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Table A. 1 Specifications of Piezoelectric Accelerometer 
(Manufactured by PCB Piezotronics, :nc.) 

Description Units Values 

Model NLimber 308B02 

Range (for :t 5V output) :tg 5 

Resolution 9 0.0005 

Sensitivity mv/g I 1000 

Resonant Frequency (MTD) kHz 25 

Frequency Range (:t 5%) Hz 2.5-3000 

Frequency Range (:t 10%) Hz 1 .. 5-5000 

Vibration :tgpeak 100 

Shock (max) 9 200 

Transverse Sensitivity percent s;5 

.... 

_. 

-

-



Table A.2 Specifications of LVDT (Manufactured 
by Schaevitz Engineering) 

Description Units 

Model 

Input Power Supply Volts 

Output Volts 

Output Load Ohms 

AC Ripple mV 

Core length in. 

Core Diameter in. 

3 

Values 

125 HPD 

±15 

±10 

.5 MEG 

< 25 

1.10 

.188 



Table A.3 Specifications of Proximeter Probe 
(Manufactured by Bently Nevada, Inc.) 

Description Units 

Model 

Values 

7200 

Frequency Range Hz DC to 10,000 

Resolution in. 50 

Calibrated Range mils SO 

Scale Factor mV/mils 200 

Unearity mils O.S" 

Output Impedance Ohms 2,500 

Target Material AISI4140 

. Within 200 mv/mil straight line if calibrated as a system 

... 



Table A.4 Specifications of Laser Optocator (Manufactured 
by Selective Electronic Group) 

Description Units Values 

Model 2201 

Measurement Range in. :to.31 

Ught Source IR Laser Diode 

Wavelength in. 3.425*10-5 

Pulse Frequency . kHz 32 

Stand·off distance in . 3.74 

• 

5 
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Table A.5 Specifications of Geophone (Manufactured 
by Mark Products, Inc.) 

Description Units 

Model L15B 

Natural Frequency Hz 4.5 

Shunt Resistance kOhms 6.65 

Coil Resistance Ohms 380 

Transduction Constant for open 
Volts/in/ Sec .916 circuit 

Geophone Transduction 
Volts/in/ Sec .867 Constant 

Frequency Tolerance Hz :!:.5 
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Table A.6 Specifications of Piezoelectric Load Cell 
(Manufactured by PCB Piezotronics. Inc.) 

Description 
I 

Units 

I 
Values 

Model Number 200B20 

Range (Compression) Ib 20000 

Useful OverRange Ib 30000 

Sensitivity mV/lb .25 

Maximum Force Ib 30000 

Resolution Ib 0.40 

Resonant Frequency kHz . 30 

Vibration/Shock G's peak 2000/50000 

Shock (max) g 200 

Stiffness Ib/ in 100 

7 

I 
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Table A. 7 Specifications of Recording Device 
(Manufactured by Hewlett Packard, Inc.) 

Description Units Values 

Model Number 3562A 

Measurement Range Hz 64 to 100k 

No. of Channels 2 

Accuracy percent ±0.004 

Source Output Impedance Ohms 50 nominal 

Source Output Level Vpk ±10 

Input Impedance MOhms 1±5% 

Input Coupling ac or dc 



Table A.8 

Description 

Model Number 

Specifications of Wavetek Arbitrary Waveform 
Generator (Manufactured by Wavetek, Inc.) 

Units Values 

75 

DC,Square,Triangle, 

Standard Waveforms Sine,Cosine,lnverse 
Sine, Haversine, up-
ramp,down-ramp 

9 

Waveform Resolution 2048 points horizontal* 
4095 points vertical 

Sample Rate Range Hz .02 to 4*1ct 

Frequency Resolution Digits 4 

Output Amplitude Range Volts to.005 to 5 

Output Signal Resolution digits 3 
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Table A.9 Specifications of Multi-Channel Rack Power Unit 
(Manufactured by PCB Piezotronics, Inc.) 

Description Units Values 

Model 483B05 

Voltage Gain 1: 1 

Frequency Response,:!:5% Hz .25 to 200K 

No. of Channels 6 

Noise-Electrical-Wideband V 350 

Coupling Time Constant Sec 2 

-



S No. 

1 

2 

3 

4 

5 

Table A.1 0 Specifications of Power Amplifier 
(Manufactured by MB Dynamics, Inc.) 

Specifications of Exciter Amplifier 

Description Units 

Model 

Frequency Range cps 

Force Vector Ibs. 

Vector Capability in/sec 

Input Impedance Ohms 

11 

2120 MB 

5-10,000 

35 

70 

20,000 
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Table A.11 Specifications of Exciter Used as a Vibration 
Source (Manufactured by MB Dynamics, Inc) 

Description Units Values 

Model PM50A 

Force Output Ib peak's 50 

Displacement (peak to peak) in 0.5 

Acceleration g 78 

Frequency Range Hz 5-10,000 

Rated Drive Coil Current Amperes 8.5 

Drive Coil Resistance Ohms 1.3 

..... 



Table A.12 Specifications of Analog-to-Digital Board 
Used in Experiment 

Description Units Values 

Model DT 2825 

Number of Analog Inputs 16SE,8DI 

Input Ranges Volts ±10 

Output Data Codes Offset Binary 

Gain Range 1,10,100,500 

Maximum Input Voltage 
Volts :!: 35 (Power on) 

Resolution bits 12 

Channel Crosstalk dB -80 at 1 kHz 

AID Conversion Time S 10 

AID Throughput to System ISec 45,000 samples Memory 

Sample and Hold Droop Rate mVlms 0.1 

External Trigger Type Schmitt trigger 

Usable Frequency Range Hz .5 to 250000 

13 



APPENDIX B 

RESPONSE OF ACCELEROMETER 



15 

APPENDIX B 

RESPONSE OF ACCELEROMETER 

The pulse response of piezoelectric transducer can be illustrated through 

an example by considering the displacement input of Figure B.1. The amplitlJde of 

pulse is equal to A and duration of pulse is T. The voltage generated due to 

displacement is assumed to be eo and 1'\ is a proportionality constant. The 

differential equation (Ooebelin. 1983) for displacement input of Figure B.1 can be 

written as: 

(B.1 ) 

where 't is discharge time constant of the piezoelectric element. ~ is the amplitude 

of the pulse. The value of K denotes the sensitivity of the accelerometer and S 

denotes Laplace transform operator. Since ~ = A for O<t<T. the Equation B.1 

becomes 

( 't S + 1 ) 9 0 - 0 (B.2) 

Now at t = cr , the displacement ~ is A, and so the charge suddenly 

increases to 1\ AlC (C is the capacitance of piezoelectric accelerometer). Thus 

our initial condition is 

.... 

. 

.... 
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(8.3) 

Solving equation 8.2 with the initial condition of Equation 8.3 yields: 

KA _1 
8 0 - ~ 8 t O<t<T (8.4) 

Equation 8.4 holds for t ~ T. For T < t < 0l0, the x suddenly drops an 

amount A, causing a sudden decrease in charge of ~ A and a sudden decrease 

in eo of ~A/C from its value at t= T. Thus at t= T, eo is given by 

(8.5) 

8y combining Equation 8.2 and boundary condition (Equation 8.5) the solution is 

then: 

(8.6) 

Shown in Figure B.2 are the graphical depictions of solutions to Equations 8.4 and 

8.6 for three different discharge time constants. Its quite clear that for faithful 

reproduction of ~, large value of 't is desirable. If the decay and ·undershoot" at 

t = T are to be kept within, say,S percent of the true value, t must be at least 20T. 

The piezoelectric accelerometer used in setup has a discharge time constant of 0.2 

Sec, so for accurate measurement pulse duration should not exceed 100 mSec. 
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Figure C.2 First Calibration Curve for the Proximeter Used in This Study 
(Calibrated in February, 1989) 
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Table C.1 Equipments Used for Calibration of LVDT 

Date of Calibration : Feb. 1. 1989 

Initial Reading of Micrometer : 3.25 mm 

EqLlipment Manufactured By Model Serial No. 

