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Infroduction

The computer program, MOSDEN-0, estimates
the optimum moisture content and maximum
dry density from a fitted-curve representation
of moisture-density data obtained using ASTM
Standard Test Methods D 698 and D 1557 or other
procedures. Values of dry density are calculated
from the input values of moisture content and wet

weight plus tare (mold). The computer program
uses the IBM 370/165 computer and Calcomp 663
drum plotter and is written in Fortran 1V. This
program is very useful in analyzing a large number
of data sets and provides a systematic procedure
for drawing an appropriate curve through a given
set of moisture-density data points.

Input/Output Instructions and Examples

A typical data sheet for recording moisture-
density data is illustrated in Figure 1. Input in-
structions and coding shcets, Figure 2, necessary
for organizing input data for the computer pro-
gram are given in APPENDIX A. Also, the relation-
ship between the number of data sets to be ana-
lyzed in a given computer run and the amount of

central processing unit (CPU) time required is given
by Figure 3 in the same appendix. Use of the com-
puter program to analyze a typical set of labora-
tory data is illustrated in APPENDIX B. First, an
actual set of laboratory data is given in Figure 4.
Next, the use of the coding sheets is demonstrated
in Figure 5, using the laboratory data given in

HIGHWAY MATERIALS RESEARCH LABORATORY
KENTUGKY DEPARTMENT OF HIGHWAYS

LEXINGTON, KENTUCKY

identification

PROGTOR COMPAGTION

Tare Weight (lbs.)

Operotor Date
Moislure Determination
Wet Weight Wet Wat - - - Dry
plus Tore Weight Density Dish W.ar D.ry Wc!.ler Dn.sh 59” Moisture Density
(Ibs.) (Ibs.} tibs.7cu. £1) | number Weight Weight Weight Waight Weight Content { Ibs.Zcu. 1)
[gms.) {gms.) {gms.) (gms.} {gms.} {%)

Columans 11-20 on Data Card Number 4

Form &5 —2
6 —1—57

Figure 1.

Laboratory Data Sheet for Recording Data from Moisture-Density Test,

Columns 1-10 on Data Caré Number 4




Figure 4. Figures 6, 7, and 8 of APPENDIX B show
the different types of output, both printed and
plotted, produced by the computer program. Addi-

tional examples of plotted output are given in
APPENDIX C.

Source

APPENDIX D gives a brief description of the
computer system and the storage resources re-
quired by the computer program. In addition, a

flow chart of MOSDEN-0 is provided in APPEN-
DIX E. Finally, a complete source listing of the
computer program is given in APPENDIX F.

Analytical curve-fitting procedures are used in
the computer program to represent the moisture-
content-versus-dry-density data. A least-squares
polynomial of a preselected degree is fitted to the
moisture-content-dry-density-data using the
method proposed by Forsythe (1) and pro-
grammed by Thrailkill, et al. (2). The polynomial
has the form

p(x) = ¢; + X + c3x?
+. .. k1), (1)

in which p(x) is the polynomial with terms having
constant coefficients ¢, for the abscissa terms x
with integer powers (k - 1) and k is the number of
constant coefficients. Derivatives are obtained on
the polynomial p(x) as follows:

d(pGOYdx = 2 (k- Dege-1yx®&2). (2)

The peak of the fitted polynomial is taken as the
location of the optimum moisture content and
maximum dry density. The computer program de-
termines the peak of the fitted polynomial by find-
ing the point where the slope given by Equation 2
becomes zero in the vicinity of the largest value of
dry density.

Although the procedure for selecting the de-
gree of polynomial to fit data does not follow
rigorous guidelines, this does not pose any great
problems. The computer program allows the use of
polynomials as large as six degrees, provided there

thod of Solution

are seven or more data points. Past experience (3)
indicates that a satisfactory fit can usually be ob-
tained using a degree of polynomial equal to the
number of data points minus two. Slightly differ-
ent results will be obtained if a degree of polyno-
mial equal to the number of data points minus one
is used. The choice of the degree of polynomial
usually affects the calculated value of maximum
dry density more than the optimum moisture con-
tent. However, the difference will usually be quite
small. Generally, the calculated value of the maxi-
mum dry density tends to be greater when a degree
of polynomial equal to the number of data points
minus one is used.

In APPENDIX C, Examples 1, 3, 4, and 5
compare cases where a degree of polynomial equal
to n- 1 yields larger estimates of the maximum dry
density than a degree of polynomial equal ton -2
(nis the number of data points). Therefore, if
lower estimates of the maximum dry density are
desired, a degree of polynomial equal to the num-
ber of data points minus two is recommended.

Inasmuch as the true values for the optimum
moisture content and maximum dry density are
rarely if ever known, the choice between using a
degree of polynomial equal to n-2 or n-1 basi-
cally remains a matter of individual judgment
APPENDIX C shows examples of plotted output
which compare different polynomial fits on the
same sets of data. APPENDIX C also shows per-
formance of the computer program on sets of data
obtained from soils having different values for the
liquid limit.

Program

A maximum of 18 data points may be speci-
fied for one set of moisture-density data. Each set

2

Capabilities

of moisture-density data must have at least three
data values before the computer program can be



used. The computer program ignores any data
point lying on the “dry side” of the moisture-
density curve which has a decreased value of den-
sity from the previous point; otherwise this would
cause a decrease in dry density before the data
point having the largest value of dry density is
reached. Similarly, the computer program ignores
any data point lying on the “wet side”’ of the mois-
ture-density curve having an increased value of den-
sity relative to the preceding point. These proce-
dures are effective in removing spurious data, and
Example 1 in APPENDIX C illustrates a case where
this procedure was used.

If any of the plotting software for the Cal-
comp plotter or line-print plotter is unavailable or
incompatible with the version found in the com-
puter program, the program may be adapted for
use by either removing the necessary statements ot
by making the appropriate changes in individual
source statements to obtain compatibility. Also,
the computer program may be run on Librarian (4)
using the job control cards given in APPENDIX A.
Finally, the program can analyze any number of
data sets for each submission and is restricted only
by the central processing unit (CPU) time specified
by the job control cards and (or) the computer
system.
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Appendix A.

INPUT INSTRUCTIONS FOR MOSDEN-0






MOSDEN-Q

INPUT INSTRUCTIONS

FOR

ANALYSIS OF MOISTURE-DENSITY DATA

COLUMNS NAME FORMAT

1. TEST DESIGNATION CARD
1-80 BCD 20A4

REMARKS

Alphanumeric information entered on this card serves
as the plot title and description of the test.

2.  SOIL DESCRIPTION AND DATE OF TEST CARD

1-20 COLOR 544
21-30 WL 2A4,A2
3140 WP 2A4.A2
41-52 DATE 3A4

The color and type of soil used in the moisture-
density test are entered. '

Liquid limit of the scil is entered, as a percent, as
alphanumeric information,

Plastic limit of the soil is entered, as a percent, as
alphanumeric information,

The month, day, and year on which the moisture-
density test was performed are entered as alpha-
numeric information.

3. ANALYSIS AND TEST INFORMATION CARD

1-2 NDEG 12

The degree of polynomial to be used in fitting the
moisture-density data is entered as a right-justified
integer in these two columns. The maximum degree
of polynomial which can be used in the computer
program is six. For seven or fewer data points, the
maximum degree of polynomial which can be used
is equal to the number of data points minus one, In
addition, experience indicates that an acceptable fit
can usually be obtained with a degree of polynomial
equal to the number of data points minus two. How-
ever, a polynomial having a degree of two generally
does not provide an acceptable fit. If Columns 1-2
are left blank, NDEG will be set equal to the number
of data points minus two or six, whichever is smaller.
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MOSDEN-@
Moisture-Density Test
Data Analysis
Computer Program Coding Sheet

TEST DESIGNATION TO BE USED AS PLOT TITLE (BCD)

I_!Lzh{ﬂs!sh Te [ GG nz]is[ia [is o6 [i7 18 [@ Jz0]21 [22[2 8 [24] 2526 [z [2efza[3c1 [32]33 [ae 55 [aes7[38[2a[20f=1 [az [aa[a+las[as az[asteo[50 In2]sslsa]ss [se]sr [sa]aalec]e [s2leainafen[aeiaricalaolmlr | [rofralralzs (ralre[raizy

LIQUID LIMIT  PLASTIC LIMIT

COLOR (WE) (WP) DATE
[Tz]3 1315 (617 [5] 2 i0[n [rzfa [ 15 e {7 [1a |15 Bolz1 (22l 314 125126 2 712029 [30p: |52 |93 [3a]35 1365758 |39 |40} [22 [43]4aJe a6 [47]aB]as (506 [5 ]
/—- HDEG /— NLAYER /NBLOWS WTHAM DIA HEIGHT WEIGHT

nhiz

3314 15 16 Ji7 |48 Dis Jo0]2 | [22[2 3

[24] 252 200 [az3a 54 35T39]37|y§3-3|40r|142 Tazlaalss[ae]arlae]salacds [52]55i54]ns nels7 [salnalec]s: [z]ea[slss [es1nv[an ss%
: . i VN WV T WO S L KT ST T 1 PI R B 1 T T T ] Y TR TR N R TR S N 1

NDEG —Degree of polynomial used in curve fitting. DIA — Inner diameter of cylindrical compaction mold in
NLAYER  —Number of layers or lifts compacted {if left blank, feet {if left blank, default value is 0.333 feet}.
default value is 3h - HEIGHT —Interiar height of compaction mold in feet (if left
NBLOWS —Number of blows per compacted lift {if left blank, blank, default value is 0.383 feet).
default value is 25). WEIGHT —Weight of compaction meold (if left blank, default
WTHAM —Weight of hammer in pounds {if left blank, default value is 9.36 pounds).

value is 6.5 pounds).

