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METHODOLOGY FOR DETERMINING TIME-DEPENDENT MECHANICAL PROPERTIES OF TUFF
SUBJECTED TO NEAR-FIELD REPOSITORY CONDITIONS

by

J. . Blacic and R. Andersen

ABSTRACT

We have established a methodology to deter-
mine the time dependence of strength and transport
properties of tuff under conditions appropriate to
a nuclear waste repository. Exploratory tests to
determine the approximate magnitudes of thermo-
mechanical property changes are nearly complete.
In this report we describe the capabilities of an
apparatus designed to precisely measure the
time-dependent deformation and permeability of tuff
at simulated repository conditions. Preliminary
tests with this new apparatus indicate that micro-
clastic creep failure of tuff occurs over a narrow
strain range with little precursory Tertiary creep
behavior. In one test, deformation under condi-
tions of slowly decreasing effective pressure
resulted in failure, whereas some strain indicators
showed a decreasing rate of strain.

I. INTRODUCTION

The purpose of this preliminary report is to introduce the topic of

time-dependent mechanical properties of tuff and to describe an approach for

measuring these properties.

The objectives are listed below.

(1) Measure deformation of tuff over an extended time at conditions of

stress, temperature, confining pressure, and water pore pressure likely

to be encountered in a nuclear waste repository. From these exploratory

tests, we will determine if the magnitude of strength and mineralogic

changes warrants a more extensive set of measurements proposed in (2) and

(3) below.
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(2) Measure deformation of tuff over a sufficient range of physical variables

to enable the formulation of a constitutive description that can be used

in numerical models for design and performance evaluation of a reposi-

tory. Particular emphasis will be placed on evaluating the possibility

of delayed failure in tuff and what controls it.

(3) A subsidiary goal is to measure the time variation of water permeability

in tuff and how it is affected by slow deformation of the rock matrix.

A detailed background discussion of time-dependent microclastic deforma-

tion of repository-candidate rocks is given by Blacic and will only be

summarized here. The basic problem is that present design and performance

calculations for a repository assume that thermomechanical and transport

properties for a particular rock are constant over time. These properties are

determined by standard, short-time engineering tests that do not examine a

possible time dependence. Repository designs are unusual in that they must

stand the test of very long term performance. Analysis that does not take

into account time effects can lead to erroneous answers. For example, thermal

conductivity might decrease over time as a result of slow, progressive micro-

cracking of rock in the near field. Thermal calculations that do not incor-

porate this effect will underestimate near-field temperatures. Similarly,

permeability of tuff is relatively low because of the apparently low con-

nectivity of porosity. This could change substantially over time during slow

deformation. Nuclide transport models that do not include this change would

overestimate transit times.

A reliable evaluation of the magnitudes of these time phenomena is

difficult, principally because of a lack of data. We describe below a

two-part experimental approach to obtaining the required data. First we will

make a preliminary evaluation of the existence of the time-dependent phenomena

in tuff and a rough estimate of their magnitudes. Then, if, based on these

results, analysis indicates that more precise measurements are required for

design and performance calculations, we will proceed with these measurements.

The first part of our approach is almost complete. An exploratory test

was performed in which samples of a variety of tuff types from the southwest

part of the Nevada Test Site (NTS) were exposed to a range of temperatures,

confining pressures, and water pore pressures for times of 2 to 6 months. A

set of thermomechanical properties was measured at ambient conditions before

and after this exposure and compared. Preliminary results indicate that
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substantial and statistically significant changes occurred in tensile

strength, compressive strength, and mineralogic content in some tuff types.

Comparisons of data from before and after exposure of thermal conductivity and

permeability are currently in progress. Details of this test are given in

Ref. 2. Guided by these results, we are in the process of extending the

measurements with long-term deformation (creep) tests that should indicate the

magnitude of strength change more precisely. A prototype apparatus was

designed and constructed for the creep measurements, and a few check-out tests

have been performed. Details of the apparatus and the first few tests are

given below.

II. DEVELOPMENT OF EXPERIMENTAL EQUIPMENT

Because laboratory data on time dependence of mechanical and transport

properties of rock will have to be extrapolated orders of magnitude in time

even to encompass the operational time period, rather precise measurements of

these properties are required. Physical variables such as temperature and

pressure must be -controlled, and response measurements must be made over time

periods of months. This requires specialized testing equipment not widely

available. Consequently, we designed and built a prototype apparatus that

incorporates what we believe to be current state-of-the-art capabilities in

rock mechanics testing equipment. Considerable effort and time was spent

developing the apparatus in order to reduce programmatic risk. If more

detailed creep measurements will be required, as now appears to be the case

based on the preliminary testing described above, then availability of

suitable equipment will reduce time delays in the program. Even so, tests of

such long duration over a range of physical conditions and rock character-

istics would prevent us from obtaining this information on an accelerated or

crash basis.

The apparatus is best described in terms of distinct subsystems. These

are (1) differential stress, (2) confining pressure, (3) pore pressure and

permeability, and (4) computer control and digital data acquisition systems.

A. Differential Stress Subsystem

The purpose of the differential stress subsystem is to rapidly attain the

desired axial differential stress on the test sample and to precisely maintain

that value for the duration of the test. The differential stress is applied

only after steady values of confining pressure, pore pressure, and temperature
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have been achieved. Because of the long duration of the planned tests, it is

desirable to have an automated control system so that an operator need not

always be present. The computer control and digital data acquisition

subsystem is described below. We will describe only the mechanical portion of

the subsystem here.

Figure 1 shows the basic components of the subsystem. The jacketed

sample is contained in an externally heated pressure vessel and pressurized

with silicone oil. Details of the pressure vessel design are discussed below

with the description of the confining pressure subsystem. The pressure vessel

is mounted within, and axial force is applied by a standard four-post

hydraulic load frame. Details of the load frame are not significant; the one

we use in the prototype system is capable of generating 500 000 lb of force.

The important aspects of the system are how the hydraulic ram pressure is

generated and automatically adjusted to maintain a constant differential

stress on the test sample (shown in Fig. 2).

The ram is manually advanced or retracted for initial contact or

unloading of the sample, respectively, by means of an air/oil pump (P1)

actuated through regulator R1 by low-pressure house air. The direction of ram

movement is determined by electric solenoid valves SVS and SV6, and pressures

are monitored on gauges G3 and G4. At the beginning of a test, once contact

of the sample and the loading piston is made, the manual system is no longer

used. High pressure is then applied suddenly to the ram by opening solenoid

valve SV1. Before opening SV1, an accumulator (AC) is precharged from a

high-pressure gas bottle (Bi) through regulator R2 and gauge G2. The

accumulator is a bladder type that separates the charging gas from the

hydraulic oil. Because there is essentially no friction in this type of

accumulator, a differential stress within about 5% of the desired value can be

obtained by accurately precharging. This value is rapidly attained at sample
strain rates of about 10 3 s 1. About 2 seconds after SV1 is opened,

automatic trimming of the accumulator gas pressure begins with feedback from

an internal force transducer. The internal force gauge consists of a strain

gauge with four active arms that is bridge-mounted on a steel end piece

between the sample and the loading piston. Differential stress on the sample

is calculated from the force gauge signal and the current cross sectional area

of the sample that is determined from strain gauges on the sample and the
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Fig. 1.
Photograph of the apparatus.
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Fig. 2.
The differential stress subsystem. The following symbols are used: V =
manual valve, S = electric solenoid valve, R = regulator, B = bottle, AC =
accumulator, R = relief valve, P = pump, CKV = check valve, and G = gauge.

starting sample dimensions. The current stress is compared to the desired

value and any difference controls the action of the control loop.

The actuator part of the control loop consists of solenoid valves SV2,

SV3, SV4; regulator R3; manual throttling valve V3; and bottle B2. Valves

SV2, SV3, and SV4 are normally closed. If, for example, an increment of pres-

sure is required to increase the stress towards the desired value, S is

momentarily opened and then closed, trapping a small volume of gas in B2 at a

pressure (determined by R3) higher than that in the accumulator. This

increment of pressure is then injected by opening and closing SV3. To lower

the applied stress, the reverse process takes place, venting an increment from

the accumulator through SV4 and V3. This trimming process is under complete

computer control, the details of which are described in Sec. II.D. Typically,

the system is capable of maintaining a differential stress on the sample with

about 0.25% precision.

B. Confining Pressure Subsystem

A schematic of the confining pressure subsystem is shown in Fig. 3.

Various pressure vessels may be used in this subsystem. The one we most com-

monly use accepts an NX size sample (5.4 cm in diameter) and is capable of 70
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Fig. 3.
Schematic of the confining pressure subsystem. The following symbols are
used: = bottle, V = manual valve, R = regulator, G = gauge, and X =
pressure transducer.

MPa (10 000 psi) pressure and 250%C using external band heaters. Electrical

feed-throughs for up to 40 signals are provided for internal instrumentation

of the sample. These normally consist of three pairs of axial and circumfer-

ential strain gauges mounted at 1200 intervals around the sample, three axial

LVDT displacement transducers mounted on steel buttons that are epoxied to the

sample and rotated 600 from the strain gauges, three or four thermocouples at

different heights along the sample, and the internal force transducer. The

rock sample is isolated from the confining pressure medium (DOW 710 silicone

oil) by an RTV silastic or other barrier painted on the sample or by a viton

rubber jacket. In the latter case, strain gauges or LYDT buttons cannot be

mounted directly on the sample surface. Sample pore pressure access is

through the sample pedestal and a hollow upper end cap.

Primary confining pressure is generated by a 15:1 piston intensifier

actuated by compressed gas through regulator R1. Once pressure is attained,

this system is valved off, and fine control is obtained by means of an

automated, screw-driven intensifier. Pressure is measured by one of several

strain gauge pressure cells, depending on pressure range and Bourdon tube

gauges. The motor-driven screw intensifier is computer controlled using a

feedback signal from one of the pressure transducers. By adjusting motor

speed and transducer sensitivity, pressure can be controlled to within a few
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pounds per square inch over long time periods. At large sample strains, screw

piston displacement can be measured to obtain sample volume strain using the

method described by Wawersik.

C. Pore Pressure and Permeability Subsystem

A schematic of the pore pressure subsystem is shown in Fig. 4. Initial

water pore pressure is obtained by means of an air/water pump after first

evacuating the sample and pressure lines. Once pressure is attained, the pump

is valved off, and fine control is obtained by actuating a bladder-type

accumulator with compressed gas. This system is sufficient for long-term

control of pore pressure within about 2. For finer control required for

permeability determinations, one or the other of two subsystems is used. At

permeabilities above about 1 mdarcy, the sample is isolated with a

Constametric-brand liquid chromatograph pump. This pump is capable of

generating constant flow rates of 0.1 to 10 ml/min at line pressures up to 40

MPa. At a given flow rate, the pressure drop across the sample is measured by

a differential pressure transducer (X2) to an accuracy of 0.25%. The per-

meability is then calculated from Darcy's equation for viscous flow through a

porous medium as

k = vL/AP,

where k is permeability, is the viscosity of water, v is the volume flow

rate per unit time per unit cross sectional area, and AP is the pressure drop

over a sample of length L.

At very low permeabilities, flow rates are too low for any reasonable

pressure drop and so a relaxation method is used. The method is that de-

scribed by Brace et al.4 in which a pressure step is applied to the ample,

and the exponential decay of pressure is recorded from the differential

pressure gauge. Permeability is then related to the pressure decay constant,

I, by the equation

aBPLV V
2 1

A(V 2 + V1 )

where k is permeability, a is the decay constant, is the isothermal compres-

sibility of water, is the dynamic viscosity of water, L is the sample

length, A is the sample cross sectional area, and V and V are the volumes of

pore fluid reservoirs at the two ends of the sample. The pressure step can be

applied in a number of ways. For automated measurements in which the mean
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Fig. 4.
The pore pressure and permeability system. The following symbols are used: B
= bottle, R regulator, V = manual valve, S = electric solenoid valve, VP =
vacuum pump, P = pump, G = gauge, S = test sample, F filter, = motor, X =
pressure transducer, and DX = differential pressure transducer.

pore pressure is constant, a motorized, double-acting piston pump may be used.

The pressure difference is produced by advancing the piston in one direction

or the other and then opening solenoid valves S2 and S4 to suddenly apply

the pressure step to the sample. A simpler method of applying a pressure step

is to suddenly turn the stem of valve V5.

D. Computer Control and Digital Data Acquisition Subsystem
A block diagram of the computer control and digital data acquisition

system is shown in Fig. . The principal component of this system is a

Digital Equipment Corporation LSI-11 microcomputer and flexible disk system.

The computer performs the following functions.

(1) Control Differential Stress. The computer gathers force, confining

pressure, and circumferential strain values from the internal load cell,

pressure transducer, and sample-mounted strain gauges, respectively.

This information is used to calculate the current value of the true

differential stress on the test sample. The computer will then actuate a

valve sequence to adjust the force so as to maintain the differential

stress at the desired level, as described above.
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Fig. 5.
Diagram of computer control and digital data acquisition system.

(2) Control Confining Pressure. Feedback from the confining pressure trans-

ducer is used in a process to actuate a motor-driven pressure intensifier

and maintain a desired level of pressure. Priority of confining pressure

control is lower than that of differential stress. In practice, inter-

action between the two systems is minimal enough to avoid instability in

the overall control process.

(3) Acquire Data. The computer is continually acquiring raw data from the

various transducers and storing this information on a floppy disk for

postprocessing. There is a real-time display of selected test variables

on a computer graphics terminal to help monitor the status of the test.

The rate at which data is collected and the number of data channels used

is set by the operator.

A 32-channel signal conditioner module can provide excitation, balance,

and amplification for transducers, strain gauges, etc. The module, which

incorporates the ability to shunt-calibrate strain gauges, has a digital volt-

meter to aid setting gain and offset balancing.

