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I. INTRODUCTION

The acquisition of data by manual means has become more expensive
and less accurate than performing the same tasks by modern elec-
tronic technigues. This disparity will cbntlnually increase as
the state-of-the-art in data acquisition continues to reduce

costs by innovations in the data conversion and recording methods.

Recognizing the bhenefits to be derived from automatic reading
and recording of data, the Materials and Research Department
instigated this project to develop a central data acquisition
system which could be of benefit to the laboratory as a whole
rather than one subsection of the laboratory. All the sections
in the laboratory are involved in performing routine testing of
some sort. Many of these tests are of a guality control nature
to assure continuing acceptability of materials used in highway
maintenance and construction. Others are concerned with more
basic investigations such as the corrosive effect of salt, used
in de-icing, on bridge deck reinforcing bars oxr the compressi-
bility of soils to be used as £fill in a certain section of a
freeway or highway.

The area we first chose to investigate was the consolidation
area of our soils laboratory (ref. Appendix I). Traditionally,
at least three men have been regquired to start and to carry to
completion the consolidation tests on a group of samples of
soil. The end result of their efforts would be a record of
soil compaction vs. time. With this data at hand, a gualified
individual {(usually an engineer) would then take up to an hour
to plot a curve of soil compressibility vs. time. From this
curve a judgment would be made as to when total compaction
occurred by observing the rate of change of slope of the curve
with respect to time.

Using automatic data acquisition and recording techniques, it is
quite easy to obtain higher data rates (meaning more data points)
and thus achieve higher accuracy by being able to plot more
points on a curve. The tedious job of plotting the curve can
now be done automatically using the computer and a high-speed
plotter.
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II. CONCLUSIONS AND RECOMMENDATIONS

The use of a Centralized System for Data Acquisition both in
reésearch and in routine testing is highly desirable. One
advantage of a centralized system for data acquisition is the
elimination of similar costly equipment in more than one area
.of the laboratory. Another is the reduction of the number of
personnel needed to perform routine and research tests. Still
another advantage is the capability of gathering much more data
in less time with more accuracy and of storing the data
permanently in digital form on magnetic tape.

-2-
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IIT. IMPLEMENTATION

Implementation of the results of this phase of the research
project has been accomplished by the design, development, and
1nsta11atlon of a central data acquisition and recording system.

This system could also record data from other areas in the
Laboratory. An additional slow-speed scanner would utilize one
of the available channels of the high speed scanner to record

- data. Other areas of the Laboratory to which the system could
be applied include the corrosion group and the Chemistry Lab.
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IV. CENTRAL DATA RECORDING SYSTEM

The Central Data Recording System (CDRS) is comprised of a
Digital Clock, High Speed Scanner, Frequency Counter,
Incremental Magnetic Tape Unit, and System Control Electronics.
The portion of the system that resides in the consolidation
area consists of a Low Speed Ddta Scanner, Scan Control
Electronic¢s, Power Supply for the transducers, Voltage to
frequency converter, and a frequency line driver (see block
diagram, Figure 1}. '

Qverall System Operation

The initiation of data taking, or a "scan", occurs when the
digital clock sends a pulse through the scan control to the
high speed scanner. The scan rate is selectable by a rotary
switch on the scan control front panel. We can scan one
channel only at one scan per second or up to 25 channels at
either one scan per minute or one scan per hour. When a
pulse from the scan control is received by the high speed
scanner, it begins to scan its input channels, The first
chanriel is time information from the digital clock; the second
channel is the slow speed scanner and the third channel is
manual data. The slow-speed scanner has the capability of
scanning up to twenty~five data channels. Twenty-four of
these data channels are used by the consolidation stations.
The twenty-fifth channel is used to sample the transducer
power supply and thus provides a means to monitor system
accuracy and stability. If the output from channel 25 is
found to be in excess of predetermined limits, the computer
program will act to modify the data so that the resultant
calculations and data plot are essentially correct.

‘The information from the digital clock and the manual data
panel is sent to the high speed scanner as BCD (binary-coded
decimal). The information from the slow speed scanner is in
analog (d.c.) form. It is converted from analog to digital
form in the V to F (voltage to frequency) converter. This
frequency is then amplified and shaped in the frequency line-
driver and transmitted to the frequency counter. Here the
frequency is counted for a specified time (0.1 second). This
counting of the frequency over a preselected time gives an
average count of the input frequency; however, counting this
frequency over some pre-selected time gives the integral of
the input voltage to the V-F converter. By using the integral
(or average) of the input voltage, any extraneous noise can be
integrated (or averaged) out and thus a true reading can be
obtained¥.

*To convert the visual reading on the counter display to

displacement in inches, use the formula: 4 = (ﬁgagég ) x 0.2"
I 4

-
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From the counter a parallel BCD output representing the displace-
ment of the consolidation sample is pregented to the high speed
scanner along with the appropriate channel identification
information from the slow speed scanner. | This information is
then sent to the incremental digital magnetic tape reccorder for

. _ permanent recording. '
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" Y. DISCUSSION

The Central Data Recording System (CDRS) installation in the
consolidation area of our soils laboratory is a successful
‘demonstration of modern data acquisition and recording
techniques. When this project was first conceived in 1967,
it was an application of state-of-the-art electronics to
relieve the tedium of routine, manual data recording.

