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I. PURPOSE

The purpose of this document is to explain the background and use of the revised FWD
relative cali bration anal ysis computer program, FWDCAL Version 3.0, developed for the
Long Term Pavement Performance (LTPP) Regiona Coor dination Offices (RCO). The
FWDCAL Version 3.0 program automates the analysis of the results of the relative calibration
test procedure performed on the Falling Weight Deflectometer (FWD) geophones. The
program performs the following functions:

Checks FWD rélative calibration data file for compliance with LTPP test setup
requirements.

Calculates new relative gain factors for each geophone.

Checks the ratios beween existing and new rdativegan factorsto detemineif they are
within established tolerances.

Performs an analysis of variance on the data to determine the statistical significance of
key test factors.

Provides a statistical summary of the test results.

Provides guidance to the user on needed gain changesor further testing needs.
Computes the gainsfactor for a replacement sensor.

Processes up to three data sets in the same file.

Computes average new relative gain factor from relative calibration tests performed as
a part of LTPP Reference calibration procedures. All thr ee data sets must be in the
same file.

Processes data sets produced by Version 10, Version 20 and Dyna25 LTPP customized
versions of the Dynatest FWD operating system software.

Ability to process multiple data sets in separate files without exiting the progr am.

The program displays the results on the screen and writes them to an output file for subsequent
printing.
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II. BACKGROUND

The LTPP program uses the Dynatest Model 8000 Falling Weight Deflectometer (FWD) to
measure the deflection response of the test pavement structures. The FWDCAL Version 3.0
computer program was developed to automate the analysis of the results of relative calibrations
performed with this device.

Relative calibration is a technique used to verify and adjust the response of each of the
deflection snsors (geophones on a Dynates FWD) 0 that equivd ent measurementsare
obtained when the sensors are subjected to the same displacement. A direct product of this
procedure is a set of multipliers necessary to keep the measurements derived from the
deflection sensors equivalent.

In the relative calibration procedure, all deflection sensors are placed in astand that is held
vertical on a point located near the load plate so that all sensors are subjected to the same
deflection. T he measurements consist of subjecting the sensors to afive drop load sequence,
rotating the positions of the sensors in the stand, placing the stand on the same point, and
repeating the drop sequence. This process is repeated until each sensor has been tested in each
position in the stand. The sensor rotation serves to check the proper conduct of the test and
cancel out any efect of stand position on the results.

The most basic analysis of the data collected in arelative calibration test consists of the
following steps:

1. Calculating the ratio of overall mean deflection of all sensors for all drops to the mean
deflection of each sensor for al drops. Thisis called the means ratio.

2. Computing the new gain value, which is the product of the means ratio multiplied by
the existing gain value.

In addition, the following statistical analyses are used as aids in evaluating the validity of the
relative calibration test and in investigating anomal ous results:

A. Latin Square, analysis of variance (ANOVA). This determines the statistical
significance of sensor, set, and position on the test results.

B. Summary statistics:

. mean, standard deviation and coeffident of variation of the deflection response
of all sensors for all drops.

. mean, standard deviation and coefficient of variation of each sensor for all
drops.

. mean, standard deviation and coefficient of variation of al sensors by position
in the stand.

. mean deflection of each sensor and average of for all sensors for each drop set.
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. mean load for each drop set.
. mean, standard deviation and coeffident of variation of the load for al drops.

C. Cochran homogeneity variance test. This statistical test is used to determine if the
variance of each deflection sensor's response across all drops is equivalent.

The standard LT PP relative calibration procedure is presented in Appendix A.
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III. PROGRAM DESCRIPTION

The FWDCAL Version 3.0 program contains three analysis options:

1 Standard Analysis
2. Replace Geophone Analysis
3. Reference-Relative Calibration.

The Standard Analysisis designed for use in inter preting the results when a relative calibration
is performed as a stand-alone procedur e such as for routine checks (e.g. monthly).

The Replace Geophone Analysis is used when one of the geophones is replaced without an
immediate reference calibration. In the Replace Geophone Analysis, the response of the
replacement geophoneis not included in the computation of the overall average mean response
of all geophones.

The Reference-Relative Calibration is designed to be used for the relative calibration
performed in conjunction with the LT PP reference calibration procedure. T his analysis option
computes the average new gain setting for a series of three tests.

The program is written in Microsoft® QuickBasic™4.5. It uses a proprietary file selection
routine written by LAW PCS, a L AWGIBB Group member, and commercial routines written
by Crescent Software for the menus and windows. A listing of the FWDCAL Version 3.0
program is presented in Appendix B. T he routines from Crescent Software are not included in
the listing.

All of the analyses follow the same basis steps — FWD data file input, data analysis (Gains
table, Lainsquare ANOV A, and summary statistics), and program output. These topics are
described in the following sections.

FWD Data File Input

Each Dynatest FWD data file consists of header information and data block(s). The first 40
lines of the Dyna25 data file (25CAL), and the first 37 lines of a Version 10/20 file contain the
header information. An example Dyna25data file header is shown in Figure 1. An example of
aVersion 10/20 header file isincluded in Appendix D, Figure D1. The second part of the data
file, known as the data block, consists of the loads, deflections, temperatures and station
information. A datafile that contains only one header block can contain multiple data block
sets (data sets).
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Line
No.

File Contents

Column

11111111112222222222333333333344444444445555555555566666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

NRNNNNNRRERRRE R R R R
ORWONPOOONOURWNROORINUTAWNE

N
[«2)

27
28
29
30
31
32
33
34
35
36
37
38
39
40

5001, 25. 11, 1,40, 3, 1,"Spring 94
5002, "25CAL ", "8002- 131", " 9000- 098"
5003, "SYSOP ", " LTPPREL4"

5010, 0,0,0,0,0,0,0,5,1,0,0,0,0,0,1,0,0,0,0,0, 0, "H25"
5011, 0, 1, 2000, 09, 26, 15, 39, 2, "Wed", 269

5200, "F0188 ",2,1.001, 86.8, -1.83, 7.339

5201, " 1930 ",4,0.993,1.020

5202, " 1931 ",4,0.993,1.012

5203, "1923 ",4,0.993,1.016

5204, " 1924 ",4,0.994, 1. 037

5205, "1928 ",4,0.997, 1. 005

5206, " 1932 ",4,0.995,1.015

5207, "1927 ",4,0.999, 1. 046

5208, "1921 ",4,0.991, 1.032

5209, "1929 ",4,0.992,1.032

5210, "NA ", 0,0.000, 0. 000

5211, "NA ", 0,0.000, 0.000

5212, " NA ", 0,0.000,0.000

5213, "NA ", 0,0.000,0.000

5214, "NA ",0,0.000, 0. 000

5215, "NA ", 0,0.000, 0.000

5216, "NA ", 0,0.000,0.000

5217, "NA ",0,0.000,0.000

5218, "NA ", 0,0.000, 0. 000

5020, 150, , 200, 400, 600, 800, 1000, 1200, 1500, 1800,NO
, NO , NO , NO , NO , NO , NO , NO , NO

5021, 300, 0, 0, 0, 0, 0, 0, 0, 0, 0, NO
, NO , NO , NO , NO , NO , NO , NO , NO
5022, 0, 200, 208, 50, 100, 200, 390

5023, 1, 3,2, N0 , ND , NO , NO , 328,1,1
5024,0,0,0,0,0,0, 3, 2.0, 2, 1.0,0,0,0, 120

5029, 1 45, 4621, 71034

5030, "ANY CHANGES MALCE AT SYSOP LEVEL "

5031, "RENO DOT

5032, "31092600

5301, 0, 1, 3, 5, 01,1, 0.0, 2000, 09, 26, 15, 39
5302,0,1,8,2,0,0,0,0,"Monthly Rel ative Calibration
5303,0, 0.0, 27.3, 31.0

5041, "Previ ous test:

5042, "Next Test(s):

5043, "

5044, "

Figure 1. Example of Dyna25 FWD header block.
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The user is aderted if the Dynatest FWD oper ating software is not version 10, 20, or Dyna25
(edition 25.xx) or the selected file contains something other than a Dynatest FWD calibr ation
file. The program is terminated if either of the following conditions are found during the
checks performed on the header block:

. The number of sensorsis not equal to 7 for version 10 or 20.
. The number of sensorsis not equal to 9 for Dyna25.

Other information determined from the header block and used by the program includes:

. Units for data collection, English or Metric
. Data collection date

. FWD seria number

. Deflection sensor gain settings

. Operators names

A Dyna25 data block starts with LIN 5301 containing the station and date, LIN 5302
containing operator comments, and LIN 5303 containing temperature information. The
remainder of the FWD data block consists of a repeating series of lines defining the test
sequence of three seating drops and five recorded drops for each position arrangement. The
first value in each line defines the drop number in the test sequence, the second value is the
load, and the remaining values are the recorded deflections for each sensor starting with sensor
number one. The position in the data file of the deflection value for each sensor does not
change regardless of the actual position of the sensor in the stand. An excerpt from a Dyna25
FWD relative calibration data block is shown in Figure 2.

The Version 10/ 20 data block consists of a repeating series of lines defining the test sequence
of five repeat drops for each position arrangement. The first line in the data block identifies
the location (station) of the test, the character "S" always occupies the first column in this line.
The lines following are the data recor ded for each drop. If U.S. Customary units are used, the
load and deflection data are written twi ce on the same line, once in metric and thenin U.S.
Customary units. If metric units are used, only the metric measurements are present. An
example of aversion 10/20 data block isincluded in Appendix D, Figure D2.
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File Contents

Column
11111111112222222222333333333344444444445555555555566666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

5301,0,1, 3,5, 0,1,1,NO , 2000, 09, 26, 15, 39
5302,0,1,8,2,0,0,0,0,"Monthly Relative Calibration

5303,0, 0.0, 27.3, 31.0
4, 990, 478.0, 478.3, 476.8, 477.9, 478.1, 478.3, 477.5, 478.1, 477.1
5, 993, 477.8, 478.5, 477.0, 478.2, 478.2, 478.3, 477.5, 477.8, 476.7
6, 995, 476.6, 477.2, 476.2, 477.1, 476.7, 477.2, 477.3, 477.1, 475.8
7, 998, 478.6, 479.2, 478.7, 479.9, 479.3, 479.7, 479.6, 479.4, 477.6
8, 1005, 477.4, 478.1, 477.4, 478.3, 477.8, 478.2, 478.2, 478.2, 476.4
64, 987, 475.3, 476.1, 475.2, 476.0, 476.1, 475.9, 475.9, 475.3, 474.4
68, 991, 481.4, 481.7, 480.2, 480.8, 480.7, 480.9, 480.6, 479.1, 479.9
69, 997, 480.8, 480.9, 479.7, 480.3, 480.2, 480.1, 480.0, 478.6, 479.1
70, 994, 480.0, 480.5, 479.2, 479.7, 479.5, 479.3, 479.5, 478.0, 478.3
71, 997, 478.5, 478.6, 477.4, 478.1, 478.2, 477.9, 477.8, 476.8, 476.9
72, 987, 476.7, 476.8, 475.8, 476.9, 477.0, 477.0, 476.9, 476.0, 475.7

Figure 2. Excerpt from a Dyna25 FWD relative calibration data block.
Gains Table

The relative gain settings for a Dynatest FWD are multipliers used to refine the deflection
sensor calibration. The manufacturer generally sets these gains to 1.000. The FWD oper ating
program allowstheuse to aljust these gain settings in the range 0.980to 1.020. The primary
result of the analysis on the relative calibration test data is the computation of new deflection
sensor gain settings that will allow all sensors to produce equivaent results. The determination
of the need to change gain settings is based on the amount of difference between the sensor
responses. This information is provided by the FWDCAL program in the gains table.

The gains table contains the following information:

Sensor Number - This is the sensor number read from the header block.
This number should correspond to the position or channel
that the sensor is connected to on the FWD.

Sensor Serial Number - Thisis the sensor serial number read from the header
block. Each sensor has a serial number assigned by the
manufacturer. This number is used by the FWD operating
program to detemine the proper processng paramete's
for each sensor.

Existing Gain Factor - This is the current gain setting read from the header
block.
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Means Ratio - This is the computed ratio of the average response of all
sensorsto the response of each individual sensor. A
tolerance range is set for this number to indicate the need
for adjugment of thegan factor.

New Relative Gain

This is the new relative gain factor computed from the
results of the test. Thisis the number that would be
entered into the FWD operating program if the gain
factors need to be changed.

The overall mean deflection response is computed as follows:

_ Mo Sk i M fiega HFir
Fo - 1
L & & [ NepnSens x NwmSets x NimBeps) 1)
where,
X, average deflection for all sensors.

NumSens number of sensors (9 for LTPP Dyna25 FWD, 7 for Version
10/20).

NumSets = number of drop sets (9 for LTPP Dyna25 relative calibration test,
7 for Version 10/ 20). T his should be equal to the number of
sensors and number of positions in the stand.

NumReps = number of repeat drops for each drop set, 5 for LTPP relative
calibration test.

d,, = deflection for sensor 7, drop set &, and repeat drop /.

The mean deflection response for each sensor is computed as,

_ IianSers MNume Rep s Suz
Al = 5
s;z.l IZ—I ( MosSets ¥ ManReps) (2
where,
i = Aveage deflecion for sensor .

The means ratio for each sensor is,

Ri= = 3
where,

R. = means ratio of sensor i.
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The new relative gain factor is computed as,

GFN() = GFE() % Ry 4)
where,
Gevyy = new rdativegan factor for sensar i.
Greyy = existing relative gain factor for sensor i.

The values of the means ratio are compared against a tolerance range of 1.000 + 0.003. If the
means ratio fall s outside of thisrange a YES is displayed in the out of limit toler ance column
in the gains table. T he new relative gains are compared against a range from 0.980 to 1.020,
which corresponds to the manufacturer's specified 2% tolerance. If a new relative gain value
falls outside of thisrange, a YES is displayed in the out of limit 2% range column. The other
messages displayed by the program are discussed in the program output portion of this
document.

It is important to note that the geophones on a Dynatest FWD must be in the position indi cated
in the FWD operating software. If the position of a geophone on the FWD is changed, a
change must be made in the geophone set-up table in the operating program so that the
program will not use incorrect gain and amplification factors for the geophone.

Latin Square ANOVA

The LTPP relative calibration procedur e was designed so that a statistical analysis of variance
(ANQVA) procedure could be run on the results. The purpose of this procedure is to provide a
tool for evaluating the vdidity of the relative calibration test and as an aid ininterpreting its
results. The results of the ANOVA indicate only statistical significance relative to the amount
of unexplained variation present in the data set. By themselves, the ANOVA results do not
necessarily indicate the need for a sensor gain change, that atest was not valid, or that a
repeat test is needed. The ANOVA results must be evaluated relative to the infor mation
provided in the gains table and the summary statistics. Statistical significance in the ANOVA
results does not necessarily imply engineering significance.

In the Latin Square ANOVA of the relative calibration test, F statistics are computed for each
main effect (position, set, and sensor). The computed F values are compared to the critical F
statistic — either 2.14 for seven sensors or 1.96 for nine sensors (5% confidence level). If a
computed F values is less than the critical F statistic, then the effect is judged not to be
statistically significant. If the computed F value is greater than the critical F statistic, then the
effect is indicaed as being statistically significant and instructional messages are displayed in
the output. T hese messages are based on the results of both the gains table and the ANOVA,
and are discussed in the program output portion of this document. The details of the Latin
Square experiment design layout and computations are presented in Appendix C.
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Summary Statistics

The following summary statistics are produced by the program to aid in inter pretation of the
relative calibration test results:

. Mean deflection of each sensor and average for all sensors for each drop set.

. Mean, standard deviation and coefficient of variation of each sensor for all
drops.

. Overall mean, standard deviation and coefficient of variation of the deflection
response of all sensors for all drops.

. Mean, standard deviation and coefficient of variation of all sensors by position
in the stand.

. Mean load for each drop set.

. Mean, standard deviation and coefficient of variation of the load for all drops.

The coefficient of variation is the standard deviation divided by the mean times 100.

These statistics can be helpful in interpreting the results of arelative calibration test. For
example, the systematic variation in the load between drop sets can be directly observed. This
can be the cause for the significance of drop set in the ANOVA. The cause for some
anomalous results can also be easily identified. For example, it is easy to detect if the effect of
one out of range sensor on the overall mean is causing another sensor to be indicated as out of
range.

A test is performed on the significance of the variance between deflection sensors. Thistest is
performed to determine if the variation in the response of a sensor is much greater than the
other geophones. This can occur even though the mean response is the same as the other
sensors. Cochran' s test for the homogeneity of variances is used.

The Cochran statistic is

Largests:®
E T T iimEmm 5
Z S!_'z ( )
i=1
whee
Iume Sets Mg Rep s Aifum Sets Mty R s 2
(Moo Sets x MonHeps) Z Z 54 - [ Z Z 5:'&.-:]
5t - k-1 I-1 k-1 Ial (6)
B (MonSets ¥ MonReps W MonSets x MonReps - 1)
S? = samplevariance for deflection response of sensor i for all drops.
NumSets = number of drop sets.
NumReps = number of repeat drops in each drop set.

10
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To determine significance, the computed g value is compared aganst the critical ga. If g >
ga, then the hypothesis of equal variancesis rejected. This procedure provides atest on the
homogeneity of the sensor variance and aso provides an indication of which sensor has the
greatest variance. The results of this test are only printed if the computed g value isin the
critical region. For 7 sensors and 35 measurements, g,,s = 0.2326, while for 9 sensors and
45 measurements, g, ,s = 0.1972

Program Output

The program output is organized into the following screens/pages:

. Gains Table

. ANOVA Table

. Deflection Input Data
. Summary Statistics

An example of the four page output file from the program is shown in Figures 3 through 6.
The output file created by the program has a name that consists of the original data file name
with an extension of the form “ .Car”, where:

a = indicates type of analysis:
S for standard analysis,
G for replace geophone analysis, and
R - for Reference-relative calibration
r = last character in data file name extension; for example it would be the (1)
in the file name 59092289.RC1.

The program writes the output file to the same directory as specified in Control Screen 1 as the
location of the FWD data file. The output file cannot be viewed or printed from within the
program, but may be accessed externally using a text editor or word processing program.

The following information read from the input data file header block is printed on every page:

. FWD Seria Number

. Data of Calibration

. Data File Name

. Operator Name

. Data Set # of #. This indicates the data set number when multiple data blocks

areincluded in afile with only one header block. If afile containsa single data
set, then Data Set 1 of 1 will be displayed.

11
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SHRP FWD Rel ative Calibration - Analysis of Variance - Means and Gai ns Table
FWD SN: 8002-131 Cal i bration Date: 09-26-2000
Data File Name: 31093000. F25 Data Set 1 of 1

Oper ator: ANY CHANGES MADE AT SYSOP LEVEL

Sensor Exi sting Means New Out of Limt
Sensor # S/'N Gai n Fact or Rati o Rel ative Gain Tol erance 2% Range
1 1930 0.993 1.0000 0.993 NO NO
2 1931 0.993 0.9991 0.992 NO NO
3 1923 0.993 1.0016 0.995 NO NO
4 1924 0.994 0.9998 0.994 NO NO
5 1928 0.997 0.9999 0.997 NO NO
6 1932 0.995 0.9990 0.994 NO NO
7 1927 0.999 0.9994 0.998 NO NO
8 1921 0.991 0.9999 0.991 NO NO
9 1929 0.992 1.0013 0.993 NO NO

Figure 3. Example print of output file for the Gains Table.

12
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SHRP FWD Rel ative Calibration - Analysis of Variance - Latin Square ANOVA Tabl e
FWD SN: 8002-131 Cali bration Date: 09-26-2000
Data File Name: 31093000. F25 Data Set 1 of 1
Operator: ANY CHANGES MADE AT SYSOP LEVEL
Vari ation Sum of Degrees of Mean Conput ed Critica
Source Squar es Freedom Squar e F F
Position 4. 59E+01 8 5. 74E+00 2.22 1.96
Set 6. 18E+02 8 7.72E+01 29.84 1.96
Sensor 6. 77E+01 8 8. 46E+00 3. 27 1.96
Error 9. 83E+02 380 2. 59E+00
TOTAL 1. 71E+03 404

Set, sensor, and stand position are statistically significant at the 5% | evel
Al t hough gain changes are not indicated, these results are suspect. A repeat
calibration is required after conditioning with 50+ drops at height 3.

Extra care should be taken to properly seat the geophones and hold the stand

vertical with moderate downward pressure. If deflections fromthe |last 10
drops vary nore than 1 m| (25.4 mcrons) repeat the calibration at a new
|l ocation. If this message appears in subsequent tests, contact your

supervi sing engineer for further instructions.

Figure 4. Example print of output file of the ANOVA Table.