A 16-channel valve-switch module and a 16-bit input/output card located

in the LSI-11 computer provide the capability of opening or closing any of the
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solenoid valves in the control system. The switch module also contains the

power supply necessary to operate the solenoids.

The unit that controls the motor speed also controls the direction and

speed of the confining pressure intensifier. The unit can be operated locally

or automatically by the computer. Two channels of the valve-switch module are

used by the computer to control the direction and time that the intensifier is

actuated.

An analog temperature controller is used to control band heaters mounted

on the pressure vessel. Feedback is obtained from platinum RTD temperature

sensors, and their values are acquired by the computer for postprocessing.

Software for the system is stored on a separate floppy disk. A flow

diagram of the control and data acquisition program is shown in Fig. 6, and a

Fortran listing is provided in the Appendix.

E. Results of Preliminary Experiments

A few room-temperature, uniaxial creep tests were performed primarily to

check out the operation of the differential stress system and the computer

control and data acquisition programs. We selected samples of Grouse Canyon

welded tuff from G-tunnel that were reputed to be from the same block tested

by Olsson and Jones of Sandia National Laboratories (SNL). According to the

SNL data, this tuff should have a uniaxial compressive strength of 180 MPa.

Consequently, the first test was planned for a differential stress of 100 MPa

and ambient confining pressure and temperature. Under these conditions, creep

deformation lasting at least 6 weeks was anticipated. However, the sample

failed catastrophically as soon as the stress was applied.

Before a second test on this tuff, some uniaxial, constant-displacement-

rate tests were performed to verify the expected failure strength. At a

strain rate of about 104 s , samples with diameters of 1.25 and 2.5 cm

failed at stresses ranging from 65 to 180 MPa (Fig. 7). The weakest sample

contained a fragment of pumice that apparently also acted as a weak zone in

the 5.4-cm-dlam creep test sample. Consequently, the sample selected for thej second creep test did not contain any pumice fragments visible at the surface.

In the second test, a differential stress of 75 MPa was applied and held

for 5 days (Fig. 8). The load control system worked well. Some minor prob-

lems in the data acquisition systems were identified and subsequently cor-

rected. As can be seen in Fig. 8, there was a very low rate of creep in the

axial direction. In the last few days of the test, the average strain rate
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Fig. 6.
Flow diagram of test control and data acquisition program.
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Fig. 7.
Unaxial stress-strain curves for Grouse Canyon welded tuff at 25'C. A and B
are 0.5-in.-diam cylindrical samples and C and D are 1-in.-diam samples.

was 4 x 10-° s5 Most of the axial strain was recovered immediately upon

unloading; the remaining amount was recovered within a few days. This obser-

vation leads us to believe that the creep strain was due to slow closing of

pre-existing cracks preferentially oriented perpendicular to the principal

stress direction (also, no new cracks were produced). Therefore, because we

believed the sample was not damaged, we decided to reload it at a higher

stress level. The sample was loaded to 100 MPa, which again should have been

well below the short-time failure strength if no weak zones were present.

However, this sample again failed immediately as the higher stress was

applied. Figure 9 shows the first few seconds of the test. Comparison of

Fig. 8 and 9 illustrates the wide dynamic range of our digital data

acquisition system and the short risetime of the stress application. The

comparison also shows that at 75 MPa, the strains are the same as in the

earlier loading to 75 MPa, and only a small increase in strain from this level
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Fig. 8.
Axial and circumferential creep strain vs time for Grouse Canyon welded tuff.
Uniaxial stress is 75 MPa and temperature is 250C.

resulted in unstable conditions and failure. In the case of the circumfer-

ential strain, which is the most sensitive indicator of crack formation in a

uniaxial test, the strain increased from a stable level of 0.8 x 10 3 to an

unstable level of 1.1 x 10 3 within 1 second after the 75-MPa level was

exceeded. The volume strain (axial minus twice the circumferential strain) at

the end of the first loading was approximately 1.9 x 103. The volume strain
at the beginning of failure in the second loading was about 2.4 x 10 and
rapidly decreasing as a result of dilatant crack formation (Fig. 9). In

retrospect, it appears that if the average strain rate in the first loading to

75 MPa had been maintained for an additional 120 h, the failure-onset strain
would have been reached. Thus, onset of creep failure of this tuff under

uniaxial conditions in a dry atmosphere at ambient temperature and pressure

appears to occur over a narrow strain range with little indication of the

nearness to the failure stress. Finally, examination of the sample did not
reveal any pumice fragment or other weak zone in the interior that could have

been responsible for the low failure stress (-90 MPa compared to 180 MPa from

the SNL data and the maximum values in Fig. 7).
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Fig. 9.
Uniaxial stress, axial strain, and circumferential strain vs time for same
sample as in Fig. 8.

A third test was performed on a granite sample to test the confining pres-

sure and temperature control systems. Granite was used instead of tuff

because of the uncertainty in predicting the failure stress in tuft, as des-

cribed above. We wanted to be certain that the sample would not fail during

the check-out procedures. This test lasted approximately 3 weeks at 1000C, 10

MPa confining pressure, and 100 MPa differential stress. During this time, we

tuned the temperature controller and attempted to control confining pressure.

However, it was noted that small temperature variations (1 to 2) would

cause unexceptable pressure variations (+1O%) because of thermal expansion of

the silicon confining pressure oil. As a result, we added the active con-

fining pressure control that is described in Sec. II.B. With this device we

are able to hold confining pressure to within ±0.5% of the desired value

regardless of temperature or other variations.

Following these preliminary experiments and the resultant tuning of the

apparatus, we began testing potential target horizon rock under conditions

expected in the near field of a repository. The first of these tests has been

completed, and although the test was not completely successful because of a

jacket leak, some interesting results were obtained.
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The test specimen was Bullfrog tuff from the 2483-ft level of hole

USW-G1. The sample was 11.1 cm long and 5.4 cm in diameter. The test con-

ditions were 100°C, 50 MPa differential stress, 20 MPa confining pressure, and

5 MPa water pore pressure. The effective confining pressure of 15 MPa was

attained initially, but because a slow jacket leak developed early in the

test, the effective pressure slowly dropped over the duration of the test to

about 50% of its initial value. Because of the slow decrease in effective

pressure, axial strain actually decreased slowly from the initial loading

value while circumferential strain increased slowly (Fig. 10). Over the last

20 h of the test, the average circumferential strain rate was .'1.2 x 10 9 s51,

which increased very slightly in the last 2 h. In retrospect, this almost

imperceptible increase in strain rate was the onset of a type of Tertiary

creep that only developed strongly in the last 200 s of the test. During this

time, strain actelerated rapidly and the sample failed at a total test time of

about 69 h. Figure 10 shows the average of two axial strain gauges away from

the ultimate zone of failure (which apparently was also near the jacket leak

because the gauge that failed showed a much greater decrease in strain over

time). The increase in circumferential and volume strain at about 23 h

corresponds to the time when the pore pressure accumulator was valved off,

resulting in a transient increase in the rate of effective pressure decrease.

This type of sudden Tertiary creep failure is similar to that which was

observed in uniaxial, room-temperature creep of Grouse Canyon welded tuff. In

each case there has been little indication of the nearness to failure, and so

far there is no evidence of the classical, exponentially increasing Tertiary

creep that has been observed in granite and other materials. This may be a

reflection of the structural inhomogeneity of our tuff samples in which

failure may start in a very local region with no general increase in micro-

fracturing activity that might be noticeable at strain gauges outside of the

ultimate failure zone.

Although this test alone does not establish a new issue of concern, it

does suggest a type of potential failure that should be evaluated. In the

near field of a repository, in a material of very low permeability and

relatively high water content such as a zeolitized tuff, thermal expansion of

pore water or mineral dehydration water could lead to a local increase in pore

pressure if the water could not leak away rapidly enough. This could lead to
local rock failure initiation because of the reduction in effective pressure.
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Fig. 10.
Axial, circumferential, and volume strain vs time for Bullfrog tuff experi-
ment. Compression is positive, but the sign of the circumferential strain is
reversed in the plot. Tests were performed at 100°C, 20 MPa confining pres-
sure, 5 to 12.5 MPa pore pressure, and 50 MPa differential stress.

This would occur while at least some of the strain monitors were indicating a
decreasing rate of strain because of the overall decompression associated with
a falling effective pressure analagous to the axial strain record in Fig. 10).

III. CONCLUSIONS AND STATUS

We have designed and perfected an apparatus capable of performing pre-

cise, long-term creep deformation tests on rock samples. The apparatus is
capable of performing tests lasting several months at maximum differential
stress of 970 MPa, confining pressure of 1200 MPa, pore pressure of 40 MPa,
and temperature of 250'C. A system for measuring sample permeability under
the above conditions has been designed but remains to be completed and tested.

Grouse Canyon welded tuff has a uniaxial compressive strength inhomogen-
eity of at least a factor of three on a scale of a few centimeters. Note that
we are considering only "intact' samples not containing larger scale inhomo-
geneities such as Joints, fractures, or lthophysae. If target horizon tuffs
show a similar inhomogeneity, then many more tests will have to be performed
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than originally anticipated to get good statistics on mechanical properties,

or larger samples containing a representative number of inhomogeneities will

have to be tested. Probably both approaches will be required.

The onset of microclastic creep failure in Grouse Canyon welded tuff at

ambient conditions and Bullfrog tuff at 1000C, 15 to 7.5 MPa effective pres-

sure, and 50 MPa differential stress appears to occur over a narrow strain

range with little Tertiary creep warning. In one test of Bullfrog tuff under

conditions of slowly decreasing effective pressure, a failure occurred; during

the failure, some strain gauges actually indicated a decreasing rate of

strain, which was caused by the overall decompression of the sample.

REFERENCES

1. J. D. Blacic, "Importance of Creep Failure of Hard Rock in the Near Field
of a Nuclear Waste Repository," Los Alamos National Laboratory document
LA-UR-81-2584 (1981).

3. J. Blacic, J. Carter, P. Halleck, P. Johnson, T. Shankland, R. Andersen,
K. Spicochi, and A. Heller, "Effects of Long-Term Exposure of Tuffs to
High-Level Nuclear Waste-Repository Conditions: Preliminary Report," Los
Alamos National Laboratory report, in preparation.

3. W. R. Wawersik, "Technique and Apparatus for Strain Measurements on Rock
in Constant Confining Pressure Experiments," Rock Mech. 7, 231-241 (1975).

4. W. F. Brace, J. B. Walsh, and W. T. Frangos, "Permeability of Granite
Under High Pressure," J. Geophys. Res. 73, 2225-2236 (1968).

5. W. A. Olsson and A. K. Jones, "Rock Mechanics Properties of Volcanic
Tuffs from the Nevada Test Site," Sandia National Laboratories report
SAND80-1453 (1980).

18



APPENDIX

FORTRAN LISTING OF CONTROL AND DATA ACQUISITION PROGRAM

Los Alamos Identification No. LP-1465

C
C PAGE 1 OF 'MAIN'
C
C MAIN 3-19-92 1038 HRS
C MODULES NEEDED WITH THIS PROGRAM:
C MAIN.O9J
C SUBATN.OBJ
C SUPPTZ.OBJ
C LSILIB.ODJ
C TIMDAT.OIJ
C TKDATA.OPJ
C TKLI.OPJ
C
C WHEN COMPILING DATACO CHOOSE THE FORTRAN SWITCHES-
C /OPT:SPD /NOSWAP /REC:1000 OR MORE
C LET COMPILER KNOW 'STORE' IS A ROUTINE - NOT A VARIABLE

EXTERNAL STORE
C
C

COMMON/ACODAT/FULSCLFRATEINTCNTISTCHN.JRATENCHANPRESET
S RTIMESTTIME

COMMON/ARRAYS/CONV(32),DSCRPT(15,32)PDSFLAG(15),
S FDSCRP(l5,2),IRTCNT'6)PJUNKR(5),RATES(6),SCANS(6),TIMSTR(2)

COMMON/CHANN/KLOAPtIKCONr KPORE-KDIFFtKRAD1PKRAD2,KRAD3
COMMON/PROCES/I9UF1000) ,NFUFISIZNCOUNT,

S JFASTICHANIICHAN2,JNOGRPH,rYoC32) ,IX2),LEVENTIRECD
COMMQN/SCREEN/K'DISPPIOLOAIIOTEMPOONSTIlONST2,OTEMP
COMMON'TEST/ACPSIAREANW-AXLCONCIRkREFCONISRCFERNTDIFIF:.

$ GAUAXLGAURAIICCU4FPICIRiICIRFvICONrlICONFFIDIFFI,
S 1CFLAGIFLAG.LOAIIFLOADIIFOREIF'OREFPERCNTFIPF'ISARE,
* RArmCONRLOADRSLAG.SPfiIASrfIAR,
t sNAXIL.SNCoNrSNDIrFFNLOADPSNFOREPSNFADLSTRSSI

C
C

DATA IXIY0/1295,1295v32t1560/
DATA DSFLAG/4HrLAG,4H CHA.4HNNEL,12*4H
DATA KEVENTLEVENT/O#0/
IVATA IIJF/1000*0/
DATA NOGRFH/1/
DATA JUt;I/29190/
DAIA JUNKJUNKR/19190,19191,19192,19193,19194,19195/

C
ICHAN1=3
ICHAN2x4
P1w3.141593
FJSAREw3.54656

CMAIN
C !! WE DON'T KNOW WHY, UT DO THIS FIRST

CALL ASSIGN (ICHAN2,'DYI:EXFTD.ATA',13.'NEW'.,2)
REWINI' ICHAN2

TYPE 211
211 rOPMAT(/' DO YOU WISH TO CREATE A RESTART FILE Y OR N) '96)

ACCEPT 2300,ANSU
IF(ANSW.EO.'N') GO TO 1
CALL CHANGE
CALL ASSIGN ICHAN1,'DYo:RESTRT.DAT',14)
CALL TRSTR(ICHANI)
CALL CLOSE(ICHANI)

C
C
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C
C
C

PAGE 2 OF 'MAIN'

1 CONTINUE
C INITIALIZE ALL VALVES AND TURN OFF CONF.PRESS MOTOR

CALL SYSINT(IFLAG)
C READ FROM DISC: DATA ACOUSITION AND TEST PARAMETERS

CALL ASSIGN (ICHANl'DYO:RESTRT.DAT'.14)
REWIND ICHANI
CALL RRSTR( ICHAN1)
CALL CLOSE (ICHANI)

C ALLOW OPERATOR TO CHANGE DATA ACO./TEST PARAMETERS
CALL CHANGE

C CALCULATE AND DISPLAY REQUIRED ACCUMULATOR PRESSURE
CALL ACPRES

C INITIAL START POINT FOR DATA ACQUISITION SYSTEM
TYPE 250
ACCEPT 2300, IDLIMMY

C OPEN DATA FILE. SET FIRST DATA FILE NAME s 'DYI:EXPTD.ATA'
C CALL ASSIGN ICHAN2. 'DY1:EXPTD.ATA',13,'NEW'.,2)
C REWIND ICHAN2
C WRITE HEADER DATA ON DISC

CALL WTHEAD(ICHAN2)
C INITIALIZE IATA ACQUISITION UFFER POINTERS AND MISC.

