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Appendix A
ATl MATERIALS
A1.1 Concrete

Test vessels PVl and PV2 were cast from ready-mix concrete
obtained from a local plant. The mix was specified to contain pea gravel
aggregate and seven bags of type I cement per cubic yardv of concrete.

Test vessels PV3 through PV14 were cast from concrete mixed in
the laboratory. The proportions by weight of cement:sand:gravel were
1.00:3.51:3.40, Type III cement was used with a water cement ratio of
0.74. The aggregates were crushed 1imestone with a maximum particle size
of one in. and Wabash River sand.,

The concrete for vessel PV15 contained pea gravel aggregate and
Wabash River sand with type III cement. The proportions by weight of
cement :sand:gravel were 1.00:2,77:3.07 and the water cement ratio was 0.56,
The end slab and top two inches of the skirt of vessef PV16,were cast from
the same mix used for vessels PV3 through PVi4, The remainder of the skirt
was cast with the mix used for vessel PVI5,

Table Al gives the properties of the concrete used in the end
siabs of the vessels, Two batches of concrete were required to cast vessels
PV3 through PV10. Vessels PV11 through PVI6 required three batches of
concrete. Compression tests were conducted on five 6x12-in. cylinders from
each batch. Five 6x6=in, cyliﬁders were cast from the batch used in
the end slab for use in the split cylinder test. Figure Ala shows the range
of the modulus of elasticity measurements., Figure Alb is a plot of the
results of the indiQidual splitting-strength tests versus the average

compressive strength in each vessel,
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Two creep racks were assembled as shown in Figure A2. The
results of the creep and shrinkage determinations are presented in Fig. A3.
Each curve represents the average of readings from three cylinders. The
6x12=in, cylinders used for creep and shrinkage measurements were cast
from concrete with the same probortions as the concrete in the vessels. The
concrete in Batch I was left in the cylinder forms for two déys, cured under
wet burlap for seven days, and loaded to 1000 psi on 9 February 1968 at the
age of eleven déys, The concrete in Batch II was left in the fofms for
two days, cure& under wet burlap for six days, and loaded to 1000 psi on
16 February 1968 at the age of ten days. Three ten-in. gage lines were
established on each Cylfnder for measurement of deformations. Companion
cylinders for each creep rack were also equipped with gaée lTines and sfored
in the laboratory for shrinkage measurements. All méasurements were taken
with a 0.0001=in. Whittemore gage over a ten=in. gage length. The environmental

e . . . ; - . . .. . .0
control in the laboratory is set at 50 percent relative humidity and 72°F.

A1.,2 Longitudinal Reinforcement

Vessels PVI and PV11 through PV16 were prestressed with 0.775-in.
diameter Stressteel rods.Vessels PV2 through PV10 were prestressed with
1/2=in. diameter seven-wire strand.

The results of a tensile test of a 30-«in. Stressteel rod are
plotted in Fig. Ak, The strain was measured using an eight-in. extensometer.,

The ultimate stress in the rod, which had a measured cross=-sectional area

of 0.471 sq. in. was 140 ksi,
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The apparatus used to determine the ''spring factor'' of the 1/2-in.
strand is shown in Fig. A5, The length of strand between strandvises is
approximately the same as the length between the vises in the test setup.
The load on the strand was cycled six times between zero and thirty kips.
The load deformation characteristics of the strand under these testing
conditions are presented for the first three loadings in Fig. A6, By the
third lToading cycle the stiffness of the strand was constant. The stiffness
of the strand depended on the torsional fixity of the strandvises and on
the slippage of the outer wires relative to thé central wire. The nominal

area of the strand was 0,151 sq. in.

Al1.3 Circumferential Reinforcement

The wire that was used to prestress the vessels circumferentially
was obtained from INTERPACE; Tests conducted on samples cut from the
unstressed coil before prestressing and cut fromvthé wire on the vessels
after pressure testing showed no significant difference in stress=strain
response. Typical stress=strain curves for each size wire used are shown
in Fig. A7.

The wire used on vessels PVl through PV10 had a diameter of 0,192 in.
and a computed area of 0,0290 sq. in., Deformations to about two percent
were measured with a two-in, electrical extensometer. The strain at failure
was obtained from measuring the change in length of a five=in. gage length
etched into the wire before the test,

The wire used on vessels PV11 through PV16 had a diameter of

0.250-in. and a computed area of 0,0491 sq. in. The wire was tested on a
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Ba]dwfﬁ,téstfng machine,: Tests were made using a two-in,. electrical
extensometer to measure deformations. Another set of tests was made
using a portable strain indicator to read strain from two BLH HEI2]
strain gages. The two strain gages were mounted on opposite sides of

the wire and wired in series in order to average the strain readings.,

Al.4 Liner Materials

The neoprene used to seal the pressure vessels was purchased in
200=1b. ro]ls; The sheets were 72 in, wide and 1/16 in, thick., It was
specified as '"60 Durometer Shore A Black neoprene Sheeting, Type #260' .

The 0-ring material was obtained in 200-ft lengths. The diameters
of the 3/16-in. and 3/4-in. 0-ring stock were 0,210 + 0.010-in, and 0.750 +
0,010-in. respectively. The material was specified as ''70 Durometer Shore
A Extruded Buna N 0-ring cord stock''.

The caulking used to complete the‘seél at the end slab was
General Electric Silicone Caulking,

Sheets of aluminum with a’thickneés of 0,017-in. were used on
the sides and end slabs of some of the vessels. Sheets of 16-0z. soft copper

were used on vessels PV12 through PVI6 in addition to the aluminum sheets.
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A2,1 Casting and Curing

The pressure vessels were cast in the steel form shown in Fig. AS8.
The same outer form was used for all sixteen vessels. This form was rolled
from 5/16-in. steel plate and reinforced with rolled 2x2x1/4 in. angles.

Th inrnar £
i naer

e [ g [,
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form are bolted
to a 1/2=in. thick base plate. The inner form for vessels PVl through
PV]O,‘thirty-in. inside diameter, was rolled from 3/16=in. plate. Both
forms used the same five=-piece construction. Holes were drilled into the
base plate to receive 7/8~in. diameter rods which formed ducts for the
longitudinal prestressing. For vessels PV15 and PV16 which had two rows of

longitudinal prestressing., 1-in. round electrical conduit was used to

form the ducts for the second row of prestressing. The tops of the rods and
sections of conduit were secured by a template of 1/2-in. steel plate which
was supported by sections of 4-in. wide channel attached to the sides of the
form. The center of the template plate was cut out to permit access to the
form for the concrete and to facilitate finishing the surface of the concrete.

Vessels PV1 and PV2 were cast continuously from ready-mix concrete.
A1l other specimehs were cast in either two or three batches as noted
previously. The batches were proportioned so that the end slab and at least
2=in. of the skirt were cast from a single batch. The concrete was vibrated
internally with an electric vibrator during casting. Five 6x12=in. cylinders
were cast from each batch. Five 6x6-in. cylinders were also cast from the
end slab batch for use In the splitting test. The side walls of vessels

PV11 through PV16 were reinforced with No. 4 bars to have a reinforcement
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ra??é of one percent, The bars were placed longitudinally about 1/2=in,
from the outside surface of the concrete.

When the concrete had begun to set, usually about three hours after
casting, the greased rods and conduit sections were manually extracted
and the top of the vessel was trowelled to a smooth finish., The vessels
were then covered with polyethylene film until the form was struck on the
second day after casting. The vessels were cured under wet burlap for one
week }n the laboratory which had envfronmental control set at 70°F and

50 percent relative humidity.

A2,2 Circumferential Prestressing

The INTERPACE plant at South Beloit, Illinois, made their facilities
available for applying the circumferential prestressing wire. A mandrel and
end fittings as shown in Fig. A9 were designed to adapt the vessels to the
equipment at INTERPACE, which is normally used to wrap concrete pipe. The
vessels were transported to and from South Beloit by truck,

Anchors for the prestressing wire were cast into the vessels.

An anchor is shown bolted to the form in Fig. AlOa. Figure Al10b shows a
closeup of the anchor. A steel block about 3/4 x 3/4 x 1-1/4 in. is grooved
and stamped, forming a toothed channel to grasp the wire, The block is

then welded to a 3/8=in. diameter rod that has been bent into a U-shape té
provide aﬁchorage. The block and rod are hardened as a unit. The anchors
were provided by INTERPACE and performed very well throughout the test

series,
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The prestressing operation was started by securing the wire in
the anchor“at the closed end. This was done by driving the wire into the
toothed channel with a hammer. The first wrap of prestress was applied
at a_s]ightiy reduced load, Subsequent wraps of the 0.192=in. diameter wire
were applied at a tension of 4800 1b. Tension in subsequent wréps of the
0.250-in. diameter wire were applied at a tension of 7,806 b,

A schematic diagram of the machine at INTERPACE is shown in
Fig. AT1l. When the mandrel and vesselsbwefe in placé, an axial load of
about 20,000 1b was applied to Créate a Frictfon force between the end
fittings and the rubber bearing Surfaces‘on the turning heads. The turning
heads were rotated by a motor mounted at one end of the frame. The pre-
stressing wire passed through a straight duct about 50 ft long frém an
uncoiling area to é friction wheel. The wire then passed through a load
cell above the friction wheel and travelled overhead to the spaCfng apparatus
which ran on a tfaék above the mandrel and vessels, The spacing appafatus
could advance automaticéllyvat a rate proportional tovrotation of the turning
heads or be adjusted by an operator. fension was developed in the wiré at
the friction wheel by a D. C. motor which supplied a resisting torque. The
load celj, which is located above the friction wheel, gave an accbunt of
the tension in the wire. Deviation from the desired load could be
compensated by adjusting the torque transmitted by the D. C. motor., The
load cell was ca]iErated to indicate.the tension in the wire at the turnfng
heads, |

,Approx%mately five minutes were réquired to prestress a vessel.

Figure Al2 contains two plots showing the variation of the load in the wire
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as wrapping proceeded from the end slab of the vessel toward the open end.
The data for Fig. Al2 were obtained from recording equipment at INTERPACE
which showed a plot of load versus time.

The force in the wire as it was being wrapped around the specimen
was known. To obtain the effective prestress at the time of the test, the
following procedure was used. All calculations referred to fhe prestress
around the end sltab, The initial prestress was assumed to be the force in
the wire less the calculated effect of the reduction in diameter of the
vessel due to elastic deformation of the concrete. The time-dependent
losses were estimated using the creep and shrinkage data given in Fig. A3,
Relaxation of the prestress wire, estimated to be less than four percent
in most cases, was ignored because of lack of directly relevant data and
because -the scatt¢r>in the time%dépendent propertiés of the concrete was
expected to be,much larger. The increase in circumferential prestress
caused by longitudinal prestressing was calculated by aésuming that the

Poisson's ratio for concrete was 0.15.

A2.3 Longitudinal Prestressing

Vessel PVI1 was prestréséed longitudinally with ten 0.775=in.
diameter Stressteel bolts. Vessels PV2 through PV10 were pfestressed with
seven-wire, 0.5-in. diaméter strand. The use of strand was more economical
and permitted the longitudinal restraining force of the‘presfressing tendons
to be more evenly diséfibuted:about the perfphery of the vessel., With the
higher pressure required for vessels PVI1 through PV16, it was necessary
‘to use Stressteel boits for prestressing in order to develop the necessary

clamping force at the base,
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Strain gages were placed on some of the Stressteel bolts, .and
these bolts were calibrated in the laboratory. Loading of the bolts was
accompl ished with a 30 ton Simplex jack with the scheme shown in Fig. Al3,
The jack chair permitted a nut to be tightened agéinst a 3x3xl-in. steel
bearing plate so that'the load in the jack could be transferred with a
minimum loss. For vessels PV13 through PV16 where sixty bolts were used
for the prestressing, a continuous steel plate 1 1/4=-in. thick was used
for the bearing plate rather than the individual plates. The load in the
bolts after the jack was released varied from 40 to 45 kips. The average
load in the bolts after prestressing was completed, was less than 40 kips
since the loading of a bolt adjacent to an a]rgady loaded bolt tended
to reduce the load carried by the Toaded bolt. The effect was increased
aﬁkthe humbéf'of Bo1t§ usea fdr the éreétressinélwas increased;

Figure Al4 shows the method of prestressing the strand. The
applied load was monitored either by a load cell between the jack and the
top strandvise or by measuring the oil pressure in the line to the Simplex
jack. Those strands that were to be monitored during the test were equipped
with a Toad cell between the four=-in. plate at the open end of the vegsel"
and the bottom strandvise. After a load of P kips was app}ied; the jaws
of the strandvises were set either by driving slotted wedges between the
bearing plate and the strandvise or by driving the jaws down the strand with
an implement designed to fit around the strand and inside the body of the
vise, Those strands equipped with load cells under the four-in. plate carried

an average load of about 20 kips after the jack was released,
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The force in fhe strand for vessels PV2 through PV10 and in the
Stressteel b;]ts for PV1 was monitored immediately after prestressing. To
obtain the effective prestress at the time of the test, the time=dependent
losses were estimated using the creep and shrinkage data given in Fig. A3
and subtracted from the initial prestress. The force in the Stressteel
bolts for vessels PVI1 through PV16 was monitored immediately after pre-
stressing and immediately before the test so that-the vertical prestressing

force was known at the time of the test.

A2.4 Liner

A detail éf the liner in each vessel is provided in Appendix B.
The scheme for sealing vessels PV1 through PV5 was as follows. After |
cleahing the inside and filling the voids with Hydrocal, successive layers
of 1/16=in. neoprene, 18'gage sheet metal, and 1/16-in. neoprene were placed
on the inside surface of the end slab, using contact cement to hold them in
place. A six-in, wide strip of 20-gage sheet metal was cemented to the side
wall just below the end slab (Fig. Bl.2). |

The connection between the concrete and the stéel sealing ring
was achieved by welding an eigh}-in. wide strip of sheet metal to the ring.
The neoprene sheet placéd on the side wall butted the seal on the end slab
and lapped over the sheet metal at the sealing ring. Contact cement was
used to secure the neoprene to all surfaces except to the sheet metal at
the sealing ring where rubber cement was used. Rubber cement was also used
at the lapped joint in the neoprene. All surfaces to be cemented were

"carefully cleaned with benzene.
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The seal at the junction of the end slab and side wall was made
by embedding a 3/4-in. O-ring in General Electric Silicone Caulking. The
seal between the steel base plate and the sealing ring was made by compressing
a 3/16=in. 0-ring into the groove in the base plate (Fig. Al5).

Difficulties were encountered with this method Qf sealing at
higher pressures. The details of the seal were changed for vessels PV6
through PV12, These changes are reported in Appendix B. The seal for vessel
PV12 proved to be satisfactory for high pressures and was used without change
for the remaining vessels,

The seal used for vessel PV12 through PV16 consisted of lining
the wall and end slab with a sheet of 0.017=in. thick aluminum bonded to
the concrete with rubber cement (Fig. BI12.1). Next, a liner of 16-0z. soft
copper was placed over the aluminum. The copper—éluminum interface was
greased so that the copper would not develop large stress concentrations
dur ing deformation. The coppef sheet used on the end slab had a one-in.
ip which was soldered to the copper sheet on the wail. The Tap in the
copper wall sheet was also soldered as was the copper=-steel joint at the one-in.
steel base ring. The vessels were then lightly prestressed longitudinally
and pressurized to 50 psi gas pressure to deform the metal liners to the
contours of the concrete and to check for any major leaks in tHe Tiner. A
layer of . 1/16=in, thick neoprene was placed over the copper and secured with
rubber cement., A 3/4-in, neoprene 0-ring was also installed at the junction

of the end slab and the side wall.
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A3 TEST SETUP

The test shed was erected on the grounds of the Structural Dynamics
Laboratory which is situated in farmland about three miles south of the
univers ity campus (Fig. Al6a). The shed is a wooden enclosure built on a
twelve-ft square slab-on-grade floor. It features a 5 by 5 ft steel test
chamber in its center which extends from the floor through a hole in the
roof, The test chamber was constructed of four 4 x 4 x 3/8 in. angles which
extend vertically from the corners of the opéning to the floor with 0.5
in. steel plate on the four sides. Figure A16b shows vessel PV8 inside the
test chamber after the test. A hatch was provided to cover the hole in the
roof when the shed was not in use. During tests the hole was covered with
layers of wire mesh to impede concrete projectiles. For vessels PV11 through
PV16, ﬁhree layers of wire blast mats were used to cover the hole, THe
blast mats were anchored with 3/8-in. cable fastened to ground anchors at
the sides of the shed.

After the liner and one-in. steel ring were in place (see Section
A2.3 on‘the assembly of the liner) the vessel was placed on’a Four—in.‘
thick circular steel plate shown in Fig. Al5. A 3/16-fnm 0-ring was compressed
between the one—fn. ring and the four=in., closure plate to complete the seal.
In vessels PV1 through EVS a ten cubic=ft block-out was provided to fill part
of the void inside the vessel and reduce the quantity of compressed gas that
would be released when failure occurred. The block-out was a closed cylinder
filled with vermiculite concrete for the first three tests. 0On the

third test a leak iﬁrthe block-out permitted it to become filled with gas,
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causing the block=-out to burst when the vessel failed. In subsequent vessels
up to PV8 the block-out was filled with water. In vessels PV9 through PVI16
the entire vessel was filled with water to within approximately 1/2=in, of
the end slab,

Figure Al7 shows the gas supply and pressure regulating scheme used
to pressurize the vessels. Nitrogen gas was admitted to the vessels in the
test shed through a 1/L=in. copper line from a series of gas supply bottles.
The pressure within the vessel was monitored by a Bourdon test gage with 1/k
percent accuracy which was connected by a second 1/4=-in. copper line to the
vessel, This éecond line for pressure measurement eliminated error in the
pressure reading due to gas flow in the line. The gas supply lihe‘énd pressure
monitoring line were connected'througﬁ the steel base plate on the vessel,

Vessels PV9 and PV]Q were exceptiohs to the general test setup
in that théy were tested using oil pressure and were tested inside the
Structural Dynahics Laboratory. The remote monitoring of the tests
was not necessary since combressed gas was not used in the test and the

failure did not result in a violent release of energy.
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AL INSTRUMENTATION AND TEST PROCEDURE

In general the instrumentation consistgd of deflection measurements
across one diameter of the head'and down the side on a line at one end of
this diameter, strain measurements on the conérete on the inside face of the
end slab on four diameters 45 degrees apart and on the outside face on two
diameters,vstrain measurements on the ;ircumferential prestressing steel, and
change in force in the load‘cefls on some éf the longitgd?nal pregtressing tendons.
The diameter én the outside of thevend siab on;which deflections were measured
was offset 3 degrees from one of the‘diameters on which‘stréiﬁs were measured.
The strain géges on the circumferential‘steelireinforcement were placed
after the gteel was wrapped go fhaflpnly the change iﬁ strain during the
test was measured, The loaa‘cells on»thé lonéifudina] preétressing were
monitbréd during the prestfessing opefation and du%ing the test so that the
total ioad could be cé]culated. The Stressteél bolts were gaged with BLH
A-19 strain gages and ca]ibréted in a festing machine, thus eliminating
the need for external load cells for the bolts. The actual numbef of measure-
ments of each type and their locations are shown in Appendix B for each test.

The strain gages used on the concrete were BLH type Al2 which
have a one=in. gage length and are flat wound wire gages with paper backing.
These gages were applied with Eastman 910 cement. There was some concern
that the strain gages located on the inside of the head would be affected
by the normal pressure on the gage grid. This problem has been the subject

of several investigations one of which is reported in Ref, Al These studies
(O] SEveiaa ImvesLigatiOns Onc Of il 1S5 R0 LEC 171 RET o AT e e se SLuUdies

show that gages which are properly applied have a response resulting from



A15

normal pressure sufficiently small that it could not be distinguished from
the scatter in the strain measurements for these tests. O0On the inside of
the head the gages were applied by first sanding the concrete to a smooth
finish and then placing a layer of cement on the concrete and allowing it

to set., The gages were then cemented to this prepared surface with Eastman
910 cement and a soft rubbery protective coating placed ovér the gage. After
the protective coating had set, a 1/16 in. sheet of neoprene was glued over
the gages to provide further protection and assure that the applied pressure
was uniformly distributed over the.gage. In vessels PV7 through PV16, the
end siab was‘covered with a 1/4=in, thick layer of HYdroca]. Conductors

from the inside strain gages were glued to the inside Wa11 of the test

vessel from the gages to the corner where the head and wall meet. At this
point a hole was drilled through the wall and the léads run through this hole
which was then resealed with epoxy. The entire inside surface of tﬁe end slab
was then covered with a 1/L=in. thick layer of hydrocal. The néoprene -gas
seal was then placed over‘the.hydroca! which covered the wires and the hole
in the wall. On vessels PVI1 through PV16, the gage wires were Fun down

the inside of the vessel and out between the concrete and the one=in. steel
ring. Channels 1 in. wide by 1/4=in. deep were cast in the concrete to
accommodate the gage wires., On the outer surface of the concrete the strain
. gages were applied in the same manner, but no protective coating was used
on them. The strain gages used to measure change in strain of the circumferential
reinforcement were BLH type Al9 which is a flat grid wire gage with a gage
length of 1/16 in; and temperature compensation for steel. These gages were

applied with Eastman 910 cement following standard procedures,
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The load cells used to measure load in the longitudinal strand

consisted of 6=in.=-long aluminum cylinders 1 3/8 in. in diameter with a

5/87in. Tongitudinal hole drilled through it. The aluminum in these cylinders
was a soft bar stock of 2014 alloy and was heat treated in our laboratory to
meet specifications for 2014-T6 temper. Four strain gages.were cemented
to the outside of these cylinders andwired into a full bridgé. The strand
was threaded into these cylinders at the lower end of the test specimen, and
the change in strain monitored as the load chénged in the strand, Before
they were used, the load cells were ﬁalibrated in a testing machine by
applying a direct compression to them, Different numbers of load cells
were used in the various tests as indicated in Appendix B.

ATl the tests except PV9 and PV10, were performed in the test
shed which was about 100 ft from the Structural Dynamics Laboratory.
Approximately 135 ft of cable was required to reach the area where readings
were taken in the main laboratory. A L=conductor cable with heavy rubber
coating passing through an overhead metal cable tray was used between the
two builidings. This cabie is Belden 8424 and contains 20 gage conductors.,
Several of the tests were performed during the winter so a heater was placed
in the test shed to keep it warm enough for men to work. It was not possible
to maintain room temperature at all times with this heater but temperature
compensatfng strain gages were placed in the test chamber with the test
specimen, The specimen was then Teft in the test shed for sufficient
time to allow the temperature to stabilize,

Strains oﬁ the first 5 specimens were read with two BLH portable

strain indicators model number 120 C in the main laboratory at the end of

“
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the 135 ft lead wires., This strain indicator is designed to excite the

bridge with an alternating square wave in order to reduce the effects of

capacitance in the leads to the strain gages. However, since the leads were
rather long in this case special precautions were taken. For each type of
bridge used on the test vessel the effect of a given shunt was read with

a TaeAdl 4
the indicat

or at the bridge. Then, with the strain indicator connected to
the bridge through the long leads, the gage factor was adjusted so that
the same shunt had the same effect on thevbridge. This slightly adjusted
gage factor was then used when the strains were read during the test, During
tests PV6, PV7, and PV8 strains were read with an automatic device assembled
from components in our own laboratory. An automatic stepping switch was
used to switch gages, the voltage difference across two corners of the bridge
was read with a digital volt meter, and the resulting voltage was printed
on a paper tape with a line printer. The device was calibrated by applying
shunts of known value to the bridges and the compensation for long leads
was made in a manner similar to that used for the portaEle strain indicator.
Strains read with the portable strain indicator have an accuracy of the order
of + 5 u in./in. while those read with the automatic reading device were
somewhat more erratic and have and accuracy of approximately + 20 u in./in.
The portable strain indicators used for tests PVI through PV5 were used for
tests PV9 through PV16,

Deflecti&ns across the head of the specimen and down the outside

wall were measured with 0,001 in., Ames dial gages located within the test

shed but outside the test specimen enclosure. The dial gages were connected
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to piano wires which were strung over ball bearing pulleys and attached

to metal tabs glued to the specimen, Tension springs connected to the

back end of the dial gage plunger kept the piano wire taut. The pulleys
over the top of the specimen were attached to an arm which was broken off
by the flying debris each time a specimen failed. The dial gages were read
with a closed circuit television hookup with the receiver in the main
laboratory. The television camera was located inside the test shed but
outside the test specimen enclosure, had a télephoto lens so that the dial
gage face almost filled the television receiver screen, and was mounted on a
system of two television antenna rotors so that it could be adjusted in
direction for each gage. This arrangement proved quite satisfactory for
this purpose, though some of the gages were damaged by the sudden tension
on the piano wire at failure of the specimen. A second television camera
was set up outside the test specimen enclosure and aimed through a hole in
the enclosure at a mirror to observe crack development on the end slab of
the vessels.

‘Pressure was applied to the inside of the specimen with bottled
nitrogen through a regulator. With this regulator in the line, a pressure
could be set and maintajned in the specimen though there was a small leak,
because more gas would be supplied through the regulator as soon as the
pressure.dropped below the set value. Pressure within the sp2cimen was
monitored with a Bourdon pressure gage. During a test the gas pressure

was increased in increments and once the pressure was set and became stable

~all measurements were taken., Approximately 10 to 15 minutes were usually
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required to take all the readings. The size of pressure increments varied
between tests depending on the anticipated maximum pressure, In general

the size of the increments was reduced as failure approached,

TABLE Al

CONCRETE PROPERTIES

Splitting" Compressive

Modulus of Strength Strength

Age at Elasticity 6x67in. 6xl?-in,

e TSP iao® o el
PV1 71 31/2 L,2 432 5680
PV2 105 5 3.5 398 Lg55
PV3 36 ] h,2 450 6250
pyl 38 1 3/k 4.2 380 5680
PV5 | 32 3/h L. | 439 6250
PV6 L2 1 b1 398 | 5805
Pv7 54 1 L6 506 6720
PV8 78 11/ 4.8 43 7230
PV9 71 11/2 4,3 Ll 7140
PVIO 5k 11/2 4.0 , 394 7005
PV 6L i | 4,5 : 514 6830
PV12 89 3 (A | 456 5860
PV13 8l 1 1/4 4.2 490 6750
PVI1L4 107 2 1/4 L3 L65 6880
PV15 39 1 1/2 L2 531 7340

PVI16 79 2 4,0 518 7450
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FIG. A10a ANCHOR BOLTED TO FORM

FIG. A10b CLOSEUP OF A TYPICAL ANCHOR
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APPENDIX B
. TEST DATA

INTRODUCTION

This ‘appendix contains test descriptions and data for each of the
16 vessel tests. The dates of casting, prestressfng, and testing of each
specimen is recorded in Table Bl. Vessel dimensions, prestress data, concrete
strength;'typezof«fai1ure,‘and failure'pressuke'are'summarized in Tables 2.1
and 2.2 of the first volume of this report. For convenient reference these
tables- are repeated as Tables B2 and BB'invthis appendix.

The ‘numerical designation of each'section corréSponds to the
designation of the vessel which it 'describes. Each seCfion‘consists of a -
description of the test and descriptive information concerning the vessel
and instrumentation, followed by the data resulting from the test in graphic
form. The nominal thickness and wire spacing, designated t and s respectively,
are given in the captions for each section. Those data which were obviously
in error were discarded in order to reduce the volume of material., Some
editing of data was performed where it was apparent that the zero for strain
shifted, or that an error was made in a reading. The data consists first of
deflection information and then ccncrete strains, circumferential reinforce=
ment strains, and changes in longitudinal reinforcément force. The strain
and force measurements presented were started after prestress was completed,
and therefore are the result of application of internal pressure,.

Development of leaks prevented completion of tests PV6, PV8,
and PV11 on the first try. These vessels were resealed and retested;

a third attempt was required for PV6 and a fourth for PV11 before failure
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was attained. For these three vessels complete data for only the first

tests are presented. The sealing details, center deflection of the end

“slab, and change "in Toad in the longitudinal reinforcement are presented —

for the final test as well.