LVDT Schaevitz 125 HPD 4745 

Micrometer Mitutoyo L.C . . 01 mm ----

Multimeter Tenmax 72-058 ----

DC Supply ±15 V Tenmax 72-420 8700642 



Table C.2 Comparison of the Measured Output to the Calibrated 
Output for LVDT Used in This Study 

Core Dlsp~acement Measured OUtput Ca11brated OI,ttput Percent 
(mm) (DC volts) (DC volts) Difference 

1 2 3 4 
0.00 10.00 10.02 -0.24 
0.05 9.85 9.86 -0.15 
0.15 9.54 9.54 -0.06 
0.25 9.21 9.22 -0.18 
0.35 8.90 8.90 -0.09 
0.45 8.58 8.58 -0.04 
0.55 8.27 - 8.26 0.00 
0.65 7.95 7.95 -0.01 
0.75 7.63 7.63 -0.02 
0.85 7.32 7.31 0.10 
0.95 7.00 6.99 0.09 
1.05 6.69 6.67 0.23 
1.15 6.37 6.35 0.22 
1.25 6.05 6.03 0.22 
1.35 5.73 5.71 0.21 
1.45 5.41 5.39 0.21 
1.55 5.09 5.07 0.20 
1.65 4.77 4.76 0.30 
1. 75 4.45 4.44 0.19 
1.85 4.13 4.12 0.18 
1.95 3.82 3.80 0.43 
2.05 3.49 3.48 0.15 
2.15 3.17 3.16 0.13 
2.25 2.85 2.84 . 0.11 
2.35 2.53 2.52 0.09 
2.45 2.21 2.20 0.06 
2.55 1.88 1.88 -0.25 
2.65 1.55 1.57 -1.08 
2.75 1.23 1.25 -1.36 
2.85 0.91 0.93 -1.51 
2.95 0.60 0.61 -1.46 
3.05 0.27 0.29 -5.76 

+Percent Difference (col(2)-co1(3)}*100 
* - col(2) 

32 

Calibrated OUtput is Linear CUrve Fit data obtained by the Equation 
Y·10.02-3.19X where X is Core Displacement (mm) and Y is Calibrated 
OUtput (Volts). 
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Table C.3 Equipment Used for Calibration of the ProXlmeter in February, 
1989 

Date of Calibration : February 21,1989 

Initial Reading of Micrometer : 0.32 mm 

Equipment Manufactured By Model Serial No. 

Proximeter 
I 

Bently Nevada 7200-5 mm 4745 

Micrometer Mitutoyo L.C .. 01 mm ----

Multimeter Tenmax 72-058 ----

DC Supply -24 V Hewlett Packard 6220b 7a0503 

-

..... 

-
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Table C.4 Equipment Used For Calibration of the Proximeter in August, 1989 

Date of Calibration 

Initial Reading of Micrometer 

Equipment Manufactured By 

Proximeter Bently Nevada 

Micrometer Mitutoyo 

: A~gust 1, 1989 

: 0.32 mm 

Model 

7200-5 mm 

L.C .. 01 mm 

Multimeter John Fluke Mfg. Co. 8000A 

DC Supply -20 V Hewlett Packard 6237B 

Serial No. 

4745 

----

15535 

----
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Table C.S 

Probe Gap 

(mm) 
1 

0.46 
0.58 
0.68 
0.78 
0.88 
0.98 
1.08 
1.18 
1.28 
1.38 
1.48 
1.58 
1.68 
1. 78 
1.88 
1.98 
2.08 

Comparison of the Measured Output to the Calibrated 
Output for the Proximeter Used in This Study 
(Calibrated Date: February, 1989) 

IMeasured OUtput Calibrated OUtput Percent 
". 

• (Volts) (Volts) Difference 
:2 3 4 

2.81 2.78 0.85 
3.55 3.56 -0.35 
4.32 4.34 -0.67 
5.04 5.13 -1.69 
5.93 5.91 0.31 
6.75 6.69 0.92 
7.54 7.47 0.87 
8.29 8.25 0.42 
9.02 9.03 -0.19 
9.84 9.81 0.22 
10.56 10.59 -0.37 
11.35 11.38 -0.27 
12.13 12.16 -0.26 
12.89 12.94 -0.41 
13.78 13.72 0.40 
14.49 14.50 -0.11 
15.32 15.28 0.21 

+ Percent Difference-{col(2) - col(3)}*100 
". ---COl(2) 

Calibration is valid in the range of probe gaps of .48 mm 
to 2.08 mm. Calibrated OUtput is Linear CUrve Fit data obtained by 
the equation Y--.97+7.81X where X is probe gap (mm) and Y is 
Calibrated Output (Volts). 

-

-
-
-

-
.... 

-



Table C.6 Comparison of the Measured Output to the Calibrated 
Output for the Proximeter Used in This Study 
(Calibrated Date : August. 1989) 

Probe Gap Measured OUtput Callbrat.ed OUtput. Percent. 

(rom) (Volts) (Volts) * Difference 
1 2 3 4 

0.45 3.16 3.09 Z.Z5 
0.50 3.53 3.47 1.53 
0.55 3.90 3.86 0.95 
0.60 4.27 4.25 0.47 
0.65 4.67 4.64 0.71 
0.70 5.02 5~02 -0.07 
0.75 5.42 5.41 0.17 
0.80 5.79 5.80 -0.13 
0.85 6.19 6.18 0.09 
0.90 6.56 6.57 -0.18 
0.95 6.96 6.96 0.02 
1.00 7.33 7.35 -0.21 
1.05 7.70 7.73 -0.42 
1.10 8.08 8.12 -0.49 
1.15 8.47 8.51 -0.43 
1.20 8.86 8.89 -0.38 
1.25 9.24 9.28 -0.44 
1.30 9.63 9.67 -0.39 
1.35 10.01 10.05 -0.44 
1.40 10.40 10.44 -0.40 
1.45 10.79 10.83 -0.35 
1.50 11.19 11.22 -0.23 
1.55 11.58 11.60 -0.19 
1.60 11.94 11.98 -0.41 
1.65 12.34 12.37 -0.29 
1. 70 12.77 12.76 0.05 
1. 75 l3.15 13.15 0.00 
1.80 13.53 l3 .54 -0.05 
1.85 13.95 13.92 0.19 
1.90 14.36 14.31 0.34 
1.95 14.79 14.70 0.62 
2.00 15.20 15.08 0.76 

+ Percent Difference-{col(2) - col(3)}*100 
* col(2) 

Calibration is valid in the range of probe gaps of .48 rom 

36 

to 2.08 mm. Calibrated OUtput is Linear CUrve Fit data obtained by 
the equation Y-.39+7. 74X where X is probe gap (mm) and Y is 
Calibrated OUtput (Volts). 
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Table C.7 Equipment Used For Calibration of Lead cells 

Date of Calibration 

Initial Seating Load 

Equipment 

Load cell 
I 

(Calibration 

System) 

: May 22. 1989 

: 100 Ibs 

Manufactured By Model 

PCB Piezotronics 2020B 

MTS Soil 

MTS Load cell MTS Systems Corporation 
mechanics 

test System 

Wave Generator Wavetek San Dieago, Inc. Model 75 

Dynamic signal 
Hewlett Packard HP 3562A 

Anlyzer 

-

-
-
-
-
-

Serial No. 