13
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Rel ative Calibration - Input Data

FWD SN: 8002-131 Cal i bration Date: 09-26-2000
Data File Name: 31093000. F25 Data Set 1 of 1
Operator: ANY CHANGES MADE AT SYSOP LEVEL
Set Drop Load Def | ecti ons
# # kPa Df 1 Df 2 Df 3 Df 4 Df 5 Df 6 Df 7 Df 8 Df 9
1 1 990 478.0 478.3 476.8 477.9 478.1 478.3 477.5 478.1 477.1
1 2 993 477.8 478.5 477.0 478.2 478.2 478.3 477.5 477.8 476.7
1 3 995 476.6 477.2 A476.2 A477.1 A476.7 A477.2 A477.3 477.1 475.8
1 4 998 478.6 479.2 478.7 479.9 479.3 479.7 479.6 479.4 A477.6
1 5 1,005 477.4 478.1 477.4 478.3 477.8 478.2 478.2 478.2 476.4
2 1 988 479.4 482.0 480.8 482.4 481.6 482.2 481.5 481.4 480.6
2 2 990 476.5 477.8 476.1 476.8 477.0 477.7 A477.4 A477.0 476.2
2 3 999 478.9 481.0 479.7 481.1 480.8 481.2 480.6 480.3 479.6
2 4 992  477.6 479.1 477.6 478.5 478.7 478.9 478.6 478.4 477.9
2 5 989 476.0 477.0 476.1 476.9 476.5 477.5 A477.4 A477.4 476.2
3 1 997 482.7 481.3 481.8 483.0 483.1 483.4 482.6 482.7 481.8
3 2 990 481.7 480.4 481.0 482.0 482.0 482.1 482.1 481.9 480.8
3 3 997  479.1 478.3 478.2 478.9 479.2 479.8 479.3 479.2 478.0
3 4 982 475.8 476.0 474.6 474.9 475.1 475.7 475.9 476.2 475.2
3 5 986  477.7 A477.3 476.8 477.6 A477.8 478.2 477.9 477.7 476.7
4 1 989 478.5 479.6 477.7 A477.6 A477.2 478.4 478.4 478.2 478.0
4 2 996 481.6 481.9 479.6 481.7 481.4 482.2 482.8 481.6 481l.1
4 3 994  482.2 482.4 479.8 482.3 482.1 483.1 483.6 482.4 482.0
4 4 1,002 481.7 482.0 479.6 481.7 481.5 482.5 483.0 481.9 481.3
4 5 994  482.9 483.1 480.3 483.2 482.9 484.1 484.1 483.1 482.4
5 1 998 480.9 481.6 480.2 479.7 481.0 482.0 481.9 481.5 480.5
5 2 997 480.7 481.0 479.5 479.0 480.7 481.8 481.3 481.0 479.9
5 3 991 479.6 480.0 478.6 478.4 479.6 480.5 479.7 479.9 479.2
5 4 992 479.5 480.0 478.5 478.2 479.4 480.2 479.6 479.6 478.9
5 5 998 478.8 479.2 477.9 477.8 478.6 479.6 479.1 479.1 478.2
6 1 999  477.9 478.2 477.1 477.8 477.2 478.1 477.6 477.8 477.1
6 2 994  477.1 477.1 476.2 477.0 476.3 477.3 476.9 477.0 476.4
6 3 996 476.9 477.0 476.0 476.9 476.0 477.5 476.9 477.0 476.5
6 4 998 477.1 477.4 A476.3 477.2 476.6 477.5 477.0 477.1 476.6
6 5 996  477.8 478.2 A477.4 478.2 477.0 477.8 478.5 477.8 477.1
7 1 993 480.2 481.0 479.4 480.5 480.0 479.3 480.4 480.5 479.9
7 2 996  479.3 479.7 478.6 479.5 479.2 478.9 479.4 479.4 478.9
7 3 992  477.9 478.6 477.2 478.1 477.9 477.5 478.0 478.1 477.3
7 4 994 476.3 476.9 475.6 476.6 476.3 476.1 476.4 476.5 475.9
7 5 991 475.4 476.0 474.9 475.6 475.4 A475.4 A475.5 475.4 474.8
8 1 991 479.5 479.5 478.4 479.1 479.4 479.0 478.0 479.0 478.6
8 2 990 478.5 478.9 477.8 478.6 478.8 478.5 477.7 478.5 478.0
8 3 991 476.5 476.8 475.7 476.5 476.7 476.5 476.0 476.4 475.4
8 4 996 478.1 478.4 A77.7 A478.4 A478.6 478.4 478.0 478.1 477.2
8 5 987 475.3 476.1 475.2 476.0 476.1 475.9 475.9 475.3 474.4
9 1 991 481.4 481.7 480.2 480.8 480.7 480.9 480.6 479.1 479.9
9 2 997 480.8 480.9 479.7 480.3 480.2 480.1 480.0 478.6 479.1
9 3 994  480.0 480.5 479.2 479.7 479.5 479.3 479.5 478.0 478.3
9 4 997 478.5 478.6 477.4 478.1 478.2 477.9 477.8 476.8 476.9
9 5 987 476.7 476.8 475.8 476.9 477.0 477.0 476.9 476.0 475.7

Figure 5. Example print of output file of input file listing.
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Rel ative Calibration - Sunmary Statistics

FWD SN. 8002-131 Calibration Date: 09-26-2000
Data File Nanme: 31093000. F25 Data Set 1 of 1
Operator: ANY CHANGES MADE AT SYSOP LEVEL
Load Df 1 Df 2 Df 3 Df 4 Df 5 Df 6 Df 7 Df 8 DF9 Df1-9
Set 1 Av 996 477.7 478.3 477.2 478.3 478.0 478.3 478.0 478.1 476.7 477.9
Set 2 Av 992 477.7 479.4 478.1 479.1 478.9 479.5 479.1 478.9 478.1 478.8
Set 3 Av 990 479.4 478.7 478.5 479.3 479.4 479.8 479.6 479.5 478.5 479.2
Set 4 Av 995 481.4 481.8 479.4 481.3 481.0 482.1 482.4 481.4 481.0 481.3
Set 5 Av 995 479.9 480.4 478.9 478.6 479.9 480.8 480.3 480.2 479.3 479.8
Set 6 Av 997 477.4 A477.6 476.6 477.4 476.6 477.6 477.4 477.3 476.7 477.2
Set 7 Av 993 477.8 478.4 477.1 478.1 477.8 477.4 477.9 478.0 477.4 477.8
Set 8 Av 991 477.6 477.9 477.0 477.7 477.9 477.7 477.1 477.5 476.7 477.5
Set 9 Av 993 479.5 479.7 478.5 479.2 479.1 479.0 479.0 477.7 478.0 478.8
Overall Statistics
Load Df 1 Df 2 Df 3 Df 4 Df 5 Df 6 Df 7 Df 8 DF9 Df1-9
Aver age 994 478.7 479.1 477.9 478.8 478.7 479.1 479.0 478.7 478.0 478.7
Std Dev 4 2.0 1.9 1.8 2.0 2.1 2.2 2.2 2.0 2.1 2.1
CoV, % 0. 45 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.4
Position in Stand
1 2 3 4 5 6 7 8 9
Avg Df 478.6 478.8 478.9 479.0 478.9 478.8 478.8 478.7 477.8
Std Dev 2.0 2.2 2.4 2.3 2.0 1.9 2.0 1.9 1.5
CoV, % 0.4 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.3

Figure 6. Example print of output file of summary statistics.
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The gains table contains the following information:

Existing gain settings read from the input file data block.

Computed means ratio for each sensor.

New relative gain factor based on test results.

Whether means ratio for a sensor is out side the range of 1.000 + 0.003.
Whether new relative gain factor is outside the 2% range of 0.980 - 1. 020.

The following messages are printed:

If one of the means ratios is outside of the tolerance limit:
* Warning: At least one sensor is outside of thetolerance limit.

Verify these results with an additional test!
* REQULTS INDICATE THAT THE SENSOR GAINSSHOULD BE RESET.
If one of the means ratios is outside the tolerance range then the following
message is shown on a separate screen displayed after the ANOV A output
screen and is printed on the gains table in the output file:
SHRP FWD Relative Calibration - Analyds of Variance - Gain adustments

Results of this tes indicate the possble need to adjust the gains.
This should be confirmed with arepeat test.

Gain adjustment should be performed when the New Gain Factor s for two
independent calibrations are within + /- 0.002 of each other.

Gain adjustments should be made to all geophones.

After adjusting any gain setting, the relative calibration test must be
repeated to confirm that al sensors are within tolerance.

If one of the New Relative Gain factors are outside the 2% range:

* Warning: At least one sensor is outside the 2% range limit.
Notify Supervising Engineer after verifying with additional tests!

If the replace sensor analysisis selected, and if the means ratio is outside the
tolerance range thenfor thereplaced sensor:

* Means Ratio for Sensor No. #### is outside the tolerance range.
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* New Rdative Gain for REPLACED Sensor No. ###t is 2.7?7?

Where the serial number isindicated as #### and the new gain factor ?2.7?? in the

example message above)

. If the replace sensor analysisis selected, and if the means ratio is inside the
tolerance range, then for the replaced sensor (indicated as ### in the example
message below):

* Means Ratio for Sensor No. ### is within the tolerance range.
* New Relative Gain for Sensor No. ###t is 2.77?

An example gains table output for a Dyna25 fileis displayed in Figure 3. Figure D3 in
Appendix D contains an example gains table output for a Version 10/ 20 file.

In these messages, the user, who is assumed to be the FWD operator, is advised to contact the
supervising RCOC contact prior to making any gain changes. This serves to notify the
responsible supervisor that the results of the tests indicate that the gains need to be adjusted
and to provide a check on the determination of the new gain factors to be input into the FWD
operating computer program. The gains table is the primary deter minant of the need to change
gains. Because it is possibleto obtain abnormal results from a single test, if a gain change is
indicated, it is prudent to verify the results with another test. T he relative gain factors from the
two tests should be in close agreement. If inconsistent results are obtained, additional tests
should be performed after sour ces for the inconsistencies are investigated. Significant or
frequent changes in the gain factors may indicate the need for a reference calibration or the
presence of abnormalitiesin the FWD electronics.

ANOVA Table

For each source of variation, the ANOVA table displays the following information:

. Sum of squares

. Degrees of freedom
. Mean Square

. Computed F

. Critical F

The messages printed on the ANOVA table are conditional on the results of the tolerance
checks in the gains table and the significance of the variation sources determined in the
ANOVA. For each combination of results a separate message is printed as specified in Table 1
for situations when all of the means ratios are within tolerance, and Table 2 when a means
ratio is outside the tolerance range. In these tables, a' Y indicates the effect was significant.

The message shown in Table 1 instructs the user to contact the supervising engineer if the
situation occurs where the means ratios ar e within the tolerance limits for all sensors and
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sensor, set, and position are all significant. This unlikely situation can occur when the mean
square error term has a very small value, less than 1.0 x 10°. T he data set should be reviewed
for potential anomalies. It can be expected that in this situation the coefficient of variation for
all deflections will be less than 0.5%. If very good repeatability (low coefficient of variation)
is found between sensors and all measurements, then the calibration should be accepted as
valid and the gain factors should not be changed.

An example ANOVA Tableoutput produced by the program for a Dyna25 file is shown in
Figure 4. Figure D4 in Appendix D contains an example ANOVA Table output for a Version
10/20 file.

Deflection Input Data

An echo listing of the deflection and load data read as input is provided to assure the user that
the information was correctly read. This information isincluded only in the output file and is
not accessible while running the FWDCAL program. An example listing of the deflection
input data for a Dyna25 file is shown in Figure 5. An example of the deflection input data for
aVersion 10/20 fileisincluded in Appendix D, Figure D5.

Summary Statistics

The summary statistics output contains average deflections for each sensor in each five drop
set. It also contains aver ages, standard deviations, and coefficient of variations for each sensor
over al drops, and each position over all drops. This information is only included in the
output file and is nat accessiblewhile running the program. An example of the summary
statistics output is shown in Figure 6. Figure D6 in Appendix D contains an example of a
Version 10/20 summary statistics output file.
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Table 1. Messages when gain ratios are within the tolerance range.

Message

No gain adjustments are indicated, but drop set is statistically significant at the
5% level. This can be due to warming of the buffers or consolidation of
pavement materials during the test. Review the data carefully. If anything
appears suspect, repeat the calibration after conditioning the FWD buffers with
50 dropsfrom heignt 3. If the deflectionsfrom thelas 10 drops vay by more
than 1 mil (25.4 microns), repeat the calibration at a new location.

Sensor and drop set are statistically significant at the 5% level, but gain
adjugments are not indicaed. Review thedata carefully. If anything appears
suspect, repeat the calibration after conditioning the FWD buffers with 50
drops from height 3. If the deflectionsfrom the lag 10 drops vay by more
than 1 mil (25.4 microns), repeat the calibration at a new location.

Set and stand position are statistically ggnificant at the 5% level, but gain
adjugments are not indicated. Examinethedata carefully. If anything appears
suspect, repeat the calibration after conditioning the FWD buffers with 50
drops from height 3. When doing the calibration, extra care should be taken to
properly seat the geophones and hold the stand vertically with moderate
downward pressure. If deflections for the last 10 drops vary by more than 1
mil (25.4 microns) repeat the calibration at a new location.

Set, sensor, and stand position are statistically significant at the 5% level.
Although gain changes are not indicated, these results are suspect. A repeat
cdibrationis required after conditioning with 50 drops & haght 3. Extracare
should be taken to properly seat the geophones and hdd the stand vertically
with moderate downward pressure. If deflections for the last 10 drops vary by
more than 1 mil (25.4 microns) repeat the calibration at a new location. If this
message appears in subsequent tests, contact your supervising engineer for
further instructions.

Results indicate that no gain adjustments are needed.

Sensor is statistically significant at the 5% level, but gain adjustments are not
indcaed Test reaults should becarefully revieved. If anything appears
suspect, repeat the calibration. Otherwise, these results are acceptable.
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Table 1. Messages when gain ratios are within the tolerance range (Contd.).

Message

Gains do not needed to be adjusted, but stand position is statistically

significant at the 5% level. This may be caused by failure to keep the stand
vertical, or improper seating of the geophones. In the future, care should be
taken to ensure that the geophone bases are clean and well seated, and the stand
is kept vertical with moderate downward pr essure.

Sensor and stand position are statistically significant at the 5% level, but gain
adjustments are not indicated. Review calibration results carefully. If anything
appears suspect, repeat the calibration, taking care to ensure that geophone
bases are clean and properly seated, and the stand is kept vertical with
moderate downward pressure.
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Table 2. Messages when a gain ratio is outside of the tolerance range.

Message

Gain adjustments are indicated and drop set is statistically significant at the 5%
level. ' Set' significance may be due to warming of the buffers or consolidation
of pavement materials during the test. A repeat calibration, after conditioning
the FWD buffers with 50 drops from height 3, is required to confirm the need
for gan ajustments. If thedeflectionsfrom the lag 10 drops vay by more
than 1 mil (25.4 microns), repeat the calibration at a new location.

Gain adjustments are indicated. Sensor and drop set are statistically significant
at the 5% level. A repeat calibration, after conditioning the FWD buffers with
50 drops at height 3, is required to confirm the need for gain adjustments. If
deflections for the last 10 drops vary by more than 1 mil (25.4 microns) repeat
the calibration at a new location.

Gain adjustmentsare indicated. Set and stand position ae statistically
significant at the 5% level. A repeat calibration, after conditioning the FWD
buffers with 50 drops at height 3, is required to confirm the need for gain
adjustments. When doing the calibration, extra care should be taken to seat the
geophones properly, and hold the stand vertically, with a moderate level of
downward pressure. If deflections for the last 10 drops vary by more than 1
mil (25.4 microns) repeat the calibration at a new location.

Gain adjustmentsare indicated. Set, sensor, and stand position ae statistically
significant at the 5% level. A repeat calibration is required after conditioning
the FWD buffers with 50 drops at height 3 for adjustments. When doing the
calibration, extra care should be taken to properly seat the geophones, and hold
the stand vertically, with a moderate level of downward pressure. If deflections
for the last 10 drops vary by more than 1 mil (25.4 microns) repeat the
calibration at a new location.

Gain adjustments are indicated. A repeat calibration is required to confirm the
need for adjustments.

Thegan raios and the statisticd results indicae tha gan adjustments are
needed. A repeat calibration is required to confirm the need for gain
adjustments.
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Table 2. Messages when a gain ratio is outside of the tolerance range (Contd.).

Sen | Pos Message
N Y | Gain adjustments are indicated. Stand position is statistically significant at the
5% level. A repeat calibration is required to confirm the need for gain
adjustments. Care should be taken to ensure that the geophone bases are clean,
firmly seated, and that the stand is hdd verticdly with moderate downward
pressure.
Y Y | Gain adjustmentsare indicated. Sensor and Stand position are statistically

significant at the 5% level. A repeat calibration is required to confirm the need
for gain adjustments. Care should be taken to ensure that the geophone bases
are clean, firmly seated, and that the stand is held vertically with moderate
downward pressure.
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IV. PROGRAM OPERATION

FWDCAL 3.0 is an interactive program that queries the user for the required infor mation. The
user program control interface consists of the following screens:

Control Screen 1 - Select Analysis Type
Control Screen 2 - FWD Data File Selection
Control Screen 3 - Select Geophone Replaced
Control Screen 4 - Display Results on Screen

The following four output screens display the results of the analysis and user messages.

Output Screen 1 - Gains Table

Output Screen 2 - ANOVA Table

Output Screen 3 - Gain Change Instructions
Output Screen 4 - Average New Gain Factors

These screens plus instructions on program installation and starting are discussed in the
following sections

Program Installation and Starting

The program is self contained in the file FWDCAL.EXE, which is not copy protected. The
basic hardware requirement is an IBM®Personal Computer or IBM® Compatible computer
with at least 384 kilobytes (K) of available memory and minimum of 360K disk-drive capacity.
A hard disk and 640K of memory are recommended. The program must be run under the
DOS environment.

Two copies of the program should be made on two other disks to serve as a working and
intermediate backup. The program distribution disk should be stored with other computer
software backups. For a computer with a hard disk, the installation process consists of copying
the program onto the desired directory or subdirectory. This can be done by using the change
directory command to make the destination directory the current directory. Then issuing the
DOS command:

COPY < drive> :FWDCAL.EXE /V

where < drive> corresponds to the floppy disk drive containing the disk with the
FWDCAL.EXE program file. The /V switch verifies that the program was properly copied.

The program can be started by typing:
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< Drive> < Pah> FWDCAL
where,

< Drive> : - Specifies the name of the hard disk drive or floppy disk drive
containing the FWDCAL.EXE program file.

< Path> - Specifies the route the computer is to follow through thedirectary
structure to locate the dir ectory which contains the
FWDCAL.EXE program file.

If the current directory contains the FWDCAL.EXE file, or if the directory containing the
program is included in the PATH statement in the AUTOEXEC.BAT file, the program can be
started by typing FWDCAL at the command prompt.

Since the directory that the program is started from becomes the default directory in the FWD
Data File Selection screen, Control Screen 2, it is convenient to start the program from the
directory and or disk drive containing the FWD datafile.

Control Screen 1 - Select Analysis Type

Control screen 1 is used to select the analysis type the program will run, and can be used to
exit the program after completing an analysis. This screen is shown in Figure 7. T o select the
desired analysis press the up and down arrow keys to highlight the desired choice and then
press the < Enter> key. The< Home> and < End> keys can be used to jump to the first or
last choice on the menu, respectively. The analysis types are:

Standard Analysis - The standard analysisis for use in interpreting the results of
routine relative calibration tests not conducted in conjundion with
the reference calibration test.

Replace a Geophone - Thisanalysisis used when one of the geophaonesis replaced or in
the instance that the user wishes to exclude the effect of a
specified geophone from the computation of the overall mean
deflection response. In this analysis the response of the
replacement geophone is not included in the computation of the
overall average mean response of all geophones.

Reference-Relative

Calibration - Thisanalysisis designed to be used for the relative calibration
performed in conjunction with the SHRP Reference calibration
procedure. This analysis option computes and displays the new
relative gain factor for a series of three tests and the average gain
factor from the tests. All three data blocks for the tests must be
contained in the same file.
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Figure 7. Select analysis control screen.
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Figure 8. File selection control screen.
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The standard analysis and replace geophone analysis can be run on data files containing 1, 2,

or 3 data blocks in the same file. After the analysis type is selected, the program reads the data
file. If multiple relative calibration data blocks are found, the program displays a message
indicating how many data blocks were found. For data files containing multiple data blocks,
the program simply cycles through the program and analyzes each data block separately. For
these cases, the results are written to the same output file.

Control Screen 2 - FWD Data File Selection

The FWD File Selection screen is used to select the file to be analyzed. This can be done by
entering all of the information in the entry fields 1 and 2, or using field 2 to obtain alisting of
the files in the directory indicated in field 1. This screen is shown in Figure 8.

Field 1: Directory path for datafile - the path to the desired FWD data files may be
entered in this field by typing the full drive and path name (assumes default
drive if no drive is specified) or by pressing < Enter> for the current directory.
Nothing will be displayed in this field if the default current directory is used.
The path does not require a backslash as the last character. If an error is
detected when attempting to change to an invalid or nonexistent directory, an
error message will appear on the screen.