The same general arrangement of instfumentation was used for tests
PVI through PV5, A different but consistent arrangement of‘strain gage
locations was used for tests PV6 through PV16 except for PVI4 which was
different from the other two arrangements., The locations of the gages
for each test vessel are shown in thé appendix and minor changes in

instrumentation may be detected in the descriptive material,
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TABLE B1

1-24-69

CHRONOLOGY

B T T e e
Mark Casting Prestressing Prestressing Testing
PV1 8-17-67 9-23-67 10-16-67 10-27-67
PV2 8-23-67 9-23-67 12-1-67 12-6-67
PV3 11-16-67 12-15-67 12-19-67 12-22-67
PVL 11-29-67 12-15-67 1-2-68 1-5-68
PV5 12-18-67 1-9-68 1-16-68 1-19-68
PV6 12-22-67 1-9-68 1-29-68 2-2-68
PUG. 1 e - 2-6-68 2-8-68
PV6.2 - - 2-8-68 2-8-68
V7 1-4-68 1-22-68 2-22-68 2-27-68
PV8 1-10-68 1-22-68 3=20-68 3-26-68
PV8. 1 T - 3=27-68 3-28-68
PV 4-17-68 5-2-68 6-26-68 6-27-68
“PV10 L2468 5-2-68 6-17-68 6-18-68
PV11 7-15-68 7-31-68 9-11-68 9-17-68
PUTT.1 . R 9-23-68 9-25-68
PUITL2 - -

CPVITL3 e e - |
PV12 7=19-68: +7-31-68 -10-10-68 10-16-68
PV13 8-14-68 9-4-68 11-1-68 11-6-68
PV14 8-19-68 9468 "11-21-68 12-4-68

' _ . 12-2-68 » _
PV15 11-7-68 11-26-68 12-13-68 12-16-68
PV16 11-12-68 11-26-68 1-3-69 1-28-69



PROPERTIES OF THE TEST VESSELS
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TABLE B2

Slab Wall Circurﬁ. Préstress Long., Prestress Concrete
Mark Thickness Thickness Wire Wire Force Tendon Number Total Comp. Tens, Young's
Dia. Spacing per Wire Typea Force Strength Strength .Mod,
, R . . . 6
ine. in, in. in. kips kips psi psi 107psi
PVI 5 0.192 1.0 4,55 Rod 10 388 5680 432 4,2
PY2 5 0.192 1.0 L L5 Strand 24 388 4955 398 3.5
PV3 7.5 5 0.192 1,0 4,68 Strand 24 392 6250 450 4,2
PVL 6 5 0.102 0,67 L 49 Strand 24 583 5680 380 L,2
PV5 7.5 5 0.192 0.67 4,59 Strand 24 524 6250 439 4,
PV6 9 5 0.192 0.67 4,51 Strand 30 606 5805 398 L1
6.1 4,48 639
6.2 k.47 22 469
PV7 9 0,192 0.33 k4,23 Strand 30 693 6720 506 4.6
PV8 7.5 0.192 0.33 k.09 Strand 30 6264 7230 L3 R
8.1 700
PV9 9 0.192 0.33  h.i0 Strand 30 750 7140 k6 4.3
PVIO 7.5 0.192 0.33  k4.12 Strand 30 750 7005 394 4,0
PUIT 7.5 7.5 0,250 0.25  6.06 Rod 30 69k 6830 504 b5 -
1.1 5.72 1030
PV12 10 7.5 0,250 0,25 5.73 Rod 30 727 5860 456 L4
PVI3 12.5 7.5 0.250 0,25 5.82 Rod 60 1356 6750 Lgo L,2
PViL 15 7.5 0.250 0.25 5.56 Rod 60 1370 6880 465 4.3
PVIS 7.5 7.5 0.250 0,25 6.47 Rod 60 1200 7340 531 4,2
PV16 10 7.5 0,250 0,25 5.94 Rod 60 1995 7450 518 4,0

aO.,75-in. round Stressteel rods or 0.5-in. round seven-wire strand

l:’This vessel was prestressed longitudinally with 28 rods andtwo lengths of strand.
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TABLE B3
MEASURED INTERNAL PRESSURES AT FAILURE

Wall Concrete Circum, Long. Pressure Mode
Mark Span Thickness Strength Prestress Prestress at of
Slab Thickness fé Indexb Index® Failure Failured
. a . . ,
ratio in. psi ksi ksi psi

PV 5 5 5680 0.30 0.55 295 F
PV 2 5 5 L4955 0.30 0.55 240 FL
PV3 L 5 6250 0.31 0.55 370 F
pPvL 5 5 5650 0,45 0.82 390 F
VS 4 5 6250 0.46 0.74 465 F
PV6 3.3 5 5805 0.45 0.86 570 L
PV6E,1 0.90 585 L
PV6.2 . 0.66 555 F
PV7 3.3 5 6720 0.84 0.98 870 F
PV8 L 5 7230 0.82 0.84 625 L

8.1 0.99 640 F
PV9 3.3 5 7140 0.82 1.06 887 F
PV10 L 5 7005 0,87 1.06 740 F
PVII1 3.3 7.5 6830 1.94 141 1600 L
PVIT I 1.83 2,10 2040 S
PV12 2,5 7.5 5860 1.83 1.48 2650 CL
PVIZ - 2 7.5 6750 1,86 2,76 3450 VL
PV 1L 1.67 7.5 6880 1.78 2.79 3690 VL
PV15 3.3 7.5 7340 2,07 2,44 2300 S
PV16 2,5 7.5 7450 1.90 4,06 3200 S

aRatio of internal diameter to slab thickness
bRatio of circumferential prestressing force per unit length to the internal diameter
“Ratio of total longitudinal prestressing force to area of cavity at a transverse section
F: Flexural failure of end slab
S: Shear failure of end siab
L: Liner leakage
FL: Test stopped by liner leakage at incipient failure in flexure
CL: Leakage caused by circumferential cracking in the side wall

VL: Leakage caused by longitudinal cracking in the side wall
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Bl. Test Vessel PVl (t = 6.0 in.; s =1.0 in.)PVI

Test vessel PV1 was cast from ready-mix concrete and was néar]y
two months old at the time of the test. When the form was struck. a
circumferential crack in the side wall immediately below the end slab was
observed inside the specimen. The cause of this crack was evidently the
settlement of the concrete after casting while it was still plastic,

The testing of PV1 was completed without any problems. The test
chamber had been 1ined with 3/4-in.‘p]ywood, and thé hatch was covered with
a single layer of steel netting. Both of these measures proved to be
insufficient to restrain the force of the explosion when the vessel failed
at 295 psi. A photograph showing the damage is given in Fig. Bl.zla.

The entire test lasted about three hours. The pressure was
increased in incremeqts of 25 psi up to 100 psi, when the increment of
loading was decreaseé to 20 psi., The final cracking mode is jllustrated
by a photograph of the pieces of'the end slab which were reassembled after
the test (Fig. Bl.2lb).

Vessel PV1 was prestressed longitudinally with 3/4-in. Stressteel
rods, Nine of the ten rods in the vessel had been inﬁtrumented with strain

gages and calibrated. These were monitored dﬁring the test,
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FIG. Bl.2la DAMAGE TO NETTING AND PLYWOOD LINER

FIG. B1,2'b REASSEMBLED PIECES OF THE END SLAB OF

PV



B19

B2 Test Vessel PV2 (£t =6 in,, s = 1,0 in.)

Test vessel PV2 was cast from ready-mix concrete. As in
PVl a circumferential crack at the junction of the slab and skirt was
observed inside the specimen when the form was struck.

After the testing of PV1, the test chamber was lined with 0.5-in.
thick steel plate rather than plywood. A television camera was installed so
thaﬁ the head of PV2 could be observed during the test, TheAfirst crack on
the outside of the slab was visible at 170 psi. A second crack became
visible at about 220 psi.

This test also required about 3 hours for completion. The
first load increment was 20 psi followed by increments o% 10 psi up to
the maximum pressure reached which was 240 psi. The vessel had a small
leak throughout the test and loading could not be continued to failure,

The maximum deflection at the center of the head was 0.8-in. when the
test had to be stopped.

Vessel PV2 was longitudinally reinforced with twenty=-four 0.5=-in.
diameter seven-wire strands. None of the strands were equipped with load
cells. The vessel was sealed the same way as PV] except for an extra layer
of neoprene on the inside of the end slab which was cut to fit beﬁween the
gage wires on the end slab in order to make the inside neoprene layer more

smooth,

The crack pattern in the end slab is illustrated in Fig. B2.19.
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FIG. B2,13 CONCRETE STRAINS, VESSEL PV2
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B3 Test Vessel PV3 (t =7 1/2 in., s = 1.0 in.)

Test vessel PV3 was thé First'VesseT'cast ffom cthréte mixed
in the ]aborétory, It was free of cracks at the time‘oF the tést°

About three hours were required for the test. Lbading was
increased in increments of 20 psi until the vessel failed at 370 psi.
No problems were encountered with the liner, which was sealed in the same
manner as PV2., The block-out inside the vessel also failed when the vessel
failed. The blockout, which was a closed steel cylinder filled with vermiculite
concrete, developed a leak dufing the course of the test. When the pressure
surrounding the vessel was reduced by failure of the vessel, the gas trapped
inside the block=out caused it to burst.,

The longitudinal tendons were'O,S-ih.lstrand in PV3, Load cells
were placed on nine of the twenty-four strands and were monitored during the
test, The crack pattern in the end slab is illustrated by a photograph of

the reassembled end slab in Fig. B3.22.
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FIG. B3.22 REASSEMBLED END SLAB OF PV3
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B4 Test Vessel PV4 (t =4 in., s = 2/3 in.)

Test vessel PV4 was tested in the manner described for PV1 through
PV3 with no unusual occurrences. It was cast of concrete mixed in the
laboratory and had no visible cracks at the time of the test.

Nearly four and one-half hours were requifed to test PVL as
loading proceeded in 20 psi increments to a pressure of 310 psi, when the
increment of loading was decreased to 10 psi until the vessel failed at
390 psi. No problems were encountered with the gas seal. The block=-out
used in PVL4 was a steel cylinder filled with water.

Twelve of the twenty-four strands were equipped with load cells
and were monitored during the test. The crack pattern in the end siab is

illustrated in Fig. B4.21.
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Concrete Gages on The Slab
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FIG. B4.21 REASSEMBLED END SLAB OF PV4

B5 Test Vessel PV5S (t =7 1/2 in., s = 2/3 in.)

Test vessel PV5 was also tested with no unusual difficulties,
It had no visible gracks before the»tést;

About three hours were required to test PV5, .Internal pressure was
increased in increments of 50 psi up to a pressure of 200 psi. Loading then
proceeded in 25 psi increments until the vessel failed at 465 psi. The
crack pattern in the end slab is illustrated in Fig. B5.22.

The longitudinal tendons and the method of sealing were the same

as for PVS.
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FIG..B5.22 REASSEMBLED END SLAB OF PV5
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B6 Test Vessel PV6 (t =9 in. s = 2/3 in.)

Test vessel PV6 was cast using concrete mixed in the laboratory.
It was free of visible cracks at the time of the test. The 1ongitudinal
prestress was provided by thirty strands., On the first attempt to test
PV6, the pressure was increased in 50 psi increments to a pressure of 250
psi. Twenty=five psi increments were added until the pressure,}eached L50
psi. Pressure was increased in 10 psi increments until a leak in the seal
prevented a further increase in pressure at 570<psi. Data for only the firstv
attempt at testing PV6 is presented wifh the exception of the pressure=
deflection curve for the center of the end slab and the change in load in
one longitudinal strand on the final test of the vessel. Figure B6.2 shows
the sealing detail used for the first attempt. The adhesive used on this
vessel was a linoleum cement. Figure B6,19a shows the crack pattern-that
had developed in the end slab when the test was halted.

Vessel PV6 was removed from the test chamber and taken off the four=in.
steel plate so that the liner could be modified as shown in Fig. B6.3. The
modifications included an additional layer of neoprene on the end slab aﬁd
the replacement of the neoprene on the side wall. Rubber cement was used
as the adhesive in this case. The vessel was again Secﬁred to the four=in,
plate with thirty strands,

The second attempt to reach the ultimate capacity of the vessel
was frustrated when severe leaking prevented an increase in pressure beyond
585 psi. Visual examination of the vessel under 300 psi internal pressure

disclosed a longitudinal crack about mid-height of the vessel near the SW

meridian., The crack was less than 0.005 in, wide,
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In order to proceed with the test, eight of the thirty longitudinal
strands were removed before it was pressurized for the third time, The
layout of longitudinal reinforcement is shown in Fig. B6.18. Pressure was
increased in 100 psi increments to failure at a pressure of 400 psi. Fifty
psi increments were added from 400 psi until the vessel faf]ed at 555 psi.

The reassembled end slab is shown in Fig. B6.19b,
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FIG. 86.19b REASSEMBLED END SLAB OF PVe
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B7 Test Vessel PV7 (£t = 9.0 in., s = 1/3 in.)

Test vessel PV7 was cast in the laboratory and was uncracked prior
to prestressing. The circumferential prestressing applied to the vessel
caused a band of circumferential cracks to develop on the outside of the
vessel between seven and nine in, from the top. A corresponding band of
cracks developed from twelve to nineteen in. below the top on.the inside of
the vessel. Four longitudinal cables stressed nominally to 24 kips were
placed on the vessel to arrest further crack development during the interim
between the prestressing operation and assembly of the test setup.

The liner for PV7 was modffied considerably from the one that had
been used previously., Figure B7.2 is a detail of the liner that was used
for PV7. A one-half=-in. thick layer of hyaroca] was placed on the inside
of the end slab to provide a smooth surface over strain gages. A 0.017=in,
sheet of aluminum was attached to the side wall in the hope of bridging
small pores or cracks more effectively. The round 0-ring was replaced by
one with a triangular cross section, énd the neoprene sheets were lapped
about one in. at the junction of the end slab and side wall in an effort

to improve the performance of the seal in that vicinity. Rubber cement was

u

)

hAal
!

.
ised as the adhesive to ho oth

3 DO

t

(0]

he aluminum and neoprene in place., Thirty

I
)

{

0,5=in. strands were used for longitudinal reinforcement in the test.

The testing of PV7 was carried out with no difficulty. About
two hours were required for the entire test as loading proceeded in 50 psi
increments to an internal pressure of 750 psi. Twenty=five psi inérements
were added up to a pfessure of 820 psi. At 800 psi the deflection at midspan

was creeping steadily. Therefore, the pressure was increased continuously

until the vessel failed at 870 psi. The reassembled end slab is shown in

Fig. B7.17.
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FIG. 87,17 PIECES OF THE END SLAB OF PV7
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B8 Test Vessel PV8 (t = 7 1/2 in., s = 1/3 in.)

The same crack pattern observed in PV7 after circumferential
prestressing was evident in PV8, 1In PV8 the band of circumferential
hairline cracks on the outside of the vessel was from six to seven in.
below the top of the vessel. The band of hairline cracks on the inside
of the vessel was from ten to sixteen in, below the top of the end siab.
Four longitudinal tendons with a load of 24 kips in each were placed on
the vessel to arrest further cracks deve]dpment.

A detail of the liner used on the first attempt to test PV8
is shown in Fig. B8.2. No sheét metal was placed on the end slab., The
liner was fabricated by fitting the sheets of neoprene over a form of the same
dimensions as the inside of the vessel. The joints at the end slab and
the side wall was made by lapping the sheets of neoprene and applying
rubber cement to contact surfaces. The neoprene liner was placed in the
cement. A one<half-in, wide strip of rbeer tape was placed around the
periphery of the vessel at the joint between the one=in. ring and the
neoprene liner. The longitudinal préstressing force was provided by
thirty strands. A load cell was placed on each strand.

The first attempt at testing PV8 was not successful. Pressure
was increased in 100 psi increments to a pressure of 200 psi and in 50 psi
increments until a leak prevented further increase in pressure at 625 psi.
. Deflection and strain,readingsvsuggest that the vessel was close to failure
the center of the end slab

when the test was stopped, The deflection at



B100

reached 0,79 in., and the strains in the prestressing wire were of a
magnitude that the top three layers were loose when the vesse} was
depressurized.

The method of sealing PV8 for the second attempt is shown in
Fig. B8.3. The neoprene on the walls was omitted and the O-ring method of
sealing the joint at the end slab was employed. Thirty stranas were used for
longitudinal prestressing.

One hundred psi load increments were applied until the internal
pressure reached 400 psi. The pressﬁre was then increased to 450 psi in
25 psi increments. Readings were taken again at 500 psi. Loading was
increased continuously until the vessel failed at 640 psi. A photograph

of the pieces of the end slab is shown in Fig. B8.20.
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FIG. B8.20 REASSEMBLED END SLAB OF PV8
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B9 Test Vessel PV9 (t =9 in., s = 1/3 in.)

Test vessel PV9 was cast in the laboratory and was uncracked
prior to prestressing. After circumferential prestressing a crack was
observed on the inside of the vessel from five to six in.‘below the end
slab and seven to nine in. below the top on the outside.

A detail of the liner is shown in Fig., B9.2 and is similar to the
sealing detail successfully emp]oyed in vessel PVIO, which was tested before
PVS. The longitudinal'prestkéssihg“ForcéHWas;prOQESéd by’thirty strands,

Thfs vessel was filled cbmp]etely with w;ter. The water pressure
was‘increased by puﬁbihé oil into a buffef”tank which Wéé{cdﬁnéctéd to the
cavity of thé vesse1. v o : ‘

Préi%ﬁre.waétincréased in sbfpsi»in;rements to 850?p573and then
in smaller Tﬁcre@ents until failure‘at 887 psi. Failure oéCUrred when the
circumferentféi}Wfrefﬁfbke. Advanced necking was obsé;vea‘iﬁjéé?éral wraps
on opposite sidés of’fhé'vesse]., After faffﬁre thé.end slébiQéé“bbserved to
be heaviiy'cf%éked_withf%éftica[:cracks,pﬁ fh¢”§id§;i'The»cra;kgtat the center
of the end slab were abouf_éne-haif;ih;;Wfdévat!fhé:timé éF fafldre. The
deflection at the center of the end slab reaéﬁed 0.61 in. A‘photograph

showing the crack pattern of the end slab after failure is shown in Fig., B9.14,
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FIG. B9.9 (cont'd) CONCRETE STRAINS, VESSEL PV9
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B10 Test Vessel PVIO (t = 7.5 in., s = 1/3 in.)

Test vessel PV10 was cast without any visible fléws. After
circumferential prestréssing, it developed tWo cricumferential cracks.

One was on the outsidé~épproximately seven in. from the fop, The other
was on the inside approximately ten in. from the top,

Vessel PVIO was the first specimen tested hydraulically. The
vessel was pressurized with a hydraulic pump ;onneqted td fhe vessel through
a Euffer tank, The ve;sel cavity was filled with water before the test.

The liner detail was changed significantly from PV8 and is shown
in Fig. B10.2, The aluminum Tiner was assembled outside the vessel and then
dropped in p]ace. A mechanical interlock was made at the end slab joint
and at the lap in the wall. Both joints were tinned flat. A neoprene
liner and a 0.75=in. neoprene 0-ring was added as in previous vessels, The
neoprene wall and end slab pieces butted at the end slab joint but did
not lap. Thfrty strands were used for longitudinal reinforcement,

Pressure was increased in 50-p§i increments to 600 psi. The
vessel began to 1éak slightly at 600 psi but it was still possible to
pressurize the vessel using the vertical deflection of the end slab as a
loading cri£eriqn. The load decreased during the reading of;the gages but
the deflections did not change significantly. Faflure occurred at 737 psi
when the prestressing wire failed. A photograph shoWing the crack pattern

of the end slab after failure is given in Fig. B10,14,
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FIG. B10.14 END SLAB AFTER FAILURE
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B11 Test Vessel PVI1 (t = 7,5 in,, s = /4 in.)

Test vessel PVI1 was cast in the laboratory and was uncracked
orior to prestressing. After circumferential prestressing a crack was
observed on the inside of the vessel at 13.5 in. from the top. The 1/4-in.
circumferential prestressing wire was wrapped continuously so that craCkihg
on the outside could not be observed.

The liner detail was similar to the one used for PV9 and PV10.

The aluminum Tiner was temporarily sealed and pressed into place with
70 psi air pressure before the nebprene was put on. A combination of 28
stressteel rods and two strands were used for the longitudinal prestressing.

Pressure was increased in 100-psi increments up to 1600 psi,
when a seal blew in the gas regulator causing a leak., The pressure decreased
to 250 psi while a higher capacity regulator was being installed. When
repressurizing was attempted, it was found that the sealing in the vessel
had failed, The vessel had a well Jéveloped system of radial cracks. A
new 3/4=in., 0-ring was installed after the old 0-ring and caulking were
removed. A second test was attempted and a pressure of 1830 psi wa; reached
over a peéiod of about 2 hours. At that pressure a leak in the liner became
so severe that further increase in pressure was impossible. Center deflection
was about 0.15 in,

The vessel was resealed whfch involved removing the 0-ring and
neoprene from the end slab surface and pouring a one-in, thick layer of
_.hydrocal over_the exposed aluminum. This hydrocal was covered with aluminum
and neoprene and a new 3/k=in. 0-ring was installed. It was hoped that the

additional hydrocal would move the corner seal away from the actual corner
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of the vessel and minimize deformations in the seal, This time 30 stressteel
rods were used for prestressing.

The vessel was again tested and reached 1980 psi in 45 minutes
withonly deflection readings being taken, The vessel leaked again. The
leak was determined to be in the end slab since no water was being expelled.
It was a small leak. The regulator was bypassed and the gas supp]y f1owed
directly from a 2600 psi nitrogenthottle into the specimen. The vessel
failed at 2040 psi in about five minutes whj]é reading the center deflection.
A photograph showing the type of faifure is shown in Fig, Bl1.13., Data
from only the first test is presented with the exception of the load

deflection curve for the center of the end slab for the final test,



End Slab

N/
SS90
26 -ga ..~ Alm!nunA//
1/16' Neoprena

GG . E”SIHGOMA—/ /
3/4" B O-Rlng—/

26 ga. Aluminum
116" Neoprens -

18 ga. steel x 6'' high

(374" B Aluminum tubing
axpansion ring

bottom

. E. Si1icone

3” 7I | Sll l SII 5“ SII 7ll

Side wall’

l” steel ring /

FIG. BIV.1 SEALING DETAIL FOR PV11

FIG. B11,2 LOCATION OF DEFLECTION GAGES ON PVI1l

el T

1p1a



B 142

0.3 —
Vertical
Deflection, in.
0.2 }—
1600|psi
D.‘ - /\
500 \
Eﬂ%lJzN?\‘x\ s Hor lzontal Deflectlion, in,
//,/’,/”::::::_,__—’ ~\\\\§ l5/1;4600 psb ) 0.2
::::;;Eai T
) @ ©® 6 6 & oG
7“/2!! 9
25”
Lt syl e
FIG. 811,3 DEFLECTION PROFILES OF THE END SLAB ALONG THE N-S
DIAMETER OF PVI11
200
Dial gage 4
2000 mem=t—"TFal lure)
/
”’,ﬂ_,.___
"”g:;:’ age 4 (First test)
= 1600 P 939 )
=% L
CO
=}
0n
U4
s %
= 1200 a
©
=
o
Q
s .
£ .
800 —
400
0
0 0.05 0.10 0;!5 0,20 0.25 0.30 0.35 0.40

Deflection, in.

FIG. BII,% APPLIED PRESSURE vs DEFLECTION AT MIDSPAN OF PVI1I



1

Concrete Gaggs on the Inslde of the End Slab - . : Concrate gages on the Outslde of the End Slab

€l 8

' o belcal
E '/Bm Typlcal
cz l—F— "\ ypica
3 l/8|l .
"
‘ 3 ]/8'4
A
s 3.—L/8'L :agiisltgtﬂea'sure
dTﬁ ‘ETB dTi, ffl adia rain
8
Steel Gages on Clrcumferential Prestress Wire
Top Wrap
! 1]
—y |52 h
h/2 v
ls3. [
T72 " ’
Gages to Msasure : f;z——————ﬁ S
Circumferential A s5
Strains
level N E S W
1 57 s& 31V sV
2 sz s7 _ siz2 517
- T 3 s3 s8  si3  si8
: M sb s9  sik  S19
‘ L 5 s5  S10 si5  s20

FIG. B|l.5 (cont'd) STRAIN GAGE LOCATIONS ON PVI!

FIG. B11.5 STRAIN GAGE LOCATIONS ON PVI}



Internal Prassure, psi

Internal Pressure, psi

B 144

Calculated

’

FIG. B11.6 (cont'

d) CONCRETE STRAIMS, VESSEL PVII

2000 Calculated
€39(9 3/8''\
1R
cuol 2 5/8
T
c48 Chg C56
1600 2 L5 56 €55 | C50 Ch9
\ Cé}*\m
c4o chg
€39
N Outside Radial
1200
/ I
800 F /{/—
Loo
o]
0.0 =0,2" =0,k =0,.2 =0.4
~Straln x 103
FIG. B11.6 CONCRETE STRAINS, VESSEL PV11
200 v
/c%
chy iy 77,
Cu4
. / ch2ifid; ooy \
cis 1 g
c46 3 178"
1200 Outside Radial
‘ ' ché
ERN Y
€31 ' chs Ch2 :
alculated €53 g ch3
C52calculated .
800} \ Jcuete \\\ ®
Ve o7 e
. Caleulated
400 A
0
0.0 0.2 ,9-0 0.3 0,0 ' 0,2 0.4
» ~ Straln x 103




Internal Pressure, psi

B 145

2000
£10 Cl7/ C12
1600 1 L~ alculated
. €2 /Calculated
1200 v —
c18
/ 4/<::: 4/’///////‘
800 /
/7/
400 /V/
Inside Radial
0
0.0 Q0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4
Strain x 103
FIG., BI1,7 COMCRETE STRAINS, VESSELS PVI1
T
2000 Calculated
] cli3
1600
/ /C3
e . " »
g
5 1200
1]
"
g
a.
©
c
&
¢ 800
Lot
Lo0 /
0
0.0 -0,2 -0.4 =0.6 -0.8 -}.0 =1,2 -1.4
Straln x |03

FIG. BI1,7 (cont'd) CONCRETE STRAINS, VESSELS PVI1




Internal Pressure, psi

Internal Pressure, psi

B 146

2000 Calculated
/ ‘i
160CF n@sﬂa?““
P“M—MM C7 cik
120
800 -[ég.
400
Insiie Radial
0.0 -0.2 -0.4 =0,6 -0,8 ~l.= -1,2 «1.4
Strain x 107 .
FIG. B11.7 (cont'd) CONCRETE STRAINS, VESSELS PVI}
2000 Calculated u\
s c5
1600 ///f c6
/%
A ] ' Inside Radial

1200 7
800 //’
400

0

0.0 =0.2 -0.4 -0.6 -0.8 -1.0 -2,0 =3.0 4,0

Strain x l03

el
FIG. B11.7 (cont’d) CONCRETE STRAINS, VESSELS PVIl

+



Internal Pressure, psi

Internal Pressure, psi

B 147

2000

Calculated
1600
/”_C/uﬁﬁw
—
1200 /
7
800
400
Inside Cifcumferential
0 |
0.0 -0.2 -0.4 . =0.6 -0.8 -1.0 -1.2 -1.4
] Strain x l03
FIG. B11.8 COMNCRETE STRAINS, VESSEL PVII
200 Calcula{ed .
c2 €20 C33 €25,
1200 /
800 /// 4//:; B
Loo .
: % Inside Circumferential
0
0.0 =0,2 =0.4 -0.6 -0.8 =1.0 =1,2 -1.4

FIG. BI11.8 (Cont'd) CONCRETE STRAINS, VESSEL PV}l

Straln x 10

3



Internal Pressure, psi

Internal Pressure, psi

B 148

200 LaTcuTated
160
1200
800 //
400
Inside‘Circumferential
0.0 -0.2 ~0.h -0.6 -0.8 -1.0 -2.0 -3.0 4,0
Straln x 103
FIG, B11.8 (cont'd) CONCRETE STRAINS, VESSEL PV1l
2000
alculéted
N 3 ]/8-:
1600 : c31 : c23 €30 /\ ]
. /V 31
e
—————_————J::::::::::fP—_—-—_==——;r’rzarf’i!
Inside Clrcumferential
1200 '//,,a*“’A
800 1/’ /
4Q0 74
‘0 ]
0.0 =0,2 =0.4 «0,6 -0.8 =1.0 =2,0 -3.0 4,0 .
Straln x ]03

FIG. B11.8 (cont'd) CONCRETE STRAINS, VESSEL PV11




D
N O o2 !
. g) 3
06

3 Sk o
=160 S Si5 512 | s1t - . ; 7
2 -
o 08
5 E
3 " g
o o)
.
120 10
kS O
s 11
E 0

‘ 12
80 O
13 '
ST 18
SW e} 15 16 D17 O
O d) ® E
4o \_-‘
S
@ 0.5 in. Strand
O 0.75 in. Stressteel rods gaged
0 - . to meadsure increase in load -
0.0 1.0 2.0 3.0 4,0 5.0 6.0 7.0 . D - Load cell"
Strain x 10° °
FIG. B11.9 APPLIED PRESSURE vs STRAIN IN CIRCUMFERENTIAL PRESTRESS WIRE AT THE S-END OF THE N=S FI14. B”_.IO LOCATION OF LONGITUDINAL REINFORCEMENT

DIAMETER OF PV11

6vi 8



Internal pressure, psi

2000

1600

1200

800

Loo

FIG. BII.11

3 4
Load, kips

APPLIED PRESSURE vs INCREASE IN LOAD IN STRESSTEEL ROD NoO. &4

S

N
® o
NW o E
O
@]
O
@) (e}
o o]
E
O O
O O
(e}
o
(e)
SW O
o le) SE
0.75 In. Stressteel
rods in all holes

FIG. B11,12 LOCATION OF LONGITUDIMAL REYNFORCEMENT

'

0sl 8

~



B 151

FIG. Bi11.13 END SLAB AFTER FAILURE
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B12 Test Vessel PVI2 (t = 10 in., s = 1/4 in.)

Test vessel PV12 was cast in the laboratory and was uncracked
prior to prestressing. After circumferential prestressing a crack was
observed on the inside of the vessel at 19 in. below the top.

