DETERMINE RELATIONSHIP BETWEEN
1) A.C. SURFACE THICKNESS (hl) AND Na
2) A.C. SURFACE THICKNESS (hl) AND Np
BY LEAST SQUARE METHOD (POLYNOMIAL DEGREE=4)
— DETERMIN INTERSECTION BET. hl-Na AND hl-Np
BY NEWTON-RAPHSON ITERATIVE METHOD
CCCCCCECCECECCCECCTCrorrcceeererrreterereececeerecececececeecceee
SUBROUTINE LEASQ(HL,PTL,ATL,DHT,DNT)
DIMENSION HL(5),A 5) ,PTL{5)
DIMENSION A(5,
DIMENSION SL(
REAL*4 L1,L2,
REAL*4 LA(4),

QORI

)

!
N1

c

>z

) .LD(4) ,LE(4)

1000 CONTINUE

1010 CONTINUE
Ll =

oy

x
PTNITNATNTN S
SEREEE NN

annne.

s
KK)+PTL(M)** (KK-1)
1020 CONTINUE
DO 906 KK l,i 5
=3S (KK) +HL (M) *PTL (M) ** (KK-1)
906 CONTINUE -
ENDIF
IF (K.EQ.2) THEN

DO 1030 KK=2,9

DO 1030 M = 1,5
SL(KK)=SL(KK)+ATL (M) ** (KK-1)
1030 CONTINUE -
DO 908 KK = 1,5
DO 908 M = 1,5
SS(KK) =SS (KK)+HL (M) *ATL (M) ** (KK-1)
908 CONTINUE
ENDIF

=)
©
ot
(@]
(o)
o
by
=1
o
ot
(&,]

DO 1060 KM
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970

901

920

921,

923
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TF(KM.EQ.6) A(KK,KM)=5S(KK)
TF (KM .LT.6)A(KK, kM) = SL{KK+KM-1)
CONTINUE
DO 960 NK=1,5

DO 962 NP=NK,5
D=2 (NP, NK}
DO 962 NJ=NK,6
A(NP,NJ)=A(NP,NJ)/D
CONTINUE
IF(NK.EQ.5)GOTO 960
DO 966 NP=NK+1,5
DO 966 NJ=AK,6
A (NP, NJ)=A (NP, NJ)-A(NK,NJ)
CONTINUE
CONTINUE
X(6)=0.0
DO 970 NK=5,1,-1
X (NK)=A(NK,6)
DO 970 NW=NK,5
X (NK) =X (NK) =& (NK, NW+1) *X (NW+1)
CONTINUE
(%)
t3)
(4)
(5)

oo

D 4

)
)
LC(K)
)
)

D

N = (ATL(2)+PTL(2))/2.0

CONTINUE

FN=(LA(K)—LA(K+1))+(LB(K)—LB(
+(LD(K)=LD{K+1))*N**3+(LE(

; ) #*N+(LC(K)-LC(K+1) ) *N**2
FDN=§L%(K)—LB(K+1))+2.0*(LC(K i

K
K)—-LE(K+1))*N**4

1
J=LC (K+1) ) *N+

(LD (E)~LD (K+1)) *N**2+4.0% (LE(K) ~LE(K+1) ) *N**3
N1=N—EN/EDN
NT=1.A (K) +LB (K) *N+LC (K) *N**2+LD (K) *N**3+LE(K) <N**4
L K1) LB (K+1) *N+LC (K+1) #N¥* 241D (K1) *N**3+LE(K+1) *N**4
1F (ABS (H1-H2) .GT.0.001.OR.NN.LT.100)GOTO 921
GO TO 923
CONTINUE
NN=NN+1
N=N1
GOTO_920
CONTINUE
DHT = H1
DNT = N

RETURN
END

(]

(Oal oS ]
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1) Main Program

2) Subroutine PART

3) Subroutine BESSEL

4) Subroutine COEF

5) Subroutine SSR (3 ias3shA M LAL)

5) Subroutine EIGEN
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D Line# % il Microsoft FORTRAN77 V3.30 Ma
SDEBUG
CCCCCCCCCCCC"CCCCCCCCCCCCCCCCCCCCCCCCCCC"CCCCCCCCCCCCfC”C”CCCCCC”C
¢ PROGRAN D COMPUTE STRESS AND STRAIN OF AIRPORT 2-LAYER PAVEMENT
C I\ CARTESTAX COORDINATE SYSTEM
CECCCECCCCCCCCTeCCCCCCCCCCoCCCCCCCCree
6) (E(3), V(3] AZ(6,280),

5 AJ(6,280%,L,LI K,

Y TP,

o
B¢

~ O~ DS

>

o —~0Co
~—~

* % %k
%
Hta
NS O~
W~
S e N O~

=

S ,SSX
0 C(28
DIMEV°ION Pl N
DIMENSION TSZ 0
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC”CC C CCCCCCCCC
E(N) ELASTIC MODULUS OF N-TH LAYER
POISSON'S RATIO OF N-TH LAYER
CENTER OF N-TH TIR
COORDINATE OF COMPUTATIONAL COMPUTATIONAL POINT
TIRE PRESSURE
WT WEIGHT PER TIRE
Z DEPTH WHERE STRESS AND STRAIN ARE CACULATED
L NO. OF LAYER WHERE STRESS &STRAIN ARE CALCULATED
8888CC%8§%CCC%CgCCCCCCCCCCCCCCCCCCCCCC”CCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCC
9020 FORMAT (' AIRCRAFT MODEL \ Al“)
FORMAT (ZOX ' STRUCTURAL RESPONSE')
FORMAT A9X, ("
FORMAT LAYER AND MATERIAL PROPERTIES')
FORMAT +', 28, 3147/ 1 .
FORMAT(5X, 'LAYER ~ MATERIAL -~ ELAS. MOD. POISSON'S THICKNESS ')
FORMAT (5X,'NUMBER TYPE (kKN/m”~2) RATIO Gms e
FORMAT (6X,' 1 ASPH. CONC. ',F9.l 1X.:F4.2,71,F>.2)
FORMAT (6X,' 2 GRANU. BASE ',F9.1,7X,F4. 2,7X.F5.2)
FORMAT (6X,' 3 SUBGR, SOIL ',F9.1,7X,F4.2,/)
FORMAT (80(' "))
FORMAT (' COMPUTATIONAL ' 25X,'STRESS(LN/m 2)")
FORMAT (' POINT (m)' 3%, 66( ==
FORg%T g k ‘Z By < %
FORMAT (2(1X, F5 2) 6(E10.4,1X))
FORMAT (' PRINCIPAL TENSILE "STRAIN(cm/cm)=',E13.7)
FORMAT (' VERTICAL COMPRESSIVE STRAIN (cm/cm) =",
FORMAT MAXIMUM PRINCIPAL TENSILE STRAIN
FORMAT MAXIMUM VERTICAL COMPRESSIVE STRAIN
FORMAT o921%)
FORMAT WEIGHT PER TIRE (kN) =* Fo.1)

FORMAT ol
%R PRESSURE (kN/m”2) =',F8.1)

OMNO

'—"jv

B>~ O~ - |...J\./
O~ Lk —~~
S~

s ~ O~
A~

>-<!

