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ABSTRACT

SURFACE VELOCITY AND STRAIN-RATE MEASUREMENTS
ON SEVERAL ALASKAN GLACIERS, 196L

by Theodore William Havas, Jr.

Stresses are calculated from measured strain-rates of several

Alaskan glaciers. Also, measured surface velocities are compared

with velocities obtained by Nye's plasticity solution. They are in

reasonable agreement although important local deviations are noted.

The calculations were performed by means of several computer

programs.
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CHAPTER I

INTRODUCTION

Glaciers are large masses of ice, snow, and firn! which flow.
Observations of glacier movements have led to studies of the stress
conditions in glaciers.

This study presents the results of surface strain-rate and ve-
locity measurements made on several glaciers in the Juneau Icefield
of Alaska. The icefield covers an area of approximately 1500 square
miles and consists of a complex of glaciers.

One of the major valley glaciers of the Juneau Icefield is the
Taku Glacier (Figure 1). This glacier is about LO miles in length
and extends from the present high plateau center of the icefield
down to the tide water level of the Taku Inlet.

In this district there is a general pattern of retreat of the
glaciers with the exception of the main trunk of the Taku (Miller,
1963). Advance or retreat of a glacier is commonly determined by
terrestrial or aerial photogrammetric surveys of its terminus. How-
ever, the mechanisms that govern the movements of a glacier may be
better understood if surface velocities and strain-rates are known.

The object of the 1964 study is to obtain information on the

velocity distribution and stress conditions in the Taku Glacier and

lFirn is an intermediate form of glacier ice that is composed
of recrystallized snow that has been retained from the preceding
year or years. It may also contain refrozen meltwater.
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Figure 1. Map of part of Juneau Icefield,
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several adjoining glaciers., Reference is made to the ﬁfevious sur-
veys of 1949-1953 (Miller, 1963) and 1963 (Wu and Christensen, 196L)
at Camp 10 and other sites (Figures 2 and 3).

Surface velocity measurements were made across transverse pro-
file AA at Camp 10 (Figure l;), transverse profile BB at Icy
Basin (Figure L), transverse profile CC on the Norris Glacier
Terminus (Figure 5), and along longitudinal profiles AAi1, AA2, AAS,
AA4 at Camp 10 (Figure 1) and longitudinal profile DD on the
Vaughan-Lewis Glacier (Figure 6).

Strain-rate measurements were made at locations designated as
I, II near profile AA (Figures 1 and L); III, IV, V at the Norris
Glacier Terminus (Figure 5); and VI, VII on the Vaughan-Lewis Glacier

(Figure 6).



Figure 2. Results of 19,9-1953 glacier movement surveys.
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Figure 3. Results of 1963 Taku Galcier velocity measurements.
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CHAPTER II
FLOW CHARACTERISTICS

The downhill movement of a glacier is the result of stresses in
the ice. To study the distribution of siress and velocily, consider
an ideal glacier that has a constant gradient and thickness over its
entire length. The glacier has infinite width so that its movement
is not restrained by valley walls. This can be represented by a
sheet of ice sliding down an inclined plane. The glacier is assumed

to have a constant yield stress (Figure 7, curve 3) and to obey the

s T

sheat sngess
[6Y]

rate of strain, &

Figure 7. Relationship between applied shear stress and strain-
rate (after Nye, 1951). Curves: 1, ice; 2. Newton-
ian liquid; 3. Plastic relationship assumed by Nye,
1951,

Levy-Mises yield criterion

T2 = % (cx - qy)z + Tiy = c? (1)

in which ¢ is the yield stress in pure shear (Nye, 1951). The ef-
fective shear stress is T and Ox> Oys Tyy

stress acting on an element of glacier ice (Figure 8).

are the components of
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Figure 8. Stresses acting on an element of glacier ice.

Two limiting states of flow are possible. They are the extensive
and the compressive flows which correspond to the active and passive
Rankine states in soil mechanics. For the perfectly plastic mater-
ial, there is no flow until the yield stress is developed everywhere

along the slip lines (Figure 9).

> Direction of flow

/N

compressive flow extensive flow

Figure 9. Types of glacier flow.
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The limiting stresses that can be attained for the idealized
glacier are shown in Figure 10. The actual stresses in a glacier

may, however, lie anywhere between these limiting values.

_ZC . +2¢c

Oy compressive

Oy extensive

Figure 10. Limiting stresses in a glacier.

Glen (1955) from his laboratory tests on polycrystalline ice

under uniaxial compression, has shown that the rate of deformation

of ice is not a case of perfect plasticity (Figure 7, curve 1). He

defined the strain-rate e as an exponential function of shear stress,

or
¢ = (" =Br" (2)
t = Shear stress (bars)
n = Empirical constant
A, B = Empirical constants for a given temperature

and water purity (yr ! bar ")
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The borehole measurements of Miller (1958) have shown that
values of B and n may vary over a considerable range. Nye (1957)
has calculated values of B and n from results of field measure-
ments and found the best values for temperate glaciers to be 0.148
and L.2 respectively. The distribution of velocity in a glacier
(Figure 11) can be approximated by using these values of B and n

in the plasticity solution of Nye (1957[a]).

Figure 11. Variation of velocity ¢ with depth y.

In Nye's plasticity solution, the dimensionless velocities U

and VU are

1/n

1+

b w2(n + l)'T'l_rl + nw ] £ Xw (3)

+
U=T - __E_I ("

n +
and
= * -
Tt (YY) (L)
in which rr1is the dimensionless shear stress given by

T )

[T2 - v2)1/2
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The dimensionless variables are

- T = X =Y S Y
Mg ¥ 1,0 Y1y Urng Yomn ©
in which
T
no = B(To)n 3 lo = _0 (7)
P9y

The term ngy 1is the surface longitudinal strain-rate and PIx is
the component of the gravity force along the bed (x-axis). The
variables p and y are components of velocity along the x and
y axis respectively and w is equal to unity for a solutian in
which the longitudinal strain-rate is non-zero,

In general, if (a, - a;)= O or if the glacier surface is
nearly parallel to the bed, it can be assumed that the displacement
av(see Appendix A, Figure 17) and the velocity are independent
<% s v
of x . The dimensionless velocity U may therefore be considered
to have a constant value along the x-axis.

This solution can be simplified if laminar flow is assumed.
Laminar flow occurs if an upper layer of ice slips over the lower
layer so that each element of ice deforms in simple shear. The
longitudinal strain-rate is assumed to be zero. The velocity solu-

tion can then be obtained by allowing W to equal zero in equations

3, L, 5 which simplify to
n+1 -
V=T -—57 Y T =0 (7)

or




1L
The assumptions made for the velocity distribution with depth
can also be made for the velocity distribution across a valley glacier
between parallel walls., The solution is symmetiric about the center
line (Figure 12).
wamm%wm

|
|
! \
I
|
|

__Ix
!
Yy

Figure 12. Variation of velocity across a glacier.

In this case, pg, in equation 7 is P which is the rate of
change of with y .
Xy
In real glaciers, there is also a boundary condition at some
distance along the z-axis. However, Nye's solution is a good ap-
proximation when the 2z dimension of the glacier is very large

compared to the y dimension (Nye, 1957[a]).



CHAPTER III
SURFACE VELOCITY

Surface velocitly measurements were made at various locations on
the Taku, Vaughan-Lewis, and Norris Glaciers (Figures L, 5, and 6)
by triangulation with Wild T-1 and T-2 Theodolites. Readings were made
to an accuracy of * 2.5 sec. and * 0.5 sec. respectively.

Stakes were driven into the firn at approximately equal spacings
across the glacier for transverse profiles and along the glacier for
longitudinal profiles.

Several base lines were establ&shed to serve as reference points.
The base line is the x'-axis which is approximately parallel to the
down valley direction (x-axis) of tﬁe glaciers. The y'-axis is acrogs
the valley and perpendicular to the x'-axis. The z'-axis is vertical
and is positive upward. From each base line, a coordinate system
was established with the first station having (0, O, z') as its
coordinates. The first station is defined as the station farthest
to the right if an observer stands on the base line facing the move-
ment stakes.

The movements were calculated from a computer program and are
given in Tables II. The general computer notations for movement are

given in Figure 13.

Transverse Profiles

Icy Basin (Profile BB): The surface velocity surveys on the
Taku Glacier during 1949-1953 (Figure 2) have shown that the direction
15



16

Table IIa. Measured surface velocities.

e Stak B C D E \ ZETA EPSL
roup otaxe  u.,  M/INT M/INT M/INT M/INT DEGREES DEGREES
1 1 228.2 oL, .00 .0l 85,29
1 2 337.5 -.07 -.01 .06 81.33
1 3 L78.6 .08 .03 .08 70.25
1 L 683.L4 59.18 3,00 -59.10 -87.10
1 5 771.2  -.28 -,15 .2l 56.82
1 6 920.2 -.18 -.12 L1l L9.05
1 7 1090.0 -.L45 -.18 41 66.52
1 8 1261.8 -.13 -.05 .12 64.55
1 9 iL6.7  -.17  -.05 -.17 -73.90
1 10 1582.9 .50 J11 L9 77.83
1 1 228.2 LT7 .69 -.34 -26.42
1 2 337.6  1.27 .98 -.81 -39.69
1 3 L78.7 2.20 1.43 -1.68 -49.55
1 I 624,.3 3.29 1.86 -2.72 -55.64L
1 5 771.5  L.98 2.L0 -L.37 -61.25
1 6 920.3 6.85 2.83 -6.24 -65.56
1 7 1090.4, 9.51  3.47 -8.66 -68.60
1 8 1261.9 3.91  3.36 2.00 30.70
1 9 1446.5  L.32  3.92 1.81 2L.79
1 10 1583.4 19.31 5.33 -18.56 -73.98
2 1 384.6  L.51 .26 -14.50 -86.64
2 2 575.0 -2.66 -.04, -2.66 -69.07
2 3 NA NA NA NA NA
2 L 1064.8 8.94 7.31 -5.1L -35.1L
2 5 1407.6 17.79 17.03 -5.13 -16.75
2 6 1839.5 26.22 2L4.3L -9.75 -21.63
2 7 2276.1 38.96 32.01 -22.21 -34.75
2 8 2530.0 35.23 29.69 -18.95 -32.55
2 9 285L4.8 35.23 27.76 -21.68 -37.99
2 10 3162.8 100.55 27.51 96.72 7L.12
2 11 NA NA NA NA NA
2 12 NA NA NA NA NA
2 13 NA NA NA NA NA
2 14 NA NA NA NA NA
2 15 NA NA NA NA NA
2 1 380.1 -.L5 -.10 N 77.65
2 2 572.3 1.08 1.05 .23 12.42
2 3 NA NA NA NA NA
2 L 1059.7 L.71 3.72 -2.89 -37.80
2 5 1402.5 222.34  L.8L -222.29 -88.75
2 6 1829.7 ©5.16 4.03 -3.23 -38.71
2 7 2253.9 -5.73 -2.90 L.9oL 59.60
2 8 2511.1 -14.47  -.3L  14.L6 88.67
2 9 2833.1 15.97 1,70 15.68 83.89
2 10 3259.5 100.56 1.11 -100.56 -89.37
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Groun Stake B C D E v ZETA EPSL
P M. M/INT M/INT M/INT M/INT DEGREES DEGREES
2 11 NA NA NA NA NA
2 12 NA NA NA NA NA
2 13 NA NA NA NA NA
2 1L NA NA NA NA NA
2 15 NA NA NA NA NA
2 1 380.5 5.5 5.L8 -.99 -10.25
2 2 572.6 104.70 6.91 -104.L8 -86.22
2 3 834.6 13.58 12.L4L2 -5.50 -23.90
2 L 1056.8 21.17 16.69 -13.02 -37.96
2 5 1180.2 200.02 24.31 198.53 83.02
2 6 1626.5 36.51 30.70 -19.76 -32.77
p 7 2268.8 57.10 36.38 -L4.01 -50.42
2 8 2525.5 67.03 L0.36 -53.51 -52.97
2 9 26L9.0 94.06 51.55 -78.67 -56.77
2 10 3158.9 113.05 56.83 -97.72 -59.82
2 11 NA NA NA NA NA
2 12 NA NA NA NA NA
2 13 NA NA NA NA NA
2 1L NA NA NA NA NA
2 15 NA NA NA NA NA
3 1 NA NA NA NA NA
3 2 1187.2  9.24 8.L0 -3.8L -2L.54
3 3 1191.0 8.98 7.36 5,16 35.02
3 L 1213.8 7.27 6.6L -2.95 -23.97
3 5 NA NA NA NA NA
3 6 NA NA NA NA NA
3 7 NA NA NA NA NA
3 8 NA NA NA NA NA
3 9 NA NA NA NA NA
3 10 NA NA NA NA NA
3 11 2500.1 76.74 LB.09 -62.35 -52.36
3 12 2519.2 6L4.28 LL.L3 -L6.LS -L6.27
3 13 2581.6 114.42 37.89 -107.97 -70.66
3 1L 2616.1 139.83 35.13 -135.3L -75.L5
3 15 2659.2 183.27 83.31 -163.2L -62.96
3 16 NA NA NA NA NA
3 17 28l0.3 89.L7 56.08 -69.71 -51.19
3 18 2855.1 80.63 L5.L5 -66.60 -55.69
3 19 NA NA NA NA NA
3 20 NA NA NA NA NA
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Table IIa (Cont.)

. B C D E v ZETA EPSL
Group Stake  y  w/INT MANT M/INT M/INT DEGREES DEGREES
L 1 NA NA NA NA NA
L 2 NA NA NA NA NA
L 3 L61.5 80.76 77.09 -2L.16 -17.40
L L 514.7 9.5L 9.22  2.LL 14.80
L 5 586.0 8.1L 7.78  2.L1 17,22
L 6 615.6 7.91 7.63  2.09 15.31
L 7 6L6.0 8.55 8.50 .90 6.06
L 8 681.2 9.30 9.30 .36 2.19
Group 1 = ICY BASIN
Group 2 = C-10, TAKU GLACIER
Group 3 = LONGTUDINAL STAKES, C-10, 1-5, ABOUT STAKE L#6-10,5%¢11,8%16-20,9

Group L = VAUGHAN-LEWIS
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Table IIb. Yearly velocities extrapolated from measured surface
velocities of 6July - 3September.

C D E v ZETA EPSL
GROUP STAKE  yAp, MAR. MAR. M/YR. DEGREES DEGREES
1 1 9.51 8.72 -3.79 -23.048
1 2 15.37 12.17 -9.39 -37.65
1 3 27.25 18.37 -20.13 -47.61
1 L 760.99 61.11 -776.59 -85.51
1 5 59.23 28.25 -52.06 -61.52
1 6 8L4.09 34.20 -76.83 -66.01
1 7 114.11 L1.45 -106.31 -68.70
1 8 L9.L2 L1.66 26.60 32.56
1 9 53.03 4L8.81 20.74 23.02
1 10 237.59 68.43 -227.53 -73.26
2 1 L6.12 3L.36 -30.77 -41.8L
2 2 652.58 L8.20 -650.60 -65.76
2 3 117.66 100.11 -61.82 -31.69
2 L 211.92 168.77 -128.17 -37.21
2 5 331.57 281.13 -175.80 -32.02
2 6 L11.08 359.55 -199.29 -29.00
2 7 516.01 398.69 -373.05 -43.10
2 8 552.08 L2k. L3 -353.05 -39.75
2 9 712.52 L93.19 -514.25 -L6.20
2 10 807.97 520.17 -618.25 -19.92
2 11 889.07 L63.09 -758.9L -58.61
2 12 1101.98 L66.60 -998, 31 -6L.95
2 13 1272.85 L90.29  *117L.63 -67.34
2 14 NA NA NA NA
2 15 NA NA NA NA
3 1 NA NA NA NA
3 2 134.96 122.78 -56.07 -24.54
3 3 131.23 107.L6 75.32 35.02
3 N 106.17 97.02 -143.13 -23.97
3 5 NA NA NA NA
3 6 NA NA NA NA
3 7 NA NA NA NA
3 8 NA NA NA NA
3 9 NA NA NA NA
3 10 NA NA NA NA
3 11 1150.42 702.59  -910.96 -52.36
3 12 939.12 6L9.15 -678.6L -L6.27
3 13 1671.72 553.59 %1577.LO -70.66
3 1L 20L2.69 513.26 %1977.36 -75.L5
3 15 2677.57 1217.23 +%238L.89 -62,96
3 16 NA NA NA NA
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Table IIb. (Cont.)

c D E vV  ZETA  EPSL
GROUP STAKE  y AR, MAR.  MAR. M/YR. DEGREES DEGREES

3 17 1307.17  619.3L #1018.51 -51.19

3 18 1178.03 664.08 -973.01 -55.69

3 19 NA NA NA NA

3 20 NA NA NA NA

l 1 NA NA NA NA

l 2 NA NA NA NA

I 3 1341.19 1279.681  -L401.07 -17.L0

L L 158.36 153.11 LO.L5 14.80

) 5 135.16  129.11  10.00 17.22

L 6 131.32  126.66  13L.67 15.31

) 7 141.92  141.13  1L.97 6.06

b 8 154.46 154.35 5.9 2.19
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Table IId. Special Listing of Measured Horizontal Angles (6July -
22 August).