The liner detail was changed significantly for this vessel and
the resulting sealing detail was used on all the following tests, The sealing
detail is shown in Fig. B12.] The tongitudinal prestressing was provided by
30 stressteel rods,

Nitrogen gas was used fo pressurize the vessel in 250-psi‘increments
up to 2250 psi. Since the nitrogen gas bottles used had a maximum pressure
of 2600 psi, they had a limited capacity above 2000 psi. Therefore, oil
pressure was used above 2250 psi with the help of a fully charged gas bottle.
The pressure was increased to'2650 psi at which time the seal in the base
was broken. It was found that a one=in. long piece of the small 0-ring
in the base had been extruded and the remainder had been partially extruded

as shown in Fig. Bl2.12a. Figure B12.12b shows the crack pattern of the end

slab after the test.
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B13 Test Vessel PVI3 (t = 12,5 in., s = I/4 in.)

This vessel was provided with an additional row of longitudinal
reinforcement (Fig. 1.2). To accommodate the second row of reinforcement,
two donut shaped plates of 1 1/hk=in, thick steel were cut and drilled for two
circles of rods. Centerlines of the rod circles were at diameters of 29 in.
and 43-3/8 in. The inner diameter of the plate was 26 in; and the outer
diameter was 45 in. One platé was placed on top of the specimen and one
below the four-in. steel closure plate. Tﬁe plate on thé top was bedded
in Hydrocal to provide a smooth béaring surface. Longitudinal prestressing
was provided with 60 stressteel rods. Figure B13,10 shows PVI3 in the test
shed before the test. |

A detail of the liner is shown in Fig. B13.1 and is basically the
same as for PV12 except that two expansion ridges were formed into the copper
liner near the joint with the end slab piece.

The vessel was tested with nitrogen gas and reached a pressure of
3450 psi before the seal between the base plate and one=in. seal ring was
lost. (After testing PV12, 6000=psi gas bottles were used.) After the vessel
was taken apart, thé 0-ring in the closure plate was found to be feathered
as in PV12, Radial cracks were visible in the end of the side wall. Twenty-
three of the rod holes had cracks runningvthrough them. These cracks were
visiblé for about 10 to 15 in. up the side wall. There were 3 rings of
circumferential cracks at about 12 in., 18 in., and 23 in, from the base of
the side wall on the inside. The dial gages on the top of the vessel did
not record any sfgnificant deflections., Gage 12, located 17.5 in, from the
base, indicated a deflection of 0.158 in. at failure. Deflection-pressure curves

and deflection profiles are therefore not shown for this test.
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B14 Test Vessel PVI4 (t =15 in., s = 1/4 in.)

Since PV13 had not developed an end slab failure, PVI4 was used
to test the circumferential prestress wire and the side wall capacity.

Two vertical grooves (3/4 in. x 3/8 in.) were cut in the inside
of the side wall at 180° apart and were intended to be crack initiators.
Small grooves were made across the main grooves at 2 in,,.9 in., 17 in.,
and 24 in., from the base of the side wall, A=12 concrete gages were located
in these grooves perpendicular to the main crack. The locations of gages on
the circumferential reinforcement are shown in Fig. BI4.3 and Fig. Bl4.k,
The gages on the west half of the vessel were at the same level as the
concrete gages., Deflection measurements were taken on the side of the
vessel at nine locations as shown in Fig. Bl4.2 None were taken on the top.
The longitudinal prestressing was similar to that of vessel PVI13,

The vessel was pressurized in increments of 250 psi up to 2000
psi, increased to 500-psi increments up to 3000 psi, and reduced increments
to failure. A-small leak occurred at the beginning of the test up to 3000
psi but then suddently stopped and there was no more leakage until failure
occurred at 3690 psi. |

After the test, the v
five of the rod holes had collapsed onto the rods. Small radial cracks were
visible through all of the rod holes after the vessel was broken up, but
many of these were not visible on the side of the vessel. A circumferential

crack with a diameter of 35 in., was visible in the end of the side wall,

No cracks were visible in the top of the end slab.,

up
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BI5 Test Vessel PVI5 (t = 7.5 in., s = 1/4 in,)
| Test vessel PV15 was cast with two rows of rod holes with
diameters of 29 in. and 34 in. Due to the congestion of vertical prestressing
on the end slab, it was impossible to use the three in. by three in. bearing
plates. Instead, the 1-1/4 in. thick steel plates used for PVI3 and PVIk4
was used. It was necessary ‘to drill another set of holes for the outside
set of rods. The top plate was‘slottéd'between the rdd holes to reduce the
radial restfaint from tﬁé~steel riﬁg Wﬁen the end slab segments rotated.
ijty stressteé] rods were used for the longitudinal préstressing.
Dial gages 1 and 7 wereiémitted. PV15 was sealed in tEe same manner as the
previous three vessels,

The Vessgl was loaded in 200-psi increments up to a pressufe of 1600
psi and then the increments were reduced to 100 psi until failure occurred at
2300 péi. The vessel failed about fiveminutes after loading had stopped
at this pressure. »Craéké were clearly visible in the end siab‘at~1800 psi
as seen via the élosedacirCuithV..‘THe Qeﬁter of the end slab punched
out in a shear faijure with all three liners %n the end slab sheared-a]ong

the circumference of the hole as shown in Fig. B15.12,
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FIG. B15.12 END SLAB AND LINER AFTER FAILURE FOR PV15

B16 Test Vessel PVi6 (t = 10 in., s = 1/4 in,)

Test vessel PV16 was cast in the same manner as PVI5, The sealing
details and longitudinal prestressing were also the sahe. Due to unfore=
seeable delays the vessel was prestressed 25 days beforethe test was conducted.
During that period the vessel was represtressed twice.

The vessel was loaded with gas and failed about five minutes after
a load of 3200 psi had been obtained. The creep invthe vertical deflection
gage at 3200 psi was quite large and increasing in speed, After the test
it was noticed that two of the outer circle prestress rods stf?pped their
threads during the latter stages of the test. Figuré B16.12 shows the end

slab after failure.
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FIG. B16.12 END SLAB AFTER FAILURE
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APPENDIX C
STRAIN DISTRIBUTION IN THE CIRCUMFERENTIAL REINFORCEMENT

Cl Description of the Tests

Analysis of the data from pressure tests of the vessels
indicated that failure occurred in the circumferential prestress wire at
an average strain much less than that which resuited in failure of wire
specimens tested in direct tension. This premature wire fracture appeared
to be caused by a concentration éf strain at cracks in the concrete vessel
walls, Tests were performed to check this observation.

A reinforced concrete disk was cast witha joint on a diameter
to simulate a crack in the end slab of a test vessel. The concrete disk
is shown in Fig., Cl. Prestressing wire with a 0.,192~in. diameter wés wrapped
around the disk, and the two halves of the disk were forced apart with a
hydraulic jack, forcing the‘crack to open and at the same time imposing
additional strain in the prestressing wire, During the tests the concrete
disk lay on three=inch diameter pfpe rollers to reduce friction between
the disk and floor, and was held parallel to the floor with a steel channel
section over the disk and loosely attached to the F]oof.

Opening éf the crack was measured at both ends of the diameter
wfth dial gages and the wire in the vicinity of the crack at one end of the
diameter was instrumented with electrical resistance type strain gages.
Also the force required to push the halves of the concrete disk apart was

measured.,



. C2

Three tests were perforﬁed with this arrangement. There was only
one wrép of wire around the disk. A prestréssing force was app]ied to the
wire béfore the halQes of %he4c§nc;et; disk‘wer; féreéd %p;ft: ”This pre-
stress force was applied with the arrangement shown in Fig. C2 and a load
cell was used under the prestress jack to measure the force applied and
the change of force at the ends of the wire during the test. The strain
gages were placed on the wire after the prestressing force was applied.
The jack used to force the halves of the concrete disk apart was placed off

center 1/2 in. to assure that fracture of the wire occurred on the side

which was instrumented.

C2. Shear Stress Between the Wire and Concrete

An‘analysis of the relation between shear force along the wire
and variation of stress in the wire may be made if certain simplifying
assumpt ions are made., Assume that there is some prestress in the wire
which is applied without obtaining a shear stress between the wire and
concrete so that the prestress force is uniform, The equilibrium of a
section of wire between a crack and the point one=half the distance to the
next crack, as shown in Fig. C3 is then investigated., Distance along the
wire, x, is measured from the crack., Let Fx be the force at x in the wire,
FO the initial force in the wire, u the coefficient of friction between
the wire and concrete, and RO the radius of the concrete disk about which
the wire is wfapped. From Fig. C3 it is apparent that the rate of change

in force at some distance x along the wire is
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dF F
= THR 1)

where FX is a function of x. This expression may be written

dF "
"F———=-R—-dx
X [e]

Integration of this expression yields

= H
Tog Fx + C = Ro X

At x = o, FX is equal to the force in the wire at the crack, FO, which

gives C = -log‘FO.' The above equation may then be written

Fye Ro | P |
log == g;- x or p = — log £ (c2)
) o 0

The wire on the test vessel approaches the conditions assumed
in this analysis more nearly than does that in the wire friction tests
described in the last section. 1In the wire friction test§ the opening of the
cracks was much larger so that the hovement between the wire and concrete
was gréater, One would expect this to affect the friction coefficient between
the two surfaces since the movement would alter the surface characteristics
of the concrete. The wire in these tests was prestressed byApulling the ends

of the wire around the concrete disk as explained earlier. This prestress
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caused a friction force between the wire and concrete in the direction
opposite to that which would occur when the two halves of the disk are
pushed apart on the section of wire which was gaged., As the halves of the
disk are pushed apart, this initial shear stress must be relieved before
any strain can be applied to the wire, Since the strain gages aée applied
with this reversed shear stress in the wire, the initial wire strain
will appear to be a compression, thougH if is actually a slight relief
of some of the initial tension in the wire.v

The differénce in force in the wfre ét a crack ana away‘fromvthe
crack must result from friction between the wire and concrete. The maximum
value of this force depends ugon the coeffiﬁient of friction between the two
surfaces and the distance between the cracks since the friction force will
build up on]y over one-half the distance to the next crack. If the shear
force is sufficient to cause the strainat thg crack to be in the plastic
range while that away from the crack is still below this range, then

additional strain will be concentrated at the crack.

C3 Results of“the Tests

Though there are certain basic differences béfween the conditions
‘at the crack in the wire test and in the vessel tests, the pertinent
basic infqrmétibﬁ for understanding the wire behavior at a crack can be
obtained from the wire tests. It‘is seen frohrng. C4, CS; and C6 that
there is a‘deffnite strain concentration in the vicinity of a cféck. In
these graphs the vafiation of strain with distancé from the crack is shown

for several load increments for the three tests. The magnitude of strain
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concentration at the crack recorded in these tests depends to a large
measure on whether a strain gage was located very near the failure region
in the wire., The magnitude is sufficient, however, to cause failure of
the wire to occur at the crack, and in Fig. C6 for example, when the load
was maximum the highest strain read near the crack was 0,022 while that
read at 7 in. from the crack was 0,0066.

Any numerical value of strain concentration given must be based
on an arbitrary definition of what is meanf by strain concentration; that
is, on what level of strain the cencentration is based since the strain is
varying continuously along the wire. Also, the concentration of strain will
depend on the spacing of cracks, the force in the wire, and on the coefficient
of friction between the wire and concrete. 1In the test vessels the cracks
were closely spaced so the results obtained from these friction tests
probably represent an upper limit on the concentration factors, but the
coefficient of friction should be representative of that in the test vessel.

In Fig. C4, C5, and C6 the curves are labeled with the fohces
at the crack found from the difference in»the load cell forces. If these
forces are assumed to be correct and a straight line is drawn to average
the points from the crack out to 31 in. to the right for the curve labeled
4400 1b in Fig. Ch; the difference in force can be found from this strain
‘difference. This force‘difference ie found to be 2100 1b and the force at
31 in. from the crack is then 2300 Tb. Substitution of these forces inte
Eqg. C2 gives

20 in. 2300 1b
k= 377a. 199 Thoo Ty = O-M2
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This value appears high. In Ref, Cl a value of approximately 0,33 is
reported. Figure A7 shows the stress-strain curve for the 0,192 in.,
prestress wire, A stress of 230 ksi is well within the yield range while
220 ksi is well below the flat portion of the curve. This difference of
10 ksi represents a force difference of 290 1b, If a force of 4400 1b is
assumed at the crack (certainly a lower limit) and a value of'u = 0,33,
then the distance required to obtain this force difference may be found

from Eqe C2

log H1O
°9 LL00

20 in.
0033 - X

x =4,1 in,

It is apparent that sufficient force difference could be developed in the

wire to cause an appreciable strain concentration.
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APPENDIX D
STIFFNESS MATRIX FOR LUMPED-PARAMETER ELEMENT

The stiffness matrix for a typical node m is

.

[km] = 2mr (LrLZ/Z [km]

The element of the Symmetric‘matrix km are given by

2
ki (I/LZ)C44

kpy =0
2

Koo = (]/Lz)czz

kgp = 0

kg = (1/L.L)C,, = (1/2rmgz)c23

ko = (/L5 = 2(1/2r L )G, + (1/hr2)C

33 r’on mr’ 13 m’”33.

kyp = (VL )G,

Ky = kyz = 9

k,, = (I/Lz)c »

Ll L

kSi = ~kqy

k.. =k., =0

52 = 53



=k

D2

= -(1/LrLZ)C44

=L )e,, =(1/2r L)Cy,

2 2
~(1/Lr)C]] + (1/4rm)c33

-k72

2 2
(1/Lr)c!1 + 2(1/2rer)013 + (1/L+rm)c33

-(1/LrLZ)C44

kg3 = ©
2
-0 )Gy,

kg

k87=0

84



APPENDIX E
COMPUTER PROGRAM LISTING

The computer program used in this study consists of a MAIN
routine and a number of SUBROUTINES and FUNCTIONS. The MAIN routine is-
the control routine of the program in which various SUBROUTINES for
reading of input parameters, computation of topological informations,
ass.igning of joint displacement unknown numbers, generation of the
stiffness matrix for tHe complete structure (equilibrium equations),
calculation of joint loads for a specified pressure level, solution of
equilibrium equations, computation of strains and stresses, etc. are
called in; Calculation of various pressure levels corresponding to the
cracking stress or the cracking strain at a flexible node is also
performed in the MAIN routine.

The computation of the stiffness matrix for the complete
structure which is an intermediate major step in the program is performed
by the use of several SUBROUTINES. These SUBROUTINES generate the
material property matrix (in elastic or in cracking state), the boundary
condition matrix (if the node is on the<boundary), and the element
stiffnéss matrix for each flexible node. The individual stiffness
matrices are then assembled in appropriate-manner to obtain the stiff-
ness matrix (equilibrium equations) of the complete structure. The
terms. in each row of the stiffness matrix between the first and the last
non-zero columns are then stored on the DRUM (an auxiliary storage
device). |

When a crack is initiated at a flexible node or when it Is

propagated to another node, the equilibrium equations which are affected
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by the presence of the crack are regenerated and restored on the DRUM
for subsequent use. The program maintains a table of information regarding
the state of cracking at the flexible nodes (cracking history). This
table is updated at the end of each pressure level and it is printed
in order to provide the cracking sequence throughout the study. In
addition to this table, the displacements, the strains, and the stresses
are alsé updated at the end of each pressure level.

The program is coded in FORTRAN IV language and it is used on
the IBM System 360/75 of the University of Illinois. The number of
equilibrium equatiohs which can be solved naturally depends on the
storage capacity of the computer. However, due to repeated modification
‘and solution of the equilibrium equations, solution of a large number

of equations is not economical.
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FORERTREE R B SRR R B F SR PR AP B AP F PR L H IR G R R BB HOBGETRVDTIHDOODDOVRVBIDIDYPOODOY

MAIN

L S L R RS e s R A 2222222222 222222 T2 T 12222224 2:-2.2.2-2°3

CIMMON ALRCALZ VI TCy [EC o JIP I JEPIEC cHIDELPILRC1LR1LGILPULCYC PR,
i PHP v MU e N« AK s [TOT1 e ITOTaNQeKD o KLOWeKHIGHeKMRIKDR e T e o 144
K JAINL I CONYERRICFIPRF | o« PRF2 4 PRFJ o PRF4VLOCAT 1 LADD L CL e S TGN
3 sCIvCE«CEaC2eC3aCle [CReJCRILPRESSILCH Py JTOToUTOTI (ECRIT
a EXCFsSIGICRs TRLATE« TCYLDR e [ [CMI o 1ICP 1 ol 1 s JORUM

COMMON  AC150)+B(S53000) s UIS3¢B1)vH(S3+81 )eNRIIBOOINCLIBOO)1C(84) 0
¥ S11800) 1MS{1800) (RIBI)1SUHRISI) «DIFFR(SI) (ARI20)+ALE{20) s
< FLPIZ20)1 1PZP(20)1:UCI31 +WC {4 ) +SRPO(IQ)ERPO(10)+84ZPO(10)

: EZPO(1Q)sSTPO(1Q)ETPO(10)} +SRIROLI0 | 1ERZPOI1D0)+51PQC10)
EIPO(10):52PQ{1 01 E2PQ(10)« TANIPO(1Q) s TANZPQ(16G)
UIMtNS[ON LCIS3+811:SIGRISIeBII¢SI6Z(5IBI)«FIGTISIc8L1:516RZ(83¢

B1)+DER(S3I+B11OEZ{S3¢81)DERZ(BIB1) 10EPSLI(5I081) 0
ERPRIS3:81)E2PRIS53:81)+ETPRISIB1) +ERIPRISI (Bl )
EPS1(53:81):SIG(53¢81)1EPS(B53:B811DET(S3 81
EQUIVALENCE {(UT]1)«LCU1Y) v (BII)SEBSI(1I) o
(B a301)1ERPRE1))Y « (Bl BBO1IEZPRILIY} o
(BC12901)ETARIL) ) + (BIITRO1}ERZPR(1}I) o
(BULZ21501)1+SIGRI1) «DER(1) )« (BI2SBOL}«STGRIIIDERZIL) )
(BU30101) +SEGZCIIDEZ(L))o(B(IA8011+SIGTIL}-0EASI(1) )
(BUIB7013«S5IGI11)(BIA3001)ERPS(1))4(B(ATI0I)DETI1)])
EXTERNAL DUMP
DEFINE FILE 2(16400+10.UsIREC)
CALL ERRSET (200+1+0:2:DUMP:210)
50 READ (531001 1ICsIECsJIPWJER Ny ICABLEILRCILRLEYCILGILPOILRRCSS
1 AHPVFHP 1 ALRALZ D EST+ECIPRIECRIT
100 FORMAT (12{4+ 12X FBaF1202/IF10:502E120412F12:6)
H = CJEP=1) RALZA2 o
TPLATE = (JEP~J1P ) #ALZ/ 20
TCYLDR = (IEC-T1CY2ALR/2,
TCBLR = [CABLE-11C+2
DOE = TCYLDR~{ ICBLR-21%ALRA 2.
PRFL = EC/IU1,+PRI®(]=2.9PR))
PRF2 = {1.~PR)FPRF |
PRF3 = PR¥PRFI
PRF4 = ECA(24%L 1e+PR))
PICML = 11C-1
Ri1) = 0.
M = [EC~1
Do 1 I=1.M
ROI41) 3 RULI+ALR/ 2.
SUMR(I+11 = [a/ALR+0.5/R([+1)
{ DIFFR{I+1} = lo/ALR=D.5/R(1+1)
DIAM = 2, #R(JEC)
Cl 3 1a+ALR/(Ra#¥RIIICH)
CE = 1o=ALR/(B#RIIEC)Y
PHP=FHP/(D#*R(1EC) )
MW = JEP=JIP+1
Ne = JEC=11C+]
ITOTE = 2#({(11C~1)/72)¥ME«(28(1IC/RI=11C+1 )Rt IME=1$LRC)/2))
JITOT = ITOTI+2# (((JIP=1)/2) ¥NE+ (28 (JIP/2)1=JIP+ | 19 ((NY=1+LRC)/2)%
1 (MW/2.) BNWH (MW—28 {My/2)1) 8 ( (NW22((LRC# 11 /21=LRCI/2))
READ (5:¢101) (ALP([)«Fl.P(1)o[=]020)
101 FORMAT (B(FBs5:F8,0:)
IF (JEP-2#(JEP/2)) 24,3124

L-lu—-

W -

(b)

24 IF (JIP+LRC=-2%( (JIP+LRC)I/2)) 32033532
31 LADD = 0
GO To 37
32 LADD = =1+28{(LRC/2)
GO TO 37
33 LADD = 1=28(LRC/2)
37 LCLI = LRC+1ICHIEP-JIP
IF (LCL1=2#(LCL1/2)) 38+39.38
38 tcL = 1
GO TO 40
39 LCL s O
40 L = 0
® o= |
1 = 2+LCL
o o= JEP+1
00 16 I1 = 11707
16 NRUTT) = 0
13 1 = I-1
g ow J=l
IF (l=]) 20+20021,
21 IF (I=1EC) 14:1484}5
14 L= L+ |
CALL NMBR([eJsL)
IF { J=JiP) 17.18¢13 .
20 L = L+}
CALL NMBR(TsJsL)
19 K = K+l
1 = 28KRslCL
J o= JEP+]
GO To 13
18 IF (l=11C) 19+19+13
15 I = [EC
J = JEP=(2#K~]+LCL=-1EC)
L = L+1
CALL NMBR(12JaL)
{F (IEC=28(1EC/2)) 1301113
11 IF ([=[EC) 1343030
30 IF (J=1) 25+25.13
17 IF (J=1) 22022¢23
23 IF (I=11C) 13419413
22 IF ([=2#([EC/2)1) 19:25+28
25 CONTINJUE
DO 28 L=1[TOT
M = NR(L)
28 NC(My = L
SUMPZP = 0O
SUMALP = 0,
NLP = lEC-[IC+2
DO & =1 NLP
SUMALP = SUMALP + ALPI(I1}
4 SUMPZP s SUMPZP+FLPILI)
WRITE (6:102) TPLATE'TCYLORIHIDIAMyIICIJECeJIRPJERIALRALZ
102 FORMAT (1HIe?STRUCTURE DIMENS JONS!//6X ¢V PLATE THICKNESSs18Xe%u0,
1 FBo3e?  INg!'/6Xs 1WALL THICKNESS! 13Xy tatFBoJe! INg!/OX,*SEM]
2-HE IGHT OF VESSEL®+48Xet=tFBo3n? INa ' 76X« DI AMETER OF YESSEL't.11X
341zt FBe3st  INg!///t MODEL GEOQMETRY?®//8Xst]1=LINE CORRESPONUING TO
4 INTERIOR OF CYLINDER ¢ ¢[5/6X ¢ [~L [NE CORRESPONDING TO EXTERIOR O

E3

(c)

8F CYLINDER =1y [5/6Xe 1 J=LINE CORRESPONDING TO BLTTUM UF HLATEY 1&Ae?
615 I15/6Xs V' J=LINE CORRESPONDING TO TOB UF PLATLI«GXet=d0lD/uke VithN,
TL SPACING IN R=DIRECTJOUN 51:F8o3:¢" INa t /76X s TRANEL WPALIHG TN /-1]
BRECTION =21.FBo3¢% INg1//)

GO TO (3+6)¢LRC

3 WRITE (8.103)
103 FORMAT (6X"DISPLACEMENT NODE AT RE- ENYHANT CORNLRI//77)

Go To 7

6 WRITE (6:100)
1084 FORMAT (6X,!'STRESS MODE AT RE=ENTRANT CORNERt///)
7 WRITE (6:105) EC«PRECRIT
105 PORMAT(Y ELASTIC ZONSTANTS OF MATERTALE//6X. TMODULUS GF LiLalLliclly

1828Xe0284E|34F0¢ PSI, /6% tPOJSSON RATIOV 4 16Xs =1 4F 74.3/76X v VORACK ]
2NG STRAINT14Xe 131 :FF5/7)
WRITE (69113) AHPEST LeFRP i PHP1SUMALPIEST sNaSUMBZL v OUL

113 FORMAT (v HOOP PRESTRESSINGI//8X11AREA OF CAHULL V416X b=V el lsqalsn

2 o oue IHNe ' ZGXIMCLU
JLUS OF ELASTICITY ! aBXI814EI3pS5e¢ PS{e?/6XISPACING2EKIxtL1Sans?
4 Mgt /BXo ! PRESTRESSING LOAD e 12Xetm1ob 13020 LHe ' GXe TLUUIVALLNT
SAPPLIED PRESSURE 8t1sE1305e% PS1t//7/0 LONGITUD IHAL PRESTME H5 116G
GF/GRVAREA OF CASLE'+16XetstskldoDet  Sle INo'/BXetMULULUL WF [LL7,
FTICITY 18Xetal aE13e5e?  PSles/6Xs 'NUMBER UF CAUBLELE el Xy 1=t e /iR
BIPRESTRESSING LOAD PER CABLE =t L13¢5¢! wHat/CXatUIBTANLY Fhisn 4
BUTER EDGE =0 eE130501 INg v/ /)

GO TG (B45)4LG

WRITE (84]08)

106 FORMAT (6X+'LONGITUDINAL PRESTRESLSING IS UNGRUUTLL!'//)

GO TO 10
WRITE (64107)

107 FORMAT (GXu'LQNG(TUDINAL PRESTHRESSING 15 GiGUTEL /7))

10

108

93

7a

79

[:1<]

83

LICPRL = 1[C+1

IICLP = [ICRI+1S

WRITE ($e108) {(1olallCPRI3TICLP)Y o (ALRC[ I l=sdel el LPil alasaltyy

1 LRCLRLEYC LG LPOILPRCSS1TOT

FORMAT (4Xs?EQUIVALENT PRESTRESSING LUADS AN ALAL AL THL ¥ I+ TEsV
LERE [N THE MODEL I/&8Xs¥AT [ =0 41717/ /600t AREAL LR W/ PRV R TR S
2 1I1TFTPe0/ /770 SWITCHES AT STARTIZEX e 1LRC =t efdabXatoin -Vl seXoet

3LCYC 243 3e8XcILG 1o [3e8XLPU =¥ o [ZeLX et LPRCAL 2t uss 1 bl
SOF EQUATIONS =xte15//)

ITOTH = [TOT/2

LEC 3 LRC#(LRC+1)1/72=-2%(LRC/2)

<7071 = (LTIC=1)/2) %My (2# (T IC/21-11CH+I BT Ma=1+LRCY /)

JYOT = JTOT1+ ((JIP- 1) /21 ¥NWH (2R (JIP/2)1=J 1P+ 1) ¥ (LtNW= 1301/
1 (MY/B)BNYH(MY=28 (MW /2) ) ¥ LINWHIF ((LRCH I /72)=LkCl/re;

JDRUM = (JTOT+931/710

ITOTI a 2#JTQT)

IF (LR) 80.80.81

REWIND 3

READ (33 NLILRC:LPRCSSILCRIDELPIP e ICRIJCRISTIGICK ARy HHH A 1 Zb Uy W
LRC = LRC+H{LRC+1)/2-2#(LRC/2)

ITOT! = 223 11C~1) /2 EMUS (8 (TIC/2)=TIC+1 150 IMu=1+LRCIA 7))
REYINO @

DO 93 Lwl+ITOTH

NO s 280

CAL.L COORD

WRITE (4) Ulled)sW(lal)

LRC a LRC+(LRC+1)/72«2#(LRC/2)

(d)
1TOT) o 28JTOTI
DO 78 Kai s JORUM
READ (3) ERPOEZPOWETRPOERZPOIEIPOISIPO4S2POVEEPO«TANIRO s TANZPO .
1 . SRPOJBZPOETPOSRIPO
0. 7¢ Lalet0 ~
NO = 26((Kel)810+L)
Call CoorD
DER(]J) ® 32P0(L)
ERPR({ {4J) = ERPO(L)
ERPO(L) o ERPR(I+JI+DER( ! ¢J}
DEZ{leJ) = E2POIL)
EZPR(1.J} = EZPOIL)
EZPO(L)Y o EZPRIT+J)$DEZ(LadJ)
DET(1ed) = TANIPO(L)
ETPR{1«J) 8 ETPOLL)
ETPO(L) = ETPR(1+JI$DET(1+J)
DERZ(1+J) » TANZPOI(L)
ERZPR{1+J} = ERZPOI(L)
ERZPO(L) a ERZPR(11J}I$DERZ(1eJ)
EPS|(led) s EIPOIL)
DEPSI(I.J) v 51POIL)
CONT INUE
WRITE (RIK) SRRO
WRITE (21100+K) ERPO
WRITE (2912004K) SZPRO
WRITE (21300+K) EZPO
WRITE (21400+¢K) STPO
YRITE (2/300+K) ETRO
WRITE (21600+K} SRZPQ
WRITE (21700+K) ERZPO
CONTINUE
GO TO 41
M.z O
00 83 Iul LB
11 = J141{C=B
AR({T) u 0o
PZP(l)=
CONT INVE
AR = Oy
DELP = 0,
P n 0,
LCR = O
ICR = 11C
NCR u JIp
DO 2 =1.lEC
DO 2 JmiJEP

(N)BPLP{ 1) /(20 18159%ALRER(T1))

TLCilvd) = 0

71
72

26

1F (JndlP) 714242
IF (1=11C) 72+242
LCilsJ) = 10000
CONT INUE

CONTINUE

DO 313 I=i+l1EC

DO 313 Jsl..JEP
SIGR(1+J! 8 Q4
S51GZ(1ed) = Oy
SIGT(I+J) = 0o



(a)

E4

(c)

TGRZ L) = O WRITE (2'L10) SRPO
PRPRET J) = Q. WRITE (2t100+L10) ERPO
faPRECTeJY = 0. WRITE (21200+L10) $ZPQ
EIARETed) = O WRITE (21300+L10) EZPO
CR/ZPQET ) = O, WRITE (21800+4L10) STRO

11 Y CONTINUG WRITE (29500+L10) ETRPO
130 = LROHILRCH+1)/72=2% L LRC/2) WRITE (21600+L10) SRZPO

0= ZHCCUTIC— 1) /72) * MWL 2R LT 1C/2)~11C+1) 2 ( (Mu=1+LRC)/2) ) WRITE (2)700+L10) ERZPO

WIND & WRITE (21800+L10) $1PO
G0 77 L=l 1TOTH WRITE t21900+L10) EIPC
[ WRITE (231000+L1U) 5270
CaAne TOORD WRITE (2¢1100+L10) E2PO
Telad) = e WRITE (211200+L10) TANIPQ
Wiled) = D WRITE (211300+L10) TAN2PO

TT owRITE ta) UGl gy ewiTady 58 CONTINUE .