P

1=

(@]

~

{
5) Y0 (6
, SSXY (
280,3)
PTSN (40
(40) , TSX )

CCCCEL cecceeee

V(N
X0(N),YO(N)
ZLE) Y{R)
TP

nwwnuwn

\OO MQONQAICION0
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(]

agnn " ca oo

OOV I ULRWNIHOWR-IOUHR W O\WCO~ION U WO W OO IO U= WO
OO OOOOOOW,

W WWLWNNONRINENO
QO UL WLWUIULL WO

1

" g
)

bt - =
e[ I
b
Rl 8 ]
~J
=S

-
0

FORMAT
FORMAT Y. 31X, F4.2})
FORMAT (
FORMAT (
FORMAT( ' RES =',I2,' NO. OF COMPUTATIONAL POINTS =',I2)
FORMAT%

(

(

F TIRE NO.',12." XO{',I2,") =',F4.2,' m. YO(', I2

-~~~

FORMAT(
FORMAT
FORMAT
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o) TRESS AND STRAIN AT DEPTH ',F4.2,' m.')
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Cx*x* READ IN OUTPUT AND INPUT FILE

CHARACTER <50 FILEIA FILEOT,MODEL
AN é NAME OF DATA FILE: !

N
%) ' NAME OF OUTPUT FILE:
%LE =FILEIN, STATUS='OLD')
@

D Lin

]

OV o B - E D 00 ~I TN L 00 B b A0 02 ] O (s GO 8O = A0 00~k
e
o
]
o
g
NN

LE=FILEOT, STATUS="'NEW'")

L
@EEREERRECERLRAYLCECLRRCCEQRLRELCEAREDALEREZLOTRALT "

DETERMINE STRESS AND_ STRAIN'

C**** PRINT H

C**#*% READ IN
1111 FORMAT

S

t

B

(o)
S S S T2~

=)
o
~J
()
o

N) YO (N)
X0{N) ,N,YO(N)
7000 CONTINU

b=

X(X), Y(K)
7010 CONTINUE
READ(

*)"IN-A.C. LAYER'

*) 'IN GARNULAR BASE'
%) "IN _SUBGRADE'
1

&t OMPUTE ZERO (X} AND J0(X) SET UP GAUSS CONSTANT

WOWOOWOWWOOWOOCOOOOCECOCOOI MM CO~J~JI 11 1I-I-J-JO AN O AN OYO YT

DO OO 0O ~ION WU LB OO 00~

Wi uwnn

o3 F FI IOV UL OB
H N O~
>
] O 201N
OLO HBI s = o o o =

NoZ —~il 1O
=]
~H ~ HH

I g .25+0.050661/TD-0.053041/TD**3+
700  CONT

T e e leleolelololele oo iNe]
I
*~—00 DO |

b e e b
B e e e
DO OO 00~ VU G2

¢

>
L
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7% (T+0.25-0.151982/TD+0.015399/TD**3
O/TD**S)

R AND MATERIAL PROPERTIE

h 9

DD

710  CONTINUE
C¥¥++ DRINT OU
WRITE (8

I CO CO OO CO G
e St

”**** SET D‘

=
S
—
—
3]
N s~~~
|
+ MUOO0O0OoOON O

O~ O

XVCSN
DO 606

¢ %% COMPUTE DISTANCE BET. CENTER OF N-TH TIRE
AND K-TH COMPUTATIO\AL POINT
DO 1234 N=1,
RR(N)= SQRT((X(K)—BO(N))**2+(Y(K)—YO(N))**2)
CONTINUE
* INITIALIZE THE COMPONENT OF STRESS
TSZ(K) 0.0
TSX(K) 0.0
0.0
<0
0

(@]
* o
>

TSY(K)
TSXY(K)
TSXZ(K)
ToYZLK) .0
c****x START ON A VEW TIRE
DO 660 N = 1,N
Cx*%* CALCULATE THE PARTTIION
CALL PART(N)
DO 670 %%(; i %TN4
C******CALCULATE THE COEFFICIEVT° AND BESSEL FUNCTION
CALL COEF(N,P)
IF(RR(N))llS 115, 130
110 PR = P*RR(N)
EL(0,PR,Y1)
(

OOO-

Ht“ ez

R
S
)
SEL(1,
) i
115 PA = P*R
CALL BESSEL(
AJ(N,LI) = YL
670 CONTINUE
¢ %*** CALCULATE STRESS OF N-TH TIRE
CALL_SSR(N)
TSZ(K) = TSZ(K)+SSZ(N)
TSX(K) = TSX(K)+SSX(N)

0,
Y1
M G
X
L,

PA,Y1)

Qs o
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D Line# 1 9 Microsoft FORTRAN77 V3.30 March 1985
1 SDEBUG
2 SUBROUTINE PART(N)
3 CCCCCCeececeeceeeceee CCCCCCCC”CC””C”CCC”CCCCCCCCCCCCCC”CCC“CCCCCCCCLC”
4 € COMPUTE POINT FOR LEGENDRE-GAUSS INTREGRATION
5 CCCCCbCCCCCFCCCCCCrCCCCCCCCCCb vpCCCCCCCCCCCCCCCbCCCCCbCCCCCCCCCCCCC
6 COMMON ITN,BZ(71),H(2),RR(6),E(3),V(3),AZ(6,280),
7 > RJO(b,ZSO) RJ1(6,280),AJ(6 280) ,L,.LI, K,
8 * X(40) 1¥(40),Z,®,X0(8),Y0 (6], TP,
9 5 202(6) ,88%(6), SSY(G),SSX¥(6),SSYZ(6),SSYZ(G),
10 * NTEST(6),A(280,3),B(280 3),0(280,3).D(280,3)
1} DATA G1/8.6113631E-1/,G2/3. 3998104E-l/
12 MX = N -
i DO 800 IT=1,5
1 14 800 CONTINUE
15 ZF = R
16 ) NTEST(MX) = 2
17 IF (RR(MX))8,8,9
18 9 CONTINUE
19 NTEST (MX) “R/RR(MX)+O 0001
20 IF (NTEST(MX))6,6
21 6 CONTINUE
22 NTEST (MX) = RR(MX)/R+0.000l
23 ZF = RR(MX)
24 5 CONTINUE
25 NTEST (MX) NTEST (MX)+1
26 Ip (NTEST(%X) -10)8,8,17
<27 7 CONTINUE
28 NTEST (MX) =10
%g 8 COVTIVUE
31 ZF = 2*7F =
32 5322=0.0 . .
33 DO 28 N1 = 1,ITN
1 34 §z1 =822
1 35 872 = BZ(N1¥1)/ZF
1 36 SF = 8Z2-SZ1
1 Ry PP = 822482721
1 38 SG1 = SF*Gl
1 39 §G2 = SF*G2
1 40 AZ (MX, MK) =pPP-SG1
1 41 AZ(MX,MR+1) = PP-SG2
i 42 AZ (MX,MK+2)=PP+SG2
i3 43 AZ (MX,MK+3) = PP+SGl
1 44 MK ‘Mk+4
i 45 28 CONTINUE
46 RETURN
477 END



D Linef 1 7 Microsocft FORTRAN77 V3.30 Ma
SDEBUG
SUBROUTINE BESSEL(NI,XI,Y)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC"CCCCCCCC
¢ CALCULATE BESSEL FUNCTION ORDER O AND it
CCCCCCCCCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

DIMENSION D(20),PZ(6),Q2(6),P1(6),Q1(6)

DOUBLE PRECISION T4,X,PI
. DATA PZ/%.OEO,-l. B 9 8E—7v—2.3449658E—9.