(g) STARE ANGLE

e e sl e N e N N N e
OOV OO\ \W N s

[oey

-

SE 8889588888
2

NNNNNNNNN N ittt wilwwwwwwwwww
no
O
(@s]
O

OV OV W R OVO~ITONNIEF WD OV ONONUNIEWN =

Ui\ W
OOw O
@
(@]

—




23

Table IIe. Yearly velocities extrapolated from measured surface
velocities of 6July - 22August.
C D E \'f ZETA EPSL

GROUP  STAKE M/YR.  M/YR.  MAR.  M/YR. DEGREES  DEGREES

1 1 33.62 1.97 -33.56 -86.6L

1 2 -19.8) -.32 -19.84 -89.07

1 3 NA NA NA NA

1 L 66.61  SL.L7T  -38.34 -35.14

1 5 132.59  126.96 -38.22 -16.75

1 6 195.43  181.L2 -72.66 -21.83

1 7 290.39 238.59 -165.53 -3L.75

1 8 262.57 221.34 -141.25 -32.55

1 9 262.59 206.96  -161.62 -37.99

1 10 749.53  205.03  720.94 7h.12
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Figure 13a. Computer notations for glacier movements.
+E
+ ZETA + ZETA ooV
+EPSL +EPSL
+C,+D { o ;p"D 2?\\\\,///f; < horizontal
J -EPSLW-EPSL 91&?“
-ZETA - ZETA +V -V suriace
-E
Y 0 original position

Figure 13b. Sign convention for
horizontal velocity vectors.

Figure 13c. Sign convention for
vertical velocity vectors.,
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of the velocity vector may deviate appreciably from that of the val-
ley. At several points the velocity vectors show large components
towards the east (y'). This easterly movement has also been observed
in the bpre-hole measurements at site 10B (Miller, 1958). These
observations suggest that a part of the glacier flow may be diverted
into Icy Basin (Miller, 1963). However, the 196l survey of Icy
Basin (Figure L) shows that the flow into this basin is negligible.

Taku Glacier (Profile AA): The down valley direction of the
glacier at this profile is approximately SL2OE (Figure L). The
average direction of the velocity vectors is S789E. These vectors
show large y' components particularly in an area 2000 to LOOO
meters west of site 10B, Similar y' components of lesser magnitudes
were also observed along this profile during 1952 in the vicinity
of stakes 5 and 6 (Figure 2). In addition, the movements between
two consecutive time intervals in 196, show a change of 37 degrees
in direction while in 1952, Miller (1963) observed a change of about
LO degrees. These variations in the velocity vectors indicate that
the flow conditions may be quite different from that of the ideal
glacier.

Since this behavior was not observed in 1963 (Wu and Chrintensen,
196L), the unusual flow direction cannot be attributed to bedrock con-
figurations. The change in direction of flow on the Taku Glacier
may have been influenced by the flow from some of the tributaries
or basins on the west side of the valley. Also, one may question how
accurately these firn measurements have reflected the actual ice

movements.,
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The firn measurements of the Taku Glacier show that the x!

component of the maximum velocity vector (Profile AA), during the

interval 6July - 22August , is 238 M/yr. (2.1L ft/day). This is in

reasonable agreement with 1963 value of 250 M/yr. (2.2 ft/day).

The average velocity in this interval is 155 M/yr. (1.LO ft/day)

which compares favorably with the 1963 value of 160 M/yr. (1.LL ft/

day).

For the entire measurement period (6July - 3September) , a

maximum velocity of 520 M/yr. (L.7 ft/day) was recorded. The only

other record of comparable high velocity is L65 MAyr. (L.2 ft/day)

which was obtained during a "short period" in 1952 (Miller, 1963).

These records show that the velocities flucuate yearly and also

between individual measurement periods.

velocities is given in Figure 11.
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Figure 11.

A comparison of the measured

6 Maximum Velocity

for entire season.

& Average Velocity

for entire season.

® "Short term" maximum
velocity.

A comparison of measured surface velocities (x' com-
ponents) along Profile AA,
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Norris Glacier (Profile CC): The stakes on the Norris Glacier
Terminus melted out during the 7 day interval between measurements,

Hence no results were obtained.

Longitudinal Profiles

Taku Glacier (Profiles AA!, AA2, AA3, AA4): The few records
that are available here show general agreement with the measured
velocities along Profile AA.

Vaughan-Lewis Glacier (Profile DD): These stakes were placed
on the crest of waves that originate at the foot of the Vaughan-
Lewis Icefall. Starting downstiream from the foot of the icefall,
the velocity first decreases and then increases. The analysis of

the velocity changes is given in Chapter IV,



CHAPTER IV

STRAIN-RATE MEASUREMENTS

The purpose of the strain-rate measurements was to determine
the strain-rate tensor. The procedures used were the same as those
outlined by Nye (1959). Stakes were driven into the firn and set in
a square pattern (Figure 15). The square had equal sides for measure-
ment of the normal strains in four directions making angles of 009,

L,50, 900, and 135° with the y" axis. For each location, the

C2

:

X"

Figure 15. Square for strain-rate measurements.

stakes were oriented so that c¢; and c, (x"-axis) lie approximately
along the longitudinal direction (x-axis) of the glacier.

Strain diamonds were constructed at locations on the Taku,
Vaughan-Lewis, and Norris Glaciers (Figures L, 5, and 6). On the
Taku and Vaughan-Lewis Glaciers, the strain diamonds were marked by
stakes which were driven into the firn., They had to be redriven after
a 10 day interval because of ablation. On the Norris Glacier Terminus,

holes 3 meters deep were drilled into the surface of the glacier

26
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in which no reference stakes were placed, It was found that all
but 1-2 inches of the holes remained after ablation duringa 7 day
period. Strain diamonds were also located on the wall of an ice
tunnel that was part of a thrust fault in the Norris Glacier Terminus.
These strain diamonds were formed by nails driven into the ice.
Measurements were made to an accuracy of * 1/l in. for the surface
measurements and * 1/16 in. for the ice tunnel measurements.

The measured strain rates are calculated with a computer pro-
gram (Appendices B and C) and are summarized in Tables III. The
strain-rates ée are obtained by averaging the strain-rates of sides
or diagonals of the square. The results are checked against the

theoretical relationship

éo + €gp = €45 + € 135 (9)
This equation holds if the maiterial maintains a constant volume
within the square.

The measured strain-rates are used to calculate the best values

of €y, éy", and éx"y“ by the principal of least squares (Nye, 1959,
1957[b], see also Appendix B). They are given by
1. 1. 3. 1.

Exn = " T €0 * T a5 * T o0 * T €135

. 3. 1. 1. 1.

€yn = €0 * T €45 ~ T €00 * T €135 (10)

e R v 3e

XMyt 7 ©a45s 7 *135
From éx"’ éy"’ and & Xtyh the major and minor principal strain-

rates €, and é; are calculated by means of Mohr's circle (Appendix

A). Assuming no volume change, the intermediate principal strain €,
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Table IIIa. Measured strain-rates (3:10:%=¢-5%HRs=¢-1)

STATION T E(0) E(L5) E(90) E(135) RE
1 1 -.555 .271 .033 -.222 -.571
1 2 -.099 .oLL .06l -.091 .012
2 1 -.510 -1.351 .136 1.158 -.181
2 2 -.387 -1.417 .237 1.129 .137
3 1 .595 -3.925 -8.138 -3.63L .017
3 2 -.218 7.093 12.891 5.577 .00l
I 1 -37.063 65.026 111.696 1.633 7.973
5 1 -5L.L37 -2.024  -11.950  -92.268 = 27.905
6 1 -..88 .oL2 .800 -.094 .36L
7 1 -1.747 -1.416 .766 -.152 .587

RE = E(0)+E(90)-E(L5)-E(135)

T = SEQUENCE OF TIME

Table IIIb. Measured principal strain-rates. (3%10#¢-5HR:=-1)
EX EZ EXZ E(1) E(2) E(3) THETA
176 -.L13 -.2L6 . 266 .236 -.502 70.04
.061 -.102 -.068 .085 .oL1 -.126 70.06
.182 -.L65 1.255 1.154 .283  -1.437  127.77
,202 -.lh21 1.273 1.201 .219  -1.420 128,12

-8.142 .591 145 .593 7.551  -8.1LL -.95

12.891 -.219 -.758 12,934  -12.672 -.262 86.70

109,702 -39.057  -31.6% 116,174  -70.6L5 -L5.529 78.46

-18,926  -61.413  -L5.122 9.703 80.339 -90.0L3 57.61
.709 -.579 -.068 .713 -.130 -.583 86.99
619 -1.893 .632 . 769 1.274  -2.0L4  103.36

Group 1 = STRAIN DIAMOND -D- AT CACHE

Group 2 = STRAIN DIAMOND -B-

Group 3 = NORRIS STRAIN DIAMOND

Group L4-5 = THRUST PLANE DIAMONDS, X AXIS UP AND TO LEFT

Group L = UPPER SET, UPPER RIGHT

Group 5 = UPPER SET, LOWER RIGHT

Group 6 = STRAIN DIAMOND ON VAUGHAN-LEWIS NEVE AREA

Group 7 = STRAIN DIAMOND ON WAVE#7, VAUGHAN-LEWIS
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is found by

€, + €, + €3 =0 (11)
The stresses are calculated from the strain-rates by using Glen's
flow law (Equation 2).

Nye (1953) has defined é and 1 as

2é2 = élz + 622 + 632 . (12)
and

272 = gy'2 4 0,'2 4 o3'? (13)

in which oi' is the deviatoric stress tensor and is given by

-
n

-;, és (1L)

Then the principal stresses are

1

0y = 20;' + 03" , 0 =0, 03 = 0,' + 203" (15)
and Otts Oyu 5 and Tty are calculated by Mohr's circle assuming
that the principal axis of strain-rate and stress coincide.

The principal stresses at the individual sites are shown in
Figures L, 5, and 6.

Site I (same as site D, 1963): The velocity vectors in this
vicinity (movement stakes 9 and10) converge and show a transverse

5

(y') compressive strain-rate of 0.5l x 10 °x nrl. This agrees with

the compressive strain-rate of 0.15 x 1075 x hr *

at site I along
the y'-axis.

Nye (1952, 1959) has shown that crevasses are formed perpendicular
to the direction of maximum tensile stresses. This is not obvious

at this site since only small tensile stresses exist and only fine

cracks appeared in the firn.
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Site II (same as site B, 1963): The direction of the maximum
tensile stress (major principal stress) is in good agreement with
the observed crevasse patterns (Figure l).

The velocity vectors in this vicinity (movement stakes 3 and

5 1

L) show a transverse compressive strain-rate of 1.3 x 10~ x hr .
There is also a compressive strain-rate (0.49 x 10-5 X hr'l) at
site II along the y'-axis. The discrepancy in the strain-rates may
be the result of comparing measurements made at locations that are
not very close to each other (see Figure L).

The strain-rate measurements of 1963 show a tensile stress of
1 * bar for the Taku Glacier, while in 196L, the measurements made at
nearly the same location show a small compressive stress of 0.05 * bar.
This may have resulted from an increased flow from an upper Source area,

The measured strain-rates from sites I and II show that the
average longitudinal (x"-axis) strain-rate (n,) is +0.16 x 107> x hr !
and the shear stress (Tx"y") between the glacier and the valley wall
is between 1.5 to 1.9 bars.

These values are applied to Nye's plasticity equation and the
results are given in Table IV. These results are compared with the
measured velocities in Figure 16. Because of the irregularities in
the valley and the sensitivity of the velocity § to values of ng
and Tty the approximate agreement with Nye's solution is considered
satisfactory.

The maximum transverse velocity v for stake 7 1is 32 M/&r.
by Nye's solution. The measured transverse velocity is 129 M/&r.,
at stake 7. These velocities are not in agreement. However, a more

detailed analysis would be difficult since this glacier does not

resemble the idealized glacier described in Chapter II.
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Table IV. Calculated velocities

TXY= 1.5BARS BETA = .000627
DISTANCE VELOCITY, M./YR
PLOTTER CALLED
TXY= 1.9BARS BETA = .000799
DISTANCE VELOCITY, M./YR
PLOTTER CALLED
TXY= 1.5BARS BETA = .000627
DISTANCE VELOCITY, M.AR
36L.59 -66.66
575.00 L1.52
839.2L 132.0.
1064.81 175.34
1407.63 211.13
1839.L5 232.23
2276.08 239.42
2331.54 239.66
TXY= 1.9BARS BETA = ,000799
DISTANCE VELOCITY, M./YR
38)4-59 _5090 72
575000 '215075
839.2L 23.04
1064.81 127.94
1407.63 198.61
1839.4L5 230.05
2276.08 239.39

2331.54 239.66
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Curve +, T
1

Curve ++ T
b} XY »

‘+‘ Measured velocity
(Reproduced from computer
plotter output)

Figure 16, Calculated and measured velocities (196L).
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Site III: This site is shown to have a tensile stress in the
longitudinal (x"-axis) direction. This is inconsistent with the
usual concept of compressive siresses in a glacier terminus that is
pushing against stagnant ice. However, if only the first time inter-
val is considered, there is a compressive longitudinal (x"-axis)
strain-rate. At the end of the first interval, the holes were only
2 inches deep and were redrilled. The distances were not remeasured
after redrilling and therefore the measurements which showed large
tensile strains may not be reliable.

Sites IV and V: These sites are part of a series of strain dia-
monds located on the wall of an ice tunnel. The lengths of the sides
of the strain diamonds were measured between centers of nails. The
movement of the ice caused the nails to rotate and therefore made
the distances difficult to measure, For this reason, the results
may not be reliable. This is also suggested by the extremely high
values of RE(volume loss) in the results. The nails of the other
strain diamonds in the ice tunnel fell out because of melting of the
ice.

Sites VI and VII: The strain-rates at these sites are in reason-
able agreement with the stress conditions as indicated by the move-
ment stakes. In general they indicate compressive stresses in the
area immediately below the icefall and tensile stresses in areas
further down glacier. These siress conditions can be associated with
the formation and movement of the waves below the icefall, As these
waves move down glacier, the amplitude decreases and the wave length

increases. The velocity measurements show a faster movement of the
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ice further down glacier where tensile stresses are produced.
The strain diamond on wave #7(Figure 6) shows a tensile strain-

5

rate (x'-axis) of 0.6l x 107> x hr ! and the movement stakes 7 and

. . . . . . ~ - -1
8 show a tensile strain-rate (x'-axis) of 0.84 x 10°° x hr .



CHAPTER V
SUMMARY

The measurements on the Taku Glacier in 1964 show surface velocities
reaching a maximum of 520 M./yr. and a stress in the longitudinal di-
rection of -0.05 bar with a shear stress of about 1.7 bars at the
valley walls. The measured strain-rates are in general agreement with
the crevasse patterns and the measured surface velocities., However,
there are variations in the velocities and stress conditions of the
Taku Glacier from year to year and also between measurement periods.,

The change in direction of the measured velocities for 196l is
difficult to analyze with a simplified model of glacier flow. Another
difficulty that still needs to be investigated is the relationship

between measurements made in firn and the actual ice movements.

38
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APPENDIX A

DETERMINATION OF PRINCIPAL STRAIN-RATES

The deformation of two sides of an element AOB 1is shown in

Figure 17.
%" i
0O A n
™ Yy
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V —————————
dx!l : O'
| oU n
| . U=+ 3 W
|
[
I
|
|
|
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Figure 17. Components of strain in the x"-y" plane.

The component of strain in the x" direction is given by

e, = oU (16)

X" a xll

and the change in angle AOB 1is defined by the shear strain Tymy

U Vv -
Yynxn = —g_};n + gxn (17)

Voo, . . : S . .,
If -g—)—(“ is equal to zero, then the shear strain ey"x" is defined

as

(18)
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L1
The general notation of positive stress and strain for a strain

diamond is shown in Figure 18.
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Figure 18, Deformation of a strain diamond.
The strain-rates in the direction 09, 450, 909, 1359 to the y"
axis may be computed from the following equations.
€o = Oéxu + Wyllxll + éyn
€g5 = éx"sin2 o + ?y"x"cos © sin © + éy,,cos2 2]
(19)
€90 = €yn * Oquxn + Oeyn

€135 = ex"sin2 o - Ty COS © sin © + éy"cosz e

These equations may be re-written in matrix notation as

éo o o 1] Te, |
é l l 1 .
as > § § Yynxn
o | |1 0 o] | (20)
s 11 1| |Syr
L 135 L? 2 )




L3
and the strain-rate along the x" and y" axis are then obtained

from equation 25 as

.1, 1. 3, 1,

€yn T " T €0 T T €45 * ] €o0 * T €135

. . 1.

eynxn = 5 €45 ) €135 (28)
. 3. 1. 1. 1.

eyn = T ® *tT Cas 7 €0 T €135

The principal strain-rates may then be calculated from Mohr's

Circle (Figure 19).
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Figure 19. Mohr's Circle for strain-rate.