77 CONTINUE LRC z LRC+{LRC+1)r2-2%(LRC/2)
LRC o= 0 FOLRCH 1 /7P2-2% L LRC/2) ITOTL = 28 (¢ CIIC=1)/72 )1 %M+ (2% 1 [C/2)~1IC+1 1R ((My=1+LRC172))
(771 = 2%01071 REWIND 4 .
0a & LsledTol DO 91 L=1+1TOTH
NG s 7L NO = 2%L
CaLL COORD CALL COORD
“l oz L=((L=11/10)%10 READ (&) SIG(!:+J)+1EPSIIvd)
LREOILIY = H1GRETv) UlTsd) = UITed) 451Gt
LRPOILLY = FRPROTJ] 91 W(lsd) = WClvJI+EPSII )
LZPOILLY = SI1GZU14J) REWIND 4 .

EZPO(LLY = EZPRETsJ) DO 92 L=1+I1TOTH
STPO(LLY = SIGT(LJ) NO = 2L
FTPO(LE) FTRR{T+J) CALL COORD
SPOILLY = SIGRLT D) 92 WRITE (&) UCIsJd)W(lvd)
LPOILLY = FRZPR{T4J) LRC a LRC+(LRC+[)/2-2#(LRC/2)
IF (tL1=10)*tL=JTOT)) 51945 1TOTL = 2#4T0T]

e 12 = (L)1 IF (LR-3) B7:87:30
WRITE (21L10) SRPO 90 IF (LPRCSS~Z) 68:37.88

(2110C+L10) ERPO 87 CALL OUTPUT
(21200+L10) SZPO IF (LR-3) BB.88.301

WRITE (21300+L10) EZPO 301 IF (LPRCSS=-1) BB.304.88
WiITE (21400+L10) STPO 304 PxP+DELP
WRITE {2:500+L10} ETPO GO TOQ az
WRITE (21600+L10}) SRZPO 8B IF (LR-LCYC) 41+59.:59
WRITE (21700+L10) ERZPO 43 IF (LR=2) 3443435

S CONTINUD 34 DO 61 =1 NLP

a1 LR = LR+l 11 = [+11C~-2
NL = NL+1 AR(T) =5 NEALPU[)#EST/(3,14159%ALRR(11})
I (NL=P) 82,4344 61 PZPLI) = O.

42 TONTINUE AK = AHP®#EST/(D®*R([EC))

LRC = LRC+(LRC+1)/2-28(LRC/2) . . PHP u O
ITOTL = 28 (({11C=1)1/2) BMW+{2#(1T1C/2)=1T1C+1 1% (Mu=1+LRC)A2)) DELP = 100,

B4 REWIND 1 P = P+DELP
00 99 L=lv1TOT GO To a2
NQ = NRIL) 35 DELP = P
CALL COORD PHP = FHR/(D#R( |EC))

CALL BAND 00 303 [=1NLP
CalL FQUATN 1= 1+11C=2
[F (NO=2#(NQ/21) 46447 046 301 PZP(L) = N#FLP(1)/(3.18159#ALR®R(I11)

46 IF (1=11 4B 4849 GO TO a2

4f A(KDR) = 1. 44 IF (LPRCSS-21 62163164
GO TO 45 &2 CALL EXTRPL

(b) (d)

47 IF (J=1) 68,4852 DELP 2 100¢#(EXCF=14)

49 CALL SIGRA LPRCSS = 2
CALL .SIGRB PT z P+DELP
CALL SIGRZC . WRITE (6+114) PT
CALL S1GRZD 114 FORMAT (///10THE INTERNAL PRESSURE INCREASES TOUtFBalet Phle HEFO
CALL 51GTIJ {RE NEXT CRACK DEVELORSt//)

GO TO 48 65 P = P+DELP

52 CALL S1GZC 69 LRC = LRC+(LAC+1)/2-2%(LRC/2)
CALL S1GZD ITOT] = 2% (((11C=1)/2)%My+{2%(11C/2)~11C+1)#( (Mu=1+LRC) /211
CALL SIGRZA Go To B¢
CALL SIGRZB 63 ICRT = [ABS{ICR)

45 WRITE (1) 1+JeKLOWWKHIGHAICON JCRT = 1AHS(JCR) .

99 CONTINUE IF {LC(ICRT+JCRT)=1) 2U1+2024202

60 CALL SOLVER 201 IF (ICR) 204:204:205

85 DO 53 L=1+170T 204 LCUICRTJCRT) = 2
NO = NR(L) GO TO 200
CALL COORD 202 LC(ICRT1JCRT) = 3
IF INO=-2#(NQ/2)) 545554 GO To 200

54 UllvJ) = StL) 208 LCUICRIJCR) = |
GO TO 53 200 WRITE (6+109) ([1l=ls[ECI2)

55 Wiled) = S(L) 109 FORMAT (1H1+50X «'CRAGKING TABLE'///15X128(1417/)

53 CONTINUE 00 66 Jul 1 JEP
LRC a1 LRC+(LRC+11/2-2#(LRC/2) Jl = JEP=J41
1TOTL = 2#JT0T1 IF (J4LCL=2%({J+LCLIZ2)) 67468167
DO 51 K=l 1 JORUM ) 68 WRITE (6+111) JIs(LCULaJI)al=lv[ECH2)
READ {21K) SRPO 111 FORMAT (10X+13¢2Xe28(14))

READ (2'100+K) ERPO GO To &6
REAC (21200+K) SZPO 67 WRITE (641121 J1+(LCITIsJIN a3 [EC2Z)
READ (21300+K) EZPO 112 FORMAT (10X+[3e¢8Xs27(143)

READ (21400+K) STRPQ 66 CONTINUE
READ (21'5Q00+K) ETPQ LPRCSS = 3
READ (2'600+K) SRZPO NL = 1
READ (21700+K) ERZPO ! GO To 26
DO 51 L=1.10 64 CALL CHECK
NQ = 2R((Kel)®10+L) IF (LCR) B7:87463
CALL COORD 59 REWIND 3
SIGR([+J1 = SRPOIL) WRITE (3) NLILRCILPRCSD\LCRIUELP P ICReJCRISTGICR AR VPR AR PLRP vy
ERPRU[+J) = ERPO(L} 1 W
5162(1¢J) = SZPOIL) DO 73 L=14JTOT
EZPR([,J) = EZPO(L) NQ = 2sL
S1GTtI+J1 = STRO(L) CALL COORD
ETAR{[«J} = ETPO(L) L1 = L-t(lL=11/101%10
S1GRZU 1+ 41 =SRZPO(L) ERPO(L1) = ERPR(1«))
ERZPR(14vJ)=ERZPO(L)Y EZPO(L1) = EZPRULJ}

IF (NQ=2#JTOT) 51195195 ETPO(LL) = ETPRI[1J)

51 CONT[NUE ERZPO(L1) » ERZPR(I¢J)

95 CONT [NUE E1RO(LI) 3 EPSI (1)

DO S8 Lal JTOT SIPO(LI) = DERSL(I+J)

NQ 2 2L S2PO(L1) = DER(I+J)

CALL COORD E2POtL1) = DEZ([+d)
1A = | TANIPO(LL) s DET(]+J)

JA = J TAN2PO(L1) = DERZ(I+J)

CALL STRSTR . IF ((L1=1018(LeJTOT)) 73474473
L1 = L=(tL=11/101%10 74 L1Q = (L+9)/10

kli

CALL SIGE>S
1F ((L1=-101#(L=JTOT))
L10 = (L+9)/10

58498138

READ (21L10) SRPO
READ (21200+L10) 52P0
READ (2+400+L10) STRO



(a)
KEAD (P'602+L101 SRZPO
WRITZ (3) ERPO(EZPOIETPO+ERZPOIELIPO151P0S2P0CE2PQy TANIROTANERPO,
4 SRPQO52P0s 5TPOSRZPO
TUNT NUE
Lt 10 B0
¥ ND -
AR A F AN R R U R G w AT AR R B R RH B O R B AR GRS TR B H DO BV HDDIBRFIODOOHERIOODOD
SULROUT INE NMBR ( INGJINL)
ERHRRAC A IR R I A AR A RS A AP AP B R A DB DR A RSB PO R DO SR L PO RODOBRRCOOQDORBOAGD D
CuUM-iUN ALKRCALZ e TTC [EC Y JIP1JEP+EC HiDELP1LRC (LR LG LPQILEYC PR
1 PHP MW N AK s [TOTEHITOT ¢ NQe KD 1KLOW s KHIGH 1 KHR WKDR o | 1 d o LA+
& JAYNL 4 CONJERR«CF e PRF | «PRF 2« PRF34PRF41LOCAT sLADU LCL ¢ S TGN
. sCIICEsCI1C20CI1Cae [CROJCRILPRCSS1LCRPsJTOI s JTOT|WECRIT
4 EXCFeSIGICRsTPLATE«TCYLDR 1 1CH1 4 1181 oL 1 o JORUM
LOMMON AT 1501 BIS3000)«UISIe81)+H (53081 1eNR{1800):NCL1800)C(a4)
i S(1800) +M5(1800) vHIS53)1SUMRIBII0IFFRIS3) 1AR(20) sALP(20) ¢
B FLAL20) +PLPI20)1+UCIA) sWCLA) «SRPO{L01ERPO(10) +9ZR0L |04
3 ELRPOCL0 ) ¢STRPUTIOIETPOI1 01 «SRZPA(IC)IIERZPO(10)+51PO( D)
4 E1P0(10)152P0(10)1EZROI101+ TANIPO(10) +TAN2PO(10)
OPALNSION  LCI53+81)3LIGRIS3IoB1) 55162153811 :S1GTIS3081)51GRZIBI,
B1]«0ER{E348110DEZ(S3¢81)sQERZISI o811 DEPSLI(BI By
ERPRINId] ) vEZPRISI81 1 +ETPR(S3+81 ) £3ZPR(S3g1) s
CPLI 53481115 16534811 +EPSIBI481)DET(S53.81
DUV IVALENCE (UE1)aLCllry v {(BI1)EPSI(L1Y «
! (R0 43011 ERPR(1)) » (B B6O1)EZPRI1T)
2 (301290131 +ETPRILYY v (BIITA0L1)ERZPRI1)) o
N CE3021501) 2 TGRIL1)DERLI 1)« (B(25B011SIGRZII) DERZ(1))

Lo -

o GICI0L0I1eSTGZUINWDEZ(1)1+18¢384011¢51GTLI)«DEPSIIL1T )0
= (3038701131611 +(BLa3001)18PRS(1))+(8B147301)1«DET(1))
IO CIN=11C)Y 1eas2
LML) = (IWNs2y D ‘((mw+1—LcL)/4)+((XN-I)/ZI*E&((MH+LCL)/2)*
2 (LIN=JIP) /2)%2+]
G2 TC O B :
JONRELY = [ TOTI4(CIN-TIC~LRC+2) /23) #{ JEP+LADD)
1 FOUIN=FICHLRC -1 ) /2) #(JEP=LADD I+ ( (JIN=1 ) /21 %241
5 on o= L+
NECL) = NRIL-1)+1
RE TURN
END

CHERABAEASRE R R AR SR E R I F B AR IR D BIRIBDARBOB LRSSV UODDB UGV RV VRDOI RIS ORI DG DY
SUBROUTINE EQUATN
e e T e e S 2 Ay e T Y Y
COMMON  ALRyALZ+11Ce TEC v JIP1JEPECvHIDELPILRC LR ILG«LPOLCYC PR
PHP oMWy NWeAK e [ TOT1 o ITOT o MG KD e KLOW o XHIGH 1 KHRJKDRy [ o Jde 1Ay
JAWNL s CONJERR «CF 2 PRF 1 yPRF 2 PRF 3 PRF A LOCATLADU (LCL +51GN
VCIICEC13C24C3sCA4ICRIJCRWLPRCESLERPoJTOT o JTOTISECRI T
4 EXCFeSIGICRI TPLATE «TCYLDRA 1ICML o [JCRL L1 s JURUM
COMMON  A(150)+BI53000}) s UISI«BI)«W(53:8]1)sNR{1BO0)INC{1800)1:C(aa)s
SC1800) «M5(1800) +RI53}s3UMRIB3) DIFFRIS3IARI2V)1ALP(20)
FLPU20)I 1PZP(20)+UCI4) ¢ lC(A) 1 SRPO(10)1ERPO(1I0)+DZPOI10)
EZPOI101+5TPOIL10)ETPOLLI0) «SRLPO(I0)ZERLPO(IO}IvLIPQLIOY
EIPDI10) +S2P01101E2P0(10) « TANIPO( 101 « TAN2PO(10) .
OIMENSTON  LC(S3+481) ¢+ 5IGRIG3+d11+51G2(83+B11¢SIGT(SIeB1)5IGRZ(SI
811 DERISI 1811 10EL(S3481)CERZISI 31 4DEPSI (53481}
ERPRID3 811 BEZPRIS3+181 1 ETPR(53481)1+ERZPR(S3 81y
EPS1(L3B1)e5iGIS3181)9EPS(53.81)DETI5361)
CUJIVALENCE (UCT1)LCEIY )Y v (BUI1ERPSIILY) o

Wy —

ELN -

uoy -

ES

(c)

4 EXCFeSIGICReTPLATE + ICYLDR« [ ICML ¢ 1ICP1 sl ] s JURUM

COMMON  A((50)«B(S53000)eU(53181) s W(H3eHA1 e NROTAOG) sNCIIHOO) 1 C 144y
S(1800) ¢M5(1800) 1R(53) 1SUMRES3) sUIFFRISU) s ARIZ2U ) s ALPLZUY ¢
FLP({20) +PZP(20)1 1UCI4) +WC(4) +SRPO(10) oL HPUL LG valiut i
EZPUC10)1STRO(I0)VETPOL10) +SRLPO 10} vERLPOLIUI 1 2iPOCIC )
E1PO{10G)+52P0(10)+E2PUI10) + TANIFPO(10) +TANZPO( L)

DIMENSION LC(S3+811eSIGRISI1a1)eS[GZI53181)e51GT1L3aB1)131GRLIDS,

WM~

1 81)+1DERISI1B1)1CEL(S3481 ) 1DERZISIeal ) tDEPSIiudenily e

2 ERPR(S1+61) vEZPRIS3vH1) ETPRIGI B 1ERLPRILIHI )Y

3 EPS | (53481 )+SIGI{53¢81)1EPS{S34811+DETISEZvn1)

EQUIVALENCE (UTT11eLCET3) o (BULIeEPSEIL)) o

1 {B{ Q301 )+1ERPR(1)) « (Bl 8601)1sELPRI1Y) o

2 {BU12901)1+ETPRI1)) + (BUIT2UTIERLPRIL)) o

3 (B(21501)95IGRI11I<DERII)}I2(BIRSBO11vaIGRLIT)DERLCLY )y
a (B30101)«SIG201YaDEZ(I ) e {BI38401) enlGTIL)\LEPILICL) Y
L (B(38701)1¢31G(1))1e(BIA3001)I1EPSII))¢IBIATIULIOETLINY
1 1A = [+t

JA = U

IF ((I=138([=TEC+ 1 ( 1= [ECIH (I )3 (J=2 )13 (J=d[P=1 ) R (J-JIP) *(JI=drP))

-] 221.202.221

221 CALL STRSTR
TYRPICAL NODE
201 A(KHR=5) = (CTO11)/7ALR+TCUIIIA(2, %R TA) ) ) ELL
A(KHR=4) = Cl14)%C1/ALR
A(KHR-3} = ~Ct14)#Cl/ALZ
=

o

A(KHR=2) =Cl{12)8C1/ALZ
220 A(XDR=2) Clla)#ClsALZ
A{KDR=1) = Cl12}1#C1/ALZ
A{KDR) = ={Cl11}1/7ALR-CU131/(2,%R11A)))I*CY
A(KDR+!} m ~Cl1a)#Ct/ALR
G0 To 250 :
202 IF (I=]EC+1) 203+204:205
c AT EXTERIOR FACE OF CYLINDER
205 A(KDR) = =AK/R( [)#C]
CON a CON=PHP%#C]
GO To 230
HALF-SPACE FROM EXT. FACE OF CYLINUER
204 CON 3z CONaPHP*C1
. IF ((J=2)#(J~JEP)) 206+207:207
206 A(KDR=2) = =AK/ (2., #R(TA1)%#C1
217 AIKHR=3) = ~AK/(2.%R([A1)2C}
GO To 250
2Q7 IF (J=2) 208223209
208 A(KDR=2) = =AK/R(IAj#C]
GO To 2%0
209 A(KDR) = =~AK/12,%R{TA})#C]
GO Yo 217
223 A(KDR=Z) = ~AK/(2.#R(]JA))1#C|
- AIKHR=1) = A(KDR-2)
GO To 280 .
203 IF (I=1) 21052} 210
EQUATION AT CENTERLINE
211 A(KDR) 2 1,
CON = 0.
RETURN
210 CALL STRSTR
IF (J=JIP) 222.:213.:214

(3]

0

(b)

(81 4301)+ERBRIIIY + (B{ 840!1)1+EZBR(1)) o
(B(I2901) LTRPRIIYY o (GOIV201)}1ERLPRIL)) o
{BL215011421GRII)DER( 1))+ (B(25801)+5IGRZI1IIDERZII) )
{B{301011+SIGZILIIsDEZ111:(8(38801)+SIGTLL1aDERSI(1) ).
18138701)+5S1G(1)):{B(A3001}EPS(1))¢({B(ATIN1)DET(1})
KHR = KHIGH-KLOW+1
KDR = KD=KLOW+!
DO 10 K=] +KHR
10 AtK) = O,
CON = 0,
Cl = SUMR(T)
€2 = =DIFFR()
3 = lesALZ
Ca = =C3
IF ((I=118C1~TEC)) 11412412
11 IF (l=11C} 13¢18415
13 IF ((J=JIP)#(J=-JEP)) 200417417
16 IF (=21 17:200+17
14 IF (J=JIP) 1B+19:23
23 IF (J=JIP=1) 24:24.13
24 C4 = =0.5%{1,~ALR/{8.#R(1)1))/AL2Z
GO TOQ 13
AT INTERIOR FACE OF CYLINDER
18 C1 = 2.,%C)

(LR VN

€2 = =24/ALR s
C3 = C3®C)
Ca = =C3
IF (J=11 200+174+200
17 C3 = 2.#C3
Ca = ~C3
GO To 200

AT RE=-ENTRANT CORNER
19 C2 = 0.5%C2
C4 = 0.5%#Ca2C1
GO To 200
15 IF ([=11C=1} 25+26+25
26 IF (J=J[P) 25:27+25
27 C2 = D.5%#C2
25 IF ({J=1)#(J=JEP)) 200174200
12 IF (1=1) 21e22+21
AT EXTERIOR FACE OF CYLINDER
21 C1 = 2e/ALR
C2 = 2.#C2
€3 = CI®¥CE
Ca = =C3
IF ((J=1)#(J=JER)) 200017417
22 Cl1 = Be/ALR
IF ((J=Jd[P)#{J~JEP)) 20017417
200 RETURN
END
A RE RS RPREDERRHF RS BRI FERRS "i'ilinb.'lﬁ9"...}'O.&IQ.Q".'G’OQOC
SUBROUTINE SIGRA
HAEUFH AR FF LA DI B IR R IR BRI R DAP RSB EF RIS H DD PUBBIRDERDVIDOVRDORVONVOED
COMMON  ALRsALZ 1 ICsIECsJIPsJERPIECIHIDELPILRCLRILGILPOLCYCoPR,
L PHP « MU« NWAK T TOTL 1 I TOTyNQ oKD e KLOWIKH IGHIKHR ¢ DR+ [ outa TA e
2 JAYNL y CON'ERRCF «PRF 1 1PRFZ21PRF34PRFALOCAT «LADULCLISIGN
3 WCIeCEIC11C24C31Ca1 [CRYJCRILPRCSHILCRIPJTUT ¢ JTOT) vECRIT

(d)

222 .IF (J=R) 2124216+216 .

212 A(KDR) # «=(C({11)7ALR=C{13)/(2,#RI1A)1I#T]
A(KHR=1) 2 {CO11IZALRSCIIIN/(2.#R( TA)))#CY
AiRDR=i] 8 2%CL12)#C1/ALZ
GO To 280 )

213 IF {1=11C4l) 2152164201

< HALF-3PACE FROM LOWER FACE OF PLATE

216 A(KHR#3) = (C(11)17ALRSCU 3 /(2,#RITA))I1#CY
A(KHR=2) = C(14)#CI/ALR
AtKHR~1} = =C({j4a)1¢Ci/ALZ
A(KHR} = ~C(12)%Cl/ALZ
GO TO 220

214 IF (J=JIP=~1) 218+218+215

218 IF ({=[IC) 216:2014+201

218 LOCAT = |

219 CF = C(111#C)

SIGN = 1.

CALL RSTRN

CF = C(12)%CH

CaLL ZSTRN

SIGN = =1,

CF = C{13)#C1

CALL RSTRN

CF = Cti8)eC]

CALL RZSTRN
230 RETURN

END
l.l‘.!ﬁ".ll’i'@.lil.Gl6‘&06’”’.'”!&’#0’*Qli'ﬁ&'!ﬁl*i’iﬁ&&’**&'.l’ﬁif&i

SUBROUTINE SIGRB
DT L N T g A L T T

COMMON ALR+ALZs 1 ICe JECIJIPIJEP (ECAHIDELPILRUIWLRILGLPUILCYC PR
. PHP MW e NWeAK ¢ [TOT} ¢ [TOT«NGIKD 1 KLOWIKHIGHI KHRoKUR s e e [Ae
WA JNLeCONJERR+ CF «PRF | + PRF2 +PRFI/PRF4«LOCAT +LADUILCL ¢S TGN
sCI1CEsCIeC24CUsCA¢ [CReJCRILPRCESILUER Py JTOT+JTOTH o
EXCFsSIG|CRITPLATE s TCYLNR 4 { [CMI v [ [CPL L1 ¢ JDRUM
COMMON ~ A{150)+B(S3000)sUIB3+B1)+W{53s81)NRI1B00)NCIIBO0I1C(441)
T 5{|B00) «M5(1B00)H(53)SUMRIS3) +DIFFRID3)1AR(Z2011ALPI20 1),
FLP(20) «PZPL20)¢UC{4) HC(4)+2RPO(10)+ERPOLLOD)13ZPOL1IQ)
EZPO(10Q)1STRUI10I+ETRO(10) ¢ ORZPUIIOIERLFOLIUI1SIPOCIO)
E1RP0(101+S2P0(1CH4EQPO(10) « TANIPO(10) ¢ 1AN2PO(10Q)
OIMENSION LC(S3+81)«SIGRISI1E1)15162(53481)45IGT(03eB1)¢a1GRL(53.
B1)1OERISI+81)«DEZ(S5I+481) (DERZ(S3+81 )1 DEPS1{93¢811)
ERPR (33481 ) +EZPRISI1B1)+ETPRIS3WB1) 1ERZPRIS3¢81)
EPS](53481) «51G(53+81)1EPS(502¢81)0ET(53481)
EQUIVALENCE (U(1)4LCULI)) o (BUI)WERSICL)) v

& LN -

& -

("R

1 (8( 4301)+CRPRILI) + (Bl BEO1 )Yt ZPR(1}) o
2 (B 12901)«ETPR(11) o (HU]T201)4ERZPRILY)
3 (B(2)1501)¢aIGRI11DERCL)) ¢ (B(25801)¢aiGRLIILYDERLILIN )
4 (H(30101) eSIGZE1YI0EZCTY )9 (B (348011 ¢SIGTIIIDERSII) )
3 (BU3B7011vSIG(111+(B(A430011¢EPS(T11)(BL4T301)10ETLLY)
250 1A = [=]
JA = J

CALL STRSTR
IF ((1=2)%(1=11CI12([=11C=1)#(J=1 )8 (J=d[P )& (J=JEP+])¥#(J~JEP))
1 25142324251
231 A(3) = C(l1a)RC2/ALZ
Afa) = Cl12)%C2/ALZ



(a)

NS —lﬁ(ll)/ALR-C(lJ)/(Z-;R(IAlﬁ)*Ca

Sn(H) = ~C{14)%¥C2/ALR
AfaDR) = A(KUR)+(C(11)/&LR+C<1J)/(Z=’R‘IA1)l'CE

v
B

s
B
aLT

200
261

2546
265

300
LS

P

Buy -

AURDR+1) = A(KDR+11+C(14)¥C2/7ALR
A(KOREPY = =Cl14)2C2/0LL

ACKNIR+I) = ~C(12)#C2/ALZ

«S 10 300

17 {J=J1P) 2562551261

1ie ([=11C=1) 257+257.258
SN = CON=C2#DELP
T9 399

A4y = 2e.%CL1P) RCBZALZ

ALRDR) = A(KDH)-H\.(ll)/ALR*C(13)1(2»’“(1A1))’0C2
ALB) = =1CC11)ZALR=C{133 /{2, #R( 1A ) )#C2
co TO 300
TIF tI~11C) 260+259:¢262

IF (I={1C=1) 263:263:251

COM = COAM=-C2%DELP

%G 10 251

SON = CON-C2#DELP

Ce TO 266

1F [ 1=2) 300+1300.2586

TE (1=2) 300.300:256

IF (J=JEP+1) 251:1265:266

A1) = TL14)*C2/AL2

A(Z) = C(12)®#C2/ALZ

AC3) = =(TOII)Z7ALR=CU13) /(28R TA) ) RC2
At4) = =Cl1413C27ALR

Go TC 253

LOCAT = 2

CF = Cl11)*C2

SIGN = 1,

CALL RSTRN

CF = CiiZi®Ce

CALL ZSTRN

CF = Cl13)%C2

SIGN = ~la

CALL RSTRN

CF = C(la)#Ca

CALL. RZSTRN

RETURN

END

BHSER RSB RFET S ii{.ﬂnwﬁ“ﬂ!ﬁﬂi}%'ii“iillﬁﬂ&lﬂbﬂlﬁbb*““ﬁ&"‘h’fﬂﬁﬂ{'i

SUBROUT [NE SIGRZC

FRAARFEFRAER SRR A AR B A R PR LI R BRSO RT L2 2221

COMMON  ALR«ALZ+ I TC: IECJIR s JEPECH1DELPsLRC LR LGLPOLEYC PR
PHP Y MW e NW s AR TTOT 111 701 (NG KD 1KLOW o« KHIGH e KH«KOR [ osdo [As
JANL ¢ CONCERR s CF 4 PRF 1 1 PRF24PRF 3. PRFA LOCAT (LADD «LCL 4 S1GN
VETeCEAC1 4 CReC31CA ICRIJCRILPRCSSILCR P JTOTaJTOTI ECRIT,
CXCFsSIGICReTPLATE ¢ TCYLOR 1 ICMI 4 L1GRL 2L 1 « JORUM

COMMON  A(150)+3(53000} vU(S3I+AL)«W{S3IeH1)sNR(]1800)+NCI1H00)1Cl4d)
©511800) MS(1800) YRIS5311SUMRIS3)DIFFR(53)vAR(20)1ALP(20) .
FLP(20) +PZF(20) +1UC(4) +WC(4)1SRPO(101 ERPO(10) +23ZPAU(10)
EZPO(101+5TPOC10)1ETPO(10}1 +SRZRGI10) 1ERZFOI1Q)+51PULIO},
E1POC101+S2P0C10)-E2P0(10)TANIPO(10) s TAN2PO(10)

DIMENSION LC(53+31)1«SIGRIS53181)+S1GZ(53181)S1GT(53+81)1+SIGRZ(53,

&N -

1 B1 )1 DERIS3.81) cDE;(ﬁB‘El J«DERZ{S3+81)VEPS1 (5381 )

300

302
303
308
301

,350

2 ERPR (534811 vEIPRISIvBII1ETPRISI 811 +ERZPRISI 811

3 EP31(53¢81)+51G(53:81)1+EPS(53481)«DET(53:81)
EQUIVALENCE (U 1) LC(1)) o (BU1)EPSIIIY)

1 (B( 4301)«ERPR(1)) + (B8( B60IIVEZPR(1)) o
2. (80129011 ETPRIL11 Y + (BU172Q1)ERZPR(1)) s
3 (B(21501)¢S1GR(11DERIL) 1 (B(25801115IGRZ{11DERZI111
4 (B(30101)+o1GZ(11DEZC11)1(BI344011+SIGT{1)DEPSI(1))
5 - (BC3B701)+51G(1)){BLA3001)+EPS(1)14(BI4TI0NNDET(1)
1A = 1 ’

JA = J41

IF (CI=11C)#( [=1ECI#(J=JEP+11#(J~JEP)) 30143024301
IF (J=JEP+1) 3033304350

‘IF ([=1EC) 30a4 3504350

IF (J=Jd1P+1) 3504301301

CALL STRETR

Al{l} = Clas)y#C3/7ALZ

A(2) = Cra2)¥CasALZ

A(3) = A(3)=(C(41)/ALR=C143)/(2,#R{1A))}18C3 "

A(4) = Al8)~C(44)3CI/ALR

LA(KDR=2) = A(KDR=Z)+(C{a1}/ALR+C(43)/(2,#R([4)})8C3
ACKDR=1) = A{KDR—1)+C(44)8C3/7ALR

A(KDR) = A(KDR)=-C(44)#C3/ALZ
A(KDR*1) = A(XDR+1)~-C(42)#C3/ALZ
RETURN

END -

R S e R R e e e e S S LT T R A S e S T A 2 A T T Y Y T

SUBROUT INE SIGRZD

Ii*ilic*&}{h'&{*i&&}i’{i&l&'il&@d.‘6006066.’00I&i'ﬂi'i‘iﬂ’bi..'li’lbll

Boum—

&

AL

350

352
333
394
356

355

COMMON  ALReALZ: leIEC‘J'PQJEP:EC-H;QELF-LHCVLR‘LG-LPQ:&CYC-PH-

. PHPvavNNqAK\ITDT1¢ITOT.NO;KD-KLOV-KHlGHaKHﬂ-KDHvlvJleq
JAsNL:CONLERR«CF e PRF11PRF2PRF3I(PRF4sLOCAT 1 LADD «LLL S IGN
$CT1aCL 1 C1aC2e LYy C4s ICRYJCRILPRCSSILCR P «JTUT W JTOTICECRIT
EXCF+SIGICRITOLATE:TCYLDR ] ICMLI 2 JICP1 L1 ¢ JORUM
COMMON A(1S50)+81530001+U(53+81)1W(83+811«NRIIBOO)I+NC(1800)Claa),

S(1800) «M5(1800) «RISI)1SUMRISII«DIFFRIS3)+AR(20)ALP (20«

D FLP(20) sPZRI20)9UCI4) +WC(4) «SRPO(LI0)sERPO(LI01SZPO(10)
EZPO( 10 ) vSTPO(I01+ETRPOL10) «SRZPO(10) «ERZPO(10)451P0(10) ¢
E1POIT101 +S2PO(10)1E2PTL10) s TANIPO(10) « TANZPO( 10}

D[MENSION LCI{S3¢BL11SIGRIS3¢B11151GZ(53+81)+51GT(53481)¢51GRZIS53
Bl)sDERIS3+981 ) DEZ(TIv81)+1DERZISIB1) ¢DERPS1(83481) ¢
ERPRIS53.81) vELPR({33¢81) ETPR(S53481)+ERZPRIS53481 )
EPS1{53181)1+S1G(53+81)+EPS(534B1)+DET(HI81)

EQUIVALENCE (UC114LCUTY) v (BUIYGERSLI(IY)

1 (8( a301)+CRPR{1)) + (Bl B60IIIELPRIII)
2 (8129011 ETPRIL)) + (B{17201)ERZPRIT)) .
3 (B(21501)13IGRI1) «DERIL1 )1 (BI25B01)eHIGRZI1)1DERLI1) Yy
4 (B(301Q1)1431GZ(1)DEZII) 11 (BI34401)eSIGT(1)+DERSIIL} )
) (B(3B701) «31G(11) v (BIAIO0LIIIEPS(1))+(B(47301)1DET(L)}
TA =
JA = U=t

IF ((]=71CI#(1=1EC)R{J=1)#(J=2 )R (J=JIP) ¥ (J=J[P=1)) 35]11352,35]
IF (1=1EC) 353:400.+400

IF (1-11C) 4004354355

IF (J=J[P=1) 400+356,35]

Ca = =Cl/(2.%AL2Z)

GO TO 351 .