.9806841 /
DATA QZ/—%.OE—3 4 59E-8,2.8307087E-10,
. 2.7713232E~9,

1
-
3912696
7
E

NS IO

DATA P1/1.0EQ,1.8 '
Z Z1.5114421
DATA Q1/1.5E-2,-6.
* =3.2662024E
p1=3,1415927
9 N =NI

X = XI

IF (X-7.0) 10,10,160
10 X2=X/2.0

FAC = —-X2*X2

IF{N}*11,11,14
11 c=1.0

Y =C
DO_l3 1=1,34

T =1

C = FAC*C/(T*T)

TEST = ABS_{C)Z#Z A@/07% (=8)
IF (TEST) 1714&1/172

Y = Y+C

CONTINUE

C = X2

= OWEONI W
b= 00 S ik OV
| | wiruity

ot | co |

BOOORY | U

~ NN
Ny

3
3
5
4
6
E
3
E

WOV | Lo

-8,
=2 ., 539 T056E~13/

bt bt bt b b

et
N RIN

b bt bt bt et b

CONTINUE

RETURN
IF(N)161,161,164
DO 162 I = 19%

[
NI
—o

2

T

162 CONTINUE
GOTO 163
164 DO 165 Wi
Bl = B
Di1+10) =
5 CONTINUE
3 CONTINUE
Tl = 25.0/X
T2 = T1*T1
P = D(6)*T2+D(5)
DO 170 I =1,4
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J 5=T
p P*T2+D(J)
170 CONTINUE
0 = D(16)*T2+D(15)
DO 171 I=1,14

ot

J = 5-1
Q = O*T2+D(J+10)
171 CONTINUE
" Q = Q*T1
T4 = DSQRT(X*PI)
T6 = SIN(X)
T7 = COS(X)
€
IF(N) 180,180,1
180 T5 = ((P- Q)*T6+(D+Q\*T7)/T4
GOTO 99
185 T8 = ((P+D)*T6=(P-Q)¥T]]) /T4
99 Y =T,
RETURN
END

CIN-b0
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UG
SUBROUTINE COEF(N,P)
CCCCCCCCCCCCCCvCCCCCCCC”CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

1 h
o

&

9 USE FOR ALL PROBLEM , UP TO MAX. DIMENSION OF LAYER

|3

C

O 00~ CY Uik O O ot
>

CALCULATE COEF. A,B,C AND D OF 3-LAYER ELASTIC °V°TEM
CCCCCCCCLCEELECCCECEEEEEEEC CbCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

COMMON ITN, Bz(71) H(2), RR(6),E(3),V(3),AZ(6,280), )

8 * R30(6,280) 'RJ1(6,280) AJ(6,280).L,LI,K,

, - X(40) 'Y(40),Z,R,%0(6),Y0(6} TP,

0 * 3S7(69,85X(6).S5Y(6) 58Xy (6),85%2(6), 33’z<c>,

1 * NTEST(6),A(280,3),B(280 3).C(280,3),D(280,3)

2 DIMENSION PM(4,4,4),XP(5,4,4) ,FM(4),8C(4)

3 REAL *4 Q(2,2)

Z LC = LI

5 Cx*x%*x*xGET UP MATRIX X=DI*MI* KI*K*M*D

6. € COMPUTE THE MATRICUD XK

7 DO 10 N1 = 1

8 Tl = E(N1 5*(1.+V(hl+l))/(E(Nl+l)*(l.+V(Nl)))

9 TIM = Ti1-1.

0 PH = P*H(Nl)

1 PH2 = PH*2.

2 VK2 = *V(\l)

3 VEKP2 = 2.*V(N1+1)

3 VK4=2.0*VR2

5 VKP4=2.0*VKP

9 a VKK8 = 8. *V(\l)*V(Nl+l)

8 kp(hl,l,l) = Vk4 AT

9 XP(\l,Z,l) =

0 (\1,3,1) = 1M*(PH2—VK4+1 )

1 kP(\l, 1) = FRUINER

9 ¢

3 T3 = PH2*(VK2-1/)

1 T4 = VKK8+1.-3.*VKP2

5 T5 = PH2* (VKP2-1.)

9 " T6 = VKK8+1.—3.0*VK2

8 XP(N1,1,2) = (T3+T4- Tl*(T5+T6;)/P

9 XP(NI.2,2) = T1x(VKP4-3.

g : XP(N1 4.2) = TIM*(1.-PH2- vxp4>

% . XP(N1,3,4) = (T3-T4-Ti*(T5-T6))/P

) T3 = PH2*PH-VKK8+1,

g 5 T4 = PH2*(VK2-VKP2)

7 XP§N1,1,4§ = (T3+T4+VKP2- Tl*(T3+T4+VK2§)/P

g . XP(N1,3.2)=(-T3+T4-VKP2+T1* (T3-T4+VK2))/P

0 XD(N1,1l:3) = TlM*(l —PHZ -VK4)

1 XP(NI.2.3) = 2.*TIM

2 xp(N1,3,3; = vx4 3. Tl

i ’ XP(N1,4.3) = 0.

5 XP(N1,2,4) = TIM*(PH2-VKP4+1.)

6 XP(N1.4.4) = T1*(VKP4-3.)-1.
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SDEBUG

SUBROUTINE SSR(N)
CCCCCCCECCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeCC
£ THIS SUBROUTINE COMPUTE THE COMPONENT OF STRESS IN THE CYLINDRICAL
3 COORDINATE SYSTEM AND TRANSFORM TO THE CARTESIAN COORDINATE
c SYSTEM BY USING TRANSFORMATION FORMULAS
CCeoCCoecerecreeccceeeococereeeeeceececeeeececceeccecrecccccccecCCCCCeCCo™"ICCee

N OIS W B

COMMON ITN,BZ(71),H(2),RR(6),E(S),V(3),AZ(6,280),
* RJO(6,280) ,RJ1(6,28 ),AJéé 280 ;L +LE; K
3 X(40) .Y (40Y,2 R, %0(6).Y0(6}, TP,
* SSZ(6),SSX(6),SSY(6),SSXY(6),SSXZ(6),SSYZ(S),
* NTEST(6),4(280,3),B(280,3),C(280,3),D(280,3)
DIMENSION W(4)
a§T§ iW/0.34785485,0.65214515,0.65214515,0.34785485/
a4 =N

VL=2, 0%V (L)
EL=(1.0+V(1)) /E(L)

5
8
9
10
11
12
13
14
1>
16
Hiiy]
18 VL1 = 1.0-
%g g COMEEEE TgEOCOMPONENT OF STRESS IN THE CYLINDRICAL COORDINATE GSYSTEM
L WL =% .
20 €8T = 0.0
22 CSR = C.0
23 CTR = 0.0
24 ARP = R*TP
25 DO 1001 N1 = 1,ITN
1 26 C*x** INITIALIZE THE SUB-INTEGRALS
1 27 RSZ = 0.0
1 28 RST = 0.0
i 29 RSR = 0.0
i 30 RIR = 0.0
1 3k NK = 4*(N1-1)
1 32 Cx**x* COMPUTE THE SUB-INTEGRALS
1 33 DO 1002 NJ = 1,4
2 34 Jl = NK + NJ
2 35
2 36 P = AZ(MX,J1)
2 37 IF(P*Z.LE.80.0) ~EP = EXP(P*Z)
2 38 IF(P*2.GT.80.0) EP = 1.E20
2 39 T1 = B(J1,L)*EP
2 40 T2 = D(J1,L)/EP
2 41 T1P = TI$T2
2 42 TiM = Ti1-T2
2 43 Tl = (A¢J3.L)+B(J1,L)*Z)*EP
2 44 T2 = (C(¥l,L)+D(J1,L)*Z)/EP
2 45 T2P = P*x(T1+T2)
2 46 T2M = P*(T1-T2) g
2 47 WA = AJ(MX,J1)*W(NJ)
2 48 IF (RR(MX).EQ.0.0) GO TO 20
2 49 BJ1l = RJ1(MX,J1)*P
2 50 BJO = RJO(MX,J1)*P
2 51 RSZ = RSZ+WA*P*BJO*(VL1*T1P-T2M)
2 52 RTR = RTR+WA*P*BJ1*(VL*T1M+T2P)
2 ! RSR=RSR+WA* (P*BJO* ((1.0+VL)*T1P+T2M)—-BJ1* (T1P+T2M) /RR(MX))
2 54 RST = RST+WA* (VL*BJO*P*T1P+BJl*
2 85 * (T1P+T2M) /RR(MX))
4 56 GOTO 1002
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SR St SPECIAL ROUTINE FOR RR(N)=ZERO