APPENDIX B

DESCRIPTION OF COMPUTER PROGRAMS

The methods of computer programming make possible fast and re-
liable computations. These methods were used to obtain the quantities
in Tables II, III, and IV, and to plot Figure 16.

Three main subroutines! have been compiled on tape #L0O (M.S.U.
computer center). They are named JIRP, NORRIS, and PROFILE which
consists of equations for calculations of surface velocities, strain-
rates and stresses, and Nye's plasticity solution, respectively.

When using a tape, programming procedures must be altered by
the use of control cards in the user's program. There should be
between 3 to 5 control cards in the user's program for tape #L0O
(Appendix C, p. 60). The most important one of these has a FORTBIN,2,6.
statement. This converts a program, written in Fortran 60, into the
Binary language and compiles it on tape unit 2. Any subroutines needed
for the program are then located on the tape unit corresponding to
the second character, 6.

For a proper program execution, the computer cards should be
arranged as shown in Figure 20. The data cards have a special for-

mat depending on the specific subroutine that is requiested (Appendix C).

1A subroutine is a sub-program which can be entered by a CALL
statement with the subroutine's name and suitable variables for
arguments,

LL



1 Blank

card

Data

Comment cards

(JIRP,NORRIS)
B,n Assigned

Values -_— [
~ (PROFILE) L

LIN.

1 Blank

card >

END

END

CALL JIRP

PROGRAM SAMPLE

FORTBIN, 2,6.

REWIND, 6.

CONTROL.

REMARK,TAPE 0O ON UNIT 6,TYPE CONTROL,2,

*CO00000 NAME

Figure 20, Sequence for computer cards.




Subroutine JIRP

This subroutine computes surface velocities from the measured
angles between the base line and the movement stakes (Figure 13).

At the survey sites, certain readings were not made because of
fog or the fact that a stake may have fallen over. For these con-
ditions, a pseudo angle of 3610 can be used in the data.

The measured angles from the data cards are stored in the mem-
ory. These angles give the stake locations based on the Cartesian

Coordinate system. This location can be represented by

vix', y', z'), t

. 1, 2,3, L, ...

1, 2,3, L, ...

J
in which V j are the values of x', y', z' at time t for stake
3

j- The measured angles needed to calculate Vt j are denoted by
b

Ya,j g = Lt-3, Lt-2, Lt-1, Lt.
j=1,2,3, L4 5, ... (29)
t=l, 2) 3, h, S, oo

in which the values of g denote the four measured angles required
to determine the coordinates for each stake at a given time (t).

The change in location or the stake movement (m) is given by

m, , =V, .-V, 0]
T, T+1,] T,J (30)

and the total movement (M) as

t=T

) s =

t=1
in which the maximum value of t, (T), is determined by the maximum

value of g, (G), on the data cards (refer to equation 29). Since
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there are four measured angles at each particular time, we have,
T=7 (32)
in which the corresponding integer values of T and G are
T=1,T=2,T-=3, ...

and

G=L,G=8,0G

12, ...

Whenever Arg,j equals 3619, the time is denoted by t'. In
the following example, Y 11,2 is equal to 3619, (g = 11, and t = 3)
V3,2 is indeterminate and t' is therefore equal to 3. The move-

ments are represented by

Vl)z, VZ}Z’ Vt':Z’ V"Z’ V5,23 Tt VT)Z

L 1L ] L [ 1L ]

m . . oo
1,20 Moroy 2o Mpr o5 Ma 25 MT.1,2

The two letters NA (not available) are printed on the output for

the indeterminate movements m., . and m_, . .
th-1,7] t,J

In order to compute the total movement (M), this subroutine
considers the movement (m) ; however, to account for missing angles

we introduce the movement N defined

N. .=V, .= V.,

T, 4R, ] t,J (33)

in which £ 1is the increment of time between itwo known values of

Vt 3 (not considering pseudo angles of 361°). Hence, m, j is a
b J

special case of N, j inwhich L equals 1.
J

The movements in this example can now be represented by

Vl,z > VZ,Z 5 vt',z ) V‘l,Z b) V5,2 y e VT,Z
— 11 11 11 )

m N oo
1,2 > 3,2 ? Mg,2 > mT-l,g

in which A equals 2 . The total movement (M) is then revised to



=T =T
M., = ., N. .
EDIEREDIES o)
t=1 1=1
in which
_ . Loy Ly
me 0O if t =1t 1,t=t (35)
and
- ) ) .
R (36)

In general, there may be any number of values of t' and

N., . provided that
T,

L=3 (37)
Limiting the value of A is an inherent quality of this subroutine.
When the value of { is the limiting case (A= 3), the value of T
is also limited by this subroutine to

T=1t}+3 (38)
in which ti is the first of the two successive values of t' .

If at a given time t' <the values of ’f’g,j are 361 for all
stakes j for a given g , that group may be omitted from the data.
If the group that is omitted is G (or consecutive groups such as
G, G-1, ...), the terminal g becomes G' and therefore does not
yield an integer value for T in equation 32, In this case, the
correct value of G for a given T 1is determined when values of
G are chosen to satisfy

G-1<G'<G+2 (39)

A flow diagram for Subroutine JIRP is given in Figure 21 and

format specifications are stated in Appendix C,
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Data Print $
Input cards NO
YES Was the total YES |(Collect from memory
velocity computed?

Are there any
groups remaining?

A

NO

Sum all com-
ponents and

compute total

Sum horizontal com-
ponents and compute
total horizontal

movement movement
|[Print total movements])

Are there any com-
ponents of velocity?

NO

EXIT

Read all angles for a siteL

Change all angle to radians and find reduced angles

from base line to stakes. Make 361 angles equal O.

[For each stake: Are there direct and reverse readings.:

YES

NO |Only NO Only NQ |Average YES
reverse direct [readings
YES YES
Are all stakes accounted for?- e
Search arrays of angles ES Print NA set
for each stake. Find a movement com-
value # 0? NO ponent = O,
YES
Search ané find NO it in i ght
ind aF— o Is it in the.rlght
second value # 0% sequence of time?
NO YES
[llake it next sequenceje—-
YES Print NA
CQTDUte distance to. NO |Was it a "filled-in" but store
stakes and components o ;
of movement. value? §omponents
in memor

r———?Eg—ﬂﬁomDute total velocity]

Are there enough

vertical angles to
find total velocity

Y

Figure 21.

ne3

Were the horizontal
NO C. .

velocities found by
-in" values?

Print velocities
and store com-
NO

ponents in memory

Flow diagram for Subroutine JIRP.
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Subroutine NORRIS

This subroutine is designed to compute strain-rates and siresses
from the strain diamond data described in Chapter IV. The calculations
of strain-rates are based upon changes in lengths of the sides or
diagonals of the strain diamond. This subroutine considers these

lengths as

Lt,k k = l) 2; 3} h’ 53 63 73 8‘

1, 2, 3,

t

in which Lt,1 to Lt,e are the lengths a,, a,, b;, b,, ¢;, c,,

d,, d, (Figure 15) respectively for time t.
The values of strain (F) are

L L.

F. - Lt Lo (LO)
; t,k

and can be schematically represented by

Ll,k P LZ k 5 Ls,k b} L4’k s o0
L ]l J 1l )

F F F
1k o 2,k 3,k >
However, if the stakes are redriven after a measurement, the dis-

turbances effect the quantity (L.

t1k L. k) for the time interval

b
At. To eliminate this, the distances are remeasured after the stakes
are reset., Whenever the stakes are redriven and remeasured, the time

is denoted by Si . The values of Si (same as Skip value, Appendix

C) are indicators to the computer that the strain between the interval

t = Si and t = Si+l is not to be computed. This is represented by
Ll:k ’ LSl:k ’ LSl+le ’ LSZ:k ’ L52+l,k ’ LSS)k >
| R | | Jd L |

Fi x ) Fo k ) Fak 5 «ae

3 5 2
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in which the times for redriving are

for
i=1,1i=2,1=23, ...

It is shown in Appendix C that if i1 = -1 on the data cards,
the values of S, are automatically takenas 2, L, 6, ... . How-
ever, other values of Si can be obtained by specifying them on the
data cards (Appendix C).

Once the values of strain (F) are determined, then the strain-

rates (€é) can be calculated by

.1 ~
et T Feen * Fepd 0= 1,23,k (D)
k = 2n
t = 132:3)“'

in which wt is the interval of time between successive values of t.
The index n corresponds to values of © for 00, 450, 900, 1350,
respectively.

The calculations for stress are then carried out by Mohr's circle
of stress and strain-rate.

A flow diagram for NORRIS 1is given in Figure 22 and format

specifications are stated in Appendix C.
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Data Print § Read Numbe
Input Cards of groups
Is this a sur-|. NO Finished? Print all

YES

veyed strain
diamond?

N9//
Read lengths
of diamond and

convert all to
feet.

y
Compute strain
and average to
find E,. Store
in memdry.

Are there any more

Lto radian

Read angles
and convert

Compute dis-
tance out to

Find lengfﬁﬂ
of sides,

readings in group?

NO

(Collect from memory)

and E1,E2,E3.

Compute each, EX,EZ,EXZ

_stake,|

A

results in
three tables

in memory.

Save all result

Compute stresses]

0150350557, T

X2

Figure 22. Flow diagram for subroutine NORRIS.

Theta.

Average each, EX,EZ,EXZ to
find total E1,E2,E3, and




Subroutine PROFILE

This subroutine computes the solution to Nye's plasticity equa-
tion and plots the results together with measured velocities.

The results of Subroutines JIRP and NORRIS provide the data for
Subroutine PROFILE. If the x' and x" axes coincide, then the
necessary data consists of the x' component of velocity (same as
D

total movement, from JIRP), the shear stresses T_, ., (same as

b x"y
TXZ from NORRIS), the x" component of strain-rate (same as EX from
NORRIS), and the distances x', y' (same as RO and BO from JIRP,
special listing).

If the two axes (x' and x") do not coincide, then it is necessary
to calculate the components of shear stress and strain-rate along
the x'-axis. Subroutine PROFILE does not make a distinction between
x' and x" , therefore in describing this subroutine, the x"-axis

will be referred to as the x'-axis.

Subroutine PROFILE computes the shear stress at the valley wall

(Tx,y,)y,=0 from the shear stresses at y!
Txtyt = Pyt + (Tx'y')y'zo (L2)
in which
d
p = ay’ (Txlyl) (L3)

The shear stiress and velocity diagrams are compared in Figures
23. The value Y. is the distance from the valley wall to the
point of zero shear stress. For the ideal glacier described in
Chapter II, this point should coincide with the point of maximum
velocity at distance y, from the valley wall., The distance (ym)

from the valley wall to the movement stake showing a maximum velocity
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is given on a data card (Appendix C).
The distance y_ is computed from equation 42 and compared to
the distances on the velocity profile. This subroutine considers

Y. to be an acceptable value if

<y <y (LL)

m-1—="71—="m+1

If the computed value of Y. does not satisfy equation LL,
the computer will stop and print an error diagnostic.

Even with reliable data, the above discrepancy can occur if
Ypey ™ Yo OT Yp., <VYo (see Figure 23). This error can then be
passed by if a certain code (%) is used on ane of the data cards
(Appendix C).

In Nye's solution, values of T' are needed for each point.

They are shown in Figure 2L.

2.0T

2.5

Figure 24. Relationship between dimensionless shear stress "T' and
dimensionless distance Y. After Nye (1957(a]).
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A function! named ROOT was incorporated to solve equation 5
for values of | in

R = 2" - y2 2tz _ g (L5)

in which R 1is a residual value and is equal to zero when values of

rT'('T;) and Y(Yp) satisfy equation 5. The procedure is to select
a value for Yp and choose two values for‘17, an upper and lower
limit ("rh and rrl). The corresponding values of R are

RL <0 .

u 5
Then the subroutine evaluates the average value of W7('Tl) as

- Tl T 06

and evaluates a corresponding value of R (RA) in equation 45. Then

if Ry <0, a new lower limit for T} is given the value of Ty -

Likewise, if RA > O , a new upper limit for “Pu is taken as Ty -
The values of Yp and rrb are obtained by repeating this

process until
(TU = TA)(TA - TL) =0 (h?)

which is limited to an accuracy of 10 decimal places on the computer,
A flow diagram for subroutine PROFILE is given in Figure 25 and
format specifications are stated in Appendix C.
Apart from the calculations, there are extra features in each

subroutine, General comments may be printed with the resulis in

1A function is similar to a subroutine except that it is entered
when there is an equation containing the function's name and suitable
expressions or variables for arguments.
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Data
Input

Find the
values of B,n.

Is plot out-

Is there more than

NO

one strain diamond?

put required?

YES NO

Is th
fATST

is the
group?

NO

YES

Print message

Convert y" dis-
tances to have

origin at pt. of]

O shear.

A

Compute shear
stress at val-
ley wall and

Y
Assume pt. of zero

YES
shear at location

of maximum velocity
¥

Compute slope of
shear diagram

|

Is distance to 2zero
shear pt. consisteng

YES

to operator b . o YES | with the location of]
and pause. SR e maximum velocity or
bar. > p HEE o
ad jacent stakes?
Compute veloc
ity at 20th of Print error NO
inch of scaledJ diagnostic
distances on ]
paper. YES |Is data reliable?
Y $ code)
Plot velocity
with pen down, NO NO
Is cowpute NO_,IS cowputed EXIT .
velocity = velocity =
vmax/2? v _max?
'YES YES
Draw line from raw 2nd half
curve and label,] |of curve symmetric.
NO [Are 2 curves Add . to valley
drawn? wall shear stress|
WES | )
Plot measured | YES re there SCRIPT
velocities with| cards? !
Compute
| NO velocities
Plot letters by ubtract .l from = ;take
finding coordin- valley wall shear distences
ates based on a stress.
9 pt, se,
//yg/////// Print distances
2 sets of Add .L to valley and velocities. NO
computed wall shear stress
velocities? YES |More groups?
Figure 25. Flow diagram for Subroutine PROFILE
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Subroutines JIRP and NORRIS. Subroutine JIRP also has a provision
for a special listing of coordinates and angles. Subroutine PROFILE
has two provisions. One is for assigning values to the constants
in Glen's flow law other than those calculated by Nye. The other
provision is a method of printing titles on the output from the

plotter by using Script cards (Appendix C).



APPENDIX C

DETAILS OF COMPUTER SUBROUTINES AND PROGRAMS

A program for tape #LOO is correctly prepared when the computer
cards are arranged as shown in Figure 20. The statements begin in
column 7 on the third through the sixth cards. The statements on
the other cards begin in column 1 except for the data cards. These

have a special format depending on which subroutine is requested.

Identification Card

The following symbols are punched in the appropriate columns

of an ID Card.

Symbol Columns
* 1
C 2
(a six digit problem number) 3,4,5,6,7,6
(last name of user beginning in ...) 10
(time 1limit in minutes) 31
(program name beginning in ...) 36

Control Cards

The control cards immediately follow the ID Card. Statements
are punched for the control cards beginning in column 1 and are as

follows:

59
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Card Statement
1 REMARK,TAPE LOO ON UNIT6,TYPE CONTROL,?2.
2 CONTROL.
3 OUTPUT,G,27. <—(use only if plot output is requested
in Subroutine PROFILE)
L REWIND, 6.
5 FORTBIN, 2,6.

It is permissable to have several computer decks in a series.
If more than one program at a time is to be executed, then a new
ID Card followed by new control cards are necessary for each., Since
the first two control cards listed above stop the computer in order
that the operator may check tape units, they need not be included
in any subsequent decks. However, one may choose to replace the
first two cards by a single card punched as

REMARK,TAPE LOO ON UNIT 6.

for computer programs other than the first deck.

Program Cards

These statements follow the control cards and begin in column

7. They are
Card Statement

1 PROGRAM (any name, 7 letters or less,
except JIRP, NORRIS, or PROFILE)

2 CALL (choice of JIRP, NORRIS, or PROFILE)

3 END

L END

S Blank Card

6 RUN. <— (begins in column 1).
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Comment Cards (JIRP, NORRIS)

These cards are designated by a dollar sign ($) in the first
column and immediately follow the RUN. card. Any statement punched

in columns 2-80 will then be printed with the computer output.

Subroutine JIRP

A sample of data is given in Figure 26 in which the columns
for the computer cards have been designated by arrows.

The Index Card is the first data card on which there are three
numbers. Column L is a number for a site (1,2,3, ...). Column 8
is the group index g to the angle 1Jg,j (see Figure 13). The
last number ends in column 12 which is the total number of cards
to follow for a given group.