-
-1855 

.... --

---- -
-

----



Table C.8 Calibration of Load cell 2 (Calibratior. System) 
Used in the Experiment (without aluminum 
casing) 

MTS Load Cell Load cell Calibrated Difference-
(Ibs) (Calibration System) (Ibs) Output (Ibs) 

490.37 493.60 495.54 

1003.52 1018.00 1014.10 

1514.29 1528.00 1530,25 

2042.55 2050.00 2064.09 

2550.50 2590.00 2577.39 

3078.28 3104.00 3110.73 

3604.65 3638.00 3642.65 

4127.13 4179.00 4170.63 

+ Difference = {Load cell ( Calibration System)- Calibrated 
Output)} *100/ { Load cell (Calibration System)} 

(percent) 

-0.39 

0.38 

-0.15 

-0.69 

0.49 

-0.22 

-0.13 

0.20 

38 



39 

Table C.9 Calibration of Load cell 2 (Calibration System) Used in the 
Experiment (with aluminum casing) 

I 
Load cell Calibrated Difference' MTS Load Cell • 

(percent) (lbs) (Calibration System) (lbs) Output (Ibs) 

467.96 464.90 463.07 0.39 

984.30 970.30 974.02 -0.38 

1497.43 1484.00 1481.79 0.15 

2030.38 2023.00 2009.17 0.68 

2580.35 2541.00 2553.40 -0.49 

3086.58 3061.00 3054.34 0.22 

3608.07 3575.00 3570.39 0.13 

4143.43 4092.00 4100.15 -0.20 

• Difference = {Load cell ( Calibration System)- Calibrated 
Output)}*100/{ Load cell (Calibration System)} 

-

-
-
-

-
-

-
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APPENDIX 0 

0.1 Geophone (Steady-State Motion) 

1) The voltage-output time history of the geophone is captured (called the 

"raw· velocity-time history, hereafter). 

2) 

3) 

The "raw" velocity-time history is Fourier-transformed to obtain the "raw· 

velocity spectrum. 

The "raw· velocity spectrum is divided by the calibration curve, to obtain the 

"actual" velocity spectrum. 

4) The "actual" velocity spectrum is integrated to obtain displacement 

spectrum. 

5) The peak value of the displacement spectrum gives the deflection (peak) 

obtained from the geophone. 

0.2 Accelerometer (Steady-State Motion) 

1) The voltage-output time history of an accelerometer is captured and is 

called "raw" acceleration-time history, hereafter. 

2) The "raw" acceleration-time history is Fourier-transformed to obtain the "raw· 

acceleration spectrum. 

3) The "raw" acceleration spectrum is divided by the calibration curve to obtain 

the "actual" acceleration spectrum. 

4) The "actual- acceleration spectrum is integrated to obtain the "actual" 

-
-
-
-
-
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velocity spectrum. 

5) The "actual" velocity spectrum is integrated to obtain the "actual" 

displacement spectrum. 

6) The peak value from the displacement spectrum curve gives the deflection 

(zero to peak) obtained from the accelerometer. 

0.3 Proximeter, LASER and LVOT (Steady-State Motion) 

1) The vOltage-output time I,istory is captured with the corresponding sensor. 

2) The vOltage-output time history is multiplied by the calibration factor to 

obtain the "actual" displacement-time history. 

3) The displacement time history is Fourier-transformed to obtain the 

displacement spectrum. 

4) The peak value from displacement spectrum gives the deflection (peak) 

obtained from the proximeter. 

0.4 Geophone (Pulse Motion) 

1-4) Same as section 0.1 

5) The displacement spectrum is inverse-Fourier transformed to determine the 

"actual" displacement-time history; and finally, 

6) The difference of minimum and maximum values of displacement-time 

history gives the peak-to-peak deflection. 
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0.5 Accelerometer (Pulse Motion) 

1-5) Same as section 0.2 

6) The "actual" displacement spectrum is inverse-Fourier transformed to 

determine the "actual" displacement-time history; and finally, 

7) The difference of minimum and maximum values of displacement-time 

history gives the peak-to-peak deflection. 

0.6 Proximeter, LASER and LVOT (Pulse Motion) 

1-2) Same as section 0.3 

3) The difference of minimum and maximum values of displacement-time 

history gives the peak-to-peak deflection. 

0.7 EXAMPLE OF GEOPHONE (Steady-State Motion) 

In this example, the raw velocity time history from an experiment with a 

frequency of 10Hz and amplitude of 1.2 Volts is shown in Figure 0.1. The velocity 

spectrum (Step 2) obtained from this geophone record is shown in Figure 0.2. The 

peak value of 1.2 Volts occurs at a frequency of 10 Hz and another peak can be 

seen at a frequency of 20 Hz corresponding to the multiple mode of vibration. The 

"actual" velocity spectrum (step 3) is shown in Figure 0.3. After dividing by the 

calibration curve, the peak value has changed from 1.2 (Volts) to 20 in/Sec. The 

data obtained from step 4 of section 0.1 is shown in Figure 0.4. The deflection 

obtained from geophone is 24.5 mils. 

-
-
-
-
-
-

... ' 

-
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0.8 EXAMPLE OF ACCELEROMETER (Steady-State Motion) 

The captured accelerometer (Step 1) from a motion similar to that of 

previous example is shown in Figure 0.5. The raw acceleration spectrum (Step 2) 

of this record is shown in Figure 0.6. The peak value obtained from the Figure 0.6 

is 260 Mvolts at 10 Hz frequency. Other peaks can be seen in the Figure 0.6 at 20 

Hz and 30 Hz corresponding to the multiple mode of vibration. The "actual" 

acceleration spectrum (Step 3) is shown in Figure 0.7. The peak value has 

changed from 260 Mvolts to 66 in/Sed. After double integration of actual 

acceleration spectrum, the deflection spectrum obtained is shown in Figure D.S. 

The actual deflection obtained is 25.76 mils. 

0.9 EXAMPLE OF PROXIMETER (Steady-State Motion) 

The raw data (Step 1) is shown in Figure 0.9. The frequency of vibration is 

10Hz. When data is multiplied by calibration factor of proximeter, the actual 

displacement-time history as shown in Figure 0.10 is obtained. The data obtained 

from step 3 is shown in Figure 0.11. The deflection obtained from step 4 of section 

0.3 is 25.57 mils. 

0.10 EXAMPLES OF LVDT AND LASER DEVICE (Steady State Motion) 

The process and results are very similar to those of the proximeter. 

Therefore, for each device only the raw data and final are depicted ( See Figures 

0.12 through 0.17) 
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0.11 EXAMPLE OF GEOPHONE (Pulse Motion) 

The data selected for example is obtained by using a half Sine Wave with 

a pulse width of 25 Msec. The raw velocity-time history obtained 'from step 1 is 

shown in Figure 0.18. The velocity spectrum (Step 2) is shown in Figure 0.19. It 

can be seen that, unlike to the Steady-State motion tests, the amplitude is 

distributed over a wide range of frequencies from 0 to about 70 Hz. The actual 

velocity spectrum (Step 3) is shown in Figure 0.20 and the displacement spectrum 

(Step 4) is shown in Figure 0.21. Comparing the frequency content of the actual 

velocity and displacement spectra (Figure 0.20-0.21) one can appreciate the 

shifting of the energy towards lower frequencies. This is the so-called smoothing 

effects of integration. The actual displacement-time history (Step 5) is shown in 

Figure 0.22. The deflection (Step 6) is 25.36 mils. 

0.12 EXAMPLE OF ACCELEROMETER (Pulse Motion) 

The raw acceleration-time history (Step 1) is shown in Figure 0.23. The raw 

acceleration spectrum (Step 2) is shown in Figure 0.24. The main component of 

the acceleration energy occurs at a frequency of about 24 Hz. The actual 

acceleration spectrum (Step 3) is shown in Figure 0.25. The actual velocity 

spectrum obtained from (Step 4) is shown in Figure 0.26. From the actual velocity 

spectrum, main component of energy is shifted to about 20 Hz. The actual 

displacement spectrum (Step 5) is shown in Figure 0.27. The actual displacement­

time history (Step 6) is shown in Figure 0.28. The deflection (Step 7) is 26.27 mils. 
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-0.13 EXAMPLE OF PROXIMETER (Pulse Motion) 

The data from Step 1 is shown in Figl.lre 0.29. This data is multiplied by ... ' 

calibration factor is shown in Figure 0.30. The deflection (Step 3) is 25.70 mils. 

0.14 EXAMPLE OF LVOT (Pulse Motion) 

The data (Step 1) is shown in Figure 0.31. The data multiplied by calibration 

factor is shown in Figure 0.32. The deflection (Step 3) is 25.65 mils. 