58 20 Pp = pP*P

59 RSZ = RSZ+WA*P°*(VL1*T1P T2M)

60 RST = RST+WA*PP*((VL+0.5)*T1P+0.5*%T2M)

61 : RSR = RST

62 1002 CONTINUE

63 SF = (AZ(MY,NK+4)-AZ(MX,NK+1))/1.7222726

64 C8Z = CSZ+RSZ*SFE

65 CST = CST+RST*SF

66 CSR = CSR+RSR*SF

67 CTR = CTR + RTR*SF

68 CCCCCC”CC"CCCCCCC“CC”CCCCCCCCCCCCCCCCCCCCCCCC»CCCCCCCCCCCCCCCCCCCCCCCCC”

69 C TRANSFORM THE COMPONENT OF STRESS IN THE CYLINDRICAL COORDINATE

T0 C SYSTEM TO THE CARTESIAN COORDINZ\Tr SYSTEM

71 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

72 1001 CONTINUE

73 C3Z = CSZ*ARP

T4 CST = CST*ARP

75 CTR = CTR*ARP

76 CSR = CSR*ARP

T1 SSZ(MX)=

78 IF(RR(A))7O 70,80

79 70 5SX (MX)=CS8R

80 SSY(MX)=CST

81 GOTO 90

82 80 © 8SX(MX)=0. 5*(CSR+CST)+O.5*(CSR—CST)*((X(K)—XO(N))**2

83 * —(Y(K)~YO(N))**2)/((X(K)—XO(J)J**2+(Y(K)—YO(N))‘*2)

84 SSY(MX) = 0.5*(CSR+CST)—O.5*(CSR—CST)*((X(K)—XO(R))**2

85 * —(Y(K)=-YO(N)) =22} Z{(X(K)-XO(N) ) **2+(Y(K)-YO(N) ) **2)

86 SSXY(MX) = (CSR-CST)*(X(RK)-XO0(N))*(Y(X)-YO(N))/{((X(X)~-

87 * XO(N))Y**2+(Y(K)=YO(N))**2)

88 SSXZ(MX) = “CTR*(X(K)=XO0{N))/SQRT((X(K)-X0(N))**2+(Y(K)~-

89 * YON) 2D

90 SSYZ(MX) = CTR*(Y(K)-YO(N))/SQRT((X(K)-XO(N))**2+(Y(K)-

91 * YOUN) ) F*2)

92 90 CONTINUE

93 RETURN

94 END

\I
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SDEBUG
SUBROUTINE EIGEN(H,PRE)
CCCCCCCCECreCCrCCCiCCCLLCCCCECCCLCCrCCCCCrCCCCoorCeCiCecCeoeCCCCCCOrel
C DETERMINE PRINCIPAL STRAIN
6L 0 6 T 6 G e 00 165 5 1 6 00 L B 0 B 0 e B i e e G
g;?E?%ION B(3,3),W(3),10(3)

D Line

OO

4(1,3)
0.

o I O

A s

Z, LI PODD

CHsE0HEs & 5 =

60

gQmmmn
O O A

H

OH~O MM I
H =IO || ~H

—cy

))) 70,70,80

RO NOONI R

100 Do 120 L = 1.2

IF (1.EQ.1l) GO TOGNLG

TF(XMAX.GE.W(I)) GO TO 120
110 XMAX = W(I)

IP = I

JP = IQ(I)
120 CONTINUE

IF (XMAX-1.E-127 3/ )/V0s10, 130
130 Z = H(IP,IP)-H(JP JP)

= 2.*H(IP,JP)

Y/ (BRBS(ZY+SQRT(Z#Z+Y*Y))
LT.0.) TAz/-TH
1./SQRT(). +TAFFAR
TA*CO

O N Y B e e S e

b bt et bt ot et
OO (I B = OO 02~ N LS LI B = OO0 00 1Y Ui Lo B OO 03~ OV LIBT3

=

s}

—
nes

, IPYFCO+HLR,JP) ST

) S dR) *CO+HTE*ST

H{IP,K) WP ) .

140 CONTINUE
H{IP JP)
H(JP,IP)
AA = HIJ%

O T =

e
e

170 CONTINUE
PRE = H(1l,1)
IF{PRE.GT.H(2,2)) GO TO 180
PRE = H(2,2)

180 IF {PRE.GT.H{(3,3)) GO TO 185

U‘kﬂmh"kﬂm(ﬂ.b;&bb@i&&%»bbwwb.)w(.db)(;dub)b)NNL\)L\)

VNS RO W OO IO U LI OV 0 -3

PRE = H(3,3)
185 RETURN .
END

[S2102194]
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372.
38.
as.
40,
41.
42,

V.

43,

A4,

A5,

48,

47.
48.
49.
50.
51.
52.
53
54,
5.
56.
57,
38.
39
60.
61.
62.
63.
64.
65.
66,

Y.

67.

Yi.

68.
69.
70.

Vit

71.

72.

" Lockhesd (cont’d)
64y ) 94.0 m 15 A7
LAPE (A) - 98.0 m 15 49
LA9D (A) |, 960 (1 15 48
1498/C (A) ¥ 930 IF 15 47
L-49A (A) 90.0 ()] 15 45
149 (A) 86.3 () 15 43
McDonnell-
Dovuglos g
DC-10-30CF (8) 533.0 m 25 42.8
- (This line entry
DC-10-30 (8). 533.0 (1 . 25 42.8
. (Thix line entry
DC-10-20CF 8 533.0 (8)] 25 .42.8
d (This line entry
DC-10-20 (8) 533.0 m 25 428
_ (This line entry
DC-10-10 (A) 413.0 m 24
DC-8-63F (A) - 358.0 m 18.5 13.8
DC-8-63 (A) 358.0 m 18.5 13.8
DC-B-62F - (A) 353.0 m 185 17.4
DC-8-62 (A) 353.0 m 18.5 23.4
DC-8.61F (A) 331.0 m 185 13.2
DC-8-61 (A) 328.0 ) 18.5 12.8
DC-8.55F A) | 9280 m 18.5 174
DC-8-55 (A) 328.0 ()] 18.5 17.8
DC-843 (A) 318.0 M = D5 22.0
DC.7C (A) 140.0 (0) NA 14.2
DC-7B (A) 126.0 © /| NA 14.3
oc7 . (A) 122.2 (0) NA | 143
DC-941 (A) 1150 m 14 7.4
DC.9-32 (A) 109.0 ) 14 8.2
DC-9-21 (A) 101.0 M 14 5.6
DC.9-15 (A) L9158 N 14 6.7
DC-6A/B (A) 107.0 () NA 12.8
DC-6 (A) - T 972 . (0) NA 121
DCA4 (A) 73.0 (0) NA 10.4
SAF-BAC
Concorde (A) 388.0 (1) 211 19.4
BAC s "
BAC 1-11.500 (A) 100.0 (O] 137 5.0
Viscount 810 o A 72.5 m 137 3.6
Viscount 745D - (A) . 64.5 m 13.7 3.2
suo
Carovelle (A) 110.2 m 16 74
SE-210-6R'¢! :
Corovalle (A) 289 () 16 6.4
SE-210-1

2.4
2.5
24
2.3
23
2.2

214
rofers 1o TMJ)”’
4

rofers o TMq)Y
2.4
refers to TMJ)""

21.4
refars 10 TMq)@
12.4

6.9
8.9
8.7
"y
6.6
64
8.7
8.9
1.0
142
143
143
57
4
2.8
34
12.8
12.1
10.4

97

ED
R R

37

3.2

73
80
80
80
80
80

155
143
143
168
168
118
17
171
7
162

70

85

85
130
130
122
105

70

70

60

174

15
95
92

‘90

90

m
m
Q)]
m
m
m

(2)
(]
(2)
()]
(2)
(1
(2)
(1)
(2)
(2)
(2)
(2)
(2)
(2)
2)
(2)
(2)
(2)
(1
L]
Q]
(1)
M
(M
()]
(1
(1)
()]

(2)

(M
()
m
(2)

(2)

28
28
28
28
28
28

26.4x66

21

19

19
16.8x48.7

16.8x48.7

447
46.6
45.6
442
42.6
41.0

201.2
87.8
201.2
87.8
201.2
87.8
201.2
87.8
1941
1721
1721
167.8
164.8
158.9
157.6
155.3
155.1
148.0
67.0
60.0
58.4
53.8
504
A7.7
42.4
51.4
45.8
35.4

1843

47.5
344
30.6
51.4

44.7

22.4
233
22.8
22\
21.3
20.5

503
43.9
503
439

503 .