In 1971 when the system was first placed into full-scale
operation, it was no longer "state-of-the-art". Many newer
refinements and more modern technigues have combined to make
"our CDRS rather mundane.

However, the fact remains that we have developed an accurate,
reliable data acquisition and recording system. The CDRS
gives our soils laboratory many more data points at a reduced
cost plus the ability to do all data manipulation and plotting
on a large-scale computer.

If we were to initiate this program now we would likely design
the system with a mini-computer as the control unit. This
would give us much greater flexibility in manipulating the
data before recording on digital magnetic tape. We would be
able to correct for zero drift or full scale drift plus the
ability to convert the displacement into engineering units

for easier analysis on the large computer.
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APPENDIX A

DETAILED CIRCUIT DESCRIPTION

1. Scan Control

T s a. The Scan Control Interface

A card (Figs. 2 and 3) controls the normally free running high
speed scanner when data is available from any of the three
sources?*, and also controls the stepping of the slow speed
scanner., The sequence is initiated by a pulse from the clock
and proceeds until the operation is complete.

A 5 position manual selector switch controls the time period
of each operation. This switch selects 3 types of operation:
(1) "Hold" stops the system entirely, (2} "1 per second" is
used in conjunction with the slow speed scanner in a manual
operation mode as the scanner is advanced manually to one of
its 25 channels. The l/sec. clock pulse now initiates data
readings from the clock and the selected slow speed scanner
channel once each second, (3) 1/10 sec.,*** 1/min. and 1/hr.
positions are used to record the clock data and then take a
complete scan on the slow speed scanner, reading all selected
channels. The 1/10 sec.*** position is not normally used for
data acquisition but only for maintenance personnel to use
for troubleshooting purposes.

2. Frequency Line Driver

(Physically"located on scan control board.)

The purpose of this amplifier (Fig. 4) is to power the signal
between the V-F converter and the freguency counter over long
coaxial lines without significant line losses or degradation
of the signal. '

3. Automatic End-of-Record (EQOR)

This interface board (Fig.:s) provides a means of generating an
! End-of-Record signal to the Kennedy magnetic tape drive**. The
; board contains a 4 state binary up counter (initially reset)

E #0 - clock
1 - slow speed, 25 position scanner
2 - manual data entry panel

**The tape drive has a built-in circuit which, upon receiving a
signal, automatically write 3/4" of blank tape which constitutes
an "End-of-Record" gap.

***0One reading every ten seconds.

A-1
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- Lt
which counts once for every scan positionh recorded (12

characters) and generates a one-~shot signal to the magnetic
tape recorder after 16 scan positions have been recorded,
This signal causes the tape recorder to generate an End-of-
Record on tape. Thus each record on maghetic tape contains
192 characters (16 x 12 = 192).

This board alsc has a two stage amplifier which amplifies a
tape drive "Gap in Progress" signal on its way to the coupler
control board (Fig. 14) where it is an input to the "System
Hold" circuit (Flg. 17).

4. End—of—Tape/Broken Q;pe

(Physically located on EOR Board.)

The purpose of this circuit (Fig. 7) is to alert the systems
operator to two conditions which need operator intervention.
The first is that the magnetic tape is approaching the end
of the reel and will need a new reel of tape. The other is
.any condition which causes a lack of tape passing across the
write head such as a broken tape or running off the end of
the reel.

The 1nput to this circuit is provided by the FKennedy magnetic
tape drive circuitry. |

5. Character Select Board

This board (Fig. 9) provides a means of varying the number of
characters scanned and written on magnetic tape from each of
the scanner positions*. On this system, all scanner positions
provide 12 characters (some of which are blanks).

The board is merely 4 single pole double throw switches, each
with a binary weighting (1, 2, 4, 8), such that when 12
characters are desired, the "one" and "two" switches will be
in the off position and the "four" and "eight" switches will
be on.

The board provides a path for both states of the outputs of the
coupler control board's character counter. The board's output
feeds a 4 input "and" gate which will only have an output when
the counter has stepped the number of times represented by

this board's switch setting. At that time the counter is
reset and character transmission to the magnetic tape driver

is stopped.

;§¢anning of each character is necessary since there are
nominally 12 characters available from each scanner position,
and the magnetic tape must write these characters serially.
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6. Driver 1

This card (Fig. 10) contains a four input amplifier and level
setter. It receives pulses from the bihary character up-
counter (4 lines), sets their levels, and outputs true and
false levels to the "BCD to 1l2-1line converter" card.