WATER WET WEIGHT
CONTENT PLUS
%) TARE
wei DRYD( )
| JeJ2 o ]2 Te [ Je [ ic§uiafasa]ss] 6] i 2]eabio] ’*‘H
D P P Ll NOTE: Wet weight plus tare must have the same units as weight
R E—— i of compaction mold, WEIGHT, found in Card No. 3.
AP S A separate Card No. 4 is needed for each compacted
T It B moisture-density specimen,
. 1 DN B Fuy 1 i
n Ll " PE RIS R S S v A §
PP BN K1 Repeat Cards 1 through 4 for each set of Moisture-Density data.
2 Ak L 1 1

Figure 2. Computer Program Coding Sheet,



1112

21-22

31-40

41-50

51-60

61-70

4,
1-10

11-20

21-22

NLAYER

NBLOWS

WTHAM

DIA

HEIGHT

WEIGHT

we()

DRYD()

I2

12

F10.0

Fi10.0

F10.0

F10.0

F10.0

F10.0

I2

The number of layers or lifts of soil placed in the
compaction mold is entered as a right-justified inte-
ger, If these columns are left blank, a default value of
3 is used.

The number of blows applied to each layer of mater-
ial is entered as a right-justified integer. If these col-
umns are left blank, a default value of 25 is used.

The weight in pounds of the hammer used in com-
pacting each layer of material may be entered if the
number is expressed with a decimal. If these columns
are left blank, a default value of 5.5 pounds is used.

The inner diameter in feet of the cylindrical compac-
tion mold can be entered if the number is expressed
with a decimal. If these columns are left blank, a
default value of 0.33333 feet is used.

The interior height, in feet, of the ¢ylindrical compac-
tion mold can be entered if the number is expressed
with a decimal. If these columns are left blank, a
default value of 0.383 foot is used.

The weight, in pounds or grams, of the cylindrical
compaction mold can be entered if the number is
expressed with a decimal. If these columns are left
blank, a default value of 9.36 pounds is used.

MOISTURE CONTENT AND WET WEIGHT PLUS TARE DATA CARDS

The water content is entered in the first ten columns,
as a percent, and expressed with a decimal.

The wet material weight plus the weight of mold
(tare) is entered and expressed with a decimal. This
parameter can be expressed in either pounds or grams,
but must have the same units as the weight of the
compaction mold, WEIGHT, given in Columns 61-70
of Data Card No. 3. If Columns 61-70 of Card No.
3 have been left blank, then the values of DRYD( )
must have units of pounds.

When this parameter has a non-zero integer value,
the computer program stops reading data for the
current moisture-density curve.

(An additional Card No. 4 is needed for each compacted moisture-density specimen up to a maximum of

18).

Note:

Repeat Cards Nos. 1 through 4 for each additional moisture-density curve.




CENTRAL PROCESSING UNIT (CPU} TIME, SECONDS

11 | R L b L | ] £

0 2 4 6 8 10 te 4 16 {8
NUMBER OF DATA SETS

Figure 3. Approximate Central Processing Unit (CPU) Time versus Number of Indi-
vidual Data Sets for Source Version of Computer Program, MOSDEN-0.
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JOB CONTROL CARDS

The following set of job control cards applies when the IBM 370 in McVey Hall at the University of
Kentucky is used. These cards describe the JCL necessary for a source deck run on the hands-on reader
with a P (Pickup) card in front of the deck. The standard JOB card immediately below includes the waste
paper option.

//N13EGM JOB(1009-51001,1,,,,,W),MCNULTY MSGLEVEI ~REGION=268K
/*PASSWORD '

/*MESSAGE - >PLOT JOB

/*MESSAGE - >PLEASE CHARGE PLOT TO 1009-51001
/*SETUP TAPE=(SCRTCH,RINGIN)

/*JOBPARM K=0

/{8 EXEC LIBRARIAN,SYSTEM=, UKU.@EXTO03,.SUBSYS=LIBR2
-OPT INDEX

-SEL MOSDENO,XKTX,EXEC,LIST,SEQ=/73,8,10,10/, TEMP
-END

/*

//T EXEC FORTGCLP,PARM.FORT='ID,SOURCE'

/{FORT.SYSIN DD DSN=&& TEMP(MOSDENO,DISP=(OLD,PASS)
//TO.SYSIN DD*

DATA CARDS
j#

The next set of job control cards applies when the IBM 370/168 computer in Frankfort is used via
the remote job entry terminal No. 7 located at the Division of Research in Lexington,

//DTRN13GM JTOB(4317,9019), MCNULTY,TIME=(0,59),CLASS=D
/*JOBPARM P=TT K=0
//{STEP EXEC ADR
/IGO.SYSIN DD *
-SEL R020006S,BHLB,EXEC,LIST,SEQ=/73,8,10,10/ NORESEQ, TEMP
-REP 10

$JOB

C

‘DEL 3500,3520

DEL 6070

DEL 6120,6130

-DEL 6310,6450

-DEL 6500

DEL 6590

DEL 6650,6690

-DEL 6760

-DEL 6900,7040

-DEL 7270,7310

NS 8500

$ENTRY

DATA

DATA CARDS

-END

/=

/{STEPA EXEC WAT567 REGION=320K
//{GO.SYSIN DD DSN=&&LIBR,DISP=(0OLD,PASS)

/=§=






Appendix B.

EXAMPLE PROBLEM
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Highway Materials Research Laboratory
Kentucky Department of Highways
Lexington, Kentucky

M PROCTOR COMPAGTION
Identification i Tare Weight (lbs.)
Operotor I — Date 6-2 3': 8
. Moistura Determination
Wet Weight Wet Wet - - - Dry
plus Tare Weight Density Dish w_a' Dry Wo»isr D'_Sh S_On Moisture Density
(Ibs.) {1bs.} Ubs./cu. F13 | yumber Weight Weight Weight Weight Weight Conteni { Ibs./cu. )
[gms) {gms.} (gms.} {gms.} {gms.) [ %}
13.02 /86 | 87T09| 81.5 559 (3078 |850.72 | /o2
/3.33 L-60 |J00 82| 9182 |9./0 2136 |69 89 /3.02
/3. 55 L-78 |129.03 /1272 | /4 3/ |30.8 g3.92 /705
12. 45 i-36 | 7794 | 6B 49 | 945 1 23.49 |4500 |2/0/
4
Columns 1-10 on Data Card Number 4

Columns 11-20 on Data Card Number 4

Form S5 — 2
& —1—57

Example Set of Laboratory Data Recorded for Moisture-Density

Figure 4.
Test 111-13-2.



MOSDEN-Q

Moisture-Density Test
Data Analysis
Computer Program Coding Sheet

TEST DESIGNATION TO BE USED AS PLOT TITLE

(BCD)

[N 153 3 5 N 5 3 (A 5 XN e ) P P ) e R 7 Y e P T S s
fif-13-2lsrb., V. b L]

Jazfas3]aalaslaa]avfa8]aa[E0]5s fo2]s3]54]55 [selnr [snissf60]61 [sz[ea]s4[sn [ee [r rlsn]nelrolri Irziniuirs Lrslnlrs[rslﬁ
A N P L.

LIQUID LIMIT  PLASTIC LIMIT
COLOR. (wL) (WP)

DATE

| 1 EA 63 £ E3 £ ESER 151 I {23 (5 (5 023 I3 (A 0 (B
- = -

021 Jazle ajzales]e6 ]z 1eeza 30)31 |32 |33 (3235 [a6 37 [a g [a0]ar [az_aa[a4]anas]s 7[+B[aa]E00s: 52

/— NLAYER

/ NBLOWS WTHAM

DIA HEIGHT WEIGHT

NDEG —Degree of polynomial used in curve fitting.

NLAYER —Number of layers or lifts compacted {if left blank,
default vatue is 3).

NBLOWS  —Number of blows per compacted {ift {if left blank,
default value is 25},

WTHAM —Weight of hammer in pounds {if feft blank, default
value is 5.5 pounds),

WATER WET WEIGHT
CONTENT PLUS
(% TARE
wCl } DRYD{ )
IEON00BODEDRELEEHDCEDE
b b0 13.09 .
Lo A3ol L 4333
A o IR - X
- eX) R - - = I
L e . M Y
. L 1
e ‘i ' s .
L I ] V| '
1 L) 1
| IR R R R T R R R [} 1 L
S T T R W ST VOO TUU W N T R Y i
I [ S 1
. N N
1 tol | I T AR T S T 1 1 1 1
||||| L1 4 d " 1 1
§ -1 i) e L 1
1 1 L 1 Ll a i 1
1 1 1 s A 1 A 1

DIA —Inner diameter of cylindrical compaction mold in
feet {if left blank, default value is 0,333 feet}.

HEIGHT —Interior height of Compaction mold in feet {if left
blank, default value is 0,383 feet).

WEIGHT —Weight of compaction mold {if left blank, default

vatue is 9.36 pounds).

NOTE: Wet weight plus tare must have the same units as weight
of compaction mold, WEIGHT, found in Card No. 3.

A separate Card No. 4 is needed for each compacted
maisture-density specimen.

Repeat Cards 1 through 4 for each set of moisture-density data.