CALL INTACO
TYPE 2400
ACCEPT 2300.DUMMY

C GET INITIAL START TIME FOR THIS TEST
STTIMEnSECNDS(O.)
CALL TIME(TIMSTR)

C WRITE RELATIVE TIME (RTIME) AND START TIME FOR THIS DISC
C: THIS IS WRITTEN ONLY ONCE PER DATA FILE

WRITE ICHAN2) RTIME.TIMSTR
C START THE ATA ACO. SYSTEM

CALL TKI'ATA( IPtUrISIZISTCHNNCHANNUF)
CALL SETR(JRATE,1,PFRESETICMFINTCNTSTORE)

C SFT DATA RATE - 3
IFAST-O
JUNKK-JUNKR (3)
WRITE (ICHAN2) (JUNKKIDUMMY-1,NCHAN+1)
NCOUNT-IRTCNT( 3)

C
C IS THIS A RESTART 
10 TYPE 2000

ACCEPT 2300,RSFLAG
IF(RSFLAG.E.'N') O TO 15
IF(RSFLAG.EO.'Y') GO TO 50
GO TO 10

C
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C
C PAGE 3 OF 'MAIN'
C
C IF NOT A RESTART, THEN:
C COLLECT INITIAL XIUCER OFFSETS
15 CALL INTOFF
C LET OPERATOR SET ACCUMULATOR9CONFINING AND
C PORE PRESSUREsTEMPERATURE9 AND POSITION RAM
20 TYPE 2100

ACCEPT 2300,ANSW
IF(ANSb.NE.'GO') GO TO 20

C COLLECT FINAL OFFSETS
CALL FINOFF

C COLLECT CIRCUMFERANCE REFERANCE VALUE
CALL CIRRFF

C WRITE RESTART FILE
CALL ASSIGN (CHANlllYOR:ESTRT.DAT't14)
CALL TRSTR(ICHANI)
CALL CLOSE (ICHANI)

C SET P GRAPHICS
NOGRPH-O
IX(2 )1295

C SET DATA RATE TO FASTEST
IFASTal
WRITE (ICHAN2) (JUNkIIIUMMYlNCHAN)

C COLLECT DATA FOR 2 SECONDS
TlSECNE'S(O)

30 T2=SECNDS(T1)
IF(T2.LT.2) GO TO 30

C POP' VALVE CONTINUE FAST RATE FOR 5 SECONDS
CALL POP

40 T2-SECNDS(TI)
IF(T2.LT.7) GO TO 40

C SET DIATA RATE - 1
IFAST=O
JUNKK=JUNKR(l)
WRTE (ICHAN2) JUNKKPIDUMMYINCHAN+1)
NCOUNT-IRTCNT(1)

GO TO 190
C
C IF THIS IS A RESTART. THEN:
50 CONTINUE
C WRITE RESTART FILE

CALL ASSIGN (ICHANl'DY0:RESTRT.DAT',14)
CALL WTRSTR(ICHAN1)
CALL CLOSE (ICHAN1)

CALL ACPRES
60 TYPE 2100

ACCEPT 2300,ANSW
IF(ANSW.NE.'GO') GO TO 60

C SET UP GRAPHICS
NOGRPH-O
IX(2)1295

C POP VALVE
CALL POP
GO TO 190
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PAGE 4 OF 'MAIN'
C
C
C
C THIS IS THE RESTART POINT WHEN THE CHANGE FLOPPY OPTION IS 
150 RTIME-SECNDS(STTIME)

CALL TIME(TIMSTR)
C WRITE RELATIVE TIME (TIME) AND START TIME FOR THIS DI
C THIS IS WRITTEN ONLY ONCE PER DATA FILE

WRITE (ICHAN2) RTIMEPTIMSTR
C TAKE DATA ANtD PROCESS ANY COMMANDS FROM KEYPOARD
180 CALL TKDATA(IFUFISIZ.ISTCHNNCHANNPUF)

CALL SETR(JRATE,1PRESETICMFINTCNTSTORE)
C PROCESS OERATOR REQUEST (ALLOW DATA ACO. TO INTERRUPT
190 CALL CURATE

MENFLGwO
C TYPE C<CR> TO CHANGE OPTIONS
100 TYPE 200
200 FORMAT ' TYPE C<CR> FOR OPTION. 'PS)

ACCEPT 210.IDUMMY
210 FORMAT (A2)
C TEST IF ERROR FROM COMPLETION ROUTINE 'STORE'

IF (ICMF.LT.O) STOP ' DATA OVERRUN, USE SLOWER RATE!l'
IF (IDUMMY.NE.'C') O TO 100

215 TYPE 220
220 FORMAT ' OPTIONS: '/t

6' 1) GRAPH't/,
*' 2) NO GRAPH',P/
*' 3) CHANGE DATA RATE'v/,
t' 4) WRITE EVENT FLAG',P/
*' 5) CLEAR SCREEN',P/
S, 6) NEW DATA FILE'v/9
*' 7) STOP TEST'P/v
*' S) NO OPERATION't/9
61 9) POP VALVE't/,
*' 10) BLOCK COUNT',/,
*' 11) CHANGE TEST PARAMETERS'p)

TYPE 230
230 FORMAT ' OPTION' '.5)

ACCEPT 240,IDUUMMY
240 FORMAT (12)

Ir(IDUMMY.LT.1.OR.IDUMMY.GT.l1) GO TO 215
GO TO (00,51O,520,530,540,550,560,570,580,

* 590,600) IDUMMY
C
C GRAPH ON
500 CONTINUE

NOGRPH-O
IX(2)=1295
GO TO 999

C NO GRAPH
510 CONTINUE

NOGRPH'1
GO TO 999

ONE

SC
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C
C PAGE 5 OF 'MAIN'
C

* C CHANGE DATA RATES
520 CONTINUE

TYFE 527
TYFE 523i(SCANS(6))
TYPE 525
D0 521 IDUMMYWIPS

TYPE 524(11'UMMYPSCANS(IDUMMY))
TYPE 525

521 CONTINUE
TYPE 528
ACCEPT 529,IRATE
IF (IRATE.LE.0) 60 TO 522
IF (IRATE.GT.5) GO TO 520
IFAST-o
JUNKKSJUNKR(IRATE)
WRITE (ICHAN2) JUNKKIDUMMYSl,NCHAN+1)
NCOUNTWIRTCNT(IRATE)
GO TO 999

522 CONTINUE
IF IFAST.EG.1) GO TO 999
IFASTal
WRITE ICHAN2) JUNKIDUMMYsINCHAN+1)

S23 FORMATSX RATE 4 0 FAST DATA RATE (SECS/SCAN) ',F10.2.t)
524 FORMATC' RATE 4 '12.' (SECS/SCAN) 'vF10.2,t)
525 FORMAT(' )
526 FORMAT(/' )
527 FORMAT(///' DATA ACQUISITION RATES )

52e FORMAT (/' DESIRED RATE :',S)
529 FORMAT 12)

GO TO 999
C WFITE AN EVENT FLAG TO CHANNEL NCHAN+1
530 CONTINUE

hEVENTWKEVENT+1
L EVEN T a KE VENT
TYPE 531,KEVENT

531 FORMAT (I' EVENT FLAG NUMBER '13,' WRITTEN')
GO TO 999

C CLEAR THE SCREEN
540 CONTINUE

CALL TKPACK(*34)
CALL TKPACK(t33)
CALL TKPACK(14)
CALL TKPACK(030)
GO TO 999
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C PAGE 6 OF 'MAIN'
C
C WRITE NEW DATA FILE
550 CONTINUE
C TURN DATA ACO. OFF

CALL SETR(-l,,,)
C DO DUMMY DELAY FOR COMPLETION OF PRESENT SCAN

DO 551 IDUMMY-1#500
DUMMY=SGRT(FLOAT(IDUMMY))*SQRT(FLoAT IDUMMY))

551 CONTINUE
C SET RT-11 CLOCK ATT CLOCK (GET CORRECT DATE ONLY)

CALL TIMDAT
C CLOSE EXISTING FILE

CALL CLOSE(ICHAN2)
TYPE 552

552 FORMAT (/' ENTER NEW DATA FILE NAME:',P)
C OFEN NEW DATA FILE

CALL ASSIGN(ICHAN2,'',-1)
REWIND CHAtN2

C WITE HEADER DATA ON DISC
CALL THEAD(ICHAN2)

C RE-INITIALIZE SOME VARIAPLES AND CLEAR SCREEN
IFAST-O
NCOUNTUIRTCNT 1)
ICMF-o
NIUF=IOCO/NCHAN
IRECRDmo
J-1
1X(2)-1295
CALL TKPACK('34)
CALL TKFACK('33)
CALL TKPACK(014)
CALL TACK('30)

C GO TO RESTART THE DATA ACQUISITION
TYPE 553

553 FORMAT(/' TYPE <RET> TO EGIN TAKING DATA '%1)
ACCEPT 554,DUMMY

554 FORMAT(A4)
MENFLGal
GO TO 999

C NO OEFATION
570 CONTINUE

GO TO 999
C OP VALVE TO LOAD RAM IN CREEP TEST AND EGIN LOAD CONTROL
560 CONTINUE

CALL POP
GO TO 999

C LOCK COUNT
590 CONTINUE

IFLOCK-IRECRD* NCHAN42.25)/256+2
TYPE 591,IFLOCK

591 FORMAT(//' NUMBER OF FLOCKS USED SO FAR IS: 'IS)
GO TO 999
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C
C PAGE 7 OF 'MAIN'
C
C STOP
560 CONTINUE
C TURN OFF DATA ACO.

CALL SETR(-2,.,)
C CLOSE EXISTING FILE

CALL CLOSE(ICHAN2)
CALL SYSINT
TYPE 561

561 FORMAT (//.' GOOD-BY FOLKS! ')
STOP ' PROGRAM FINISHED'

C CHANGE TEST PARAMETERS
C SET DATA RATE TO SLOWEST
600 IFAST-O

JUNK-JUNKR(5)
WRITE (CHAN2) (JUNKKrIDUMMY-1,NCHAN+l)
NCOUNT=IRTCNT(5)

C CLEAR SCREEN AND TURN OFF GRAPHICS
NOGRPH-1

CALL TKPACK(*34)
CALL TKPACK(033)
CALL TKPACK(*14)
CALL TFACK( 30)

GO TO 605
603 TYPE 735

TYPE 7009DIFSR
CALL SAME(DIFDS)
VARs100.*FERCNT
TYFE 705,UAR
CALL SAME(VAR)
FERCNT-VAR/100.
TYPE 710,CONbSR
CALL SAME(CONDSR)
VAR=100.*CPERNT
TYPE 715VAR
CALL. SAME(VAR)
CPERNT=VAR100.

C PRINT OUT TEST PARAMETERS
60 TYPE 735

TYPE 700,DIFDSR
TYPE 730
VAR 100.tPERCNT
TYPE 705VAR
TYPE 730
TYFE 71OeCONDSR
TYPE 730
VAR-CPERNT1 00.
TYPE 715,UAR
TYPE 730
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APPENDIX (cont)

C
C PAGE OF 'MAIN'
C
C NOW SEE IF ALL DATA CORRECT

TYPE 720
ACCEPT 725ANS
IF(ANS.EO.'N') GO TO 603

C REWRITE RESTART FILE
CALL ASSIGN (ICHANl,'DYO:RESTRT.DAT',14)
CALL WTRSTR(ICHANI)
CALL CLOSE (ICHAN1)

GO TO 999
700 FORMAT(' DESIRED DIFFERENTIAL STRESS (PSI) '12XPF10.399)
705 FORMAT(' DESIRED STRESS CONTROL PERCENTAGE '2XF10.3.$)
710 FORMAT(' DESIRED CONFINING PRESSURE (PSI) '13X.F1O.3ot)
715 FORMAT(' DESIRED CONF. PRESS. CONTROL PERCENTAGE '6XvF10.3.S)
720 FORMAT(/' IS THIS CORRECT Y OR N) 't)
725 FORMAT(A4)
730 FORMAT(' ')
735 FORMAT(///' ')
C stststtt**t**ts*sss*s tst**ss*****ss
999 CONTINUE

IF(MENFLG.EO.I)GO TO 150
GO TO 190

C
?000 FORMAT(/' IS THIS A RESTART (Y OR N) ? '¼5)
2100 FORMAT(/' TYPE GO TO CONTINUE, AFTER:'I/v

6' ACCUMULATORtCONFININGPFOPE PRESSUREPTEMPERATURE SET'/,
S' RAM IS IN POSITION')

2300 FORMAT(A4)
2400 FORMAT(/' TYPE *RET> TO EGIN TAKING DATA '$)
250 FORMAT(/' PUT IN THE DATA ISC¼/9' DATA WILL PE WRITTEN TO

S FILE Yl:EXPTllA.ATA'./9' TYPE -ET', WHEN READY : ',)
END

26



APPENDIX (cont)

C… -- START OF ALL SUBROUTINES -----------------
C

SUBROUTINE ACPRES
C ACFRES CALC. AND PRINTS THE STARTING PRESSURE FOR ACCUMULATOR

COMMON/TEST/ACPSIPAREANWAXLCON.CIRREFCONDSRCPERNTDIFDSR
S GAUAXL*GAURAI' ICONFP*ICIRI*ICIRF*ICONFI* ICONFF*IDIFFI,
* ICFLAG* IFLAG*LOADFtLOADrIPORE*IPOREF*PERCNT*PIPISARE.
S RADCON.RLOAD,.RSFLAG.SF'DIA.SF'DIAR.
$ SNAXIL*SNCONF.SNDIFF.SNLOAlPSNPORE*SNRADL.STRSSI

C CALC. FORCE ON PISTON DUE TO CONFINING PRESSURE
FORCEImCONDSR:PISARE

C CALC. NEEDED FORCE ON SPECIMEN
FORCE2=DIFDSR*SFDIASSPDIA*PI/4.