43.9
50.3
43.9
48.5
43.0
43.0
42.0
41.2

397

9.4
J8.8
38.8
37.0
33.5
30.0
9.2
26.9
25.2
230
212
257
22.9
17.7

46.1

23.8
17.2
15.3
12.9

1.2

80 140" NA 393" NA

B5 14'0"" NA - Jy'5* NA

85 14'0" NA 39'5'" NA

85 | 140" NA 39°5 | NA

85 | 140" MA 39'5" | NA

85 | 140" NA 395" | NA
185 | 176" NA 725" | MA
170 | 00" NA 7411 | NA
my | e NA 725" [WNA
170 | 90" NA 74117 | MA
185 17°6" NA 72'8" NA
170 00" NA 74001 | NA
185 | 176" NA 725" | NA
170 00" NA 74017 | NA
75 | e NA 725" | NA
196 | 10'5” NA 776" | NA
196 | 10'5" NA 776" | NA
" 10°5” NA 60'10" | NA
187 | 10°5" NA 6010” | NA
190 | 105~ NA 776" | NA

188 105" NA 776" NA
186 105" NA 576" NA
186 105 NA 57'6”" NA

177 105" NA 57'6" NA
126 174 NA 481" NA
127 124" NA 44'9" NA
123 12747 NA 449" MA

163 8°2%" MA 56'2" NA
152 8'2%" NA 532" NA
144 824" NA 43'8" NA

127 8 2% NA 43'8" NA
106 12°4" NA 362" MNA
95 1242 NA 362" NA
75 124 NA 360" NA
184 128" NA 598" NA
174 AR NA 485" NA

130 L5 B NA 396" NA
122 e NA 35'8” NA

155 | 86" NA 556" NA

155 [8'6%" NA 55'6" NA

NOTES: (1) See Figure IX-1 for aircroft omembly type legend. |

(2) Ses Figure 1X-2 for geor omembly type legend.

(3) See Figure I1X-3 for O'xplunnllvn of X,Y valves of
aircrolt gear layout,

(4) Dimensions shown for tre spacings In TVoble 1X-1
ore cenler-to-center of the fires or oxles, depending
on direction. Dimensions are listad In the alpho-
batical order noted In Figure IX-2 for the respec.
tive assambly type. ’

(5) Mose ond Moin gear waights are bosed on sfatic
condition, Maximum nose geor welghts during brok-

ing conditions gensrolly are In excess of those-
noted in Table IX-1.

(6) Nominal fire spacing volues vsed for Carovelle ore.

dve to diffarent fore and oft laterol dimensions in

.dvol tondem main gear. Moximum lire pressure iy

used for all tires of moin geor,

Metric unit conversion faclors applicable 1o this

table ore:

Pound X 0.45359 = Kilogrom (kg)

Inch % 0.0254 == Meter (m)

Foot X 0.3048 = Mater (m)

psi X 6.894757 = Kilonewlon per square meler
(kN/m?) :

62¢
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AUSN¥UL YR tATDIURBaDN LY

Col. (o) ] Col. (b) ]Cul. @ | col. (@ ] Col.(a) | Col.(n) ICuI. (@ |Col. | Col. ) I col. l Col. (W IC«:L 0 f,:') | C,; [ CH' I C(p; s
Alreralt Nose Gear Maln Truck
Idantification Assembly  Asnembly .
landing Geor|Maximum Tire Maximum | Max. WIL| Tire Tire Moximum | Max. Wi.| Tire
Airerall x Assembly  |Gross WI. A"'"‘g',Y Spacing [ Gear WS | Pei Tire [Prassuce A'"'T‘lh,’,y Spacing | Truck WLY'| Por Tire Prass, X, Xy Yy Y2
Company/Madsi Type'? | 1box 107 ] TYP° fncht! | 1b.x 109 | b, x 107 put | TYP* Tnch™ | Tb.x 107 |1b, x 107|  pai
I. Boeing X b
1. BTA7F () 778.0 m 36 50.8 25.4 180 (2) 44x58 181.8 455 185 18 | 63" |78 %| Bens
" 2. 8747C () 778.0 (n 36 50.8 25.4 190 (2) 44x58 181.8 45.5 105 18°%" | 63" |78°11%" 098"
3. 8.747-8 Q) 778.0 ) 36 50.8 25.4 180 (2) 44x50 181.8 45.5 105 1% | 637 |7ernin| sers
4. 8747 () 713.0 1) 36 47.0 73.5 165 (2) 44x50 166.5 4.4 704 1877 | 63 {70114 B9
5. 8.707.320C (A) 336.0 m 72 720~ 11.0 15 (2) 34.5x56 157.0 393 180 1w | NA - [590” HA
6. 8.707.3200 (A) 328.0 o)) 22 26.0 13.0 15 (1) | 94.5x56 151.0 37.8 180 1 | HA - [s90 NA
7. 8.707-320/420 (A) 716.0 m 22 25.0 12.5 115 (2) | 94.5x56 145.5 364 100 1% | NA 59707 MA
8. 8.707-1208 (A) 258.0 m 22 16.8 8.4 90 (1) | 34x56 - 120.6 ,20.2 170 e | MA 52°4" HA
9. 87208 (A) 230.0 ) 22 12.0 6.0 100 (2) 32x49 109.0 27.3 145 10°11%"| NA  [50'8” MA
10. 8.720 (A) 230.0 m 1 12.0 6.0 100 (2) 32x49 109.0 273 145 10113 | NA  [50'8” MA
11. B.727-200 (A) 173.0 m 24 13.2 6.6 100 () 34 79.9 39.9 168 | 94w | NA 6307 MA
12. 8.727-100C (A) 170.0 (1) 24 17.2 86 100 M 34 76.4 38.2 166 9 4% | NA (i MA
13. 0-727-100 (A) 170.0 m 24 16.2 8.1 100 m 34 76.9 30.5 166 | 9am | MA 5337 | HA
14. 8.737-200C (A) 1.0 m 15 8.0 4.0 135 (1) |305 51.5 5.0 140 87" NA © |3774° MA
15. 8.737-200 (A) 1.0 ) 5 8.0 40 135 (1) | 305 51.5 25.8 148 | 87" NA 374" | HA
16. 8.737-100 (A) 110 (1 5 6.0 4.0 135 (1)~ |%0.5 51.5 25.0 140 87 NA A MA
Il. Convair
17. Cv-990 (A) 255.0 (i) 17 136 6.8 200 (2) | 24x46.5 1207 30.2 106 | 914" [ NA 573" | NA
19. Cv-800M (A) 193.5 m 114 8.7 44 140 (1) | 21.5x45 92.4 23.1 155 | 9'5%" | NA 531" | NA
19. Cv-880 (A) 185.0 ()] 7 1.8 4 136 2) 21.5x45 87.1 21.8 150 5% NA 53" HA
., lockhoed
0. 1-500 () 861.5 4 30.8 53.5 13.4 130 (2) 53x72 202.0 505 185 | 1209y | 12°9%|639%7 | B2
x 30.8
i v x 30.6 1 2 )
7). 110118 (A) 598.0 (0] 25 30.0 15.0 182 (3) | 42x56x56| 284.0 473 196 | 169 NA 1'% | HA
22. 1101141 (A) 4110 m 24 21.0 10.5 179 (22 [52x70 195.0 48.8 175 | 180" MA 7007 | MA
23. L.1649A (A) 160.0 (§h] 15 8.0 490 75 (§))] J0 76.0 38.0 140 19°2%" | NA 544" MA
24. 1.100.30 (A) 155.0 (n 22 9.8 4.9 60 (7) 60.5 753 7.7 1o 7 NA 4074 | NA
25. 1.100-20 (A) 155.0 (1) 22 9.5 48 60 (4] 60.5 75 37.5 1o | 71 | MA ITA” | HA
26, 1-100-10 (A) 155.0 ) 22 1.0 1553 40 (7) | 605 74.3 7.0 10 | 7% | NA 3% | MA
27, 1-1049H (A) 142.0 m 15 7.1 3.6 70 (1 28 87.5 33.7 192 | Wo” NA 911 | MA
6. 1.1049G (A) 137.5 M 13 6.9 - 34 70 m 28 65.9 327 128 | 14%0® NA 49117 | MA
29. 1.1049C/0 (A) 133.0 m 15 6.7 979 70 M 28 63.2 316 123 | 1400 MNA 91" | HA
30. L1049 (A) ©120.0 m 15 6.0 3.0 70 m 28 57.0 28.5 110 140" MA 4911 MA
31. L1seC (A) 116.0 m 16 5.8 I, 90 (§)] 24 55.1 27.4 145 | 157" MA 483" | MA
31, L1BBA (A) 112.0 M 16 5.7 2.8 90 m 26 53.7 26.8 140 | 157 NA 483" | MA
33. L.749A (A) 107.0 (1) 15 5.4 2.7 80 (4] 20 50.8 25.4 85 | 1407 MA 93" | NA
34 1749 (A) 102.0 ) 15 5.1 2.6 80 (§}] 28 48.5 242 83 | 14o” MA 393" | MA
35. L.149 (A) 100.0 (n 15 50 2.5 80 (2D} 28 475 238 85 140" HA = 346 1 MA
36, L64ADA (A) 90.0 [Q))} 15 4.9 23 80 ()] 20 46.6 23.3 ik} 14°0" HA I HA