Figure 5. Example Use of MOSDEN-Q Coding Sheet for Data from Moisture-Density

Test 111-13-2,
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111—-13—2 STD.
DESCRIPTION OF SOIL:
NUMBER OF LAYERS: 38

SAMPLE NUMBER 1

WATER CONTENT, WT'% 11.0
WT OF SOIL IN MOLD 3.66
WET UNIT WEIGHTS, PCF 109.51
DRY DENSITY, PCF 98.64

OPTIMUM MOISTURE CONTENT = 15.6%

NO. OF BLOWS/LAYER 25

LIQUID LEMIT = 34.00

2 3 4
13.0 17.0 21.0
3.97 4.19 4.08

118,78 125.36 122.37
105.10 107.10 101.12

MAXIMUM DRY DENSITY =107.7 PCF

WEIGHT OF HAMMER = 5.50 LBS

PLASTIC LIMIT = 21.860 DATE OF TESTING = 06—23—78

MOLD: WT =9.4 GR,LBS VOL=10.0334 CUFT

DEGREE POLYNOMIAL =3

Figure 6, Computer Printout of Results.
D 113, o e e e e +
R | |
Y { |
| 1
D | |
E { i
¥ 112, i i
s Il |
I i |
T i i
1 i ]
’ 1 |
110. I |
14 1 [
c ] |
F i i
1 |
i * |
109, i I
4 I
i I
I i
& * * * * * ok ok kok ok & " i
1 *EEEF % dok & Ak ]
107. i LL¥ R ] FEEE 1
| * ¥ L2 !
i *¥ L 23 ]
j ¥ * x¥ |
| * *% |
1 L 1] i
106. i ® * % i
i * % \
i w* * M i
1 » * |
i * *x 1
| * * i
10 4. j * * % |
1 * ¥ * i
] * * i
I * |
i * *& 1
103. 1 * ® * |
b * * i
’ * ¥ ]
i * ]
1 * * i
l * * x |
j102. i *
{ * *|
l %* ®
i * {
] * |
i 1
100. | I
i * |
| * * |
1 ]
1 #* [
| !
98.6 B o e - +
1.0 12.0 13,0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0
MOISTURE CONTENT, #R
Figure 7. Example of Plot Output Produced by Line Printer.
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06-23-78
111-13-2 570,

OPTIHUH MOISTURE CONTENT (¥ = 15,

OPTIMUM DAY DENSITY = 107.7 PCF

i
o

Wi = 34.0 WP = 21.0 OEG

G

112.00

110.00

108.90

106,00

PCF

100.00

i

96.00

—_———_— 4 — - | - 4 — 4 | e e

496.00
=
o

Figure 8.

10. 00 12.00 1y, 00 16.00 18.00 20,00 22.00
MOISTURE CONTENT, Wx

Example of Plot Qutput Produced by Calcomp Drum Plotter.

24,00



Appendix C.
ADDITIONAL EXAMPLES OF ANALYZED

MOISTURE-DENSITY DATA
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221-18-1  ST0,

12-159-78

QPTIKUM HBISTURE CONTENT () = 15.9

z WL - 29,0 WP = 19.0 DEG = 3 OPTIHUK DRY DENSITY = 104.2 PCF
g EXAMPLE 1
- ] 221-18-1
o f
2 | N LIQUID LIMIT = 29
L8
@ / ! L Degree Optimum Maximum
Ez A % \ of _ Moisture Dry
o= / ‘ Polynomial Content Density
&, 5 (%) (peh)
o ! 3 15.9 104.2
= / ! 4 15.9 105.1
o |
e 1
s i
|
i
& J |
? ;
|
g,5.00 10.00 12,00 14.00 16.00 iB.00 20.00 22.00 24,00
HOISTURE CONTENT, WX
12-15-76

Figure 9. Example 1, Test 221-18-1, Liquid Limit = 29,

Degree of Polynomial = 3.

221-18-1 570,
OPTIHUM HOISTURE CONTENT (%) = 15.9

HL = 29.0 KP = 18.0 DEG = U OPTIHUK ORY DENSITY = 108.1 PCF

106,00

106.00

194.08
S

102.00
Pl

PCF
\\\\
P

100.00

DAY OENSITT.

.00
]

98.00
.

ay. 00
N

2.00

. 00 10,00 12,00 ?0.00 22.00 2

14,00 16.00 18,00
MOISTURE CONTENT, WX

Figure 10. Example 1, Test 221-18-1, Liquid Limit =
29, Degree of Polynamial = 4.

Y

D]
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6-16-76

2y-2-2 STO0,
GREY BPTTHUN MOISTURE CONTENT () = 18.4
(=]
,3 HL = 34,0 HF = 16.0 DEG = 3 OFTIMUM ORY DENSITY = i06.3 PCF
(=
o
I e B e e e
=4
f=1
8
S / EXAMPLE 2
24-2-2
g / LIQUID LIMIT = 34
o . .
L:’% Degree Optimum Maximum
* of Moisture Dry
Fo / Polynomial Content Density
=g .
2 / ° (%) {pct)
[N )
g / 3 18.4 106.3
-2
=8 18.3 106.1
o
|
[=}
g
il
Sle
h=1
2
@
“15.00 16,80 17.60 18.40 18.20 20,00 20,80 21.60 22.u0
MOISTURE CONTENT, W%
. N . P 6-16-178
Figure 11, Example 2, Test 24-2-2, Liquid Limit = 34, su-3-2  ST0.
Degree of Polynomial = 3.
GRET OFTIKUN HBISTURE CONTEWT (& = 1B.3
:') HL = 34.0 MP = 16.0 DEG = 4 ORTIHUM GRY DEHSITY = 1068.1 PCF
g
Rl il e Sl KPP cau s Y
1
a I
E |
1
/L
g |
— T
/ l
.
& ff I
o I
57 ' k!
- 3
o ‘
2
e / L
O
o |
2 1 , N
Do 1
i
=y / |
o 1
|
“ |
o |
— / i
|
o
= / 1
g !
- / i
4l
o
o
Ti5. 00 18.80 i7.60 0.00 2Q.80 21.60 22.40

18,40 19,20 2
MOISTURE CONTENT, WA
Figure 12. Example 2, Test 24-2-2, Liquid Limit = 34,

Degree of Polynomial = 4.
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T-01-78

2y-2-3  Si0.
GREY GPTIHUM MBISTURE CBNTENT %) = 16.E
; HL = 34,0 KF = 18.0 DEG = 3 BFTIMUM CRT OENSITY = 108.2 PCF
- EXAMPLE 3
S B B S S B E B P Sy 24-2-3 STD
LB ] | N LIQUID LIMIT = 34
Pt ] . .
o © 1 Degree Optimum Maximum
»8 : Y of Moisture Dry
e S i Polynomial Content Density
=
2 | (%) (peh)
%E | 3 16.6 109.2
! 4 17.6 110.1
2 / !
2 1
' |
3 [
g I
- i
L
S%I.BO 12.30 13,30 14,30 15,30 16. 30 17,30 18.30 $8.30
MOIS!URE CONTENT, Wi
Figure 13. Example 3, Test 24-2-3, Liquid Limit = 34, 1-01-76
Degree of Polynomial = 3. 2y-z-3 sT0.
GREY BPTIHUM MOISTURE CONTENT (2} = 17.B

114.00

HL = 34.0 WP = 18.0 DEG = 4

APTIWUH DRY DENS1TY = 110.% PCF

112.00

110.900

104,00

102.490

100.00

98,00

12.30 153.30 6.30

14,30 15.30 1
MOISTURE CANTENT, WX

Figure 14. Example 3, Test 24-2-3, Liquid Limit = 34,

Degree of Polynomial = 4.
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6-21-76

ed-1-1 57D,
GREY OPTIHUN WOISTURE CONTENT (%) = 23,7
o
o
g: HL = 4y.o WP =~ 18,0 DEG = 3 OPTIKUM DRY DENSITY = 88.7 PCF
(=]
(=]
g
Q
o
o
S
““““““ T T T T T T by
i EXAMPLE 4
o
2 A TN 24-1-1 STD
T
£ ‘ | LIQUID LIMIT = 44
s ] Degree Optimum Maximum
—g | of Moisture Dry
o : Polynomial Content Density
= I
8 /A ; (%) (pcf)
o=
=2 9/ ! 3 23.7 99.7
g | 4 24.2 101.6
A '
$ l
o T
s I
@ 1
|
(=1
=
o,
4, 0o 15.00 18.00 20.00 22,00 24.00 25,00 28.00 30.00
MOISTURE CONTENT, WX
Figure 15. Example 4, Test 24-1-1, Liquid Limit = 44, §-21-76
Degree of Polynomial = 3. 2i-1-1 STD.
GREY OPTIMUK HOISTURE CONTENT (X) = 2U.2
(=]
(=]
g: HL = §U4.0 HP = 1B.0 0EG = Y4 OFTIKMUM DRY DENSITY - 101.6 PCF
S
o
=t
' TN
g |
g I \
il |
/1IN
: T
55 '
@ f
- 1
o8 |
—w |
wna 1
=
w f
[ma]
. / I
L] A
oo T
< |
g |
o |
J i
|
2 I
- !
o ]
i
=3
2
Blios  Tea  1p.00 26,00  28.00  ao,

20,00 22,00 24.00
KOISTURE CONTENT, WX

Figure 16, Example 4, Test 24-1-1, Liquid Limit = 44,
Degree of Polynomial = 4,
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11-17-76
111-12-8 ST0.

BPTIMUM MOJSTUAE CONTENT (X} = 27.8

i WL = 59.0 WP = 21.0 REG = U OPTINUM ORY OENSITY « 9i.2 PCF
3" L]
e S e cs S ok ke R EXAMPLE 5
8 o 111-12-6
e
(58 \ LIQUID LIMIT = 59
T Degree Optimum Maximum
53 of Moisture Dry
z / \ Polynomial Content Density
-8 \ (%) (pcf)
Cw.
] B 4 27.9 91.2
5 27.1 92.1
lul
gﬂ.ﬂﬂ 12.00 16.00 20.00 24.00 28,00 32.00 36.00 4yo.oo
MOTSTURE CONTENT. HX
Figure 17. Example 5, Test 111-12-6, Liquid Limit = 11-17-6
59, Degree of Polynomial = 4. I11-12-8  3TD.
OPTIHUK HOISTURE CONTENT (4} = 27.1
'Er; WL = 59.0 WP = 21.0 OEG = % OPTIMUN DAY DENSITY = 32.1 PCF

g |

um
a“
£ / \
=
0]
e
=
2 \

® L

’ \ s

82.00

0,00
o
(=]

12,00 16.00 20.00 24,00 2
MBISTURE CONTENT, WZ

Figure 18. Example 5, Test 111-12-6, Liquid Limit =
59, Degrce of Polynomial = 5.
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Appendix D.