0.15 EXAMPLE OF LASER (Pulse Motion) 

The data (Step 1) is shown in Figure 0.33. The data (Step 1) multiplied by 

calibration factor is shown in Figure 0.34. The deflection (Step 3) is 25.24 mils. 

-
-

-
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Table E.1 Testing Sequence Used in Deflection Measurements 
for a Steady-State Motion at a Frequency of 5 Hz 
and a Nominal Deflection of 1 mil 

Date of Experiment: 10.02.89 Diskette No.: 67 
Frequency Used 05 Hz Source Level: 0.020 Volts 

File Device Used Deflection (mil) Differenc; 
No. CnanneTT Channel 2 Channel 1 Channer --z (percent) 

1 Accl Geo 1 T.48 1.5I -1.75 
3 Prox Acc 2 1.53 1.53 -0.13 
5 LVDT Acc 2 1.49 1.51 -1.34 
7 Geo2 Geo 1 1.50 1.50 -0.07 
9 Prox Geo 2 1.53 1.49 2.71 

11 LVDT Acc 1 1.50 1.47 2.33 
13 Prox LVDT 1.53 1.49 2.61 
15 LVDT Acc 1 1.51 1.48 1.99 
17 Acc 1 Geo2 1.50 1.49 0.40 
19 Prox Geo1 1.53 1.51 1.50 
21 Acc 1 Geo1 1.49 1.51 -1.34 
23 LVDT Prox 1.50 1.53 -2.00 
25 Geo 2 Acc 1 1.52 1.51 0.66 
27 Prox Acc 1 1.54 1.49 3.12 
29 Acc 1 Acc 2 1.48 1.52 -2.70 
31 Acc 2 Prox 1.54 1.53 0.46 
33 Prox Geo2 1.54 1.50 2.34 
35 Acc 2 Geo2 1.52 1.51 0.66 
37 Acc 1 Prox 1.50 1.54 -2.40 
39 LVDT Geo 1 1.51 1.52 -0.93 
41 Acc 2 Geo 1 1.56 1.53 1.99 
43 LVDT Acc 2 1.51 1.54 -1.99 
45 Geo2 Geo 1 1.53 1.52 0.33 
47 Acc 2 Geo 2 1.54 1.51 2.21 
49 Acc 1 Acc 2 1.50 1.53 -1. 73 
51 Acc 2 Geo 1 1.54 1.52 1.30 
53 Prox Geo1 1.55 1.52 1.94 
55 LVDT Geo 2 1.52 1.51 0.59 
57 LVDT Geo 1 1.51 1.52 -0.93 
59 Geo2 LVDT 1.53 1.51 1.31 

+Oifference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-
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Table E.2 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.l) 

Date of Experiment: 10.02.89 Diskette No.: 67 
Frequency Used 05 Hz Source Level: 0.020 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel Z (percent) 

3 Prox Acc 2 1. 53 1.53 -0.13 
9 Prox Geo 2 1.53 1.49 2.71 

13 Prox LVDT 1. 53 1. 49 2.61 
19 Prox Geo 1 -1. 53 1. 51 1. 50 
23 LVDT Prox 1. 50 1.53 1. 96 
27 Prox Acc 1 1. 54 1.49 3.12 
31 Acc 2 Prox 1. 54 1.53 -0.46 
33 Prox Geo 2 1.54 1.50 2.34 
37 Acc 1 Prox 1.50 1.54 2.34 
53 Prox Geo 1 1.55 1.52 1. 94 

Table E.3 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.l) 

Test Device Used Average Standard Varlance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelorometer 1 1.49 0.01 0.02 
2 Acceloromet.er 2 1.53 0.01 0.02 
3 Geophone 1 1.52 0.01 0.01 
4 Geophone 2 1.51 0.01 0.02 
5 Proximeter 1.53 0.01 0.00 
6 L.V.D.T. 1.51 0.01 0.01 

+Difference-{(Prox. def1.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.4 Testing Sequence Used in Deflection Measurements 
for a Steady-State Motion at a Frequency of 5 HZ 
and a Nominal Deflection of 5 mils 

Date of Experiment: 9.5.89 Diskette No.: 35 
Frequency Used 05 Hz Source Level: 0.045 Volts 

File Device Used Deflection (mil) Differenc~ 
No. Cliannel 1 Channel 2 Cha.riilef T Channel 2 (percent) 
1 Acc 1 Geo 1 4.51 4.51 0.00 
3 Prox Acc 2 4.50 4.52 -0.44 
5 LVDT Acc 2 4.48 4.55 -1.56 
7 Geo 2 Geo 1 4.45 4.53 -1.80 
9 Prox Geo2 4.49 4.41 1. 78 

11 LVDT Acc 1 4.48 4.46 0.45 
13 Prox LVDT 4.52 4.47 1.11 
15 LVDT Acc 1 4.50 4.47 0.58 
17 Acc 1 Geo2 4.45 4.46 -0.22 
19 Prox Geo 1 4.54 4.55 -0.22 
21 Acc 1 Geo 1 4.47 4.55 -1.79 
23 LVDT Prox 4.52 4.53 -0.22 
25 Geo2 Acc 1 4.50 4.51 -0.22 
27 Prox Acc 1 4.57 4.51 1.31 
29 Acc 1 Acc 2 4.47 4.61 -3.13 
31 Acc 2 Prox 4.55 4.55 0.00 
33 Prox Geo 2 4.58 4.50 1. 75 
35 Acc 2 Geo2 4.57 4.51 1.31 
37 Acc 1 Prox 4.52 4.57 -1.11 
39 LVDT Geo 1 4.56 4.62 -1.32 
41 Acc 2 Geo 1 4.65 4.61 0.86 
43 LVDT Acc 2 4.57 4.63 -1.31 
45 Geo2 Geo 1 4.54 4.62 -1. 76 
47 Acc 2 Geo2 4.65 4.53 2.58 
49 Acc 1 Acc 2 4.57 4.63 -1.31 
51 Acc 2 Geo 1 4.65 4.62 0.65 
53 Prox Geo 1 4.61 4.62 -0.22 
55 LVDT Geo 2 4.58 4.54 0.87 
57 LVDT Geo 1 4.57 4.62 -1.09 
59 Geo 2 LVDT 4.57 4.55 0.44 

+Difference-{Channel I-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

.... 

-
-

-
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Table E.5 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.4) 

Date of Experiment: 9.5.89 Diskette No.: 35 
Frequency Used 05 Hz Source Level: 0.045 volts 

File 
No. 

3 
9 Prox 4.49 ~ 4.41 1. 78 

13 Prox _4.52 4.47 1.11 
19 Prox 4.54 4.55 -0.22 
23 LVDT Prox 4.52 4.53 0.22 
27 Prox Acc 1 4.57 4.51 1.31 
31 Acc 2 Prox 4.55 4.55 0.00 
33 Prox Geo 2 4.58 4.50 1. 75 
37 Acc 1 Prox 4.52 4.57 1.09 
53 Prox Geo 1 4.61 4.62 -0.22 

Table E.6 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.4) 

Test Device Used I Average I Standard Variance 
No. Deflection (mil). Deviation (mil) (percent) 

1 Accelerometer 1 4.49 0.03 0.12 
2 Accelerometer 2 4.60 0.05 0.22 
3 Geophone 1 4.59 0.04 0.18 
4 Geophone 2 4.50 0.05 0.21 
5 Proximeter 4.55 0.04 0.13 
6 L.V.D.T. 4.53 0.04 0.17 

+Difference-{(prox. def1.)-(Other Device def1.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 i prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.7 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 5 Hz and a Nominal 
Deflection of 10 mils 

Date of Experiment: 10.05.89 Diskette No.: 68 
Frequency Used 05 Hz Source Level: 0.095 Volts 