Field 2: Show alist of files - ayes/no question that allows the user to select the file to be
analyzed from the list of data files in the specified directory. If the responseis
(Y)es, then the user is placed in the directory list window and arow keys ae
usead to highlight afilein thelid that can be selected by pressing < Enter>
(< Return> on some keyboards). < PgUp> and < PgDn> can also be used
to move backwards or forwards one page at a time, where such a quantity of
filesexists. < Esc> alows the user to exit the file list without selecting afile.

Field 3: Data filename - If afile was slected from thelig of files in the directary
specified in field 1, its name will appear in this field. If the field is blank, enter
the file name. If the file does not exist, an error message will appear on the
screen.

Once the data file has been specified, use the < F10> key to continue program operation. T he
up and down arrow keys can be used to change between the entry fields. The < Home> key
can be used to jump to the first entry field and the < End> key to the last field. The < F7>
key can be used to return to the main menu

Control Screen 3 - Select Geophone Replaced
This screen is displayed only if the replace geophone analysis is selected. This screen displays
the list of geophone serial numbers read from the header block in the data file. The up and

down arrow keys are used to highlight the replaced geophone. The selection is made by
pressing the < Enter> key. The user is also given the option of either exiting the selection
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menu or indicating that no geophone was replaced. The < Home> and < End> keys can be
usad tojump tothefirst or last entry in the menu, respectivdy. Anexampleof thisscreen far a
Dyna25 input file is shown in Figure 9. Figure D7 in Appendix D contains an example of the
screen for aVersion 10/20 file. The only major difference between these two screens is the
number of geophone selections available: 7 for Version 10/20 and 9 for Dyna25.

Control Screen 4 - Display Results on Screen

Field 1. Output file name - the name of the output file is shown . The output file name
consists of the original file name with the extension . Car ", where:

a indicates type of analysis:

S for standard analysis,

G for replace geophone analysis, and

R - for Reference-relative calibration

r = last character in data file name extension; for example it would be the (1)

in the file name 59092289.RC1.

Field 2: If aY isentered, the Output Screens 1 and 2 are displayed to show the Gains
Table and the ANOVA Table on the screen.

The program writes the output files to the same directory as the FWD data files indicated in
Control Screen 1. The output file naming convention was created so that the output files from
multiplerelative cdibration teds performed on the same day woud not over write each other.
Using the SHRP relative calibration file naming convention, the input file should always
contain a unique character in the right most digit of the file name extension. An example of
this control screen is shown in Figure 10. The screen is the same whether a Version 10/20 or
Dyna25 file is used.
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Figure 9. Select replaced geophone control screen.
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Figure 10. Display results control screen.
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Output Screen 1 - Gains Table

If a(Y)esis selected to display the results on the screen in field 2 on Display Results Control
Screen, then the Gains T able is displayed on the screen. In this screen, the user has the option
of pressiing < Page Down> or < PgDn> to display the ANOVA Table or < Esc> to exit
the output screens. An explanation of the information and summary of the user messages
presented in the Gains Table is discussed in the program output section of this document.

An example of the Gains Table screen for a Dyna25 file is shown in Figure 11, and an
example of the GansTable screen for a Verson 10/20 file is included in Appendix D, Figure
D8. These screens only differ in the number of geophones displayed.

Output Screen 2 - ANOVA Table

The results of the ANOVA are displayed &ter the < PgDn> key is pressed in the Gains Table
screen. In thisscreen the user has the option of pressing< PgUp> or < Page Up> to reurn
to the Gains Table screen, or < Esc> to exit from the result table screens. An explanation of
the information and summary of the messages presented in the ANOV A Table is discussed in
the program output section of this document.

An example of the ANOVA Table screen for a Dyna25 file is shown in Figure 12, and an
example of the ANVOA Table sareen for a Version 10/20 file isincluded in Appendix D,
Figure D9. T he difference between the screens is only in the values displayed (used for
calculation) — the format is identical.

Output Screen 3 - Gain Change Instructions

This screen is always displayed if one of the means ratio for a sensor is outside of the tolerance
limit. The user is not given a choice of displaying this screen. To exit this screen, the user
must hit any key. T he contents of this screen are shown in Figure 13. This screen does not
change regardless of the file format used.

Output Screen 4 - Average New Gain Factors
This screen is only displayed for the results of a relative-reference type of analysis. This screen
shows the computed new relative gain factors for each of the three repeat relative calibration

tests, and the aver age of the tests. An example for a Dyna25 file is shown in Figure 14.
Except for the number of sensors, the screen is the same for a Verison 10/ 20 file.
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Function Keys

Table 3 presents a summary of the action of selected function and control keys the program
uses in the various control screens. The function keys which are active are shown at the bottom
of each screen.

Table 3. Function key summary.

Keys Function

< F10> Continue - the < F10> key is used to continue the program
once all entries have been made in Control Screen 2.

< Esc> ESCAPE - returns the user to field 2 in Control Screen 2 from
the file list without selecting afile. It is also used to exit from
the output screens.

< PgDn> < PgUp> PAGE DOWN or PAGE UP - used in the directory window if
more than 20 files are present, to move from one page of the list
to the next/previous page, or in output screens to move from the
Gains Table to/from the ANOVA Table.

< Up> < Dn> ARROW KEYS - these keys allow the user to move from one
field to another on the data entry screens, as well as to move
from file to file in the directory window. When mor e than one
page of files are available in the directory window, pressing

< Down Arrow> on the last row of the window places the
cursor on the first row of the next page of the list. Pressing

< Up Arrow> when on the top line of a second or subsequent
pages will move the cursor to the bottom line of the previous
page in the list.

< Home> , < End> HOME or END - these keys allow the user to quickly move to
the first or last field within the dataentry screen menu, as well
as thefirst or last filein the current page of the directary
window.

< Space Bar> SPACE BAR - the < Space Bar> key is used to exit the various
warnings o errors that gopear a the bottom of the data entry
screen.

< CR> < Enter> CARRIAGE RETURN or ENTER - used to accept a data input
value once it has been entered or selected.

< F7> QUIT - used to return to the main menu.
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V. ANOMALOUS RESULTS

Depending on the results of the calibration analysis procedure, a number of scenarios exist for
the case of apparently "bad" or anomalous data. For all scenarios, the first remedial step
should be to review the echo print of the input data to identify any irregular or unusual
conditions. If a problem exists in the header block or data format, another possibility might be
to review the contents of the input file using atext editor, correct any format inconsigencies,
and then repeat the andysis.

As suggested in the user messages contained in the ANOVA table, possible sources of
abnormal results from the relative calibration test include:

Failure to keep the stand vertical with moderate downward pressure applied. This
typically results in position being statistically sgnificant.

Systematic change in the applied load to the pavement. Typically the load will decrease
during the conduct of the test. This can be due to a change in the resiliency of the
buffers or a change in the pavement structure. This condition can be detected by
inspection of the change in the load level between drop sets and the occurrence of set
being statistically significant. Remedial actions include further " conditioning" of the
buffers with additional drops, or movement to a new location.

Failure to place the stand in the exact same point. This can result in set and/or position
being statistically significant.

Failure to properly set the geophones in the center of the holders in the stand. Cleaning
the base of the geophones or greater care in setting them in the stand are two remedial
approaches.

Switching the position of the electrical connections, or "channels', of the geophones
on the FWD without making the change in the FWD computer operating program. An
example of this would be if sensor 7 is plugged into the channel 6 connection. In this
case the operating program will not use the correct gain and analogue to digital
conversion factors for the specific geophone. Thisis the reason why geophones can not
be used on other FWDs without a modification to the oper ating computer software from
Dynatest. The position of the geophone connections on the FWD should be compared
against the positions shown in the oper ating computer program.

Frayed, cracked or worn sensor wires and |oose sensor connections can be a source of

inconsistent results. Care should be taken not to remove a geophone from its holder by
pulling on the lead wire since this can damage the connection.
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VII. TECHNICAL ASSISTANCE

If further technical assistance is required in the use of this program, please contact the FHWA
LTPP Team at (202) 493-3153.

VIII. REVISION NOTES

Version 3.00 - January 2001

Processes data sets produced by Version 10, Version 20, Edition25.11 (Spring 94),and
Dyna25 Aug 2000 L TPP customized versions of the Dynatest FWD oper ating system
software.

Resolved operational problems present in Version 3.00B3

Version 3.00b3 - May 1994

Processes Dynatest FWD software version 10 and 20 with 7 gegphonesin US and S units.
Processes Dynaes FWD software version 25 when usang file format 25CAL and either 7
or 9 geophonesin US and S units.

Not accompanied by user guide.

Version 2.00 - April 1992

Computes the gains factor for a replacement sensor

Processes up to three data sets in the same file

Computes the average new relative gain factor from relative calibration tests performed as
a part of the SHRP reference calibration procedure. All three data sets must be in the same
file.

Processes data sets produced by Version 10 and Version 20 of the Dynatest FWD operating
software.

Ability to process multiple data sets in separate files without exiting the program.

Version 1.00 - January 1989

Initial release.
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APPENDIX A

LTPP FWD Relative Calibration Protocol
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SHRP/LTPP FWD CALIBRATION PROTOCOL
(March 1994 extract)

RELATIVE CALIBRATION PROCEDURE
General Background

Relative calibration of the FWD deflection sensors is used to ensure that al sensors on a given
FWD are in calibration with respect to each other. As such, it serves as the final step in the
oveaall FWD cdibration process and as aquick means to period cdly verify that the sensors
are functioning properly and consistently.

Relative calibration uses the relative calibration stand supplied by the FWD manufacturer. The
sensors are stacked verticaly in the stand, one above another, so that all sensors are subjected
to the same pavement deflection. Relative calibration assumes that the overall mean deflection,
as determined from simultaneous measurements by the full set of deflection sensors, yields an
accurate estimate of the true deflection. This assumption requirestha the defledtion sensors
must have first been subjected to the reference calibration procedure.

Some FWDs have fewe than or more than seven active deflection sensors. If they do, these
procedures should be modified to calibrate the actual number of active sensors in use on the
FWD.

Equipment

FWD relative calibration stand with as many positions as the number of active deflection
sensors.  For the purpose of illustration a seven-position stand is assumed herein.

FWD relative calibration software (FWDCAL) and documentation.

General Procedure

The process involves rotation of each deflection sensor through every position in the
calibration stand. Each combination of sensors and levelsis considered a " set,” and the
number of sets of datawill be equal to the number of sensors. The test point is "conditioned"
before beginning the calibration procedure to reduce the possibility that set will be significant
in the data analysis. The required order of movement of the sensorsis shown in Table 2. In
order for the data processing with FWDCAL to be done correctly it is very important that the
sensor rotation from set to set be done correctly. Spare deflection sensors do not have to be
calibrated until they are in active use.
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Table 2 - Relative Calibration Sensor Positions by Set

Level in
Sensor Deflection Sensor Number in the Stand
Stand
1 2 3 4 5 6 7 8 9
(Top)
A 1 2 3 4 5 6 7 8 9
B 2 3 4 5 6 7 8 9 1
C 3 4 5 6 7 8 9 1 2
D 4 5 6 7 8 9 1 2 3
E 5 6 7 8 9 1 2 3 4
F 6 7 7 9 1 2 3 4 5
G 7 8 8 1 2 3 4 5 6
H 8 9 9 2 3 4 5 6 7
| 9 1 1 3 4 5 6 7 8
(Bottom)
Note: The rotation must be done as prescribed above in order for the software (FWDC AL3)

to work properly. For instance, for Set 2, move Sensor 2 to the position for merly
occupied by Sensor 1, etc.

When done in conjunction with reference calibration, the relative calibration procedure shall be
repeated twice. A cceptance criteria based upon the repeatahility of the calibration factor are
identified in the relative calibration procedure. If the results persist in failing the acceptance
criteria, then the cause of the erratic results should be identified and corrected.

After the relative calibration is completed, the final calibration factors shall be entered into the
FWD computer.

A sample relative calibration setup screen for the Dynatest FWD with Edition 10 or Edition 20
software is given in Figure 2. The information in Figure 2 can aso be used as the basis for
setup of Dynatest FWDs running Edition 25 and higher software.
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Rel ative Calibration

1. Test INTS...: Ibf.nml.inch (kPa. mu. nm)

2. Tenperature..: Fahrenheit (Centi g ade)

3. Stn.Request..: OF (AN

4. Test Checks..: NO\E (Decreasing defls, Roll-Of, Roll GFF+Decr)

5. Reject pronpt: OF (N

6. Stationing...: [doesn't matter]

7. Tenp. Request.: CFF (AN

8. Cond. Request.: OF (AN

9. Variation : Load NOT Checked ! Deflections NOT Checked !
10. Dianeter of Plate 11.8
11. Deflector distances: [doesn't natter - keep what you have]

1 2 3 4
12. Drop No. : 1234567P8901234P5678901P2345678P9012345P6789012P3456789S. . . . . ..
13. Heights* : QC44444PCCA4444PCCAA444POCA4444PCCA4444R0CA4444PCCA4444S1111111
14, Test Pl Ot S: o

15. Save Peaks: * K kk K *k kK k EEEE T *k kK k *kkkk * Kk Kk EEEE T

16. Load H S. & .
17, A0l € H S, . o

18. Load anot her TEST SETUP.
19. Store the CURRENT TEST SETUP.

Figure 2. Relative Calibration Test Setup for the Dynatest FWD

Relative Calibration of the Deflection Sensors

1

Remove all of the deflection sensors from their holders on the FWD. Make sure that the
sensors are labeled (e.g., from 1 to 7, or O to 6) with respect to their normal position on
the FWD. The center sensor is position number "1" on the Dynatest FWD and is position
number "0" on the KUAB FWD.

Label the seven levds on the sensor stand from "A" to "G." Thetop level is usually
labeled "A."

Position the seven deflection sensors in the stand for the first of the seven sets according to
Table 2.

Support the sensor stand in a vetical position. Mark the location where the stand rests so
that it can be relocated precisely on the same spot. This may be done by gluing a washer
to the pavement, or by making a small divot in the pavement with a chisel.

Select the FWD drop height and the distance from the loading plate to the sensor stand to
yield deflections on the order of 400 to 600 microns (16 to 24 mils). If deflectionsin this
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range cannot be achieved, then it may be necessary to relocate the FWD to a different
pavement. In general, a concrete pavement on arelatively weak subgrade will yield the
required deflection. In most cases the reference calibration test pad should be usable for
relative calibration.

6. Warm up the FWD rubber buffers and condition the test point by repeating a sequence of
ten drops until the loads and deflections that are registered are nearly uniform. The
deflections in a sequence of ten drops should not be showing a steadily increasing or
decreasing trend. If liquefaction or compaction is indicated by the warm-up data, relocate
the FWD to another pavement.

7. Lower the FWD loading plate. DO NOT raise the loading plate or move the FWD during
the relative calibration testing. This will assure a constant distance between the center of
the load plate and the base of the sensor stand.

8. For each set make two seating drops (no data recorded) followed by five replicate drops
(for which data is recorded) while holding the stand in a vetical position. With seven sets
and 5 replicate drops, data for atotal of 35 dropsis required (see Figure 2).

Relative Calibration Data Analysis

A three-way analysis of variance should be used to evaluate the data. This will partition the
variance into four sources. (1) that due to sensor number, (2) that due to position in the
calibration stand, (3) that due to set, and (4) that due to random error of measurement. This
analysisis performed by the FWDCAL software. In this analysis, deflection is the dependent
variable, and sensor number, position and set are the three main factors. The three hypotheses
that may be tested are:

H,:  Sensor number is a significant source of error

H,:  Data set number is a significant source of error

H,:  Pogtion in the stand isa significant source of error
Through the use of hypothesis testing it is possible to determine whether random error due to
sensor number, due to position in the calibration stand, and due to set number are statisticdly
significant. The only factor that should result in a change in the deflection sensor calibration
factars issensor number.
If the random error due to sensor number is found to be statistically significant, then the
calculated adjustments in the cdibration factors for each sensor should be made. If achangeis

made in the calibration factor for one sensor, then the calibration factors for all sensors should
be changed in accordance with the calaulations.
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If position in the stand is statistically significant, it is likely that the stand was not held vertical
throughout all of the sets during the test. Or a connection in the stand may have been loose.
The problem should be corr ected, and the test should be repeated.

If set is statistically significant, there may have been a systematic change in the properties of
the pavement materials, for instance due to compaction or liquefaction. The test should be
repeated after the testing site has been further "conditioned" according to the procedure. If the
deflection readings do nat become relatively constant during the conditioning, then another site
should be selected for the testing.

The mere fact that either position or set, or both, are significant does not necessarily invalidate
the relative calibration. Judgement must be used to assess whether or not these factors may be
of sufficient physical significance (as opposed to statistical significance) to require that the
relative calibration should be repeated or that a new test site should be selected.

The standard error of measurement (e.g., the square root of the mean sguare error due to
error) should be on the order of 2 microns (0.08 mils) or less if the systam is working properly
and the calibration test was conducted carefully.

The analysis of the data obtained from the relative calibration procedure and the method used
to determine revised calibration factors is as follows (calculaions are done automatically
within the FWDCAL software):

1. Compute the mean deflection measurement, x;, for each sensor (average for the seven sds)
and the overall mean, x,, for dl of the sensors averaged together.

2. Compute the adjustment ratio, R,, of the overall mean to the sensor mean for each sensor.
Thisis aso caled the "means ratio."

3. Compute the final calibration factor for each sensor by multiplying the adjustment ratio,
R, times the current or interim cdibration fector for the sensor.

Relative Calibration Acceptance Criteria

When relative cdibrationis conducted in conjundion with reference cdibration, the procedure
is repeated two times. If the two sets of calibration factors agree within 0.003 for each
deflection sensor, then the results of the two tests shall be averaged. If they are outside the
limit, then a third relative calibration shall be performed. If the standard deviation of the three
results (based on n - 1 degrees of freedom) is less than 0.0030, then the thr ee results shall be
averaged. If the standard deviation exceeds 0.0030, the relative calibration procedure should
be repeated.
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An example of the calculations following this procedure is shown in Appendix C. The average
final calibration factors should be computed, and the factor for each deflection sensor should
be entered into the FWD computer software (e.g., the "FWD Field Program").

When relative calibration is done alone, typically on a monthly basis, then adjustment of the
cdibrationfactors inthe FWD Field Program should be made only when those changes are
both significant, and verified to be necessary. The following guidelines are to be used to
evaluate the need for adjustment to the cdibration factors.

1. Computed sensor adjustment ratios, R, between 0.997 and 1.003 inclusive are considered
to be equivalent to aratio of 1.000. In other words the required adjustments are trivia
and need not be made.

2. Where the adjustment ratios for one or more sensors fall outside of the range 0.997 to
1.003, the relative calibration process should be repeated. If both sets of data agree within
0.003, the gains should be adjusted for all sensors.

3. According to the recommendations of the FWD manufacturers, afinal calibration factor
less than 0.98 or greater than 1.02 is possibly indicative of a damaged sensor, which
should be repaired by the manufacturer, or replaced. Find cdibrationfactors that ae
within this range should be entered into the FWD data collection software.

4. If any calibration factors are changed, the relative calibration process must be repeated to
verify the accuracy of the final values. The resulting adjustment ratios should be within
the range 0.997 to 1.003 for al sensors. If they are not, the test procedure should be
repeated.
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Reports
The full FWD calibration report shall consist of the following:

* Printouts of the following Dynatest FWD Field Program screens (or equivalent for non-
Dynatest FWDs).

* Transducer Setup and Cdibration Factors
» Voltages
* Load Cell Calibration

Each of the above printouts is to be annotated with the FWD unit identification (e.g.,
manufacturer' s serial number or agency ID), and the calibr ation date.

» All printouts from the FWDREFCL software

* Thefinal printouts from the FWDCAL software for al relative calibration trials.
* The Final Cdibration Computaion worksheet (see Appendix C)

Distribution of this report shall be as follows:

» Origina retained by FWD operator for submission to his agency (LTPP Regiona
Engineer for LTPP FWDs).

* One copy transmitted to LTPP Division Office within one week of calibration.