7. Driver 2.

This ‘card (Fig. 11) contains a four input amplifier'and level
setter. It receives the four BCD lines from the "Data Gate"
output and drives the Write Amplifier of the Kennedy tape
drive, '

8. Data gate

This card (Fig. 12) (2 reguired) is used to sample the 12
characters of data (48 lines) from the High Speed Scanner
output. It utilizes the twelve (BCD+ 12 line) pulses to
sequentially sample the 4 lines of BCD information from each
character. Thus there are a total of 48 AND gates, 4 of which
are sampled simultaneously. {These four lines are the 1, 2,
4, and 8 lines for each BCD character.}

9. BCD to 12 Line

The purpose of this board (Fig. 13) is to translate the output
of the coupler control's character counter from binary (4
Positions, 1, 2, 4, and 8) to twelve lines, each of which
becomes activated in sequence. These twelve lines then acti-
-vate the twelve positions of the data gates in sequence.

10. Coupler Control Board

The purpose of the magnetic tape coupler control board (Fig. 14)
is to: .

1. Provide the record command signal to the Kennedy recorder.
2. Count the number of characters in each recorded word.

3. Provide a count pulse to the EOR counter. '

4. Provide a system hold command to the high speed scanner.

The Kennedy record command is a train of pulses, the number of
pulses determined by the number of characters to be recorded at
s one reading. The number of characters and thus the number of
pulses is selectable from zero to fifteen by the switches on
_ the "Character Select" board. The system is usually set to
i record 12 characters per word.

ClihPDF - www .fastio.com


http://www.fastio.com/

‘The record command pulse train is generated by a gated free
running multivibrator. The multivibrator triggers a "one
shot" whose output is buffered by several inverter stages to
provide the pulse train which is finally used to time data
into the write amplifiers of the Kennedy recorder.

The gate of the free running multi is a two input "NOR" gate.
One input is controlled by a flip-flop and the other by a
reset pulse which occurs after the desired numbexr of characters
have been recorded. The free running multi is turned off by
either of these two inputs. Both inputs must be at the proper
state for the free running multi to be turned on.

The input flip-flop is triggered by a print command from the
high speed scanner. One output turns on the free running
multi as stated above. The other output sends a system hold
to the high speed scanner to stop the high speed scanner while
data is being recorded.

In addition to providing the print command pulse train to the
Kennedy recorder, the gated free running multi also provides
input pulses to a counter which determines the number of
characters in each word. The output of this counter is con-
trolled by the character select board switches. As the counter
reaches the desired number of characters, the counter output is
used to provide a reset pulse to the "NOR" gate controlling

the free running multi, thus shutting off the free running
multi until another print command is received.
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APPENDIX B

SUMMARY OF COSTS

" Purchased Equipment

EECO 915A Digital Clock . % 2,800

. Hewlett/Packard 801lC D.C. Power Supply ' 151
. ' 2212A Voltage to Frequency Converter 1,200
- 2515A High Speed Digital Scanner 5,405
2901A Input Scanner 2,575
S : 5512A Electronic Counter 1,050
EKennedy 1400H Incremental Digital Magnetic '
Tape Recorder, 3,750
Linear Potentiometers : ' 1,632
Fixtures to support the potentiometers S 2,400
Electrical Connectors ) ' 240
TOTAL , $21,203

Interface equipment designed and developed by the Materials and
Research Department personnel. These prices reflect component
and assembly costs only. They do not include any engineering
design costs.

Power Supply : S 54
Scan Control and Frequency Line Drlver . 31
Hold Amplifier 12
DAS Control (Mag. Tape Coupler and Control) ' 35
Automatic EOR and EOT/Broken Tape Sensor 38
Driver 1 (Control to B.C.D. Converter) .27
Driver 2 ' 14
B.C.D. to 12 Line Converter 18
.Data Gates (2 required) 23
Character Select 8

TOTAL _ : $ 260

b
‘ i
. !
B~-1

ClihPDF - www .fastio.com


http://www.fastio.com/

 APPENDIX C
DATA SYSTEM RELIABILITY

The use of silicon transistors and diodes in the discrete
circuitry designed by the Materials and Research Laboratory
together with adequate design margins assures a long trouble-
free life for the interface components., Where we found it
desirable, integrated circuits were used to implement the
desired functions in place of discrete components. The
integrated circuits, when used within their temperature and
loading specifications are highly reliaBle components and
provide years of trouble-free life,

The purchased instruments are all well-designed systems
components from reputable manufacturers who have been in
the instrument and system design market for many years.

The MTBF data from the manufacturer's data sheets are listed
below. From the data given the estimated MTBF should be

at least 10,000 hours. The complete system has been opera-
tional for almost three years although it has not been in use
full time as the data reduction program was not completed.
At the present time we have been in continucus operation for
20 months (over 14,000 hours) without any system problems.

MTBF of counter _ - 10,000 hours
.::ﬂEBF'of Ld speed‘scaﬁnef 2901A 17,000 hours
';MTBF of Hi speed écanner'ZSlSA' 13,000 hours

" MTBF of Clock | 15,000 hours
:'EEBF”V? F cquertér _ 10,000 hours
.ﬁTBF of Pur. supply 20,000 hours
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APPENDIX D
BENEFITS FROM IMPLEMENTATION OF CENTRALIZED DATA SYSTEM

With the ability to sample and record data and time at one
second intervals the accuracy of the graphic plots of
consolidation has increased manyfold. The "time-to-
consolidation™ can be determined more accurately from both
the plot and the data recorded on digital magnetic tape.