C CALC. TOTAL FORCE
FORCE=FORCE 1 +FORCE2

C CALC. RAM PSI
ACPSIFORCE/113. 1
TYPE 10ACPSI

10 FORMAT(/' CHARGE ACCUMULATOR TO .FS.19' PSIV)
RETUPtJ
END

SUkROUTINE ACOPAR
C ACOFAR COLLECTS DATA ACOUISTION PARAMETERS

COMMON/ACODAT/FULSCLFRATEtINTCNTISTCHNJRATENCHANPRESETv
$ RTIME.STTIME

COMMON/ARRAYS/CONV(32) .DSCRPT( 15932) *DSFLAG( 15),
S FDSCRP(152)uIRTCNT(6),JUNKR(5),RATES(6).SCANS(6).TIMSTR(2)

1 GO TO 40
2 TYPE 360
C COLLECT 1ST LINE OF FILE DESCRIPTION

TYPE 200
TYPE 320.(FDSCRP(IDUMMY*1)*IDUMMY=.15)
CALL SAMASC(FDSCRP(1*1))

C COLLECT 2NID LINE
TYPE 210
TYPE 320.(FDSCRP(IDUMMY.2)*IDUMMYa15)
CALL SAMASC(FDSCRP(1*2 ))

C COLLECT A/D FULLSCALE ALUE
FULSCL=FULSCL*2048.
TYFt 225FULSCL
CALL SAME(FULSCL)
FULSCL uFULSCL/2048.

C COLLECT NUMBER OF CHANNELS
C (CHANNELS ARE NUMBERED 0-31 ON THE RTI-1250).
20 TYPE 220NCHAN

CALL SAMEI(NCHAN)
IF (NCHAN.GT.32) GO TO 20
IF NCHAN.LE.0) GO TO 20

C COLLECT STARTING CHANNEL NUMBER
30 TYPE 230ISTCHN

CALL SAMEIMISTCHN)
IF ISTCHN.LT.O.OR.ISTCHN.GT.31) GO TO 30

C COLLECT CHANNEL DESCRIPTION AND CONVERSION FACTOR
TYPE 235

C JSTCHN MAY E 0 ARRAYS BEGIN NUMBERING WITH 1
C SO STORE ISTCHN DESCRIPTION AT ST LOCATION IN ARRAY

110 35 IDUMMYvISTCHN41vISTCHN+NCHAN
C REMOVE OFFSET TO GET CORRECT CHANN NUMBER

JDUMMYzIDUMMY-1
TYPE 240vJDUMMY

C SET POINTER AT DESCRIPTION
JDUMMY=IDUMMY-ISTCHN
TVPE 320,(t'SCRFT( IJDlUMMY),Ia1.15)
CALL SAMASC(DSCRPT(ltJDUMMY))
TYPE 245. (CONV(JIDUMMY))
CALL SA7E (CONV1JDUMMY))
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35 CONTINUE
C PRINT OUT ATA ACQUISTION PARAMETERS
40 TYPE 360

TYPE 200
TYPE 320.(FDSCRP(IDUMMY.1),IDUMMY-1,15)
TYPE 300
TYPE 210
TYPE 320,(FDSCRP(IDUMMY,2),IDUMMY1,15)
TYPE 300
FULSCL=FULSCL*204S.
TYPE 225FULSCL
FULSCL*FULSCL/2046.
TYPE 300
TYPE 220,NCHAN
TYPE 300
TYPE 230,ISTCHN
TYPE 350
TYPE 235

TYPE 215
AVCFPT 330.ANSU

C PRINT CHANN DESCRIPTION AND CONV. VALUE
NCOUNTwO
DO 45 IDUMMYsISTCHN4IISTCHN+NCHAN
JDUMMYSZDUMMY-1
TYPE 240.JDUMtY
JDUMMYsIDUMY-ISTCHN
TYPE 320#(DSCRPT(IvJDUMMY),I'1w15)
TYPE 245#(CONV(JDUMY))
TYFE 350
KCOUNTaKCOUNT+l
IF(KCOUNT.LT.5) 60 TO 45

TYPE 215
ACCEPT 330.ANSW
KCOUNTwO

45) CONTINUE
C SEE IF O.K.
4b1) TYPE 310

ACCEPT 330,ANSW
IFiANSW.EQ.'Y') RETURN
IF(ANSU.EO.'N') 60 TO 2
00 TO 46

200 FORMAT(' 1ST LINE FILE DESCRIPTION')
210 FORkAT(' 2ND LINE FILE DESCRIPTION')
215 FORMAT(/' TYPE <RET> TO CONTINUE : 'S)
220 FORMAT(' NUMBER OF CHANNELS ',I2,S)
225 FORMATC' AD FULLSCALE (/- VOLTS 'Fl0.3v6)
230 FORMATW' STARTING CHANNEL NUMBER '.12,1)
235 FORMAT C' DESCRIPTION AND CONVERSION VALUE(UNITS/VOLT)')
240 FORMAT C' CHANO'.129' DESCRIPTION:',t)
245 FORMAT (' CONV. ALUE 'lO.3,S)
300 FORMATW ')
310 FORMAT(/' IS THIS CORRECT CY OR N) '.5)
320 FORMAT(4Xt15A4#6)
330 FORMAT(A4)
340 FORMAT(F1O.3)
350 FORMAT(/' ')
360 FORMAT(///' DATA ACQUISTION DESCRIPTION')

RETURN
END
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SUBROUTINE CHAN
C CHAN COLLECTS XDUCER CHANNEL ASSIGNMENTS

COMMON/CHANN/KLOAD.KCONFKF'OR'EKDIFFKRAD1,KRAD2.KRAD3
1 GO TO 40
2 TYPE 360
C COLLECT CHANNEL ASSIGNMENTS

TYPE 200.KLOAD
CALL SAMEI(KLOAD)
TYPE 300
TYPE 210KCONF
CALL SAMEI(KCONF)
TYPE 300
TYPE 220.KPORE
CALL SAMEI(KPORE)
TYPE 300
TYPE 230,KDIFF
CfLL SAMEI(KDIFF)
TYPE 300
lYPC 240.KRADI
CALL SAMEI(KRADl
TYrE oo
TYPE 250,KRAD2
I:A4L SAMEI(KRAD2)
TYPE 300
TYPE 260.KRAD3
CALL SAMEI(KRAD3)
TYPE 300

C PRINT CHANNEL ASSIGNMENTS
40 TYPE 360

TYPE 200,KLOAD
TYPE 300
TYPE 210,KCONF
TYPE 300
TYPE 220.KPORE
TYPE 300
TYPE 230.KDIFF
TYPE 300
TYPE 240.KRAD1
TYPE 300
TYPE 250KRAD2
TYPE 300
TYPE 260PKRAD3
TYPE 300

C SEE IF O.K.
45 TYPE 310

ACCEPT 330.ANSU
IF(ANSU.EO.'Y') RETURN
IF(ANSU.EQ.'N') GO TO 2
GO TO 45

200 FORMAT(' LOAD CELL '.12.5)
210 FORMAT(' CONFINING PRESSSURE '.12P5)
220 FORMAT(' PORE PRESSURE '.12,5)
230 FORMAT(' DIFFERENTIAL PORE ',12,$)
240 FORMAT(' RADIAL GAUGE I '.12.1)
250 FORMAT(' RADIAL GAUGE 2 '912P1)
260 FORMAT(' RADIAL GAUGE 3 '.12.5)
300 FORMAT(' ')
310 FORMAT(/' IS THIS CORRECT (Y OR N) '.$)
330 FORMAT(A4)
350 FORMAT(/' ')
360 FORMAT(///' CONTROL XDUCER CHANNNEL ASSIGNMENT ')

END
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SUFROUTINE CHANGE
C CHANGE ALLOWS OPERATOR TO CHANGE DATA ACQ./TEST PARAMETERS

CALL CHAN
CALL ARAM
CALL ACOPAR
CALL DATRAT
RETURN
END

SUPROUTINE CIRRFF
C CIRRFF CALC. EFERANCE STRAIN A/D UNITS * SPEC.DIA/CIRCUM AFTER THE
C APPLICATION OF CONFINE/PORE PRESS AND TEMP
C ENTER SPDIA-INIT. SPECHEN DIA. IN., ICIRI-INIT.STRAIN A/t UNITS
C EXIT REF.VALUES: SIAR=DIA.(IN.).CIRREFmCIRCUM.(IN.),ICIRRFUSTRAINsA/D)

COMMON/PROCES/IBUF(100O),NSUFISIZNCOUNT,
* IFAST.ICHANI.ICHAN2,JNOGRPHIYOC16),IXC2) LEVENT.IRECRD

COMMON/TEST/ACPSIAREANUpAXLCONCIRREFCONDSR.CPERNTlDIFDSR,
S GAUAXLPGAURADvICONFPuICIRIFICIRF.ICONFItICONFFIDIFFIi
I ICFLAGIFLAGLOADF.LOADIPIPOREIPOREFFERCNTPIPISARE,
* RADCONRLOADPRSFLAGISPDIASPDIAR,
i SNAXILSNCONFSNDIFFSNLOADSNFORESNRADLSTRSSI

C MEASURE ALL 3 RADIAL GAUGESFIND AVG.FA/D UNITS
IDAThlzIPUF((J-lSTCHN)+RA~l)
IDATA2wIBUF CJ-ISTCHN)+KRAD2)
IDATA3=I8UFC J-ISTCHN)+KRAl'3)
IAVG=(IDATAI+IATA2+IDATA3)/3

C CALC. DELTA A/D UNITS USING NO TEMP/PRESS VALUE
DELTA=IAVG-ICIRI

C CALC.EFSLONPCONVERT FROM MILLISTRAIN TO SRAIN
EPSLON=D[ELTAtRADCON/1000.

C CALC. NEW DaIAMETER
SFDIAR=SPDIA*( +EPSLON)
CIPREF=SPlDIAR* PI
RETURN
E£N
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SUFROUTINE CONPMP(ICFLAG)
C CONPMP INCREAESE/DECREASES CONFINE PRESS.

IF(lCFLAG.EO.0) GO TO 100
GO TO(l.2p3,4,ICFLAG
TYPE 1000tICFLAG

1000 FORMAT(/ ERROR IN PUMF' ICFLAGR',IS)
GO TO 100

C THIS DECREASES PRESSURE
C SELECT DIRECTIONPTURN MOTOR ONSAVE TIME
1 IVALVE=8

CALL VALON(IVALVE)
IVALVEz9
CALL VALONCIVALVE)
TlzSECNDS(O)
ICFLAG=2
GO TO 100

C IF 2 SECONDS HAVE PASSED - TURN OFF OTOR
2 T2=SECNDS(TI)

IF(12.LT.2) 60 0 100
GO TO 90

C THIS INCREASES PRESSURE
3 IVALVExS

CALL VALOFF(IVALVE)
IVALVEs9
CALL ALON(IVALVE)
TI=SECNDS(O)
ICFLAG=4
GO TO 100

C IF 2 SECONDS HAVE PASSED - TURN OFF MOTOR
4 T2=SECN'S(TI)

IF(T2.LT.2) GO TO 100
GO TO 90

C TUFN OFF MOTOR - CLEAR FLAG
90 IVALVEz9

CALL ALOFF(IVALVE)
IVALVEm8
CALL VALOFF(IVALVE)
ICFLAG=0
GO TO 100

lO RETURN
ENIs

SUEROUTINE CURATE
C CURATE CALCULATES AND DISPLAYS CURRENT DATA RATE

COMMON/ARRAYS/CONV(32).DSCRPT(l1532),DSFLAG(1S),
I FDSCRP(l5,2)IRTCNT(6)tJUNKR(5).RATES(6)SCANS(6).TIMSTR(2)

COMMON/PROCES/IhUF( 1000).NUFISIZNCOUNT,
* IFAST ICHANI.ICHAN2.JpNOGRPHIYO(32)PIX(2).LEVENT.IRECRD

C FIND POSITION IN ARRAY OF CURRENT DATA RATE
IDUMMYwl

10 IF(IRTCNT(IDUIMY).EO.NCOUNT) GO TO 20
IDUMMY=IDUMMY$1
IF(IDUMMY.LT.6) GO TO 10
TYPE 200
RETURN

20 TYPE 210,vlDUMYSCANS(IDUMfY))
RETURN

200 FORMATl/ ERROR !!! - CURRENT DATA RATE CANNOT E CALCULATED')
210 FORMAT(' CURRENTLY RUNNING DATA RATE 0'912t

* l ,Fo.2,' SECS/SCAN)')
END
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SUPROUTINE DATRAT
C DATRAT COLLECTS DATA ACOUISTION RATE PARAMETERS