The cards following the Index Card are the Angle Cards. The
first one contains the sighted angles to a base line station. The
remaining cards in the group are the recorded angles to the move-
ment stakes.

The angles are given in degrees, minutes, and seconds respec-
tively for each direct and reverse reading. These values appear on
the Angle Cards ending in columns 9, 19, 29, 39, L9, 59 respectively
(see Figure 26). If there are any fractional parts of an angle, they
may be given as a decimal value appearing in the tenth column 10,20,
30,40,50,60 (no decimal point). Angles that are in degrees, minutes,
or seconds with a value of OO0 need not be punched since blanks are

read as zeros.



62

Columns
O L 89 12 19 29 39 L9 59
Data
Card t ] o i ) i i !
1 [l 1 1 3
2 [ 13 25 52 361
30 106 21 17 361
L | 106 22 26 361
5 | 1 2 3
6 91 34 269 35
7 | 112 20 10 218 20 15
8 | 361 361
: (Etc.)
|
|
l
l
|
I
| Direct Readings Reverse Readings
| ‘ |
| -1 8 3
90 29 LoV V270 29 LO 1
| 103 27 30 257 3l 20
| 100 LL Lo 259 17 35
| ¢ 385.4
0]
2 1 3
: (Etc.)
|
1 1 Tt 1 1 1 1 1
O L 89 12 19 29 39 L9 59
Figure 26. Example data dards for Subroutine JIRP.
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The Index Card which precedes the last group (G) of Angle Cards
must have a negative value for the site number. This indicates to
the computer that this is the last group for that site.

After the last group of Angle Cards for each site, there are
two remaining cards. They are the Base Line and Time Cards, respec-
tively. The Base Line Card contains the base line length (meters)
and is punched anywhere within the first 10 columns provided that
a decimal point is also included. The Time card contains the time
interval (days) between the first and last readings and should ap-
pear on a card ending in column L (no decimal point). This card
completes one site.

The next cart to follow is an Index Card for another group of
angles at a different site, or if there are no remaining sites, the
next card is blank. A blank card after a Time card therefore term-
inates the program.

One may also obtain a special listing of all horizontal angles
and distances of a coordinate system passing through the first sta-
tion by punching a second dollar sign ($) in column 2 of any comment
card in JIRP, It should be noted that if there are any values of

3610 for P

g,j ° the angles that are printed for the special listing
b

will not be 361. They will be the values of ’#Jg,j for the next

g for that angle measured from the same station if there are enough
values to compute a movement., Otherwise they will be zero. For
example if Vy3 = 3610, Fos = L2 then the special listing will
give Ps3 = L29, To3 = L20. If 55 = 3610, Vo5 = 3610 and

no values are obtained for 7”13,3 , then 7P%3 =0, ’f’%s = 0.
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The values of y' for times t =1 and t =2 are given by BO
and AO , respectively. The values of x' are given by RO and
TO respectively,

These distances that are given in the special listing of JIRP

are shown in Figure 27.

t=2
y
\
l\
\ t=1
AO : \ A + movement stake
N L7 RO
BﬁEymn L ;é;_J
T— —]
TO RO

Figure 27. Notation for special listing of Subroutine JIRP

In this figure, TO 1is positive and RO is negative. The final
tabulated results are based upon the same coordinate system (Figure

13) in which

B = BO
D= TO - RO
(L8)
E = AO - BO
C = (D2 + Ez)l/z

Subroutine NORRIS

Sample data are given in Figures 28. The first data card con-
tains the total number of strain diamonds. This number ends in column L,
The general order after the first data card depends on the method

employed for the measurements.
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CASE I (Measurements by taping)

Card
(2) INDEX CARD
(3) SKIP CARD (optional)
(L) TIME CARD
(5, ...) DATA

The format of the Index Card is

Column
b strain diamond number (1,2,3, ...)
8 number of sets of readings
20 number of time intervals
2L skip index,

in which the skip index is a number which indicates the number of
time intervals when the only movement was due to the redriving of
the reference stakes. This number may be from -1 to 6 . A
skip index with a value of zero (blank) indicates a comparison of
data for consecutive intervals. A minus number indicates a compar-
ison of data for every other interval., A positive number indicates
the number of skipped intervals which appear on the next card. This
next card is the Skip Card and contains these interval numbers (skip
values). The numbers should end in columns L4,8,12,16,20,2,. A maxi-
mum of 6 numbers may therefore be used. This card should not appear
unless a positive number is used for the skip index.

The following cards contain the time intervals (weeks). One
value is to appear on each card in columns 1 and 2 with decimal

values in columns 3 and L (no decimal point),
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The next card contains the measurement data. They may be given
with decimal values of a foot or with inches and decimal parts of
an inch. The lengths a,, a,, by, b, (Figure 15)(in feet) should
end in columns 8,28,.8,68. The next card contains the last L lengths
cy, Cp, d;, d, (in feet). The numbers should end in columns 8,28,
L8,68. If there are decimal parts of a foot, they can be included
as the 9th and 10th columns (9,10; 29,30; L9,50; 69,70), with no
decimal points. If the measurements are also in inches, the number
of inches should end in columns 18,38,58,78, and decimal parts of
an inch in the 19th and 20th columns (19,20; 39,L0; 59,60; 79,80),
respectively.

If the square is very large (as on adjacent longitudinal profiles),

then it is more convenient to use CASE II.

CASE II (measurements by surveying).

The format of the Index Card is

Column
L strain diamond number (1,2,3, ...)
) number of sets of readings
12 not (a constant)
16 group number (g)
20 number of time intervals
2l skip index.

Apart from the Index and Skip Cards, the formats for the angle
and the Base Line Cards are the same as in Subroutine JIRP. The
format for the Time Cards are the same as in Case I only they appear

at the end of the group G for each site,
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Case II is designed for L movementstakes with the order of

angles as shown in Figure 29.
J=3

\
oy Pl

Figure 29. Notations for stakes in strain diamond.

>

Subroutine PROFILE

No Comment Cards are allowed in this subroutine. To change the
constants B and n (equation 2), a card with a dollar sign (%)
in column 1 is inserted after the RUN. card. The new values for B
and n end in columns 7 and 14 (with decimal points), of this card.
If this card is absent, the values of 0.14L8 and 4.2 are automatically

taken for B and n.

The next (or first) card is the Index Card. It contains the

following:
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Numbers Ending in Columns
3 total number of strain diamonds
6 total number of measured velocity points

9  number of stake at which maximum velocity
occurs

12 a code for the type of output.
O = no plot, 1 = plot.

13 a code to by pass an error,
0 = stop, % = continue.

17 number of distance units/inch along y'-axis
21 number of velocity units/inch along x'-axis
30 number of the strain diamond (STRAIN-RATE,EX)
to be used in the calculations. A zero or blank indicates an average
EX to be used. If column 12 contains a one, then the OUTPUT,G,27.
control card must be used (see p. 60). If this column contains a
zero or a blank, then the OUTPUT,G,27. control card may be omitted
as well as the scale factors in columns 17 and 21 of the Index Card.
The scale factors give the scales in the horizontal direction
(same as x' and is limited to 11 inches, the width of the paper)
and the vertical direction (same as y' and is not limited) of the
plot output.
The next cards are the Strain Diamond Cards. These contain the
following:

Numbers Ending in Columns
7 value of TXZ in bars (with decimal point)
1, distance (M.) from base line to strain diamond

in decreasing order (no decimal pt. if 2 deci-
mal places are used)

21 average EX (bars) for an individual strain
diamond (with decimal pt.).
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Following these are the Measured Velocity Cards. They contain
the following:

Numbers Ending in Columns

7 X' distance (M.) of the movement stakes
(RO from JIRP)

1, Y' distance (M.) (B or BO from JIRP)

21 x' components of velocity in m/Ayr. (D from
total movement, JIRP).

No decimal points are needed in the above values provided that 2
decimal places are used in each. An example of the data cards is
given in Figure 30.

The next card may be any one of the following three. If it is
blank, the program terminates. It may be an Index Card for another
group of data. Finally, it may be a card which puts a title on the
plot output.

The last type of card is called a Script Card because it must
contain the word SCRIPT beginning in Column 1. The format of a
Script Card is as follows:

Ending in Column

6 the word SCRIPT

9 size of block letters (ie. .25 is 1/l inch)
with a decimal point.

10 number of inches above the maximum scaled y!'
value to start printing.

11-80 any title or name.
Column 11 is the first letter to be printed. A dollar sign ($) or
an asterisk (%) must be punched immediately after a title on a

Script Card. This marks the end of the title. The dollar sign
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013 679 1214 17 21
Data R

Card
2 6 3 1 L450 100
-.373 285470 .119

.903 106481  .192

-1832 140763 12696
-2279 183945 18142
-2971 227608 23859
-3L87 253001 22134
-38LL 285479 20696
-L2LO 316275 20503

SCRIPT.502VELOCITY PROFILE$

11 SCRIPT.25 NAME:*

12 210 7 O

(Etc.)

—
OO0 O~ O\ W N =

Figure 30. Example data for
Subroutine PROFILE,
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indicates that the printing begins with the contents of column 11
at a distance of 10.5 inches to the left of the right margin of the
paper. The asterisk causes the plotter to print the title so that
a blank space after the last letter ends at the right margin,

More than one Script Card may be used to print as many titles
as desired.

Once a number in column 10 has been specified, another need not
be given in additional Script Cards. A blank in column 10 of sub-
sequent Script Cards will automatically indicate that the spacing
between the lines of print is 1/2 the size of the letters of the
previous title. However, if different spacings are desired then
different values may be specified on each Script Card. A blank
card after the Script Cards terminates the program,

The subroutines, functions, and programs, as they were written,

are given by the following:



051712 HAVAS 3 COMPILE=~TAPRPE 400
MARK ¢ TAPE 400/WRITE RING

MARK s TAPE 400 ON UNIT 6~TYPE CONTROL +24

INTROL o
WIND+6eo
IRTBINe2+sL 16e¢3¢

SUBROUTINE JIRP 1
DIMENSION ANGLEA(SO0) +sANGLEB(S50)eMP(S0) NP (S50) +DEGS(50¢50) 9 00002
1BASE(20) +NONE(S50¢50) eH(12)eF(13¢25¢7)9G(13¢25¢7)eDA(13¢250¢7)FOG(2 00003
20) +GOF (20) ¢ TIME(20) +KPAR(S0) «MOP(30) s KOM{30) 000 4
4 FORMAT (80X 15HSPECIAL LISTING) 5
S FORMAT(2A1,A6,9A8) 6
6 FORMAT(1HOAl 4A6,9A8) 7
73 FORMAT(81Xe1HJUe6Xe2HBO 48X +2HAD+8Xe2HRO +8X ¢2HTO) 00008
74 FORMAT(B0Xe1242XsFB8e2¢2XsFBe2¢2XFBe2¢2X1FB8e2) 00009
7S FORMAT(B0Xe12¢8Xe12:2XeF7e2) ’ 10
77 FORMAT(AX+]1294Xe12¢7Xe2HNA ¢7X e 2HNA ¢ 7X e 2HNA ¢ 14X ¢ 2HNA ) 00011
780FORMAT (2X ¢ SHGROUP ¢ 2X ¢+ SHSTAKE ¢4 X9 IHC s8X e 1HD +8X e 1HE ¢ 7X 0 1HV ¢SX e 4HZETA 00012
194X 4HEPSL) 13
79 FORMAT(// +2Xe¢39HB=PERPEND ICULAR DISTANCE FROM BASE LINE) 00014
80 FORMAT(// +¢25X¢14HTOTAL MOVEMENT) 15
B810FORMAT (16X ¢SHM/YRe sSXeSHM/YRe 14X +15SHM/YRe ¢+ 3X+SHM/YRe ¢+1X ¢ THDEGREES » 1 00016
1 X+ 7HDEGREES) 17
82 FORMAT (2X+47HC=MAGNITUDE OF TOTAL HORIZONTAL VELOCITY VECTOR) 00018
830FORMAT (2X ¢+ S4HD=MAGNITUDE OF HORIZONTAL VELOCITY VECTOR IN DIRECTIO 00019
1N) 20
84 FORMAT (15X «18HPERPENDICULAR TO B) 21
B850FORMAT (2X ¢ S9HE=MAGNITUDE OF HORIZONTAL VELOCITY VECTOR IN DIRECTIO 00022
1IN OF B) 23
86 FORMAT(2X +36HV2MAGNITUDE OF TOTAL VELOCITY VECTOR) 00024
B870FORMAT(2X «S7THZETA=POSITIVE ANGLE OF Vo BETWEEN AND AWAY FROM BASE 00025
1LINE) 26
880FORMAT (2X + S3HEPSL=ANGLE BETWEEN V AND A HORIZONTAL GLACIER SURFACE 00027
1) 28
89 FORMAT(2X +46HM/INT=METERS PER EFFECTIVE MEASUREMENT PERIODS) 00029
SOOFORMAT(AX e I204X e [1201XeFT7 el 12XeFTe242XsFT762¢2XesFT7e2¢1XeFT7e2¢2XesF6e2 00030
1e2XesF6e2) 31
F10FORMAT (2X s SHGROUP ¢ 2X ¢ SHSTAKE ¢ 3X e 1HB 99X 9 1HC ¢ 8X s 1HD +e8X e 1HE s 7X s 1 HV e 4X 00032
1+4HZETA 14X 4HEPSL) 33
92 FORMAT(A4XsI12¢4X0]1291XeFT el 12XeFT7e292XeFTe2¢2XeFTe2¢10XsF6e2) 00034
930FORMAT (17X e2HMe 16X eSHM/INT 44X ¢ SHM/ INT 04X eSHM/ INT ¢ 3X ¢ SHM/ INT ¢ 1 X ¢ 7HD 0003S
1EGREES +1X ¢+ 7THDEGREES) 36
94 FORMAT(F10e3) 37
95 FORMAT(F4,0) 38
S60FORMAT(4X e 1298X s [2¢2XeFT7e292XsFTe2¢2XeF 7020 1XeFT7e212XsF662¢2XesF6e2 00039
1) 40
97 FORMAT(4Xe1294X 122X eFT7e2¢2XeFTe2¢2XesFTe2¢10XeF662) 00041
98 FORMAT(AXe1294X e 12e6Xs2HNA 27X e 2HNA ¢ 7X s 2HNA ¢+ 7X 0 2HNA s 14X ¢ 2HNA ) 00042
99 FORMAT(//) 43
100 FORMAT(314) 44
COMMON ANGLEA s ANGLEB +MP ¢NP ¢+DEGS ¢ NONE ¢ F ¢ GoDA +FOG e GOF s TIME o+ KPAR ¢ MOP o 00045
1KOM, BASE ¢+ H 46
PRINT 99 47
KEY=0 48

DOL=5320202020202020 49



Y KReAD SiH SO

IF(DOL=H(1)) Be7+8 . S1

7 PRINT 6¢ (H(J)eJ=2+12) 52
IF(DOL=-H(2)) 9¢1049 53

10 KEy=1 54
GO TO 9 55

8 BACKSPACE 2 56
IF(KEY) 798¢799+798 57

798 PRINT & 58
PRINT 99 SS9
PRINT 73 60

799 PRINT 91 61
PRINT 93 62

GO TO 101 63
7000 READ 94, EXIT 64
READ 94, EXIT 65

101 READ 100+ (JCOUNT sL.COUNT ¢ MCOUNT) 66
IF(MCOUNT) 10241154102 67

102 CALL DEGRAD(LCOUNT +MCOUNT) 68
IF(JCOUNT) 10361014101 69

103 DO 4020 J=8.:808+4 70
' IF(LCOUNT=-J+1) 4017+.4019,4020 71
1017 IF(J-8) 7000+4018,4018 72
31018 LCOUNT=JU-4 73
GO TO 4021 74
1019 LCOUNT=J 75
GO TO 4021 76