* One copy retained on file by the Calibration Center for a period of at least three years.
The diskettes on which the reference and relative calibration dataare stored should be kept in
the FWD. It is recommended that labeled backup copies be kept on file with the calibration
report at the office out of which the FWD is operated. For the L TPP FWD's, additional
backup copies of the calibration diskettes are to be kept on file at the LTPP Regional Office.
When relative calibration is done alone (e.g., as amonthly calibration check), the relative

calibration report will consist of al printouts from the FWDCAL software, annotated as
necessary to explain any problems which might have been encountered.
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APPENDIX B

FWDCAL 3.0 Program Listing



DECLARE SUB Cochran ()

DECLARE SUB Gai nAdj ust Msg ()

DECLARE SUB Repl aceSensor ()

DECLARE SUB Lati nPagel ()

DECLARE SUB Gai nsPagel ()

DECLARE SUB Fil eToScreen ()

DECLARE SUB AvgGai nToFile ()

DECLARE SUB AvgGai nToScreen ()

DECLARE SUB StartAnalysis ()

DECLARE SUB Cut put ToH l e ()

DECLARE SUB Lati nSqDesi gn ()

DECLARE SUB Sel ect Anal ysis ()

DECLARE SUB Get SensorNum ()

DECLARE SUB Assi gnPosition (Index% Posit%))
DECLARE SUB BadFile ()

DECLARE SUB Quit ()

DECLARE SUB Di spl ayCopyri ght ()

DECLARE SUB ReadPeaks ()

DECLARE SUB ReadNext Li ne (DataType% LineLength%
DECLARE SUB Get Fi |l eName (FPath$, File$, Ext$)
DECLARE SUB CheckHeader 10 (I nitNunmPeaks% | nit NumAHBI ocks%
DECLARE SUB ProcessER5 ()

' $I NCLUDE: ' decl are.inc'
' $I NCLUDE: ' cmmbl ank.i nc'
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Exit Code%

COMMON SHARED /cal / LineCounter&, LineData$, English% Edition!, FWSN$, Year$, Mnth$, Day$,

NunDef | ect or s%

COVMMON SHARED /cal / InitNunmPeaks% Operator$, Posit%), Analysis$, OExt$, SuniTotal#, Ti#(),

Set Count % TOL$(), RANS()

COWMON SHARED /cal / SdDevDef! (), StdDevPos!(), MeanBySet! (),

MeanPos#(), MeanDef#(), NunDrops%

COVMON SHARED /cal/ ManAl |l Load!, StdDevAll Load!, CVAII Load!,

St dDevAl | Def!, CVAII Def!

MeanLoad! (), MeanSet#(),

Q/Pos! (), CvDef!(), MeanAll Def#,

COMVON SHARED /cal / SSLT#, SSLPos#, SSLSet#, SSLSens#, SSLE#, H.Pos#, FLSet#, FLSens#

COVMON SHARED /cal / DegFreelLPos% DegFreelSet% DegFreelLSens%

DegFreeLE% DegFreelLT%

COVMON SHARED /cal / MSLPos#, MSLSet#, MsSLSens#, MSLE#, Serial Nun?4), Rel Gai n#(), MeansRat#(),

NewGai n#( )

COVMON SHARED /cal / DefDatal (), LoadDatal(), QutDef!(), AvgNewGai n#()

COMMON SHARED /cal / repml$, repnR$, RepSens% BigDef!, G,
COMWON SHARED /cal / Jnuml% JnunR% LSAMSB, Defl ections! (),
COMMON SHARED /cal / NunSensors% NunPositions% NunmBSetups%

Pr obl enExi st % SC%
MeasLoad! ()
NunReps% MDY$

COMVON SHARED /cal/ QitFLPos!, CritFLSet!, CritFLSens!, Gal ph!, Action$

CONST True% = -1, False = 0 '@lph! = .4307 Renoved by HZ 12/14/2000 per TT
CONST MaxSensors% = 9, MaxPositions% = 9, MaxSetups% = 9, MaxReps% = 5, MaxSets% = 3

DI M Defl ecti ons! (MaxSensors% MaxSets% MaxReps% * MaxSet ups%
DI M Def Dat a! (MaxSensors% MaxPositions% MxSetups% MaxReps%

DI M LoadDat a! (MaxSensors% * MaxReps%), MeasLoad! ( MaxSet s%
DI M Qut Def! (MaxSensors% * MaxReps% MaxSensors%

DI M Posi t % MaxSensor s%, Seri al NunP4 MaxSensors% * 2)

DI M Ti #( MaxSensors%, Tj#(MaxPositions%, Tk#(MaxSetups%

MaxReps% * MaxSet ups%

DI M Tij #( MaxSensor s% MaxPositions%, Ti k# MaxSensors% MaxSetups%, Tj k#(MaxPositions%

MaxSet ups%

DI M Ti j k#( MaxSensors% MaxPositions% MaxSetups%, Total Load( MaxSet ups%
DI M SSunili #( MaxSensors% , SSunilj #( MaxPosi ti ons% , SSumTk#( MaxSet ups%

DI M MeanDef #( MaxSensors%, MeanPos#(MaxSensors?% , MeanSet #( MaxSensor s%)
DI M MeanBySet ! (MaxSensors% MaxSetups%, ManLoad! (MaxSet ups%

DI M St dDevDef ! (MaxSensors%, StdDevPos! (MaxSensors%)
DI M CVDef ! (MaxSensors%, CVPos! (MaxSensor s%

DI M MeansRat #( MaxSensor s% MaxSensors% , NewGai n#( MaxSensors% MaxSensors%

DI M Rel Gai n#( MaxSensors% , AvgNewGai n#( MaxSensor s%)
DI M TOL$( MaxSensors%, RAN$(MaxSensors%

' The determi nation of significance is based on a hard coded F-Satistic

"for a given set of degrees of freedom and confidence |evel.

'To nodify the determnation of significance, the user nust change the val ue
"for CritFLPos!, CritFLset!, and CritFLSens! in _3_ places in this code.

NumSensors% = 7

NunPosi tions% = 7

NunSet ups% = 7

NunReps% = 5

Crit FLPos! 2.14 '7 sensor, 5 %
CritFLSet! 2.14

CritFLSens! = 2.14
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Gal ph! = .2326 "Added by HZ on 12/14/2000 per TT

GP. Moni tor% = Monitor%

CALL Di spl ayCopyri ght

FPath$ = ""

NuntHeader Li nes% = 37 "for Ed10, 20 will be changed el sewhere for Ed25

DO
SCREEN 0: W DTH 80, 25: CLS
RepSens% = 0
Nuntt ati ons% = 0
Set Count% = 0
Action$ = "Yes"
FirstLine$ = "": FirstThreeChr$ = ""

CALL Sel ect Anal ysi s
CALL GetFil eNanme(FPath$, File$, Ext$)

IF Action$ = "Yes" THEN ' Added by HzZ 1/4/2001

Source$ = FPath$ + File$ + Ext$

Nunli nes% = Li neCount% Sour ce$, SPACE$(4096)) 'Added by HZ on 1/4/01

I F Nunmiines% > 0 THEN ' Added by HZ on 1/4/01
OPEN Source$ FOR | NPUT AS #1 ' Added by HZ on 1/4/01

LI NE I NPUT #1, FirstLine$ 'Added by HZ on 1/4/01

CLCSE #1 ' Added by HZ on 1/4/01

END | F ' Added by HZ on 1/4/01

First ThreeChr$ = LEFT$(FirstLine$, 3) ' Added by HZ on 1/4/01

I F First ThreeChr$ = "R80" OR FirstThreeChr$ = "500" THEN ' Added by HZ on 1/4/01
OPEN Source$ FOR | NPUT AS #1 ' Added by HZ on 1/4/01

CLS ' Added by HZ on 1/4/01

CALL Nor mal Col or

LOCATE 13, 20: PRINT "Reading Input Data from "; File$ + Ext$

Li neCounter& = 0

DO

| F Li neCount er & < NunHeader Li nes% THEN
CALL CheckHeader 10( I ni t NumPeaks% | ni t NumBl ocks% Exit Code%)
| F Exi t Code% = 5000 THEN EXI T DO

ELSE
CALL ReadNext Li ne(DataType% Li neLengt h%
SELECT CASE Dat aType%
CASE 1
CALL ReadPeaks ' peak deflection data bl ock
CASE ELSE
EXIT DO
END SELECT
END | F
LOoP

| F Exit Code% = 5000 THEN
Exi t Code% = 0
CALL ProcessED25

END | F

Exi t Code% = 0

CALL Nor mal Col or
IF (SetCount% > 1) AND (Analysis$ = "S") THEN

SML$ = "Input data file has" + STR$(SetCount% + " data sets"

SM2$ = "Analysis will be performed sequentially on each set"
ELSEI F (Set Count% > 1) AND (Anal ysis$ = "G) THEN

SML$ = "Input data file has" + STR$(SetCount% + " data sets”

SM2$ = "Analysis will be perforned sequentially on each set”

ELSEI F (Set Count % < 3) AND (Analysis$ = "R') THEN
SML$ = "Not enough data sets to run Reference-Rel ative Calibration Analysis"
SM2$ = "Pl ease sel ect correct analysis type fromthe nmenu"
Exit Code% = 1
END | F
LOCATE 12, 40 - LEN(SWL$) / 2: PRI NT SML$: SMi$ = "*"
LOCATE 13, 40 - LEN(SW$) / 2: PRINT SM2$: SM2$
SLEEP 3

| F ExitCode% = 0 THEN
OExt$ = ".C" + Analysis$ + RICHT$(Ext$, 1)
Qutput$ = FPath$ + File$ + CExt$
OPEN Qut put$ FOR OQUTRUT AS #2
IF Analysis$ = "G' THEN
CALL Get Sensor Num
END | F
IF Action$ = "Yes" THEN ' Added by Hz 1/4/2001
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CALL StartAnalysis
| F Set Count % = 3 AND Anal ysi s$ = "R' THEN
CALL AvgGai nToFil e
CALL AvgGai nToScr een
END I F
I'F Jnunml% > O AND Anal ysis$ <> "R' THEN
CALL Gai nAdj ust Msg
END I F
END I F ' Added by HZ 1/4/2001
END | F
CLCSE
ELSE 'The foll owing were added by HZ on 1/4/2001
REDI M PUText $( 1)
PUText $(1) = "Selected file does not have required format... please try again!"
CALL PopupError
END | F

END | F ' Added by HZ on 1/4/2001
LOOP
CALL Quit

SUB AssignPosition (Index% Posit%)) STATIC
Count% = 0
FOR 1% = I ndex% TO NunSensor s%
Posit% 1% = 1%- Index%+ 1
NEXT | %
FOR 1% = Index%- 1 TO 1 STEP -1
Count % = Count % + 1
Posi t %4 Count % = Numensors% - 1%+ 1
NEXT | %
END SUB

SUB AvgGai nToFi |l e STATIC
FOR 1% = 1 TO NunfSensor s%
AvgNewGai n#(1% = (NewGai n#(1, 1% + NewGai n#(2, 1% + NewGin# 3, 1%) / 3
NEXT | %
' *****(:c************************* Page l kkkkkhkhkkhkkhkhhkhkhkhkhkhkkhkkhkhhhikkhkhkhkkkkx%
R (‘__eophone Ca||b|’at|0n Sensor kkhkkkhkkhkkhkkkkhkkkkkx
PRI NT #2, "SHRP FWD Rel ative Calibration - Analysis of Variance - Means and Gains Tabl e"

PRI NT #2, "FWD SN: "; FWDSN$; SPC(34); "Cdibration Date: "; MX$

PRI NT #2, "Data File Name: "; File$ + Ext$, SPC(12); "Average Mans and Gains for 3 data sets"”
PRI NT #2, "Operator: "; Operator$

PRI NT #2, "*"

PRI NT #2, " Sensor Exi sting New Rel ative Gain"

PRI NT #2, " Sensor # S/I'N Gain Factor Set 1 Set 2 Set 3 Aver age"

PRI NT #2, " = meeemmoe e aeiaiaaan oo B e "

t8% =" # Hit##H #. it #OHHH H#oHHH #HH#H #. HH#"

FOR S% = 1 TO NunBensor s%
PRI NT #2, USING t8%; S% Serial Numg{S%; Rel Gai n#(S%; NewGin#( 1, S%; NewGi n#(2, S%;
NewGai n#(3, S%; AvgNewGai n#( S%
NEXT S%
END SUB

SUB AvgGai nToScreen STATIC
CLS
CALL Nor mal Col or
FOR 1% = 1 TO NuntSensor s%
AvgNewGai n#(1% = (NewGai n#(1, 199 + NewGai n#(2, 199 + New&in# 3, 19) / 3
NEXT | %
' *****?k************************* Page 1 ER R R I I
UE RS EEEEEEEEEEEEEESEEESSE] (‘fophone (:allbratlon Sensor khkkkhkkkhkkkhkhkkkkkkhkkx
PRI NT "SHRP FWD Rel ative Calibration - Ana ysis of Variance - Mans and Gai ns Tabl e"

PRINT "FWD SN: "; FWEBN$; SPC(34); "Calibration Date: "; MY$

PRINT "Data File Name: "; File$ + Ext$; SRC(12); "Average Means and Gains for 3 data sets"
PRI NT "Operator: "; (perator$

PRI NT

PRI NT " Sensor Exi sting New Rel ative Gain"

PRI NT " Sensor # S/I'N Gai n Fact or Set 1 Set 2 Set 3 Aver age"

PRINT " ceemmeom oeeien aeeeiiiineon e e oo "

t8% =" # HitH#H #. #Hitt #HHH  H#OHHH # HE#H #. #HH##"

FOR S% = 1 TO NunfSensor s%
PRINT USING t8%; S% Serial NumP{S%; Rel Gai n#(S%; NewGai n#(1, S%; NewGai n#(2, S%;
NewGai n#(3, S%; AvgNewGai n#( S%
NEXT S%
LOCATE 25, 25: PRINT "Press any key to continue";
SLEEP
END SUB
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SUB CheckHeader 10 (I ni t NunPeaks%

SUB BadFi |l e STATIC

FWDCAL Version3.0 Manual - January 2001

mat ch the structure specified "

Qperational Field Gidelines"”

CLOSE

COOR 7, 0, O

CLS

PRI NT : PRI NT

PRI NT "* EXECUTI ON HALTED"
PRI NT "* The data file sel ected does not

PRI NT "* for relative calibration in FVWD

PRI NT "* Version 2.00, TABLE 6"
PRI NT

IF Edition! <> 10 AND Edition! <> 20 AND Hlition!

< 25 THEN

PRINT "* An Unsupported Version of the Dynatest Field Programws Used!"
ELSElI F NunDef | ect or s% <> NunSensor s% AND NunDef | ect or s% <> MaxSensor s% THEN

PRINT "* Using an supported nunber of defl

ectors”

ELSEI F Dr opCount % <> 0 AND Dr opCount % <> NunDef | ect ors% * NunReps% THEN

PRI NT "* Not

using the correct drop sequence"

' ED25

ELSEI F I ni t NunPeaks% <> 0 AND I nit NumPeaks% <> NunDef | ect ors% * NumReps% THEN

PRINT "* Not using the correct drop sequence"
END | F
PRI NT : PRI NT
END
END SUB

CALL ReadNext Li ne(DataType%
SELECT CASE Li neCounter &

Li neLengt h%

I ni t NumWBl ocks%

' ED10, ED20

Exi t Code% STATIC

'Modified by HZ on 1/3/01

"Modi fied by HZ on 1/3/01
"Modified by HZ on 1/3/01
' Modified by HZ on 1/3/01
"Modified by HZ on 1/3/01
' Modified by HZ on 1/3/01
"Modified by HZ on 1/3/01
'Modified by HZ on 1/3/01

CASE 1
| F LEFT$(Li neData$, 4) = "5001" THEN
Edition! = VAL(M D$(Li neData$, 6, 5))
IF Edition! >= 25 THEN
SEEK #1, 1
Exi t Code% = 5000
EXIT SUB
END | F
END | F
Edition! = VAL(M D$(Li neData$, 31, 2))
IF Edition! <> 10 AND Edition! <> 20 THEN
CALL BadFile
END | F

Fi | eWdth% = VAL(M D$(Li neData$, 2, 4))
IF FileWdth%= 32 THEN
Engl i sh% = Fal se%
ELSE
Engl i sh% = True%
END I F
Fi | eDat e$ = M D$(Li neData$, 14, 6)
Year$ = M D$(FileDate$, 1, 2)
| F VAL(Year$) > 80 THEN

Year$ = "19" + Year$
ELSE
Year$ = "20" + Year$
END | F
Month$ = M DS(Fil eDate$, 3, 2)
Day$ = M D$(FileDate$ 5, 2)
MDY$ = Month$ + "-" + Day$ + "-" + Year$
CASE 2
IF Edition! = 10 OR Hition! = 20 THEN

NumSensors% = 7
NunSet ups% = 7
NunmPosi tions% = 7
CritFLPos! = 2.14
CritFLSet! = 2.14

CritFLSens! = 2.14
Gal ph! = .2326

END I F

'Data collected on Fil eDate$

' Added by HZ on 1/3/2001

' Added by HZ on 1/3/2001
' Added by HZ on 1/3/2001
' Added by HZ on 1/3/2001
' Added by HZ on 1/3/2001 for
' Added by HZ on 1/3/2001
' Added by HZ on 1/3/2001
' Added by HZ on 1/3/2001

' Added by HZ on 1/3/2001

NurDef | ect or s% = VAL(LEFT$(Li neData$, 1))
I F NunDef | ect or s% <> NuntSensor s% THEN CALL BadFil e

FWDSN$ = M D$(Li neData$, 9, 8)
CASE 3 TO 10, 22 TO 29, 31, 32, 34 TO 36
CASE 11 TO 20
I F Li neCounter& -
Sensor Nunber % = VAL( M D$(
Seri al Nun?q Li neCount er & -

Rel Gai n#(Li neCounter& - 10)

END | F
CASE 21
Operator$ = LTRI Mb( RTRI M( Li neDat a$) )

" defl ector
10 <= MaxSensor s% THEN

1to 10

Li neData$, 2, 2))
10) = VAL(M D$(Li neData$, 4, 5))
= VAL(M D$(Li neDat a$, 10, 5))

' oper at or
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CASE 30 ‘active sequence drops
Posi t % = | NSTR(Li neDat a$, ".")
ActiveDrops% = Posit%- 1
I F ActiveDrops% < 46 THEN CALL BadFile

CASE 33 ' peaks stored
CheckText$ = LEFT$(LineData$, ActiveDrops%
I ni t NunPeaks% = | nCount 2% CheckText$, "*")
NunDr ops% = | ni t NunPeaks% \ NunBSet ups%
I'F I'nit NunPeaks% <> NunmDef | ect ors% * NunmReps% THEN CALL BadFil e

END SELECT
END SUB

SUB Cochran STATIC
"Cochran's test to determ ne significance of variance between sensors
'set up Vdef (Mean, Sensor) for sorting
'Modified on 12/14/2000 by HZ per TT to work for 7 or 9 sensors

"'DI M Vdef (7, 2) ' Renobved by HZ on 12/14/2000 per TT
REDI M Vdef (9, 2) "Modified by HZ on 12/14/2000 per TT
SunVar Dev! = 0 ' Added by HZ 1/5/2001

'"FOR S% = 1 TO MaxSensor s% ' Renpbved by HZ on 12/14/2000 per TT
FOR S% = 1 TO NunSensor s% "Modified by HZ on 12/14/2000 per TT

Vdef (S% 1) = StdDevDef!(S¥% ~ 2
vdef (S% 2) = S%

NEXT S%

' SORT

"FOR Iter% =1 TO 7 ' Renoved by HZ on 12/14/2000 per TT

FOR Iter% = 1 TO Nuntensor s% "Modi fied by HZ on 12/14/2000 per TT
"FOR S% =1 TO 6 ' Renpved by HZ on 12/14/2000 per TT

FOR S% = 1 TO NunBensors% - 1 "Modified by HZ on 12/14/2000 per TT
IF vdef (S% + 1, 1) > Vdef(S% 1) THEN
SWAP Vdef (S% + 1, 1), Vdef(S% 1)
SWAP Vdef (S% + 1, 2), Vdef(S% 2)
END | F
NEXT S%
NEXT Iter%
Bi gvar Dev! = Vvdef (1, 1)
Bi gDef! = Vdef (1, 2)
'Sum al | Means

"FOR Mo=1 TO 7 ' Renoved by HZ on 12/14/2000 per TT

FOR Mo = 1 TO Nuntensor s% "Modified by HZ on 12/14/2000 per TT
Sunvar Dev! = SunmVvarDev! + StdDevDef!(M4H ~ 2

NEXT M

G = BigVarDev! / SunVar Dev!