COMMON/ARRAYS/CONVC32).DSCRPTCl5.32).DSFLAG(15),
* FDSCRP(l52).IRTCNT(6)PJUNKR(5)PRATES(6)PSCANS(6)PTIMSTR(2)

COMMON/ACODAT/FULSCLFRATEPINTCNTISTCHNJRATENCHANPRESET.
* RTIMEvSTTIME

COMKON/FROCES/IIWF(1000).NFUFISIZ.NCOUNT.
S IFASTICHANlICHAN2,JiNOGRPHIY0(32)PIX(2)tLEVENTIRECRD

1 GO TO 2S
2 TYPE 360
C COLLECT DATA RATES
13 TYPE 2009(SCANS(6))

CALL SAME(SCANS(6))
IF(SCANS(6).LT..O1)GO TO 15

C INSURE CORRECTNESS OF PRESET
FRATEaI./SCANS(6)

ITIUtMY-100./FRATE
PRESETaIDUMMY
FRATEu1'0./PRESET
SCANS(6)z1./FRATE
IkTCNT(6)SPRESET

C COLLECT SOWER DATA RATES
rDO 20 IDUMMY=195

28 TYPE 210.(IDUMMYtSCANS(IDUMMY))
CALL SAME(SCANS(IDUMMY))
TYPE 300
IF(SCANSCXDUhMY)/32000.GT.SCANSC6)) GO TO 18

C INSURE CORRECTNESS OF RATES AND SCAN VALUES
RATES(IDUMMY)wl./SCANS(IDUKMY)
IRTCNT(IDUMMY)sFRATE/R4TES(IDUMMY)
RATES(IDUMMY)mFRATE/FLOAT(FRTCNT(IDUMMY))
SCANS(IDUMMY)al./RATES(IDUMMY)

20 CONTINUE
C PRINT OUT DATA RATES
25 TYPE 360

TYPE 200t(SCANS(6))
TYPE 300
DO 30 IDUMMY=195

TYPE 2109(IDUMMYPSCANS(IDUMMY))
TYPE 300

30 CONTINUE
TYPE 350

45 CONTINUE
C SEE IF O.K.

TYPE 310
ACCEPT 330.ANSV
lF(ANS1.EO.'Y') RETURN
1f(ANSW.EQ.'N') GO TO 2
GO TO 45

200 FORMAT(' FAST DATA RATE (SECS/SCAN) '.FIO.2.5)
210 FORMAT(' '12s' DATA RATE (SECS/SCAN) 'PFI0.296)
300 FORMAT(' ')
310 FORMAT(/' IS THIS CORRECT CY OR N) '.S)
320 FORMAT(4XtI5A4t$)
330 FORMAT(A4)
340 FORMAT(FI0.3PS)
350 FORMAT(/' 1)
360 FORMAT(///' DATA ACQUISITION RATES :')

END
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SUFROUTINE FINOFF
C FINOFF COLLECTS XDUCER OFFSET (A/D UNITS) AFTER TEMP/PRESS SET

COMMON/CHANN/KLOADKCONFtKPOREPKDIFF.KRADIKRAD2.IRAD3
COMMON/PROCES/IBUF(IOOO)NbUFISIZ.NCOUNT.

* IFASTICHAN1.ICHAN2,JNOGRPHIYO(32)PIX(2) LEVENTPIRECRD
COMMON/TEST/ACPSI.AREANWtAXLCONCIRREFCONI'SR.CPERNTDIFDSR,

S GAUAXLPGAURADICONFPuICIRI.ICIRF.ICONFIICONFFuIDIFFI.
* ICFLAGIFLAGLOADFvLOADIeIPOREIPOREF.PERCNTP1IPISARE.
* RADCON.RLOAD.RSFLAGSPDIA.SPDIAR.
* SNAXILSNCONFSNDIFFSNLOADSNPORESNRADLSTRSSI

LOADF=IBUF(CJ-ISTCHN)+KLOAD)
XCONFFmIUF((J-ISTCHN)+KCONF)
IPOREFwISUF((J-ISTCMN)+KPORE)

C MEASURE ALL 3 RADIAL GAUGESFIND AVG.
IDATAlwIIUF((J-ISTCHN)+KRADl)
IDATA2sIIUF((J-ISTCHN)+KRAD2)
IDATA3wIUF((J-ISTCHN)+KRAD3)
ICIRFt(IDATAl+I4lATA2+IDATA3)/3
RETURN
ENE'

SUI'ROUTINE GRIDVR
C DRAW CRUDE GRID AND PRINT VARIABLE LABELS

LOGICALtl CANPSUIESCFS.GSUS,DELLITTLAFF
LOGICALtI ISTRSC1S)
LOGICALSl OLKSTR(15)
LOGICAL*1 LABSTR(7)

C
DIMENSION KHAR(10)
DIMENSION IY(2)PIXX(2)

C
COMMON/PROCES/IbUF( 1000),NUFISIZ.NCOUNTe

* IFASTICHANIICHAN2,J,NOORPHIYO(32)PIX(2)uLEVENTtIRECRD
COM"ON/SCREEN/KDISPPIGLOADeIQTEMFQONST1,OONST2,OTEMP
COMMON/TEST/ACPSI.AREANWAXLCONCIRREFCONDSRCPERNTPDIFDSR.

* GAUAXLPGAURADICONFP,ICIRIICIRFICONFIICONFF.IDIFFI,
* ICFLAGPIFLAGLOADF.LOADIIPORE.IPOREFPERCNT.PIPISARE,
S RADCONRLOAD.RSFLAGSPDIASPDIAR,
$ SNAXIL.SNCONFPSNDIFF.SNLOAD.SNPORE.SNRADL.STRSS1

C
DATA IXX/1295,4095/
DATA CANSUESCFSGSUSDELLITTLA/'30,'32s'33,'34,'35,937,

* 177 '141/
DATA FF/014/
DATA KAR/609061,'62,'63,'649'65,66,'67,70 '71/
DATA ICOUNT/1/
DATA LASSTR/IHS.lHT,1NR#HE,1HS.1HSlHa/

C
C CLEAR SCREEN
C GO TO POINT ODE

CALL TKPACK(FS)
C GO TO 4010 ALPHA.CLR SCREEN.DATA&WHITEHOME CURSOR

CALL TKPACK(ESC)
CALL TKPACK(FF)

C GO TO ADM-3 ALPH
CALL TKPACK(CAN)

C -FULL SCALE LINE
C GO TO VECTOR MODE

CALL TKPACK(GS)
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C SENZ' FIRST CO-ORDINATE
CALL TKVECT(IXX(1),1)

C SEND SECND CO-ORDINATE DRAW LINE
CALL TECT(IXX(2)e1)

C -HALF SCALE LINE
C FREPARE TO ACCEPT FIRST CO-ORD.

CALL TKPACK(GS)
CALL TKVECT(IXX(l)t790)
CALL TKVECT(IXX(2)p790)

C 0 LINE
CALL TKPACK(GS)
CALL TKVECT(IXX()PIS6O)
CALL TKVECT(IXX(2h1P560)

C +HALF SCALE LINE
CALL TKPACKIGS)
CALL TKVECT(IXX(1h,2340)
CALL TKYECT(IXX(2),2340)

C +FULL SCALE LINE
CALL TKPACK(GS)
CALL TKVECT(IXX(1).3120)
CALL TKVECT(IXX(2)93120)

C
C PRINT SfRESS' TO GRAPHIC SCREEN
C GO TO VECTOR MODE

CALL TKPACK(GS)
C POSITION CURSOR

CALL TKVECT(1295,3000)
C GO TO 4010 ALPHA MODE

CALL TPACK(US)
C WRITE LAPEL TO GRAPHICS SCREEN

DO 145 IUMMYS1,7
CALL TKPACK(LAPSTRCIDUMMY))

145 CONTINUE
C GO TO ADM-3 ALPHA

CALL TPACK(CAN)
RETURN
END

SUFROUTINE INTACG
C INITIALIZE PARAMETERS FOR STARTING DATA ACQUISITION SYS.
C NUFeICKF ARE PARAMETERS FOR TKDATA AND SETR
C J IS AN INDEX USED IN THE COMPLETION ROUTINE.

COMMON/ARRAYS/CONV(32)uI'SCRPT(1532)hDSFLAG(15)v
t FDSCRP(1592),IRTCNT(d)JUNKR(5)iRATES(6)SCANS(6)tTIMSTR(2)

COMMON/ACGDAT/FULSCLvFRATE.INTCNT.ISTCHN.JRATE.NCHANPRESET
* RTIME.STTIME

COMMON/FROCES/ISUF(1000)tNDUF.ISIZNCOUNT,
$ IFASTPICHANItICHAN2,JNOGRPHPIY0(32)'IX(2)hLEVENTeIRECRD

ItUKMY.1000
NEUF=IDUMMY/NCHAN
ISIZuNCHANNUF
IRECRD=O
INTCNTsI
ICMFaO
Jul
IFAST=O
NCOUNT=IRTCNT(1)
JRATE=S
RETURN

C SITIME IS STARTING TIME IN SECONDS PAST MIDNIGHT OR OOT
C RTIME IS TIME TIME IN SECONDS RELATIVE TO STTIME
C STTIME IS FIXED WHEN THE FIRST DATA FLOPPY IS STARTED. RTIME IS
C CALCULATED TO GIVE THE TIME FROM THE START OF THE EXPERIMENT AND IS
C WFITTEN TO EACH OF THE FLOFFYS USED IN THE TEST.
C TIMSTR IS AN ASCII STRING GIVING SYSTEM TIME IN HR:MIN:SEC FORMAT.

END
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SUFROUTINE INTOFF
C INTOFF COLLECTS INITIAL OFFSET A/D UNITS FOR VARIOUS XDUCERS

COPMON/CHANN/KLOADPKCONFPKPOREPKDIFFPKRADIPKRAD2iKRAD3
COMMON/PROCES/IDUF1000),NIUFtISIZNCOUNTP

$ IFASTpCHANlIICHAN2pJpNOGRPHIYO(32)PIX(2)PLEVENTeIRECRD
COMMON/TEST/ACFSIPAREANWPAXLCONCIRREFCONDSRCPERNT.DIFIiSR

$ GAUAXLPGAURADICONFPICIRIICIRFPICONFIICONFFeIIFFI
S ICFLAGtIFLAGLOADFLOADIIFOREIPOREFPERCNT.PIPPISAREP
$ RADCONtRLOADPRSFLAGPSPDIASPDIAR,
* SNAXILSNCONF.SNDIFFSNLOADSNF'ORESNRADLSTRSSI

C
C GET INIT. VALUES FOR LOAD CELLYCONFIN AN!' FORE XDUCERSRADIAL GAUGES
C GET INIT. VALUES FOR LOAD CELL(LOADI)
1 LOADIwIBUF((J-ISTCHN)+KLOAD)

IDUhhY-KLOAD
IFCIAcS(LOADI).GT.2) G TO 1020

C GET INIT. VALUES FOR CONFINING PRESSURE (ICONFI)
IcONrIBIhUF( J-ISTCHN)+KCONF)
IDUhY=KCONF
IF(lASS(ICONFI).GT.2) GO TO 1020

C GET INIT. VALUES FOR PORE PRESSURE (IPORE)
IFOREIPUF((J-ISICHN)+KORE)
Il[UMMY=KPOFE
IF(IAPS(IPORE).GT.2) GO TO 1020

C GET INIT. VALUES FOR RADIAL GAUGES(CIRIN)
C MEASURE ALL 3 RADIAL GAUGESPFIND AG.PSAVE IN A/D UNITS

IDATAlxIBUF( J-ISTCHN)+hRADl)
IDUMMY=KRADl
IF:IAkS(IDATAl).GT.2) GO TO 1020
rDATA2sIBUF((J-ISTCHN)+KRAD2)
IDUMMY=KRAD2
IF(IABS(II'ATA2).GT.2) GO TO 1020
IDATA3sIUF((J-ISTCHN)+KRAD3)
IlIUMMYewRAD3
Ir(IABS(IDATA3).GT.2) GO TO 1020
ICIFIm(IDATA1+IDATA2+IDATA3)/3
SETURN

lC20 TYPE O25iIDUMMY
1025 FORMAT/' ADJUST ZERO ON CHANNEL '2w' THEN HIT <RET ')

ACCEPT 1030uANSW
1030 FORMAT(A4)

GO TO 
END

SUBROUTINE ENUE(MENFLG)
C MENUE PROCESSES OPERATOR REOUESTS

COMMON/AC0DAT/FULSCL.FRATEINCNTISTCHNJRAIENCHANPFRESET
* RTIMEPSTTIME

COMMON/ARRAYS/CNV(32)DSCRPT(15,32)PDSFLAG(1S)
* FDSCRP(l52)PIRTCNT(6).JUNKR(5).RATES(6)PSCANS(6)hTIMSTR(2)

COMMON/PROCES/IIUF10OOO)tNiUFP1512iNCOUNT.
$ IFAST.ICHANItICHAN2.J.NOGRPH.IYO(32).IX(2) LEVENT.?RECRD

CO"MON/TEST/ACFSIAREANU.AXLCONCIRREFCONDSRCPERNptllIFDSR
* GAUAXL.GAURADPICONFP.ICIRI.ICIRF.ICONFI ICONFF.IDIFFIP
* ICFLAGIFLAG.LOADFiLOADI.IPOREIPOREFPERCNTPI.PISAREv
* RADCON.RLOAD.RSFLAGPSPDIAPSPDIARP
i SNAXlLiSNCONFfiSNDIFFSNLADSNPOREiSNRADLiSTRSSI

C
| ~~~~KENFLGwO

* ' C TYPE C<Cfr TO CHANGE OPTIONS
lo( TYPE 200
.200 FORMAT (' TYPE C<CR> FOR OPTION. '9$)

ACCEPT 210rIDUMMY
2l0 FOkHAT (A2)
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C TEST IF ERROR FRO COMPLETION ROUTINE 'STORE'
IF ICfF.LT.0) STOP DATA OVERRUNt USE SLOWER RATE!!'
IF (UhMY.NE.'C') GO TO 100

215 TYPE 220
220 FORMAT I OPTIONS: ',i,

* 1) GRAPH',/,
*' 2) NO RAPH',/v
5' 3) CHANGE DATA RATE'/t
t 4) WRITE EVENT FLAG'/.
*1 5) CLEAR SCREEN't/o
* 6) NEW DATA FILE'./,
*' 7) STOP TEST'p/.
* B) NO OERATION't/,
S. 9) POP VALVE'v/p
V 10) BLOCK COUNTP./,
V 11) CHANGE TEST ARAMETERS'.)