COMPUTER SYSTEM DESCRIPTION
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COMPUTER SYSTEM DESCRIPTION

Computer
Manufacturer
Model number
Work length

Core access speed
Virtual storage

Peripheral Equipment
Line printers

Card readers

Card punch
Magnetic tape drives

Plotters

Storage Requirements of Scurce Program

1BM

System/370 Model 165 11

Single Precision - 4 bytes, 32 bits
Double Precision - 8 bytes, 64 bits
700 nano seconds

16 mega bytes (maximum)

[BM/3211 Chain Printers

EBM/2821-5 /O Control Unit

IBM/3505 Card Reader

IBM/029 Card Key Punch

IBM Tape Unit 2401 processés
tape at 75 inches/second

Uses 800 bytes per inch density
magnetic tape

Processes 60,000 bytes/second

Uses either 9 or 7 track tapes

Calcomp 663 Digital Incremental
Drum plotter

Total storage requirements of computer program is around 110K

MAIN

CURVE

ELSQFY

FCODA

FGEFTY

Plot buffer tequires up to

11156
4012
954
908
1816
80K
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Appendix E.

FLOW CHARTFOR
MOSDEN-0
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Call
CALCOMP
plot buffer

FLOW CHART FOR
MOSDEN-0

next
problem

\

Read ir test designation
for use as plot title

{

Read in soil description
ang date of testing

{

Read in degree of polynomial
and test information

i

H

\

=

~
Ny

Read in value of moisture content {%)
in increasing order along with values
of wet weight plus are

1

Calcutate wet weight
of material in mold

{

\

Qutput present test information

}

Calculate dry density

NO

|

Locate data point having
maximum dry density

Are there
decreases in valuss of
dry density before the maximum
value of dry density
is reached?

fgnore data points
causing localized dips in
moisture-density curve by
setting weighting factor to
Wi )=0.0001

Y

Count number of data points
ignored in this step

NO

Are there
inereases in values of
dry density after the maximum
value of dry density
has been passed?

Ignore date peints
causing localized dips in
moisture-density curve by
setting weighting facter to
W()=0.0001

¥

Count number of data points
ignoted in this step

]

ChecK degree of polynomial
if some data points have been
ignored and adjust degree
of polynomial accordingly

i

CALL FLSQFY to fit
lsast-squares orthogenal polynomial
1o moisture-density data

¥

Find peak of polynomial
representation of moisture-density
data as an estimate of the
optimem moisture confent and
maximum dry density

PRINT all newly
determined resulis

Cali
SUBROUTINE CURVE
to plot all results

Has a control card
been encountered?

33






Appendix F.

MOSDEN-0 COMPUTER PROGRAM
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00000010
00000020
00000030
00000040
00000050
00060060
00000GT0
00000080
00000090
00000100
00000110
00003120
(00001 30
0G00G140
00000150
00000160
000001 70
00000180
00000190
00030200
00000210
00430220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
000060304
00000310
0000520
00000330
00000340
000006350
00000360
00000370
00000380
00000390
000G04G0
000004 10
00000420
00003430
00000440
00000450
00000460
00000470
00000480
00000490

G LEVEL 20.1 . MAIN DATE = 78229 09/00/55
Sk % % ook % At R AR gk A o okokk drak okl ok Rk g okl okl Ak
* *
% *
* *
# MOSDEN — © *
%* %
= L
* 15T VERSION JULY 1378 ¥
* *
* UPDATESy VERSIONS: NONE *
* %
¥ ¥
ookt e e e s e skt e ootk e e sied e s dlleate e e s o Al e e ok Ak e ek
% *
*® %*
* COMPUTERIZED ANALYSIS *
S %*
* OF %*
* %
* MOI STURE-DENSITY DATA *
* [PROCTOR) *
* *
* TQ DETERMINE L
* %
# THE *
* &
* CPTIMUM MOISTURE CONTENT *
* %*
* AND THE *
& *
* MAXIMUM DRY DENSITY *
i %
S *
% a8y *
* *
#* EDMUND GREGDRY MCNULTY ¥
* %
%* %*
2 e e e e ok e ofe e e ok okl e sheade e o oo e e g e ootk e e ol ookl Bk R Rk
* *
*® THIS COMPUTER PROGRAM USES A *
* | FAST-SQUARES ORTHOGUNAL POLYNOMIAL TO *
% FIT THE MOISTURE-DENSITY DATA. THE CURVE %
* FITTINGS SUBROUTINE, FLSQFY, IS BASED ON =
% THE METHDD PROPOSED BY FORSYTHE {19571}, w
* THE OPTIMUM MOISTURE CONTENT AND MAXIMUM *
% DRY DENSITY IS DETERMINED FROM THE FITYED %
# POLYNOMIAL REPRESENTATION OF THE DATA. *
* %

hrﬁr&ﬁcﬁr)ﬁtﬁrantﬂtﬁhtﬁrvﬂ:ﬁrﬁh:ﬁfﬁhtﬁrﬁn<ﬁr&ncﬁrwﬁtﬁrﬁﬂcﬁranc1f1h:ﬂrwntﬁtﬁnc1r1ntﬂruﬁ(ﬁrﬂncﬁrWﬁ

Fedok g Bk ok ik ok ok b okt koo ek g wekk kR ke ok kR ok
¥ *
* #*
* #

#**$$$#*$#*######***##**#*#$*******#*#$#****#******#*****#*$#*#*##$

THIS COMPUTER PROGRAM IS WRIVTEN IN FORTRAN Iv AND PRODUCES
PLOTTED OUTPUT USING THE 18M 370/165 II1 COMPUTER AND CALCOMP 663

00000500
00000510
00000520
000005 30
06000540
00000550
00000560
00000570
Q0000580
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DRUM PLLTTER. JTHE COMPUTER PROGRAM WAS DEVEIDOPED UNDER THE
AUSPICES OF THE

KENTUCKY DEPARTMENT OF TRANSPORTATION
BUREAU OF HIGHWAYS

DIVISION Of RESEARCH
SOILS SECTION
533 S. LIMESTONE SV
LEXINGTON,; KENTUCKY
40508
PH. 606-254—%4T75 EXT 29

et e e o o o ol s ool afeofs e oo e bl sl ok o sl Aol sl o e ke e el e sk ek e ek ok e e o e ke e e ek ek ek ke

VAR IABLE DEFINITIODNS

Fow gk ¥ ok gddok o ook ok ek ool okl ek bk Rk Rk R R Rk Rk R kR FRn gk R e Ry

ALPHAL )
SCRATCH ARRAY FOR SUBROUTINE FLSGFY.

BCDL )} 20A4
PLOT TITLE AND COMPUTER PRINTOUT HEADING.

BETA{ }
SCRATCH ARRAY FOR SUBROUTIKE FLSQFY.

BiIG
OROINATE VALUE OF DATA POINY HAVING GREATEST DRY DENSITY.

BOUND1
STARTING ABSCISSA VALUE USED IN SEARCH F0OR LOCATION OF MAXIMUM
DRY DENSITY GN POLYNOMiAL REPRESENTATION OF MDISTURE-DENSITY
DATA. VALUES OF % MOISTURE CONTENT ARE ABSCISSAS.

BOUNDZ
ENDING ABSCISSA VALUE USED IN SEARCH FOR LOCATION OF MAXIMUM
DRY DENSITY ON POLYNCOMIAL REPRESENTATION OF MOISTURE-DENSITY
DATA-

cl )
COEFFICIENTS USED IN SETTING UP ALL POLYNOMIAL EQUATIONS.

COLGR 5A4
DESCRIPTIDN OF SOIL APPEARANCE.

CATAL )
PRINCIPLE SCRATCH ARRAY FOR PLOTTING LIBRARY BUFFER,

DATE 3A4
DATE ON WHICH MOISTURE-DENSITY COMPACTION FEST WAS RUN.

GELTA
INCREMENT TD BE USED IN GENERATION OF EVENLY SPACED VALUES OF A
GIVEN PARAMETER.

DIA
DIAMETER OF COMPACTIGN MOLD IN FEET.

DMAX
MAXEMUM ORDINATE VALUE USED FOR SCALING MDISTURE-DENSITY DATA FOR
PLOTTING BY LINE PRINTER.

DMIN
MINIMUM ORDINATE VALUE USED FOR SCALING MOISTURE-DENSIYY DATA fDR
PLOTTING BY LINE PRINTER.

DRYDE }
ARRAY IN WHIGLH DRY DENSITIES OF DATA POINTS ARE STORED.

Lo
[os

00000590
00000600
00000610
000600620
00006630
Q0000640
00000650
00000660
00000670
06000680
000006%0
000066700
Q0000710
00000720
Qo0o0730
00000740
000060750
00000760
00000770
00000780
000600730
00000800
Q04008 10
00000820
00000830
00000840
0G0o008 50
00000860
00000870
00000880
00000890
00000900
00000910
000060920
00000930
00000940
00000950
00000960
00000970
000060980
00000990
G0001000
0001010
00001020
00001030
00001040
00001050
00001060
00001670
00001080
00001090
Q0001100
00001110
00001120
00001130
00001140
00001150
00001160
00001170
00001180
00001190
00001200
00001210
00001220
000Q1230
00061240
000301250
00001260
Q00QLZT0
00001280
06001290
00001300
Q0001310
00001320
00001330
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DRYMAX

00001340

MAXIMUM VALUE OF DRY DENSITY AS FOUND DN POLYNOMIAL REPRESENTATICNOQOQOL3S5C

OF MODISTURE~DENSITY DATA.

FACTOR
THE VARIABLE I5 USED IN MAIN PROGRAM TO ALLOW CALLULATION OF
VALUES OF DRY DENSITY IN CORRECT UNITS OF WEIGHT.