3020 CONTINUE 77
1021 JUCOUNT==JCOUNT 78
NCOUNT=LCOUNT+1 79
JT=JUCOUNT 80
LC=LCOUNT/4~1 81
MC=MCOUNT=1 82

READ 94+ BASE (JUCOUNT) 83
READ 95+ TIME(JCOUNT) 84
LOP=LCOUNT=1 85
LCPQ=LCOUNT+3 86
LCOUNT=1 87

DO 420 J=14MC 88

DO 419 1=NCOUNT 47 89

419 DEGS(Jel1)=0. 90
420 KPAR(J)=0 91
DO 114 K=1,LC 92

DO 113 JU=1eMC 93
IF(LCOUNT~-KPAR(J))Y S000+13:5000 94

5000 IF(K=1) 801+800.801 95
800 NAK=1 96
NAC=3 97
IF(DEGS(J41)®DEGS(Je3)) 802:¢4000+802 o8

1000 KOM(J)=1 99
MOP(J)=3 100

GO TO 13 101

801 NAK=KOM(J)+4 102
802 IF(KPAR(J)) 124¢899,899 : 103

899 DO 900 M=NAK«41.4 104



900
901

902
903
904
805
806

905
906

907

908
909

998
1000
1001

999
1002
104

JAKEM

KOM(J)=JAK

IF(DEGS(JsM)) 90149004901
CONT I NUE

LAK= JAK+4

DO 902 M=LAK+45.4

MAK =M

IF(DEGS(JsM)) 903¢902¢903
CONTINUE

IF (MAK=45) 9044124904
IF(K-1) B05:806+805
NAC=MOP (J) +4

DO 905 M=NAC+39+4

JAC=M

MOP (J)=JAC

IF(DEGS(Js«M)) 9064905+:906
CONT I NUE

LAC=JAC+4

DO 907 M=LAC+47+4

MAC=M

IF(DEGS(JsM)) 908+907+908
CONT I NUE

IF(MAC-47) 9084124908

IF (MAC=JAC-4) 909+1000+909
DEGS(J+JAC+4)=DEGS(J+MAC)
DEGS(J+JAC+2)=DEGS(JI1MAC-2)
KPAR(J)=JAC+2
DEGS(J+JAC+5)=DEGS(JeMAC+1)
DEGS(J+JAC+3)=DEGS(JsMAC-1)
NONE (J ¢ JAC+5) =NONE (J ¢MAC+1)
NONE (J ¢ JAC+3) =NONE (J+sMAC-1)
IF(DEGS(J+JAC+4)) 998,12,998
IF(DEGS(J+JAC+2)) 100241241002
IF (MAK=JAK=4) 1001+1002+1001
DEGS (J +JAK+4 ) =DEGS (J +MAK)
DEGS (J+JAK+6)=DEGS (J +MAK+2)
KPAR (J) = JAK+4

DEGS(J s JAK+S)=DEGS (JeMAK+1)
DEGS(J+JAK+7)=DEGS (JMAK+3)
NONE (J ¢ JAK+5) =NONE (J ¢« MAK+1 )
NONE (J ¢ JAK+7) =NONE (J «MAK+3)
IF(DEGS(J+JAK+4)) 999,112,999
IF(DEGS(J+JAK+6)) 100241241002
IF(LCOUNT-KPAR(J)) 104+13+104

ALPHA=3414159~DEGS(J+LCOUNT+4)~-DEGS(J+LCOUNT+6)

ALPHA=SINF (ALPHA)

A=SINF (DEGS(J+LCOUNT+6) ) #BASE (JCOUNT) /ALPHA
BETA=3614159-DEGS (J+LCOUNT ) -DEGS (J+LCOUNT+2)

BETA=S INF (BETA)

B=SINF (DEGS(J+sLCOUNT+2) ) *BASE (JCOUNT)/BETA

BO=B#*S INF (DEGS (J+LCOUNT))
AO=A*SINF (DEGS(J+LCOUNT+4))
RO=B#COSF (DEGS (J+L_.COUNT))
TO=A¥COSF (DEGS(J+LCOUNT+4))
IF(KEY) 790¢791+790

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
00149
150
00151
00152
153
00154
155
156
157
158
159
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7190
791

105
106

110
39
30
31
32

33
46

40
47

118

12

13

16
113
114

6000
6001

792

3000

PRINT 74 4J¢BVIAUROY IO
DO=TO=~RO

EO=A0-BO
F(JCOUNT ¢ JoeK)=DO
G(JCOUNT s JeK) =EO
C=SQRTF (DOXX2+EO*%#2)

ZETA=ASINF (EO/C)*#57,29578

IF(DO) 10541064106
C=-~C

11=0

DO 110 L=14702

I I=NONE (J+LCOUNT+L)+I1
IF(II=4) 40439440

DELTA=B*TANF (DEGS(J+sLCOUNT+1))~A*¥TANF (DEGS(J+L.COUNT+5))

V=SQRTF (DELTA®%#2+C#%2)
IF(C) 30431431
V==V

EPSL=ACOSF(C/V)#57,29578

IF(DELTA) 32+¢40+33
EPSL=-EPSL
IF(KPAR(J)) 16446416

PRINT 90¢JCOUNT ¢ JeBO+sCoeDOEOQOWV+ZETALEPSL

GO 7O 118
IF(KPAR(J)) 16447416

PRINT 924+ JCOUNT 4J¢BOsCsDOVEQIZETA

V=0e0

DELTA=0.0
DA(JCOUNT s JeK)=DELTA
GO TO 113

PRINT 98 +JCOUNT s J
F(JCOUNT ¢ JeK)=0e
G(JCOUNT 9 JeK) =00
KPAR(J)=-1

GO TO 113

PRINT 984 JCOUNT s J
F(JCOUNT ¢ JeK) =00
G(JCOUNT ¢ JeK) =00
KPAR(J)=0

GO TO 113

PRINT 98 4¢JCOUNT s J
CONT INUE
LCOUNT=LCOUNT+4

DO 6001 K=1,.,LCPQ

DO 6000 J=1,MC

NONE (J+K) =0

CONT INUE
FOG(JCOUNT) =MC

GOF (JCOUNT)=LC
PRINT 99

IF(KEY) 79241014792
DO 3001 L=1,LOP,2
DO 3000 I=1,MC
PX=DEGS(1+L)%5729578
PRINT 7S.LelePX
PRINT 99

100
161

162
163
164
165
166
167
168
169
170
171
172

00173

174
175
176
177
178
179
180

00181

182
183

00184

185
186
187
188
189
190
191

192
193
194
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211

212
213
214



3601

115

201

600
203

498

499

38
717
711
712

a1

400
206

207

conNt tNUE

GO TO 101

PRINT 99

PRINT 80

PRINT 78

PRINT 81

DO 207 M=1,4JT

MC=FOG (M)

LC=GOF (M)

DO 206 J=1.MC

TVO=0oe

TOT=0oe

OTO=0e

DO 201 K=1,LC
TOT=F (Me JeKH)+TOT
OTO=2G(MesJWKI+OTO
TVO=zDA (M4 J¢K)+TVO
IF(TOT) 203+6004+203
IF(OTO) 203+400+203
TVO=TVO/TIME (M) #365,25
TOT=TOT/TIME(M)%#365.25
OTO=0TO/TIME(M)#365,25
CO=SARTF (TOTHX24+0TOR*2)
VO=SQRTF (TVOX %24+ CO#%#2)

ZETA=ASINF (OTO/CO) #57,29578

IF(TOT) 498+¢499,4,499
CO0=-CO

vO=-VvO

IF(TVO) 38.41,38

EPSL=ACOSF(CO/VO)#57.29578

IF(TVO) 71147124712
EPSL=-EPSL

PRINT 964 MsJeCOsTOTsOTOsVOWZETAIEPSL

GO TO 206

PRINT 974 MeJesCOsTOT+OTOZETA

GO TO 206
PRINT 77+ MoJ
CONTINUE
PRINT 99
CONT I NUE
PRINT 79
PRINT 82
PRINT 83
PRINT 84
PRINT 85
PRINT 86
PRINT 87
PRINT 88
PRINT 89
PRINT 99
END

SUBROUTINE DEGRAD (LCOUNT ¢MCOUNT)

DIMENSION ANGLEA(50) +ANGLEB(S0) +MP(S0) +NP(50) +DEGS(50¢50) ¢
1BASE(20) +NONE (SO +S0) sH(12)sF(13025+7)0G(13¢25+¢7)9sDA(13+2547)+FOG(2
20)+sGOF (20) s TIME(20) +KPAR(S0) «MOP (30) +KOM(30)

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
23e
239
240
241
242
243
244
245
246
00247
248
249
250
251
252
253
254
255
256
257
2s8
259
260
261
262
263
264
265
00266
00267
00268
00269



101 FORMAT (&6Fi{0ei) 270
COMMON ANGLEA ¢ ANGLEB +MP ¢ NP sDEGS ¢ NONE o F +GsDA+FOG +GOF « TIME ¢KPAR «MOP 00271

IKOM,BASE ¢ H 272
KO=0 _ 273
LO=KO 274

DO 109 J=1+MCOUNT 275
READ 101+ (UsVeWeXeY0Z) 276

IF (U-361e) 105+4104,104 277

104 ANGLEA(J)=U 278
NP (J)=1 279

GO TO 106 280

105 CALL DEGD(KOsUsVeW) 281
NP (J)=2 282

106 IF (X=361e¢) 10841074107 283
107 MP(J)=6 284
GO TO 109 285

108 CALL DEGR(LOsXsYosZ) 286
MP(J) =4 287

109 CONTINUE 288
MO=1 289
MC=MCOUNT-1 290

DO 116 J=1.MC 291

IF (NP(J+1)+MP (J+1)~6) 113¢1124110 00292

110 IF (NP (J+1)+MP (J+1)=8) 11141144114 00293
111 NONE(J.LCOUNT)=0Q 294
DEGS (J+LCOUNT)»=0, ' 295

GO TO 116 296

112 CALL BOTH(DEGA+DEGBMO) 297
NONE (J+LCOUNT ) =1 298

GO TO 115 299

113 CALL REV(DEGA.DEGB+MO) 300
NONE (J +LCOUNT ) =1 301

GO TO 115 302

114 CALL DIR(DEGA+DEGB+MO) 303
NONE (J+LCOUNT ) =1 304

115 DEGS(J+L.COUNT )= ¢5#* (DEGA+DEGB) /5729578 00305
116 CONTINUE 306
END - 307
SUBROUTINE BOTH(DEGA.DEGQ.MO) 308
DIMENSION ANGLEA(S0) +ANGLEB(50) +MP(50) ¢+NP(S50) sDEGS (50450 + 00309
1BASE(20) «+NONE(S0+¢50) sH(12)eF(13¢2547)¢G(13¢25¢7)eDA(1342547)+FOG(2 00310
20) «GOF(20)+TIME(20) +KPAR(S0) +MOP (30 ) ¢+ KOM(30) 00311
COMMON ANGLEA ¢ ANGLEB +MP +NP ¢DEGS ¢ NONE ¢+F 4G +DA+FOG+GOF s TIME yKPAR ¢ MOP 00312
1KOMBASE 4 H 313
MO=MO+1 314
DEGA=ABSF (ANGLEA (MO)~ANGLEA (1)) 315
DEGB=ABSF (ANGLEB (MO)~ANGLEB (1)) 316
END 317
SUBROUTINE REV(DEGADEGB MO) 318
DIMENSION ANGLEA(50) ¢ANGLEB(S0) +MP (50) ¢+NP(50) +DEGS(50¢50) s 00319
1BASE(20) yNONE (50+¢50) eH(12) sF(1342597)¢G(13425+¢7)+DA(13+:2547)+FOG(2 00320
20) +GOF (20)+ TIME(20) +KPAR(50) +MOP (30) +KOM(30) 00321
COMMON ANGLEA ¢ ANGLEB +MP ¢NP ¢DEGS ¢ NONE ¢ F ¢G+sDA+FOG ¢GOF « TIME +KPAR ¢MOP 00322

1 KOM{BASE +H 323

MO=MO+1 324



101

101

DEGB=ABSF (ANGLEB (MO) ~ANGLEBI1 ) )

DEGA=DEGB

END

SUBROUTINE DIR(DEGAWDEGB MO)

DIMENSION ANGLEA (50) +ANGLEB(50) «MP(50)+NP(50) +sDEGS(50+50) s
1BASE(20) +NONE(50+50) ¢H(12) ¢F(13025¢7)+G(13425+7)sDA(13+25:¢7)+FOG(2
20) +GOF(20)+TIME(20) +KPAR(50) +MOP (30) +KOM(30)

COMMON ANGLEA ¢ ANGLEB +MP NP sDEGS +NONE +F 4G sDA+FOGsGOF ¢ TIME +KPAR ¢MOP,
1KOMBASE ¢ H

MO=MO+1

DEGA=ABSF (ANGLEA (MO)~ANGLEA(1))

DEGB=DEGA

END

SUBROUTINE DEGD(KOsUeVeW)

DIMENSION ANGLEA (50) +ANGLEB(S50) +MP(50) «NP(S50) +DEGS(50+¢50)
1BASE(20) «NONE(S50+50)eH(12)sF(1302597)4G(13+12517)+DA(13:25:¢7)+FOG(2
20)sGOF (20) ¢ TIME(20) +KPAR(S0) +MOP(30) +KOM(30)

COMMON ANGLEA ¢ ANGLEB +MP NP ¢DEGS ¢ NONE ¢« F 4G +DA +FOG ¢ GOF s TIME +KPAR +MOP,
1KOMBASE o H

KO=KO+1

SECA=W/3600.

AMIN=V/60 ¢

ANGLEA (KO)=U+AMIN+SECA

END

SUBROUTINE DEGR(LO+XeYe2Z)

DIMENSION ANGLEA(50) ¢«ANGLEB(50) +MP(50) +NP(50) ¢+DEGS(50¢50) ¢
1BASE(20) +NONE ('S0 +S0) sH(12)eF(13425¢7)9G(13425¢7)9DA(13:254¢7)+FOGI(2
20) +GOF(20)«TIME(20) «KPAR(S0) +MOP (30) ¢+KOM(30)

COMMON ANGLEA ¢ ANGLEB ¢sMP +sNP ¢DEGS + NONE ¢+F ¢ G +DA +FOG +sGOF s TIME ¢KPAR ¢sMOP,
1KOMBASE o+ H

LO=L0O+1

SECB=2/3600e

BMIN=Y/60.

ANGLEB(LO)=X+BMIN+SECB

END

END

ALL oL +FORTBINo

‘ORTHB

1
5
6
14
15
50
51

52
69

INe2+sL +64¢30

SUBROUTINE NORRIS

DIMENSION A(8+¢8)+B(8+8)+E(4420+20)sSIGMAP(20+20) ¢RE(20420)¢EX(20¢2
10) +EXZ(20+420) +EDOT(20) ¢« STRESSA(20) +STRESSB(20) ¢+SIGMAX(20)eTXZ(20)
2TAU(20)sPE(3+20¢20) ¢ THETA(20+20)¢TIME(4) sEZ(20420)+LOT(20) s ANGLEA(
350) « ANGLEB(50) «MP (50) sNP (50) sDEGS(50¢50) +BASE(20)+T(500) ¢+NONE (505
40) sH(11) +KIP(6¢20) s JMP(20)

FORMAT (30HOERROR~-COL ¢20+TIME CARD SPECs)

FORMAT (Al+sA7+9A8)

FORMAT (1HO.A7+9A8)

FORMAT (12X «21HSTRAIN RATES (YR##=1)¢30Xes13HSTRESS (BARS))

FORMAT (3X+18HT=SEQUENCE OF TIME)

FORMAT (// +2X+48HMEASURED PRINCIPAL STRAIN RATES (%] 0%%¥-S¥HR*¥*-1))
FORMAT (// ¢2X+S6HSTRESSES CALCULATED FROM MEASURED PRINCIPAL STRAIN
1 RATES)

FORMAT (//42Xe38BHMEASURED STRAIN RATES (#]10%#%#-S*HR*#-1))
FORMAT(14)

325
326
327
328
00329
00330
00331
00332
333
334
335
336
337
338
00339
00340
00341
00342
343
344
345
346
347
348
349
00350
00351
00352
00353
354
355
356
357
358
359
360

361
00362
00363
00364
00365
366
00367
368
369
00370
371
00372
00373
374
00375
376