TYRE 230
230 FORMAT (I OPTION' 'tS)

ACCEPT 240.IDUMMY
240 FORMAT (12)

Ir(Il'UMMY.LT.1.OR.IDUMMY.GT.11) 60 TO 215
GO TO (00.51O,5209530.540.550.560.570,58O,

* 90,600) IDUMMY
C
C GRAPH ON
500 CONTINUE

NOGRFH=0
IX(2)=1295
RETURN

C NO GRAPH
510 CONTINUE

NOGRPH 1
RE TURN

C CHANGE DATA RATES
520 CONTINUE

TYPE 527
TYPE 5239(SCANS(6))
TYPE 525
[DO 521 IDUMMYulvS

TYPE 24,(IDUMMYSCANS(IDUMMY))
TYPE 525

521 CONTINUE
TYPE 529
ACCEPT 529PIRATE
IF (IRATE.LE.0) GO TO 522
IF (RATE.GT.5) GO TO 520
IFASTuO
JUNKKaJUNKR(IRATE)
WRITE (ICHAN2) (JUNKKIDUMMY-1,NCHAN+1)
NCOUNT=IRTCNT(IRATE)
RETURN

522 CONTINUE
IF (IFAST.EG.1) RETURN
IFAST-1
WFITE (ICHAN2) JUNKPIDUMMY-1NCHAN41)

523 FORAT(I RATE 0 FAST DATA RATE SECS/SCAN) 'rF1O.2vS)
524 FORMAT(' RATE ',12,' (SECS/SCAN) 'vF10.2vS)
525 FORMAT(' )
526 FORMAT(/, '
527 FORMAT(///' DATA ACQUISITION RATES ')

528 FORMAT ( DESIRED RATE :'S)
529 FORMAT (I2)

RETURN
C WRITE AN EVENT FLAG TO CHANNEL NCHAN+1
530 CONTINUE
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KEVENT-KEVENT4I
LEVENT=KEVENT
TYPE 531.KEVENT

531 FORMAT ( EVENT FLAG NUMBER S913#I WRITTEN')
RE TUR N

C CLEAR THE SCREEN
540 CONTINUE

CALL TKPACK('34)
CALL TKPACK(433)
CALL TKPACK14)
CALL TKPACKC'30)
RETURN

C WRITE NEW DATA FILE
550 CONTINUE
C TURN DATA ACO. OFF

CALL SETR(1.)
C DO DUMMY DELAY FOR COMPLETION OF PRESENT SCAN

DO 551 IDUMMYuI.500
DUMY-SORT(FLOAT(IDUMMYf)lSRT(FLOAT(IDUMNY))

551 CONTINUE
C SET RT-11 CLOCK BATT CLOCK (GET CORRECT DATE ONLY)

CALL TInDAT
C CLOSE EXISTING FILE

CALL CLOSE( ICHAN2)
TYPE 552

552 FORMAT (/' ENTER NEW DATA FILE NAME:'t)
C OPEN NEW DATA FILE

CALL ASSIGN(ICHAN2''-1)
REWIND ICHAN2

C WRITE HEADER DATA ON DISC
CALL UTHEAD(ICHAN2)

C RE-INITIALIZE SOME VARIABLES AND CLEAR SCREEN
IFASTvO
NCOUNT=IRTCNT(l)
ICMF=O
NBUF=1000/NCHAN
IRECRD=O
*js
:X(2)u1295
CALL TKPACK(34)
CALL TKFACNe(33)
CALL TKPACK*14)
CALL TKPACK(30)

C GO TO RESTART THE DATA ACQUISITION
TYPE 553

553 FORMAT(/' TYPE <RET> TO BEGIN TAKING DATA ')
ACCEPT 554#DUMMY

554 FORMAT(A4)
MENFLO-1
RETURN

C NO OPERATION
570 CONTINUE

RETURN
C or VALVE TO LOAD RAM IN CREEP TEST AND BEGIN LOAD CONTROL
580 CONTINUE

CALL POP
RETURN

C BLOCK COUNT
590 CONTINUE

IBLOCKsIRECRDI(NCAN2.25)/256+2
TYPE S91IFLOCK

591 FORMAT(/I' NUMBER OF LOCKS USED SO FAR IS: '#15)
RETURN
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C STOP
560 CONTINUE
C TURN OFF DATA ACO.

CALL SETR(-2pot)
C CLOSE EXISTING FILE

CALL CLOSE(ICHAN2)
CALL SY5INT
TYPE 561

561 FORMAT (//' GOOD-DY FOLKS! )
STOP PROGRAM FINISHED'

C CHANGE TEST PARAMETERS
C CLEAR SCREEN
600 CALL TKPACK(U34)

CALL TKPACKC 33)
CALL TPACK(*14)
CALL TKPACK(030)

CALL PARAM
C REWRITE RESTART FILE

CALL ASSIGN (ICHAN1'DY0:RESTRT.DAT',14)
CALL WTRSTR(ICHAN1)
CALL CLOSE (ICHANI)

RETURN
END

SUIROUTINE NAREA
C NWAREA MEASURES PRESENT RADIAL STRAIN AND CALCULATES THE NEW AREA
C OF THE SPECIMEN.
C ENTER CIRREF.REF.SPEC.CIRCUM.(IN.),ICIRRF.REF.STRAIN (A/ti)
C EXIT AREANWSNEW AREA (IN.)
C

COMMON/CHANN/KLOADKCONFKPOREKDIFFKRAII.KRAD2.KRAD3
C

COMMON/PROCES/IFUF(1000),NFUFISIZNCOUNT,
* IFASTPICHANIICHAN2,J.NOGRPHPIYO(16) IX(2) LEVENTtIRECRD

C
COMMON/TEST/ACPSITAREANWAXLCONCIRREF.CONDSRCFERNTDIFDISR,

* GAUAXLmGAURADICONFPeICIRIPICIRFICONFIICONFFuIDIFFI,
I ICFLAGIFLAG.LOADFLOADIIFOREIPOREFPERCNTPIPISAREv
$ RADCONRLOAD.RSFLAGSPDIAiSPDIAR.
* SNAXILSNCONFPSNDIFFSNLOADPSNFORESNRADLSTRSS1

C MEASURE ALL 3 RADIAL GAUGEStFIND AVG.PCONVRT TO VOLTS
IDATA1IDUF((J-ISTCHN)+KRA'1)
IDATA2IIBUF(lJ-ISTCHN)+KRAD2)
IDATA3mIUF(CJ-ISTCHN)+KRAK'3)
IAVGu(IDATA1+IDATA2fIDATA3)/3

C CALC. DELTA A/D UNITS
DELTAz(IAUG-ICIRRF)

C CALC. NEW CIRCllM.
EPSLONsDELTAtRADCON/1000.
CIRNEWwCIRREF*(1+EPSLON)

C CALCULATE NEW AREA IN INCHES
AREAIJWr(CIRNEW*CIRNEW)/(4.0$PI)
RETURN
END
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SUIROUTINE PARAM
C PARAM COLLECTS ALL TEST PARAMETERS

COMMON/CHANN/KLOADPKCONFKPOREKDIFFPKRAD1,KRAD2,KRAD3
COMMON/TEST/ACPSItAREANUAXLCONPCIRREF.CONDSR.CPERNTDIFDSR.

* GAUAXLGAURADPICONFPPICIRIeICIRFICONFI .CONFFIIeIFFI.
* ICFLAGIFLAGPLOADFLOADIIPOREtIPOREFPERCNT.PIPPISAREi
* RAIICONRLOAIFRSFLAGSFDIASPDIAR,
* SNAXILSNCONFPSNDIFF.SNLOA'#SNPORE.SNRADLSTRSS1

C
GO TO 0

I TYPE 88
B FORMAT(///' 

TYPE 200,SPDIA
CALL SAME(SPDIA)
TYPE 205,['IFDSR
CALL SAME(DI FDSR)
VAR100 .*PERCNT
TYPE 2089VAR
CALL SAME(VAR)
PrRCNT=VAR/100.
TYPE 210CONDSR
CALL SAME(CONDSR)
VAR-100.SCPERNT
TYPE 212,VAR
CALL SAME(VAR)
cr ERNT=VAR/100.
TYPE 225vSIJLOAD
CALI SAME(SNLOAD)
TYPE 23OPSNCONF
CALL SAME(SNCONF)
TYPE 235SNPORE
CALL SAME(SNPORE)
TYPE 233.SNDIFF
CALL SAME(ENFIFF)
TYPE 240,GAUAXL
CtLL SAME(GAL'AXL)
TYPE 24,FGAURAD
CALL SAME(GAURAD)
TYFE 25O.SNAXIL
CALL SAME(SNAXIL)
TYPE 255,SNRADL
CALL SAME(SNRABL)

C CALC. AXIAL CONVERSION FACTOR
AXLCON-SAUAXLSSNAXIL/4096.

C CALC. RADIAL CONVERSION FACTOR
RADCONzGAURADtSNRADL/4096.

C
C PRINT OUT TEST PARAMETERS
s0 TYPE 9
89 FORMAT(///' 

TYPE 200,SPDIA
TYPE 500
TYPE 205,DIFDSR
TYPE 500
VAR100.*PERCNT
TYPE 209.VAR
TYPE 500
TYPE 210,CONDSR
TYPE 500
VARaCFERNT*100.
TYPE 22PVAR
TYPE 500
TYPE 225,SNLOAD
TYPE 500
TYPE 23OpSNCONF
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TYPE 500
TYPE 235SNPORE
TYPE 500
TYPE 238.SNDIFF
TYPE 500
TYPE 24OGAUAXL
TYFr 500
TYPE 245.GAURAD
TYPE 500
TYPE 2SOSNAXIL
TYPE 500
TYPE 255PSNRADL
TYPE 500

C NOW SEE IF ALL DATA CORRECT
100 TYPE 290

ACCEPT 295.ANS
IF(ANS.EG.'Y') RETURN
IF(ANS.EG.'N') 60 TO 1
GO TO 100

200 FORMAT(' SPECIMEN DIAMETER (INCHES) ',19X,F10.3,$)
205 FORMAT(' DESIRED DIFFERENTIAL STRESS (PSI) ',12X.Fl0.3#s)
208 FORMAT(' DESIRED STRESS CONTROL PERCENTAGE 'v12XvF10.3.s)
210 FORMAT(' DESIRED CONFINING PRESSURE (PSI) 't13XpF10.3.S)
212 FORMATt DESIRED CONF. PRESS. CONTROL PERCENTAGE 'p6X.FI0.3f$)
225 FORMAT(' LOAD CELL RANGE (POUNDS FULL SCALE) 'IOXuFIO.3.S)
230 FORMAT(' CONF. PRESSURE XDUCER RANGE (PSI FULL SCALE) 'vFlO.3,S)
235 FORMAT(' PORE PRESSURE XDUCER RANGE (PSI FULL SCALE) 's2XiFI0.3,$)
239 FORMAT(' DIFF.PORE PRESS.XDUCER RANGE (PSI FULL SCALE) 'eF10.3,6)
240 FORMAT(' AXIAL STRAIN GAUGE FACTOR '920X.F1O.3%)
245 FGRMAT(' RADIAL STRAIN GAUGE FACTOR '19X,FIO.3,s)
250 FORHAT(' AXIAL STRAIN RANGE (MILLISTRAIN FULL SCALE) 'XpF10.3t*)
255 FORHAT(' RADIAL STRAIN RANGE (ILLISTRAIN FULL SCALE) '.FIO.3.t)
290 FORMAT(/' IS THIS CORRECT ? (Y OR N) '$)
295 FORMAT(A4)
300 FORMAT(FIO.3)
SOO FORMAT(' '

END

SUBROUTINE POP
C POPS THE VALVE

COKMON/POPFLG/IPDP
IVALVEwO
CALL VALOFF(IVALVE)
'POP-1
RETURN
END
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SUBROUTINE PUMP(IFLAG)
C PUMP EITHER CHARGES OR DSCHARGES ACCUM.v DEPENDING ON IFLAG

IF(IFLAG.EQ.O) GO TO 100
GO T0(1.2,3,4.5.6w7.8t910lOO),IFLAG
TYPE OO0uIFLAG

1000 FORMATW/ ERROR IN PUMP. IFLAG.1S)
00 TO 100

C THIS IS THE CHARGE ROUTINE
C OPEN VAL. IPSAVE TIME
1 IVALVEul

CALL ALON(IVALVE)
TluSECNI'S(0)
IFLAG=2
GO TO 100

C IF 2 SECS. HAVE ASSEDCLOSE VAL. 1,SAVE TIME
2 T2*SECNDS(T1)

IF(12.LT.2) GO TO 100
CALL ALOFF(IVALVE)
Tl-SECNDS(0)
IFLAG-3
GO TO 100

C IF 1 SEC. HAS ASSEDmOPEN VAL. 2SAVE TIME
3 T2-SECNDS(Tl)

IF(T2.LT.1) GO TO 100
IVALVE=2
CALL VALONCIVALVE)
TlwSECNDS(0)
IFLA6s4
GO TO 100

C IF 2 SECS. HAVE PASSEDr CLOSE VAL. 2. SAVE TIME
4 T2zSECNDS(Tl)