IF G > Gal ph! THEN "Modi fied by HZ on 1/5/2001
Pr obl enExi st % = True%

ELSE
Pr obl enExi st % = False% ' Added by HZ on 1/5/2001

END | F

END SUB

SUB Di spl ayCopyri ght STATIC
Version$ = "3.0 (January 5, 2001)"
"Version$ = "3.0R3 (05-19-1994)"
SCREEN 0: W DTH 80: Q.S
COLOR 14
LOCATE 4, 17: PRINT "NENNEN N I I NN mmr
LOCATE 5, 17: PRINT "} [ | 11 N1l [ ] BB
LOCATE 6, 17: PRINT "NgEEE 0§ 1 0§ 1 11 i r
LOCATE 7, 17: PRINT "ff mmm i mi 1 1 r
LOCATE 8, 17: PRINT "I Il Il NENER  DENEER 1} 1
COLOR 15
LOCATE 11, 21: PRINT "FWD Rel ative Calibration Analysis Software"
LOCATE 13, 27: PRINT "Version "; Version$
LOCATE 15, 21: PRINT "Strategic H ghway Research Program (SHRP)"
LOCATE 16, 19: PRI NT "Long- Term Pavenent Performance Program (LTPP)"
LOCATE 19, 8: PRINT "Support naterial Copyright (c) 1989, 1994, 2001 Law Engi neering PCS"
LOCATE 20, 10: PRINT "Additional nmaterial Copyright (c) 1988, 1989 Crescent Software"
LOCATE 21, 16: PRINT "Portions by Nichols Consulting Engineers, Chtd. 1993"
SLEEP 4
CALL Nor mal Col or
CALL O ear Buf
END SUB

SUB Fi |l eToScreen STATI C
FTS$ = " Y
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W ndowType% = 1. CLS

Wile$ = File$ + OEXt$

CALL Nor mal Col or

LOCATE 7, 7: PRINT "Qutput Path and File Nane:

LOCATE 7, 37: PRINT FPat h$; WFile$

LOCATE 13, 7: PRINT "Display calibration results on screen:
CALL HiliteCol or

LOCATE 13, 50: PRI NT FTS$

CALL Nor nal Col or

DO
A dFTS$ = FTS$
CALL GetString(13, 50, 1, FTS$, "L", 0, O, "", "", ExitCode%

FTS$ = UCASES$( FTS$)
SELECT CASE FTS$
CASE "Y'
CALL Nor mal Col or: CLS
CALL Gai nsPagel

Ing$ = "PgDn to ANOVA Tabl e Esc to exit results screens”
LOCATE 25, 40 - LEN(Img$) / 2: PRINT |ng$;
DO

DO a$ = INKEY$: LOOP WHILE a$ = ""
IF LEN(a$) = 2 THEN
a$ = RIGHT$(a$, 1)

END | F
SELECT CASE a$
CASE CHR$(73) ' PgUp
CALL Gai nsPagel
Img$ = "PgDn to ANOVA Tabl e Esc to exit
results screens"
LOCATE 25, 40 - LEN(Inmg$) / 2: PRINT |ng$;
CASE CHR$(81) " PgDn
CALL LatinPagel
Ing$ = "PgUp to Gains Tabl e Esc to exit
results screens”
LOCATE 25, 40 - LEN(Img$) / 2: PRINT |ng$;
CASE CHR$(27) ' Esc
EXIT DO
END SELECT
LOOP
EXIT DO
CASE "N
EXIT DO
CASE ELSE
REDI M PUText $( 1)
PUText $(1) = "Please enter a Y or Nonly..."
CALL PopupError
FTS$ = O dFTS$
END SELECT
LOoP
CLS
END SUB

SUB Gai nAdj ust Msg STATI C
SCREEN 0: W DTH 80, 25: CLS : CALL Nor mal @l or
R R EEEEEEEEEEEESEEREEEESERSEXE] GeOphOﬂe (‘ﬁl n Ad] USt nents khkkkhkkkhkkkhkkhkkhkkkhkkx
PRI NT
SELECT CASE Anal ysis$

CASE "S"
PRI NT " SHRP FWD Rel ative Calibration - Analysis of Variance - Gain adjustnents"”
CASE "G'
PRI NT " SHRP FWD Rel ative Calibration - Gephone Replacenent - Gain adjustnents"”
CASE "R’
PRI NT " SHRP FWD Rel ative Calibration - Reference Calibration - Gain adjustnents"”
END SELECT
PRI NT
PRINT "FWD SN "; FWBN$; SPC(34); "Calibration Date: "; MY$
PRINT "Data File Nane: "; File$ + Ext$
PRI NT "Operator: "; (perator$
PRI NT
PRI NT

PRINT "Results of this test indicate the possible need to adjust gains.
PRINT "This should be confirmed with a repeat test."

PRI NT

PRI NT "Gain adjustnent should be perforned when the new gain factors fromtwo"
PRI NT "independent calibrations are within"; CHR$(241); "0.002 of each other."
PRI NT

PRI NT "Gain adjustnents should be made to ALL geophones.”
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PRI NT
PRI NT "After adjusting any gain setting, the relative calibration test nust be"
PRINT "repeated to confirmthat all sensors are within tol erance."

bn$ = "Press any key to continue"
LOCATE 25, 40 - LEN(bn®) / 2: PRINT bns;
SLEEP

END SuB

SUB Gai nsPagel STATIC
SCREEN 0: WDTH 80, 25: CLS

"k kkkhkkkkkkhkhkhhhkhkhkhkhkhkkk,k*x*x @Ophone Cal | bratlon kkkkkkhkkhkkhkkhkkkkkkkkk*k

SELECT CASE Anal ysi s$

CASE "S"

PRINT "SHRP FWD Rel ative Calibration - Analysis of Variance - Means and Gai ns Tabl e"
CASE "G'

PRINT "SHRP FWD Rel ative Calibration - Gphone Replacenent - Means and Gai ns Tabl e"
CASE "R

PRI NT "SHRP FWD Rel ative Calibration - Reference Calibration - Means and Gai ns Tabl ¢"
END SELECT

PRINT "FWD SN "; FWBN$; SPC(34); "Calibration Date: "; MY$

PRINT "Data File Nane: "; File$ + Ext$;, SPC(32); "Data Set "; % " of "; SetCount%

PRI NT "QOperator: "; (perator$

PRI NT

PRI NT " Sensor Exi sting Means New Qut of Limt"

PRI NT "Sensor # S/'N Gai n Factor Ratio Rel ative Gain  Tol erance 2% Range"
PRINT "--ccommm mmmeom eiommmin cemiiheieiiien eeooaao oo "
t8% = " # i #. #HitH #. #it# #. #Hit# \ \ \ \"

FOR S% = 1 TO NunBSensor s%
PRI NT USI NG t 8%; S% Serial NunP{S%; Rel Gai n#(S%; MeansRat#(SC®4 S%; NewGai n#(SC% S9% ;
TOL$(SY; RANS(S%
NEXT S%
PRI NT
IF Jnunml% > 0 THEN
PRINT "* WArning: At |east one sensor is outside the tolerance limt."
PRINT " Verify these results with an additional test!"
END I F
I F Jnun2% > 0 THEN
PRINT "* WArning: At |east one sensor is outside the 2% range linmt."
PRINT " Notify Supervising Engineer after verifying with additional tests!"
END I F
IF Jnuml% > 0 THEN
PRI NT "* RESULTS | NDICATE THAT THE SENSOR GAI NS SHOULD BE RESET."

END I F
I F RepSens% > 0 THEN
PRI NT repnl$
PRI NT repnmR$; USI NG "#. ###"; NewGai n#(SC% RepSens%
END | F
END SUB
SUB Cet Fi |l eNane (FPath$, File$, Ext$) STATIC
STATI C ZP$
W ndowType% = 1. CLS
IF zP$ = "" THEN ZP$ = "N

Wile$ = File$
IF Ext$ <> "" THEN
Wile$ = WFile$ + Ext$
END I F
CALL ScreenBor der
CALL Titl eCol or
Title$ =" FW Data File Selection "
TL% = LEN(Titl e$)
Col% = ((80 - TL® / 2) + 1
LOCATE 2, Col% PRINT Title$
CALL Nor mal Col or
LOCATE 7, 7: PRINT "Orectory path for data file: ";
LOCATE 10, 7: PRINT "Do you want a list of data flles for this path (Y/N) "
LOCATE 13, 7: PRINT "Deflection Data File Nane: "
CALL HiliteCol or
LOCATE 7, 37: PRINT FPat h$
LOCATE 10, 60: PRI NT ZP$
LOCATE 13, 34: PRINT WFil e$
CALL Nor el Col or

LOCATE 25, 4

PRI NT "[ F10] =Conti nue "; CHR$(24); CHR$(25);

PRINT * Home End [F7]=Exit File Selection Screen";
ltento= 1
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SELECT CASE Itentt

CASE 1

drive

val i d choi ce.

dir

O dPat h$ = FPat h$

CALL GetString(7, 37, 32, FPath$, "L", 0, 0, "", "", ExitCode%
FPat h$ = LTRI Mb( RTRI Ms( UCASES$( FPat h$)))

CurrDrive$ = CHR$(GetDrive%

CurrDir$ = GetDir$(CurrDrive$)

CurrPath$ = CurrDrive$ + ":" + CurrDir$
|F FPath$ <> "" THEN
IF MD$(FPath$, 2, 1) = ":" THEN

ChkDrive$ = LEFT$(FPath$, 1)

I F NOT GoodDrive% ChkDrive$) THEN ‘check if valid

REDI M PUText $( 1)
PUText $(1) = "Drive " + ChkDrive$ + "

Pl ease try another path."

CALL PopupkError
Exit Code% = 0
FPat h$ = O dPat h$

ELSE "drive OK,

| F RIGHT$(FPath$, 1) = "\" THEN

FPat h$ = LEFT$(FPat h$, LEN( FPat h$)

END I F

| F RIGHT$(FPath$, 1) = ":" THEN
FPat h$ = FPath$ + "\"

END I F

CALL CDir(FPath$, ErrFlag%
I F NOT ErrFl ag% THEN

CALL CDir(CurrPath$, ErrFlag¥%

switch back to curr dir

K

to " + FPath$

Pl ease try again."

back to curr

FPat h$

try again."

CASE 2

dir

ELSE

REDI M PUText $( 2)

PUText $(1) = "Error occurred switching

PUText $(2) = "May not be a valid path...

CALL PopupError
Exi t Code% = 0
FPat h$ = O dPat h$
END I F
END I F

ELSE 'no drive letter in specified path

I F RIGHT$(FPath$, 1) = "\" THEN
FPat h$ = LEFT$(FPath$, LEN(FPath$) -

END | F

CALL CDir(FPath$, ErrFlag%

I F NOT ErrFl ag% THEN 'path OK
CALL CDir(CurrPath$, ErrFlag®

ELSE "path not K
REDI M PUText $( 2)
PUText $(1) = "Error occurred switching to "
PUText $(2) = "May not be a valid path...
CALL PopupError
Exi t Code% = 0
FPat h$ = A dPat h$

END | F

END I F
END I F

|F FPath$ <> "" AND R GHT$(FPath$, 1) <> "\" THEN FPath$ = FPath$ + "\"

LOCATE 7, 37: PRINT FPath$

DO
a dzP$ = ZP$

CALL CetString(10, 60, 1, zZP$, "L", 0, O, "", "", ExitCode%

ZP$ = UCASES$( ZP$)
SELECT CASE ZP$
CASE "Y"
ShowFi | es$ = FPath$ + "* =**"
Numivat chs% = FCount % ShowFi | es$)
I F Nunmivat chs% > 0 THEN
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CALL Di spl ayFi | eNames( Numivat chs%

ShowFi | es$, FPath$, Fle$, Ext$, ExitCode% O0)
Wile$ = File$ + Ext$
ELSE
REDI M PUText $( 1)
PUText $(1) = "No files found matching "
+ ShowFi | es$
CALL PopupError
ZP$ = "N’
END I F
CASE "N
''go on
CASE ELSE
REDI M PUText $( 1)
PUText $(1) = "Please choose a Y or Nonly... try
agai n!"
CALL PopupError
Exi t Code% = 0
END SELECT
| F ExitCode% <> 0 THEN EXI T DO
LooP
CASE 3
DO
O dWFil e$ = Wil e$
CALL GetString(13, 34, 12, Wile$, "L", 0, O, "", "", ExitCode%
WFi |l e$ = LTRI Mb( RTRI Mp( UCASES$( WFi | €3)))
IF INSTR(1, WFile$, " ") THEN
REDI M PUText $( 1)
PUText $(1) = "Spaces are NOT allowed in file nanmes..."
CALL PopupError
WFile$ = OdWile$
Exi t Code% = 0
END I F
| F Exit Code% <> 0 THEN
SP% = I NSTR(WFi l e$, ".")
| F SP% <> 0 THEN
File$ = LEFT$(WFi |l e$, SP% - 1)
Ext$ = LTRI MB( RTRI M(RI GHT$(WFi | e$, LEN(WH | e$)
(SP% - 1))))
ELSE
File$ = LTRI MB( RTRI MB( LEFT$(WFi | e$, 8)))
Ext$ = ""
END | F
EXI T DO
END | F
LOOP
END SELECT
SELECT CASE Exit Code% ' determ ne next action
CASE 71 " home
Iteno= 1
CASE 79 "end
Iten? = Maxltento
CASE 15, 75, 72 "Shift-Tab, left arrow, up arrow

Itento= Itenmdo- 1

CASE 9, 13, 77, 80

' Tab, CR,

right arrow, down arrow

Itento= Itento+ 1

CASE 68

ELSE

END | F

' F10: Conti nue
IF File$ = ""

THEN

REDI M PUText $( 1)

PUText $(1) = "A file nane nust be entered...
CALL PopupkError

Iteno = 3

pl ease try again!"

ChkNanme$ = FPath$ + FAle$ + Ext$
I F NOT Exi st % ChkNane$) THEN
REDI M PUText $( 1)
PUText $(1) = "File not found...
CALL PopupError
File$ = ""
Ext$ = ""
Exi t Code% = 0
Itento = 3

Pl ease try again."

ELSE
Exit Code% = 1
EXIT SUB

END I F
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CASE 65 "F7: quit
CLS
"PRINT : PRINT :
HZ 1/4/01
' END ' Rener ked
Action$ = "No" ' Added by
EXI T SUB ' Added by
CASE ELSE
"do not hi ng
END SELECT
IF Iten®o< 1 THEN Itenfo= 1
IF ItenPo > Maxlten?o THEN |t ento = Maxltentho
LOoP
END SUB

SUB Get Sensor Num STATI C

FWDCAL Version3.0 Manual - January 2001

PRI NI " Program Execution Term nated by User"

by HZ 1/4/01
HZ 1/4/01
HZ 1/4/01

' Modified on 12/14/2000 by HZ per TT to show sensors 8 and 9 if present
"and all ow user to pick 8 or 9 instead of just 1-7

CLS
Choice% =1
DO
REDI M | t ents( NunSensors% + 2)
Title$ =" Select Geophone Repl aced "
FOR 1% = 1 TO NunSensor s%
ItenB(l 9 "Sensor No."
NEXT 1%
"ltent(8) "No Repl acerment "
I tens( NunSensors% + 1) "No Repl acenent”
"lItent(9) "Quit Progrant
I ten( NunSensors% + 2)

CALL BarMenu(Title$,
SELECT CASE Choi ce%
"CASE 1 TO 8
CASE 1 TO NunfBSensors% + 1
EXIT DO
' CASE 9
CASE NunSensors% + 2
SCREEN 0: W DTH 80, 25: CLS
CLOSE : CALL Nor nal Col or
" PRI NT

Iten(), Choice% O0)

"PRINT "Programterninated by the user”

' END
Action$ = "No"
EXI T SuB
CASE ELSE
REDI M PUText $( 1)
" PUText $(1)
PUText $(1) "Pl ease Sel ect Sensors 1
CALL PopupError
END SELECT
LooP
"I F Choice% = 8 THEN
I F Choi ce% > NunSensor s% THEN
RepSens% = 0
ELSE
RepSens% = Choi ce%
END | F
CLS
CALL Nor mal Col or
END SuB

SUB Lati nPagel STATIC
SCREEN 0: W DTH 80, 25: CLS
SELECT CASE Anal ysi s$
CASE " S"
PRI NT "SHRP FWD Rel ative Calibration -
CASE "G
PRI NT "SHRP FWD Rel ative Calibration
CASE "R"
PRI NT "SHRP FWD Rel ative Calibration -
END SELECT
PRINT "FWD SN. “;
PRINT "Data File Nane:
PRI NT "Operator: "; (perator$

FWBNS; SPC(34);

= "Exit Sel ection Mnu"

“Calibration Date: ";
File$ + Ext$; SPC(32);

+ STR$(Serial Nunfgl %)

' Renoved by HZ on 12/14/00
"Modified by HZ
' Renmoved by HZ on 12/14/00
" Modified by HZ

' Removed by HZ on 12/14/00
"Modified by HZ

' Renpved by HZ on 12/14/00
"Modified by HZ

' Remarked by HZ 1/4/01
' Remarked by HZ 1/4/01
' Added by HZ 1/4/01
' Added by HzZ 1/4/01

= "Please Sel ect Sensors 1 through 7 only..."

t hrough" + STR$(NunBSensors¥% + "

"Modified by HZ on 12/14/2000

Anal ysis of Variance - Latin Square ANOVA Tabl e"

Gphone Repl acenent

Reference Calibration - Latin Square ANOVA Tabl e"

MDY$

"Data Set "; % of ";
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'P*RL*N;I—*************** Latll’] Square mS|gn mal ySIS OJtpUt Kk hkkkhkkhkkhkhkkkkkkkkkkk
PRI NT " Vari ation Sum of Degrees of Mean Conput ed Critical"
PRI NT " Sour ce Squar es Freedom Squar e F F"
[ N | I e e T "
Data$ = " \ \ #i, #HNANNN #Hit# #it. #HNANNN #Hi#, #it #it. ##"
| F FLPos# > 1000 OR FA.Set# > 1000 OR FLSens# > 1000 THEN

Data$ = " \ \ #i. #HHNNNN HHt#H #it HHNNNN HH HHANNN #it. ##"
END | F

PRI NT USI NG Dat a$; "Position"; CSNG SSLPos#); DegFreelLPos% CSN3 MSLPos#); CSNG(FLPos#);
Crit FLPos!

PRI NT USI NG Dat a$; "Set"; CSNG(SSLSet#); DegFreelSet% CSNG(MSLSet#); CSNG(FLSet#); CritFLSet!

PRI NT USI NG Dat a$; "Sensor"; CSNG SSLSens#); DegFreelLSens% CSN3 MSLSens#); CSNG(FLSens#);
CritFLSens!

PRI NT USING Data$; "Eror"; CSNG(SSLE#); DegFreelLE% CSNG(MSLE#)

PRI NT USI NG Dat a$; "TOTAL"; CSNG(SSLT#); DegFreelLT%

PRI NT

IF Jnunl% > O THEN
SELECT CASE LSAMB
CASE " YNN'
PRINT "Gain adjustnents are indicated and drop set is statistically
significant at"
PRINT "the 5% level. 'Set' significance nay be due to warmi ng of the
buffers or"
PRI NT "consol i dati on of pavenent materials during the test. A repeat
calibration,"
PRINT "after conditioning the FWD buffers with 50+ drops from height 3, is

required"
PRINT "to confirmthe need for gain adjustnents. |f the deflections from
the last 10"
PRI NT "drops vary by nore than 1 m| (25.4 microns), repeat the calibration
at a"
PRI NT "new | ocation."
CASE " YYN'

PRINT "Gain adjustnents are indicated. Sensor and drop set are
statistically"
PRINT "significant at the 5%1level. A repeat calibration, after
condi tioning the FW"
PRINT "buffers with 50+ drops at height 3, is required to confirmthe need
for gain"
PRI NT "adjustnents. |f deflections fromthe last 10 drops vary by nore than
1ml"
PRINT "(25.4 microns), repeat the calibration at a new | ocation."
CASE " YNY"
PRINT "Gain adjustnents are indicated. Set and stand position are
statistically"
PRINT "significant at the 5% level. A repeat calibration, after
condi tioning the FW'
PRINT "buffers with 50+ drops at height 3, is required to confirmthe need

for gain"
PRI NT "adjustnents. Wen performing the calibration, extra care should be
taken to"
PRI NT "seat the geophones properly and hold the stand vertical with
noder at e"
PRI NT "downward pressure. |f deflections fromthe last 10 drops vary by
nore than"
PRINT "1 mil (25.4 microns), repeat the caibration at a new | ocation."
CASE " YYY"
PRINT "Gai n adjustnents are indicated. Set, sensor, and stand position are"
PRINT "statistically significant at the 5%level. A repeat calibration is
required"
PRINT "after conditioning the FWD buffers with 50+ drops at height 3 to
confirnt
PRI NT "adj ustnents. Wen perfornming the calibration, extra care should be
taken to"
PRI NT "properly seat the geophones and hold the stand vertical with
noder at e"
PRI NT "downward pressure. |f deflections fromthe last 10 drops vary by
nore than"
PRINT "1 mil (25.4 microns), repeat the caibration at a new | ocation."
CASE " NNN'
PRINT "Gain adjustnents are indicated. Arepeat calibration is required to
confirnt
PRINT "the need for adjustnents.”
CASE " NYN'
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adj ust nent s"

adj ustnents. "

CASE " NNY"
confirnt
t he"
hel d"

CASE " NYY"

statistically"
confirnt
t he"
hel d"
CASE ELSE

END SELECT
ELSE

SELECT CASE LSAMB

CASE " YNN'
significant"
consol i dation"

I f anything"
buf fers"
drops vary"

| ocation."
CASE " YYN'

but gain"
anyt hi ng"
buf fers"
drops vary"

| ocation."
CASE " YNY"

but "

anyt hi ng"
buffers"
care"
vertical"
drops vary"

| ocation."
CASE " YYY"

5% evel . "
A repeat”
3 v

the stand"

| ast 10"

PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT

PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT

PRI NT
PRI NT
PRI NT
PRI NT
PRI NT

PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT

PRI NT
PRI NT
PRI NT
PRI NT
PRI NT

FWDCAL Version3.0 Manual - January 2001

"Means ratios and statistical results indicate the need for gain
"Arepeat calibration is required to confirmthe need for gain

"Gain adjustnents are indicated.
"significant at the 5%/ evel.