FPN
FLGATING POINT NUMBER USED IN PLOTTING NUMERICAL VALUES DN
CALCCMP PLOTTER.

HEIGHT
HEIGHT OF COMPACTION MOLD IN FEETY.

DO LCOP PARAMETER.

IBIG
ARRAY LOCATION FOR THE DATA PDINT HAVING THE LARGEST DRY DENSITY.

IDEG
INTEGER PARAMETER USED TO TEST WHETHER POLYNOMIAL DEGREE
CAN BE REDUCED TO ACCOUNT FOR DATA POINTS WHICH HAD BEEN THROWN
QUY BECAUSE CF LODCALIZED DIPS IN MOISTURE-DENSETY CURVE.

IFIRST
THIS VAREIABLE IS SET EQUAL TG ONE WHEN THE FIRST PCRTION OF
THE POLYNOMIAL FIT THAT HAS A POSIVIVE SLOPE IS FOUND. THEN
TESTS ARE MADE FROM THIS POINT ON TO DETECT WHERE POLYNOMIAL
PEAKSy, THAT IS, WHERE SLOPE BECOMES NEGATIVE AGAIN.,

N
COMPUTER INPUT UTILITY DEVICE NUMBER FOR READ STATEMENTS.

[ouT
COMPUTER QUTRUT UTILITY DEVICE NUMBER FOR WRITE STATEMENTS,.

ISTART
INTERGER DO-1L0O0P PARAMETER USED TGO LOCATE WHERE POLYNOMIAL CURVE
PEAKS. THES VARIABLE IS USED TO GET A& MORE PRECISE ESTIMATE
DF OPTIMUM MOISTURE CONTENT.

15uUmM
INTEGER COUNTER THAT KEEPS TRACK OF HOW MANY DATA POINTS WILL NOT
BE FITTED BECAUSE COF LOCALIZED DIPS IN MOISTURE-DENSITY LURVE.
THIS VARIABLE IS THEN USED TO TRY AND REDUCE THE SPECIFIED DEGREE
OF PCLYNOMIAL IF POSSIBLE.

ITEST
THIS PARAMETER IS USED IN TWO WAYS: ONE, IV SERVES AS A
TEST TO CHELCK THAY THE SPECIED DEGREE DF POLYNOMIAL 1S NOT LARGER
THAN POSSIBLE AFTER SOME DATA POINTS HAVE BEEN REJECTED;
ALSO; THIS PARAMETER IS USED 7O INCLUDE THE PEAK OF THE FITTING
POLYNOMIAL IN THE SCALING OF VERTICAL VALUES.

DO-LCGP PARAMETER.

TRIP ARGUMENT THAT INDICAVES END OF CURRENT DATA SET DURING INPUT
WHEN IT BECOMES EQUAL TG ONE.

MDC
WATFIV PARAMETER FOR SUBROUTINE FLSQFY THAT REPRESENTS THE NUMBER
OF DATA POINYS, PLUS THE DEGREE OF POLYNOMIAL, AND PLUS DNE.

NBLOWS
NUMBER OF BLCWS APPLIED TO EACH LAYER PLACED INYTO COMPACTION MOLD.

NDATA
NUMBER OF DATA POINTS ON MOISTURE-DENSITY CURVE.

NDC
WATF IV PARAMETER FCR SUBROUTINE FLSQFY THAT IS SET EQUAL TO THE
DEGREE GF POLYNDOMKAL PLUS ONE. IN OTHER WORDS, NDC REPRESENTS

00001360
00001370
00001380
00001350
0000L400
00001410
006C1420
00001430
00001440
00001450
00GCGL460
0000L4T70
00001480
00001490
000G1500
000061510
Q00G1520
000015 30
00001540
00001550
00001560
Caoels70
00001580
000015%0
000061600
00001610
00001620
00001630
00001640
00001650
00001660
00C0L6T0
00001680
00001690
0GGOLT00
00001710
00001720
0a001730
c0001740
000QL750
00001760
00GOLTTO
00001780
20001750
00001800
0000t810
00001820
006001830
00001840
000018 50
Go001860
00001870
00001880
000018420
00001900
Q0001910
00001920
GO001930
00001340
000019250
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002080
00002070
00032080
o0002090
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THE NUMBER OF COFFIENTS NEEDED TO DESCRIBE A POLYNOMIAL OF A
GIVEN DEGREE.

NDEG
DEGREE OF POLYNOMIAL USED IN CURVE FITTING.
NLAYER
NUMBER OF LAYERS PLACED INTO COMPACTION MOLD.
OPTMOS
OPTIMUM MOISTURE CONTENT EXPRESSED AS A PERCENT.
PI
PLASTICITY INDEX.
PLOTS( )
PLOT L IBRARY SUBRDUTINE WHICH SETS UP LIBRARY BUFFER FOR
1BM 370/165 11 COMPUTER.
POl ) _
SCRATCH ARRAY FOR SUBRDUTINE FLSQFY.
PRI )
SCRATCH ARRAY FOR SUBROUTINE FLSQFY.
Si)
SCRATCH ARRAY FGR SUBRDUTINE FLSQFY.
sSeMsQl )
SCRATCH ARRAY FOR SUBROUTINE FLSQFY.
VoL
VOLUME OF COMPACTION MDLD IN CUBIC FEET.
Wi
WEIGHT ING ARRAY FOR DATA POINTS FROM MOISTURE DENSITY CURVE.
DATA POINTS CAUSING LDCALIZED DIPS IN CURVE ARE ELIMINATED
FROM FITTING CONSIDERATIONS BY ASSIGNING W( } TG BE 0.0001
INSTEAD OF THE USUAL 1.0C.
WCL )
WATER CONTENT EXPRESSED AS A PERCENT.
WEIGHT
WEIGHT OF COMPACTION MOLD IN GRAMS OR POUNDS.
WL
LIQUID LIMIT EXPRESSED AS A PERCENT.
WMAX
MAXIMUM ABSCISSA VALUE FOR SCALING MOISTURE-DENSITY DATA FOR
PLOTTING BY LINE PRINTER.
WMIN
MINIMUM ABSCISSA VALUE FDR SCALING MOISTURE-DENSITY DATA FOR
PLOTTING BY LINE PRINTER.
WP
PLASTIC LIMIT EXPRESSED AS A PERCENT.
WTHAM
WEIGHT OF COMPACTION HAMMER iIN POUNDS OR GRAMS.
XU )
ARRAY PARAMETER FOR STORAGE OF GENERATED SEARCH ABSCISSAS FOR
USE WITH FITTED POLYNOMIAL.
XBIG
MO1STURE CONTENT [Z) AT DATA POINT HAVING MAXIMUM DRY DENSITY.
X1 = X
X2 = XX
X3 = X®X%X
X4 = XEXEXEX
XS = REXEXEXAX

B
o

00902106
00002110
00002120
00002130
000021 40
00002150
000021 60
00002170
000021 80
00002190
00002200
00002210
00002220
00002230
00002240
00002250
Q00022560
00002270
00002280

‘00002290

00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00062400
Q0002410
cooo2420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
0002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
0000625610
00002620
00002630
00002640
00002650
000026¢&0
000025670
00002680
0000269C
00002700
00002710
00002720
000027 30
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002810
00002820
00002830
00002840
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THESE VARIABLES SET UP POLYNOMIAL TERMS FOR A PARTICULAR ABSCISSA

BE PAIRED WITH THEIR RESPECTIVE

X6 = XEXEXFXHXEX
VALUEs X. THESE TERMS WILL
COEFFICIENTS TO CALCULAYTE ORDINATE VALUES AND SLUPES AT
DIFFERENT PORTIONS OF POLYNOMIAL FIT.

Yt )

ARRAY FOR STUORAGE OF VARIDUS GRDINATE VALUES.

s e g e el o e ke o o o e e Ao Ak e e o kol sk e e e el ol ok R ool e ko e He ok TR R R ek dR Rk o el Rk

THE PROGRAM USES THE FOLLOWING SUBROUTINES AND COMPUTER

SUPPLIED BUFFERS:

1. MAIN PROGRAM

2. SUBROUTINE CURVE ~—
3. SUBROUTINE FLSQFY —
4. SUBROUTINE PLOTS -~

5. PLOT LIBRARY SUBROUTINES:

6.

LINE-PRINTER PLOTTING SUBROUTINES:

PLOTTING OF REDUCED DATA AND

THE POLYNOMIAL REPRLESENTATION

OF THIS DATA. CALCOMP AND
LINE~PRINTER PLGTTING PROCEDURES
ARE FOUND IN THIS SUBROUTINE.

LEAST-SQUARES CURVE FITTING
ALGORITHM THAT USES ORTHDGONAL
POLYNOMIALS. THIS SUBROUTINE
CALLS SUBROUTINES FCODA AND

FGEFYT. ‘

SET UP PLOT LIBRARY BUFFER
fOR IBM 370/165 Il CDMPUTER.

AXIS

DASHLN

GRID

FACTOR

LINE

LOGAXS

NUMBER

PLOT

PLOTS

SCALE

SYMBOL
BOX
GRAPH
PLOTEM
SCALER
SQUARE

e 2 e fefe g oo e s oo ode sbe ke ofeoke e oo e adeofe o e e el e ol e ok o o ook T ook e o el s o sl e okl e o R AR R ok A e

CCGMMCON /BLOKL1/ COLOR(S})HL(3},HP(3),DATE(3)

COMMCN /BLOKZ/ XWDRRKE150) +YWORK (150

COMMON /BLOK3Z/ IBIG

DIMENS ION W{20}yCl20},ALPHA{34) ¢BETAI34),5(34) «SGMSQ(34),PRI34),

1POI34)

DIMENSION WC(20},DRYD[20) DATALL024) (BCD{20)

DIMENSION X{103),Y([103}

CALL PLOTSIDATA,40%6)
CALL PLOT 10.,.05=12.04-3)
CALL PLOT{D.0s1.0,~3}

INPUT AND DUTPUT UTILITY DEVICE NUMBERS FOR COMPUTER.