. . . 
11.17 11.05 1.07 

5 10.96 11.13 -1.55 
7 10.82 10.85 -0.28 
9 Prox 11.22 10.76 4.10 

11 LVDT Acc 1 10.95 10.96 -0.09 
13 Prox LVDT 11.23 10.89 3.03 
15 LVDT Acc 1 10.96 10.97 -0.09 
17 Acc 1 Geo2 11.04 10.79 2.31 
19 Prox Geo1 11.24 10.87 3.29 
21 Acc 1 Geo1 11.08 10.88 1.81 
23 LVDT Prox 10.99 11.18 -1.77 
25 Geo2 Acc 1 10.86 10.98 -1.06 
27 Prox Acc 1 11.24 10.99 2.22 
29 Acc 1 Acc 2 11.07 11.13 -0.50 
31 Acc 2 Prox 11.24 11.19 0.49 
33 Prox Geo2 11.26 10.82 3.89 
35 Acc 2 Geo 2 11.24 10.82 3.74 
37 Acc 1 Prox 11.09 11.19 -0.90 
39 LVDT Geo 1 11.01 10.90 1.00 
41 Acc 2 Geo 1 11.22· 10.91 2.76 
43 LVDT Acc 2 11.02 11.15 -1.18 
45 Geo2 Geo 1 10.90 10.92 -0.18 
47 Acc 2 Geo2 11.23 10.84 3.47 
49 Acc 1 Acc 2 11.11 11.16 -0.45 
51 Acc 2 Geo 1 11.24 10.93 2.76 
53 Prox Geo 1 11.28 10.93 3.10 
55 LVDT Geo2 11.04 10.85 1.72 
57 LVDT Geo 1 11.04 10.94 0.91 
59 Geo2 LVDT 10.92 10.99 -0.64 

+Difference-{Channel 1-Channel 2}*100/Channe1 1 

Accelerometer Serial No.: 23641 & 42 Prox. Serial No.:18745 
Geophone No.: I & ~ LVDT Serial No.: 4745 

-
-
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Table E.8 Comparison of Deflections from PLoximeter and Other 
Sensors (for Data Reflected in Table E.7) 

Date of Experiment: 10.05.89 Diskette No.: 68 
Frequency Used 05 Hz Source Level: 0.095 Volts 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channell Channel 2 (percent) 

3 Prox Acc 2 11.17 11. O!J 1.07 
9 Prox Geo2 11.22 10.76 4.10 

13 Prox LVDT 11.23 10.89 3.03 
19 Prox Geo 1 11.24 10.87 3.29 
23 LVDT Prox 10.99 11.18 1. 74 
27 Prox Acc 1 11.24 10.99 2.22 
31 Acc 2 Prox 11.24 11.19 -0.49 
33 Prox Geo 2 11.25 10.82 3.89 
37 Acc 1 Prox 11.09 11.19 0.89 
53 Prox Geo1 11.28 10.93 3.10 

Table E.9 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.7) 

Test Device Used Average 
No. Deflection (mil) 

1 Accelorometer 1 11.02 
2 Accelorometer 2 11.18 
3 Geophone 1 10.89 
4 Geophone 2 10.84 
5 Proximeter 11.22 
6 L.V.D.T. 10.98 

I 
Standard 

Deviation (mil) 
0.07 
0.06 
0.04 
0.05 
0.03 
0.04 

Variance 
(percent) 

0.48 
0.39 
0.18 
0.21 
0.12 
0.19 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. def1.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.10 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 5 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.5.89 Diskette No.: 36 
Frequency Used 05 Hz Source Level: 0.140 Volts 

File Device Used Deflection (mil) Differenc; 
No. Cnannel 1 Channel 2 Channel T Channel 2 (percent) 

1 Acc 1 Geo 1 18.71 Tff.71 0.00 
3 Prox Acc 2 18.97 18.84 0.69 
5 LVDT Acc 2 18.71 18.88 -0.91 
7 Geo 2 Geo 1 18.34 18.76 -2.29 
9 Prox Geo 2 18.97 18.23 3.88 

11 LVDT Acc 1 18.73 18.69 0.21 
13 Prox LVDT 18.88 18.63 1.30 
15 LVDT Acc 1 18.73 18.71 0.11 
17 Acc 1 Geo 2 18.83 18.31 2.76 
19 Prox Geo 1 18.86 18.79 0.37 
21 Acc 1 Geo1 18.78 18.79 -0.05 
23 LVDT Prox 18.76 18.80 -0.21 
25 Geo2 Acc 1 18.41 18.71 -1.63 
27 Prox Acc 1 18.91 18.75 0.85 
'29 Acc 1 Acc 2 18.84 18.96 -0.64 
31 Acc 2 Prox 19.05 18.79 1.36 
33 Prox Geo 2 18.89 18.32 3.02 
35 Acc 2 Geo 2 19.03 18.33 3.68 
37 Acc 1 Prox 18.83 18.79 0.21 
39 LVDT Geo 1 18.80 18.91 -0.59 
41 Acc 2 Geo 1 19:05 18.87 0.97 
43 LVDT Acc 2 18.81 19.04 -1.22 
45 Geo2 Geo1 18.39 18.81 -2.28 
47 Acc 2 Geo 2 19.04 18.33 3.73 
49 Acc 1 Acc 2 18.84 18.98 -0.72 
51 Acc 2 Geo1 19.07 18.87 1.05 
53 Prox Geo 1 18.91 18.86 0.26 
55 LVDT Geo 2 18.81 18.40 2.20 
57 LVDT Geo 1 18.84 18.93 -0.48 
59 Geo 2 LVDT 18.50 18.74 -1.30 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

... ' 

-, 

-
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Table E.ll Comparison of Deflections from Ptoximeter and Other 
Sensors (for Data Reflected in Table E.10) 

Date of Experiment: 9.5.89 Diskette No.: 36 
Frequency Used 05 Hz Source Level: 0.140 Volts 

. . 
9 18.97 18.23 3.88 

13 Prox 18.88 18.63 1.30 
19 Prox 18.86 18.79 0.37 
23 LVDT Prox 18.76 18.80 0.21 
27 Prox Acc 1 18.91 18.75 0.85 
31 Acc 2 Prox 19.05 18.79 -1.38 
33 Prox Geo 2 18.89 18.32 3.02 
37 Acc 1 Prox 18.83 18.79 -0.21 
53 Prox Geo 1 18.91 18.86 0.26 

Table E.12 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.lO) 

Test Device used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 18.77 0.00 0.35 
2 Accelerometer 2 18.99 0.07 0.56 
3 Geophone 1 18.83 0.07 0.43 
4 Geophone 2 18.36 0.07 0.47 
5 Proximeter 18.88 0.06 0.40 
6 L.V.D.T. 18.76 0.06 0.34 

+Difference-{{prox. defl.)-(Other Device defl.)}*100/(prox. def1.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.13 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 5 Hz and a Nominal 
Deflection of 25 mils 

Date of Experiment: 10.05.89 Diskette No.: 69 
Frequency Used 05 Hz Source Level: 0.185 volts 

File Device Used Deflection (mil) Differenc; 
No. Cnannel 1 Channel 2 ChaMeI 1 Cnannel 2 (percent) 

1 Acc 1 Geo 1 25.82 25.31 1.-gg 
3 Prox Acc 2 25.88 25.93 -0.21 
5 LVDT Acc 2 25.69 25.95 -1.03 
7 Geo 2 Geo 1 25.35 25.32 0.12 
9 Prox Geo2 25.90 25.24 2.54 

11 LVDT Acc 1 25.71 25.74 -0.12 
13 Prox LVDT 25.91 25.57 1.31 
15 LVDT Acc 1 25.72 25.75 -0.12 
17 Acc 1 Geo2 25.89 25.26 2.43 
19 Prox Geo1 25.83 25.36 1.82 
21 Acc 1 Geo 1 25.94 25.44 1.94 
23 LVDT Prox 25.81 25.85 -0.14 
25 Geo2 Acc 1 25.47 25.81 -1.33 
27 Prox Acc 1 26.01 25.84 0.65 
29 Acc 1 Acc 2 25.99 26.08 -0.35 
31 Acc 2 Prox 26.20 25.87 1.26 
33 Prox Geo2 26.02 25.38 2.46 
35 Acc 2 Geo2 26.22 25.38 3.20 
37 Acc 1 Prox 25.99 25.89 0.38 
39 LVDT Geo1 25.86 25.49 1.43 
41 Acc 2 Geo 1 26.23 25.49 2.82 
43 LVDT Acc 2 25.86 26.09 -0.89 
45 Geo2 Geo 1 25.53 25.51 0.08 
47 Acc 2 Geo2 26.24 25.42 3.12 
49 Acc 1 Acc2 26.05 26.14 -0.35 
51 Acc 2 Geo1 26.26 25.52 2.82 
53 Prox Geo 1 26.05 25.51 2.07 
55 LVDT Geo2 25.88 25.42 1. 78 
57 LVDT Geo 1 25.88 25.52 1.39 
59 Geo 2 LVDT 25.54 25.74 -0.78 

+Differences{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.14 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.13) 

Date of Experiment: 10.05.89 Di skette No.: 69 
Frequency Used 05 Hz Source Level: 0.185 Volts 

File 
No. 