Stand position is statistically"
A repeat calibration is required to

"the need for gain adjustnents. Care should be taken to ensure that
"geophone bases are clean and firnly seated, and that the stand is
"vertical w th noderate downward pressure."

"Gain adjustnents are indicated. Sensor and stand position are
"significant at the 5%level. A repeat calibration is required to
"the need for gain adjustments. Care should be taken to ensure that
"geophone bases are clean and firmy seated, and that the stand is

"vertical wth noderate downward pressure."

"No gain adjustments are indicated, but drop set is statistically
"at the 5% level. This can be due to warm ng of the buffers or
"of pavement materials during the test. Review the data carefully.
"appears suspect, repeat the calibration after conditioning the FWD
"with 50+ drops fromheight 3. |If the deflections fromthe last 10

"more than 1 mil (25.4 microns), repeat the calibration a a new

"Sensor and drop set are statistically significant at the 5%/ evel,
"adj ustnments are not indicated. Reviewthe data carefully. |If
"appears suspect, repeat the calibration after conditioning the FWD
"with 50+ drops fromheight 3. |If the deflections fromthe |ast 10

"more than 1 ml (25.4 microns), repeat the calibration at a new

"Set and stand position are statistically significant at the 5% evel,
"gain adjustnments are not indicated. Exanmine the data carefully. |If
"appears suspect, repeat the calibration after conditioning the FWD

"with 50+ drops fromheight 3. Wen performng the calibration, extra
"shoul d be taken to properly seat the geophones and hold the stand
"with noderate downward pressure. If deflections fromthe last 10

"more than 1 ml (25.4 microns), repeat the calibration a a new

"Set, sensor, and stand position are statistically significant at the
"Al though gai n changes are not indicated, these results are suspect.
"calibration is required after conditioning with 50+ drops at hei ght
"Extra care should be taken to properly seat the geophones and hold

"vertical with noderate downward pressure. |f deflections fromthe
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PRI NT "drops vary nore than 1 mil (25.4 nmicrons) repeat the caibration at

a new'
PRINT "location. |If this message appears in subsequent tests, contact your"
PRI NT "supervising engi neer for further instructions."
CASE " NNN'
PRINT "Results indicate that no gain adjustnments are needed."
CASE " NYN'

PRI NT "Sensor is statistically significant at the 5% Il evel, but gain
adj ustments are"
PRINT "not indicated. Test results should be carefully reviewed. |If
anyt hi ng appears"
PRI NT "suspect, repeat the calibration. Qherw se, these results are
acceptable. "
CASE " NNY"
PRI NT "Gai ns do not needed to be adjusted, but stand position is
statistically"
PRINT "significant at the 5%Ilevel. This may be caused by failure to keep

the stand"
PRI NT "vertical or inproper seating of the geophones. |In the future, care
shoul d be"
PRI NT "taken to ensure that the geophone bases are clean and wel |l seated,
and t he"
PRINT "stand is kept vertical w th noderate downward pressure."
CASE " NYY"
PRI NT "Sensor and stand position are statistically significant at the 5%
| evel, but"
PRI NT "gain adjustnents are not indicated. Review calibrationresults
careful ly."
PRINT "If anything is suspect, repeat the calibration, taking care to ensure
that"
PRI NT "geophone bases are clean and properly seated, and the stand is kept
vertical"
PRI NT "with noderate downward pressure.”
CASE ELSE
END SELECT
END | F

L R Cochran test results kkhkkkkkkhkhkkhkhhhhkkkkhkhkhk kk*x*x

I F Probl enExi st % THEN
PRINT "** Cochran test variance between geophones indicates variance for Sensor No."; BigDef!
PRINT "is significantly larger than the other sensors. Please consult the output file."
END | F
END SUB

SUB Lati nSqDesi gn STATI C
IR R SR RS EEREEEEEREEEEETEEEEEEEERERESEEREESEEE ST EEEEEEEEEEEEEEEEEEE S SR RS SRS RS
' Subprogram for Latin Square Design analysis
LR R R R R R R
REDI M Ti #( MaxSensors%, Tj#(MaxPositions%, Tk#(MaxSetups%
REDI M Ti j #( MaxSensor s% MaxPositions%, Tik#(MaxSensors% MaxSetups%, Tjk#(MaxPositions%
MaxSet ups%)
REDI M Ti j k#( MaxSensors% MaxPositions% MaxSetups%, Total Load(MaxSetups%
REDI M SSunili #( MaxSensor s%), SSumlj #( MaxPosi ti ons%, SSunilk#( MaxSet ups%)
REDI M MeanDef #( MaxSensor s% , MeanPos#( MaxSensors%, MeanSet #( MaxSensor s%
REDI M MeanBySet ! (MaxSensors% MaxSetups% , MeanLoad! (MaxSet ups%
REDI M St dDevDef ! (MaxSensors%, StdDevPos!(MaxSensors%
REDI M CVvDef ! (MaxSensors%, CVPos! (MaxSensors%)
REDI M MeansRat #( MaxSensor s% MaxSensors%, NewGai n#( MaxSensors% MaxSensors%
Tk k*kk*k*kkkkkk***x*x I n| t| al | ze Val’l abl es to Zero khkkkkkkkhkhkhkkkx
Sunifotal # = 0
Total SS# = 0
FOR 1% = 1 TO NunfSensor s%
Ti#(199 =0
MeanDef #( 1 %
MeanPos#( 1 %
MeanSet #( 1 %
FOR J% = 1 TO NunBet ups%
MeanBySet! (1% J% =0
NEXT J%
NEXT | %
" hhkkkhkhkhkhkkkkkkkkk Q)nppute nﬂln StatIStICS for the analySIS kkhkkkhkkkkhkkkkkkk*k
FOR 1% = 1 TO Nunfensor s%
FOR J% = 1 TO NunPositi ons%
FOR K% = 1 TO Nunfet ups%
FOR L% = 1 TO NunReps%
Sunifot al # = Sunifotal # + DefData! (1% J% K4 L%
Total SS# = Total SS# + (DefData! (1% J% K% L%W) ~ 2
Ti#(199 = Ti#(1% + DefData! (1% J% K% L%

1 n
ooo
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SSumTi #(19% = SSunTi#(1% + (DefDatal! (1% J% K% L%W) ~ 2
Ti#(J%W = Tj#(J% + DefDatal (1% J% K% L%

SSunilj #(J% = SSumlj #(J% + (DefData! (1% J% K% L%W) " 2
Tk#(KW = Tk#(K% + DefDatal (1% J% K% L%

Tij#(1% J9W = Tij#(1% J% + DefData! (1% J% K% L%

Tik#(1% KW = Tik#(1% K% + DefData! (1% J% K% L%

Tjk#(J% KW = Tjk#(J% K% + DefData! (1% J% K% L%
Tijk#(1% J% KW = Tijk#(1% J% KW + DefDatal (1% J% K% L%

NEXT L%
NEXT K%
NEXT J%
NEXT | %
Sunfli # = 0
Suntj# = 0
Sunirk# = 0
Sunfli j #
Suniri k#
Sunilj k#
FOR 1% = 1 TO NunSensor s%
Sunli# = Sunili# + Ti# 1% ~ 2
SunTj# = SunmTj# + Ti#H 1% " 2
SumTk# = SumTk# + Tk#(19% ~ 2
FOR J% = 1 TO NunPositi ons%

I n
[eNoNe]

Sunli j# = Sunfi j# + Tij#(1% JW " 2
Suni k# = Sunili k# + Tik#(1% J% ~ 2
Sunj k# = Sunfj k# + Ty k#(1% I ~ 2
NEXT J%
NEXT | %

T hihkkkkkkhkhkhkkhkhkkk Cormute Std mv for the data Set *kkkkkkkhkkhkkhkkhkkkkk*k
FOR 1% = 1 TO NunfSensor s%

FOR K% = 1 TO NunSet ups%

MeanBySet! (1% K% = Tik#(1% K% / NunReps%

NEXT K%

MeanDef #(19% = Ti#(1% [/ (NunBSensors% * NumReps%)

MeanPos#(19% = Tj#(1% / (NunPositions% * NunReps%)

MeanSet #(19% = Tk#(1% / (NunfBSetups% * NuniReps%
NEXT | %

SSunlLoad# = 0
Total All Load# = 0
Set% =1
FOR D% = 1 TO NunBSet ups% * NunReps%
SSunioad# = SSunmLoad# + LoadData! (D " 2
Total Al |l Load# = Total Al l Load# + LoadDat a! (D%
Tot al Load(Set% = Total Load(Set% + LoadDat a! (D%
| F D% MOD NunReps% = 0 THEN
MeanLoad! (Set% = Total Load(Set% / NunReps%
Set% = Set% + 1
END | F
NEXT D%

MeanAl | Load! = Total Al Load# / (NunSetups%* NunReps%

St dDevAl | Load! = SQR((SSunLoad# - ((NunBSetups% * NunmReps% * (ManAllLoad!) ~ 2)) / (NunfSetups%
* NunReps% - 1))

CVAl | Load! = (StdDevA | Load! / MeanAllLoad ) * 100

MeanAl | Def # = Sunifotal # / (NunPositions% * NunfSet ups% * NunmReps%

St dDevAl | Def! = SQR((Total SS# - (NumPositions% * NunBSetups% * NunmReps% * ((Sunilotal# /
(NunPositions%* NunmSetups% * NunReps¥%) " 2)) / (NunPositions%* NunSetups% * NunReps% - 1))

CVAI | Def! = (StdDevAll Def! / MeanAl |l Def#) * 100

FOR 1% = 1 TO NuntSensor s%
Argunent 1# = (SSumli #(1% - ((NunBSensors%* NunReps% * (Ti#(1% / (NunBensors% * NurReps%))
N 2)) | (NunmSensors%* NunReps% - 1)
I'F Argunent 1# > 0 THEN
St dDevDef! (1% = SQR(Argunent 1#)
ELSE
St dDevDef! (199 = 0
END I F
Argunent 2# = (SSumTlj #(1% - ((NumPositions% * NunReps% * (MeanPos#(1%) " 2)) /
(NunPosi tions% * NunmReps% - 1)
I F Argunent 2# > 0 THEN
St dDevPos! (1% = SQR(Ar gunment 2#)

ELSE

St dDevPos! (1% = 0

END | F

CVDef ! (199 = (StdDevDef! (1% / MeanDef#(1%) * 100

CVPos! (1% z(Sthevas!(IO/g) / I\/EanPos#(I%g * 100
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MeansRat #(SC% 1% = MeanAl | Def# / MeanDef#( 1%
NewGai n#(SC% 1% = MansRat#(SC% 1% * Rl Gai n#(19
NEXT 1 %

" hkhkkkkkkkkhkkhkkhkkhkkk (X)n'pute flnal LATINSQJARE statlstlcs kkkkkhkkhkkhkkhkkkkkkkkk*k

NegTerm# = (Sunifotal # ~ 2) / (NunPositions% * NunfSetups% * NumReps%)
SSLT# = Total SS# - NegTer n#

SSLPos# = Sunij# / (NunmPositions%* NunmReps?% - NegTer m#

SSLSet# = SunTTk# / (NunBSetups% * NumReps% - NegTer m#

SSLSens# = Sunili # / (NunBSensors% * NunReps%) - NegTern#

SSLE# = SSLT# - SSLPos# - SSLSet# - SSLSens#

DegFr eeLPos% = NunPosi tions% - 1

DegFreelLSet % = NunfSetups% - 1

DegFreelLSens% = NunSensors% - 1

DegFreelLT% = (NunPositi ons% * NunmSet ups% * NunReps% - 1

DegFr eeLE% = DegFreelT% - DegFreeLPos% - DegFreelLSet % - DegFreeLSens%

MSLPos# = SSLPos# / DegFreelLPos%
MSLSet# = SSLSet# / DegFreelLSet %
MSLSens# = SSLSens# / DegFreelLSens%
MSLE# = SSLE# /| DegFreeLE%
FLPos# = MSLPos# / MSLE#
FLSet# = MSLSet# / MLE#
FLSens# = MSLSens# / MSLE#

END SUB

SUB Qut put ToFil e STATIC
DI M Avg$( MaxSet ups%
Jnunl% = 0
Jnunk% = 0
FOR 1% = 1 TO NunBSensor s%
IF ABS(1 - MeansRat#(SC% 1% ) > .003 THEN
TOL$(1 % = "YES"
Jnuml% = Jnuml% + 1
ELSE
TOLS(1% =" NO'
END I F
IF ABS(1 - NewGain#(SC% 1% ) > .02 THEN
RANS(19% = "YES"
Jnun2% = JnunR% + 1
ELSE
RANS(19%9 =" NO'
END I F
NEXT | %

T hhkdkhkhkkkhkhkhhhhhhxkxkxkhkkkkkx*x*x @ophone Cal | bl'atl on kkkkkhkkhkhkhkkkkkkkkkk*

SELECT CASE Anal ysi s$

CASE " S"

PRI NT #2, "SHRP FWD Rel ative Calibration - Analysis of Variance - Means and Gai ns Tabl e"
CASE "G'

PRI NT #2, "SHRP FWD Rel ative Calibration - Gephone Replacement - Means and Gains Tabl e"
CASE "R'

PRI NT #2, "SHRP FWD Rel ative Calibration - Reference Calibration - Means and Gai ns Tabl e"
END SELECT

PRI NT #2, "FWD SN "; FWDSN$; SPC(34); "Calibration Date: "; MY$

PRI NT #2, "Data File Nanme: "; File$ + Ext$ SPC(32); "Data Set "; SC% " of "; SetCount%
PRI NT #2, "Operator: "; Operator$

PRI NT #2, ""

PRI NT #2, " Sensor Exi sting Means New Qut of Limt"

PRI NT #2, " Sensor # S/N Gai n Factor Rati o Rel ative Gain Tol erance 2% Range"
PRI NT #2, " -------- mommom mmmmmmioen oioeo eeeioomio-o oa-aooo oo "
t8% =" # HHH# #. #H# #. #H#H# #. H#Hit# \ \ \ \ "

FOR S% = 1 TO NunSensor s%
PRI NT #2, USING t8%; S% Serial Numg{S%; Rel Gai n#(S%; MeansRat#(SC% S%; NewGai n#(SC% S% ;
TOLS(SY) ; RANS(S%
NEXT S%
PRI NT #2, "*"
IF Jnunl% > O THEN
PRI NT #2, "* Warning: At |east one sensor is outside the tolerance limt."
PRI NT #2, " Verify these results with additional tests!"
END | F
I'F Jnun2% > O THEN
PRI NT #2, "* Warning: At |east one sensor is outside the 2% range limt."

PRINT #2, " Notify Supervising Engineer after verifying with additional tests!"
END | F
IF Jnuml% > 0 THEN

PRI NT #2, "*"
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PRI NT #2, "* RESULTS | NDI CATE THAT THE SENSOR GAI NS SHOULD BE RESET."
END I F
| F RepSens% > 0 THEN
PRI NT #2, "*"
PRI NT #2, repml$
PRI NT #2, repnR$; USING "#. ###"; NewGai n#(SC% RepSens%
END I F
PRI NT #2, "*"
PRI NT #2, ""
IF Jnunml% > O THEN
AR O O R @ophone (.‘ﬁ.' n Ad] ust rrents khkkkkkhkhkkhkhkkkkhkkkkkx
SELECT CASE Anal ysi s$
CASE "S"
PRI NT #2, " SHRP FWD Rel ative Calibration - Analysis of Vari
adj ust nent s"
CASE "G'

ance - Gin

PRI NT #2, " SHRP FVWD Rel ative Calibration - Gephone Replacenent - Gain

adj ust nent s"
CASE "R’

PRI NT #2, " SHRP FVWD Rel ative Calibration - Reference Calibration - Gain

adj ust nent s"
END SELECT
PRI NT #2, ""
PRI NT #2, "Results of this test indicate the possible need for gain adjustnent.
PRI NT #2, "This should be confirned with a repeat test."
PRI NT #2, ""
PRI NT #2, "Gain adjustnent should be perfornmed when the New Gain Factors for two
PRI NT #2, "independent calibrations are within +/- 0.002 of each other."
PRI NT #2, ""
PRI NT #2, "Gain adjustnments should be nade to ALL geophones."
PRI NT #2, ""
PRI NT #2, "After adjusting any gain setting, the relative calibration test nust
PRI NT #2, "repeated to confirmthat all sensors are within tolerance."”
END | F
PRI NT #2, ""
PRI NT #2, ""
PRI NT #2, CHR$(12)
R R R R Latln Square mS|gn A’lalySlS OJtpUt kA hkhkkhkhkhkhkkkkkkkkk*k
SELECT CASE Anal ysi s$

CASE "S"
PRI NT #2, "SHRP FWD Rel ative Calibration - Analysis of Variance - Latin Square ANOVA Tabl e"
CASE "G'
PRI NT #2, "SHRP FWD Rel ative Calibration - Gephone Replacenment - Latin Square ANOVA Tabl e"
CASE "R'
PRI NT #2, "SHRP FWD Rel ative Calibration - Reference Calibration - Latin Square ANOVA Tabl e"
END SELECT
PRI NT #2, "FWD SN. "; FWDSN$; SPC(34); "Calibration Date: "; M¥Y$
PRI NT #2, "Data File Nanme: "; File$ + Ext$, SPC(32); "Data Set "; SC% " of "; SetCount%
PRI NT #2, "Operator: "; Operator$
PRI NT #2, ""
PRI NT #2, " Vari ation Sum of Degr ees of Mean Conput ed Critical "
PRI NT #2, " Sour ce Squar es Freedom Squar e F F'
PRINT #2, " = -oemmoomom eeeeiooen oo oeio eeeeioo e "
Data$ = " \ \ #Ht. #HNNNN Hit#t #it. NN HHHHE . #it #it. ##"
| F FLPos# > 1000 OR FA.Set# > 1000 OR FLSens# > 1000 THEN
Data$ = " \ \ #it, #HHNNNN #it# HHE HHANNN LSRN #it. ##"

END I F

be"

PRI NT #2, USING Data$; "Position"; CSNG(SS.Pos#); DegFreeLPos% CSNG( MSLPos#); CSNG FLPos#);

Crit FLPos!

PRI NT #2, USING Data$, "Set"; CSNG SSLSet#); DegFreelLSet% CSNG MsSLSet#); CSNG FLSet#);

CritFLSet!