IN=5
ICUT=6

PI=355./113.

WRITE{IOUT 10003

oo002850
000028 60
00002870
00002880
00002850
00002900
00002910
00002920
000029 30
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
00003080
0D003090
00003100
060003110
00003120
00003130
00003140
00003150
000031460
00003170
000031 80
00003150
00003200
00003210
00003220
00003230
00003240
00003250
00003260
600603270
00003280
00003290
00003300
00003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380
00003390
00003400
00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480
00003490
00003500
00003510
00003520
00003530
00003540
000035556
00003560
00003570
Q0003580
00003590
00003600

a1



1000 FORMAT{®1®)

"
10
C
C
C
1010
L
c
Y
1020
c
C
€
c
C
C
C
C
c
C
C
C
C
C
c
C
Cc
C
c
c
14630
c
C
1040
C
C
L
C
G
C
c
C
C
c
1050
20
C
30
C
C
C

42

%0

CONTINUE
WRITE{IOUT1140}

READ IN TEST DESIGNATION FOR USE AS OUTPUT LABEL AND PLOT TITLE.
REAC{IN,; 10LO,END=160) BLO
FORMAT {20A4)

READ IN DESCRIPTIGN OF SDIL {COLOR:TYPE), ATTERBERG LIMITS,
AND DATE OF TESTINGa

READ(IN, 102G3 COLORs;WL,WP,DATE
FORMAT(SA4 284, A2 204 A2 3A%)

READ IN DEGREE OF POLYNOMIAL USED IN FITTING MOISTURE-DENSITY
DATA. EXPERIENCE HAS SHOWN THAT FOR 8 OR FEHWER DATA POINTS

THE BEST DEGREE IS USUALLY EQUAL TO THE NUMBER OF DATA PGINTS
MINUS TWO. HOWEVER THE MAXIMUM DEGREE WHICH CAN BE USED IS SIX.
IF NDEG=0 OR CARD COLUMNS 1-10 ARE LEFT Bi.ANK, NDEG WIEL BE SET
EQUAL TO THE NUMBER DF DATA PCINTS MINUS TWO DR SIXs WHICH EVER
15 SMALLER.

ALSOe READ IN ON SAME CARD THE NUMBER DF LAYERS {OR LIFYS),
NUMBER OF BLOWS PER LAYER, AND WEIGHT DF THE HAMMER (EITHER IN
POUNDS OR GRAMS}. IF COLUMNS 11-30 ARE LEFT BLANK, THEN DEFAULT
VALUES FOR THESE QUANITIES WILL BE 25 35 AND 5.50 RESPECTIVELY.

ALS0, READ IN MOLD DIMENSIONS (INNER DIAMETER AND HE IGHT} IN FEET
AND WEIGHT OF MOLD IN PCUNDS OR GRAMS. IF COLUMNS 31-70 ARE

LEFT BLANK, GCEFAULT VALUES FDR THESE QUANITIES WILL BE

0.33333, 0.38B3,; AND 9.36 RESPECTIVELY.

READ(IN;LD30)} NDEGyNLAYER; NBLOWS WTHAM:DIAyHEIGHT:WEIGHT
FORMAT {3{12,8XJ)+4F10.0)

IF{NLAYER.LT .0.0001) NLAYER=3
IFINBLOWS.LT .0.0001) NBLOWS=25
IF{WTHAM.LLT. G. 00010 WTHAM=5.50
IFiDIA.LT.0.0001} DIA=0.3333333
IF{HEIGHT.L.T0.0001) HEIGHT=0.383
IF{WEIGHT.LY.0.0001) WEIGHT=%.36

FORMAT {4§+10. 0}

FACTCR=1.0
IF (WEIGHT.LT.20) FACTOR=453.6
VOL = PI®(DIA%%2/4)%HEIGHT

READ IN UP TG TWENTY DATA POINTSsWATER CONYENT {2}, WEIGHT COF
MOLD PLUS SDIL (IN GRAMS OR LBS.). A PLUS GNE IN COLUMNS 21-22
ENDS A GIVEN SET OF MDISTURE-DENSITY DATA. THE COMPUTER PROGRAM
WILL ST0OP LOCKING FOR MORE DATA WHEN A LONTROL CARD {/%) IS
ENCOUNTERED AT END OF DATA.

DO 20 I =l:20

NDYE: DATA MUST BE READ IN ORDER OF INCREASING WATER TONTENT.
READ {IN,1050} WCETI) ¢DRYDEI) L

FORMAT{2F10.0,12}

NDATA = |

IF (L.NE.Q} GO 70 30

CONT INUE

CONT INUE

IFINDEG.EQ.Q -AND.NDATA.EQ-3] NDEG=2
IF{NDEG.EQs0-AND-NDATA.EQ.4) NDEG=3
IF{NDEGaEQo0 ~AND.NDATA-LE.B) NDEG=NDATA-2
IF{NDEG.EQ-0 <AND.NDATA.GF.8) NDEG=6

CALCULATICN OF WET WEIGHT OF MATERIAL IN MOLD.
DD 40 I = 1,NDATA

DRYD(I }=DRYD (1 }—WEIGHT

CONT INUE

00003610
00003620
00003630
000G3640
000036450
Q003660
00003670
00003680
00003690
00003700
00003710
00003720
00003730
00003720
00003750
000037 60
00003770
Q0003780
00003790
00003800
00003810
Q0003820
00003830
00003840
00003850
00003860
0000G3870
00003880
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
Q2003980
00003990
20004000
0G0040 10
G0004020
00004030
00004040
00004050
00004060
Q0004070
00004080
00004090
00004100
00004110
00004120
000041320
00004140
00004150
00004160
00004170
000041 80
Q0004190
00004200
00004210
00004220
00004230
00004240
00004250
Q0004260
00004270
00004280
00004290
00004300
00004310
00004320
000043 30
00004340
00004350
00004360



C

c

YO OO

[aEnEnl o

OO

sl zEakyl

[nEaNel

1660

1070 FORMAT{Y0%,5X,"OESCRIPTION OF SOILz?,5A%4:3X, 'LIQUID LIMIT =% ,2A4%,

OUTPUT PRESENT TEST INFCRMATION

WRITE(IOUT1060) BCO
FORMAY [* 0% 10X 20A4)

WRITELIDOUT;1070) COLOR,;WLsWP,DATE
1A2:3 X5 9PLASTIC LIMIT =, 2A%44A24° DAYE OF TESTING =T%,3A4)
WRITE(IOUT,1080) NLAYERNBLOWSsWTHAMsWEIGHT ,VOL

00004370
00004380

00004390

00004400
00004410
00004420
00004430
00004440
00004450
00004460
300044 70

1080 FORMAT{:Qf,5X;"NUMBER OF LAYERS:',[2,4X,"ND. OF BLOWS/LAYER'®,I3:4X000044%80
1. "WEIGHT OF HAMMER =%,F5.2s" LBS¥ 45X ,"MOLD: WT =',F7.1," GR,LBS*,000044%0

1090

1100

50

111G

1120

50

1130

70

80

90

1' VOL =%;FT7.4¢" CU. FTH)
WRITE(IOUT1120) {J;J=1,NDATA}

WRITEIIOUT 1090} (WC{J},J=1,NDATA)
FORMAT ('O ;2 WATER CONTENTy WX °45Xs LO{F4.1,6X))

WRITE(IOUT 1100} (DRYD{J)gJ=1,NDATA)
FORMATL(?20Qf ;*WT. OF SOIL IN MOLD®1X5;10{F9.251X1))

CALCULATE DRY DENSTY

DO 50 I =1,NCATA
DRYDII}=DRYDU{I)/{PI+{DIA*%¥2/4)*HEIGHT*453.6) *FACTOR
CONTINUE

WRITELIDUT ,L110) {DRYD{J)+J=1+NDATA)
FORMAT (RO, *WET UNIT WEIGHTS; PCF¥ ;1X,10{FT.243X1})

FORMAT(*0% o/ 4X . "SAMPLE NUMBER®,;10{ 8X,121)
LCCATE DATA PGINT WITH MAXIMUM DRY DENSITY.

IBIG=0.0

BIG=C.C

X816=0.0

DO 60 I = 1,hDATA
DRYDUII=DRYD{(I}/f1+WC{1)/100.1}
IF (ORYD{I).GF.BIGY} IBIG=1

IF (ORYDI{I).GT.BIG) XBIG=WCI(I}
IF (DRYDUI).GT.BYIG) BIG=DRYDII)
CONTINUE

WRITE({IOUT 1130} {DRYD[J},J=1,NDATA )
FORMAT{*0%,% DRY DENSITY, PCF *,2X,10{F9.2:1X]))

INITIALIZING ALL PCLYNOMIAL CDEFFICEENTS AND WEIGHTING FACTORS.

DG 70 I=1i,20
ClLil=0.0
Wil}=1.0
CONTINUE

NEGLECT DATA POINTS PRODUCING LOCALIZED DIPS IN THE MOISTURE-
DENSITY CURVE.