70 FORMAT(614)
71 FORMAT (F4.2)
7S FORMAT(2X sF 7 e392X eF7e312XeFT7e3¢2XeF7e302XeFT7e3402XeF7e342XeF6e2)
760FORMAT(6XcZHEXo7X92HE206X03HEX296X04HE(l)cSXoQHE(Z)05X04HE(5)t3X95
1HTHETA)
78 FORMAT(//+3Xe26HRE=E(O)+E(90)-E(45)=E(135))
79OFORMAT (3X s 7HSTATION 1 X e 1HT 04X s4HE(0) 1SXsSHE (45) 44X +SHE (90) ¢+ 3X s 6HE (
1135)+5X+2HRE)
80 FORMAT(8F10.2)
81 FORMAT(SX e12¢3Xe 122X eF7e3¢2XeFT7e302XsFT7e302XsF7e392XeFT7e3)
82 FORMAT (1X+SHPOINTe7Xe4HE (1) ¢SXe4HE(2) +SXe4HE(3) 16X e 1 HE+SXSHTHE
1TAW4Xe3HTAUs4X s6HSIGMAL 12X e6HSIGMA3 ¢4 X e3HTXZ 43X +6HSIGMAX)
B830FORMAT(2X ¢ 126X sF T e302XeF7e392XeFTe392XsFT7e3 92X FHe2+2XeF6e3 12X F6
10e302XsF6e342XsF663¢2XeF643)
99 FORMAT(//)
COMMON EX+EZ+EXZ+THETA +PE+ANGLEA s ANGLEB+MP ¢NP +DEGS+NONE s TWE
EQUIVALENCE(LCNTLCT)
DOL=5320202020202020
PRINT 99
9 READ 5.H
IF(DOL=H(1)) 84¢7+8
7 PRINT 64 (H(J)sJd=2411)
GO TO 9
8 BACKSPACE 2
PRINT 99
READ 69+ NCOUNT
JO=0
LB=0
DO 111 N=1NCOUNT
LB=L.B+1
JDO=JUD+1
85 READ 70 +MCOUNT ¢LCOUNT ¢NATION¢NOONyJZ ¢ NK
IF(NK)Y 50042914290
500 JUMP=2
GO TO 292
290 READ 70+ (KIP(JeN) oeJ=14NK)
291 JUMP=1
292 IF(JZ) 90049004199
9S00 PRINT 1
901 RETURN
199 IF(NATION) B6.87.86
86 CALL LITE(MCOUNT ¢NOONJNATIONJLCOUNT +JD)
IF(MCOUNT) B87485.,85
87 READ 714 (TIME(M) M=],4U2Z)
IF(MCOUNT) 91495,95
95 DO 90 K=14LCOUNT
DO 88 U=1454+4
BBOREAD 80+ (A(JsK) eBlJIK) s A(J+1 sK) 4B(J+1 ¢K) sA(J+2+K) eB(J+2K) o
1A{(J+3¢K) eB(JI+34K))
DO 89 U=1,.8
89 A(JsK)=A(JsKI+B(JsK) /120
90 CONTINUE
91 LA=0
LCNT=LCOUNT~1
LOT(N)=LCNT

377
378
00379
00380
381
00382
00383
384
385
00386
00387
00388
00389
390
391
00392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
00408
409
410
411
412
413
414
415
416
417
00418
419
420
421
422
423
00424
425
426
427
428
429
430
431



1002
1001
200

92

101

20
21
22

222

102

23

103

7000

EDOX204
EDZ=0e
EDXZ=0+
JMP (N) =JUMP
MT=1
IV=0
DO 102 I=1+LCNT,JUMP
GO TO (10014¢1002) ¢ JUMP
LA=-1
IF(I-KIP(MT4N))2004222,+200
IV=1V+1
IF (MCOUNT) 20492492
ZeSH((A(LoaI+1)=A(14I))I/AC10I)+(A(24I+1)=A(2+1))/A(241))
ZeS*((A(3e1+1)=A(3¢1))/A(3eI)+(AlGsI+1)=A(A 1)) /A(40]))
ZeSH((A(SeI+1)=A(Se1))/A(SeI)I+(A(EsI+1)=A(6+1))/A(641))
W= oSH((A(T7eI+1)=A(T7e1))/A(ToI)+(A(BsI+1)=A(BsI))/A(801))
E(1+1eN)=X*10eE4/(TIME(IV)*168.)
E(2¢1 sN)=Y*10eE4/(TIME(IV)I*1684)
E(341eN)=Z%10eE4/(TIME(IV)*#168,)
E(4s1 +N)=WH¥10eE4/(TIME(IV)*1684)
GO TO 22
DO 21 M=1.4
E(MsI oN)=E(Me I oN)R10E4/(TIME(IV)*168,)
RE(CT«N)I=E(1 oI oNI+E(3 91 sN)=E(2+41eN)=E(44+1+N)
EX(IoN)=—e2S*¥E(1 4] sN)+e2S*¥E (241 sN)+e7S*¥E (341 eN)+e25%E (491 4N)
EZ(IoN)=e7S*E (101 aN)+e25%E (241 sN)=e2S*#E (3¢ 1 sN)+,25%E (441 4N)
EXZ(IoNI=eSHE (G441 ¢N)=eS*E(2414+N)
CALL DOT(LA,LB)
EDX=EX (1 +N)+EDX
EDZ=EZ(1+N)+EDZ
EDXZ=EXZ (1 +N)+EDXZ
GO TQ 102
LA=LA+1
MT=MT+1
CONT INUE
PCOUNT=JZ
EX(LCOUNT «N)=EDX/PCOUNT
EZ(LCOUNT +N)=EDZ/PCOUNT
EXZ (LCOUNT ¢N)=EDXZ/PCOUNT
CALL DOT(LA.LB)
DO 23 JU=143
PE (J+LCOUNT +N) =PE(J+LCOUNT+N)#*,08776
OEDOT (N)=47071 1 ¥SQRTF (PE (1 +LCOUNT oN) ¥ #2+PE (2 4LCOUNT s N) #%2+PE (3,LCOU
INT o N) #%2)
TAU(N)=(EDOTI(N)/.148)%%,23809
EFOT=TAU(N)/EDOT (N)
DO 103 J=1,3
SIGMAP (J+N)=EFOT#*PE (J''LCOUNT ¢N)
STRESSA(N)=(2+*#SIGMAP (1 +N)+SIGMAP(34N))
STRESSB(N)=(SIGMAP (1 +N)+2.%#¥SIGMAP(34N))
TMAX=¢5# (STRESSA (N)~STRESSB(N))
OC=TMAX+STRESSB (N)
IF(EX(LCOUNTsN)—EZ(LCOUNT+N)) 700147001 4+7000
ALPHA=2 ¢ * (THETA (LCOUNT ¢4N)=90e0) /5729578
TXZ(N)=TMAX*S INF (ALPHA)

\

\

432
433
434
435
436
437
438
439
440
441
442
443
00444
00445
00446
00447
448
0449
450
451
452
453
00454
00455
00456
00457
0458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
00473
00474
47s
476
477
478
475
00480
00481
482
484



201
S01

502
503

202

203
112

204

205
206
113

104

105

OX=SQRTF { TMAX®#2~TXZ (N) #%2)

GO TO 110

ALPHA=2  #*THETA(LCOUNT «N)/57,29578

TXZ(N)==TMAX®*¥SINF (ALPHA)

OXz=-SQRTF(TMAX®*¥2~TXZ (N) ¥%2)

SIGMAX (N)=0C+0X

CONT INUE

PRINT 52

PRINT 79

DO 112 N=1¢+NCOUNT

JUMP=UMP (N)

MCT=LOT(N)

MT=1

KZ=0

DO 203 I1=1sMCTsJUMP

IF(I-KIP(MTeN)) 20142024201

GO TO (5014502) s JUMP

KZ=1

GO TO 503

KZ=KZ+1

PRINT 81 eNiKZsE(1eI1eN)IE(2¢TsN)IE(3 eI sN)E(4sI+N)IRE(T +N)

GO TO 203

MT=MT+1

CONT I NUE

CONT INUE

PRINT S50

PRINT 76

DO 113 N=1+NCOUNT

JUMP=UMP (N)

MCT=LOT(N)

MT=1

DO 206 I=1sMCTeJUMP

IF(I-KIP(MTsN)) 204+¢205+204
OPRINT 7S¢ EX(IeN)sEZ(TWN)EXZ(TIsN)sPE(1+s1eN)sPE(2¢1eN) PE(3 91 N)yeT
1HETA (I «N)

GO TO 206

MT=MT+1

CONT I NUE

CONT I NUE

PRINT 51

PRINT 14

PRINT 82

DO 105 N=1+NCOUNT

LCOUNT=LOT(N)Y+1
OPRINT 83, NQPE(loLCOUNToN)OPE(ZOLCOUNTON)OPE(BoLCOUNToN)oEDOT(N)vT
1HETA(LCOUNT oN) s TAU(N) e STRESSA(N) ¢+ STRESSB(N) ¢ TXZ(N) s SIGMAX(N)

CONT INUE

PRINT 78

PRINT 15

END .

SUBROUTINE DOT (LA.LB)

DIMENSION A(8+¢8) +B(8e¢8)IE(8920+20)+SIGMARP(20:20)RE(204+20)+EX (2042
10) sEXZ(20420) ¢EDOT(20) +STRESSA(20) +STRESSB(20)+SIGMAX(20)eTXZ(20)
2TAU(20) ¢PE(3420¢20) ¢ THETA(20¢20) e TIME(4) +EZ(20+20) +LOT(20) + ANGLEA (
350) +ANGLEB(50) «MP (50) NP (S0) +DEGS(S50450) +BASE(20)+T(500) +NONE (505

487
488
489
490
491
492
493
494
495
496
497
498
499
500
501

00502
503
504
505
506
507
508
509
510
511
512
513
514

00515
516
517
518
519
520
521
522
523
524
525

00526

00527
528
529
530
531
532

00533

00534

00535

00536



94

102
103

4017

7000

4018

4019

4020
4021

AOSQH(iii0Rf4920020)0HA(1001050G(1011050A6(10010)986(10'105
COMMON EX+EZ+EXZ ¢ THETA +PE +ANGLEA s ANGLEB ' MP ¢NP +DEGS+NONE + T E
LA=LA+1
PRE=eS5# (EX(LAWLB)Y+EZ(LAWLBY)

QUAD=SARTF (¢ 25* (EX(LAWLB)-EZ(LAWLB) )*%¥2+EXZ(LALBY*¥*2)

PE(1+.LAL.B)=PRE+QUAD

PE(3+.LA«LB)=PRE-QUAD

PE(2+sLALB)I==PE(1+LAWLB)=-PE(3+LAWLB)

THETA(LALB)=28¢64789¥ATANF (2 ¥EXZ(LAWB)/(EX(LAWB)-EZ(LAWLB)Y)Y)

IF(EX(LAWB)I-EZ(LAWB)) 24201

THETA(LAWLB)=THETA(LAWB)+90.0

CONT I NUE

END

SUBROUTINE LITE (JCOUNT+LCOUNT ¢MCOUNT ¢NCsJD)

DIMENSION A(8+8)+B(848)+E(4+20420)¢SIGMAP(20+20)+RE(20+20)+EX(20+2
10) «EXZ(20420)+EDOT(20) « STRESSA(20) +STRESSB(20) s SIGMAX(20)+TXZ(20)
2TAU(20)+PE(3¢20¢20) s THETA(20420)sTIME(4)+sEZ(20¢20)+LOT(20) s ANGLEA(
350)0ANGLEB(50)QMP‘SO).Np(SO)QDEGS<SOOSO)%BASE(EO)OT(SOO)QNONE(SO'S
40) e H(11)9R(4¢20¢20)eHA(10910)eG(100610)9A0(10¢10)eBO(10,10)

FORMAT(F10e3)

COMMON EX+EZ+EXZ s THETA +PE s ANGLEA  ANGLEB+MP ¢NP +DEGS +«NONE s TWE

NCT=NC~-1

CALL DEGRAD(LCOUNT MCOUNT)

IF(JCOUNT) 10341024102

RETURN

DO 4020 J=8.808+4

IF(LCOUNT=UJ+1) 4017+4019,4020

IF(J=-8) 7000+4018+.4018

READ 94, EXIT

READ 94+ EXIT

RETURN

LCOUNT=JU-4

GO TO 4021

LCOUNT=J

GO TO 4021

CONT I NUE

JCOUNT==JCOUNT

LC=LCOUNT/4~1

MC=MCOUNT-1

READ 94+ BASE (UCOUNT)

LCOUNT=1

DO 114 K=1,LC

DO 113 JU=1.MC

BETA=3¢14159-ABSF(DEGS(J+LCOUNT))-ABSF(DEGS(J+LCOUNT+2))

BETA=SINF(BETA)

BO(JeK)=SINF(ABSF(DEGS(J+LCOUNT+2)) )* (BASE(JCOUNT)I/BETA)

ALPHA=3¢14159~ABSF (DEGS(J+LCOUNT+4) )~ABSF(DEGS(J+LCOUNT+6))

ALPHA=SINF (ALPHA)

AO(JeK)=SINF(ABSF(DEGS(JLCOUNT+6)) )#* (BASE (JCOUNT)Y/ALPHA)

HA(JosK)=BO(JeK)*¥SINF (ABSF (DEGS(J+LCOUNT)))

G(J+K)=BO(J+K)#COSF(ABSF (DEGS(J+LCOUNT)Y )

HA(JeK+1)=2A0(J oK) *SINF (ABSF (DEGS(J+LCOUNT+4)))

G(JesK+1)=A0(J+K)*COSF (ABSF(DEGS(J+LLCOUNT+4)))

LCOUNT=LCOUNT+4

DO 16 M=1,4NC

00537
00528
539
40
00541
542
543
00544
00545

547
00548
00549
00550
00551
00552
00553

554
00555

556

557

555

559

561
562
563
564
565
566
00567
56686
00569
C0570
571
00572
00573
00574
00575
00576
577
578



20

16

40

S0

101

104

105

106
107

108

109

110
111

113

D0 20 J=143

HSA=HA(J+1 M) —-HA (J M)

GSA=G(J+1 M)=G(J M)

R(JeMsUD) =SQRTF (HSAR¥24+GSAX%2 )

R(4sMeUD)=SAQRTF( (HA(4 M) —=HA (1 M) )% X24+(G(4M)=G(]  M))*%2)

R(SeMeJUD)=SARTF( (HA(G M) =HA (2 M) ) ¥ X2+ (G(4M)=G(2:sM))*¥%2)

R(6«MeUD)=SQRTF ( (HA(3+M)=HA (1 +M) )RR+ (G(34M)=G(] M) )*x2)

DO 40 M=1.NCT

E(1 e MeUD)I=(R(2:M4+1 ¢UD)Y=-R((2:MeyUD))/R(2sMsJD)

E(2eMsUD)=eSH((R(6:M+1 ¢ JD)-R(EMeID))I/R(6eMyUD) )+ eS*¥((R(S5¢M+14JD) -
1R(5¢MeJUD))/R(SeM¢UD))

E(3+MeUD)I=(R(4G4M+1 ¢ JD)I-R(4eMeJD))/R(4 M4 JD)

E(4sMeUD)=eSH((R(3eM+1 ¢ JD)I=R(3¢MeJD))/R(3eMeJUD) )+ eS*¥((R(1+M+]14+UD) -
IR(1eMyJUD))/R(1eMsJUD))

JCOUNT==JCOUNT

END

SUBROUTINE DEGRAD(LCOUNT ¢MCOUNT)

DIMENSION ANGLEA(S0) sANGLEB(50) +MP(50) +NP(50) ¢+DEGS(50+50)
1BASE(20)+T(500) «NONE(S50450) s+H(11)+EX(20420)EXZ(20+20) s THETA(204+20
2)IPE(3420e¢20)4E(4420020)+EZ(20+20)

FORMAT (7F10e1)

COMMON EX+EZsEXZ + THETA «PE +ANGLEA s ANGLEB+MP +NP +DEGS+NONE +» ToE

KO=0

LO=KO

DO 109 J=1+MCOUNT

READ 101¢ (UeVeWeXeYeZeT(J))

IF (U=361e) 10541044104

ANGLEA (J) =V

NP (J)=1

GO TO 106

CALL DEGD(KO«UsVeW)

NP (JU)Y=2

IF (X=361e¢) 10841074107

MP(J)=6

GO TO 109

CALL DEGR(LO«XoeY2Z)

MP(JU)Y=4

CONT INUE

MO=1

MC=MCOUNT~-1

DO 116 J=1+MC

IF (NP(JU+1)+MP (J+1)~6) 11341124110

IF (NP(J+1)+MP (J+1)-8) 1114+114,114
NONE (J+LCOUNT) =1
DEGS(J+LCOUNT)»=040

GO TO 116
CALL BOTH(DEGADEGB+MO)

NONE ( J+LCOUNT )Y =0

GO TO 115

CALL REV(DEGADEGB +MO)

NONE (J+LCOUNT ) =0

GO TO 115

CALL DIR(DEGA ,,DEGB +MO)

NONE (J+LCOUNT ) =0

DEGS(J+LCOUNT )= o S* (DEGA+DEGB) /5729578

579
580
581
582
00583
00584
00585
586
00587
00588
589
00590
00591
592
593
594
595
00596
00397
598
599
00600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
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629
630
631
632
00633



116 ¢oNtiNUE

END

SUBROUTINE BOTH(DEGA +DEGB+MO)

DIMENSION ANGLEA (50) s ANGLEB(50) +MP(50) +NP(50) +DEGS(S0+50) »
1BASE(20)+T(500) +NONE(50+¢50) sH(11)sEX(20+20) +EXZ(20+20) s THETA(204+20
2)¢PE(3420+20)+E(4¢20420)EZ(20+20)

COMMON EX+EZ+EXZ s THETA +PE ¢« ANGLEA ¢ ANGLEB +sMP ¢NP yDEGS « NONE ¢ ToE

MO=MO+1

DEGA=ABSF (ANGLEA (MO)-ANGLEA (1))

DEGB=ABSF (ANGLEB (MO)-ANGLEB (1))

END

SUBROUTINE REV(DEGA+DEGB MO)

DIMENSION ANGLEA(50) +ANGLEB(50)sMP(50) +NP(50)+DEGS(50+50) s
IBASE(20)+T(500) +NONE(50¢50) sH(11)sEX(20420)+EXZ(20+20) +THETA(204+20
2)PE(3420020)9E(4¢20020)+EZ(20+20)

COMMON EX+sEZ+EXZ+THETA +PE +ANGLEA s ANGLEB«MP NP ¢DEGS+NONE ¢« ToE

MO=MO+1

DEGB=ABSF (ANGLEB (MO)~ANGLEB(1))

101 DEGA=DEGB

END

SUBROUTINE DIR(DEGADEGB+MO)

DIMENSION ANGLEA(50) «ANGLEB(50) +MP(50) +NP(50)+DEGS(S504+¢50) s
1BASE(20) ¢ T(S500) +NONE(S50+450) sH(11)sEX(20420) +EXZ(20420)+ THETA (20420
2)PE(3420420)+E(4420¢20)+EZ(204+20)

COMMON EX+EZ+EXZ+THETA 4PE s ANGLEA s ANGLEB+MP NP +DEGS +NONE s TE

MO=MO+1

DEGA=ABSF (ANGLEA (MO)~-ANGLEA (1))

101 DEGB=DEGA

END

SUBROUTINE DEGD(KOsUesV W)

DIMENSION ANGLEA(S0) ¢sANGLEB(50) +MP(50) +NP(S0) +DEGS(50+450) s
I1BASE(20)+T(500) +NONE(50950) sH(11)+EX(204+20) +EXZ(20+20)+s THETA(20+20
2)PE(3420+20)9+E(4+420420)+EZ(204+20)

COMMON EX+EZ+EXZ+THETA +PE +ANGLEA s ANGLEB +MP ¢NP 4DEGS+NONE 4 T4E

KO=KO+1

SECA=W/3600.