In addition a number of technicians and/or engineers have
been relieved of the tedious task of plotting the curves by
manual methods. These indeed are significant benefits and
in addition the central data acquisition system does not
require as many personnel to perform the tests as were needed
previously.

" The use of the CDRS has resulted in a savings of 32 man hours

per week in a normal work week. This is a dollar savings of
$534.08 per week. Under a heavy work load situation, the CDS
saves 42 man hours per week, resulting in a savings of $700.98

per week.
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APPENDIX E

DIGITAL MAGNETIC TAPE FORMAT
AND COMPUTER PRINT-OUT

There are four General Word Formats (a word refers to 12 numeric BCD
characters. With the exception of '"end of file," all entries on magnetic
tape are in word format),

1.  Beginning of test entry (manually entered data)
| = Lil2]3[a]5]6]718]9f10]11112]

Channel or Cons. Mach. No.(l ~ 24) T 7 7~ 4 7 4
' ' Load. No.
"Job No.

Boring No.

Sample No.

Tube  No.

“2. End of test entry (manually entered data)
| , . (1l2]3lal5f6f718 9 1ol 11[12]
End of Test ID. No. =744 (always) ] h_“*_{\bl bl bl bl bl bl bl bl

Channel or Cons. Mach. No.

Blanks

3._ Time entry (automatiCally entered at appropriate times)

LllzJIglI‘z;lslell\HsJﬂ [10 |11 [12]
]

Time ID. = 77 (always)
“ Blank ‘
Julian Day
<~ Hour
- “Minute
‘Second

4, Consolidation Data Entry

(112]3[al5]6[7]8l9f10]31] 12]
] bl — bl ’

Data Entry ID. (always =33)
Channel or Mach. No. (1-24)
5 digits of data

‘A normal tape consists of a quantity of tape records, each consisting of
16 of the various words described above. Each record is followed by a
.3/4 inch inter-record gap.

The last data record on tape will consist of from one to sixteen words
since the number of samples varies, This last record will be followed
by 2 "end of file' marks to signify the end of information on this tape.

There is no necessary sequence of record types except that a beginnin%
of test word always preceeds data for a particular test; "end of test
on a particular unit must preceed further tests on that unit; and 2
"end of files" must end the tape,

E-1
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The following page E-3 is a "dump” of the information written
on magnetic tape. The information was read from magnetic tape
and printed out to show the manner in which data is recorded on
the digital magnetic tape.

Page E-4 is the form in which the data from a completed test is
sent back to the Foundation Section. ' -

Page E-5 is a plot of the data for a complete test.
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APPENDIX F
COMPUTER PROGRAM:

The flow charts on the next two pages show how the IBM 360/65
is programmed to handle the consolidation data. The flow
chart titled "Soil Consolidation-Normal Processing" shows how
the data is handled when no errors are detected in the data or
due to faulty magnetic tape. The flow chart title "Soil
Consolidation-Error Correction Processing" shows how the data

_is handled when errors are detected.

The programming language ﬁséd is COBOL.

The flow charts and the source listing of the ENG040 program
are lengthy and quite voluminous. These items are available

upon reguest and we will be happy to provide assistance as
needed.
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EXISTING

INPUT
DATA
SET t
‘ L '
SOIL -— . SCRATCH' OLD
CONSOLIDATION uTL &6l iINPUT DATA
DATA SET
STRIPS LEADING
ENG & 39 2 BYTE BLOCK COUNT
FROM EACH BLOCK
‘ : ¥
NEW
INPUT -
DATA  SET :
 TIMEDIAL 3. TIMEDIAL :
7)) (+1)
- CURRENT [ 'FBCENER M New | :
-\ GENERATION GENERATION \
\ 4. _
|- SAVEFILE | SAVEFILE [ PLOTTING
(@) IEBGENER (+1) EN6 & 4 INSTRUCTION
% _
_ 5. PLOT
' ‘ TAPE
REBOUNDS \EBGENER | REBOUNDS
L@ (+1)
_ ) : L )
| TEST DIAGNOSTICS
* ‘ REPORTS REPORT
[ 6. -
‘DIALSTOR . DIALSTOR
IEBGENER —-‘
(D} é‘ (+0
ok o ' :
'GENERATION DATA SETS NOTE: AFTER SUCCESSFUL PROCESSING
OF MASTER FILES THE (+1) GENERATIONS BECOME (@)

AND THE (&) BECOMES (-I).

SOIL CONSOLIDATION -~ NORMAL PROCESSING
F-2
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sttem'
Component

Cons.
Tape Recorder
Tape Recorder

Power Plug

Tape Recorder.

Tape Recorder
Tape Recorder
DAS |

DAS

Tape Recorder

Digital Clock
.Digital Clock
Digital Clock
Digital Clock
Digital Clock
Digital Clock

High Speed
Spanner
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6.

12.
13-

14.