IF(T2.LT.2) GO TO 100
CALL VALOFF(IVALVE)
IFLAG-S
GO TO 100

C IF I SEC. HAS ASSEDs CLEAR ILAGv DONE 
5 T2=SECNDS(Tl)

IF(T2.LT*1) GO TO 100
IFLAGwO
GO TO 100

C THIS IS THE DISCHARGE ROUTINE
C OPEN VAL. 2 SAVE TINE
6 IVALVEw2

CALL VALON(IVALVE)
Tl=SECNDS(O)
lFLAGz7
GO TO 100

C IF 2 SECS. HAVE PASSED.CLOSE VALVE 2
7 T2=SECNDS(T1)

IF(T2.LT.2) GO TO 100
CALL VALOFF(IVALVE)
TI&SECNDS(O)
IFLAGm
GO TO 100

C IF I SEC. HAS PASSED.OPEN VALVE I
8 T2=SECNDS(TI)

IF(T2.LT.1) GO TO 100
1VALVE=3
CALL VALONCIVALVE)
Tl3SECNDS(O)
IFLAG=9
GO TO 100

41



-- -- a

APPENDIX (cont)

C IF 2 SECS. HAVE PASSED, CLOSE VALVE 3
9 T2SECNDS(TI)

IF(T2.LT.2) 60 TO 100
CALL VALOFF(IVALVE)
Tl=SECNDS(O)
IFLAG=10
00 TO 100

C IF I SEC. HAS PASSEr CLEAR IFLAG DONE!
10 T2&SECNDS(T1)

IF(T2.LT.1) GO TO 100
IFLAGmO
GO TO 100

100 RETURN
END

SUkROUTINE RDACQ(ILUN)
C RACO READS FULSCLFRATEINTCNTPISTCHNINCHANPPRESETPRTIME
C STTIME FROM DISC

COMMON/ACODAT/FULSCLFRATEINTCNT9XSTCHNIJRATENCHAN9PRESETI
* RTIMEPSTTIME

READ (ILUN) FULSCLPFRATEINTCNTISICHN.JRAIEPNCHAN9FRESETI
* RTIME.STTIME

RETURN
END

SUBROUTINE RDARAY(ILUN)
C RDARAY READ ARRAYS CONVIRTCNTRATESSCANSFTIMSTR FROM DISC

COtMON/ARRAYS/CONV(32),DSCRPTC 1532),DSFLAG(1S)
$ FDSCRP(l5,2)PIRTCNT(6),JUNKR(5),RATES(6)PSCANS(6)ITIKSTRCA)

C
C READ CON

READ (ILUN) (CONV(IDUMMY),IDUMMYSI,6)
C READ IRTCNT

READ (ILUN) (IRTCNT(IDUMMY)PDUMMY=196)
C READ RATES

READ (ILUN) (RATES(IDUMMY),IDUMMYa1I6)
C READ SCANS

READ (ILUN) (SCANSCIDUMHY)9IDUMMYIlp6)
C READ TIKSTR

READ (ILUN) TIMSTR
RETURN
END
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SUBROUTINE RDHEAD(ILUN)
C RDHEAD READS HEADER FROM DISCS

COMMON/ARRAYS/CNV(32)DSCRPT(1l532).DSFLAG(15),
* FDSCRP(152hIRTCNT(6)JUNKR(S)tRATESC6) SCANSC6),TIMSTR(2)

COMMON/ACOIAT/FULSCLFRATEINTCNT.ISTCHNJRATENCHANPRESET,
* RTIME.STTIME

C
C READ FIRST FILE DESRIPTION LINE

READ (ILUN) (FDSCRP(IDUMMY#l).IDUMMYSll5)
C READ SECONI' FILE DESRIPTION LINE

READ (ILUN) (FDSCRP(IDUMMY,2)rIDUMMYm1,15)
C READ NO.CHANStFLAG

READ (ILUN) NCHAN
C CORRECT NCHAN (IT'S STORED AS NCHAN + I EVENT FLAG

NCHANuNCHAN-1
C READ '2' TO SIGNIFY TYPE 2 FORMAT FILE

IDUMIYw2
READ (ILUN) IDUMMY

C READ FASTEST RATE 4 5 SLOWER RATES
READ (ILUN) FRATEs(RATES(IDUMMY),IDUMMYu15)

C READ STARTING CHANNEL NO.. AD FULLSCALE
READ (ILUN) ISTCHNFULSCL
DO 385 IDUMKYzl.NCHAN

C READ CHANNEL DESCRIPTION
READ ILUN) (DSCRPT(I.IDUMMY)*Il=lS)

C READ CHANNEL CONVERSION FACTOR
READ (ILUN) CONV(IDUMMY)

385 CONTINUE
C REAl' EVENT FLAG DESCRIPTION

READ ILUN) (SFLAG(IDUMMY)rIDUMMYs15)
C READ CONVERSION FACTOR FOR FLAG CHANNEL

DUMMYi1./FULSCL
READ ILUN) DUMMY
RETURN
END

SUBROUTINE RDRSTR(ILUN)
C RDRSTR READS FROM DISC: DATA ACOUSITION AND TEST PARAMETERS

COMMON/ACODAT/FULSCLPFRATE.INTCNTtISTCHN.JRATE.NCHANPFRESET,
* RTIME.STTIME

COMMON/ARRAYS/CONV(32 )DSCRPT(l1532) DSFLAG( 15)
* FDSCRP(15.2)PIRTCNT(6).JUNKR(5) RATES(6)hSCANS(6).TIMSTR(2)

COMMON/CHANN/KLOAD.KCONF.KPORE.KDIFF.KRAD1.KRAD2,KRAID3
COMMON/POPFLG/IPOP
COMMON/PROCES/IBUF( 1000) NUF.ISIZmNCOUNTe

* IFAST.ICHANIuICKAN2.JPNOGRPHIYO(32hIX(2).LEVENT.IRECRD
COMMON/SCREEN/KDISP.IOLOAD.IOTEMPtOONSTItOONST2.OTEMP
COMMON/TEST/ACPSIrAREANW.AXLCONCIRREFPCONDSR.CPERNTDIFDSR,

* GAUAXL.GAURAD.ICONFP.ICIRI.ICIRF,ICONFI.ICONFF.IDIFFI,
* ICFLAG.IFLAGLOADF.LOADI.IPORE.IPOREF.PERCNT.PIPPISARE.
* RAICONRLOAtIRSFLAGSPDIA.SPDIAR.
* SNAXILtSNCONFPSNDIFF.SNLOADPSNPORESNRADL.STRSSI

CALL RHEAD(ILUN)
CALL RDARAY(ILUN)
CALL RAC(ILUN)
CALL RDTPAR(ILUN)
RETURN
ENT

43



---' � -J-�- --- -. - - -

APPENDIX (cont)

SUBROUTINE RDTPAR(ILUN)
C RDTFAR READS TEST PARAMETERS FROM DISC

COMMON/CHANN/LOADKCONFPKPOREKDIFFKRAD,KRAD2KRAD3
COMMON/TEST/ACPSIAREANUAXLCONPCIRREFiCONDSRCPERNT.DIFDSR

% GAUAXLGAURADPICONFPuICIRIICIRF.ICONFI.ICNFFIDIFFI,
$ ICFLAGPIFLAGLOADFLOADIIPORE,IPOREFPPERCNTIPIPPISARE.
S RADCONRLOAD,RSFLAGPSFDIA.SPDIARt
* SNAXILPSNCONF.SNDIFF'SNLOAD.SNPOREuSNRADLPSTRSS1

C
READ (ILUN) ACPSIAREANWPAXLCONCIRREFCONDSRCPERNT.IIFDSR,

* GAUAXLAURADICONFPICIRIICIRFtICONFlI CONFF.1DIFFI,
* ICFLAGIFLAGLOAIIF,LOADIIIPOREIPOREFPERCNT.PIFISARE
% RADCON,RLOADRSFLAGSPtIASPDIAR,
S SNAXILSNCONFSNIIIFFSNLOADSNFOREPSNRADL.STRSS

REA' (ILUN) KLOADKCONFPKPOREPKDIFFKRADlKRAD2IKRAD3
RETURN
END

SUPROUTINE RUN
C RUN CONTROLS DIFFERENTIAL STRESS AND CONFINING PRESS.

COMMON/CHANN/NLOAD#KCONFKPOREKDIFFKRADI.KRAD2,KRAD3
COMMON/F OPFLG/I POP
COMMON/FROCES/IIUF(1000,ONUFISIZNCOUNT.

$ IFAST9ICHANI.ICHAN2PJ9NOGRPH,IYO(32)IX(2),LEVENTIRECRD
COMMON/TEST/ACPSI9AREANWPAXLCONCIRREFCONDSRCPERNTIFISR,

$ GAUAXLRGAURADIICONFP.ICIRIICIRFICONFItICONFFIDIFFI
$ ICFLAG9IFLAGPLOADFLOADItIPOREIPOREFPERCNTPIPISARE
$ RADCONRLOADuRSFLAGSPDIA,SIIIAR,
I SNAXIL.SNCONF.SNDIFFISNLOADPSNF'ORESNRADLSTRSSl

C
DATA IPOP/O/
DATA ICFLAG/O/
DATA IFLAG/O/

C
C IS VALVE POPPED YET?

IF (IPOP.EQ.O) RETURN
IVALVErO
CALL VALOFF(IVALVE)

20 CONTINUE
C IF ICFLAG SET, PROCESS CONPNP, OTHERWISE TEST CONF. PRE!

IF(ICFLAG.GT.O) 00 TO 1105
C IS CONFINING PRESSURE CORRECT '

lCONFP=IIUF((J-STCNN)tKCONF)
CONPRS=SNCONF*(UCONFP-ICONFI)/2048.
IF(CONPRS.GT.(CONDSR*l.+CPERNT))) ICFLAG-1
IF(CONPRS.LT.(CONDSRS(1.-CF'ERNT))) ICFLAG=3

1105 CALL CONPMP(ICFLAG)
C IF IFLAG SET, PROCESS PUMP. OTHERWISE TEST AXIAL STRESS

IF(IFLAG.GT.0) GO TO 1150
C CALC. NEW SPECIMEN AREA

CALL NWAREA
C CALC. PRESENT DIFFERENTIAL STRESS

CALL AXSTRS
C IS DIFFERENTIAL STRESS DESIRED ?

IF(STRSS1.GT.(DIFDSR*(1.tPERCNT))) IFLAGS6
IF(STRSS1.LT.(DIFDSR*(l.-PERCNT))) IFLAGa1

1150 CALL PUMP(IFLAG)
RETURN
END

SS.
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SUBROUTINE SAMASC(VAR)
C SAMASC INPUTS ASCII STRINGiDEFAULT LEAVES

LOGICALt1 SCRAT(61)
DIMENSION VAR(15)
TYPE 10
CALL GETSTR(5,SCRATi6OmERROR)
I.LEN(SCRAT)
IF(I.EO.O) RETURN
DECODE(60,20,SCRAT)VAR

5 CONTINUE
10 FORMAT(' 'it)
20 FORMAT(1SA4)

RETURN
END

VARIABLE AS IS

SUBROUTINE SAME(VAR)
C SAME INPUTS REAL VAR..DEFAULT LEAVES VAR. AS IS

TYPE 10
ACCEPT 100vDUMMY
IF(DUMMY.NE.0) VARwDUMMY

10 FORMAT(' '.5)
100 FORMATCF10.3)

RETURN
END

SUBROUTINE SAMEI (IVAR)
C SAMEI INPUTS INTEGER VARDEFAULT LEAVES AS IS

VARuIVAR
CALL SAME(VAR)
IVARUVAR+*5
RETURN
END

SUBROUTINE STORE
C STORE IS THE COMPLETION ROUTINE FOR DAT ACO.
C THIS COMPLETION ROUTINE DOES THE FOLLOWING THINGS:
C 1: WRITES THE DATA TO
C THE DISK FILE
C 2S GRAPHS EACH CHANNEL AS A FUNCTION OF TIME ON THE
C ADM TERMINAL USING THE TK GRAPHICS SOFTWARE.
C 31 SLOW MODE WORKS AS FOLLOWS:
C A: MODE IS ACTIVE WHEN IFAST DOES NOT .
C B: ONCE EVERY NCOUNT CALLS TO THE STORE ROUTINE
C ONE SET OF DATA IS SAVED AND STORED ON DISK
C AND PLOTTED ON THE ADM TERMINAL.
C 4: FAST MODE WORKS AS FOLLOWS:
C A: ACTIVATED BY IFASTul
C F: DATA FROM EVERY CALL TO THE STORE ROUTINE IS
C STORED ON DISK.
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C C: ONCE EVERY NCOUNT CALLS A SET OF DATA IS PLOTTED
C ON THE ADM TERMINAL IF THE GRAPHING IS TURNED ON.
C

COMMON/ACODAT/FULSCL.FRATE.INTCNTISTCHNJRATENCHANPRESET
* RTIMEPSTTIME

COMMON/ARRAYS/CONV( 32) DSCRPT 15 32) .ISFLAG(15)
S FDSCRP(152hIRTCNT(6)'JUNKR(S)RATES(6).SCANS(6)PTIMSTR(2)

COMMON/CHANN/KLOADKCONF.KF'OREKDIFFKRADlKRAD2.KRAD3
COMMON/PROCES/IUF(1000),NDUF.ISIZ.NCOUNT.

* IFAST.ICHANIPICHAN2,JNOGRFH.IYO432)1X(2).LEVENTIRECRD
COMMON/SCREEN/K(DISP.IOLOAD.IOTEMP.OONSTI.OONST2GTEMP
COMMON/TEST/ACPSI.AREANWAXLCON.CIRREFCONDSRPCPERNTDIFDSR

* GAUAXLPGAURADICONFPFICIRI ICIRFICONFI.ICONFF.IDIFFI.
$ ICFLAG.IFLAG.LObADFLOADIIPORE.IPOREFPERCNTPlPISARE.
S RADCON.RLOADRSFLAGPSPDIA.SPDIARP.
S SNAXIL.SNCONFPSNDIFF.SNLOADtSNF'ORE.SNRADL.STRSSI

C
LOGICALtl CAN.SUBESC.FSGS.US.DEL.LITTLAFF
LOGICALgl ISTRS(15)
LOGICALtl OLDSTR(15)
LOGICALtl LASSTR(7)

C
DIMENSION KHAR(10)
DIMENSION IY(2)eIXX(2)

C
IIATA XX/1295.4095/
DATA CANPSUEtESC.FSGSUSDELLITTLA/'30.'32,33, 34,'35 '37.