822
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(TM4) | : (TM2>
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Te: NOSE GEAR ASSEMBLY
Tw = MAIN TRUCK (GEAR) ASSEMBLY

NOTE Al x,y distances igkén from nose gear centerline o

~ the geometric centeriine of the main fruck gear
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SINGLE TRICYCLE

TNQ
X

7

|

|

/ I \

l

|

I

T 7 TM=

CIREBO O

SINGLE BICYCLE — TRICYCLE COMBINATION

. [\
// UNIVE
il ; VA
7 VoD
7 [ T
/ [ \ \\
™ // / \\ \ ™
I
<:> / \\ <:>
/
TM / \ TM

O O

DOUBLE — TRICYCLE

Juft 1-2 N7 TENBUNAURBBTIARTY



TWIN

TWIN

TWIN

O

TWIN TANDEM

TRIPLE

gﬂﬁ -3

-

TANDEM

15U TLNAUTURAY

202

TWIN — TWIN

a b C
d
(9) O O O
e
o O O
TWIN=TWIN  TRIPLE TANDEM
a
(6) e
O—
TWIN TRIANGULAR
a
(7)
SINGLE TANDEM
9 UBYAD



Y»=82"1" Col.(q)

by s 63’9'44” Col.(p)

0,0

o
<jl |
00

x,= 1279 Ya”
Col.(0)

-
,/’O,
—
-—
//// ///.‘/
— 5
e —

/// .-—"// ] : 4

5 S xi=12/9Y%
oo .
7D B s Col.(n)
x — —
30.8 : e '
y 3087 SN
} e — — — — —
~
— ST~
'@ \\\\\\\ :
308 S SV
~ -~
e ’\\ \\\.
" -~
\ —
~ -
; T ~ ™ -
\ =
\\

" AIRCRAFT CHARACTERISTICS
Type: L-500 Col. (a)
Assembly Type: (C) Col. (b)
Max. Gr. Wt.: 881,500 Ib. Col. (c)

NOTE: See Table 1X-1 for
Column references.
See “Motes”; Table IX-1 for

metric unit conversion functions,

Assembly Type:
Tire Spacing:

Max. Gear Wt.:

Max. Wt. per Tire:
" Tire Pressure:

3uﬁ 1-4

-~
B\
-
S~
-y -
\\ \\\\

\\ ™

: B 1

e

<:::>f1<:::>- &

NOSE GEAR ASSEMBLY

(4) Col. (d)
30.3" x 30.8" x
30.8” Col. (e)

53,500 Ib. Col. (f)
13,400 1b. Col. (qg)
130 psi Col. (h)

dyUAudnumzavATasii

MAIN TRUCK ASSEAMBLY.

(2) Col. (i)
53" x 72" Col. (j)

202,000 Ib. Col. (k)
50,500 Ib. Col. (I)
185 psi Col. (m)

€ee
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NIANUIN A,

35n158Nsunsy

- ot o -1 2 3 <
TUSUNINABNUVUURED LASIEHN LYBUBUABNIEMMBSUNSY 77  Source
Program Auniawudn n. #8150 188USA8E Line Editor (Edlin) ﬁqﬁﬂgﬂu

JWsunsu  DOS (Disk Operating System ). 3201315 T0TUNTNUTENIAAT
(Word Processing ) 619 9 ' ‘ '

Source Program ﬁtﬁﬂuﬁuuwﬁgnuﬂalﬁunWBwLﬂ§ﬂ§iaﬂﬁﬁiﬂsunsu
Compiler fa Microsoff (MS) Fertrar/y- 3.3 8y Microsoft
Corpovation of Bellévue/ Washington. nasudsuszdszuIaIUsunsyas
1n3a9 IBM-PC Bila XT-(Wuiﬂﬁiu$tﬁalnﬂ§ 8088) nan&TUsUNSUIATTULNNL
pOS. V 2.1 futy .
a qunsiiiafinsas  XT (8088) w3a AT (80286) §9919%8 Math -
COprocessor (8087/80287) tﬁanﬁﬂﬁnwﬁﬂﬁudml%dﬁuﬁu ﬁwauﬂaiaﬂﬂﬁ
MS-Fortran V.4.0 §981w130789léansa V.3.3 Isunsun  Source T3

unSUNIULAAMNUED LRBN Option ﬂﬁgnﬁunﬁanaeLﬂ%ﬂqua:nﬂdﬂﬂdwnaﬁﬁﬁacﬂﬁ
1. 38n1598TUsunsy D
- - . 3
nTUETSunSN D fiffunauseaniuil
1.1 #@%19 Text File n¥aufefavav File 1§ awafande EDLIN fviffu

a"#9 Line Editor fiagluuku DOS JUuuy Format s m¥un1sadne Text File
‘@wmFuUTsunsy D aguglfi A~1 §nsuz Format #7199 HAWMNIEAWNANIINTH A-1