IF (J=2) 400¢400+351

351

600

CALL STRSTR
A(KDR) = A(KDR)+C(4412Ca/ALZ
A(KDR+1) = A(KDR+114C(42)#Ca/ALZ

A(KDR+2) = AlKDﬁ*E)-(C(‘l)/ALQ—C(AJ)/(E.IR(lA)))‘Cﬂ
A(KDR+3) = A{KDR+31~C(44)#C4/ALR

A(KHR=3) = A(KHR=3)+(C{a1)17ALR+C(431/7(2.8R1TA)))2CH
A(KHR=2) 2z A{KHR-2)+C(aa)#Ca/ALR

A(KHR=1) = ~C(4a)8Ca/ALZ

A(KHR) . =
RETURN .

-Ctaz2)»Ca/alLZ

L2 sy L e

L2222

400

411
414
417

418

415
419

416
420
a12
421

SUBROUTINE SIGT1J X
GEBBEGBEB Y #* g wy ® s REREE D L T T2
COMMON  ALRVALZ+ [ICe [ECIJIP s JEPIECHIDELPLRCLRILGILPULLCTC PR

PHP MY NW AKy JTOTL o ITOT+ NQuKD+KLOw e KH I GH e lKHR KR T e o Ay
JA N« CONVERR CF 4 PRF 1 1 PRF2PRF34PRF G (LUCAT s LADL . LCL v L IGN
4 CIaCEsC1eC2¢C34C8 ICRIJCRILPRCUDILLRIPaJIUT e T LT skOCRIT S
EXCF+SIGICRTPLATE«TCYLDR [ JCMLa HICP T L1 J2suM
COMMON A{150118(530003sU(5381)+WI{S33181)«NRIIBOO)WNCIIAOD) (CLALY
5018001 +Ma{18001sRIB3)+GUMRI(H3)UIFFRID3) 1 ARIZL ) cALP(20)
FLP(20) «PZPI20)1+UCI A )Wl {4) «LREOCIIQIvERPGIIO) L /BLILI0 )
EZPO(10) «STRU(10) vETPOL1IC) 1oRLPULL ) sERLZPULIUGIvHIPU T
EIPQL10)+52P0(10)sE2P0I101: TANIPO( 10 s TANZHG LD
DIMENSION LC(BIvB1)+SIGRISI b1 +5164(53081) 5161 (DHBI vallRaILI
1 Bl DER(S34811+DEL(S53081 11 0ERAID3I A1) 10EFLItn3ab1)
2 ERPR(S3+¢81)1EZPRIS3I¢BL I vLIPRISIBIIERIPRLESIIH] 1«
3 EPS1{53¢81) 1516153181 11EPSIHTIv81)1DET (R34
EQUIVALENCE (UG 11+LCU1)) o (BUIIWEPSI(1)) o

B LN -

BN~

i (Bl 4301)4ERPRI1Y) + (B( REO1)ELPRIL))
2 (BO129011ETPRI1)) o 1BLITZ01 1 ERLPRILIY o

3 (B215011vSIGRE1IIDER( 111+ (BI25801)421GRICTIDERZIL) 1o
4 (803010115162 (1) sDEZC1 1o {B(364G11 ¢ aIGI LI ILEFLL(iN)
5 (BI387011¢S1G(1) 3« (BIA3001)FERLI L)y 14 73LT ) sURItLY)
C5 = «0,5/R(1)

SIGN = 1,

€6 = ~1s 08, #R( ) #82)

€15 = C&

€25 a C&

C35 = C6

cas = Cé

IF (1=11C=1) 411+412¢412
IF 1J=JIP) 418:415:416
IF lJw2) 41706421442
Cls = 2,46

€35 = Ci13

LOCAT = 1

1A .2 141

JA = J )

CALL STRSTR

ALKDR) = A{KDR)+C(33)#C1(%
CF = C(31)4CS

CALL RSTRN

CF = C(32)%C5

CALL ZSTRN

LOCAT = 3

1a = )

JA = J+1

CALL STRSTR .

A(KDR) = A(KDR}+C(33)#Ca3
CF = C{31138CS

CALL RSTRN

CF = C(32)2CS

CALL ZSTRN

RETURN

C18 = 2,8Co

1A = I+t

JA = J

CALL STRSTR

A(KDR) = A(KDR)I+C(33)12CLS

LOCAT = 3
1A = 1
NA @ U+l

CALL STRSTR

CF = C31)8CS

CALL RSTRN

LOCAT = &

JA.x J=1

CALL STRSTR

CF = C(31)%CS

CALL RSTRN

GO TO 427

IF (1=11C) 4431419419

C5 = 0,754C5

C25 = 0.%%C6

cas = c23

GO To a21 .
IF ({(J=JIP=]11#({J=JEP+]1)) 420:425.844
1F (1=23 428.425:421

IF ((dmd P ) B (J=JEP+1)) 42118224422
fA = 1

JA = Js1

CALL STRSTR

A(KDOR) = A(KDR)+C(33)#Cas

Al2) = A1214C(32)8C5/ALZ

AIKDR+1) = A(KDR+1)-C(32)%C5/ALZ
JA B Jel

CALL STRSTR

A(KDR) = A(KDR1+C(33)9Cag

A(KHR) & A (KHR)~C(32)#C5/ALZ
A(KDR+1) = A(KDR+]}+C{32)08C8/ALZ
A2

TA & l=1

- CALL STRSTR

412
423
422

AIKDR) s A(KOR)+C(33)#C25+C(31)#CB/ALR
A(3) w A(B)~C(31)8C3/ALR

1A = [+1

CALL STRSTR

A{KHR~5) = A(KHR-5)+C(3])#CS5/ALR
A(KDR) = A(KDR)+C(33)#C15-C{31)#C5/ALR
RETURN . .

IF (1=1EC+1) 423.422.424

IF ((J=2)#(J=JEP+1}) 42114254426

IF ((J=2)18{J=JEP+1)) 425.4254426



(a) E7 (c)

475 1A = 1+1 S11 IF ((I=-11%(J=JEP+11#(J=~JEP)) S14,515:514
NEREIN : ) 514 CALL STRSTR
LOCAT = A(1) = Ct2a4)*C3/ALZ
CALL 3TRSTR : ac2) A(2)+C(22)#C3/ALZ
SUNOR) = A(KDR)+C(331%#C15 3 Al3) = =(C(21)/ALR-CI(231/(2.%R(1A1))1*C3
TF = C(3131%CS At4) = =C(24)RC3/ALR
ALt PETRN : A{KDR=3) = (C(211/ALR+C(23)/(2,%R(1A)})#C3
fa = I=1 A(KDR=2) = C(24)8%C3/ALR
Lotar = 2 A(KDR=1) = =C(24)#C3/ALZ
CALL STRSTR A(KDR) = A(KDR)-C(22)#C3/aLZ
Afmiiz) = A(KDR]+Ci33)#C25 . GO To 550
Canl RaTRN 515 IF (J=JEP+1) 516.550+550
ap? 6oz 1 316 CALL STRSTR
PRSI E AC2) = Ct22)%¥C3/ALZ
LOCAT = & A(KDR) = =C(22)#C3/ALZ
CALL STRSTR A(KDR=31 = 2.#(Cl2114C1231)2C37ALR
A(KDR) = A(KDR)+C(33)2Ca5 . GO TO 550
CF = C{32)%C5 512 IF ((J=JIP+11#(J=JEP+21]1 51445144518
CALL ZLTRN S13 IF ((J=1 )R (J=JEP+ 11 #(J=JEP)# ([-JEC)) 5175184517
JA =z Jel . B17 GO TO (5[14:510) LG
LOUAT = 3 510 11 = [=11C+2
cALL STRSTR AC2) = AR(I1)1%¥C3/ALZ
A(KDRY = A(KDR)+C(33)#C3s AIKDR} = =A(2}
CF = CI32)1%CS GO TO S14
caLL £5TRN 518 IF (J=1) 519:519:520
RE TURN 519 A(KDR) = 1,0
426 1F (J=1) 483:443.444 CON = O,
283 C35 = 2.%Cs RETURN
1a = 1 S20 IF (J=JEP+1) S521.522.523
JA = J+1 521 CALL STRSTR
CALL STRSTR At2) = Cr22)1%C3/AL2Z
A(KDR) = A(KDR)+C(331%C35 A(KDR) = <A(2)
GO TO 445 LOCAT = 3
446 CAB = 2.%C6 . SIGN = 1,
1a = 1 CF = Ct213%c3
JA = el CALL RSTRN
CaLL STRSTR SIGN = =1, ,
. A(KDR) = A(KDR)+C(331%Ca5 . L CF = c(23ysc3
445 LOCAT = 1 CALL RSTRN
(A = 1+1 CF = Cl24)2C3
JA = J CALL RZSTRN
CALL STRSTR . GO TO 550
A(KDR) = A(KDRI+C(33)2C15 . 522 11 = I~11C+2

CF = C(31)%CS CON = CON-PZP(I1)#C3
CALL RSTRN GO TO (524,525) L6
CF = C(32)%C5 524 A(KDR} = —=AR([1)*C3/(H-ALZ,2)
CALL ZSTRN : GO To 550
428 LOCAT = 2 525 CF = AR(]1)%C3
CALL STRSTR

1a = (=1

Ja = g CALL ZSTRN
CALL STRSTR GO TO 550
A(KDR} = A(KDR)+C(331%C25 . 523 Il = [=-11C+2

CON = CON=PZP(I11)#C3

GO TO (526.550) sLG
526 A(KDR) = A(KDR}=AR(I1)*C3/H
550 RETURN

END

CF = Ct311#C5
CALL RSTRN

CF = C(32)1#C5
CALL ZSTRN
RETURN

(b) (d)

424 C25 = 2,%C6 EE e R L e R S i L NI

IF (J=JEP) 429,430,430 - SUBROUTINE S1GZD
429 [F (J=2) 43144461446 EEREREEEHEAESEERLEY P T2 T 2 X TR Ry
446 1A = 1=1 COMMON  ALRIALZ s I [Cy IECJIP s JEP+EC s HrDELP v LRE (LRLGILPULLETC B,y
JA = J 1 PHP MU Nu v AK [ TOTL 4 [TOT o+ NOKD e KLUWIKH[GHIKHRKDRY [ 34 [AL
CALL STRSTR 2 JA JNL 1 CONJERR+CF PRF 1 4 PRF2 4 PRF 3 PRF 4 LUCATLADD «LCL+ 5 [GN
A(KDR) = A(KDR)+C{33)#C25 3 ACT+CENC L C2eC32Cay [CRIJCRILPRCSIILCR P ITUT W JUTOT 1 «ECKRT T«
GO TO 418 a EXCF1SIGICRyTPLATE ¢ TCYLDR [ ICML o LICPRL «L 1 v JURUM

431 LOCAT = 3 COMMON  A(150)+B(53000)+U(S3:81)W(53:81)NR(IB00)«NC{1800)+CLaa),

1A = 1 1 5(1800) 1MS(180011R(53) +SUMR(SI) I DIFFRI531 +AR(20)+ALP (201«
JA = J+1 2 FLP(20) +PZPI20)11UC(4) «+WC(4)15RPOIID)1ERPOILI0IvaZPUIQ0 Y
CALL STRSTR 3 EZPO(lO)ISTPO(\0)-ETPQ(10).hWZPO(lO)'ERZPO(10);-‘;[90(101,
€35 = C25 4 E1PO( 101 +52P0110)+E2PO(101«TANIRPO( 101+ TANZRO(1U)

DIMENSION LC(53181)+SIGRIS53+4811151G2(53¢81151GTI03¢dl)131GRL(5D,
Bl}+CER(S3+81)+DELIS3181)+DERZISB34811DEPSI(334d1 3
ERPR(S3481)EZPR(S3+81 1 EIPRIS3181) +LRIPR(SZ48110 4
EPS1 (534811 LIGI534B1}EPS(S53+B11DETIS53481)

EQUIVALENCE (U 1})+LC{L1)) » (BOLISEPSILL)) o

A(KDR) = A(KDR}+C(33)#C35
CF = C(31)#CS

CALL RSTRN

CF = Ct32)#C5

CALL ZSTRN

W N -

GO TO 428 1 (B¢ 43011+ERPRIL)}) + (B BBOL1)I+EZPRIL))
430 LOCAT = 4 2 (BO12901)1+ETPRE1Y) + (HUI7201)11ERZPRIL))
1A =1 . 3 (B(21501)s2IGR{1IIDERIL) )+ {B(25801)+STGRLILIZDERLZIL )
JA = U=t ‘a4 (B(30101)«SIGZILIIDEZ(1))+({B(344011451GT(1)DEPSI(1))
CALL STRSTR 1 (BO3B701)S1G(1))+(B{43001 )1 EPS(1)1) o (BL4T73011DET (1)
C45 = C25 550 1A = |
JA = U=

A(KDR) = A({KDR}+C(33)#Ca5
CF = C(31)1#CS

CALL RSTRN

CF = C(32)#CS5

CALL ZSTRN

CALL STRSTR

IF (I=11C) 551+552.:553
551 IF (=1 )#(J-J[P)#(J=JIP=1)) 554+555,554
554 A(KDR=~1) = A(KDR~-11+C(28)#C4/ALZ

A(KDR) = A(KDR)+C(221#C4/AL2Z

GO To a28
END A(KDR+11 = =(C(21)/ALR=C(23)/(2,¥R(11))*Ca
EE T S T 88 % -+ BREDEAE D PR G B BN A LB RAS DB BBV DRI R IR RGBE R GV RIS A(KDR+2) 3z -C(24)1#Ca/ALR
SUBROUTINE S1GZC . A(KHR=3) = (CU21)/7ALR+C(23)/(2:#R(1}}1})#Ca
RS HERFARRS * 4+ 3 #* BB #* * “‘w "o A(KHR=2) = C{24)#CAa/ALR
CUMMON  ALR+ALZ+ [1CIECIJIP JEPJECIHoDELPsLRCLRILGILPOLCYC PRy A(KHR=1) = =C(24)%Cs/ALZ
1 PHP« MW «NW o AKs T TOT 14 [TOT+NQs KD KLOW (KHIGHIKHR(KDRy 19 Jde 1Ay A(KHR) 2 A{KHR)=C(22)4Cas/ALZ
2 JA «NLyCONIERR ¢ CF 1 PRF | « PRF2 ¢ PRF 3+ PRF4 LOCAT +LADD +LCL ' SIGN GO TO 600
3 LI+ CE+C1+C2¢C3¢Cas [CRYJCRILPRCSSE1LCR P JTOT (UTOTIECRIT, S85 [F (JeJ|Pe1] 55615564557
4 EXCF 151 GICRy TPLATEZTCYLDRYy [ICMI TICP1 L1+ JDRUM 586 CON = CON=DELP#C4
COMMON  A(150) +8(33000)+U(33+¢81)+W(53¢81) 1NR{1BOQ)INC{1800)¢C(44) G0 TO &00
1 3(1800) «M5(1B0OC) +R(S53)1SUMRISI)1DIFFR(S53) 1AR(20) +ALP(201 557 A(KDR) = A(KDR)+C(22)%Ca/ALZ
2 FLE(20) +PZP(20)¢UC(4)+WC(4) sSRPO(10)1ERPO([0)+5ZP0O(10) A(KHR) = =C(22)#Ca/ALZ
3 EZPQ(10)+5TPO(10)+ETPO(10) 1y5RZPO(10)+ERZPO(1I0) «351RPOI1D) AIKHR=3) = 2,#(C{21)+C(23))#CA/ALR
4 E1PQ(101+52P0(10)+E2PO(10) +TANIPO(10)TANZPO(]0Q}) GO TC &00
DIMENSION LC(S3+81)+5IGRIS3481)¢SIGZ(33¢81)¢SIGT(S3¢EH1115IGRZIS53y 832 {F (J=JIP-1) 558:359+554
1 81)+DER(53+811+0EZ(53+81)DERZ(S3+B1)+DEPSI(53+81)y 558 IF (JaJlP) 5604561961
2 ERPR{33+81) +EZPR(S53+81)+ETPRIS3vB1 ) +ERZPR(53481 ) 560 LOCAT = &
3 ER31(53.813151G(53+811+EPS(53+81)DET(53+811) SIGN = 1o
EQUIVALENCE (UG 11sLCU1)) o (BE1IWEPSLIILY) o CF = C(2118Ca
i (8( 43011 +ERPRI11} « (Bt 88011+EZPRIII} CALL RSTRN
2 (BC12901) ETPRIT1) + (B{1T201)}+ERZPRILY) CF = C(22)%Ca
3 (B(21501) eSIGR(111DER(1) )+ (BI25B0O1)+sSIGRZ{1)WDERZ(1) )0 CALL ZSTRN . .
4 (B(30101) v21GLI 1) 4DEZI11)e(BI34401)+SIGT(1)DEPSLI(1) ) N SIGN = =1,
5 (B138701)+516(1111({3(43001)+EPS{1))+(BlA4T7301)DET(1)) CF = C(23)#C4
a2 1a 1 CALL RSTRN

J+1 CF = C(2a)#Cs
IF (1=~11C) S11+3124513 . CALL. RZSTRN

«
-



(a)
9 600

© CON+ (1. =ALR/(Ha#KC 111 )#DELP/ (24 *ALL)
5 =80
= =Ci/tR.%ALE)

= CONH(14~ALR/(Be#RC 11))¥DELP/ (2o #AL L)
in =54
(TJ=2)% ([ -IFC)) 5625634562
L (D5a (565 LG

I 1-t1c+2

Teedi) = =ARCI1)}®*CasALZ

Af-Thy) = A(KDR) -A(KHR)
0 554

oIt (1=TEC) 3661360560

A{KURY = A(KDRI+2,%C(22 3 *CasALZ

S(RHR=1) = (TU21)1/ALR+CC23) /(2. #R([)))%C4h -
ALKNREL) = = (C(21)1/ALR~C (231 /(2,%R{1)1)2Ca
RETURN

UNw

R R AR AR KR E R R R AR HE R E K R E R R F T AR B SIS E BB H SR D F ARSI R A DA EF DB S BD B SR BERE

NUBROUTINE STGRZA

Pl R AR RRE IS U RN AR AR BB A RE SRR AR B AR RGP R RV G PRSP HSC UV O L CRGRRD

Lo

211
1P

514
515

616
617
550

COMMON  ALRVALZY T IC IEC o JIP ¢ JEPVEC 1 HeDELPLRCILRILGLPO, LLYC 1 PRy
PHP MW NW o AR [ TOT L4 I TUT 2N s KO oKL OW s KHIGHa KHR (KDR s [ ada | A

, JANL s CONGERR, CF «PRF L 4 PRF 2. PRF34PRF4,LOCAT +LADDWLCL « S IGN

3 SCIWCEVCIICEVC3 e Chy ICRy JCRLPRCSS s LER Py JTUTJTOT 1+ ECRI T
g EXCF 42 IGICR«TPLATEs TCYLDR 1 [CML4 1ICPRL oL 1] 4 JORUM

COMMON 2301901 +8(53000) «UI53¢31)1wi33+81)+NR(1BO0INC(IB00)C(4a4a)
L300 W MET1800) sRISIIWSUMRISI) «DIFFRIS3) vAR(20) +ALP (201
PP F0) sFZRI20) «UCT4) s WCL4) +SRPUCI0I vERPOI10) +5ZPOTI0 Y«

1 EZPOCLIS) 1 BTRPOCLIOIETPOI10) +SRZPOII0IWERZPO(10)SIPOLIO)Y
- EIRPOI10) «H2RUCIOIE2PO010)+TANIRPOI10) « TANZPUL1O)

3 CRE21m05 )

LI b+ S TGRIS3+481)«SIGZIS3BL)«SIGTIS3:811:S5IGRZISI
Bl1eO0ERIS343 1 1DEL(S3481)DERZIS3 811 DEPS1{5348114
B1)+EZPRIS3«81 )1 ETPRISI3+81) +ERZPR(53¢81 )«

BRI «SIGIS53+81)1EPSI53481)DETIS3IE1)

PLUJIVACENGE (JOEY oLty v (BOIL)CEPSTUIYY
WU a0 W ERPRITYIY o (Dl BEOL)EZPRILY) o
(8012901 TPRO1)) + (B17201)+ERZPRIL1))

IGRU11DER(1))+{B(2SE011+5IGRIT1)IDERL(1))
(3030101) 5 IGZI1IsDEZ(L) 12 (BI344011s5IGTI11DEPSTI(1))

3 (GL3870i) 2 1GI11) 2 (B(4300114EPS( ) (BIAT7301)DETI1))

TA = [+1

Ja = J .

[F ({I=TECH+11*L [~TEC)I ¥ J=JERPY) 611650611
17 ((J=2 3R LU=JIP ¥ (J=J1FR=1)) 61216141612
TALL STRATR

A(akR=5) = (TC41)/ALR+C(43) /(2. #RIIA))I#CL
A(XHR=4) = C{46)*C1/7ALR

A(KHR=3) = &(KHR~3)-C(a81%C1/ALZ

A(KHI=~2) AIKIIR-21-C142)#C1/7ALZ

A(KDR=3) = A(KDR-31+C(44)1%C1/ALZ

AIKDR=2] = AtKDR-2)+C(AZ)1*#C1/ALZ

AUKDR=1) = A(KDR=1}=(C{811/ALR=-C(43} /(2. 3RI[A))I%CI
A{KDR} = A(KOR1=C(4a}#C|/ALR

GO TO 650

IF {J=JIP) 815+6161617
CALL STRSTR

(b)

A(KHR=3) = {T{a1)/7ALR+C(43)/(2#R( 1A} ) 12C)
AtKHR=2) = Cl44)#C1/ALR

A(KKHR=1) = A{KHR-1)=C(42)¥C1/ALZ

A(KHR) = A(KHR)~C(42)#C1/ALZ

GO TO 613

IF (I=11C+1) 650615612

IF (1=11C) 615+6124612

RETURN

END
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* 3 #

650

651
653

652
654
656
6£5R
657

*
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[ R Ve

SUBROUTINE SIGRZB
A FEBRAFE RN ARGV S G I IR R R B R DL HRF SR DR R G R B DR BRDY

COMMON  ALRsALZ I 1Cs IECIJIP s JEPIEC 1 H1DELP+LRCILRI1LGILPOILLYC PR,
PHP MW e NW s AK« 1 TOT1 4 [TOT (NG KD ¢KLOW ¢ KH [ GHIKHR v KDR ¢ 1 9s TAs
JA +NL1CONSERR ¢ CF «PRF 1 {PRFZ 1 PRF3«PRF4 ¢LOCAT «LADDLCL+ 5 IGN
4CICEVC1¢C21C3eCty ICRIJICRILPRCSSILCRIP(JTOTIJTOTI (ECRIT
EXCFeSIGICR«TPLATEYTCYLDR 1JCMLs 11CPI L1+ JDRUM

COMMON  AC150)+48(53000) sU(S53+81)W(53+81)1¢NRIIB0O0)1NCIIBOO)C(4a)0
S(1800) yMS{1B00) +RIS3) +SUMRIS3) DIFFR(53) 4AR(20) ¢ALP (201}
FLP{20) «PZP(20) sUC( 4] WC(4) 1SRPO(101ERPO(10)+5ZPOL10) ¢
EZPO(10)+STPO(I0IETPO(10) +SRZPO(101+ERZPOL10)1+51PO(10}s
E1PQ(10)1S2PG(10)11E2PO(10)+TANIPO(10)sTAN2PQ(10)

DIMENS[ON LCIS3:1811¢SIGRIS34811¢516Z(53:B11+516T{53¢81)sSIGRZIS53
B81):DER(53.81)+DEZ(53,811+0ERZ(S3+81)+0EPS1 (53481
ERPR(93+81) ¢EZRR(53+81 ) +ETPR(53181) +ERZPR(53481) ¢
EPS1(53:811+S1G(33481)+EPS(53+81)+DET(53+81)

EQUIVALENCE (U{1)aLCE1) Y v {BULIEPSI(IY)

(80 4301)ERPR(1)) + (B( BE01)+EZPRILN) v .
(30129011 +ETPRIE}) + (BL17201)ERZPRIL1})
(E(21501)+S1GR(1)IDER( 1)) +(B(258011+SIGRZ(1)1DERZ (1))
(B(30101)+1S1GZ(11DEZ(11)¢(B(344011451GT(1)«DEPSI{1)}4
(B(38701)+51G(1)1+(B(43001)vEPSI1) ) (B(4TI01) DET(1))
1A = 1at
JA =

CALL STRSTR

IF (t1=13#([=2)#(J=JEP)) 651652651

IF ((1=11CI#(1=~11C~1)#{J=JIP ) #(J=JEP+1}] 6531654653
CALL STRSTR

Al3) = A(31+CLA4)#C2/ALZ

Atay = A(4)+C(a2)#C2/7ALZ

AlF) = =(CLG1)/ALR=C(43)/(2.%R(1A)))*C2
Al6y = =Cla4)#C2/ALR .