AMIN=V/60.

ANGLEA(KO)=U+AMIN+SECA

END

SUBROUTINE DEGR(LO«XesYs2Z)

DIMENSION ANGLEA(50) +ANGLEB(50) +MP(50) ¢+NP(50) +DEGS(50¢50) s
1BASE(20)+T(500) ¢«NONE(50+50) sH(11)EX(20420)+EXZ(20+20)+s THETA(20+20
2)PE(3¢20¢20)+E(4420420)+EZ2(204+20)

COMMON EXsEZeEXZ ¢ THETA +PE ¢+ ANGLEA « ANGLEB ' MP NP +DEGS+NONE s ToE

LO=LO+1

SECB=Z/3600.

BMIN=Y/60¢

ANGLEB (LO)=X+BMIN+SECB

END

END

ALL +L+FORTBIN,
ORTBINes2+sL 46430
SUBROUTINE PROFILE
DIMENSION U(5000)¢X(30)eY(30) +BAR(30)+sDIST(30)eV(30)EDX(30)+G(30)

634
635
636
00637
00638
639
00640
641
00642
00643
644
645
00646
00647
648
00649
€50
651
652
653
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00655
00656
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00658
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661
662
663
00664
00665
0666
00667
668
669
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00675
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oL WMN -

101
102
103
104
605
999

105
106

107

16

17

19
13

14
15

1 TXZ(30) 4KM(60) \KRT(60)
FORMAT (3F742)

FORMAT(// 412X s 4HTXY=4F3e1 14HBARS 46X sSHBETA=4F746+/)
FORMAT (12X +8HDISTANCE ¢+ 7X s 14HVELOCITY s M, /YR)

FORMAT (12X +FB8e2+8XsF762)
FORMAT(4134A1 42F440e¢19412)

FORMAT (2X + 12HBOUNDS ERROR /7 415X +81HCALCULATED ZERO SHEAR POINT
1CONSISTANT WITH LOCATION OF MAXIMUM VELOCITY
2))

FORMAT (2X + 14HPLOTTER CALLED)
FORMAT (2X ¢« 1 BHERROR==COL ¢30)

FORMAT (2X +24HPLOT SCALE NOT SPECIFIED)

FORMAT (A] +F6e34F7e1)
FORMAT (A6 +sF3e24F160460A1)
FORMAT (20H PLOT OUTPUTs UNIT 7)
DOL=5320202020202020

READ 104, GQ+BsAN
IF(DOL=GQ) 10641054106
IF(B+AN) 704704107
BACKSPACE 2

B=e.148

AN=4,2

BN=1e/AN

ABLE=0.0

LT=0

READ Se¢ NSINPJLANXsHeCYsCXoLBWLD
LT=LT+1

IF(NX) 64¢6,99
ABLE=ABLE+1.0

AS=0.0

MS=NS~-1

IF(MS) 704848

RETURN

RMS=MS

READ 14(BAR(J)+DIST(J) +EDX(J) sJ=1sNS)

READ 1le(X(L)eY(L)oV(L)sL=1sNP)
IF(MS) 7041649
DO 10 J=1eMS

AS=(BAR(J)=BAR(J+1)1)/(DIST(I)-DIST(JI+1))+AS

AS=AS/RMS

PL=BAR(1)/AS
XETA=DIST(1)-PL
VMAX=V(LA)

DX=0e0

IF(MS) 70417419
XETA=Y(LA)
AS=BAR(1)/(DIST(1)~XETA)
IF(XETA-Y(LA=-1)) 13415.14
MT=_A-1}

MTA=LA+1

PRINT 100«MT«MTA
IF(DOL-H) 70+¢154+70
IF(Y(LA+1)=XETA) 13415415
TB=ABSF (BAR(1)=~AS#DIST(1))~e6
JAC=0

IN

(STAKE+12+3H TOsI1241H

686
687
00688
00689
690
691
00692
006G3
694
6935
696
00697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
00720
721
722
723
00724
725
726
727
728
729
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731
732
733
734
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736
737
738
739
740



200
75
29

898

899
900

S01
902

903
33

31

32

34

800

801
30

22

40

66 75 J=1inP

JCT=J

G(JU)=XETA=~Y(J)
IF(G(J)) 200+29+75
G(J)Y=060

GO TO 29

CONT INUE

IF(LD) 90¢898,90
IF(LB) 90+901 899
IF(LB-NS) 900900490
DX=ABSF (EDX(LB))

GO TO 903

DO 902 N=1.NS
DX=DX+ABSF (EDX (N))
DA=NS

DX=DX/DA

IF(NX) 30+30¢33
FY=CY/20.

NY=FY

YET=XETA=FY

MAX = YET

MAX=MAX/NY

MAX=MAX*NY

IF(CY) 31431432

PRINT 103

RETURN

IF(CX) 31431434
SY=100e/CY

SX=100e/CX
IF(ABLE=1.0) 8014+8004801
WRITE OUTPUT TAPE 194999
PAUSE

CALL PLOT(CY+e0e0¢SYsSX)
JAC=UAC+1

TB=TB+.4

BETA=TB/XETA
CNO=DX%#24 ¢ #365¢25/10eE4
TO=(CNO/B) ##BN
CLO=TO/BETA

PRINT 2+TB+BETA

PRINT 3

IF(NX) 61+61422

NBI=NY

LC=1

PRINT 101

KEY=0

XM=X (1)
VLINE=VMAX/40¢+VMAX/24
CALL PLOT(e09e092e¢SYsSX)
NQ=0

DO 802 M=NBI +MAXNY
TVY=M
Z=(XETA=TVY)/CLO
IF(Y(LC)=TVY) 40440441
XM=X(LC)

741
742
743
744
745
746
747
748
749
750
751
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762
763
764
765
766
767
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769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
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792
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795



41

83
84
85
46

43
6666

6667
802

132
44
45
47

48
803

49

59
60

1000
1175

1001
S0

Lé=Lé+

T=ROOT(Z+AN)

ARGA=T## (AN+1 )
ARGB==(AN+1¢)#T%%(14=AN)

U(M)=VMAX=2 ¢+ #¥CLO®CNO* (ARGA+ARGB+AN)/ (AN+1 ¢ )+ABSF (XM*CNO)

UNIVz=~U(M)

IF(U(M)) 802+802.83
IF(KEY) 84484443
IF(U(M)=~VLINE) 43,854+85
IF(JAC-2) 464+43,43

CALL LABEL(TVYsSYsSXeUNIVsCYsCXeJAC)

KEY=1

IF(NQ) 6666,6666,6667

CALL PLOT(TVYWUNIVs29+SYsSX)
NQ=1

GO TO 802

CALL PLOT(TVYsUNIVel1eSYsSX)
CONTINUE

OTO=XETA

CALL PLOT(OTOWUNIVeleSYeSX)
TVO=2+%#0TO~-TVY

NAC=TVO

LIM=MAX+NAC

KEY=0

LEV=MAX+NY

DO 803 M=NAC+LIM(NY
LEV=LEV-NY

UNIV=-U(LEV)

TVY=M

IF(UNIV)132.803.803

IF(KEY) 44,44,4,48
IF(U(LEV)=VLINE) 45,48,.,48
IF(JAC=2) 48447447

CALL LABEL(TVYsSYeSXeUNIVeCYsCXeJAC)

KEY=1

CALL PLOT(TVYsUNIVeleSYesSX)
CONT I NUE

IF(JVAC-2) 30+49.49

CALL PLOT(TVYse0e2¢SYeSX)

CALL PLOT(eO9e0919SYeSX)

DO 60 K=14+NP

SC=Y (K)

SD=-V(K)

IF(SD) 59460460

CALL MARKX(SCeSDesSYsSXeCYsCX)
CONT INUE

F=<10e5%#CX

READ 605 +METRM+SQ¢PQ+KRT
IF(8BHSCRIPT ~METRM) 5141175451
IF(PQ) 100145041001

Q=TVY+PQ*CY

CALL NAME (KRT +KM4SQsFeSYsSXeCY4CX)
CALL SCRIPT(SQeQsF +KMeSY+SXsCYsCX)
F=w10e5%#CX

GO TO 1000

796
797
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00800

801
802
803
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809
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812
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815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
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832
833
834
835
836
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sq

61

63

90

19

20

28

29
30
70

45

46

BAcképace 3

CALL PLOT(409e00e~14SYsSX)
TB=TB-~e8

JAC=0

NX=0

GO TO 30

DO 63 L=14+JCT

Z=G(L)/CLO

T=2ROOT (Z +AN)
ARGA=T*%# ( AN+1 o)
ARGB==(AN+1 ¢ ) #TH* (] 4~AN)

UNIV=VMAX=2 ¢ *CLOX¥CNO* (ARGA+ARGB+AN) / (AN+1 ¢ ) +ABSF (X (L) *CNO)

DP=XETA~-G(L)

PRINT 4+DPJUN1V

IF(JAC=-2) 30¢747

PRINT 102

END

FUNCTION ROOT(Z+AN)

DIMENSION FT(3)+A(2)

A(l1)Y=160

A(2)=3.0

DO 20 M=1,42

X=A (M)

FT(M)=X%% (2 #¥AN) =ZRH2¥XH% (2 ¢*AN=20) =140
IF(FT(M)) 20¢70+20

CONTINUE

X=eS*¥(A(2)+A(1))

FT(3)=XkR (26 FAN)=ZHH2-XH¥* (24 %AN=24)-140
IF(FT(3)) 284¢70+29

A(l)=X

GO TO 30

A(2)=X
IF((FT(2)=FT(3))H¥(FT(1)-FT(3)))19+70419
ROOT=X

END
SUBROUTINE. MARKX (SCeSDeSYsSXsCYeCX)
SD=SD-e1%CX

CALL PLOT(SC+SDs2+¢SYeSX)
SD=SD+e2%CX

CALL PLOT(SCe+SDs14SYsSX)
SC=SC-e1#CY

SD=SD—-e1*CX

CALL PLOT(SCe+SDs24¢SYsSX)
SC=SC+¢2%#CY

CALL PLOT(SCeSDe1¢SYeSX)

END

SUBROUTINE LABEL(TVYsSYsSXIUNIVeCYsGCXeJAC)
SC=TVY+e3%*CY

CALL PLOT(SCesUNIVe1e¢SYeSX)

DO 46 K=1,JUAC

SC=,61%#CY+SC

CALL PLOT(SCesUNIVe2¢SYsSX)
SC=¢ 1 ¥CY+SC

CALL PLOT(SCesUNIVe1eSYsSX)

DO 47 K=1,4JAC

851
852
853
854
855
856
857
858
859
860
00861
862
863
864
865
866
867
868
869
870
871
872
00873
874
875
876
oo877
878
879
880
881
ooss2
883
884
885
886
887
8ss
889
890
891
892
893
894
895
00896
897
898
899
900
901
902
903
904



47

oo

101

102
107
108
109
103
104

105
106

SC=SC=,05%CY
SD=UNIV+,05%#CX

CALL PLOT(SCeSD92sSYsSX)
SD=UNIV=-e1%#CX

CALL PLOT(SCeSDs1+4SYsSX)
SC=SC=e15%#CY

CALL PLOT(TVY+sUNIVe2¢SYeSX)
END

SUBROUTINE SCRIPT(SQeY s XsKMsSYsSXeCYsCX)
DIMENSION KM(60) +NPR(20) +NU(20) +KCODE(20)
TX=X

DO 12 M=1460

CALL PLOT(YsXe24¢SYsSX)
KF=KM (M)

KA=KF

DO 100 1=1,20
KA=zKF/(10%%])

I1C=1

IF(KA) 10041014100
CONTINUE

STOP

LA=]IC

KFO=KF

DO 102 I=1,41C

NPR (1 )=2KFO
KCODE(1)=KF/(10%#%])
NU(LA)=NPR(1)~10*#KCODE (1)
KFO=KCODE (1)

LA=LA=]

IF(NU(1)=1) 10741074108
NS=2

GO TO {09

NS=1

DO 11 1=NS,IC

LTENUC(T)

IF(MX=2) 103+1064103
IF(LT) 10541044105

MX=2

GO0 TO {1

MX= 1

GO TO (142¢304¢5:6¢7¢84¢9)L.T

PEN FINDS COORDINATES BASED ON 9 POINT SQUARE

YAzY

XA=X

G0 1O 10
YA2Y~5%#5Q4CY
XAzx

G0 TO {0
YAzY=SQaCY
XAeX

60 10 {0
YArY«SQ#LY
XAeX+oe5#5Q#*CX
GO T0 {0
YAeY~SQ*CY

905
906
907
908
909
910
911
912
00913
00914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945

00946

947
948
949
950
951
952
953
954
955
956
957
958
959
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10

11

12
13

11
12
13
14
15
16
17
18
19
20
S1
S2
53
S4
55
56
57
S8
59
70
71
72
73
74
75
76
77

XAEX+SQ%EX

GO TO 10
YAzY=o5%SQ¥CY
XA=X+SQ%*CX

GO TO 10

YA=Y
XA=X+SQ%CX

GO TO 10

YA=Y
XA=X+eS5#SQXCX
GO TO 10
YA=Y=oS5#SQ#CY
XAEX+5#SQH*CX
CALL PLOT(YAsXAsMXsSYsSX)

MX=1
CONT INUE

X=X+1e25%SQ*CX

IF(KM(M+1))
CONT INUE
X=2TX

YeY=1 o 5#SQRCY

END

SUBROUTINE NAME(KRTsKMeSQsF sSYsSXeCYeCX)

13413412

DIMENSION KM(60) +KRT(60)

DO 42 N=14+60
NA =N
TIC=N
IF (8HA
IF(8HB
I1F (8HC
IF (8HD
IF (8HE
1F (8HF
IF (BHG
IF (8HH
IF(8HI
IF(8HJ
IF (8HK
1F (8HL
1F (8HM
IF (8HN
1IF(8HO
IF (8HP
IF (8HQ
IF (8HR
IF (8HS
IF(8HT
IF (8HU
IF(8HV
IF(8HW
IF (8HX
1F (8HY
IF(8HZ
IF(8H+
IF(8H1

-KRT(N))
~KRT(N))
~KRT(N))
~KRT(N))
~KRT(N))
~KRT(N))
~KRT(N))
~KRT(N))
-KRT(N))
~KRT(N))
-KRT(N))
~KRT(N))
~KRT(N))
~KRT(N))
~KRT(N))
-KRT(N))
=KRT(N))
-KRT(N))
-KRT(N))
-KRT(N))
~KRT(N))
~KRT(N))
-KRT(N))
-KRT(N))
-KRT(N))
~KRT(N))
~KRT(N))
-KRT(N))

1101011
1242412
13¢3413
1444¢14
15¢5¢15
16¢64¢16
17e¢7017
18+8+18
19¢9419
20410420
51461451
52¢624¢52
53:63453
54 464454
55¢654¢55
56:66+¢56
S5T7¢67¢57
58,684,558
59:69459
70480470
71481471
T72+824,72
T73¢83473
74 .84474
75485475
76486476
T787e77
78.,88+78

960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
00982
983
984
985
986
987
o988
989
990
991
992
993
994
995
996
997
998
999
01000
01001
01002
01003
01004
01005
01006
01007
o1008
01009
01010
ol1011
olo1z2
01013
01014