ITN
12
MODEL
A
wT
Fo.1
==
S i
‘Fa.l
201) E(2) ‘E(3) ’ ‘V(l) V(2) ‘ v(3) J
1X  F9.1 1X F9.1 1X F9.1/ /YX/P4.2 1X F4.2 1x F4.2.
H1 H2
1X F4.1. 1X F4.1
NR KK
IX 12 1x 4
XO(N) YO (N)
1% re2 A% P2 /
: NR
X0 (N) YO (N)
1X  F4.2 1X Rall
X(K) Y (K)
1x  F4.3,bH)EAR
KK
X (K) Y (K)
1X  F4.2 1X F4.2
z .
F4.2 1X 11

T A1 Jiuyy FORMAT nsUpuuazauisyaiusunsy D

235
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A15797 A-1 ADNMNNHYDY Format Auniwn fortran

Suuy , A IMNNY
rIv WU LAY W aumds B ¢ oAde
rFv.d Aoy v avumieswieqanaiisy A1 d

v - 1 = t
1ﬁu'~1“m’mm lﬁlma\ljﬂﬂﬂllﬂu i r A

rX BBV T AIUNLY

Aw #IANESAWU ¥ ATUNLN

AMFUAMANIEIENE ISR .1 HFi )
1) IIN S:QQWuauﬁ1QﬂunﬁsnwﬁﬂﬁuﬁLhﬁnnaaﬂdﬂuLﬁuxﬁuaﬁu1u g
- LA 2 Aumlle '

2) MODEL srupilauastadaviiu

3) WT iminAadsvasnaudandn MAIN GEAR (kN)

4) TP uﬁoﬁuauﬂuﬁﬂnaehéuﬁanﬁn (kN/m2 )

5). E (n) ﬁawﬂﬁnﬁugﬁauaaﬁunwiﬁ n (kN/M2)

6) V (n) POISSON'S RATIO vavfumiefi n

7) HL  awwnfuiionie A.c (Bud 1) wiosdues

8) H2 mwvunfufumis (Fudt 2) winefuwes

9) NR MUPBINBUNANNDWAN |
10) KK  3"uiuaafiiiasieh

11) X0 (n), YO (n) s univpavadufiiauuls (m) ‘
12) X (k), Y (k) sumiefidiasizdnn STRESS wuudsm (m)



13) Z  arwdnia tasieiaaniamieiog iu wes
14) T wunsasBunieiid tasied fauan udavseyiiasannsay
gaseuitvButiaunsosyy tigmadiean X (k), Y (k)

uay Z

#1n8719Yny Text File

45
B-747-F
185.0
140€.8
1500000.0 200000.0 50000.0 0.35 0.35 0.33
2.40 0.70
£ 3

.00

o
o
o
o o

.00
.47
.47
T2
B
<75

o o e o'y ¥
. . . Vg b

> | st

o N

o a o B ¥

1.2 1fipadne Text File upviipyaiafanu Format Jul A-1 Tusunsu DA
§7n ENTER tfin1aSennafia 1an$aguanm LaTsun oy

2>d
% e
dnajazUsInQUBA NGV

NAME OF DATR FILE:

S & = P T A S ' s i e
%d8n Text File uaqnaganaswenua1uﬁa 1 uddne  ENTER 3niuazdsngun
A7MLL BN MR AD

NAME OF DATR FILE: des.dat
NAME OF CUTPUT FILE: :
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i b

aWifuRin  File UDIUAANSATE A1 8RNI IR UERIDDNNIY LASDIRNRURUA PRN

sndune ENTER 1A3n9AaNfia taasias tSuanuiudK

&M%y DATA FILE usr OUTPUT FILE 9%948a DRIVE oINS ena1 i entinga
FILE 418 ifu A: DES.DAT w3n B: OUT.DAT tilufu

2.3ﬁ5n11ﬂﬁﬁu$un7n A uar B

2.1 &319 Text File vaviinyaswyl A-2 A CT LR RINE LR SUNEL R
1)  TEMP Lﬂaqﬁﬁnnszﬁzqﬁagaqmﬁqﬁﬂﬁiuﬁ§057
DESIGN AVERAGE MEAN ANNUAL AIR TEMP.
{¥) ,
2) AVT ffudn taissasgumpiianialszanll v
yavdemaviminfiaanuuy v vwdie s
ATM1ANNAT Lladewans 1 11 augila MS - 11
powualiaE 30 1 AadlazwmiAigumgives
~fu A.cC. induniswaAndanadniuada  widn (°F)
3)  MAT 'LﬂuqﬂﬁnHS;ﬁzqﬁagaauﬁﬁnaoﬁaﬁﬂﬁinﬁﬁeﬁ_.
MATERIAL PROPERTIES
gmfudusaNsaIag A.C, URENITNANBUAING

N MS-11 ‘
4) 200  undifufvaaiasawiidiuaszunsewnd 200
5) VB % ﬂﬁeuaﬁﬁaﬁﬁLﬁﬂuﬁuﬁaunauﬁqnug
6) Vv wa$ 1fudvaenavainid (Percent of Air
Voids)
7 Vs ‘A wniiaguysd (Absolute Viscosity) i
| 70°F |

W8 Poisex10®

213 ST WATIAIN

VS = 29508.2 pen - 2. 1939

vasfi pen = i1 penetration ﬁqdwgﬁ 77°F .
8) EI AR ki nﬂQXuﬁuqﬁegaﬁnﬂ17wqﬁ 2.2 wid

JnnrmeRauT N Taatunesiiagne 9 A8

1un15ﬂﬁu1mﬁﬁﬁa1aﬁn1ugﬁanaeﬁuﬁuw1o E (2)
9) E (3) ﬁaﬂﬁﬁniugﬁawuafﬁuﬁutﬁu (Subgrade) 33

naswiaguiinga 2.4.2



TEMP

A40

AVT

MAT

A35

P200

VB

v

VB

EI

F8.1

E(3)

F8.1

“ F5:2

«1X F5.2 1X -F5.2 1X° Fl.l

V(1)

v(2) -

v(3)

ITN

12

NA

12

AAIRCH

A35

1X

F4.2

1X F4.2

\0

MODEL(J)

NPS(J)

NT(J)

NM(J)

DT(J)

DD(J)

DX(1,J)

DX(2,J)

WT(J)

|TR(I)

A10

11X

15

VPR S

1IX Il

IXVF4%4 1N IIX KpARGN 1K F5f2'

1X FS.2

IX F7.1

1X F5.1

MODEL(J)

NPS(J)

NT(J)

NM(J)

DT(J)

DD(J)

DX(1,J)

DX(2,9)

WT(J)

TP(J)

AlO

1X

I5

guﬁ A-2

1X I1

EUuuu

1X 11

1X F4.1

1X P4.1

XX ES:2

1X F5.2

FORMAT avvliauuazaiuiauaiusuniy A,B

" 1X EB7.1

1X F5.1
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§108193501511310A1 CBR

- NANIINARBUAT CBR 3ndudu Subgrade BRWNINIY 20
CRET
PER. =4d.4,4.4, 5.5.5,8:8, 6,606,866, 9.7,
8.8,°10 uge 11

L - $1 % UBYA1 CBR #ivnnimsa 1iafiuAd CBR 613 9

SAUUANIANIA [ STNANNI IR D
87 CBR 130 tnaiy iy

4 20 100

3 i6 80

6 oIy z5

7 5 30

8 4 20

" 2 10

11 X 5

E (3) = 1,500 CBR = 1500 x 4.7 = 7,050 psi

uanania1 B (3)  Han1d3InA13nAl plate Bearing
Value @35l 2.11 wSB37nn1suunsiinfuyas FAA  #vil

-

Tg%?ﬂﬁuunﬁu farannluada #3180 ugaa
ANIT FAA Yo TuU L AN YpaTuAU LAY
(psi) (KN/m=*2)
T10 5,300 37,900
T3 6,500 44,800
T8 7,700 53,100
7 8,900 §1,400
F6 10,800 74,500
FS 12,600 86,900 |
F4 14,600 100,700
T3 16,500 114,500
F2 1¢,900 537,280 "
b3 22,700 155,500 |
Ta 31,000 213,700
|




10)

11)

12)

13)

14)

15} -

16)
17)
-18)

19).