A{KDR-1) = A(KDR=11+(C{A1)/ALR+Ct43)1/(2.,¥R([A}))¥C2
A(KDR) = A(KDR)I+C(48)#C2/ALR

ACKDR+1) = A(KDR+1)1-C(88)%C2/ALZ
A(KNR+2) = A(KDR+2)~C(a2)#C2/ALZ

RETURM

IF tJ=JEP+1) 65646574657

IF (J=JIP) 6526581653

IF_ti=11C=-1) 6£524653,653

CALL STRSTR

All} = A(1)+C(a6)#C2/ALTZ

Al2) = Al2)14C142)%C2/ALTZ

ALy = ~({CtA11/ALR=CLA3)/(2.%R( A} ) }#C2
Atay = ~Ctaa)#C2/ALR

50 TO 655

END

(c)
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SUBROUTINE RSTRN

T T e S A e e R R e e e e SRR R s

COMMON  ALRyALZy I 1CIECeJIP¢JEPIEC s HeDELP W LRCILRILGeLPUILLTC o Py
PHP s MWy NW1 AK [ TOTT « [ TOT «NQ oKD+ KLOW o KHIGH e RHR KU [1da Ay
JAWNLICONERRCF4PRF | «PRF2+PRF3IPRFALUCAT +LADULCL s 5 TGN
CCIsCEVCL1C24C34CA I CRy JCRILPHRESS ILCR P e ITUT o JTud LaCH T
EXCF+SIGICRyTRPLATE «TCYLDR [ ICMI 2 TICH T oL 1 ¢ JURLY

COMMON  A(]50)+Q{53000)UlS53+81) W I53431)NROTBI01INCIIB00) «Ctas)y
S(1800) +ME{1B00) 1 RIS3)(SUMRISI I DIFFRID3 ) VAR(20)1 AL 200
FLP{20)»PZPI20)LC(4) s WC LAY 1 5RPO(1D) «ERPUILIN) /P00«
EZRPO(101+STPOLI0)ETPU(10) +SRZPOI10)1ERZPULIG)IsS1RULI0)
EIPOLINI+52P0C10)ERPSI10) «TANIPUCL0) « TANZPO (1)

DIMENSION LC(S3+81)e5IGRI534081)y3iGZ(L3BL)eBIGT LI sy enlGRIMLI,

PN —

B

1 Bl 1 DER(SIed1 1 fDELID381 ) +DERZISI A1 DERPLI I35y

2 ERPRID3:81) vEZPRIS3+81) «ETPRISI 1M1 ) sERIPRIDI B

3 FPS1(53+81) 1516153811 EPSIH3811DLT (L3421
EQUIVALENCLE (UC1)«LCL1) o (DUL)«EPSILL}Y

1 (BU 43011+iRPRITIY « (BU BE0TIEZLPRITYY

2 (BU12901)sETPRI1)Y + (A(172Q1)1ERZPRULI) Y

3 (3(21501)1+5IGRIIIADERI L)1 IBI2SHO1 1 5IGRIIIYSDERLCLY )

a (8030101316211 DEZLL11)+(BI34401)2IGTI1VLP2I 1)

5 (80307011 e51G(1)) e (BL430011+LP>(1 ) tBLa73G1 0TI

DO 1 K={44
UCIKY = Oa
WC(K) = O
IF (SIGN)Y 1112912

11 CF1 = CF/{P.®*R{A))

GO TO 13

12 CFI = CF/ALR
13 IF ({TA=1)#([A=TIC)I*([A~[FC)) 1as15e18
14 UCi1) = CF1

UcCt2) = =SIGN#CF1

21 CALL A5SS5IGN

10 RETURN

IS 1F (1A=TIC) 1641718
16 UC(1) = 2.%CF/ALR

G0 To 21

17 IF (JA=JIP) 19414414
19 IF (Cfaay) 20422420
20 Al = =C(l8)#C(a2)/C(a4)

As = =CL1a1#(Z(41)/0LR=-C(43)1 /(2. 4R 1AV /7CLa4)
AS = =ClIA)R(CLA1Y/ALR+CIA3)/(2,*R{ITA))I/Claa)
Go To 23

22 Al = O.

Ag = Q.
A5 = Oa

23 A4 = A4+ {Z(11)1/ALR=C(13) /12, #R{1A)))

1F (Aa) 24410+24

24 AS = AS+C{I1)ZALR+CI13)1 /(2. #ROTAY)

Al = Ap+ClL12)

UC(1) = (A4=AS®#S[GN)I*#CF1/A4
WC{3) = =A[2SIGN#CF1/(Aa#ALZ)
CON = CON~CF|¥DELP#SIGN/AS

25 IF (JA=1) 2626427
26 WC(3) = 2,#WC(3)

UC(3) = 2.%UCL3)

(d)

GO To 21

27 WCta) = =WC(3)

UCtay = UC(3}
GO TO 21

18 IF {JA~JEP) 28429429
28 [F (Cta4a)) 30431:30
30 Al = =C(14)%#C(a2)/CL44)

A4 = -C(IA)*(C(“X)/ALR-C(BB)/(E.“R(KA)!’/C(v‘!ﬂ)
A5 = =C{I8)#(CL4L])/ALRTCIA3)/7(2,#R(TA}}I/C(44)
GO TO 32

31 Al = O,

A4 = Q.
AS = 0,

32 AS = AS4C{11)/ALR+CH{I3IZ(2. ¥R 1A

IF (AS) 33,1033

33 A4 = AR+(C(I1I/ZALR=C(13)1/(2.#R(1A)))

Al = ArsCt12)

UCI2) = (A4-ASESICN)BCFI/AS
WC(3) = «A[#CF1/(ABRALZ)

CON = CON=CF | #PHP/AS

UC(3) = =CFI#AK/ (2. #R( 1A #AS)
GO To 25

29 IF (Ctaa))y 34.3%5,34
34 Al0 m (C{148)#C(22)=C(12)#C(24))/(C(241%C(42)-C(22)5C144))

A6 8 =iC{AZI#(Ci21I/ALR+CLa3)I/{2:2R( A1) ~CI22)¥(CI4T1I/ALRY
1 C(a3)1/(2:,%R( TAY )1 RAIO -

A7 = =(C(A2)*(CL21)1/ALR~CI{23)1/(2,#R({TA}})~C(221*(C1A1)/ALR-
1 Ctaldy/ (2. %R 1A) 1) )1#A1Q

AlO0 = C(42)#A10

GO TO 386

35 A6 = O

A7 = Q.
Al0 = Qs

36 A& = ABHCI22)2(CII1IZALR+CII3)/{2.#R(1A)))I~CL1I2)#(C(21)/ALR+

1 Cl23) /(2. #RI1AY )
IF (A6) 37410437

37 It = lA-1IC4+2

A7 v A7+C(22)1#(CU11)1/ALR=CI13) /(2. #R([A)))1=CC12)1%(C(2])/7aLR =
1 Clamn/iz.#R( 1A 1))

UC(8]1 = =Cl22)#AK#CF1/{AG%2.#RITA)}

UCt2) = UCI4)+(AT=AE#SIGNI#CF1/46

CON =z CON«=CFI#(C(22)%¥PHP=(C{121+A10)*PZP (11131746

GO To 21

END
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SUBROUT INE ZS5TRN

E s R e S e L

COMMON  ALR+ALZ 1 1C IEC JIP I JEPIEC+HiDELPLRCILRILGILPOLCYC PRy
PHP MY e NW s AK « TTOT o ITOToNQe KDy KLOW eKHIGHKHRIKDR s i aJ e [Ay
JA (NL+CONIERR«CF (PRF | 4 PRF2+PRF3/PRF4¢LOCAT ¢ AGD +LCL+SIGN
SCTIICEVCL1C24C34Che ICRIJCRILPRCSSILCRIPIJITOT +JTOTLWECRI T
EXCFiSIGLCRsTPLATE + TCYLOR 1 ICMI T ICPT +L 1+ JORUM

COMMON  A(150)B(53000)U{53+81)+W(53:81)1«NR({1800)NC(1800)+sCl44)
S(1B0OC)Y +MS(1800) RIS 1SUMR(S31:DIFFRI53) ¢ARL20)¢ALP(201)
FLP(20) «PZP(201+UC(4)+WC(4) «SRPO(10)+ERPO(10)+5ZPOL1I0)
EZPO(10)+STPO(10)+ETPOL1 0} +SRZPO(1011ERZFPO(10) ¢51POC1I0Y
EIPC(10)«S2POLIDY+E2PUC10) «TANIPO(101+TANDPO(10)

DN -

LRV



(a)

DIMINSION  LC(S534181)+5ICRIS3v811¢51GZIS53¢81)+SIGTISB3481)451GRZ(53,

i B81) DERIS3¢81)1DE2(S3+81) yOERZ(S3181) +DEPSL (834811

: ERPR(53,81) 1EZPR(53+81 ) ETPR(S3:181)+ERZPR(G3481 )

4 EP31(03181)151G(53.:81)+EPS(53181)10ET(53¢81)

f (3¢ 4301
i {RC12901)+ETPRITYY v

TRJIVALENCE (UC1)sLCl1 ) o+ (BL1Y2ERPSI(1))
SERPRI11) » (B BEOII+EZPRIL))
(B(17201)vERZPR({1)

3 {R{21501)vSTGRIT)4DER(1) )1+ (B(25B01)1SIGRZ(1}+0ERZ(1) 1y
4 (8030101)+51GZL1)+DEZ(1)1+(B(344011:SIGT(1)DEPSI(1))

iR
183
1o

13
14

16
1"

2n

21

[
23

1S
25
27
28

29
30

Nl

a3z
33

26
34

35

36

37

(B0387011+SIGU11)+(B(A3001)1«EPS(1))«(B(ATI0LI)«DET(1))
I k=14
WEEN) = D
wl(X) = Oa
TF ((IN=1 180 JA=J [P ) #{ JA=UEP ) )
W3IC3) = CFrALZ
wClay = =wWC(3)
CALL A33IGN
RETURN
IF (JA=JIP) 13414415
WIl3) = P #CF/ALZ
co To 18
IF (1a=11C) t&as11e11
1F (Cl&41) 19420419
ct2aysCtaas)
Al = CI221-2P2#C(42)
GO To 21
ar = 22y
2 Qe
CON = CON-CF#DELPR/AL
1IF (1a=1) 23,2423
UC(1) = =CF¥{(C(21)~A2¥C(41)1)/ALR+(C(23)=A2%C(83)1)/(2.%R{1A}))I/AIL
UCE2) = CR¥((CIR211-A2%C{41) ) /7ALR-(C(23)~A2%C(A3)1/(2,¥RITAI)}rAI
GO TO 1A
UC(1) = =2.%#CF# (C(21)+C(23)-A2¥(Ct41)1+C(43))1/1ALRDAL)
GO Th 18
IF (1A=1EC) 25,2626
IF (Cl{44)) 27428427
A2 = CL24)/C144)
Al = ClL221-A2%C{42)
G0 To 29
Al = Cta22y
AP = D
IF (1A~11C) Z22.30.:30
) = lA=11C+72
GO TO (31321 4LG
WClA) = =CF#ARC 1) /ZLATRIH=ALZA2,))
GO TO 33
Al = Al=ARCT1)
COM = CON=CF#PZP(I11)/Al
GO TO 23
IF (C(a4)) 34.+35.:34
AiG = (C(14,'6(=21—C(i2!¢c§24))/(u(Eé:*C(ﬁEi-v{E:x‘C(n4))
Al = C(22)=-C(28)#C(42)/C(443)
AE = «{C(AaZ2)*(C{21)/ALR+CI23)/{2.#R(1A4)1)=C(22)2(C(4]1)/ALR+
1 Cl43) /7L 2. %R TAY))IRAO
A7 = ={Cta2)#(Z(211/7ALR=CI231/(2.,#R(JA))11~C(22)#(CLAa]}/ALR~
1 Cla3) /12, #R( [A)))1#A10

11el2st1

(b)

A8 = =ClL24)#(CLE1)/ZALRFC{43) /(28R (1A)))/C(44)
AY = =Cl{24)#(Cl41}/7ALR-C{431/(2,¥R(TA)))I/C(44)
ALO0 = C(a2)#al0

GO TO 3&

AL = Cl22)

A8 = 0.

A7 = Qo

A8 = 0.

A9 = 0,

A1O = Qs

A9 = Ag¢C(21)/ALH-C(E:)/(E-*R(IA))

Il = JA=11C+2

CON = CON-CF®PZPII1)7AL

UC(2) = A9#CF/AI

AG = A6¢C122)5(C(111/ALR+C(lSl/(Zc*R(IA)))=C(lE!'(C(EI)/ALR+
1 Ctaar/ (2. ¥R 1A)))

IF (A6) 37410437

A7 = AT+CIZ221#(C{11)/ALR=
1 C(23) /(2. BROTA) )

A8 = AB+C(21)/ALR4C(23)1/(2.8R(1AYY
UC(4) = AB#CI22)#AK#CF/IAI#AG#2.#R(1A))
UCI2) = UC(2)+UC(4)1=ABBATECF/ (AL ®AS)

Cil31/{2e#RiiA1I1I=CTIZIRICIE1)/7ALR-

CON = CON $+AB#CF*{C(22)#PHP=(CLI2)+A10I#PZP( 1))/ (A1%AS)
GO To iB
END
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SUBROUT INE RZSTRN
l#&‘ialb.li&liii‘&6'6*#"'i“ﬂ’&'l*‘Ql".&"'.ll'i‘l.ﬁﬁ'.'.b"ﬁﬁ'l'
COMMON  ALR+ALZ W IIC1IECIJIP I JERIECIHIDELPILRC LR ILG:LPUILLYC PR

PHP s MW s NW e A [TOT1 ¢« [TOT I NQeKDKLOW o1 KM [GHIKHR«KDRy [ vds JAQ

JAYNL «CONVERR1CF ¢ PRF | 1PRF2+PRF3¢PRF 4 LOCAT+LADDWLCL 1 SIGN

ACIvCEVC1eC2+C31C8s ICRJCRILPRESSILCR P JITOT o JTOTI oECRIT

EXCF+SIGICRITRPLATE 1 TCYLDR Yy JICHL T ICP1 sL1 +JDRUM

AL150)+B8(53000)+UIS3+B1)1WISIeBI)NR(IBOOIINCIL1B0D)eCl48),

S(1800) +MSE(1800) +R{SI)1SUMRISII+DIFFR(531+1AR(20)+ALP (201

FLP{20) +PZP(20)+UCT 4} «WC(4)+1SRPO(101ERPO(L0)+SZPO(10)

EZPIJL101+STRPO(I014ETRPOL]10) +SRZPOIIOYERZPOLI01+S1RO( 1),

E1POL10)+SCFOC101E2PO(10)yTANIPOL10} «TAN2PO(10Q)

DIMENSION LC(S53+81)+SIGRISI¢B1)+SIGZ{33481)+SIGT(S3481)¢SIGRZ(53,
Ol)cDER(SJqSX)-DEZ(EBvEl)-DERZ(SS-Bl)-DEPSL‘SJtallﬁ
ERPR(S3+481)EZPR(53181) ETPR(53+81 )1 +ERZPR(3384 )¢

3 EPS1(53¢8111S1G(83+81)«EPS(B3.81)+DET(5IBI)

EQUIVALENCE (U 1) eLCl1} o (BO1)EPSI(LI3) v

(8( BOQII1EZPR(1)) o

P e

COMMON.

BN -

no-

1 (@( 4301)1ERPRI1Y)
2 (81129011 ETPR{1)) « (B(17201)+ERZPR(L)) o
3 (B(215011+51GRI1IDER(1))«(B(23801)+SIGRZ(1)DERZ(1))e
4 (30301011 +S1GZI11DEZ(1))+(B(30401)¢SIGT{1)DEPSLI(1)),
5 (B038701)1S1G{1))1+(B(43001I+EPS({11)a({B(ATIOL) DET(L))
DO 1 K=l.4
UC(K) = Qe
WC(K) = Qo

IF ({1A=1)¥(JA=1 1 # (JA=[ICI*(TA-TECI#(JA=JIPI#(JA=-JEP)) 11¢12¢1}1)
yuctad)y = CFr/ALZ
ucta) ~-UC(3)
wce CF/ALR
WCl2) = ~wCl 1}
GO TO 14 .

E9

(c)

12 1F {({TA=1)#(JA~1)) 13410413
13 IF (1A-1IC) 15416417
18 IF (C(a2)) 35436435
3% A2 = C(22)/Cta2)y
Al = C(20)-A2#C (44}
G0 To 37
36 Al = C(24)
A2 a 0,
37 IF (A1) 18+10+18
18 UC(1) = =CFR((CI(21)=A2%CI41))/7ALR+(C(23)-A24C(43))/(2a*HITAI))I/AL
UC(2) = CFH#I(CI21)1=A28C(41) ) /ALR~(CI23)~A2#C(a3) )/ (2:#8([A) 1) /A1
IF (JA=JIP) 19419414
19 CON = CON+CF#DELP/A]
GO TO 18
16 IF (JA=UJIP) 20si14+21
20 A& = Cl44)#(C(11)/ALR=C(13)/(2:2R(TA)1)1=C{14)18(C{a1)/ALR-
1 Cla3y/t2.eRI1A) 1))
IF {As) 22410:22
22 UCLIY = CFE((C{ILI/ZALR+CUI31/(2.#R(TA)IIH(C(ALIZALR=CIA3)1 /(2.
1 R(1A)))=(C(41) /ALR+C{A31 /(2 #RITAI 1IRIS(ILIZALR=CUIB) /(20 *RI1A})
2 YI/A%
WC{3) = CF#ICI12)%(C(41)/ALR~CIAI)/{2:%RITAIII~CIR2)*(a(11)/aLk~
1 CUI3)1 /(2. ¥R TA)) )1/ (ALZDAS
WCia) = =wCl(3)
CON = CON+CF¥(C{41)/7ALR-C{43) /(2. %R 1A} ) 1¥DELP/AG
GO TO 14
21 IF (JA=JER) 1123411
17 IF ((JA=JIPI#(TA=-IEC)) 2342423
23 [F (Cta2)) 38439438
38 A2 = Ct22)sCta2)
Al = Cl2a)-A2%#C(aa)
GO TO a0
39 Al = CiRa)
A2 = 0.
40 IF (A1) 25410425
25 11 = JA-lIC+2
CON = CON+CF#PZP(1)/A1
GO TO (26+27)1+LG
26 WC(4) = CF#AR(I11/(A1#(H=ALZ/24))
GO TO 1A
27 Al = Al=AR(I1)#A2#C(4a)/C(22)
GO 70 18
24 IF (lA=[EC) 11s28411
28 IF (JA-JEP) 2941010
29 A5 = C(RAIH(C(II)/ALRICIIDNI /(2. *R( 1A} I=CL14)#(TLAL1)/ALRY
1 ClAa3N1/ 12, #R(TA)))
1F (AS) 3110431
31 ucta) = CF‘((C(QI)/ALR ClaAdI /{2, ¥RUTAI NI HICII1IZALRFCUI3)1 /(2%
1 RETAYII=C¢CO1LI/ZALR=CU13) /{2 #R(CTAY IR (CIEL1 ) ZALR+CLA3) 2 (20 %R 1A)
1 111 /A5
WC(3) = CF'(C(lEl*(’(Al)/ALQ+C(43)/(L-*R(IA)))-C(Adl'lL(ll)/ALH
1 +C(13)/12.'Q(IA)I))/(ALZ’AS)
WCi4) = =wC(3)
Uct3y = CF*(C(GI)/ALR#C(QJ)/(Z-*Q(IA)))*AK/(AS»Z.*R(IA)]
Ucta) = uc(3l)
CON = CON + CFI(C(&I1/ALQ+C(43)/(Z.5P(IA)))*PHP/AE
14 CALL ASSIGN

(d)

lD RFTUHN

90‘096'“{&5&&‘&*!!"’&*&hf*l’il%fi.i*&‘*'i&&DiQ{{i&%%*“{&l*ﬁ&*)f&*ii!*!

’0’!"&3'4"’#'%{%&*&ﬁﬁ*'i*l#%lii*i&iili%*i*f'lﬁ{ﬁ

14

16 1F (J=JlpP)
18 IF. (J=2) 19:17s11
17 A(KHR=3] = A{KHR-3}1+UCL])

SUBROUT INE ASSIGN

W 4 2 % 3 *
ALRALZ e TICe TECIJIP ) JEPYEC «HeDELP1LRCILRILGILPOLCYC PR
PHE s MW ¢ NW s AK ¢ [TOT1 4 1 TOT ¢ NQ ¢ KD ¢ KLOW s KHIGHeKHR «KDR s [ 14 1A+
JAWNL | CONJERR ¢ CF PRI | 4 PRF2 s PRF 3 PRF4 4 LOCAT 1LADDLCL + S IGN
WCIICEIC11CR1C3+Ca¢ [CRIJCRILPRESHILERIP«JTOT s JTOT14ECRIT

. EXCPF4SIGICRyTPLATE s TCYLDRY [ 1CM1 4 11CP1 oL 1 +JORUM
AC150)+8(53000)1UI53¢81)W{53:8117NR(1800)«NC(180C11CL44)
S(1800) 1MS(1800) 1R(53) 1 SUMRLG3) «DIFFR(53) ¢ AR(20)1ALP (2004
FLP{20) «PIPI20) 1UCIA} (WC(4) 13RPA(10)ERPOLI0)SZPO(104
EZPO(10)+STPOC10)+ETPOI10) +SRZPO(1071 1ERZPOC 1) 1S1PO(10)
EIPO(10)9S2PO(10)E2POI10) s TANIPO(]10) «TANZPO(10)

DIMENSION LC{53+81)¢SIGRI53+0131451GZ(53+81115S1GT(53¢81)45IGR2(53
B1)'DER(S3:¢811+DEZ(S3¢81)+DERZI5348111DEPSI (534811,
ERPR(S3¢81)+EZPRIS5I+81 )1 +ETPRIS3I+311ERZPR(I33:181 )
EFS1(53¢B11151G(B3:81)+EPS(53,81140LT(33.81)

EQUIVALENCE (UC1}+LCE1)1 o (BL1)EPSI(IY) «

(B( 4301)+ERPRI1)) + (B( 8&601)1EZPRIL1)) o

(B112901)«ETPRI1Y) + (B(17201)+ERZPRIL1)

(H(2150124SIGRI1) WDER(E) )+ (B(258011+51GRZ(L)DERZ(11 ),

(B(301011+SIGZ(1)DEZ(11){BI3440134SIGTC1) DEPSI(L) ),

(B(38701)¢51G(1111(BI43001)4EPSI1)) s (BI47301) (DET(1))
LQ = 2%(NQ/2)=NQ+!1
KDR1 = KDR-LQ

LGO TO (1¢24344)4LOCAT

RIGHT i
IF ((J=] ) #(J=2) #(J=J[P)B(J=J[P=1 ) #(J=JEP))
A(KDRI=2) & A(KDR1=2)+UC(3}

A(KDR1=1) = A(KDR1=1)+WC(3)
A(KHR=%) = A(KHR=5})+UC(])
A(KHR=4) = A(KHR=G)+WC({)
ACKMR=3) = A(KHR-3)+UC(4)
A(KHR=2) s A(KHR=2)+4C(4)
14 A(KDR1) = A(KDRI)+UC(2)
A(KDRI+1) = A(KDRI+11+¥WC(2)
RETURN

12 IF (J=J[P=1) 1515413

18 IF (1=11C+1) 16417418

19619417

COMMON

& U -

COMMON

WN— BN

‘u >unN—

[RERP-EB B

w

A{KHR=2) o A(KHR=2)+WC(1)
A{KHR=1) = A(RHR=1)+UC(4)
AIKHR) = A(KHR)+WCI(4}

G0 TO 20

19 A(KHR=1) @ A(KHR=1)+UC(1)

A(XHRY) 2 A(KHR)+WC({).

20 A(KDR1=2) = A(KDR1=2)+UC(3)

A(KDRI-1) = A(KDRi=1)+WC(3)
GO TO 14

LEFT

2 IF (J-JEP+I) 313233

31 A(3) = A(D)+UCLI)

Ala) = A(4)+WC(3)



R ‘('d ,

CATRY = TA(SIAUCE2) .

a0

AL = ALA)FWCLR)
s = A(KDR1)+UC( 1y
AIRDRI+LY = A{KDRI+1I1+WC (1)
RUXDRI+Z)Y = AUKDRI+2)14UCH( &)
ATRDRI+I) = AIKDRI+I)+WCC 4)
R4 TN
Aty 2 ALIYHUCL2)

= ALZ2)I+WCLPY

= A(11+UCLD
APy = AL2)+WCT3)

AcT A(3Yy+UC(2)
Atay Alay+wC(2)
GO Tn a4
BROVF

4.

IF tUedER+1] 4] 24744
= A Y+UCHE3)

At2) = a(2)y+wlid)
A3y = ACNHUCTR)
Atay =z Af(4I+WCH(2)
A(KDRI=2) = AIKDRI=2)+UC( 1}
AIKDRI=1) = A(KDRI=1)+wl{ 1}

A{KDR]) = A(KNRII+UC(4&)

ACKORL+1) = A(KDRI+1)+WC L 4)
44 RETURN
4 ACly = ACLIHUCK(D)
A2y = ALPY+WC L2
GO TH 4
RFL.OW
A IF ((J=P)#{J=JIP~})) 5152451
51 A(KHR=3) = ACKHR-3) +UC(1)
A(KHR=2) = A(KHR-PY+WC(1)
A(KHA=1) = A(KHR~-1)+UC(4)
A{KHR] = AUKHR) +WC(4)
mY OAIKNIREY = A(KDRII+UCTE3)
ATKDII+1Y = A(KDRI+])I+WC( 3)
CA(KDRI+P) = ALKDR1+2)+UC( 2)
ATKNRT+I) = ACKDRI+3)4+WCC 2)
RE TURN
S7OIF (J=JiP=1) 5445551
5% 15 {1=11C) 54451451
B4 A(KHR=1) = A(KHR=-11+UCI(12
CACKHRY = ATKHR)+WC(1)
GO TO &3
FND

l’*&bl*liw}ﬁi*l.ili EASEEAS TR AP U EEIRUBIAR DRI A DO SOUT IR DO RN SRR

233

EoL -

W - -

~N @

so00

12
Tt
16
18

RN

17
15
13

SUBROUTINE COORD

FUAERRRRF RSSO R Y AR AR IR B AR D LSO BRLRTEN TR IR DA BU IR UV R VG RDRR G R BR RO
COMMON  ALRIALZ [ ICeIECe JIP e JEPVECIHIDELPILRCILRLGILPULLLYC PRy
PHP MWy NW e AK 1 1TOT 1 ITOT NG KD KLOW sKHIGH e KHR1KDRy [ eJ e [Ay
JA TNLCONJERRCF e PRF { s PRFZ1PRFI+PRF4+LOCAT +LADOLCL s SIGN
VCIVZEAC14C24C3:CHy [CRIJCRILPRCSS o LCR WPV JTOT 4 JTOTI «ECRIT,
EXCF SIGICRITRLATETCYLDOR [ ICML ¢ 1 ICP1 oLl s JDRUM

A(150) +BIS5000)+UU(S3.81)1+W(S53+8119NR(1800)+NC(i800)1C1460)
SU1R00) +ME(1800) s RIS3) +SUMRIS3) 10OIFFR{33)ARI20)1¢ALP(20)
FLP{20) «PZP{20)+UC(4) «WC{4) 1SRPALLI0) ERPOL10)SZPO(10)«

COMMON

(b)

3 EZPO(10)+STPO(10) 1ETPO(10) s SRZPO(101+ERZPOCIN}+S(PO(1D)
EIFDL10)+52P0(10)1E2P0(10) 1 TANIPO( 101+ TANZPD(10)
Dld_NaION LCI53:1811¢SIGRIB3¢31)+51GZIB3431)¢SIGT(93¢81)81GRZ(33.
81)1DER(S53481 ) DEZ(53481)+DERZISI1B1) 1DEPSI{53,81)
ERPRIIS3+81 ) EZPRISIB1)I+ETPRISI 811 ERZPRIB3481)1 4
EFS1153481)+51G153481)EPS(53:81)0ET{83.481)

EOUIVALENCE (U(1)+LCl11Y v (BUIIEPSL(IYY

1 (3¢ a30131ERPRI1)) + (B( BEOTIEZPR(L1)) s
2 (3(12901)+ETPREIY) « (BUIT72019+ERZPRIL)) «
.3 (B215011W51GRI1)WDER(1))+(B(25801)+SIGRZI1)4,DERZ(11).
& (H(301011+31GZI111DEZ(1) )+ ({BI34401)+SIGT(114yDEPSI(T1)}
5 (30387011 ¢51G¢11) 1 (BI4300111EPSI11)4(B(ATIQII1DET(1))

IF (NQ-1TOTI3 1ele2

I 2 (NQ=1)/MW +]

IF (MW=24(MY/2)) 31433 :

IF (TIC+LRC=2#({1IC+LRC)I/2)) 7497

IF (1ICH+LRC-28( (1IC+LRC1/21) 51645

IF (NO=MW=(2%MW1#((I=1)1/2)) 71837

1= 1+l

JE2R(INGH11/2)=( ([ =1) /218 (2%((MW41)/2) =1 )= (/218 (3R (ME/2)+1)4J1P=]

RETURN

IF (NG=MW=1-(22MW)8((1=117211 941049

1= (=1 .