3 
9 Prox 25.90 25.24 2.54 

13 Prox 25.91 25.57 1.31 
19 Prox -25.83 25.36 1.82 
23 LVDT Prox 25.81 25.85 0.14 
27 Prox Acc ·1 26.01 25.84 0.65 
31 Acc 2 Prox 26.20 25.87 -1.28 
33 Prox Geo 2 26.02 25.38 2.46 
37 Acc 1 Prox 25.99 25.89 -0.39 
53 Prox Geo 1 26.05 25.51 2.07 

Table E.15 Evaluation of variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.13) 

Test Device Used Average standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 25.88 0.10 1.03 
2 Accelerometer 2 26.13 0.11 1.28 
3 Geophone 1 25.45 0.08 0.66 
4 Geophone 2 25.40 0.10 0.91 
5 Proximeter 25.92 0.07 0.55 
6 L.V.D.T. 25.77 0.10 0.96 

+Difference-{(Prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.16 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 10 Hz and a 
Nominal Deflection of 1 mil 

Date of Experiment: 10.06.89 Diskette No.: 70 
Frequency Used 10 Hz Source Level: 0.015 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channell Channel 2 Channell ~elZ (percent) 

1 Acc 1 Geo 1 1.30 1.30 -0.23 
3 Prox Acc 2 1.31 1.33 -1.53 
5 LVDT Acc 2 1.28 1.33 -3.91 
7 Geo2 Geo 1 1.35 1.31 3.11 
9 Prox Geo 2 1.32 1.34 -1.52 

11 LVDT Acc 1 1.29 1.29 0.23 
13 Prox LVDT 1. 32 1.29 2.27 
15 LVDT Acc 1 1.29 1.29 0.08 
17 Acc 1 Geo 2 1.30 1.34 -3.08 
19 Prox Geo 1 1. 32 1.31 0.76 
21 Acc 1 Geo 1 1.30 1.31 -0.77 
23 LVDT Prox 1.30 1.31 -1.16 
25 Geo2 Acc 1 1.35 1.30 3.70 
27 Prox Acc 1 1.32 1.30 1.52 
29 Acc 1 Acc 2 1.31 1.35 -2.67 
31 Acc 2 Prox 1.36 1.31 3.46 
33 Prox Geo 2 1.32 1.34 -1.52 
35 Acc 2 Geo 2 1. 36 1.35 0.66 
37 Acc 1 Prox 1.31 1.32 -0.46 
39 LVDT Geo 1 1.30 1.31 -1.16 
41 Acc 2 Geo 1 1.35 1.32 2.52 
43 LVDT Acc 2 1.30 1.35 -4.25 
45 Geo2 Geo 1 1. 35 1.32 2.52 
47 Acc 2 Geo 2 1.36 1.35 0.74 
49 Acc 1 Acc 2 1.31 1.35 -3.05 
51 Acc 2 Geo 1 1.36 1.32 2.94 
53 Prox Geo 1 1.33 1.32 0.45 
55 LVDT Geo 2 1.30 1.35 -3.96 
57 LVDT Geo 1 1.29 1.32 -2.09 
59 Geo2 LVDT 1.35 1.29 4.44 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.17 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.16) 

Date of Experiment: 10.06.89 Diskette No.: 70 
Frequency Used 10 Hz Source Level: 0.015 volts 

File Device used Deflection (mil) Differenc; 
No. ChaMel 1 Channel 2 Channel 1 Channel ;Z (percent) 

3 Prox Acc 2 1. 31 1.33 -1.53 
9 Prox Geo2 1.32 1.34 -1.52 

13 Prox LVDT 1. 32 1.29 2.27 
19 Prox Geo 1 1.32 1. 31 0.76 
23 LVDT Prox 1. 30 1.31 1.15 
27 Prox Acc 1 1. 32 1.30 1.52 
31 Acc 2 Prox 1. 36 1. 31 -3.59 
33 Prox Geo2 1. 32 1.34 -1.52 
37 Acc 1 prox 1. 31 1.32 0.46 
53 Prox Geo 1 1.33 1.32 0.45 

Table E.18 Evaluation of variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.16) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 1.30 
Accelerometer 2 1.35 

Geophone 1 1.31 
Geophone 2 1.35 
Proximeter 1.32 

L.V.D.T. 1.29 

Standard 
Deviation (mil) 

0.01 
0.01 
0.01 
0.00 
0.01 
0.00 

Variance 
(percent) 

0.01 
0.01 
0.00 
0.00 
0.00 
0.00 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(prox. def1.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: I & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.19 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 10 Hz and a 
Nominal Deflection of 5 mils 

Date of Experiment: 9.4.89 Diskette No.: 33 
Frequency Used 10 Hz Source Level: 0.045 Volts 

File Device Used I Deflection (mil) I Oifferenc; 
No. ChanneJ.. l.- Channel Z i Channe J. 1 Channe 1 ~ (percent) 

1 Acc 1 Geo 1 4.80 4.79 U.21 
3 Prox Acc 2 4.88 4.92 -0.82 
5 LVDT ACc 2 4.75 4.93 -3.79 
7 Geo2 Geo 1 4.82 4.82 0.00 
9 Prox Geo 2 4.92 4.80 2.44 

11 LVDT Acc 1 4.77 4.84 -1.47 
13 Prex LVDT 4.92 4.75 3.46 
15 LVDT Acc 1 4.77 4.83 -1.26 
17 Acc 1 Gee 2 4.88 4.81 1.43 
19 Prox Geo 1 4.93 4.85 1.62 
21 Acc 1 Geo 1 4.86 4.84 0.41 
23 LVDT Prox 4.79 4.92 -2.71 
25 Geo 2 Acc 1 4.85 4.86 -0.21 
27 Prox Acc 1 4.92 4.84 1.63 
29 ACc 1 Acc 2 4.87 4.96 -1.85 
31 Acc 2 prox 4.95 4.88 1.41 
33 Prox Geo 2 4.86 4.78 ~.65 
35 Acc 2 Geo 2 4.91 4.77 2.85 
37 Acc 1 Prox 4.78 4.82 -0.84 
39 LVDT Geo 1 4.80 4.88 -1.67 
41 Acc 2 Geo 1 4.96 4.86 2.02 
43 LVDT Acc 2 4.82 4.97 -3.11 
45 Geo 2 Geo 1 4.87 4.87 0.00 
47 Acc 2 Geo2 4.97 4.83 2.82 
49 Acc 1 Acc 2 4.87 4.96 -1.85 
51 Acc 2 Geo 1 4.98 4.88 2.01 
53 Prox Geo 1 4.97 4.88 1.81 
55 LVDT Geo 2 4.80 4.86 -1.31 
57 LVDT Geo 1 4.80 4.87 -1.52 
59 Geo 2 LVDT 4.88 4.79 1.84 

+Oifference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.20 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.19) 

Date of Experiment: 9.4.89 Diskette No.: 33 
Frequency Used 10 Hz: Source Level: 0.045 Volts 

File 
No. 