PRI NT #2, USING Data$, "Sensor"; CSNG SSLSens#); DegFreelLSens% CSNG MSLSens#); CSNQ FLSens#);

CritFLSens!
PRI NT #2, USING Data$, "Error"; CSNGSSLE#); DegFreelLE% CSNG( MSLE#)
PRI NT #2, USING Data$, "TOTAL"; CSNG(SSLT#); DegFreelLT%
PRI NT #2, ""

IF FLSet# - CritFLSet! > 0 THEN
|F (FLSens# - CritFLSens! > 0) THEN
| F FLPos# - CritFLPos! > 0 THEN

LSAME = "YYY"
ELSE
LSAME = "YYN'
END | F
ELSE

| F FLPos# - CritFLPos! > 0 THEN
LSAME = " YNY"
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ELSE
LSAME = " YNN'
END I F
END | F
ELSE
|F (FLSens# - CritFLSens! > 0) THEN
| F FLPos# - CritFLPos! > 0 THEN
LSAMB = " NYY"
ELSE
LSAME = "NYN'
END | F
ELSE
| F FLPos# - CritFLPos! > 0 THEN
LSAMBE = " NNY"
ELSE
LSAMB = " NNN'
END | F
END | F
END I F
| F FLSens# - CritFLSens! < O AND FLPos# - CritFLPos < O AND FLSet# - CritFLSet < O THEN
LSAMB = " NNN'
END | F
I F Jnunml% > 0 THEN
SELECT CASE LSAMS
CASE " YNN'
PRI NT #2, "Gain adjustments are indicated and drop set is statistically
significant at"
PRI NT #2, "the 5% level. 'Set' significance may be due to warning of the
buffers or"
PRI NT #2, "consolidation of pavenent materials during the test. A repeat
calibration,"
PRI NT #2, "after conditioning the FWD buffers with 50+ drops from hei ght 3,
is required"
PRINT #2, "to confirmthe need for gain adjustments. |f the deflections
fromthe |ast 10"
PRI NT #2, "drops vary by nmore than 1 m| (25.4 nicrons), repeat the
calibration at a"
PRI NT #2, "new |l ocation."
CASE " YYN'
PRI NT #2, "Gain adjustnments are indicated. Sensor and drop set are
statistically"
PRI NT #2, "significant at the 5%level. Arepeat calibration, after
condi tioning the FW"
PRI NT #2, "buffers with 50+ drops at height 3, is required to confirmthe
need for gain"
PRI NT #2, "adjustnents. |f deflections fromthe |last 10 drops vary by nore
than 1 m|"
PRI NT #2, "(25.4 mcrons), repeat the calibration at a new | ocation."
CASE " YNY"
PRI NT #2, "Gain adjustments are indicated. Set and stand position are
statistically"
PRI NT #2, "significant at the 5%level. Arepeat calibration, after
condi tioning the FW'
PRI NT #2, "buffers with 50+ drops at height 3, is required to confirmthe
need for gain"
PRI NT #2, "adjustnents. Wen performng the calibration, extra care should
be taken to"
PRI NT #2, "seat the geophones properly and hold the stand vertical with
noder at e"
PRI NT #2, "downward pressure. |f deflections fromthe last 10 drops vary by
nore than"
PRINT #2, "1 m| (25.4 microns), repeat the calibration at a new location."
CASE " YYY"
PRI NT #2, "Gain adjustnments are indicated. Set, sensor, and stand position
are”
PRI NT #2, "statisticaly significant at the 5%l evel. A repeat calibration
is required"
PRI NT #2, "after conditioning the FWD buffers with 50+ drops at height 3 to
confirm™
PRI NT #2, "adjustnents. Wen performing the calibration, extra care should
be taken to"
PRI NT #2, "properly seat the geophones and hold the stand vertical with
noder at e"
PRI NT #2, "downward pressure. |If deflections fromthe last 10 drops vary by
nmore than"
PRINT #2, "1 m| (25.4 microns), repeat the calibration at a new location."
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CASE " NNN'
PRI NT
to confirnt
PRI NT
CASE " NYN'
PRI NT
adj ust nent s"
PRI NT
adj ustnents. "
CASE " NNY"
PRI NT
PRI NT
confirnt
PRI NT
that the"
PRI NT
hel d"
PRI NT
CASE " NYY"
PRI NT
statistically"
PRI NT
confirnt
PRI NT
that the"
PRI NT
hel d"
PRI NT
CASE ELSE
END SELECT
ELSE
SELECT CASE LSAMB
CASE " YNN'
PRI NT
significant"
PRI NT
consol i dati on"
PRI NT
carefully. If anything"
PRI NT
FWD buffers”
PRI NT
10 drops vary"
PRI NT
| ocation."
CASE " YYN'
PRI NT
| evel, but gain"
PRI NT
anyt hi ng"
PRI NT
FWD buffers”
PRI NT
10 drops vary"
PRI NT
| ocation."
CASE " YNY"
PRI NT
| evel, but"
PRI NT
I f anythi ng"
PRI NT
FWD buf fers”
PRI NT
extra care"
PRI NT
vertical"
PRI NT
drops vary"
PRI NT
| ocation."
CASE " YYY"
PRI NT
the 5% 1 evel ."
PRI NT

suspect. A repeat”

#2,
#2,
#2,
#2,
#2,
#2,
#2,
#2,
#2,
#2,
#2,
#2,
#2,

#2,

#2,
#2,
#2,
#2,
#2,

#2,

#2,
#2,
#2,
#2,
#2,

#2,
#2,
#2,
#2,
#2,
#2,
#2,

#2,
#2,
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"Gain adjustnents are indicated. A repeat calibration is required
"the need for adjustrments."”

"Means ratios and statistical results indicate the need for gain
"A repeat calibration is required to confirmthe need for gain
"Gin adjustnents are indicated. Stand position is statistically"
"significant at the 5%level. Arepeat calibration is required to

"the need for gain adjustnments. Care should be taken to ensure

"geophone bases are clean and firmy seated, and that the stand is
"vertical wth noderate downward pressure.”

"Gain adjustnents are indicated. Sensor and stand position are
"significant at the 5% Ilevel. Arepeat calibration is required to

"the need for gain adjustments. Care should be taken to ensure
"geophone bases are clean and firmly seated, and that the stand is

"vertical wth noderate downward pressure."

"No gain adjustnments are indicated, but drop set is statistically
"at the 5%l evel. This can be due to warmi ng of the buffers or
"of pavement materials during the test. Review the data
"appears suspect, repeat the calibration after conditioning the
"with 50+ drops fromheight 3. If the deflections fromthe |ast

"more than 1 m| (25.4 microns), repeat the calibration at a new

"Sensor and drop set are statistically significant at the 5%

"adj ustnents are not indicated. Reviewthe data carefully. |If
"appears suspect, repeat the calibration after conditioning the
"with 50+ drops fromheight 3. If the deflections fromthe |ast

"more than 1 mi| (25.4 microns), repeat the calibration at a new

"Set and stand position are statistically significant at the 5%
"gain adjustnents are not indicated. Exam ne the data carefully.
"appears suspect, repeat the calibration after conditioning the
"with 50+ drops from height 3. When performng the calibration,
"shoul d be taken to properly seat the geophones and hol d the stand
"with noderate downward pressure. |f deflections fromthe |last 10

"more than 1 mi| (25.4 microns), repeat the calibration at a new

"Set, sensor, and stand position are statistically significant at

"Al though gain changes are not indicated, these results are
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PRI NT #2, "calibration is required after conditioning with 50+ drops at
hei ght 3."

PRI NT #2, "Extra care should be taken to properly seat the geophones and
hol d the stand"

PRI NT #2, "vertical wth noderate downward pressure. |f deflections from
the last 10"
PRI NT #2, "drops vary nore than 1 nmil (25.4 nicrons) repeat the calibration
at a new'
PRI NT #2, "location. |f this nessage appears in subsequent tests, contact
your"
PRI NT #2, "supervising engineer for further instructions."
CASE " NNN'
PRI NT #2, "Results indicate that no gain adjustnents are needed. "
CASE " NYN'

PRI NT #2, "Sensor is statistically significant at the 5%l evel, but gain
adj ustments are"

PRI NT #2, "not indicated. Test results should be carefully reviewed. |If
anyt hi ng appears"

PRI NT #2, "suspect, repeat the calibration. OQherw se, these results are
acceptable."

CASE " NNY"

PRI NT #2, "Gains do not needed to be adjusted, but stand position is
statistically"

PRI NT #2, "significant at the 5% level. This may be caused by failure to
keep the stand"

PRI NT #2, "vertical or inproper seating of the geophones. |In the future,
care shoul d be"

PRI NT #2, "taken to ensure that the geophone bases are clean and wel |
seated, and the"

PRI NT #2, "stand is kept vertical with npderate downward pressure."

CASE " NYY"
PRI NT #2, "Sensor and stand position are statistically significant at the 5%
level, but"
PRI NT #2, "gain adjustnments are not indicated. Review calibration results
careful ly."

PRI NT #2, "If anything is suspect, repeat the calibration, taking care to
ensure that"

PRI NT #2, "geophone bases are clean and properly seated, and the stand is
kept vertical"
PRI NT #2, "wi th noderate downward pressure.”
CASE ELSE
END SELECT
END I F
Thkhkkkkkkhkkhkkhkkhkkhkhkhkhkhkkkkk Cochran test resul ts kkkkkkhkkhkkhkhkhkkhkhkhkhkhhhhdkxk k%
| F Probl enExi st % THEN
PRI NT #2, "* Results of Cochran Test on Significance of Variance Between Geophones"

PRI NT #2, ""
PRI NT #2, " The variance for Sensor No."; BigDef!; " is significantly larger than"
PRINT #2, " the other sensors. This could be a result of incorrect seating of the"
PRI NT #2, " sensor in the stand OR an indication that this sensor is bad and needs"
PRINT #2, " to be replaced. Please confirmwith additional tests."

END | F

PRINT #2, CHR$(12)

TokkkkkkkkkRRRXKK KKK KRR X KKKk kk* Dgt g Repl ay khkkkhhkkhhkhhhkhhhhhhkhhdhhkkhkkkk
N LR R R R R Rk Page 3 BRI S R R

PRI NT #2, SPC(23); "Relative Calibration - I nput Data"

PRI NT #2, "FWD SN "; FWDSN$; SPC(34); "Calibration Date: "; MX$

PRI NT #2, "Data File Name: "; File$ + Ext$, SPC(32); "Data Set "; SC% " of "; SetCount%
PRI NT #2, "Qperator: "; Operator$

PRI NT #2, ""

PRI NT #2, "Set Drop Load Def | ecti ons"

toc$ =" Df# "

PRI NT #2, " # # I bf ";

FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USING tO0c$; 1%

NEXT | %

PRI NT #2, ""

PRI NT #2, "--- ---- ------ "

FOR 1% = 1 TO NunDeflectors%
PRI NT #2, " ------ "

NEXT | %

PRI NT #2, ""

t0a$ = " # #OHH, H#HR "

IF outDef! (1, 1) > 50 THEN
t0b$s = " ####. #"

ELSE
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tOb$ = " ##. ##"
END | F
Linb=1
Set% =1
FOR W6 = 1 TO NunBet ups% * NunReps%
drop% = (Wo- (Set%- 1) * 5)
PRI NT #2, USING t0a$%$; Set% drop% LoadData! (W4 ;
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USING t0b$; QutDef! (Wo 19%:;
NEXT | %
PRI NT #2, ""
IF Wo MOD 5 = 0 THEN
Set% = Set% + 1
PRI NT #2, ""
END | F
NEXT W
PRI NT #2, ""
PRI NT #2, CHR$(12)

T okkkkhkkkhhhkhhkhhhkhhkhkhkkhk*x Sumry StatiStiCs *** %% kkkkkkkkkkdhkkkkkhkhkkhkkk
Tokkkhkhkkhkhhhkhhkhkhhhkhhhhhhkhhkhkhhk ok *k Page 4 KEKKKKKKKK KKK KKK KKK KA KK KK H AKX KK * K,

PRI NT #2, SPC(24); "Relative Calibration - Sunmary Statistics"

PRI NT #2, "FWD SN "; FWDSN$; SPC(34); "Calibration Date: "; MXY$

PRI NT #2, "Data File Name: "; File$ + Ext$, SPC(32); "Data Set "; SC% " of "; SetCount%
PRI NT #2, "Operator: "; Operator$

PRI NT #2, ""

tlc$ = " Df# "

PRI NT #2, " Load ";

FOR 1% = 1 TO NumDeflectors%
PRI NT #2, USING tlc$; | %
NEXT | %
PRI NT #2, " Df1-"; QPTrin®(STRS(NunDefl ectors%)
PRI NT #2, "  —----- "
FOR 1% = 1 TO NunmDeflectors% + 1
PRI NT #2, " ------ "
NEXT | %
PRI NT #2, ""
tla$ "\ \  ##, B
t 1d$ "\ \  #H.HE "
FOR N% = 1 TO NumSet ups%
Avg$(NY = "Set" + STRE(N® + " Av"
PRI NT #2, USING t1a$; Avg$(N%; MeanLoad! (N%;
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USI NG t 0b$; MeanBySet! (1% N%;
NEXT | %
PRI NT #2, USING t0b$; MeanSet #( N%
NEXT N%
PRI NT #2, ""
PRI NT #2, ""
PRI NT #2, " Overal |l Statistics"
PRI NT #2, ""
PRI NT #2, " Load “;
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USING tlc$; | %
NEXT | %
PRI NT #2, " Df1-"; QPTrin®(STR$(NunDefl ectors¥%)
PRI NT #2, " ------ "
FOR 1% =1 TO NunDeflectors% + 1
PRI NT #2, " ------ "
NEXT | %
PRI NT #2, ""
PRI NT #2, USING t1a$; "Average"; MeanAll Load!;
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USING t0b$; MeanDef #(19% ;
NEXT | %
PRI NT #2, USI NG t Ob$; MeanAl | Def #
PRI NT #2, USING t1la$; "Std Dev"; StdDevAllLoad!
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USING tO0b$; StdDevDef! (1% ;
NEXT | %
PRI NT #2, USI NG tOb$; StdDevAl | Def!
PRI NT #2, USING t1d$; "COV, %; CVAlIl Load!;
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USING tOb$; CvDef! (1% ;
NEXT | %
PRI NT #2, USI NG t 0b$; CVAI | Def!
PRI NT #2, ""
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PRI NT #2,
PRI NT #2, " Position in Stand"
t5a$ = " # "
PRI NT #2, SPC(11);
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USING t5a$; | %
NEXT | %
PRI NT #2, ""
PRI NT #2, SPC(11);
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, " ------ "
NEXT | %
PRI NT #2,
t5b$ = "\ \
PRI NT #2, USING t5b$; "Avg Df ";
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USI NG t 0b$; MeanPos#(1 % ;
NEXT | %
PRI NT #2,
PRI NT #2, USING t5b$; "Std Dev";
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USI NG t0b$; StdDevPos! (1% ;
NEXT | %
PRI NT #2,
PRI NT #2, USING t5b$; "COV, %";
FOR 1% = 1 TO NunDeflectors%
PRI NT #2, USI NG t0b$; CVPos! (1% ;
NEXT | %
PRI NT #2,
PRI NT #2, ""
PRI NT #2, CHR$(12);
END SUB

SUB ProcessED25 STATIC
"Modified by HZ on 12/ 14/ 2000 per TT to provide correct Galph! if Ed25 data used

Engl i sh% = Fal se%
Set Count % = 0
Li neCounter& = 0
NurmDef | ectors% = 0
DropCount % = 0
DO WHI LE NOT EOF(1)
Li neCounter& = LineCounter& + 1
I NPUT #1, LineNun
SELECT CASE Li neNuntb
CASE 5001
I NPUT #1, Edition!
I NPUT #1, NumHeader s%
I NPUT #1, NumHeader Lines%
I NPUT #1, NunttationlDLi nes%
I NPUT #1, NunLi nesPerDrop%
I NPUT #1, ProgConment$
CASE 5002
I NPUT #1, Durmmy$
I NPUT #1, FWDSN$
I NPUT #1, ProcSN$
CASE 5003, 5010, 5200, 5020 TO 5024 "ignore remainder of line
LI NE | NPUT #1, Dummy$
CASE 5031, 5032, 5041 TO 5044 "ignore remainder of |ine
LI NE | NPUT #1, Dummy$
CASE 5011
I NPUT #1, Dunmy%
I NPUT #1, Dunmmy%
I NPUT #1, Year %
Year$ = QPTri n( STR$(Year %)
I NPUT #1, Mont h%
Mont h$ = QPTri ns( STR$( Mont h%g )
I F Month% < 10 THEN Mnth$ = "0" + Mont h$
I NPUT #1, Day%
Day$ = QPTri n( STR$(Day%))
| F Day% < 10 THEN Day$ = "0" + Day$
MDY$ = Month$ + "-" + Day$ + "-" + Year$
LI NE | NPUT #1, Dummy$ "ignore remainder
CASE 5201 TO 5218
I NPUT #1, Sensor SN$
| F QPTrin®(Sensor SN$) <> "NA" THEN
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I NPUT #1, Defl Type% "not currently used
I NPUT #1, Rel Gai n#(LineNun®s - 5200)
I NPUT #1, AbsGai n# 'not currently used
ELSE
LI NE | NPUT #1, Dummy$
I'F Li neNunfb = 5218 THEN "after last deflector, set
constants
NunSensor s% = NunDef lect or s%
NunPosi ti ons% = NunDef | ect or s%
NunSet ups% = NunDef | ect or s%
I'F NunDefl ectors% = 7 THEN
CritFLPos! = 2.14 '7 sensor, 5 %
CritFLSet! = 2.14
CritFLSens! = 2.14
Gal ph! = .2326 "Added by HZ on 12/14/2000
per TT
ELSEI F NunDef | ectors%= 9 THEN
CritFLPos! = 1.96 '9 sensor, 5 %
CritFLSet! = 1.96
CritFLSens! = 1.96
Gal ph! = .1792 "Added by HZ on 12/14/2000
per TT
ELSE
CALL BadFile
END | F
END | F
END | F
CASE 5029
I NPUT #1, NunSeq&
I NPUT #1, NunDr opsé&
I NPUT #1, NumTot al Seg&
I NPUT #1, Total NunDr ops&
CASE 5030 ' operator
I NPUT #1, Operator$
Operator$ = QPTri n( per at or $)
CASE 1 TO 99 ' peak defl ection records
Dr opCount % = DropCount % + 1
I NPUT #1, MeasLoad! (Set Count % DropCount %
FOR 1% = 1 TO NunDeflect ors%
I NPUT #1, Deflections! (1% SetCount% DropCount%
NEXT | %
CASE 1000 TO 2500 "history records
CASE 5280, 5281 'GPS info
LI NE | NPUT #1, Dummy$
CASE 5301 '1st station line
| F Li neCounteré& < 40 THEN
LI NE | NPUT #1, Dummy$ 'skip rensi nder, in header
ELSE
| F DropCount % <> 0 AND DropCount % <> NunDef | ect ors% * NunReps% THEN
CALL BadFile
Set Count % = Set Count %+ 1
DropCount % = 0
LI NE | NPUT #1, Dummy$ 'skip rensi nder, in header
END | F
CASE 5302 '2nd station line
I F Li neCounter& < 40 THEN
LI NE | NPUT #1, Dummy$ "skip rens nder, in header
ELSE
LI NE | NPUT #1, Dummy$ 'skip remai nder, in header
END | F
CASE 5303 "3rd station line
I F Li neCounter& < 40 THEN
LI NE | NPUT #1, Dummy$ "skip remai nder, in header
ELSE
LI NE | NPUT #1, Dummy$ "skip remai nder, in header
END | F
CASE 5185 'sensor history bl ock header
LI NE | NPUT #1, Dummy$
CASE ELSE
"unexpected line found (custom zed?)
LI NE | NPUT #1, Dummy$
END SELECT
LOoP
END SUB
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Seri al NumPq Li neNun®6 - 5200) = VAL( Sensor SNb)
NunDef | ect ors% = NunDefl ectors% + 1
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SUB Quit STATIC
CLOSE
COLOrR 7, 0, O
CLS
PRI NT : PRI NT
IF File$ <> "" THEN
PRI NT " Qutput results are containedin file: "; FPath$ + File$ + OExt$
END | F
PRI NT
END
END SUB

SUB ReadNextLi ne (DataType% LineLength% STATIC
STATI C O dDat aType%
I F NOT EOF(1) THEN
LI NE | NPUT #1, LineData$
Dat aType$ = LEFT$(Li neData$, 1)
Dat aType% = | NSTR(" SB E*- 1234567890", DataType$)
O dDat aType% = Dat aType%
Li neCounter& = LineCounter& + 1
| F Dat aType% = 4 THEN
| F UCASE$(LEFT$(Li netata$, 3)) = "EOF" THEN
Dat aType% = -1
END | F
END | F
ELSE
Dat aType% = -1 "end of file occurred
END | F
END SUB

SUB ReadPeaks
Set Count % = Set Count %+ 1
FOR K% = 1 TO | ni t NunPeaks%
CALL ReadNext Li ne(DataType% Li neLengt h%
SELECT CASE Dat aType%

CASE -1 "end of file encountered
EXIT FOR

CASE 0, 4 "unknown data in |ine #xxxx
EXIT FOR

CASE 1
CALL ReadPeaks
EXIT SUB

CASE 2 "start of history block
EXIT SUB

CASE 3 'found a comment
EXIT FOR

CASE 5 ' found subsection id
EXIT FOR

CASE ELSE "nornmal processing

I'F NOT English% THEN
MeasLoad! (Set Count % K% = VAL(M D$(LineData$, 1, 4))
FOR 1% = 1 TO NunSensor s%
Positn% = 1%* 4 + 1
Defl ections! (1% Set@unt% K% = VAL(M D$(Li neDat a$,
Positn% 4))

NEXT | %
ELSE
MeasLoad! ( Set Count % K% = VAL(M D$(Li neDat a$, 34, 5))
FOR 1% = 1 TO Nunensor s%
Positn% = 1%* 6 + 33
Defl ections! (1% Set@unt% K% = VAL(M D$(Li neDat a$,
Positn% 6))
NEXT | %
END | F
END SELECT
NEXT K%
END SUB
SUB Repl aceSensor STATIC
"I F RepSens% < 1 OR RepSens% > 7 THEN ' Remar ked HZ on 1/4/2001
| F RepSens% < 1 OR RepSens% > NunmBSensors% THEN ' Changed to Nunber of sensors by HZ on 1/4/01
EXIT SUB
END | F

MeanRepDef# = (Sumlotal # - Ti #(RepSens%) / ((NunBSensors% - 1) * NunSensors% * NunmReps%
FOR S% = 1 TO NunSensor s%

MeansRat #( SC% S% = MeanRepDef# / MeanDef#(S%

NewGai n#(SC% S% = MansRat#(SC% S% * Rel Gai n#(S%
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NEXT S%
IF ABS(1 - MeansRat #(SC% RepSens%) > .003 THEN
repml$ = "* Means Ratio for REPLACED Sensor
the tol erance range."