APPENDIX H

OPERATING INSTRUCTIONS _
{Cold Start) ' ' o

Before applying power to system:

A. Place consolidation switch in "HOLD"

B. Turn tape drive power. "OFF",

C. Load tape.

Apply power to system, Make sure £he following
components have power on:

A, Digital clock.
B. DAS control box.

C. High speed scanner.

.D. Slow speed scanner.

'E. Cons. control box.

F. _Frequency_counter.

Tapé drive power should be "OFF",
Turn "ON" tape drive poﬁeri
Briefly push "LOAD FORWARD" to start reelrdrive motoré.-

Turn "ON" End/Broken tape sensor.

Push EOR reset,

Push and hold "LOAD FORWARD". Release when "FILE GAP" -
light comes on., '

Reset "POWER FAILURE" light.
Set "ARM-PRESET" to PRESET".
Push "ACCUMULATOR". '
Set time 15 seconds ahead of adtual time.
Set "ARM-PRESET" to "ARM",

;

Press "START" when actual time‘agrees with set time.

Push "START/ADVANCE". Let system warm up for 24 hours.


http://www.fastio.com/

“System OPERATING INSTRUCTIONS

Component | - (Calibration)
'_.Cbné; 15, After 24l£our warm up, switch V/F converter to "ZERO".
"Coﬁs. 16, Make zero adjustment on V/F converter so that
frequency counter reads 000.00 KHz.
"Cons.  |17. Switch V/F converter to "+ CAL".
léoﬁs; 18. Make "+ CAL" adjustment on V/F converter so that

frequency counter reads 100.00 KHz.
Cons. 19, Switch V/F converter to "1".

Low Speed |20. Push "MANUAL",
_Scanner

Low Speed |21. Push channel 25 switch.
. Scanner .

Low Speed |22. Advance to channel 25 by pressing "STEP".
- Scanner ‘ '

Cons. 23; Make power supply "FINE" adjustment so that
frequency counter reads 100.00 KHz.

ClibPDF -ty fastio.com’
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System
Component

- Cons.

Low Speed
Scanner
Low Speed
Scanner

Low Speed
Scanner

High Speed
Scanner

High Speed
Scanner

High Speed
Scanner

High Speed
Scanner

Cons.

- www.fastio.com

b
: i
OPERATING INSTRUCTIONS

(To Take Readings on Samples)

10.

11.

Boring No.

Place consolidation switch in "HOLD".
Set sample in consoliéometer

Press channel number correspondlng to consoli-
dometer nuinber.

i
Press "MANUAL".
Advance to channel selected by pressing "STEP".

Adjust zeroing screw on consolidometer so that
frequency counter reads 200 Hz,

Set manual data switches (refer to data format
page).

1 2 3 4 5 6 7 8 9 10 11 12

Channel 4 T
or Mach #

Load

Job No.,

Sample No.

Tube

Push "MANUAL ENABLE" to write data on tape.
Release "MANUAL ENABLE".
Push "START ADVANCE",.

When ready to apply initial load, turn consoli-
dation switch to "1/Sec.".
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:Cons.
Low Speed
Scanner-

Low Speed
. Scanner

Cons.

Cons.

ClibPD www fastio.com

12.

13.

14.

15.

16.

17.

i8.

19. .

]

After several seconds as-mequired'apply initial
load.

After several minutes as required, turn consoli-
dation switch to "HOLD",

Push "RESET" until no channel numbers are
indicated.

Push "SINGLE SCAN".

Turn consolidation switch to "1/MIN". Take as
many ‘readings as required.

If no other samples are to be tested, turn
consolidation switch to "1/HR" for as long as
required.

If additional samples are to be tested, repeat

Steps 1 through 16 for each sample before going

to Btep 17.

1o end a test, enter:

Manual, daté:

1 2 3 4 5 66 7 8 9 10 11 12

4|4 ‘bplb|lbtb{blib}| b]| Db

A . v
. T

: —.-‘-1
- 4

Blanks - not read

b e————— Channel or Machine No.

' End of Test Ident.
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System - 1 OPERATING INSTRUCTIONS
(To Install Another Tape to Continue Readings)
- Component ' : '
Cons. - 1. Place consolidation switch in "HOLD",
" 2. Load tape.
3. Repeat cold start instructions 4 through 7
| Cons. 4. Return consolidation switch to appropriate
position. T
System | OPERATING INSTRUCTIONS
(To End a Tape)
Component
Cons. 1. Place consolidation switch in "HOLD".
TapégRecorder 2. Depress "FILE CAP",
2A. Turn off End/Broken tape sensor.
Tape Recorder 3. Depress "REWIND".
Tapé'Recorder 4. Remove tape.
5. LABEL TAPE.

ClihPDF - www .fastio.com
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Figure 4
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Figure 5
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Figure 10
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Figure 11|
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12 LINE INPUT SET 1 JINPUT SET2  INPUT SET 4  INPUT SET 8
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K B 5 2 T

L c 6 13 u
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Figure 16
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APPENDIX J

State of California MATERIALS AND RESEARCH DEPARTMENT Test Method No. Calif. 219-C
Depariment of Public Works April 3, 1972
Division of Highways (10 pages)

METHOD OF TEST FOR CONSOLIDATION OF SOILS

Scope
The consolidation test is designed to measure the
" compressibility of soils, In this test a laterally com-

fined soil speeimen is subjected to a series of constant
axial loads. The results of the test are used to compute
the guantity of settlement and the rate at which the
settlement will occur in foundation soils under im-
posed loads. While application of consolidation tfest
results for computing settlement is somewhat complex,
the actual mechanies of the test are ordinarily routine.
The test is, in reality, a model test and as such should
stmulate conditions as they will exist in the field.