78

S0
92

10

61

62

63

64

65

66

67

68

69

80

81

82

83

84

85

86

1F (8H2 «KRT (N} )
IF (8H «KRT(N))
IF (8H* ~KRT (N} )
IF(8HS ~KRT(N))

KM(N)=10385026
GO TO 42
KM(N)=3571062
GO TO 42
KM(N)=35071
GO TO 42
KM({N)=631

GO TO 42
KM(N)=35071092
GO TO 42
KM(N)=3071092
GO TO 42
KM(N)=10713569
GO TO 42
KM(N)=3075026
GO TO 42
KM(N)=7084035
GO TO 42
KM({(N)=70842
GO TO 42
KM(N)=30725
GO TO &2
KM(N) =35

GO TO 42
KM(N)=301475
GO TO 42
KM(N)=30157
GO TO 42
KM({N)=3571

GO TO a2
KM(N)=1031762
GO TO 42
KM(N)=3571095
GO TO 42

KM(N)=1031762095

GO TO 42
KM(N)=10712653
GO TO 42
KM(N)=7084
GO TO 42
KM(N) =357
GO TO 42
KM(N) =47

GO TO 42
KM(N)=3857
GO TO 42
KM(N)=5073
GO TO 42
KM(N)=97094
GO TO 42
KM(N) =735

29489479
904100490
924102492
10041014100

01015
01016
01017
01018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069



&0 TO 42 {o70

87 KM(N)=1084026 1071
GO TO 42 1072
88 KM(N)=1094 1073
GO TO a2 1074
89 KM(N)=109645 1075
GO TO 42 1076
100 KM(N)=107 1077
42 CONTINUE 1078
102 F==1.25%TIC*SQ#CX 01079
101 KM(NA)=0 1080
END 01081
END 1082
#C0S51712 HAVAS 3 PART 1
REMARK ¢ TAPE 400 UNIT 64 INPUT
REWIND 6o
TORTBINes2+:6e
PROGRAM TAKUMM
CALL JIRP
END
END

UN

sGROUPi{= ICY BASIN
$GROUP22 C-10s TAKU GLACIER
3GROUP3= LONGTUDINAL STAKES«C=10e

£ 3

1-5+ABOUT STAKE 4%6-10+5%11-15:8%16-20+9

$GROUP4= VAUGHAN«LEW!S
BGROUPS2 Sw BRANCHs TAKU (BASE LINE LENGTH NOT KNOWN)

1

1 11 304
361 305
92 55 30 361 0306
92 55 30 361 307
92 S5 30 361 o308
92 55 30 361 309
92 SS 30 361 310
o2 55 30 361 311
92 55 30 361 0312
92 S5 30 361 313
92 55 30 361 : 0314
92 55 30 361 0315
3 11 328
180 329
29 52 58 361 0330
39 S8 21 361 0331
49 25 33 361 0332
58 24 30 361 0333
61 09 10 361 0334
64 49 45 361
67 58 04 361 0336
70 22 37 361 0337
72 23 08 361 00338
73 35 10 361 -339

5 11 352



13
106
106
106
106
106
106
106
106
106
106

90
112
106
102

99

97

96

95

94

94

93

162
133
122
113
106
101
98
94
92
90
89

90
103
102
100

99

97

96

95

95

94

94

92
92
92
92
92
92

11

11

11

11

25
21
21
21
21
22
21
21
21
21
21

17
26
09
27
40
22
22
38
03
36

57
04
S8
31
43
48
08
S9
35
34
21

00
29
27
44
07
46
41
46
05
30
o1

45
45
45
46
46
46

52
17
26
o8
30
00
47
52
30
30
05

o2
00
o8
38
00
40
00
40
40
20

35
20
57
38
10
30
oo
33

40
55

0o
40
30
40
0o
20
S0
40
oo
00
50

13
56
30
03
20
22

361
361
361
361
361
361
361
361
361
361
361

270
247
253
257
260
262
263
264
265
265
266

361
361
361
361
361
361
361
361
361
361
361

270
256
257
259
268
262
263
264
264
265
266

180
272
272
272
272
272
272

45
36
53
36
22
39
39
23
58
25

32
34
17
55
16
20
15
57
32

45
46
45
46
46
46

20
00
20
20
45
15
40
45
20
40

10
20
35
00
10
20
30
20
15

24
10
42
16
30
36

0353
0354
00355
00356
0357
00358
00359
00360
00361
00362
00363
364
365
00366
00367
00368
00369
00370
00371
00372
00373
00374
00375
376
00377
00378
00379
00380
00381
00382
00383
00384
00385
00386
00387
388
389
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399
400
00401
00402
00403
00404
00405
00406
00407



119
119
119
119
119
119
119
119
119
119
119
119
119
119
118

11
17
24
29
37
44
50
53
56
59
62
64
67
361
361

106
196

11

16

16

16

46
46
46
45

06
ol
33
45
S0
10
01
27
27
24

53
26
05
17
27
36
34
37
40
39
38
37
33
23
12
55

46
19
26
54

37
35
27
38
13

45

21
52

21
04

22

27
04
49
11
41
28
54
16
05
14

05
45
40
05
SS
40
40
15
0S5
50
50
05
515)
05

47
S3
34
39

52
26

53
59
23
36
44

30
20

272
272
272
272

179
150
140
130
123
118
115
112
109
107
106

208
299
299
299
299
299
299
299
299
299
299
299
299
299
299
298

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

-73
o016

46
46
46
45

59
05

33
44
50
10
o1
27
26
24

S0
23
o2
14
23
36
33
35
37
36
36
30
30
21
09
52

-38
52

24
15
52

11
32
46
31
S1
24
09
50
o4
S1
10

25
20
20
20
45

=15}
30
55
=1
45

45
55
45
50

=30
40

00408
00409
00410
00411

00425
00426
00427
00428
00429
00430
00431
00432
00433
00434
00435
448
449
450
00451
00452
00453
00454
00455
00456
00457
00458
00459
00460
00461
00462
00463
00464
00465
00466
484

518
00519
00520



196
196
196
196
196
196
196
196
196
196
196
196
196
361

335
324
318
361
305
298
290
284
281
278
275
361
361
361
361
361

10
100
100
100
100

99

99
100
100
100
100
361
361
361
361
361
10

92
102

97

95

94

93

16

16

16

34
28
31
24
18
18
28
34
37
40
43
a7
48

40
o1
25

a7
23
49
52
59
50
19

06
37
12
13
04
S5
55
06
13
16
21

02
14
40
17
12
o8

18

40
40
35

40
35
20
50
50
40
15

20
30

20
20

20

50
20
S0
05
40
30
55
30
50

=]e]
55
30

20
35

0ié
016
016
016
016
016
016
016
o016
016
016
016
016
361

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361

34
28
31
24
18
18
28
34
37
40
43
a7
48

35
40
40
35

30
20
05
40
40
20

00521
00522
00523
00524
00525
00526
00527
00528
00529
00530
00531
00532
00533
00534
552
00553
00554
00555
00556
00557
00558
0559
0560
0561
0562
0563
00564
00565
00566
00567
00568
586

603



92
92
91
91
91
361
361
361
361
361
11
97
85
80
72
67
64
S2
46
43
40
37
361
361
361
361
361
12
91
89
89
89
89
89
89
89
89
89
91
361
361
361
361
361
13
270
360
359
359
359
359
359
359
359
359

16

16

16

25

44
24
10

20
41
04
58
28
37
28
31
30
20
45

58
28
39
39
40
34
44
44
49
56
43

17

34
34
20
08
08
22
29
25

35
10

50

52
17
35
40
35
39
48
=To]
45
18
39

53

05
50

26
a5
35
18
43

53

53
14
54
20
50
15
47
08

361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

090
180
179
179
179
179
179
179
179
179

17

35
34
21
08
09
22
29
25

59
30

26

08
38

33
09
05

620

00587
00588
00589
00590
00591
00592
00593
00594
00595
00596



359
359
359
359
359
359
15
89
78
73
65
60
52
44
39
36
32
30
27
25
22
21
18

184045

60
3

i
-88
361

1
-07
-14
361
361
361
361
361
361

5

1

-1

-5

-8
361

-1
361
361

97
67
64
61
57
53
S3

16

21

21

29
45
S1
45
50
33

59
20
11
37
12
44
57
10
o8
58
25
51
14
s8
o8
53

-18

50
-2
-46

a1
54
~-52
~45
-3

S7
-24

12
16
25
30
52
49
43

13
15
28
29
25
54

58
06
08
20
25
19
21
12
28
51
10
45
47
58
46
16

-35

40
-10
~20

50
-40
-10
-20

50
-10

10
47
25
28
48

43

179
179
179
179
179
179

270
258
258
245
240
232
224
219
216
212
210
207
205
202
201
198

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361

29
45
51
45
50
34

20
11
37
12
44
57
10
09
59
25
52
14
59
09
53

58
10

10
49
24

12
15
51
44
43
53
45

09
15
04
57
15

32

00597
00598
00599
00600
00601
00602

00621
00622
00623
00624
00625
00626
00627
00628
00629
00630
00631
00632
00633
00634
00635
00636

655
00656
00657
00658

0659
00660
00661

0662

0663

0664

0665
00666
00667

0668

0669
00670
00671
00672
00673
00674
00675
00676

699

0 700

0701
00702
00703
00704
00705
00706



52
50
46
a3
a6
43
40
37
34
a3
40
37
35
32

90
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
90
90

142
241
232
223
216
209
238
232
229
220
215
235
231
228
224
220
235
231

21

21

-
34

29

30
15

41
30
20
46

22

40
34
36
14
36
36
44
36
51
48
52

56
41
37
46
53
S9

47
20
32

45
10

15
49
14

45
S9
11

35
21
54

io

23
48
16

38
40
33
16

49
40

34
36
33
35

50
35
40
43
10
20
50
50
20
28
34
27
37
57

40
30
32
40
20
20

40
40
40
20
48
34
53
20

S1
S5

361
361
361
361
361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

*#707
00708
00709
00710

0711

0712

0713

0714

715
716
717
00718
719
720
721

0722

0723
00724
00725
00726
00727
00728
00729

0730

0731

732

0733

734

0735

-736

0737

738
739
740
741
742
743

0744

0745

0746

*747

0748

749

0750

0751

0752

0753

0754

0755

0756

0757

*758

0759

760
761



361
161
156
149
140
133
124
112

360
344
361
340
333
327
321
314
305

361
160
156
148
140
133

21

41
10

31

43
35

31

48
25
40

30

46
54
05
43
35
41
59

03

03
52
06
33
34
04

45
30
42
18
07

51

49

50

50

40
20

a7
20

13

43
11

15
55
25
25
45
25
30

50

40

15
30
40
55

35
10
10
30
25

361
361
361

361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361
361
361

361
361
361
361
361
361
361
361
361

180
361
340
336
328
320
313

56
29
41
18
07

20
40
50
50

50

762
763
764

788
0789
790
791
792
*#793
0794
795
0796
0797
0798
00799
800
00801
0802
0803
0804
00805
00806
00807
00808
831
832

0917
00918
00919
00920

921

0922
00923

0924
0092S

00937
0938
00939
0940
00941
0942
0943
00944
00945

00957
00958
00959
00960
00961
00962
00963



124 08 45 364 08 25 00964

112 19 25 292 18 45 00965
4 6 9
90 361 00967
361 361 00968
89 59 50 361 00969
91 10 55 361 00970
92 19 40 361 00971
93 16 40 361 00972
94 02 10 361 00973
94 51 361 00974
95 48 10 361 00975
4 7 =
360 180 30 00977
361 361 00978
361 361 00979
339 54 10 159 54 20 00980
333 33 35 153 33 55 00981
326 46 20 146 46 40 00982
321 11 20 141 11 40 00983
314 09 10 134 09 40 00984
304 32 35 124 32 50 00985
-4 8 9
90 361 00987
361 361 ) 00988
361 361 00989
90 27 361 0990
91 22 10 361 00991
92 08 361 00992
92 44 05 361 00993
93 23 45 361 00994
94 17 361 00995
189.4 996
22 997
+C051712 HAVAS 3 PART 1A
REMARK s TAPE 400 UNIT 6,4 INPUT
REWIND 6
TORTBIN«s2+60
PROGRAM TAKUM
CALL JIRP
END
END

QUN ¢
BGROUP 1=z TAKU+C~-10e (SPECIAL LISTING FOR SUB=PROFILE FOR FIRST TIME INTERVAL)
5SPRINT ANGLES AND COORDINATES

1 1 11

28 S3 208 50 25 00451
119 26 05 299 23 20 00452
119 05 45 299 o2 20 00453
119 17 40 299 14 20 00454
119 27 05 299 23 45 00455
119 36 55 299 36 00456

119 34 40 299 33 55 00457



1o
119

119
119
3

11
17
24
29
37
44
50
53
56
59
5
106
196
196
196
196
196
196
196
196
196
196
7
335
324
3is8
361
305
298
296
284
281
278
275

184045

49

¢C051712 HAVAS

11

11

11

37
40

39
38

46
19
26
54

37
35
27
38
13

21
52
34
28
31
24
18
18
28
34
37

40
(o]
25

47
23
49
52
59
50
19

40
15

0S
50

47
53
34
39

52
26

53
59

30
20
18
37
a0
40
35

40
35
20

20
30

20
20

20

REMARK + TAPE 400 UNIT 64INPUT
REWIND 6,

TORTBIN«s24+60

QUN,

BCORRECTIONS DUE TO ERROR IN SIGN CONVENTION USED AND RESET OF STAKES.

b

PROGRAM LEWIS
CALL NORRIS

END
END

3

299
299

299
299

361
361
361
361
361
361
361
361
361
361
361

o016
016
016
o016
o016
016
016
o016
o016
016

361
361
361
361
361
361
361
361
361
361
361

PART 2

35
37

36
36

-38
S2
34
28
31
24
18
18
28
34
37

30

S5
45

-30
40

35
40
40
35

30
20
05

00458
00459

00460
00461

00519
00520
00521
00522
00523
00524
00525
00526
00527
00528
00529

00553
00554
00555
00556
00557
00558
00559
00560
00561
00562
0563
654



BAROUPI= ST¥RAIN DIAMOND D! AY CACHE

BGROUP2= STRAIN DIAMOND
BGROUP3=z NORRIS STRAIN DIAMOND

BGROUPS 4-5,
BGROUPA4 =
BGROUPS=

THRUST PLANE D!AMONDS.,
UPPER RIGHT
LOWER RIGHT

UPPER SET+
UPPER SETo

1B

X AXIS UP AND TO LEFT

BGROUP62 STRAIN DIAMOND ON VAUGHAN-LEWIS NEVE AREA

BGROUP7=

-
1
129

143
386

114

329

q

69
69
69
69
69
69
69
69

63
63
63
63
63
63
63
63

5997
5991
6000
5990
5991
5985

63

2

338
213
250
225

252
408

675

625

613
650
66

696

803
842
753
1000

667
797
606
781

75

-1

STRAIN DIAMOND ON OGIVE 7.

69
69
69
69
69
69
68
69

63
63
63
63
63
63
63
63

6001
5998
6010
5835
6014
6128

63

VAUGHAN=LEWIS
263 97
3 97
150 97
4 98
125 97
325 97
1188 97
288 97
675 89
675 89
538 89
725 90
513 89
688 90
84 88
876 90
8254
8754
8135
8750
8365
8750
803
842
753
1000
667
797
606
781
75 89

1075
1113
1188

1125
11

1080
1128

1013
1013
788
7S
813
88
1152
792

1131

1159
1394
1119

1281
844
1263
706

1125

97
o7
97
97
97
97
o7
97

89
89
89
90
89
S0
88
90

8135
8763
8145
8660
8136
8845

89

1075
1125
11
925
1025
10
1140
828

1063
1025
588
163
550

636
1080

1281
11

1263
1144

1241
703
1250

1075



63
63
64
7 2
229
63
63
63
63

*#C051712 HAVAS

REMARK s TAPE 400 UNIT 64 INPUT:

OQUTPUT 4G4 27
REWIND+64
FORTBIN«2+64
PROGRAM SE
CALL PROF1I
END
END

RUN
210 7 1 45
~“¢373 285479
¢903 106481
-369 38459
-206 57500
-593 83924
«1044 106481
-1832 140763
-2279 183945
-2971 227608
«3487 253001
«3844 285479
4240 316275

825
538
213

2
65
1

85

VEN
LE

0O 50
o119
o192

197
=32

5447
12696
18142
23859
22134
20696
20503

63

63

63
63
63
63

SCRIPTS501VELOCITY PROFILES

SCRIPT«25 TXY!l GRAPH +%
SCRIPT«25 TXY2 GRAPH ++$%

SCRIPT.253HAVAS*

4

75
55
838

625

1050

PART 3

90

S0

89
89
89
89

95
113

1050
10

90
90
89

89
g0
89
90

1125

1025
25



RO

71857