20)
21)

22)
23)

vV (N)
ITN

NA

-AAIRCH

MODEL (J)
NPS (J)

NT (J)
NM (J)
DT (J)
DD (J)
DX(1,3)

DX(Z,J)

WT (J)‘»
TP (Q)

241

\flufn Poisson's Ratio mavHumied N
tiuauugIen15dud tnsmmnan STRESS
AwueH 70 B2emandigs '
Muuriiauns tasnsiufivfannuuy NKUAN
unitge 10 siie siaussaudnuuzyns 1afaviu
g1A3NNANLIN B
nafinuszszylinyanuinvuzyas ta3asiufitfann
WUAKANA ATRCRAFT CHARACTERTISTICS

fariiavnv asaviiuvans 1ay J fiaanuuy

_ﬁﬁu1ULnﬂ7vaelﬂsaquu J nnwunwodeﬂuvao

LIafinanuuYy
aﬁuduunauﬂqaﬂﬂunﬁuﬁanﬁn
WIULUAIVDINAUADHAN
searsEwinwnvasaavuuiy tiuienan s

o - o - P . P 4
ta5aviiu (@uﬂnaquoguanawonuaﬂlﬁuud)
SeprsendN9daULnT LABIRURNDIY LA VY

. % - Y ) x
(Auinaiviivaudnaie) wing tiuih

seyysyWing f.n. vavngudandnnguusni

A dufienanviasaeiuntog tiune

JEprsEwiae f.n. ppInaundnnaunind
t§ufienan tadaviiuviag iiura
ihwiindadn vaendudandn (16)

‘uyvHusntuinlunguiandn (16)

#20819009 Text File

8BESIGN AVERAGE MEAN ANNUAL AIR TEMP. (F)

0
MATERIAL PROPERTIES
5.00 5.31

8000.0
7000.0

4.00

9.50 0.30-0.30

46

2
ATRCRAFT CHARACTERISTICS
70000 2 48.0
B-727-200 95000 1 1 00.0 34.0

B-747-F

1eD

2 58.0
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2.2 1fipa%1y Text File vpeiipyata§amu Format wgudi A 2 Wik A
- - % . o . (7 '
#3a B ufaudazidandszuoauaiusunsuivudau  Aonidune ENTER  AnAgas

UsnginAlNILIBA NG vil
Cada

NAME OF DATA FILE: des2.dat

-~ ‘ 2 TR
d5in Text File fiauaunine ENTER xUsangianluuuIan ME il

‘NAME OF DATA FILE: des2.dat
NAME OF OUTPUT FILE:

UifuAta File fayafiarusevua H1fudasuanannnn iasaiuiWifud PRV

uane ENTER

'NAME OF DATA FILE: des2.dat
NAME OF OUTPUT FILE: prn

Jieffadiszy Drive vpe Data File uax Output File #7

2.3  wivanAuffia OUTPUT FILE ufine ENTER  ud1isnmaxlsangiinninu

X & e
Qitfauaiunufukund e i

INPUT GARNULAR BASE THICKNESS(ins.)=7.

E X - : v : .
WriausByanimmunfufiunie iy antuiediauaamunfu a.c. wisdaaiwdaiy
filsanguusnfa ' '

INPUT GARNULAR BASE THICKNBSS(ins.)=?l0.0
INPUT A.C. SURFACE'THICKNESS(inS.)=?_V

datauar gy A.C (hi)  uddiASpef’zANuIAMiAn Na URT Np. 3u
1893 fignalauAl hy Am) wEIIINNIBAMUSINDLBATNUNAYATY h: , Na URE Np

n3aufiudniousn hy Ani



243

Fnetfaudn h: Twnufenua 5 a¥e A3 1Ennand twunsauiiasnn W tduA WA S
hi-Na fi hi-Np &@ fiutdnfiazniAi hs fmneaudelia e = Np U6

n15tauA h1"uﬂnn%aﬁauquLﬁuWUﬂznﬁﬂﬁLﬁaﬂdwuﬁawawﬂhaziu$unsu
WAL \ine3nda tasuan tiuta$aessud (overflow) wiatfiuAiLog vpefud
uiudiu nAddaslssianatysunsuinl

-~ . : o P [
LANIAIAIINNUN. ha finumunfuRunieda 9 U4 AIDAIMAITUIING

INPUT GARNULAR BASE THICKNESS (ins.)=210.0
.INPUT A.C. SURFACE THICKNESS(ins.)=?12.0

NO. Hl Na - - Np :

1 .12.00 32750 70447
INPUT A.C. SURFACE THICKNESS(ins.)=?713.0
NO. Hi = Na ~ Np

1. = 1200 -~ 32750 70447
2 13.00 49697 - 71106
INPUT A.C. SURFACE THICKNESS(ins.)=714.0
- NO. H1 - " Na Np

1 12.00 32750 C 70447 .

2 18400 49697 . 71106

3 14.00 " 74454 . 71444

INPUT A.C. SURFACE THICKNESS(ins.)=215.0
NO. H1 ' Na Np '

1. 12.00 . 32780/ 70447

2+ 13.00 496657 71106
.3 14.00 74454 71444

4. 15.00 109921 71461

INPUT A.C. SURFACE THICKNESS(ins.)=?16.0

THE FINAL THICKNESS IS 13.88 in.. :

PRESS 1 => SELECT NEW GRANULAR BASE THICKNESS
| 2 => -QUIT . ' o,

. SELECT ============)

- 4 & : X 5
1ﬁlaan'1-1upﬁaqn17n1ﬂ31unu1 hi nﬁa1unuwnao§uwunWQﬂwu
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NO. H1 Na Np

‘1 12.00 32750 © 70447
INPUT A.C. SURFACE THICKNESS (ins.)=213.0
NO. Hl Na Np
i 12.00 32750 70447
2 13.00 49697 71106
INPUT A.C. SURFACE THICKNESS (ins. )'914 0
NO. H1 Na Np
1+ 12 .00 327506 70447
2 13.00 49697 71106
3 14.00 74454 71444
INPUT A.C. SURFACE THICKNESS(ins.)=215.0
“NG. | HL Na Np
1 12.00 32750 70447
2 13.00 . 49697 71106
3 14.00 74454 71444
4 15.00° 109921 71461

INPUT A.C. SURFACE THICKNESS (ins.)=216.0

THE FINAL THICKNESS IS 13.88 in.

PRESS I => SELECT NEW GRANULAR BASE THICKNESS
’ ja =3 QUIT ] =
SELECT mmmmmmm=====) | -

INPUT GARNULAR BASE THICKNESS(ins. )=°

a¥idan 2 ifiafnen13fuaanisuszuaua

NO. H1. Na . ND

1 12.00 34048 70256
2 10.00 14611 68093
INPUT A.C. SURFACE THICKNESS(ins. )-913 0
NO. H1 Na ND | =
1 12.00 34048 70256
2 10.00 14611 68093
3 13.00 51532 70958 -
 INPUT A.C. SURFACE THICKNESS (ins.)=?14.0
NO. HL Na Np
1 12.00 34048 70256
2 10.00 14611 68093
3 13.00 51532 70958
4 14.00 77040 71341

INPUT A.C. SURFACE THICKNESS(ins. )‘715 0
~THE FINAL 'THICKNESS IS 13.8T In.
PRESS 1 => SELECT NEW GRANULAR BASE THICKNESS

2 => QUIT
SELECT mmm==z=======) 2
NO. h2(ins.) ~hl(ins.)
1 10.00 13.88
2 - 11.00 13.81

Stop - Program terminated.
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