S'177r 141/
DATA FF/14/
DATA KHAR/'60 '61, 62'639'64 '650 669'67,'709r71/
DATA ICOUNT/1/
DATA LAPSTR/IHS.lHT.IHRlHEIHSIHSolHm/

C

C CALL STRESS AND CONFINING PRESS. CONTROL ROUTINE
CALL RUN

C DO DOOKEEPING FOR DIFFERENT DATA RATES
C FAST OR SLOW MODE???
C IF FAST. WRITE ALL OF THE DATA TO DISK
C IF SLOW. ONLY WRITE EVERY NCOUNT'TH DATA SET
C TO THE DISK

IF (IFAST.EO.1) GO TO 99
IF (ICOUNT.GE.NCOUNT) 60 TO 99
J=J+NCHAN
IF (J.GT.ISIZ) Jl
GO TO 125

99 CONTINUE
C WRITE DATA TO DISC

JOUJ
J=J+NCHAN
WRITE (ICHAN2) (IDUF(K).KuJO.J-1).LEVENT
IRECRDaIRECRD+1
LEVENT-0
IF (J.GT.ISIZ) Jul

CC GRAPH DATA IF NOGRPH-O
IF (ICOUNT.LT.HCOUNT) GO TO 125
IF (NOGRPH.EQ.l) GO TO 125
IX(1>-IX(2)
IX(2)=IX(2)428
IF (IX(1).NE.1295) GO TO 110

C DRAW GRIDiURITE LABEL
CALL GRIDUR

110 CONTINUE
C
C SCREEN DISPLAY OF INTERNAL LOAD CELL CORRECTED FOR TEMPERATURE
C GO TO VECTOR

CALL TKPACK(GS)
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C POSITION CURSOR
CALL TKVECT (16Y03000)

C GO TO 4010 ALPHA
- CALL TKPACK(US)

C DATAubLACK
CALL TKPACK(ESC)
CALL TKPACK(DEL)

C ERASE PREVIOUS VALUE BY WRITTING OVER WITH BLACK
DO 112 IDUMMY-I15
CALL TKPACK(OLDSTR(IDUMMY))

112 CONTINUE
ENCOl1E 1591111.ISTRS) STRSS1

1111 FORMAT (G15.7)
C BO TO VECTOR

CALL TKPACK(GS)
C POSITION CURSOR

CALL TKVECT (1690.3000)
C GO TO 4010 ALPHA MODE

CALL TPACK(US)
C SET DATA LEVEL UHITE

CALL TKPACK(ESC)
CALL TKPACK(LITTLA)

C URITE VARIABLE TO GRAPHICS SCREEN
DO 114 IDUMMY=1t15
CALL TKPACK(ISTRS(IDUMnY))
OLDSTR(IDUMMY)zISTRS(IDUMMY)

114 CONTINUE
CALL TKPACK(GS)
CALL TKVECT(1295.S160)
CALL TKPACK(US)
CALL TKPACK(CAN)

119 CONTINUE
DO 120 KNCHAN
IY(l)uIYO(K)
IY(2)=.76171875*FLOAT(IbUF(JO+K-1))+1560.
IF IY(2).GT.3120) IY(21)3120
IF IY(2).LT.0) IY(2)-C
CALL TKPACK(GS)
CALL TKVECT(IX(l)vIY(1))
CALL TKVECT(IX(2)oIY(2))
IF (IX(1).NE.1295) GO TO 111
K2-K+ISTCHN
IFCK2.GT.10) K2*K2-10
IF K2.GT.10) K2-K2-10
IF (K2.GT.10) K2wK2-10
CALL TKPACK(US)
KHAR(K2)wKHAR(K2).AND.*177
CALL TACK(KHARCK2))

111 IYO(K)=IY(2)
CALL TKPACK(US)
CALL TKPACK(CAN)

120 CONTINUE
IF IX(2).GE.409S) IX(2)=1295

C
C EXIT THE SUBROUTINE
C
125 CONTINUE

ICOUNTsICOUNT4I
IF ICOUNT.GT.NCOUNT) ICOUNT*1
NBUFmNBUF+1
IF (NIUF.LE.0) TYPE 9999

9999 FORMAT (/I' HELP!! DATA OVERRUN'!!')
RETURN

C
C
300 CONTINUE
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TYPE 301
301 FORMAT (///#' AD URITE TO DISKHI9HIIUltlt )

IF J.GT.ISIZ) Jul
60 TO 125

C
C
310 CONTINUE
CALL CLOSEC(ICNAN2)
STOP ' END OF FILE REACHEDII
END

SUBROUTINE SYSINT(IFLAG)
C SYSINT INITAIALIZES SYSTEM# ALL VALVESt IFLAG

IFLAGwO
IDRCSRu*167770
IDROUTuO167772

C DISABLE IO CARD INTERRUPT CAPABILITY
CALL IPOKE(IDRCSRtO)

C FIRST OPEN ALL VALUES EXCEPT VALVE 
CALL IOKE(IDROUT.177776)
RETURN
END

SUBROUTINE VALOFF(IVALVE)
C VALOFF DE-ENERGIZES VALVE IVALVE'. (0-15)

IDROUTw 167772
I9ITw2t*IVALVE
CALL IPOKE(IDROUT.IBIT*OR.IFEEK(IDROUT))
RETURN
END

SUBROUTINE VALON(IVALYE)
C VALON ENERGIZES VALVE IVALVE'q (0-15)

IDROUT-*167772
IlITw29tIVALVE
IBITs.NOT.IBIT
CALL IPOKE(IDROUTIBIT.AND*IPEEK(IDROUT))
RETURN
END

C

SUBROUTINE VTACQ(ILUN)
C TACO RITES FULSCLPFRATEINTCNTISTCHN.NCHAN.PRESETv
C ITTIME TO DISC

COMONACODAT/FULSCLFRATEINTCNTISTCHNJRATEgNCHANPRESET.
I RTIMEPSTTIME

WRITE ILUN) FULSCLFRATE.INTCNTISTCHNJRATENCNAN.PRESET9
I RTIMEPSTTIME

RETURN
END
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SUPROUTINE UTARAY(ILUN)
C TARAY WRITES ARRAYS CONV#IRTCNTPRATESPSCANSTIKSTR TO DISC

CONMON/ARRAYS/CONV(32),DSCRPT(1532) DSFLAGS15),
S FSCRP(l5.2),IRTCNT(6),JUNKR(5),RATES(6)PSCANS(6).TIMSTR(2)

C
C WRITE CONV

WRITE (ILUN) CONV(IDUKMY),lDUhMYmlo6)
C WRITE IRTCNT

WRITE (ILUN) (IRTCNT(IDUhMY)plDUMKYulv6)
C WRITE RATES

WRITE (ILUN) RATESCIDUMMY)PIDUHMYI,6)
C WRITE SCANS

WRITE ILUN) SCANS(IDUMMY)pIDUMMYulv6)
C WRITE TIMSTR

WRITE (ILUN) TIMSTR
RETURN
END

SUBROUTINE THEAD(ILUN)
C UTNEAD WRITES HEADER TO DISC

COMMON/ARRAYS/CONV(32)DSCRPT(1532)PDSFLAG(15,
FSCRP(l5,2),IRTCNT(6)PJUNKR(5)uRATES(6)SCANS(6)TIMSTR(2)
COMMON/ACODAT/FULSCL.FRATE.INTCNTsISTCHN.JRATENCHANfRESET,

* RTIREPSTTIME
C
C WRITE FIRST FILE DESRIPTION LINE

- WRITE (ILUN) (FDSCRP(IDUMMY,)eIDUMMYslpl5)
C WRITE SECOND FILE DESRIPTION LINE

WRITE (ILUN) (FDSCRP(IDUMMYt2)pIDUffMYslvl5)
C WRITE NO*CHANS+FLAG
C STORE NCNAN- NO.CKANNELS 1 EVENT FLAG

NCHANwNCHAN1-
WRITE ILUN) NCHAN

C CORRECT NCHAN
NCHANuNCHAN-1

C WRITE '2' TO SIGNIFY TYPE 2 FORMAT FILE
IDUMMYu2
WRITE (ILUN) IDUMMY

C WRITE FASTEST RATE 4 5 SLOWER RATES
WRITE ILUN) FRATE.(RATES(IDUMMY),IDUMNY=I,5)

C WRITE STARTING CHANNEL NO. A FULLSCALE
WRITE ILUN) ISTCHNFULSCL
DO 385 IDUMMYslINCHAN

C WRITE CHANNEL DESCRIPTION
WRITE ILUN) DSCRPT(vIDUMHY)tIlulS)

C WRITE CHANNEL CONVERSION FACTOR
WRITE ILUN) CON¶V(IDUMY)

395 CONTINUE
C WRITE EVENT FLAG DESCRIPTION

WRITE (ILUN) (9SFLAG(IDUMMY)tIDUMKYa.15)
C WRITE CONVERSION FACTOR FOR FLAG CANNEL

DUMYwl./FULSCL
WRITE (ILUN) DUMMY
RETURN
END
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SUBROUTINE AXSTRS
C AXSTRS CALC. THE PRESENT DIFFERENTIAL STRESS
C REMEMBER: THE LOAD CELL'S OUTPUT IS THE DIFFERANCE BETWEEN
C THE LOAD AND CONFINING PRESSURE
C ENTER AREANWaSPEC.AREACIN.)*EXIT STRSSIAXIAL STRESS (PSI)
C

COMMON/PROCES/IBUF(1OOO),N3UFISIZNCOUNT,
* IASTeICHANlICHAN2,JeNOORPHtIO(16)pIX(2)PLEVENTtIRECRD

C
COMONt/TEST/ACPSIAREANW.AXLCON.CIRREFtCONDSR.CPERNT.DIFDSR,

* GAUAXLPGAURADPICONFPeICIRIICIRFtICONFI ICONFF.IDIFFI.
S CFLASIFLAGLOADFLOADIIPOREIPOREFPERCNTPlPISARE,
* RADCON.RLOAD.RSFLAGSPDIA.SPDIAR.
* SNAXILSNCONFtSNDIFF.SNLOADeSNPOREPSNRADLSTRSS1

C MEASURE LOADCONVRT. TO POUNDS
IDATA=ItUF((J-ISTCHN)4KLOAD)
RLOAbs(IDATA-LOADI)/204S.SSNLOAD

C CALC. STRESS
STRSSI=RLOAD/AREANU
RETURN
END

SUBROUTINE WTRSTR(ILUN)
C TRSTR RITES RESTART FLE

COMMON/ACODAT/FULSCLFRATEINTCNTISTCHNJRATEPNCHANPRESET,
* RTIMEPSTTIME

COMMON/ARRAYS/CONV(32).DSCRPT(15,32),DSFLAG(1S),
S FDSCRP(1S,2),IRTCNT(6),JUNKR(5),RATES(6),SCANS(6)eTIMSTR(2)

COMMON/CHANN/KLOAD.KCONF.KPOREtKDIFFKRADl.KRAD2,KRAD3
COMMON/POPFLO/IPOP
COMMON/PROCES/IBUF(1000),NBUFeISIZNCOUNT.

S IFASTeICHANleICHAN2pJeNOGRPHPIYO(32),IX(2)PLEVENTIRECRD
COMMON/SCREEN/KDISPIQLOADIOTEMPiOONSTlOONST2.DTEMP
COMION/TEST/ACPSI AREAN~WAXLCONCIRREFtCONDSReCPERNTDIFDSRt

* GAUAXLGAURADICONFPeICIRItICIRFICONFI.ICONFFIDIFFI,
* ICFLAGIFLAGiLOADFLOADIIPOREeIPOREFtPERCNTePItPISARE,
S RADCONeRLOADRSFLAG.SPDIA.SPDIAR,
$ SNAXILuSNCONF.SNDIFFeSNLOAD.SNPORESNRADL.STRSS1

CALL UTHEAD(ILUN)
CALL TARAY(ILUN)
CALL TACO(ILUN)
CALL TTPAR(ILUN)
RETURN
END

SUBROUTINE TTPAR(ILUN)
C TTPAR RITES TEST PARAMETERS TO DISC

COMMON/CHANN/KLOADtKCONF KPOREKDIFF KRAD1 KRAD2tKRAD3
COMMON/TEST/ACPSItAREANVAXLCONtCIRREFCONDSR.CPERNTDIDSR,.

6 GAUAXLPGAURADICONFPICIRI.ICIRFICONFIICONFFIDIFFI
$ ICFLAGtIFLAGtLOADFeLOADIeIPOREIPOREFPERCNTPIPISAREP
$ RADCONRLOAD.RSFLAG.SPDIA.SPDIAR.
* SNAXILPSNCONFtSNDIFFuSNLOAD SNPORE.SNRADL.STRSS1

C
WRITE (ILUN) ACPSIAREANWAXLCONCIRREFCONDSRCPERNTtDIFDSRP

* CAUAXLtOAURADtICONFPIICIRItICIRFtICONFITICONFFIDIFFI
S ICFLAGtIFLAGILOADFtLOADIIPOREIPOREFPERCNTPI.PISAREt
S RADCONRLOADRSFLAG.SPDIAfSPDIAR.
* SNAXILSNCONFPSNDIFF.,SNLOADSNFORESNRADLSTRSS1

WRITE ILUN) KLOAD.KCONFtKPOREKDIFFtKRAD1tKRAD2.KRAD3
RETURN
END
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