I1S5UM=0

CO B0 I = 1,IBIG

iF {l.EQ.1) GO TG 80

IF {DRYD{I}.AT.ORYDII-13) WII)=0.0001
IF (DRYDIIDLLTLDRYDII-1})} ISUM=1+ISUM
CONT INUE

DO 90 1 = IBIG,NDATA

IF {1.EQ.IBXG) GO TO 90
IF(DRYDLI}.GTORYDITI-1)} ISUM=1+1SUM
IFIDRYD{I}«GT.DRYDII=1)) W(I-1) = 0.0001
CONTINUE

MLST REDUCE DEGREE OF PCLYNOMIAL IF THERE ARE DATA POINTS WHICH
HAVE BEEN GIVEN LGW WEIGHTING FACTORS.
IDEG=NDEG

00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
00004580
00004590
00004600
00004610
000046 20
00004630
00004640
00004650
00004660
00004670
00004680
00004690
300046700
00004710
000047 20
00004730
00004740
00004750
00004760
20004770
000047380
000047920
00004800
00004810
00004820
00004830
00004840
000048 50
00004860
20004870
00004880
00004890
00004200
00004910
00004920
00004930
00004940
00004950
00004960
00004970
00004980
000049950
gooas5000
00005010
00005020
00005030
000465040
00005050
000025060
00005070
00005080
00005090
00005100
00005110
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[zEalgl OO oO0

100

]

OO0 oO0On

120

130

140

150
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ITEST=NDATA~15UM-1
IF{NDEG.LE-ITEST) GGTC 95
IDEG=NDEG-ISUM

IF{IDEG.GE.3) NDEG=NDEG-ISUM
CONTINUE

EXPERIENCE HAS SHOWN ANYTHING LESS THAN A POLYNOMIAL DEGREE QF
THREE IS NOT VERY EFFECTIVE IN FITTING THE DATA IN A REASONABLE

FASHIDN.

IF{ICEG.LE.2) NDEG=2

PREPARING DATA TO BE FITTED 8Y LEAST-SQUARES ORDINARY POLYNOMIAL.

NDC=NDEG+1
MDC=NDEG+NDATA+1
D0 100 I = 1,NDATA
Y{I}=DRYDII)
XWORK{IY=WCII)
YWORK{I}=DRYC(I)
CONTINUE

CALL FLSQFY {NDEG¢NDATAWC Y +WsC o ALPHA,BETA;S,5GM5QyPR,+P0,NOC,MDC)

SEARCHING FOR OPTIMUM MGISTURE CONTENT ON FITTED POLYNOMIAL
REPRESENTATION OF MOTSTURE-DENSITY CURVE.

INITIALLY SETTING SEARCH INTERVAL TO FIND LOCATION OF PEAK IN

MOISTURE-DENSITY CURVE AT DATA POINTS BEFCORE AND AFTER ONE
HAVING MAXIMUM DRY-DENSITY.

IF(IBIG.GT1) BOUNDLI=WC{IBIG-1)
IF{IBIG.EQuel) BOUNDL=WC{1)}
IF{IBIG.LY.NDATA) BOUNDZ=WCI(IBIG+1)
IF(IBIG.EQ-NCATA)Y BOUND2=WC{NDATA}
ISTART=0

00 150 J=1+3

X1131=BCOUND1
DELT A= [BOUNDZ2-BCOUNDCL}/1CO.

DO 110 I=2.14G1
X{11=X{I-1) + DELTA
CONTINUE

DO 130 1 =1,4101

X1=X1{I)

X2=X{1 ¥ *X({1}

X3=XTI1:X{L)*X(T}

X4=X{I1=XT 1) #X 1 D1%X(])

X=X (T 1#X{ D) #X{ T =XCIy*X(1)
Xe=X(TYeX{D)#=XTII*X (I *X{T}*X{1}
YIL)=CA2Z)#2%C{3 1 =X1+32C {4 ) &X2+4%CUS)RXI+5FLL6IFX4+6HC (T % X5
IF (J.EQ.l.AND.T.EQal.AND.Y(I}.LE.O) IFIRST=999
IF {J-EQ.1.AND.YII).GT.0) IFIRST=1

IF {J.EQ.l.AND.IFIRST.EQ.Ll) GD TO 120

IF {J-EQal.AND.IFIRST.GT.L} GO TO 130

CONT INUE

IFIYLI).LT.0} ISTART=I]

IFiY{I}.iT.0) GO TO 140

CONTINUE

IF{ISTART.EQ.0) ISTART=50
CONY INUE

BOUNDL1=X({ISTART-1}
BOUNDZ2=X{ISTART+1)
CONT INUE

OPTMOS=(X(ISTART-1)+X(ISTART+131/2.0
X1=0PTMOS
X2=0PTMDS*0OPTMOS

00005120
000051 30
000051 40
00005150
00005160
Q0005170
000051 80
00005190
00005200
00005210
00005220
00005230
00005240
00005250
00005260
00005270
00005280
00005290
00005300
00005310
00005320
00005330
00005340
00005350
00005360
00005370
00005380
00005390
00005400
00005410
00005420
00005430
00005440
00005450
00005460
00005470
00005480
00005490
00005500
Q0005510
00005520
00005530
00005540
000065550
00005560
00005570
00005580
00005590
00005600
00005610
00005620
30005630
00005640
30005650
00005660
00005670
00005680
00005690
00005700
00005710
000057 20
000057 30
00005740
00005750
00005760
00005770
00005780
00005790
000058400
Q0005810
00005820
00005830
00005840
00005850
00005860



C
1140
C

1150

s EsNaNaN el [

(o]

o

150

LEVEL

lalnEakal

[a]

NN el [¢]

O

X3=0PTMOS*DP TMO S*0PTMOS

00005870

X4=0PTHMOS* 0P TMDS* CPTMOS*0PTMOS 00005880
X5=0PTMOSEOP TMES*OPTMOS®*DPTMOS*OPTMOS 000058530
X6=0PTMOS*GP TMDS*OPT MOS*BPTMOS*OPTMO S*OPTMODS 00005900
DRYMAX=C {11+ CL{2EX1+0 (31240 (41 ¥ XI+C{S I EX4+C( 8 EX5+CITIHXE 00005910
000059 20

FORMAT {*0*,130(°*-")) 00005930
00005940

WRITE{ IOUT 41150} OPTMOS,DRYMAX;NDEG 00005950
FORMAT {01, OPTIMUM MOISTURE CONTENT =*,F5.1,°%%¢5X, SMAXIMUM 000053260
1DRY CENSITY =7%,F5.1,% PCF',3X," DEGREE POLYNOMIAL =7,12) 00005970
00005980

WRITVE{IOUT 1140} 00005990
00006000

00006010

CALL PLOTTING SUBROUTINE THAT PLOTS DATA USING CALCOMP DRUM 00006020
PLOTTER AND LINE PRINTER. 00006030
00006040

CALL CURVE {NDEG,NDATA,WC,DRYD;CsBCD,UPTMOS,DRYMAX) 00006050
00006060

CALL PLOT{15.040.05—3) 00006070
IF(L.NE.O) GGTO 10 ¢Qo06080
00006090

CONT INUE 00006100
000056110

CALL PLOT (15.040.04~3) 00006120
CALL PLOT 415.0,0.0G5999} 00006130
000061 40

STOP 00004150
END 00006160

20«1 MAIN DATE = 78229 09/00/55

00606170

00006180

PLOTTING SUBROWUTINE 00006190
000062 00

SUBROUTINE CURVE {NDEG,NDATAsWC,DRYD,C+BLD,0PTMOS DRYMAX) 00006210
00006220

COMMON /BLOK1/ COLORI(S)  WL{31,WP{3),DATEL3) 00006230
00006240

CGMMON /BLOKZ/ XWGRK(150),YWORK {150} 00006250
00006260

COMMON /BLOK3/ IBIG 00006270
000062 80

DIMENSION WCi201),DRYDI20),C120),X(103),¥1103),BCD(20) 00006290
DoOG6300

ITEST=NDATA 00006310
IF{DRYMAX-GT .ORYD{IBIG}) DRYD{(NDATA+1)=DRYMAX 00066320
IF{ORYMAX.GTDRYD{1BIG)} ITEST=1+NDATA 00006330
CALL SCALEIDRYDsB8.0+ITEST41) 00006340
IF{DRYMAX.GT .DRYD(IBIG}) DRYD{NDATA+1)}=DRYD(ITEST+1} 00006350
IFIDRYMAX.GT DRYDUIBIGY) DRYDINDATA+2Z2)=DRYD{ITEST+2) 00006360
CALL SCALE(WL,B-0sNDATA,L) 00006370
CAra FACTOR(C-B3) 00006380
CALL SYMBOL{O.5y 9+5+0.144BCDs0.0:801} 00006390

CALL AXIS[{0.0sD.0,*DRY CENSITYsy PCF',1648.0+,90.0,DRYDINDATA+L), 00006400

I1DRYDI(NDATA+2))

000086410

CALL AXTIS{0.Cs0.0,*MGISTURE CONTENTy WZ¥3-20¢8.0+0.0;WCINDATA+1): 00006420

LWCI{NCATA+2)) 00006430
CALL LINE(WC DRYDyNDATA,;1,-1,1) 00006440

00006450
DELTA={DPTMOS-WC1112/10.0 00006460
DELETE FOLLOWING DEFINITION OF DELTA WHEN WATFIV IS BEING USED 00006470
TO RUN COMPUTER PROGRAM. 000064 80

00006490
DELTA={WCINDATA+1)-0OPTMOS)/10.0 00006500

00006510
YWORKU1+NDATAY=DRYMAX 00006520
XWORKI 1+NDATA)=0PTMOS 000906530
X{13=0PTHMOS 00006540
Y(13=DRYMAX 00006550

45



[aXuX el

DG 10 I = 2,10
X{I)=X{I-1)—-CELTA
X{I)=X1i~13+DELTA
YiI)}=DRYMAX
XWORK{I+NDATA)=X1I-1)-DELTA
YHORK{ I+NDATA)=DRYMAX
CONTINUE

X{11)=WCINDATA+1)
X112}=WCINDATA®2)
Y{113=CRYDI{NDATA+1}
Y{12}=DRYD(NDAYA+2)
CAli DASHLN{ X:Y310z1)

DELTA=—{DRYMAX-DRYD(11})/10.0

DELETE FOLLOWING DEFINITION FOR DELTA WHEN WATFIV IS BEING USED

TO RUN COMPUTER PROGRAM.