3 
9 Prox 4.92 4.80 2.44 

13 Prox 4.92 4.75 3.46 
19 Prox 4.93 4.85 1.62 
23 LVDT Prox 4.79 4.92 2.64 
27 Prox Acc 1 4.92 4.84 1.63 
31 Acc 2 Prox 4.95 4.88 -1.43 
33 Prox Geo 2 4.86 4.78 1.65 
37 Acc 1 Prox 4.78 4.82 0.83 
53 Prox Geo 1 4.97 4.88 1.81 

Table E.21 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.19) 

Test Device Used Average Standard 
I 

Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 4.84 0.03 0.09 
2 Accelerometer 2 4.95 0.02 0.05 
3 Geophone 1 4.85 0.03 0.08 
4 Geophone 2 4.83 0.04 0.13 
5 Proximeter 4.90 0.04 0.16 
6 L.V.D.T. 4.78 0.02 0.05 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.22 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 10 Hz and a 
Nominal Deflection of 10 mils 

Date of Experiment: 10.06.89 Diskette No.: 71 
Frequency Used 10 Hz Source Level: 0.09 Volts 

File Device Used Deflection (mil) I Differenc; 
No. Channel J. Ulannel 2 Channell Channel :2 (~rcent) 
1 Acc 1 Geol lU.b4 10.52 1.13 
3 Prox Acc 2 10.80 10.77 0.28 
5 LVDT Acc 2 10.51 10.77 -2.47 
7 Geo 2 Geo 1 10.57 10.53 0.38 
9 Prox Geo2 10.81 10.52 2.68 

11 LVDT Acc l' 10.53 10.59 -0.57 
13 Prox LVDT 10.82 10.48 3.14 
15 LVOT Acc 1 10.54 10.60 -0.57 
17 Acc 1 Geo 2 10.68 10.53 1.40 
19 Prox Geo 1 10.83 10.55 2.59 
21 Acc 1 Geo 1 10.69 10.55 1.31 
23 LVDT Prox 10.55 10.78 -2.18 
25 Geo2 Acc 1 10.60 10.64 -0.38 
27 Prox Acc 1 10.83 10.64 1. 75 
29 Acc 1 Acc 2 10.69 10.85 -1.50 
31 Acc 2 Prox 10.91 10.77 1.28 
33 Prox Geo2 10.84 10.56 2.58 
35 Acc 2 Geo2 10.91 10.56 3.21 
37 Acc 1 Prox 10.70 10.78 -0.75 
39 LVDT Geo 1 10 • .56 10.58 -0.19 
41 Acc 2 Geo1 10.92 10.58 3.11 
43 LVDT Acc 2 10.56 10.87 -2.94 
45 Geo 2 Geol 10.62 10.59 0.28 
47 Acc 2 Geo 2 10.93 10.57 3.29 
49 Acc 1 Acc 2 10.71 10.87 -1.49 
51 Acc 2 Geo 1 10.93 10.59 3.11 
53 Prox Geo1 10.87 10.59 2.58 
55 LVDT Geo 2 10.57 10.58 -0.09 
57 LVDT Geo 1 10.58 10.60 -0.19 
59 Geo2 LVDT 10.63 10.51 1.13 

+Difference-{Channe1 1-Channel 2}*100/Channel 1 

Accelerometer Serial No'S: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No. 4745 

-
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Table E.23 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.22) 

Date of Experiment: 10.06.89 Diskette No.: 71 
Frequency Used 10 Hz Source Level: 0.09 Volts 

File Device Used Deflection (mill Differenc~ 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 10.80 10.77 0.28 
9 Prox Geo2 10.81 10.52 2.68 

13 Prox LVDT 10.82 10.48 3.14 
19 Prox Geo 1 fO.83 10.55 2.59 
23 LVDT Prox 10.55 10.78 I 2.13 
27 Prox Acc 1 10.83 10.64 1. 75 
31 Acc 2 Prox 10.91 10.77 -1.30 
33 Prox Geo2 10.84 10.56 2.58 
37 Acc 1 Prox 10.70 10.78 0.74 
53 Prox Geo1 10.87 10.59 2.58 

Table E.24 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.22) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 10.66 
Accelerometer 2 10.87 

Geophone 1 10.57 
Geophone 2 10.57 
Proximeter 10.81 

L.V.D.T. 10.54 

Standard 
Deviation (mi 1 ) 

0.04 
0.06 
0.03 
0.03 
0.03 
0.03 

Variance 
(percent) 

0.16 
0.33 
0.07 
0.11 
0.09 
0.09 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.25 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 10 Hz and a 
Nominal Deflection of 18 mils 

Date of Experiment: 9.4.89 Diskette No.: 34 
Frequency Used 10 Hz Source Level: 0.140 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channe.L 1 Channel Z Channel 1 Channel 2 (percent) 

1 Acc J. Geo 1 IB.59 16.39 1.08 
3 Prox Acc 2 18.59 18.64 -0.27 
5 LVDT Acc 2 18.25 18.75 -2.74 
7 Geo2 Geo 1 18.23 18.35 -0.66 
9 Prox Geo 2 18.71 18.14 3.05 

11 LVDT Acc 1 18.26 18.49 -1.26 
13 Prox LVDT 18.49 18.17 1. 73 
15 LVDT Acc 1 18.26 18.47 -1.15 
17 Acc 1 Geo 2 18.63 18.20 2.31 
19 Prox Geo 1 18.53 18.41 0.65 
21 Acc 1 Geo 1 18.57 18.37 1.08 
23 LVDT Prox 18.31 18.44 -0.71 
25 Geo 2 Acc 1 18.22 18.42 -1.10 
27 Prox Acc 1 18.50 18.48 0.09 
29 Acc 1 Acc 2 18.51 18.72 -1.13 
31 Acc 2 Prox 18.77 18.38 2.08 
33 Prox Geo 2 18.54 18.12 2.27 
35 Acc 2 Geo 2 18.88 18.19 3.65 
37 Acc 1 Prox 18.58 18.41 0.91 
39 LVDT Geo 1 18~32 18.46 -0.76 
41 Acc 2 Geo 1 18.9Z 18.46 2.43 
43 LVDT Acc 2 18.30 18.85 -3.01 
45 Geo 2 Geo 1 18.25 18.34 -0.49 
47 Acc 2 Geo 2 18.73 18.04 3.68 
49 Acc 1 Acc2 18.41 18.66 -1.36 
51 Acc 2 Geo 1 18.74 18.24 2.67 
53 Prox Geo 1 18.59 18.48 0.59 
55 LVDT Geo 2 18.36 18.28 0.44 
57 LVDT Geo 1 18.34 18.50 -0.86 
59 Geo2 LVDT 18.38 18.25 0.71 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No'S: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-

-
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Table E.26 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.25) 

Date of Experiment: 9.4.89 Diskette No.: 34 
Frequency Used 10 Hz Source Level: 0.140 volts 

File 
No. 