A. Apparatus

1. Consolidometer; see Figures I, TI, TII and IV,
In this device, loads of } ton/sq. ft. to 8 tons/sq. ft.
are normally applied by use of a counter-balanced
lever system and calibrated weights. Lioads up to 64
tons/sq. 1. ean be applied on request. A load of 1/16
ton/sq. ft. is applied by the weight of the piston only.
The compression of the specimen is measured by a
dial indieator which contaets the loading yoke. The
loading yoke transmits the load fo the piston contain-
ing the upper porous stone.

2. A dial indicator eapable of measuring to 0.0001
in. and/or an electronic readout device (linear poten-
tiometer). :

3. Fine wire saw.

FIGURE 1

CONSOLIDATION TEST APPARATUS WITH COUNTER-
BALANCE LEVER SYSTEM. THE LEVER RATIO IS 8:1.

B. Calibration of Apparatus

Adjust the indicator dial with the adjusting plate to
show an initial reading of about 0.0500 in. when the
soil specimen is in place under no load. Make this
setting by inserting a brass dummy specimen which
is one inch high. Adjust the linear potentiometer with
the adjusting plate so that nearly all of its travel
length is taken up (at least 0.05 inches should remain
to allow for possible swell of the specimen).

C. Test Record Forms

1. Record test data and results of caleulations on
test data sheet Form No, T-247 (Figure VII). Re-
cord sample identifieation and a description of the
sample in terms of moisture, color, strength, grain
size, and plasticity or any other appropriate terms on
the test data sheet.

2. Record the void ratio, percent saturation, and
when applicable, permeability caleulations on Form
T-2060 (Figure VIII); or

3. If calculations are to be done with the use of the
- computer, submit data from Form No. T-247 (Figure

VII) to the Computer Section to be input into a2 com-
puter program called ““VRATO*’, “VRATO** out-
puts the initial void ratio, the void ratio and associ-
ated applied load or rebound load, the dry unit
weight, and the percent saturation before and after
test. ““VRATO#*"" is included in Appendix I.

4, Plot time-consolidation curves on Form T.248

FIGURE 1l
(Figure X), if.they are not automatically plotted CLOSE-UP VIEW OF CONSOLIDOMETER
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FIGURE 1|
COMPONENT PARTS OF ONE-DIMENSIONAL CONSOLIDOMETER

(see Bection g, Paragraph 4 and Seetion &, Para-
graph 3).

5. Plot void ratio versug pressure (P-e curve) on
two eycle semi-logarithmie graph paper (See Figure
IX).

D. Preparation of Sample
1. The soil samples are received in the laboratory

. in the 2-in, diameter by 4-in. brass tubes as obtained

by the. Californis Sampler, or in larger containers
from which speeimens must be trimmed,

2. The 2in. x 4 in. tubes are relatively thin-walled
and flexible; therefore, handle with care so that the
seil is not deformed inside the tube.

3. Line the hollow stee] eylinder, shown in Figures,

V and VI, with four 1-in. high segments of sampler
tubing, Extrude the soil from the sample tube into
the 1-in. high consolidometer rings by pushing the
piston into the sample tube, This extrusion should

in order to minimize disturbance of the goil struetore.
4. Select one of the four specimens and trim care-
fully to the exaet heig!lt of the ring by means of z

vent excessive drying of the soil. :
0. If the first specimen is damaged in some nanner,

trim one of the remaining specimens for the test,

to.com o

IYAVARYAV)

men and ring and record on the datia shest ; also,
recordsthe tare weight of the ring. The specimen is
now ready for testing. - '

E. Testing Procedure

1. Put the specimen base in the center of an empty
saturation reservoir; place the sojl specimen and re-
tainer ring on the base ; center the specimen loading
piston on the specimen ; and then place the loading
piston guide over the biston, specimen, and base. See

usnally equal 1/16 ton/sq. ft.

3. Record dia] readings at the time intervals indi-
cated on data sheet, Form No. T-247 (Figure VII).
Take the first reading six seconds after the applica-
tion of the load increment. Take subsequent readings
at gradually increasing time intervals as shown on
Figure VII.

4. The linear poientiometer is read by an electronie
tape recorder system. If readings are to be made using


http://www.fastio.com/
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FIGURE V
EXTRUSION EQUIPMENT

FIGURE VI
TRIMMING EQUIPMENT
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STATE OF CALIFORNIA

Test Method No. Calif. 219-C

DIVISION OF HIGHWAYS
MATERIALS 8 RESEARCH DEPARTMENT

April 3, 1972

CONSOLIDATION TEST DATA

JOB NO. — — — - e — — -
.| LOCAT ION

GROSS DRY
CALC.