JSE*((NQ-I)/21-(I/Zl'(Z*l(MW+!)/2)-!)-(Kl-l)/Z)O(E*(NH/2)+ll¢JIP

RETURN

1= (NQ—ITOT!-{)/JEP+[IC

IT (JEP=2%(JEP/21) 111291

IF (JIP4LRC=2%( (JIP+LRCIZZ1) 13414413

[F (JIPILRC~2#( LJIP+LRCYI/21) 1716417

IF (NG=1TOT1=~[-JEP=(2#JEP)Z(([~1{C)/2)) 14+18:14

I = (=1 )
SEEACING = ITOTI=1)/2)1+1=0t1=11C)/2) 2 (2% (JEP/2)+1)=((1=][C31)/2)2L
128 (JEP+1 ) /21 =1 )

RETURN

17 (No-lTOTl—JEP—(Z’JEP!*((I-(lC)/E)) 13415413

1= 141 . :

J = 2E((NO - ITOT I+11/2)=C (1 -1 ICHLI/2) (2R {JEP/2)+ 1) (L 1=11C1/72) 8¢
1280 (UEP+1)Z72) ~ 1)

RETURN

END . v

L3 * *# FRR SR G AR BB ARG C RGO DR AN DR BRI GRDABCREPORCDIBER G

rod

SUBROUT INE BAND

BEARHE RN ISR AR AR AR R R B BB RE R BRI R DA B S SR AP I IO TILRP RN G AC RGO HOBR DR OB RO B DY Y

BUN—- h e

Wofs =

ALRYALZ111Cs1ECJIP 1 JEPECIHIDELPLRCILR LG LPOLCYCIPR,
PHP MWy NW AR s [TOT1 4] TOT NG KD KLOW (KH [ GHsKHR1KDRy [ oods (A
UJA N« CONCERR CF «PRF | 1 PRF21PRF 3 PRF 4y LOCAT +LLADD 1 LCL S IGN
VCI1CEIC1¢C24C31C4y ICRIJCRILPRESS1LCR VP ¢ JTOTJTOTIVECRIT,
EXCF o5 1GICRsTPLATETIYLDR« 1ICH1 1 ICPLoL1 4 JORUM
AL150)+3(53003) +U(53181)1W (534811 NRI1B00)sNCLIBO0)I1CIaAY,

. 'S1800) «MS(1800) +RIEI) +SUMRIEI) +DIFFR(S53) s AR(201 1ALP(20) 4
ELP( 201 «PZPIZ0) 1 UCI4) +WC (A} +SRPC(IDI+ERPOL1I0)«SZPOL10])
EZP0(101+STPO(10) +ETPO(10) «SRZPOI1011ERZPO(10)1S1PO(10)
E:PO(101+52P0(10) +E2PO(10) 1 TANIPO(10) +TANZPO(10})

DINENSION

COMMON

COMNDN

811 DER(53:811+DEZ(53+81)«DERZ(B31B11+1DEPS1(53+81}.
ERPR(33+481)+EZPRIS53481)ETPR(53481)+ERZPR(53.:81) ¢
EFS1(83481)+51G{53+B1)+EPS(33+81)+DET(33.81)

LCUS53+81)9SIGRIS3181)¢S1G2(33+81)11SIGT(S3¢81)+¢5IGRZ(53¢°

EIO0

wr N -

51
£

12
14

15
17

19
20

18
21
23
24

22
13
26
28

29
30

. (c

(UETYsLCiLr) v (BELIIEPSIILYY o

(B 4301)+ERPRU1)) » (al BEO11eEZPROII) o
(B(T290131ETPRE11) + (BLIT201311ERZPRILI)
(B(Elﬁoll-bIGR(l)vDER(l)l.(B(ZbBO])-bIGHl!l)|Ukk1(1|bv
(B(301011+S1GZE1)+DEZ(11)(B(388011¢5IGIIL1) DFPLILIYT
(BE3B7011+51G(1 1)+ (B(43001)+EPSI11 14 (BLATI0N) WUET)
KDT = NC(NQ)

NaT = NG

IF (NO=2#{NG/2))
NG = NO-1

KD = NC(NO}

IF (1=11€) 12.,13513

IF {{J=JEP+118(J=JIP=11)
KLOW = NC(NQ+2)

KHIGH = NCINO=1)

GO Ta 300

IF (J=JEP+1) 17:18417

IF (1=11C+1) TyRs7T

NGl = NO+22(MW/2)4+1
KHIGH = NC(NOI)

KLOW = NC(NO+2)

Go To 300

NQl = NQ+22 (MW 2)+28¢ (JIP=11/2)41
GO TO 19

IF. {l=1) 21122421
NQL w NQ=28(Mw/2)
KLOW = NC(NG1)Y

KHIGH = NC(NG-1t}

GO TO 1300

KLOW = KD=2

60 TO 2a

IF ((J=JEP+1Y®LJ=2))
IF (J=2) 28+29.28
NGOl = NG=2%(JEP/2)
GO To 23

IF {1-1EC) 30431.30
NOL = NO+2%{ JEP/2)1+1

EQUIVALENCE

11¢51011]

14215916

14426227

. GO TO 19

31
16

33
3a

3z
4

36
37
27

39
a1

40

38
42

. a3’

300

KHIGH = KD+3

Go To 20

1F (J=JEP) 32.:33+32

IF (1=2) 34:36¢35

KLOW = KD

GO TO 24

NOL = NG=2#(MW/2) =281 (Mus11/2)

GO TO 23

IF (1=11C+2) 3644437

MOl = NQ+2#(MW/Z214+2%((MU+1) /21428 ((J1P=11/2)+1
G0 ToO 19

NQl = NO#22(MU/2)+28¢ (MW+1) /21+1

Go To 19

NQL = NQ+2%((Mu=1)/2)+2%(J1P/2141

GO TO 19
IF (J=JEP) 3R.39:38

IF (1=11C) 40.41+40

NQl = NQ=2%(MW/2}=23({JEP+1)/2)
GO To 23

(d)

NQ1 B NQ=2#( JEP/2)=28({ (JEP+1)172)
GO To 23

IF ([=TEC+1)
KHIGH = KD+1
GO To 20

NO1 = NQ#+2R(JEP/2)+428((JEP+1)/72)4+1
GO TO 19

KD = KDT

NQ = NOT

RETURN

843442442

LI A g e L ey

SUBROUTINE STRSTR

L e s L y E E  TY

SUN -~ by -

W N -

COMMON  ALReALZy [ 1CeJECIJIP o JEPIECTHIUELP 4 LACILRILGILPULCYC PR
PHO MW e NW 3 AK [TOT1 o I TOT ¢NQa KD v KLOW KH [GHySHR (KON T vds 140
JAYNL Y CONIERRCFIPRF 1 s PRF2 1/ PRF I+ PRF4LOCAT +LADD ¢ LCL+SIGN
AWClCE+CleC2¢C34C40 [CR1JCRILPRCESILCR P JTATIUIOT] «ECRI T
EXCF1SIGICRITPLATE: TCYLDR« LICMI s 1ICPL L1 vJORUM
A(15011B(53000)1U(53+815¢W(S53:81)+NRI18001NC(1B00?1+Cl4&)e
S(1800) 1M5(1800)R(S53)ySUMRISI) WDIFFRIBI) 1ARI20) (ALP(20)
FLP(Z20) +PZR{20)1UC( 4} +WC(4]1 ySRPO(I0)ERPOLL01+S2ZHUL10)
EZPOC10 1 ySTPO(IOICETPO(I10) +SRZPOL10)+ERZPU(10)+51POCLI0)
E1FO(101+S2P0(10)1+E2PO(10)1TANIPO(10) 1 TANZPOL(!Q)
DXMENSION LC(S3481)s5IGRISIBLIEIGZISI81)+1SIGTISI1B1) HIGRLIISI,
811 «DERISI(B1)IDEZ(SIs81)+DERZIS3481)+DEPSI(33,481).
ERPR(53+81)+EZPRIS3+811+ETPRIS3I 1811 «ERZPRIE3481 )
EPS1(53481)+4S1G(33481)14EPS(S534181)DET(53431)

(UELYsLCl1)) + {BUL)EPSIIL)) o

(8¢ 4301)4ERPR(1)) 1 (Bl B6O11EZPRIL1Y) v

COMMON

EQUIVALENCE

1

2 (BC12901)1«ETPR(1Y) o (8(17201)«ERZPRIL1))

3 1B8(21501)+SIGRI1)DERIII I« (RI25B01 ) ¢SIGRZII)IDERZII )
a4 (BL30101)+SIGZI1)aDEZU1)1+(B(344011+31GTL11+0EPSI(}) )
5 (B(3BT701)S1G(11)4(B(430011+EPSI1))+{B1(4730114DETCL1))

Ct3{) = PRF3

€(32) = PRF3

C(33) = PRF2

13
14

16

11

HERE s

C(38) = 0.
IF (LClTAvJAY=1)
IF (LCU1AIJAY=3)
Ct31) s Q.
C(32) = 04
Ct33) = 0,
C(34) u Qo
Go To 11
GO TO 11
VARIOUS TYPES OF CLOSED CRACKS CAN BE TAKEN INTO ACCOUNT
Ct111 = PRR2
Ctiz2) = PRF3
Ctaa) = PRF&
Ct13) = Ctat)
=
=
=

1tel2413
144124186

Cliay [}
cia21y cr2)
cra2ay <
Ct23) = C(32)
Ct24) = Q4
Clal) = O



18

ARx

FEr U

(a)

Ctapy = 0.

Teesy = o0,

BREPIEIY

OO =110C) P1aP) W22

PAJ=JIP=1) 21.+23.22

i UARSI(TANIN (A JAY )} I=142) 22422124

0L ClTAVIAY =1 ). F1allv14
‘ PREAZSIN(WITACJA) 1522
PRE2HCOSIWI TAvJA) J 422
U3

=0, 2#PRFZ2SINIZ*W{ [A+JA)Y)
SINIWITAJa) ) ##2
COS(WITALIAY Y #22
= =0.3FSINIR,,*+WTAvJAY)

Tty = FICFE5GRCF

TPy = FPCF¥SROF

Ctla)y = ERZCFRSRCF

Tty = FRCHF*S7CF

APy = FPOF#37CF

Ctda) = FRZIF*SZCF

Clar) = FRCFeSRZCF

CLep) = EZ7CF#*SR/CF

Ctaa) = TRZCFER/RZOF

IF TLOOTIASJA3=P) 17434418

Cil) = FTCF¥5RCF

Ct24) = ETCF#S7CF

Cthay = ETUF*SR/CF

GO Tn 19

Ct13) = 0.

CLP3)y = 0.

CL33) = O«

Ct3a) = 0.

C(31) = c1ay

CiL3=) = C(=23)

creny C3ay

RETURN

END
L R e e  at d L R R R R R S PSSP
SUBROUT INE EXTRPL .

R R R ¥ £ X T T ISy
COMMON  ALRYALZ [ IC1IECYJIP s JEPIEC HIDELP 1LRCILR1LGLPOLCYC PR,y
1 PHP s MW NW 3y AK 3 [TOT1 o JTOT ' NG vKD v KLOW s KH[GH s KHR v KDRy [ oo [A s
2 JAWNL v CONVERRZCFIPRF | 1 PRF21PRF31PRF4 s LOCAT 'LADD LCL 1S IGN
3 tCI CEIC14C24C30Ca ¢ ICRIUCRILPRCSS (LCRWP Y ITOUTHJTOTL (ECRIT,

L EXIF v 5IGICRyTPLATEZTCYLDRY TICMI v TICRT oL | ¢ JURUM

CIHUMC AC150)+3(53C00)U(S3 3131 WIS3481)NR(1800)sNC(I8Q01:C(88)
1 S(1A00) +MS(1800)1RIS3)vSUMR(S31+DIFFR(S3)+AR(201,ALP(20)
a FLEIZ20) «PZPLZ0)sUCI4) s WCT4) «SRPO(10)+ERPOC10) 15ZPO(10)

3 CIPOL10)«STPOII0IWETPO(10) «SRZPO(10}1+ERZPO(I0) «S1POCI0)
a4 E1PQC10) «52P0O(10)+E2P0C101 «TANIRO(10) +TAN2ZPO(10)
OIMLNEION  LCU53181) +S5IGRIBIISI)I 1516253181 1+S16T(53¢B81)2S5IGRLISI
1 811+DER(S3,81)DEZ(53+811+DERZ(S53+1811DEPSI (53,81,
2 ERPR(S33+811+EZPR(S53+81)+ETPR(53+,81) +ERZPR(53,8! )

3 ERPSI{S3+811+51G(33481)1+EP5(53+81).,.DET(S53,.,81)
EQUIVALENCE (UL1)aLCl1)) o (BU1)EPSIII)) o

1 €8¢ 43011+ERPRI1)) + (8¢ 8601 )+EZPRI1)Y o
2 (B(12901)+ETPRI1)Y) v (B(172011+ERZPRI1))

1
12

21
22

24
7
13
a8

23
101

16
17
28

8

10
29
77
31

(b)

3 (B{21SC111SIGRI1)+DER(1) )« (B(25801)+5IGRZ11)+DERZ(1) )4
4 (80301011 +SIGZ(LI«DEZ(1)1+(B(3440114SIGT(1)DEPSL(L) ),
3 (B(38701)+S1G(1))+(a(430011«EPSI1))+(BI4T73011DET(1)}
EXCF = 100000,

DO 49 L=1.+JTOT

NQ = Z#{

CALL COORD

IF (LC(1sJ)=1) 11+10+28

IF (DEPS1(1eJ)) 10410412

D = 4,%DER(I+JIADEZ{] +JI=DERZ([4J) o452

F = 4,%ECRIT##2-4,%ECRIT#(ERPR( {4+ JI1+EZPR( [ 1J) ) +4,%ERPR( [ +J) #EZPRI |
1) =ERZPR( Ty ##2

E = =2,%ECRIT#(DER(I+JI+DEZ( 1 4d) ) +2¥DERI[ 1 JIREZPR( 11 J )1 +2.#0EZ(14J
1)#ERPR( 1 ¢J)-DERZ( [ +J) #ERZPR( 1 4 J)

IF (D) 13+21413

IF (DEZ(1+J)) 22424122

ROOT = F/(A4,#DEZ([+J)#(ECRIT-ERPR(1+J)))

G0 To 7

ROOT = F/t4,#DER(1¢J)#{ECRIT=EZPR(1+J) 1}

1IF (ROOT) 104949

IF (ABS(E/Di-1.E Q5)
CONT [NUE
DISCR =

8821

E##2-D#F

1F (DISCR) 23414418

WRITE (64101) 1eJ .

FORMAT (10CRACK HAS ALREADY PROPAGATED TO NODE AT I
1 139

GO TO 10

Fl = («E+SORT(DISCR)) /D

F2 = (=E~SQRT(DISCR))I/O

X1 ERPR( T+ JI+F 1 #DER( v J)

Y1 = EZPRC1+JI+FI#DEZ (1)

Z1 = ERZPR({I+JI+F1#DERZ([+J)

PRSTRL = 0,S*(X1+Y|+SORT((XI=Y 522421222
X2 = ERPR(I+JI+F2%DER(1+J}

Y2 = EZPR(1+ ) +F25DEZ(1eJ)

Z2 = ERZPR(1+J)+F2*DERZ{1+J) .
PRSTRZ = 0,5%(X2+Y2+SORT((X2~Y2)##2+22#42))
1IF (ABS(PRSTRI-ECRIT) -+ 1E=05) 15+15+16

ROOT = Fi
1F {(ROOT)
CONT [NUE
IF (ABS{PRSTR2=-ECRIT)=«lE-0S?
IF (ABS(PRSTR2-ECRIT)=~e¢1E-05)
IF (F2) 9426426

I[F (F1-F2) 2.9.18

ROOT = F2
IF (ROOT}
1IF (ROOT=-EXCF}
EXCF = ROOT
ICR = |
JCR = J
IF (1=1)

2O 3et v J o=

16425425

1741749
18+1B+23

1041049
20420010

40480429

IF (LCCTvJ)=1) 27:27440

IF (DET(I+J)) a0:a0+¢31

ROOT = (ECRIT=ETPR{1¢JII/DET([4d)
IF (ROOT) 404:40.38

Ell

38

34

32

33
103

1APPART FROM EACH OTHER CRACK SIMULTANEOUSLY |

(c)
IF (ROOT=-EXCF) 30432+40
EXCF = ROOT
ICR = ~1
JCR = -J
GO TO a0
IF (1=1ABS(ICR))
WRITE (6:103) [«J+ICRVJCR
FORMAT (10WE ARE IN THE PRESENCE OF THE RARE CASE WHURL TwU NOLEL
SVeldet U =t llet AN

33:34.:33

20 1 ='41341 J ='e13//727)
GO TO a0
28 IF (LC(1sJ)=33 11:180+39
39 CONTINUE
c HERE = CLOSED CRACKS CAN BE CONSIDERFD
a0 CONTINUE
RETURN

END
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SUBROUT INE CHECK

P R e R R R T L R

BWN -~ b LN

W

ALRYALZ ¢ [IC TECI JIP W JEPYECy My DELP W LRT LR ILG I\ LHUL YL Py
PHP « MW NWyAK S TTOTL 4 T TOT A NG KD 1 KLOW KHIGH  RHIG KGR T ey EAY
JAWNL 1+ CONJERR 1 CF 1 PRF 1 1 PRF2 + PRE 31 ARG LUCAT s LAUD LCL 5 TGN
VCleCE+C11C2:C31Cls 1CRJCRILPHCES LR P uTUT dT O LCIT
EXCF +SIGICR(TPLATE « TCYLDR I ICMITICPT oL 1 « JURUM
AT150) +B(S3C00)+U(S3181),4(53+81 ) «NRUIA00TINCILIB0T) el laals
S(1800) sM511800) +RIS53) ¢ SUMRI B3N UITFFIS3) vARIZC) AP (T
FLP({201+PZP(20)UCI4) s WS (£) «BRPOI10) ESEPLII0jvZPUC1G;
EZPC(10)sSTPSU10)«ETPOI10) «5RZPGL10) PULI0) Y 31RO
E1RO(10)+52P0(10)+E2P0(10)sTANIRCULO) « TANZHULLIG)
DIMENSION LCIBI811+5IGRISI1E1) 410/ 1520811 LlOT I3l LICRI(L,
B81) «DER(S3+B11DEZ{H3 81 1 DERZISIvBI I DPLIILI 6L,
ERPRIS3181)1EZPRIS3IvBLII (ETPRIII T (2RZPRi3340h 10y
EPSI1(S3481)1+51G(53¢81)+EPSI33¢81)140LTI53481)
(UEL)LCIYT o (BOIIWEPSItLNY

COMMON

COMMON

EQUIVALENCE

1 (B{ 4301)1ERPRILI)) « (AL “6CH1EZPRITI o

2 (BO12901 1 ETPRITI) v (BCL7201)+&RZPRITID

3 (BIZ1S01)e51GRIIIWDERIII I (AIZBB0I 1y SIGRZTT ) JlbA T}y

K (S{3010131+SIGZILIWDEZCL) ) (3(34401 14 0ICTLI)WDEPSIIT) )y
5 (B(3B7011+51G(1)1)+(B(43001)1 P80 )+ (4T3011DETLI))
LCR = 0

3
34
a8

36
40
37
35

39

i1
103

32
42
43
33
44
12

15

113

90

16
114

ETEMP = Q0.

DO 10 L=1.+J70T

NQ = 2%L

CALL COORD

ET = ETPRI1.JI+DET(I D)
IF (LC(IvJd1=1) 31432433

IF (EPS1(1+J)=ECRIT) 344¢37.37
IF (ET=ECRIT) 10:38438
ICRT = =t
JCRT = ~J
ETEMPL = ET
GO TO 39
IF (ET=EPS1(1+J)) 35.40,40
1F (I=1) 35.35.38
IF (ET~ECRIT) 3536436
ICRT = |

(d)
JCRT = J
ETEMPL = EPS1(1+J)

LCR = LCR+1

[F (ETEMPI-ETEMP) 10+s11s12
WRITE (641031 1sJsICRTeJCRT
FORMAT (+1OWE ARE [N THE PRESENCE OF THE RARE CASE WHERE TwO NODES
LAPPART FROM EACH OTHER CRACK SIMULTANEOUSLY | =t [3¢! J =t,13,' AN
2D 1 =te]34¢ =1:13277) )

GO TO 10

IF (ET=ECRIT) 10+42.42

IF (1=1) 43,43,38

LCtlady = 3
GO To 10

IF (LC(1eJd1-2)
IF (EPS1(1+J1-ECRIT)
ETEMP = ETEMP1

ICR = ICRT

JCR = JCRT

CONT | NUE
IF (LCR)
CONT INUE
WRITE (6+113)

FORMAT (t=THE CRACK DOES NOT PROPAGATE'///}
DELP = 100,
LPRCSS = 1|

PHP = O,

NLP = [EC-11C+2
0O 90 [=1+NLP
PZP(I) = 0o
RETURN

WRITE (&¢114) LCR

44444410
10+435:35

18415416

INSTANTANEQUSLY THROUGH® «

FORMAT ({+-THE CRACK SEEMS TO PROPAGATZ
1 13«1 STRESS NODES!///}

RETURN

END

P L R T a T R R R e e A e A a e S el et

L2123

SUBROUT INE SOLVER
BEBB A F BB R BB RTER B REF SRS EF RSB FGRE R SRR R FF RN F RN TR LB R RN

COMMON  ALR+ALZs [1CeIECIJIPJEPIECHHIDELPILRC\LRILGLPULCYC PRy
PHP MW e NW ¢ AR [ TOTL ¢ ITOT yNQ KOs KLOW 1 KHIGH«KHR«KDR [« Jy [As
JAYNL ¢« CONGERRCF1PRF 1 1 PRF21PRF3(PRF4yLOCAT ' LADL +LCL W STGN
WCleCEsC14C2:C3:C4s JCRIJCRILPRCEESILCRWPUTUTJTATIAECRIT,
EXCFeSIGICRITPLATE « TCYLOR I TCMI o 1ICPL L1 v JURUM
A(150)1B(530001¢U(S3¢B1)W(53¢B1)NR(1B001NCI1BOO) (4414
S5{1800) yMS(1800)+RIS53) +SUMR(S3)DIFFRIS3)ARI2U) +ALPI20)
FLP(20) vPZP(2011UCT4} »WC(4) +SRPOLIC: +ERPC(10)1y2ZPCLI0T
EZPO(IO)'STPO(lO)vETPO(lO)vSRZPO(lD)vERZPO(lO)vSlPO(!O)-
E1POC10)+S2POL10)+E2PO(10)+TANIPO(10)+TANZPO(LO)
DIMENS{ON LC{S3+511+SIGRI53:811:81GZ(53+1811+5IGT(33:811:51GRI(DI:
81)DER(534811DEZ(S534B81)DERZ({S531BI11+DEPSI(53¢81).
ERPRIUIS3+81) +EZPR(S53+81)+ETPRIS3+81) (ERZPR(53481)
EPS1(53:81)15]1G(53+81)1EPS(B3+811+1DET(53:81)

(UL eLClE)) v (B1)EPSLILIY)

(Bt 4301 )ERPR(1)) o+ (B( B60L1)EZPRILY)

(BOI2FO01)+ETPR( 1Y) ¢ (B{17201)1+ERZPHIL) Y

(BU21501)1SIGRII1DERII11+(B(258011SIGRZIL)IDERZLL) I

(B€30101)+SIGZ(1)DEZI11)+(3(34401)¢SICGTL11eDEPSI(1))

>N~

COMMON

F WU o~

wn -

EQUIVALENCE

U -



(a)

El2

(c)