20.1 CURVE DATE = 78229

DELTA={DRYDINDATA+1}-DRYMAX]/10.0

Xi1)=0PTMDS
Y{Li=DRYMAX
XWORKL L1+NDATA)=0PTMOS
YWORKU1IL+#NDATAI=DRYMAX

DO 20 I =2510
XWORK(10+I+NDATAY=CPTMOS
YWORK( 10+ 4NDATA)=Y{I-1)-DELTA
X{1=0PTMDS

Y{Ii=Y(I-1}+DELTA

CONT INUE

CAELL DASHLN{X;Y 10,11} .

CALL SYMBOLI{(0.549.0y0.10,C0LO0R;0.0;20)

CALYL SYMBOL(C.598:550.10s'HL = WP =Y,0.0;16)
CALL SYMBOL{1.2038-550.10sWL30-0¢10)

CALL SYMBOL12.2¢845y0.105WP0.0510}

CALL SYMBOL (2.9:8.530-.105FDEG =%30.0,:5!}

CALL SYMBOL{6aT3%3.75¢0.10,0ATEc0.0,12})

FPN = NDEG

CALL NUMBERI{3:5+8:550s10:FPNsQ.0C+—11}

CALL SYMBOL{4%+5492050.10,"0PTIMUM MOISTURE CONTENT {Z)

CALL NUMBERI 7.6¢920+0.10;0PTMGS;0.051)

CALL SYMBLOL(4.548.5,0.10,"0PTIMUM DRY DENSITY =
CALL NUMBER{6.7+8.5;0.10,DRYMAX:+0.0,;1)

CALL GRID(D0.040.0¢0.5+045,16:16)

CALL GRID{-1.0s—1.0:210.0,11.051,1L1

DELTA=4WCINDATA)-WC{1)) /100,
X(L)I=WCL 1}

DO 30 1I=2,101
X{I¥=X(I-1}+DELTA
CONTINUE

D0 40 & = 1,101

X1=XxX{1)

X2=XA{T13*X{1}

X3=X{1)=X{1h#X{1)

Xa=X {1 )+X(I)#X({(I)%X{1}

XO=X{I X0y =X () X{1)*X{1}

Keo=X D PEXUD) X CERRX( DV X {1 EX{T)

YOLI=CAL)+Cl 2 X140 33 X240 {412 X3+ {515 X4 +C L6 X5+L [ T) #X6

XHWORK{20#L+NCATAI=XL 1)
YWORK{ 20+ F+NDATAI=Y{I)

000065060
00006570
00006580
00006590
00006600
00006610
00006620
00006630
000060640
20006650
00006660
00006670
00006680
00006690
60006700
00006710
00006720
0000617 30
Q0G06740

09700755

Q0006750
00006760
00006770
00006780
00006790
00006800
00006810
00006820
00006830
00006840
00006850
00006860
Q0006870
00006880
00006890
00006900
000069 10
00006920
00006930
00006940
00006950
00006960
00006970
00006280
00006990
00007000

PCF¥*:0.0,31)00007010

00007020
00007030
g000T040
00007050
03007060
00007070
000070580
00007090
00007100
00007110
00007120
00007130
00007140
00007150
00007160
0000TLTC
00007180
00007190
00007200
00007210
00007220
0000T230
00007240



40 CONTINUE 00007250

c 00007260
X{102)=WCINDATA+L) . 00007270
XL1031=WC(NDATA+2) 00007280
Y{1023=DRYD{ NDATA+1} 00007250
Y{103)=DRYD{NDATA+2} 00007300
CALL LINE {Xs¥Ys10L1,150,0) 00007310

C 00007320
DMAX=1.05%DRYMAX c0007330
DMIN=DRYD{1) 00007340
WMAX=WC{NDATA) 00007350
WMIN=WEL(1) 00007360
NPTS=20+101+NDATA 00007370
CALL SCALER{WMAX,WMIN,DHAX,DMIN} 00007380
CALL SGUARE 00007390
CALL BOX 00007400
CALL PLOTEM{ "#',XWORKy YWORK,NPTS) 00007410
CALL GRAPH{®*MOISTURE CONTENT, WZ*,204,'DRY DENSITY, PCF®;16) 00007420

C 00007430
RETURN 00007440
END 00007450

G LEVEL 20.1 ] MAIN DATE = 78229 09/00/55

o 00007460

In oo o4 e sl o ik e o st ok ol o ok e ok e el ek ol ol ke e ok e o Sfefede sl e fesheole dode ool ke e ke e ke ek e k% 00007470

c * LEAST-SQUARES DRTHOGONAL POLYNOMIAL CURVE FITTING SUBROUTINE.® 00007480

C dxdnde s g e s o fosie e deade o slofoade ok e e ool e o oo e ote ol o sk de s o of e e o e ool e ool e e ol e o dfedle ok R ok 00007490

c 00007500

C 00007510

¢ NUMAL 1B 00007520

C 00007530

C UNIVERSITY OF KENTUCKY 00007540

C 00007550

C COMPUTER CENTER 00007560

c 00007570

o MCVEY HALL 00007580

o LEX INGTONsKENTUCKY 00007590

c 00007600

o BASIC REFERENCE: FORSYTHE, G.E. (1957%) "GENERATION AND USE OF 00007610

c ORTHOGONAL POLYNOMIALS FOR DATA FITTING ON A 00007620

C DIGITAL COMPUTER." J. SOC. INDUST. APPL. 000076 30

C MATH VOL. 5, PP 74—88. 00007640

c ' 00007650

C 00007660
SUBRGUTINE FLSQFY{NeMyXeYeWesCsALPHA, BETAS,;SGMSQs PR, POSNLMNLY 00007670
DIMENSION C{NL) ,ALPHACMNLY:BETALMNL) ;SIMNL},; SGMSQIMNL) yPRIMN1),PO{0O0Q00T680

SMNL)} oW (Mo XIM}, YIM) 000G7690
GAMDA=1. 00007700
NG=0 00007710
CALL FGEFYTI{NyNOsX oY Wy EETA;Ss5GMSQs ALPHA ;PR ;PO MMN1) 000071720
CALL FCODAINCsPOyPRy ALPHA,BETA; GAMDA S, N+1} 00007730
RETURN 000QTT4&0
END 00007750

G LEVEL 20.1 FCODA DATE = 78229 09/00/55
SUBROUTINE FCODAIN,CsPM;PRyALPHAyBETAsGAMDA s S NN} 00007760
DIMENSTIGON CUNNY sALPHA{NNY ;BETAINNY PMINNDY 3 PRINN) s SINN) 00067770
N1=N+1 60007780
DG 10 IB=1,N1 00007790
ClIB)=0a 00007800
PM{IR)=0. 00007810
10 PREIBY=0. 00007820
PRI1}=1. 00007830
Ci13=5{1) 00007840
D0 20 I=1¢N 00007850
T2=0. 03007860
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20

G LEVEL

1000

10
20

30

40
50

60

T0
80

30
100
110
120

136

140
150G

160
170
180

130

200
210

48

N1=T+1 00007870
DO 20 IB=1,N1 00007880
T1={T2-ALPHA{I)*PRIIB}—BETALI)*PM(IB) }/ GAMDA 00007890
T2=PR{ IB} 00007900
PMLIBI=PR{IB) 000079 10
PR{EBY=T1 00007920
CL{IBI=C{IBI+TLESLI+1) 00007930
RETURN 00007940
END 00007950
20.1 FGEFYT DATE = 78229 09/00/55
SUBRGUTINE FGEFYTINyNOyXsYsWyBETAsSs SGMSQeALPHA, PR, PO, M,NI) 00007960
DIMENSION X{M) Y (M), BETAINI) yALPHAINT D+ SI{NI) sSGMSQINI) JPRIM}, 00007970
$POMY, WIMY 00007980
FORMAT (32H THERE IS AN ERROR IN YOUR DATA) 00007990
IF [N —-NO -M) 10430,20 00008000
LFIN-NG) 20430530 00008010
PRINT 1000 00008020
GOTO 210 00008030
BETAIND+1}=0. 00008040
DSQ=0. 0G0038050
WPP=0. 00008060
LXACT=C 00008070
IFIN-NC-M+1050,40,40 000080 80
LXACT=1 00008090
DO 80 J=1,M 00008100
PR{JI=1. 50008110
PO(J)=0. 00008120
WPP=WPP+W{J} 00008130
1F(LXACT)80, 70,80 00008140
DSQ=DSQ+WlJ I #Y LIV £¥YL4) 000081 50
CONT INUE 000081 60
NON=NG+1 00008170
NN=N+1 00008180
DD 200 I=NON ;NN 06008190
LREEDD=M~I +NO 00008200
WYP=C. 00008210
WXPP=0. 00008220
DO 120 J=1,M 00008230
TEMP=W [J)*PR [J) 00008240
IFIT-NN)90, 100,100 000082 50
WXPP=WXPP+TEMP*X{J)%PR{ J) 00008260
IF(LREEDD}120,110,110 00008270
WYP=WYP+TEMP#Y [ J) 00008280
CONT INUE 00008290
IF{LREEDD) 140,130,130 00008300
SEI)=WYP/WPP 00008310
IF{LXACT1160,150,160 00008320
DSQ=0SA-S(IF*STI)*KPP 00008330
8R=LREEDD 00008340
SGMSE(I}=DSQ/BR 00008350
GOTD 170 00008360
SGMSQIT}=0. 00008370
1F(I-NNI 180,200,200 00008380
ALPHALI1=WXPP/HPP 00008390
WPPO=W PP 00008400
WPP=0. 00008410
DO 150 J=1,M 000084 20
TEMP={ X{ JI~ALPHAIT)}*PR(J)-BETA(1}*POIJ} 00008430
WPP=WPP+W{J) ¢TEMPE%2 00008440
POLJI=PR(J) 00008450
PR{JI=TEMP 00008460
BETA{I+1)=WPP/WPPD 00008470
CONTINUE 00008480
RETURN 00008490
END 00008500