SHEET

MOISTURE CONTENT

DATA

WEIGHTS

MOISTURE

UNIT WT,

GROSS

WET

DRY

TARE

NET -
WET

NET
DRY

GMS %

WET | DRY

Yo
SATURATION

BEFORE TEST

BEFORE

AFTER TEST

AFTER

Loap T/FT.2

0

/16

1/8

i/4

1/2 1

REBOUN

2

1/4 1/16

TOTAL CONSOL%

VOIDS RATIO -

LOAD
T/FT.2

1/16

i/8

/4 -

/72

REBOUND
2

SEC.
MiN
HRY 3

Timg MinDATE

DIAL
READ

DATE

DIAL
READ

DATE

DIAL
READ

DATE

DiAL
READ

DATE

DLAL
READ

DATE

DIAL

reao | DATE

DIAL
READ

DATE

DI1AL
READ

DLAL

DATE | ceap

INITIAL

o

6S.

~ SECONDS —

MINUTES

INCHES

INCHES

HGURS

1/16

96

TOTAL

INCHES

%

INCHES| %

INCHES

INCHES]

%

INCHES

%

INCHES

INCHES

INCHES

*%

INCRE *

CONSOL.

|

|

1

}
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the tape recorder system, manually enter into the
system the consolidometer number, the loading code,
the job number, the boring number, the sample num-
ber, and the tube number. By manipulation of the
recorder system, vertical movements are then recorded
on the tape for the applied load at 1-second intervals
up to 90 seconds, at l-minute intervals as required,
and at l-hour intervals up to 24 hours or until the
next load is to be applied, Vertical movement on re-
bound (unloading) can also be recorded. The recorder
system has the capability of reading 24 consolidation
tests consecutively,

5. After the test is complete, disassemble the con-
solidometer and remove the specimen. Blot all free
water off the specimen and the ring before weighing
for a final water content determination.

F. Data Regnired for Computations
The data required are:
1. The initial-wet weight of the specimen.

2. The initial and final water content of the speci-
men, ' B

3. The dry weight of the specimen.

4. 'The cumulative reduction in height for each time
interval for each load increment in inches,

5. The total cumulative reduection in height after

each successive load inerement in inches, and in per-

cent of original height.
6. Specific Gravity.

G Calculations and Plotting SR

1. Record the cumulative reduction in height after
each successive load inerement in inches and percent
of original height on Form T-247 (Figure VII).

2. Record the calculations of void ratio for each
load on Form T-2060 (Figure VIII}, and transfer
the results to form T-247 (Figure VII). Also record

the caleunlations for pereent saturation before test and
after test and the calculations, when applicable, for
permenbility ‘““K’’ in feet per hour on Form T-2060
(Figure VIIT).

3. The time-consolidation curves (Section C, Para-
graph 4) are plotted automatically by eomputer from
linear potentiometer measurement. If caleulations are
done utilizing the computer program ‘“VRATO*"’
enter the results on Form T-247 (Figure VII),

4. Plot the void ratio versus pressure curve on two-
eycle semilogarithmic graph paper, This curve is the
basis for caleulating the amount of ultimate settle-
ment in a given foundation layer. A pressure-void
ratio curve, representative of a firm silty elay, is
shown on Figure IX, ' '

5. Plot dial readings versus the logarithm of time
for the load increments of } to 4,1 to 1 and 1 to 2
tons per square foot on Form No. T-248 (Figure X).
Plots of dial reading versus time for the higher load
increments may sometimes be necessary, dependent
upon the proposed field loads. The readings for theo-
retical zero and 100 percent primary consolidation
are determined in accordance with methods by A. Casa-
grande.! The time for 50 percent consolidation, *‘typ ”’
is located on the time curve half-way between the
theoretical zero point and the 100 percent primary
consolidation point. 5

An example of dial movement versus time eurves
representative of a firm silty clay is shown on Fig.
ure X. : .

6. Other data necessary in the computation of set-
tlement are: (1) an accurate soil profile including
drainage conditions, (2) the loading history of the
soil to date and (8) the load that will be added during
construction. ‘ : :

End of Text on Calif. 219-C

i Taylor, D. 'W., Fundamentals of Soll Mechanics, John ‘Wiley and
Sons, New York, 1948, )

www . fastio.com
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JOB No. 2432 - Z0-@