No." + STR$(Serial Nun¥{ RepSens®) + "
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i s outside

repnm2$ = "* New Rel ative Gain for REPLACED Sensor No." + STR$(Serial Numg{ RepSens%) + " is "
ELSE
repml$ = "* Means Ratio for REPLACED Sensor No." + STR$(Serial Nuin?4 RepSens%) + " is within
the tol erance range."
repn2$ = "* New Rel ative Gain for REPLACED Sensor No." + STR$(Serial NunPq{ RepSens%) + " is "
END I F
END SUB
SUB Sel ect Anal ysi s STATIC
CLS
I F Set Count% > 1 THEN
Choice% = 3
ELSE
Choice% =1
END | F
DO
REDI M | t ens( 4)
Title$ =" Select Anaysis Type "
Iten$(1l) = "Standard Analysis "
Iten$(2) = "Replace a Geophone "
Iten$(3) = "Reference-Relative Calibration (3 data sets in file)"
ItenB(4) = "Quit Program "
CALL BarMenu(Title$, Iten(), Choice% O0)
SELECT CASE Choi ce%
CASE 1
Anal ysis$ = "S"
EXIT DO
CASE 2
Anal ysis$ = "G
EXIT DO
CASE 3
Anal ysis$ = "R’
EXIT DO
CASE 4
SCREEN 0: W DTH 80, 25: CLS
CLOSE
CALL Nor mal Col or
PRI NT
PRINT "Programterm nated by the user"
END
CASE ELSE
REDI M PUText $( 1)
PUText $(1) = "Pl ease Sel ect an Opti on"
CALL PopupError
END SELECT
LOoP
END SUB

SUB Start Anal ysis STATIC

"I F I nitNunmPeaks% = 0 THEN I ni t NunPeaks% = NunDef | ect or s%
1/ 3/ 2001

REDI M Def Dat a! ( MaxSensor s%
1/ 3/ 2001

REDI M Qut Def ! (MaxSensor s% * MaxReps%
1/ 3/ 2001

I ni t NumPeaks% = NunDef | ect or s% *

FOR Sets% = 1 TO Set @unt %

StringSpace& = FRE("")

MaxPosi ti ons% MaxSet ups%
MaxSensor s%

NunReps %

SCREEN 0: WDTH 80, 25: CLS : CALL Nor mal @l or
SELECT CASE Anal ysi s$
CASE "S"
anat1$ = "Standard rel ative calibration
anat2$ = "on data set " + STR$(Sets® + "
CASE "G
anat 1$ = "Repl acenent geophone rel ative
per for med"
anat2$ = "on data set " + STR$(Sets¥% +
CASE "R
anat1$ = "Rel ative caibration analysis
bei ng"
anat2$ = "perforned on data set
File$ + Ext$
END SELECT
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* NunReps%

MaxReps%

+ STR$(Sets% + "

' Remar ked by HZ on
' Added by HZ on
' Added by HZ on

anal ysis i s being perfornmed"
infile" + FPath$ + File$ + Ext$

calibration analysis is being
"infile" + FPath$ + File$ + Ext$
as part of Reference calibration is

infile" + FPath$ +
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LOCATE 12, 40 - LEN(anat1$) / 2: PRINT anatl1$
LOCATE 13, 40 - LEN(anat2$) / 2: PRINT anat2$
SLEEP 3
SC% = Sets%
Setup% = 1: RCount% = 0
CALL AssignPosition(Setup% Posit%))
FOR Mo = 1 TO I nit NunPeaks%
RCount % = RCount % + 1
FOR 1% = 1 TO NunSensor s%
J% = Posit% 1%
DefDatal (1% J% Setup% RCount% = Deflections! (1% Sets% MA
QutDef! (M4 1% = Deflections! (1% Sets% M4
NEXT | %
LoadDat a! (M4 = MeaslLoad! (Sets% M4
| F RCount % MOD NunReps% = 0 THEN
RCount % = 0
Setup% = Setup% + 1
CALL AssignPosition(Setup% Posit%))
END | F
NEXT M
CALL LatinSqDesign
I F Anal ysis$ = "G' AND RepSens% > 0 THEN
CALL Repl aceSensor
END | F

CALL Cochran ' Added by HZ on 1/3/2001

CALL CQutput ToFile
I F Analysis$ <> "R' THEN
CALL Fil eToScreen
END | F
NEXT Set s%
END SUB
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APPENDIX C

Latin Square Analysis of Variance (ANOVA)
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Latin Square ANOVA

The Latin Square experi ment design layout for the relative cdibration test isshownin Table 1. In
this design, the sensor number S, represents the treastment for each combination of drop set and
stand position. Drop set represents the 5 drop sequence used to test each combination of sensor
and stand position. For purposes of classification, within each cell in the experiment design the
measured deflections are designated as g, , where i represents the sensor number, j represents
the position in the stand, 4 represents the drop set, and / represents the repeat drops in each drop
set. An equivalent and more convenient designation for the deflection valuesis g, , where the
subscripts are the same as above. This is because position in the stand is dependent on sensor
number and drop set. All combinations of i, j, k, and / do not exist in the dataset.

Table 1. 9x9 Latin square design for relative calibration analysis.

Position Drop Set
in Stand
1({2|3|4|5|6|7|8|09
1 S|S|S|S|S|S|S|S|S
1 9 8 Z 6 5 4 3
2 S|S|S|S|[S|S|S|S|S
2 1 9 6 5 6 4 4
3 S|S|S|S|[S|S|[S|S|S
3 2 1 9 8 5 6 5
4 S|S|S|S|S|S|S|S|S
4 3 2 1 9 8 6 6
5 S|S|S|S|S|S|S|S]|S
5 4 3 2 1 9 8 7
6 S|S|S|S|S|S|S|S]|S
6 5 4 3 2 1 9 8
7 S| S|S|S|S|S|S|S|S
7 6 5 4 3 2 1 9
8 S|S|S|S|S|S|S|S|S
8 7 6 5 4 3 3 1
9 S| S|S|S|S|S|S|S|S
9 8 7 6 5 4 4 4

The response modd for the relative L atin squareexperiment Design is:

Siig= mt oG+ Fet nt+ s @)
where,
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d i = Observed deflection response for sensor i, in position /, for drop set
k, and repeat drop number /.

a, = Effect of stand position ;.

b, = Effect of drop s4 k.

ty = Effect of sensor i.

€k = random error.

The following redriction are imposed on the effeds as follows:

ManFre ManSers  MenSas
Y= Y fr= 2 =0 ®)
i=1 k=1 i=1

where,

NumPos = Number of positionsin the stand.
Thed;;,, are assumed to have anormal distribution with means
pak = gt ot it w )

and with a common variance s*.

The following three hypothesis are tested with the Latin Square ANOVA:

1. HIO: a1:a2:"':aNumPOS:O

H';:  Atleast onea, isnot equal to zero, i.e. position is significant.
2. H”O: b]_:bz:"':bNumSet:O

H";: Atleast oneb, isnot equal to zero, i.e. set is significant.
3. H": 1=t = - = tuumsens = 0

H': Atleast onet, isnot equal to zero, i.e. sensor is significant.

The sum of sguares identity can be written as:

S5T = S8p+ S5 + S8s+ S5E (10)
where,
SST = Total sum of squares
SSp = Position sum of squares
MY Drop Set sum of squares
SSs = Sensor sum of squares
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SSE = Error sum of squares

Since the position subscript j is dependent upon the sensor number subscript i and drop set
subscript 4, it is convenient to show the computing formulas for the sum of squares using the
following notation:

T... Sum of all deflections for sensor i.
T, Sum of all deflections for position;.
T.. = Sum of all deflections for drop set &.
T.. Sum of all deflection measurements.

The computationa formulas for the sum of squares can be written as follows.

N e s Wi Sets Nuw Rey 5 Z TE
88T = O — 11
Z ;Z."l E O (MonPos x MenSets ¥ MonReps) an
AonSers
T2
Zl - Tau a2)
55 = d -
(MNumPos x NumReps) (MNumPos x MNumbSets x NumFeps)
IimSets
2
i 2 T .. 13)
 (MumSets x MumBReps)  ( MumiPos x MuwSeis x MonReps)
Dumsen s
2
o 2T .. (14)
"= { MummSens v MunReps)  (MumFPosx MenbSets x MunReps)
SSE = 55T - S5p- S8 - 55k (15)
The mean squareerror estimatesare computed as follows.
Y
S Ssiiom = 16
FPosition (NMWPGS— 1} ( )
SE, = S5 17
® (NwmSets - 1) a7
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o . SE
e T NanSens - 1)

, SSE

- [(Nesn Reps x NimPos x NisnSets) - 3(NwnmPos) + 2]

The computed F' values are

2 2 2
I3 _ S Fasifiom " _ S.E’e! _ S.E’emw
Fasiiom — Sﬂ L= 32 Sensor T Sﬂ

(18)

19)

(20)

For the LTPP relative calibration test with nine sensors (Dyna25), each main effect being tested
has 8 degrees of freedom, the error term has 380 degrees of freedom, and the critical F statistic at

the 5% confidence level is 1.96.

For the LTPP relative calibration test with seven sensors (Version 10/20), each main effect being
tested has 6 degrees of freedom, the error term has 226 degrees of freedom, and the aritical F

statistic at the 5% confidence level is 2.14.

The computed F' values are compared to the criticd F statistic. If acomputed F value is less than
the critical F statistic, then the corresponding H,, hypothesisis accepted and the effect is judged

not to be statistically significant at the 5% level. If the computed F valueis greater than the

critical F statistic, then the corresponding H,, hypothesisis rejected and the effect isindicated as

being statistically significant.
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APPENDIX D

Version 10/20 Figures
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Line File Contents
No.

Column
11111111112222222222333333333344444444445555555555566666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 R80 73 910814RCAL42B 36F10

2 700031018002-05876173. 1803111 6

3 150 0 203 305 457 610 914 1524 5.9 0 8 12 18 24 36 60

4 C: \ FWD\ DATA\ . FWD

5

6 S 0 30 29 38 86 84 Heights ............................
7 S 0 30 29 74 86 84 Heights ................. ... ... .....
8 796 1934273037300 0

9 18 15 4 5 2 15 2 8

10 Ld 110 1 89.9

11 D1 801 1.015 1.059

12 D2 802 1.011 1.093

13 D3 803 1.013 1.066

14 D4 804 1.014 1.045

15 D5 805 1.011 1.126

16 D6 808 1.009 1.079

17 D7 807 1.01 1.059

18 DO 810 1.015 1.130

19 DO 809 1.008 1.089

20 DO 3015 1.025 1.026

21 DOUGLAS J. MARSHALL

24 *

25

26

27 *

28 |

29 16388 - 4839 0o ... 32 0 ......

30 123P45678P90123P45678P90123P45678P90123P45678S. . . ... ... ... ...
31 BBBP22222P22222P22222P22222P22222P22222P22222S1111111111111111114444444444444444

33 khkhkkk *khkkhkkhkk *hkkkk khkkhkkdk* *Ahkkkk *hkhkhkk *Khxkkkhkk FrAAA XA dkdkdkdhdhhrhkhdkhkdkdkdhhrrxxhkhhxdhxx*x*x
Ba |
B | e
36 RELATI VE CALIBRATION............

37 *

Figure D1. Example of Version 10 FWD header block (Version 20 similar)
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File Contents

11111111112222222222333333333344444444445555555555566666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

Column

S
540
544
546
544
545
536
544
544
543
542
534
544
543
543
542
535
542
542
541
541
535
543
541
542
543
535
542
542
542
542
535
540
540
542
540

656
661
663
657
657
644
658
656
660
660
648
662
659
655
656
647
658
657
658
661
643
651
648
652
651
647
660
657
660
660
650
657
657
658
657

0
659
665
665
660
659
644
659
654
660
660
648
660
657
653
655
645
656
656
657
660
643
653
646
652
652
646
659
655
659
659
643
650
650
651
650

660
666
667
662
661
648
661
658
662
663
651
665
661
657
659
649
660
661
662
664
645
654
650
654
653
644
657
653
655
655
650
658
657
658
657

30 29 161356
659 660 663 664
665 667 668 671
668 669 671 672
660 663 664 665
660 661 664 665
647 647 648 644
659 661 662 657
657 658 660 654
661 663 664 658
662 664 665 659
651 650 645 649
665 663 658 663
662 659 655 660
656 656 651 655
658 657 653 657
651 642 647 649
661 652 658 659
660 651 656 659
661 652 658 660
664 656 661 663
643 642 642 645
651 651 651 655
647 644 647 648
652 647 651 652
651 650 650 652
646 648 647 649
657 659 660 661
655 656 656 659
657 658 660 661
658 659 660 662
650 648 650 652
656 655 658 660
656 655 658 660
657 656 659 660
656 655 658 659

86
8576
8648
8680
8640
8656
8512
8640
8640
8632
8616
8496
8640
8632
8624
8616
8504
8616
8616
8592
8600
8504
8624
8600
8616
8632
8496
8616
8616
8608
8616
8504
8576
8592
8608
8584

84 Heights
25.
26.
26
25
25.
25.
25
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.

25.
26.
26

25

25.
25.
25.
25.
25.
25.
25.
26.
25.
25.
25.
25.
25.
25.
25.
26.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.

81
03
11
86
86
35
90
81
98
98
52
07
94
77
81
48
90
86
90
03
31
64
52
69
64
48
98
86
98
98
60
86
86
90
86

93
19
19
97
93
36
93
75
97
97
49
97
89
71
80
41
84
84
89
97
32
71
45
67
67
45
93
80
93
93
32
58
58
62
58

Figure D2. Excerpt from a Version 10 FWD relative calibration
data block (Version 20 same).
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SHRP FWD Rel ative Calibration - Analysis of Variance - Means and Gains Table

FWD SN: 8002- 058 Cal i bration Date: 08-14-1991

Data File Nanme: RCAL42B. FVWD Data Set 1 of 1

Operator: DOUGLAS J. MARSHALL

Sensor Exi sting Means New Qut of Limt
Sensor # S/'N Gai n Factor Rati o Rel ative Gain Tolerance 2% Range

1 801 1.015 1.0010 1.016 NO NO
2 802 1.011 1.0028 1.014 NO NO
3 803 1.013 0. 9986 1.012 NO NO
4 804 1.014 0.9993 1.013 NO NO
5 805 1.011 1.0013 1.012 NO NO
6 808 1. 009 0. 9995 1.008 NO NO
7 807 1.010 0. 9976 1.008 NO NO

Figure D3. Example print of output file for the Gains Table (Version 10/20).

SHRP FWD Rel ative Calibration - Analysis of Variance - Latin Square ANOVA Tabl e

FWD SN: 8002- 058 Cal i bration Date: 08-14-1991
Data File Name: RCAL42B. F\WD Data Set 1 of 1
Operator: DOUGLAS J. MARSHALL
Variation QUm of Degr ees of Mean Conputed Critical
Sour ce Syuar es Freedom Squar e F F
Posi tion 4. 84E- 02 6 8. 06E- 03 0.22 2.14
Set 5. 62E+00 6 9. 36E-01 25. 00 2.14
Sensor 4. 45E- 01 6 7.41E-02 1.98 2.14
Error 8. 46E+00 226 3. 74E- 02
TOTAL 1. 46E+01 244
No gain adjustnents are indicated, but drop set is statistically significant
at the 5%l evel. This can be due to warnming of the buffers or consolidation
of pavenent materials during the test. Review the data carefully. |If anything

appears suspect, repeat the calibration after conditioning the FWD buffers
with 50+ drops fromheight 3. |If the deflections fromthe last 10 drops vary
more than 1 mil (25.4 microns), repeat the calibration at a newlocation.

Figure D4. Example print of output file of the ANOVA Table (Version 10/20).
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Rel ative Calibration - Input Data

FWD SN: 8002- 058 Calibration Date: 08-14-1991
Data File Nane: RCAL42B. FWD Data Set 1 of 1
Operator: DOUGLAS J. MARSHALL
Set Drop Load Def | ecti ons

# # | bf Df1l Df 2 Df 3 Df 4 Df 5 Df 6 Df 7

1 1 8,576 25.81 25.93 25.98 25.95 25.99 26.10 26.15

1 2 8, 648 26.03 26.19 26.23 26.20 26.26 26.32 26.40

1 3 8, 680 26.11 26.19 26.27 26.28 26.35 26.40 26.44

1 4 8, 640 25.86 25.97 26.06 25.99 26.08 26.15 26.19

1 5 8, 656 25.86 25.93 26.02 25.99 26.04 26.15 26.19

2 1 8,512 25.35 25.36 25.51 25.49 25.46 25.50 25.35
2 2 8, 640 25.90 25.93 26.02 25.95 26.04 26.06 25.86
2 3 8, 640 25.81 25.75 25.89 25.86 25.90 25.97 25.73
2 4 8, 632 25.98 25.97 26.06 26.03 26.08 26.15 25.90
2 5 8,616 25.98 25.97 26.10 26.07 26.13 26.19 25.94
3 1 8, 496 25.52 25.49 25.64 25.61 25.59 25.37 25.56
3 2 8, 640 26.07 25.97 26.19 26.20 26.08 25.89 26.11
3 3 8, 632 25.94 25.89 26.02 26.07 25.95 25.80 25.98
3 4 8,624 25.77 25.71 25.85 25.82 25.82 25.63 25.77
3 5 8,616 25.81 25.80 25.93 25.91 25.86 25.72 25.86
4 1 8,504 25.48 25.41 25.55 25.61 25.28 25.46 25.56
4 2 8,616 25.90 25.84 25.98 26.03 25.68 25.89 25.94
4 3 8,616 25.86 25.84 26.02 25.99 25.64 25.85 25.94
4 4 8,592 25.90 25.89 26.06 26.03 25.68 25.89 25.98
4 5 8, 600 26.03 25.97 26.15 26.16 25.82 26.02 26.11
5 1 8, 504 25.31 25.32 25.38 25.32 25.28 25.29 25.39
5 2 8,624 25.64 25.71 25.76 25.61 25.64 25.63 25.77
5 3 8, 600 25.52 25.45 25.59 25.49 25.37 25.46 25.52
5 4 8,616 25.69 25.67 25.76 25.66 25.46 25.63 25.69
5 5 8, 632 25.64 25.67 25.72 25.61 25.59 25.59 25.69
6 1 8, 496 25.48 25.45 25.34 25.45 25.50 25.46 25.56
6 2 8,616 25.98 25.93 25.85 25.86 25.95 25.97 26.02
6 3 8,616 25.86 25.80 25.72 25.78 25.82 25.85 25.94
6 4 8, 608 25.98 25.93 25.81 25.86 25.90 25.97 26.02
6 5 8,616 25.98 25.93 25.81 25.91 25.95 25.97 26.07
7 1 8,504 25.60 25.32 25.59 25.57 25.50 25.59 25.69
7 2 8,576 25.86 25.58 25.89 25.82 25.77 25.89 25.98
7 3 8,592 25.86 25.58 25.85 25.82 25.77 25.89 25.98
7 4 8, 608 25.90 25.62 25.89 25.86 25.82 25.93 25.98
7 5 8,584 25.86 25.58 25.85 25.82 25.77 25.89 25.94

Figure DS. Example print of output file of input file listing (Version 10/20).
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Rel ative Calibration - Summary Statistics

FWD SN: 8002- 058 Calibration Date: 08-14-1991
Data File Name: RCAL42B. F\D Data Set 1 of 1
Operator: DOUGLAS J. MARSHALL
Load Df1 Df 2 Df 3 Df4 Df 5 Df 6 D7 Df1-7
Set 1 Av 8,640 25.93 26.04 26.11 26.08 26.14 26.22 26.27 26.12
Set 2 Av 8,608 25.80 25.80 25.92 25.88 25.92 25.97 25.76 25.86
Set 3 Av 8,602 25.82 25.77 25.93 25.92 25.86 25.68 25.86 25.83
Set 4 Av 8,586 25.83 25.79 25.95 25.96 25.62 25.82 25.91 25.84
Set 5 Av 8,595 25.56 25.56 25.64 25.54 25.47 25.52 25.61 25.56
Set 6 Av 8,590 25.86 25.81 25.71 25.77 25.82 25.84 25.92 25.82
Set 7 Av 8,573 25.82 25.54 25.81 25.78 25.73 25.84 25.91 25.77

Overal |l Statistics

Aver age 8, 599 25.80 25.76 25.87 25.85 25.79 25.84 25.89 25.83
Std Dev 49 0.21 0.24 0.23 0.23 0. 27 0.27 0.25 0.24
Cov, % 0. 57 0.79 0.91 0. 89 0.90 1.03 1.06 0.98 0. 95

Position in Stand

1 2 3 4 5 6 7
Avg Df 25.84 25.82 25.81 25.82 25.84 25.82 25.86
Std Dev 0.24 0.24 0.24 0.24 0.25 0.24 0. 27
COV, % 0.92 0.95 0.94 0.92 0.97 0.94 1.04

Figure D6. Example print of output file of summary statistics (Version 10/20).

Mo,
M.
Mo,

0.
E.
F.
Q.
H.
I.

Menu

Home End

Figure D7. Select Geophone Replaced Screen (Version 10/20).
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Analysis of varia

=

FgOn to A

SHRP _FWD

Operatar:

with Eu+ drops m height 3 If the deflections from the last 10 dr
mare than 1 mil [(25.4 microns), repeat the calibration at a new location.

OoOUGLA

Computed Critical
F

] dur ing “the t y
epeat the calibratio r rnnd1r1un1nu the FWD buffe

FQUp to Gains Table 0 exit resuylts SCreens

Figure D9. ANOVA Table Output Screen (Version 10/20).
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