= (BI3H701)+SIGI11)+(B(4300114EPS(1))4IB(aT301)+DET(1)) ERR = 0,
REWIND | 501 RETURN
caLl. TRI END
IF tERR)Y 1y 24 3 R R g s R s 2 R T R L o s RS A R RS A R R ]
i WRITE (Ae4) ERR SUBROUTINE SIGEPS .
a4 FOPRMAT (16H TOO MANY TEEIMS +F1040) {{*}I#l'%ii.{-{iii*il{ii'&.iiihlli******ﬁ*é{*l&&l*ii&ﬂQ*Q:&«l-&wbk*&io;{-}l!
A0 To & COMMON  ALRyALZ ¢ [1Co1ECIJIP y JEPVEC tHIDELP+LRC I LRILGILPUILL YLy P
7 ALL BACK 1 PHP MY NW AR [TOTL ¢ ITOT  NO KD KLOW K FGHm HRFisb T e [ A
WRITE (A«7) MSO[TOT) 2 JA ¢NL (CONLERRsCF 1PRF | ¢ PRF 2 VERF 3 PIRFG s LUCAT v LAC LLL « L TGH
T OCORMAT (r SIZE OF VECTOR B ISte16) 3 FCIACEICIAC2rC3rCay ICH JCRILPRIL Gl CR e JTLT vl Ul eECkET
WETURN 4 EXCF 15 GICRyTPLATE s TCYLEBR e 1ML FTCH L L by Jukud
wWRITF (£.5) FRR COMMOM  A(150)1B3UB3060)1UISIaH11 WIHIv 811 NRITHOG) vNCIIN00 eLtaa)
© 7 ORMAT (POM 7ERO UIAGOMNAL TERM +F10a0) 1 SC1H00) «MELIBC0) RIS VHUMRIL3) CUTFFIISI) e ARLLZUT e ALP LGy
~ CONTINUL 2 FLP{20) +PZPI201«UCI4) s WC(4) v aRRPOLI0 1 +ERPLIIC) 0/ PLLID
QT TURN 3 EZPO(I0 ) «STROLIO)vETPO(I0)»SRAPOIIC I FHLFGULIGI 2 IPULIG) .
£ 4 CIPO(10) ¢32POLI0)E2P0(10)»TANIPA(IC) «TANPROLIU)
AR AN EARAREER R ARFRES LR RS A AR R D ERR AL w48 HEaBERREBREE DIMENDSION LC(S53+81)¢516RI5IBII 1 516LI5313119L16T (030411 LIGRL(uI,
SUBROUT INE BACK t 1) DERIS318111DEZ(S3¢81) «DERZIHIBLIDERST(LI BT,
R EARURRI LB GRS R BB R BRI N B » R HEEIERLOLE LI DD B Ay 2 ERPR (3481 ) 1EZPRIS3481) 1o TPRISHIB1) 1ERLIPHILS BT
COMMON  ALRALZ 1 11CyIEC e JIP 1 JEPEC I HiDELP 1 LRC\LRILGILPOLEYC PR, EPS 1534811 S1GISS 811 ERHIS3v B «BETEH3H1)
1 PHP MW NW o AK [TOT1 e ITOT NG KD +KLOW 'KHGH s KHR +KOR 1 [ 1<y [As EQUIVALENCE (Ul 1) sLClE1) + (BU1)aEPS (1) «
& JA «NL 1 CONVERR « CF 1 PRF 1 1 PRF24PRF31PRF4 \LOCAT 1LADDLCL 1S IGN 1 (BC 4301)+LRPRILI) « (B BEOLIIEZPRI1I)
3 +C1+CEsCL1C21C3eC41 [CRYJCRILPRESS1LCRP , JTOT s JTAT1sECR{T 2 (BO129UI)IETPRET)) « (B{17201 ) ERZIPRITI) v
a EXCF v S1GICRyTPLATE s TCYLDR [1CMI 1 11CP1 L1 4 JDRUM 3 (BU21501)«5IGRITIDERI]) )1« (H(ZBR0T ) v LIGHIILT LKL ET1 1
CUMEIN AL 150)18(53000) aUIS3+81) W(S53:811«NR(1B00)sNCI18001Claa), 4 (B{30101)+5TGZC 1 eDEZE1 ) 1A IR (36401 e ul0GTIL e Polilys
i 5013001 vMS(1B00 ) +RIS3115UMR(53]\DIFFRI53) +AR(20)+ALP(20) 3 (BO3B701) 1611 e (AT4300IIWEPLETI I LlaTICI LTI
B FLP(Z0) 1PZP(22) «UCLA) 1 WC(4) +SRPOTIC) +ERPO(10) «SZPO(10) DEFINZ FILE 2(1400¢10UsIREC)
3 ELPUTI0) «5TPOIIC)+ETPO(10)4SRZPOC10) +ERZPULLI0)+S1PO(10) s IF (UI=11 % =T ICI* (1= [EC) ¥ I=1 )% (J=u ) (U= JiE 1) 11200
4 E1RPOC10) +S2PUI 101 EZPO(10)TANIPU(L0) y TAN2PO (10} 11 ER = (UtT+led)=UlIn1sJ))ZALR
OIMENSION  LCIH3+81)1+SIGRS3¢811+51GZI53481)+SIGTISIeB1)SIGRZIS3, EZ = (WilvJel)=wllod=11)7ALL
1 811 DER(LH3.81)11DEZ(S381)1DERZ(53481) +DEPSI (53,81, ET = (UCT+1v D +UCTI=1401)/(24*RETY)
2 ERPR(E3481) s EZPRIS3181 ) ETPRIS3:81) 1ERZPR(S3+81 )+ ERZ (UL ad41) =UC Ladel) ) ZALZ+CWETFTadd=a b= J1) /b
E EMS1(S3181) +S51G(S53:8111EPS(S3:181)DET(S381) GO To 300
FOUIVALITNGE (US1)aLCl1) > v (BI1)EPSI(1)) 12 IF (1=11C) 13:14415
1 (B¢ &3CI1ERPRI1)Y + (Bl B86011+EZPRI1)) 13 IF (1=1) 16+17416
2 (BO12901 11 ETPR(11) » (BUI7201)+ERZPR(1)) « 16 ER = (UCT+1ed)—UlI=1:J))/ALR
3 (321501115 TGR(1)DERCL) 1+ (B(25SB01)+SIGRZ(1)¢DERZ (1)) ETz (UGI+10d)4U0TI=14J))/7(24%R011)
4 (B(301011vSIGZ(1)DEZ(1))+(BI3a401)1SIGT (1) vDEPSI(1) )4 EZ = 0.
5 (387011 +STGI11)v{B(a3001)+EPE(1)){BI4TION)DET(1)) ©IF (Ct82)) [AW1941R
NZ = ITOT-1 18 A2 = C(22)/C(a2)
DO 1 I o= 1y N2 ) Al = C(2a)}-A2*C(44)
JE = [TOT-] GO TO 20
JU = MSUUE) 19 Al = Ct2ay
JU = MBCJERI)=1 AZ = 0s
J2 = JE ‘ . 20 IF (AL} 21.,22:21
DO 1 J = JL.« JU 21 ERZ = —{{C(211-A2%C (41 ))FER+(CIZI)—a2*C(4d )14 Ty 4l
g2 = J2+1 IF (J=J1P) 23+24.:23
1 SCJF) = SCJEI+RIII#S(J2) 23 IF (1-11C) 25,26+26
RETURN 26 ERZ = ERZ+PZP([1)/A1
END . GO TO 25
I R R R T Y *4 HEE RS HHRBDERR R DA N 24 ERZ = ERZ+DELP/AL
SUBROUTINE TR1 GO.TO 25
B R O R R R RSS2 P} 17 ER = 2.%U(2yJ)/7ALR
COMMON  ALR+ALZ ¢ 11CyIEC « JIP JEPIECHIDELP ILRTILR LG LPUSLCYC PR, ET = ER
1 PRIy MW NW AKs [TOTE 4 I TOT e NQ+KD «KLOW +KHIGH 1 KHR «KORy [ vJs A4 EZ = 0,
2 JA s Ny CONVERR, CF 1PRF 1 4 PRF2 ¢ PRF3,PRF 4 s LOCAT sLADD s LCL +SIGN ERZ = 0o
3 ICTeCEIC19C21C3 0 Chs ICRIJCRILPRCSS 1 LCR Py JTOT v JTOT1 1 ECRI Ty IF ((J=JIP)#(J=JEP)) 10:25:25
(b) (d)
4 EXCFe51GICRITPLATE s TCYLDRY [ [CM1 4 [ ICP1 L1 3 JDRUM 10 EZ = (W(lsJsl)=Wllod=1))/ALZ
COMMON  A{15C)+B(S3000) +U(S3181)+W(53+81)1+sNR(1B00IsNCI1BO0) 1T(4A) GO To 300
1 5(1800) +MS$11800) +RIS53)vSUMRIS3)DIFFRIS3) (AR(20) +ALP{20) 22 ERZ = 0.
2 FLP(20) «PZP(20) +UCI A1 +WC (41 +SRPO(1011ERPG(10) +3ZPA(101 25 1F (C(4A1) Z7+28727
3 EZPO(10)+STPO(101ETPO(101 1SRZPO(10) 1ERZPOLI0) +51PC(101}, 27 A2 = .C(24)/C(8a)
4 ELIFO(10)+52P0(10)1EZPOI10) «TANIPO(101+TAN2PO(10) Al = Cl22)-A2#Ct42)
DIMENSION LCU53¢B11eSIGRIS31811+S1GZ(53481)1+51GTI534811+5IGRZ(53¢ GO TO 79
1 31)+DER(S53,8111DEZ(53+81) 1 DERZ(S53¢81)+DEPSI (8348194 28 A1 = Crz22)
2 ERPR(53181) +EZPR(53+81)1ETPRIS53481 ) +ERZPRIS53:181 ]+ A2 = O,
3 EP51(53+81)151G(53:81)EPS5(33418114DETIS3481) 25 IF (J=JIP) 30431430
EQUIVALENCE (UE1)sCl1y) 1 (BU1)EPSLILI) o 30 IF (1=11C) 32,33+33
i (B( 4301)+ERPR(11) + (3( BEOLI+EZPR(1}) 33 GO TO (34:35)4LG
2 (B(12901)ETPRI11) « (B(17201)+ERZPRI1)) 34 EZ = =(PZPIT11+AR(TLI3W( [ Jm1 )/ (H=ALZ/24)) /A1
3 (BL215011+STGRI1)«DER(1)}+(B(258011+15I1GRZ(1)+DERZI1) ) GO To 32
4 (B(301013+51GZL11+DEZC1) 1+ (BI386011+51GTLI1DEPSI(L1)s 35 Al = AL=ARCID)
5 (B(3B7011+51G(1)1+(B(43001)EPS(1))4(B(47301)+DET(1)) EZ = 0.
o OMSCI) = 1 GO To 32 .
LIMIT = 53000 31 EZ = EZ-DELP/A]
DO 1 iS=1+1TOT 32 EZ = EZ~((C(R1)=-AZ#C(41))I%ER+(C(23)1-A2%C(431)1%T)1/AL
KO = IS GO To 300
READ(]) [+J1KLOWKHIGHs A 1CON 18 IF (JudIP) 36+11137
NQ = NR(IS) 37 IF (J=JEP) 11:49+49
KL = KLOW 36 [F (J=1) 38+38.39
KH = KHIGH+!-KLOW 38 EZ = 2.%W([+2)/ALTZ
KU = 15=1 . GO To 40
IF (KU) 446443 39 EZ = (W(loJd+1)mW(lad=1)1/AL7
3Kl =0 . IF (C(a4)) 41442441
I[F (KU=KL) 44212 4y A} = =Clla18C(82)7C44)
2 DO 5 K = KLy KU A4 = =Cl14)#(CCA1)/ALR=CIa3}/(2,#RI11))/TLA4)
K1 = Ki+1 AS = =Cl14)#(C(a1)/ALRSC(A3) /(2. ¥RI1)) 170440
LL = MS(K) GO To 43
LU = MS(K+1)=1] a2 Al = 0.
L1 o= KL A& = O,
DO 6L = LLs LU A5 = 0.
L1 o= Li+l 43 A4 = AG4C(111/7ALR-C(13)/(2. ¥R 1Y)
ACL1) = ACLII4B(L)®AIKL) IF (A8) 44.45.44
IF (LI=KH) 616414 45 ER = Q.
14 IF (A(L1)) 1546415 EZ = 0.
15 KH = L1 ERZ = Q.
& CONTINUE 60 To 300
5 CON = CON+A(KL)¥5(K) 44 A5 = AS4CI11)1/ALR+CUIINIZ(Za#RII))
4 K1 = [S+{=-KLOW Al = AL+C(12)
KL = Ki+1 UFICT = (ASaU([+1+J)+A1#EZ+DELP)Y /A4
L = MS(IS)~I ER = (Ul1+14J)=UFICT)/ALR
DO 7 K = KLy KH ET = (Ull+]eN+UFICTIZ{2,#R(11)
IF (A(K1)) 10411910 ERZ = (((C{111/7ALR+CIIII/(2#RIT)IIIH(CI41I/ALR=C(AI1/ (2R} )=
11 ERR = 15 1 (CLA1)/ALR4C(43)/12e#RITIIIF(CIL1)/ALR=CUISI /(2 ¥RITI 1) I*UCT+1
RETURN 2J)+(C12)#(CI4a11/7ALR=CIA3)/(24%R(11))=CLA2)*(CII1I/ALR=C(13}/(2.%R
10 CONT|NUE 3011 )))EZ+(CA1)/ALR=C(43)/ (2, %R( [1) ) ¥DELP) /4G
L o= L+l GO To 300
7 BLL) = =A(K)/A(KL) 1S IF (1=1EC) 4614T+46
MSEIS+1) = L+l a6 IF-(J=JIP) 48411149
S(I5) = =CONJA(KI]) 48 EZ = 2.#W([+12)7ALZ
IF (L=LIMIT) 1413.13 ER = (U([+]+sJ)=Ul[=14J))/ALR
13 ERR = =15 ET = (UCT+1+ H+UCT=11J)1/(2.%RE1))
RETURN ERZ = Q.
Go To 300

CONT{NUE



(a)
49 1} = [-11C+2
G TO 16
47 IF (JU=JEP) S50:51 51
A0 IF (d=]) S532+52.53
852 FZ = 2.#W(1e2)1/7AL2
GO TQ 54
531 EZ = (W{liJ+])1mWTeJ=1)) ALZ
4 IF (Cl4R)) S55,56«55 N

G5 Al = ~C(1&a)#C(a2)/C(44)
=Cl14)#(C(41)1/ALR=C(43)/(2.,#*R(1)))/Cl4a)
A5 = =Cl1A)#(C(41)1/7ALR+C(43)1 /(2. #R(1})1)/Cla8)
G0 TO 57
NA AL = 0
A& = Q.
AS O

57 AS = AS+C(111/ALR+CUI31/(2.2R(11)
IF (A%) 5B.59.58
53 ZR = Oa

ET = Qs
ERZ = Q.
GO TOo 300
58 A4 = AG+C(1II1/ZALR=CII3)/(2:,#R(1))
Al = A1+C(12)
IF td=1) 60+60+61
B8C PHPF = PHP+AK#U ] «J+[1/7RU])
ERZ = Q.
GO TO 62
61 PHPF = PHP+AK# (U L+ J+1)1+UlvJd=1))1/12,8R([))
ERZ = (({C{31)/ALR=ClE3}1/7(2#*RI1IIIFICII1I/ALRFCUIBIA208RE1 D=
1 (COTLIZALR=C{ 13} /(2. ¥R{ITI)IMIC(GLI/ALR+C{GI)/(2.%R(1 )12 ¢
2 ULT=1ad)+(CUIZ2I¥(CIAL1I/ALRIC(ATI /L2 #RI)1)~CLA212(C(11}/ALRY
3 CLIBI/(2.#¥RE T} IREZH(CLA1)ZALR+CL43) /(24#R{1) ) )IPHPF ) 7AS
2 UFICT = (A4XU( =1 JI=AL#EZ=PHPF) /A5 . .
ER = (UFICT=U(lI=1+J))/ALR
ET = (UFICTHUCI =1 1J) )/ 12,%R(1))
0 TO 300
21 bl = (-11C+2

[F (Cta21) 63+464+63
63 All = C{24)~C(221%C{4848)1/C(42)
AL2 = 1,/(C(24)#C1a21=C(22)#C (A4}

GO TO 65
64 ALl = C(24)
A12 = Q.

65 ERZ = O
IF (AL1) 66167466

66 ERZ = ~=PZPL11)/A11

€7 A4 = C(OEVG(C(ZI)/ALR+C(23)/(2-*R(I))I—C(ZZ)Q(F(AIl/lLR*C(QJ)/
1 (2e#RUT1)))
AS = ClA21#(C(21)/ALR=C(23)/(2+¥R(1))1-C(22)%{C(41)1FALR~C(A3)/

1 (2e*ROT) )Y
1IF (C(aa)) 68169768
68 Al = C(22)=-C(24)¥C(421/C(44)
ALD = (C(14)¥C(22)~Cl12)#CI24))1/(C(2418C(42)~CL2217C1A4))

Ag = =~A4#AI0
A7 = =AS%A10
A8 = =~C(24)#(C{A])/7ALR+C(A3)1/(24#R{11})/CLAAY
A9 = ~C{243#{C(4]1)/ALR~C(43)1/(2,#R(1}))/Claay

(b)

A0 = C{42)1#A10
GO To 70

69 Al = C(22)
A12 = Cl2432CL82)

(c) ~
S1G2 = SIGRTESIN(E([1eJ))B¥24SIGZTHCOS (W[ Sy Re2-
1 SIGRZT#SIN(22W(14J))
TAND = TAN(W(IedD)
IF (TANL) 98+99:98
9R TAN2 = =1ao/TANL
GO0 To ®3
99 TAN2 = 10000.
Go To 93
97 CONTINUE
S1G1 & 0eS#(SIGRT+SIGZT+SART( (SIGRT=SIGZT I #¥244,#SIGRZT#*21)
S1G2 = Do5%(SIGRT+SIGZT=S0RT( (SIGRT=SI1GZTI##2+4 ¥LIGRI/T#EZ))
IF {SIGRT=SIGZT) 81¢82:83
82 IF (SIGRZT) BS5+86:87
8% TANI = -1,
TANZ = 1
GO To 84
86 TAN! = 0,
TANZ = 10000,
GO TO R4
87 TANL = le
TANZ = «la
GO TO 84
83 ANGLE = DeSHATANIABS(Z:#5]1GRIT/(BIGRI=51G4LTI Y
IF (ABS(1,5708=ANGLE)=¢ E~03) B89:91:91
91 TANL = TAN(ANGLE)
IF 1SIGRZT) AB:+RE:S0
ARG = 2,#SIGRZT/(SIGRT=5162T)
{F (SIGRZT) AD+B9+80
B3 ANGLE = 0,5¢ATAN(ABS(ARG))
ANGLE a 145708=ANGLE
[F (ABS(1,570B=ANGLE) =0 |E-04] 89,9292
92 TANI = TAN(ANGLE) )
IF {ARG] 90¢89188
B9 TANI = 1030n0,
TAN2 =z O,
GO TO 86
88 TANI = ~TANI
90 TAN2 =z =14/TANI
84 W(l.J) = ATAN(TANL)
IF (ICR} 20142014202
201 IF (1+1CR) 93:204:93
204 1F [J+JCR) 93:205493
208 SIGICR = SIGTT
GO TO °3
202 IF (1=[CR)} 93.96.:93
94 IF (J=JCR) 93:95:93
95 SIGICR = SIGI
$3 DER(1+J) = ER
DEZ(1+J) = EZ
DET(1+J) = ET
DERZ(14J)=x ERZ
DERS[(l«J) = EI
SRPO{L1}) = SIGRT
EPSR

8

ERPO(LL) =

SZPO(LI) = SIGZT
EZPQ(L1) = EPSZ
STPO(LL) = SIGTT

(d)

ETPO(L1) = EPST
SRZPO(L1) = SIGRZT
ERZPO(L1} = EPSRZ
$1PO(L1) = SIGI
ELRPOLL L) ERS 1 (1)

AE = O

A7 = o 52RO(L1) = 3iG2
AB = Os E2PO(L1) = EPS2
AS = 0. TANIPO(LL} = TANL
A10 = O TAN2POLIY = TANZ

70 A9 = A9+CI(21)/ALR=CI(23)}/(2,#R(1))
EZ = ~(PZP(111=A9#Ull=1+J})/AL
A6 = AGHC(221#(C(111ZALRHCIL13IZ(2.8R(11))=C(12)#(CLR1)/ALRS
1 CL23)/(2.#R(1)1)
IF (A6) 71472471
72 ER = O,
ET = 0o .
Go To 73
71 AT = AT4C(22)#(C(11)/ALR=C(13)/(2¢#R111))=C(12)2(C(21}/ALR=
i CiE3)F/i2awRET13
AB = AB+C(21)/ALR+CI2I) /{2, #R( 1))
UFICT = (AT#U(I=14J)=Cl221%# (PHP+AK® (U(T=1+J)4UCTed=11)/(Be®R{11)14
1 PZP(111#(C(121+A10)) /46
ER = (UFICT=U(I=1+J))/ALR
ET = (UFICT+ULT=11J)1/(208R(1))
EZ = EZ~AB%(A7#UC[=1:d)~Cl22)#(PHPSAK® (U(1=11J)+U1 | sd=133/02,82(]}
1 1I1+PZPUT L) #(CUL21+A10) ) /(A1 #AGE)
ERZ = ERZ=AI1Z%(A7HALEUII=1sJ)+C(22)#AGH(PHP+AKH (UL [~10J)eUl Lad=1))
1 /2.%R(11)) +AGRPZP (1) #(CCI12)+A10))/AG
73 ERZ = ERZ+AI2#ASBULI=11J)
300 DSIGR = C(11)}2ER+C(12)%EZ+C(I131#ET+C(14)#ERZ
DSIGZ = C(21)#ER+C(22)¥EZ+C(23)1#ETHC(24) 9ERZ
DSIGT = C(31)#ER+C{32)#EZ+C(33)#ET+C(34) #ERZ
OSIGRZ= Cl&al)#ER+C(42)HEZ+C(43)#ETHC(84) #ERZ
SIGRT = SIGR(1,J)+DSIGR
SI1GZT = SI1GZ(14+J)+DSIGZ
SIGTT = SIGT([+J)+DSIGT
SIGRZTeSIGRZ(1+J)+DS1GRZ
EPSR = ERPRI(1,J1+ER
EPSZ = EZPR(' JI+EZ
EPST =z ETPR(T«JI+ET
EPSRZ=ERZPRI [+ J)+ERZ
El = 0,5%(ER+EZ+SORT((ER=EZ) #¥2+ERZ#%2))
EPS1(11J) = 0,5%(EPSR+EPSZ+S0RT( (EPSR-EPSZ)##24EPSRZ#42) )
EPS2 = 0.5%(EPSA4EPSZ-SART ( (EPSR~EPSZ ) ##24EPSRZ¥92) )
IF (LC(1aJdy~1) 97+520+520
520 IF ([=11C) S521,+521:196
521 IF (J=JIP=1) 5231523196
523 IF (LC(1«J)=2) 524.:96,524
524 IF (ABSITAN(W(I 1J)))=1e2) 96197497
96 SIGRT = C(11}1#EPSR+C{12)#EPSZ+C( 131 9EPSTHC(14) #EPSRZ
SIGZT = C(21)#EPSR+C(22)#EPSZ+C(231#EPSTHC(24) FEPSHZT
SIGTT = C(31)#EPSR+C(32)#EPSZ+C(33) #EPSTHC(34) #EPSRZ
SIGRZT= C(41)#EPSR+C(42)PEPSZ+C(43) *EPSTHC (441 9EPSRZ
IF (LCU1+J)1=2) 200+974200
200 CONTINUE
SIGl = SIGRT#COSIW(1+J) ) ##2451GZTeSIN(W( v U} I 0a2+
1 SIGRZTHSIN(2.#W([sJ))

RETURN
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COMMON ALReALZ « 1 1C e [ECJIP(JEPIEC s HDELFILRCILRILGILPOLLCYC PR
FHP.MN.NW.AK-ITDTI-lTOY.NQ-KD-KLOWqKHIGH-KHR.KDE.l-J.IA:
JANL s CON+ERR ¢ CF «PRF | «PRF 2 +PRF3(PRF4«LUCATLADD LCL1SIGN
WCIeCEICI1C21C31C4s ICRyJCRILPRCSSILCRIPVJITOT 1 JTOTIECRIT
4 EXCF1SI1GICR«TRLATE ¢ TCYLDR T ICMLTICR L1 1 JORUM
COMHON A(150)'5(530001|U(SJ¢B!)¢W(53-BI)|NR(XEOO)cNC(lEOO)vC(Ql)u
S(IBOO)-MS(IBOO)-H(53)'SUMH(521:DlFFH(:J)vAHlEU);ALP(ZQ)-
FLF(EO)-PZP(ZQ)-UC(AI-wC(AI|:RP0110)<5EPO<lQ)vaPO(lO)!
EZPO(10)1STPO( 1031 ETROI1C) +SRZPU(0) 1ERZPU(10)¢S1POL10)
EIPQ(XO)-SENO(lO)'EZPO(lq)vTANlPOIlO)vTANZPO(lO)
DIMENSION LC(53-DI)-:lGP(S3¢SXl-5[CZ(53-HI)oSIGT!bJ-SI)-SXGRZ(SJ-
51)nDER(SJ-Sl)-DEZ(EJ-HI)-DERZ!iJ-S!)nDEP&l(SJ-Gll-
ERPR(SJQS])vEZPQ(EJyBl]vETPW!EJvBI)-EHZPR(SJ.BI)»
EPS1(S3+81)+51G(53:811EPS(S3.L11DET(0I8L)
EQUIVALENCE (U(1)+LCU1)) v (BL1)4ERPS1LLY) o
(Bt 4301)+ERPRI1)) + (D BBO1YsLZIPR(1Y)
(B129011+ETPRIL)) o (BII72C1)1ERZPRI1II) .
(B(leol)tblﬁﬂ(l)-DER(ll)»(5(25801loSXGNZ(l)nDtQZ(l))v
(B(JOlOX)'bIGZ(l)-DEZ(ll)v(H(JQQOl)rS(GT(l)-DEPSI(X)Ic
(8(38701)151G(l)l-(B(AJOOlI-EPS(l))'(Eth7JOllebT(l)1
OEFINE FILE 2(1400410+UsIREC)
DO 331 KD=1.+B
GO TO (142¢3:805:6:7:8) KD
0O 11 Ist«JEC
DO 11 Jail+JER
S1G6(1eJy = UlTe )
EPS(1+d) = Wil J)
Lck = LcL+t
LRC s LRC+1
GO To 9
2 LCL = LCL=1
LRC = LRC-1
DO 12 K=l +JORUM
READ (2'K) SRPO
READ (21100+K) ERPO
DO 12 L=l.10
NQ = 28 ((K~-11810+L)
CALL CQORD :
S51G(I+J}y = SRPO(L)
EPS(1+J) = ERPO(L)
IF (NQ=-2#JTOT) 1241249
12 CONTINUE
3 DO 13 K=l 4JORUM

WEUN— WN= dDUN—- PUWRN =



(a) : , El4
READ . (20200+K) $2PO
ZEAD (21300+K) EZPO
DO 13 L=1.10
MO = 2#((K=1)%10+L)
calL COORD
SIGtIvdy = SZPOLL)
EPS(I+) = EZPOIL)
IF (NQ=2#JTOT) 13+¢13.9
T INUE
S 14 K=1+ JORUM
READ (21400+K1 STPO
READ (29500+K) ETPO
GO la L=1e10
NG = 2%0(K=-[3#10+L)
CALL COORD
31GUTed) = STPOILY
EPS(1.J) = ETPOIL)
1F (NQ=2%JTOT) 1611419
14 CONTINUE
5 DO 15 K=l:JORUM
READ (21600+K) SRZPA
READ (2'700+K) ERZPO
0O 15 L=1410
NG = 2FCIK=1)%10+L)
CALL COORD
S1G(14J) = SRZPO(L)
EPS(1+J) = ERZPO(L)
IF (NQ-2#JTOT1 15:1549
1S CONT INUE
& DO 16 K=l (JORUM
READ (21800+K} S1PO
RFAD (2'900+K) E1PO
DO 16 L=1+10
NQ = 2%#{(K=1)%10+L}
CALL COORD
SIGI1sJ) = S1POIL)
EPSIIJ) = EI1POCLY
IF (NQ=2®%JTOT) 1631649
16 CONTINUE
DO 17 K=l JORUM
READ (211000+K) 33P0
READ (2t1100+K) E2PO
DC 17 L=1+10
NG = 2#((K~])¥]10+L)
CALL COORD
SIG(I-d) = S2POI(L)
EPSI1sJ) = E2POLL)Y
IF (NQ=2%JTOT1 174179
17 CONTINUE
8 DO 18 Kzl 1JORUM
READ (2+1200+K) TANIPO
READ (2¢1300+K) TAN2PO
0O 18 L=1s+10
NO = 2%{((K-1)1#10+L)
CALL COORD
S1G(I+J) = TANLPOI(L)
EPS(1sJ) = TAN2PO(L)

~

(b)

IF (NQ=2%JTOT) 1841819
CONT [NUE
CALL TITLES
WRITE (641003 (lal=mlel7)
100 FORMAT (9X417(171/77)

D0 131 J=] MW

J1 = JEP=J+1

1F (JelcL=2%((J+LCL)/21) 13241334132
133 WRITE (6:101) JL1a(SIGEI I els101742)
101 FORMAT (1HO+1X112:3%:9E18.5)

WRITE (60102) (EPRS(I+Jllelalel7s2)
102 FORMAT (7X29E14s5)

6o TO 131 . :
132 WRITE (64103) J14(SIGt1eJ1)ela241742)
1,03 FORMAT (1HO.1Xs120¢10XeBE1805)

. WRITE (6¢104) (EPS{I+J1)el0241722)

104 FORMAT (14Xs8E1445) !
131 CONTINUE

IF (11C~=18) 129+129.128
128 IF (11C=34) 127+127:126
127 113 17

111 s [1CML

0

GO TO 130
lze 11 = 17
Py o= 33

130 CALL TITLES
WRITE (661001 (Isl=llelll)
LiRP1 = [1+]
DO 231 JuleM¥
JI = JER=J+1 .
[F (J+#LCL=2% ( (J+LCLI/2)) 232.233.232
233 WRITE (64101 JIs(SIGEIsdlyal=sllallle2)
WRITE (64102) (EPS(leditelullellle2)
GO To 231
232 WRITE (6:103) J1a(SIGUIeJINvInl IR IT142)
WRITE (6¢104) (EPS(]eJ1)slsllPtallTe2)
231 CONTINUE
IF CIII=11CML) 12841294129
125 1t = 33 .
T11 = 1iCMy
- GO TO 130
129 CALL TITLES
- WRITE (641001 (1+l=llCslEC)
DC.331 Jzl.JEP
Jl = JEP=J+l
IF (JSLRCHMW-2#( (J+LRC+MW)/2)) 3324333332
332 WRITE (641011 J1+(S1GUIedlbelul[CrIECI2)
WRITE (61102) (EPS(I+Ji1elal1Ce1ECI2)
GO TO 331
333 WRITE (641031 J1e(SIGCIeJ1) eIl [CPIIEC2)
WRITE (6¢104) (EPS{I+J1)el=lICP1JIECD)
331 CONTINUE
RETURN
END
}4*i’i"il{&i&}*i*0&l0'.‘{lOﬁﬁiﬂlli‘l6'.I!OQ!lﬂiﬁliﬁ"liiiiilld.iﬁﬁllﬁi

SUBROUTINE TITLES
FEREEBH SRS I ES SRR S Nuauunuonicnnnnnu;inoinvnoinwra.'nu;&v&i#vflO

130

101

1oz

103

>

106

108

106

107

108

(¢)

COMMON ALRIALZ s [ICoIECYJIRvJEPYECIHeDELPILRC LR LGILPUCLCYC vFies
PR MY o NWeAK s [TOT1 4 [TOT ¢ NQvKD o KLOW «KH IGH»itHR{ ri0i2e [ 1o (A
JAINL s CONVERRICFIPRF | ¢« PRFZ21PHF3+PRF4LUCAT 1 LAUD W LIL» 5 IGN
tCl1CEVC11C2+C34C81 [CRIJCRILPRCSSILCR Py JTOT e OTOTIREZHIT YN
EXCFSIGICRyTRPLATE ¢ TCYLDR s [ ICMLs [ ISP L1+ JORUM
COMMON  A{130)eB{53000)WIS3s811aW{S3e81 ) NRILIBOO)I NCIIEOO) 1L {44) 0
S(IB00) +MS{1800)R(S53) +SUMR(SI}«DIFFRISI) ¢ARIZD I cALPLED)
FLBR(20) «PZP(2011UC(8) +HC(4) +SRPO(CI0)CERPOLIO) ¢/ PULIDY
EZPO(lO)vSTPQ(lO)lETPO(lOlnSQZPO(lO‘)~ENZF’D(la)-':lP'J(lGh
EIPO(10) «S2PO{101+E2PO(10) « TANIPO( 101 TANZPUI(1Q)
DIMENSION LC(B3¢81)¢SIGRISI A1) 15IGZIB30B81)1SISTIOIL) vwliGhLlL
B1)vOERIB3,81)DEZ(S3.811 DERZIS5I 181 ) DEPST I8
ERPR(53¢81)+EZPR(S53«81 1 ETPRISIB1) ERZPARIDI 1)
EPS!(53'51)-SIG(:3'BI'ﬁEPS!SJvFJl)vD&.T(JhIH)
EQUIVALENCE (Ul1)1elCl1)1 s (BO1)SEPSI(I)) o
(80 4301).ERPR{1)) s (B 36011.:£7PRI1)) »
{BCI12901) ETPRITI) « (BOLT2Q0111ERIPRITIN)
(B{218501)«SIGRI1)IDER(I))+(BI25BO1) v&TIGRII) vLERZLL) T
{BI3Q101)1+SIGZ(11DEZ(11)+(AI364801)+SICTIL W LLPLTIET 0
(BU3BT01)eSIGI11 )1 (SI8300L)+EPSI1I)«MI87301)DLT 1))
WRITE (&41007 TPLATE.TCYLORsP

&N -

PR

un—

We LN

FORMAT (¢ STRUCTURE I/ 1IX1Fael et INg SLAB«? «FBols? INg LERT e atn
1LY /I0LOADING ! /11X IPRESTRESS NG AND [INTERNAL PRELLURE 21 «FHal vt #5
2latsrsy

GO TO (142+314:5:635728) KD

WRITE (&.101) LR

FORMAT (t LR =!,14:45X1 1 TOTAL DISFLACEMENTS U/wWi///)

RETURN

WRITE (6¢102) .

FORMAT (44X1+01RECT STRESSES/STRAINS [N W=D IRCCT LW /sy
RETURN : .

WRITE (6.103)

FORMAT (84X IDIRECT STRESSES/STRAINS [N Z-DIRECTION'/Z//)
RETURN .

WRITE (64104}

FORMAT (44X¢'DIRECT STRESSES/STRAINS IN T-OIRECTION'///)
RETURN

WRITE (6410S5)

FORMAT (a6Xs ISHEAR STRESSES/STRAINS [N RZ~PLANF1///)

RETURN

WRITE (&+106)

FORMAT (45X+ tMAX IMUM PRINCIPAL STRESSES/STHAING  —RZ-PLAN =1 ///)
RETURN

WRITE (64107

FORMAT (45X«'MINIMUM PRINCIPAL STRESSES/STRA[NSG  =KZ-PLAML=1///)

RETURN )

WRITE (641081

FORMAT (23X.'DIRECTION OF PRINCIPAL ;rne SEL MAXIMUM/ZMINIMON, o1
IVEN THROUGH TANGENT FNCT OF ANGLE W/R TO R=DIRECTIUN t/.sr)

RETURN

END