MATERIALS & RESEARCH DEPARTMENT

VOID RATIO CALCULATIONS

BORING NO,(&/-.38)-5-T

CALC. BY A ES.  pare /1. 2-67

% =624 x L. 76 _= 172.5 #?"_3

CHECKED BY.LA.H. vate /- 3-6/

% :1284x 696 - 874 n’
: . -1d .
e z . c- 53/ = 0 ?30
°Td T894 -
eyg= 0. 93 ~(Q00/ x_1.93 )= _2.93 - ©.002 = C. 228
174 = -(b.oo«sx )= - 0.009 = 0. 92/
172 = (c.or2¢4 % }= - 0 024 = 0. 906
| = {0025/ x )= - 0.048 = 0. 882
2 = -(0.045/ x )= - 0.087 = _O0.843
4 = -(e.0779 % )= - 0,/50 s 0.780
8 = -(0./326 % ) = - 0.256 = 0.674
2 = -(0.7223 x )= - 0.236 = _0.694
4 = (00978 x ) - - 0./89 = O 74l
/8 = -( — % )= - —_— = —_
6= -(0.079/_ x Y= - 0./53 = 0777 *
L ' | % SATURATION
BEFORE TEST s § Sp.Gr.x % M ] 276 x 347 i 70/ %
AFTER TEST o spGrx%M _ 276 x 29./ . /03 %
* /16 o.777
PERMEABILITY “K"
k2
K(ft/hr)z 2.561x10-> x 28 HT
ap (1+ & mt
WHEN
Ae = Chonge in void ratio
= Length of drainage path
Ap = Changein pressure (T.8F)
e&m = Average void ratio.
t+ = Time in minutes for
50% consolidation

FORM T-2060 (Rev.3-62)

Sample Void Ratio and % Saturation Calculations Sheet
Fig.VIil

www . fastio.com
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STATE OF CALIFORNlAﬁ
DEPARTMENT OF’ TRAHSPORTATION

April 3, 1972

DIVISION OF HIGHWAYS LOGATION Jos NO.
TRANSPORTATION LABORATORY So. of Greenla 2432- 20-
. ELEVATIOH DEPTH SAMPLE NO.
TIME-CONSOLIDATION CURVES (61-83) -5 -7
FORM T-248 | REV. 10-581 DIST. I Co. RTE. SEC.
2 ﬁ&coz'ingo apas coT2 1% 2 3 u:uutsé a o185 H(/m. f
5 LLO
AND 3 SILT 6/ GLAY 36 co “3520
- WET UNIT WEIGHT BEFORE TEST //q LBS./# CU.FT.
2 WATER CONTENT BEFORE TEST 34.] werow wI.
4
4
B
B
&
r-Ye
S
7-4- =
z
/
'/
/6 LEGEI?: /
O -_!_i-TO_Z_z-T.S.F. we.  teor-Z:Cwm.
_A M2 wo {_vsEme 50 . 2.2
; O -/ 1o £_TSF W vgor 2oL .
2 12 18 24 30 42485072|& 2 3 4 6§ B8 W0 5 25 38 45 60 90 2 3 4 5 678 48
SECONDS_-—-——-—"_—l . H.\NUTES _”—/“ ﬂOIJRS/-,"‘—.l

TIME - LOG SCALE
FIGURE X

SAMPLE DIAL MOVEMENT-TIME CURVES

ClibPDF - wivw fastio.com
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April 3, 1972
/

100 PRINT'DATA FILENAME?:
110 INPUT F1%
120 OPEN Fi1$el» INPUT»OLD
130 ON ENDFILE (1) GOTO 560
140 ASi=® LOAD (TSF) VOID RATIO"
150 DATA 1257259501020 498¢29425+40625¢0+0000000
160 DATA 1+2+4,8r480¢2¢149r8116¢32064916049190
170 DATA 1+2)U4+8e16+81418r16932:6ULr16e4¢1+0
180 DATA 1+2/+4+¢Bs16¢4+8+16932+64016949190+0
190 DIM A(4y15)
200 MAT READ A
210 INPUT FROM 1:A%»BSeZ2rHeDe Ge We MLy M2
220 R=(PI*D~2)/4
230 V=RxH
240 WIZGk62,4
250 W2=(W/453.59)/(Vv/1728)
260 Elz(Wl=-W2)/W2
270 S1=GxM1/E1
280 PRINT IN FORM'%/////*:CHAR(12)
290 PRINT TAB(18):"JOB NUMBER : ":AS%
300 PRINT TAB{18) :"SAMPLLE IDENT : ":B%
310 PRINT )
320 PRINT
330 PRINT
340 PRINT
350 PRINT TAB(15):"VOID RATIC AND SATURATION DATA"™
360 PRINT .
370 PRINT
380 PRINT
390 PRINT AS1
400 PRINT
410 FOR I=1 TO 15 .
420 IF A(Z»I)=0 THEN 480
430 INPUT FROM 131H1
4450 H1=H1*10~-4
450 E-E1=-(H1*(1+E1)/H}
460 PRINT IN FORM '2(11%.4%)/':A(Z»1)»E
470 NEXT I
480 PRINT
490 S2=GxM2/E
500 PRINT
510 PRINT "INITIAL VOID RATIO = "ITAB(31):!INT(E1*1E3)*1E-3
520 PRINT *"DRY UNIT WEIGHT = "ITAB(31) I1INT(10xW2)/10
530 PRINT "PCT. SATURATION BEFORE TEST =":TAB(31)!INT{(S1%10)/10
540 PRINT "PCT. SATURATION AFTER TEST = Y:TAB(31):INT(10%52)/10
550 GOTO 210 ‘
560 PRINT CHAR(12)

END

570

APPENDIX I — VRATIO CT Lab Sacto 2/74
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