3 
9 Prox 18.14 

13 Prox 18.17 
19 Prox 18.41 
23 LVDT Prox 18.44 
27 Prox Acc 1 18.48 
31 Acc 2 Prox 18.38 
33 Prox Geo 2 18.12 
37 Acc 1 Prox 18.41 
53 Prox Geo 1 18.48 

Table E.27 Evaluation of variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.25) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used I Average . 
Deflection (mil) 

Accelerometer 1 18.52 
Accelerometer 2 18.77 

Geophone 1 18.40 
Geophone 2 18.21 
Proximeter 18.52 
L.V.D.T. 18.28 

Standard 
Deviation (mil) 

0.07 
0.09 
0.07 
0.09 
0.09 
0.05 

Variance 
(percent) 

0.50 
0.75 
0.56 
0.78 
0.86 
0.28 

+Difference-{(Prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.28 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 10 Hz and a 
Nominal Deflection of 25 mils 

Date of Experiment: 10.06.89 Diskette No.: 73 
Frequency Used 10 Hz Source Level: 0.19 Volts 

File Device Used Deflection (mil) Oifferenc~ 
No. Channel 1 Channel 2 enannel 1 Cl1annel 2 (percent) 
1 Acc 1 Geo1 25.76 2:5.44 1.2~ 
3 Prox Acc 2 25.57 26.04 -1.84 
5 LVDT Acc 2 25.42 26.05 -2.48 
7 Geo 2 Geo1 25.38 25.46 -0.32 
9 Prox Geo2 25.59 25.25 1.33 

11 LVDT Acc 1 25.44 25.67 -0.90 
13 Prox LVDT 25.59 25.30 1.13 
15 LVDT Acc 1 25.45 25.69 -0.94 
17 Acc 1 Geo 2 25.82 25.26 2.17 
19 Prox Geo 1 25.62 25.49 0.51 
21 Acc 1 Geo 1 25.84 25.49 1.35 
23 LVDT Prox 25.47 25.48 -0.04 
25 Geo 2 Acc 1 25.42 25.73 -1.22 
27 Prox Acc 1 25.63 25.73 -0.39 
29 Acc 1 Acc 2 25.84 26.11 -1.04 
31 Acc 2 Prox 26.24 25.49 2.86 
33 Prox Geo2 25.65 25.31 1.33 
35 Acc 2 Geo 2 26.23 25.30 3.55 
37 Acc 1 Prox 25.87 25.50 1.43 
39 LVDT Geo 1 25.50 25.52 -0.08 
41 Acc 2 Geo 1 26.25 25.53 2.74 
43 LVDT Acc 2 25.50 26.12 -2.45 
45 Geo 2 Geo1 25.45 25.53 -0.31 
47 Acc 2 Geo 2 26.25 25.32 3.54 
49 Acc 1 Acc 2 25.87 26.14 -1.04 
51 Acc 2 Geo1 26.25 25.54 2.70 
53 Prox Geo 1 25.67 25.55 0.47 
55 LVDT Geo 2 25.52 25.34 0.71 
57 LVDT Geo 1 25.53 25.56 -0.12 
59 Geo 2 LVDT 25.48 25.38 0.39 

+Oifference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-
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Table E.29 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.28) 

Date of Experiment: 10.06.89 Diskette No.: 73 
Frequency Used 10 Hz Source Level: 0.19 volts 

.::> . 
9 25.59 25.25 1.33 

13 Prox 25.59 25.30 1.13 
19 Prox 25.62 25.49 0.51 
23 LVDT Prox 25.47 25.48 0.04 
27 Prox Acc .1 25.63 25.73 -0.39 
31 Acc 2 Prox 26.24 25.49 -2.94 
33 Prox Geo2 25.65 25.31 1.33 
37 Acc 1 Prox 25.87 25.50 -1. 45 
53 Prox Geol 25.67 25.55 0.47 

Table E.30 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.28) 

Test Device Used Average Standard' ! Vanance 
No. Deflection (mil) Deviation (mil) (percent) 
1 Accelerometer 1 Z!:l. Its 0.07 0.51 
2 Accelerometer 2 26.17 0.08 0.66 
3 Geophone 1 25.51 0.04 0.14 
4 Geophone 2 25.35 0.07 0.56 
5 Proximeter 25.58 0.06 0.42 
6 L.V.D.T. 25.45 0.07 0.45 

+Difference-{(Prox. defl.)-(Other Device defl.)}*lOO/(prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.31 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 15 Hz and a 
Nomdnal Deflection of 1 mil 

Date of Experiment: 3.16.89 Diskette No.: 1&2 
Frequency Used 15 Hz Source Level: 0.025 Volts 

File Device Used Deflection (mdl) 
I 

Differencl No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 
1 Acc 1 Geo 5 4.57 4.62 -1.1)9 
3 Prox Acc 2 4.58 4.63 -0.98 
5 LVDT Acc 2 4.69 4.63 1. 39 
7 Geo 6 Geo 5 4.69 4.63 1. 39 
9 Prox Geo 6 4.55 4.63 -1.80 

11 LVDT Acc 1 4.54 4.63 -1.87 
13 Prox LVDT 4.68 4.63 1.07 
15 LVDT Acc 1 4.68 4.63 1.03 
17 Acc 1 Geo 6 4.67 4.64 0.56 
19 Prox Geo 5 4.66 4.64 0.45 
21 Acc 1 Geo 5 4.66 4.65 0.17 
23 LVDT Prox 4.66 4.66 0.00 
25 Geo6 Acc 1 4.58 4.65 -1.55 
27 Prox Acc 1 4.58 4.65 -1. 55 
29 Acc 1 Acc 2 4.69 4.65 0.85 
31 Acc 2 Prox 4.69 4.66 0.64 
33 Prox Geo 6 4.56 4.66 -2.19 
35 Acc 2 Geo6 4.56 4.66 -2.19 
37 Acc 1 Prox 4.55 4.66 -2.53 
39 LVDT Geo 5 4.55 4.66 -2.44 
41 ACC 2 Geo 5 4.53 4.55 -0.33 
43 LVDT Acc 2 4.53 4.55 -0.42 
45 Geo6 Geo 5 4.55 4.64 -1.98 
47 Acc 2 Geo 6 4.55 4.65 -2.13 
49 Acc 1 Acc 2 4.69 4.57 2.64 
51 Acc 2 Geo 5 4.70 4.58 2.55 
53 Prox Geo 5 4.70 4.66 0.96 
55 LVDT Geo 6 4.70 4.65 1.06 
57 LVDT Geo 5 4.61 4.65 -0.87 
59 Geo 6 LVDT 4.60 4.65 -1.09 

+Difference-{Channel I-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 5 & 6 LVDT Serial No.: 4745 

-

-
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Table E.32 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.31) 

Date of Experiment: 3.16.89 Diskette No.: 1&2 
Frequency Used 15 Hz Source Level: 0.025 Volts 

File Device used Deflection (mil) Difference 
No. Channell Channel 2 Channel 1 Channel :2 (percent)'" 

3 Prox Acc :2 4.58 4.63 -0.98 
9 Prox Geo 6 4.55 4.63 -1.80 

13 Prox LVDT 4.68 4.63 1.07 
19 Prox Geo 5 4.66 4.64 0.45 
23 LVDT Prox 4.66 4.66 0.00 
27 Prox Acc 1 4.58 4.65 -1.55 
31 Acc 2 Prox 4.69 4.66 -0.64 
33 Prox Geo 6 4.56 4.66 -2.19 
37 Acc 1 Prox 4.55 4.66 2.47 
53 Prox Geo 5 4.70 4.66 0.96 

Table E.33 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.31) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 4.64 0.05 0.20 
2 Accelerometer 2 4.60 0.06 0.34 
3 Geophone 5 4.63 0.03 0.12 
4 Geophone 6 4.63 0.04 0.16 
5 Proximeter 4.63 0.05 0.28 
6 L.V.D.T. 4.62 0.06 0.37 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 5 & 6 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.34 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 15 Hz and a 
Nominal Deflection of 5 mils 

Date of Experiment: 3.16.89 Diskette No.: 1&2 
Frequency Used 15 Hz Source Level: 0.04 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channell Channel 2 (percent) 

1 Acc 1 Geo 5 7.93 8.02 -1.13 
3 Prox Acc 2 7.93 8.02 -1.08 
5 LVDT Acc 2 7.94 8.03 -1.08 
7 Geo6 Geo 5 7.88 7.97 -1.09 
9 Prox Geo 6 8.02 7.97 0.64 

11 LVDT Acc 1 8.12 8.07 0.62 
13 Prox LVDT 8.16 8.05 1. 38 
15 LVDT Acc 1 8.14 8.04 1.28 
17 Acc 1 Geo 6 7.93 8.06 -1.64 
19 Prox Geo 5 7.90 8.03 -1.67 
21 Acc 1 Geo 5 8.08 8.00 0.99 
23 LVDT Prox 8.06 7.98 0.99 
25 Geo6 Acc 1 7.93 8.10 -2.14 
27 Prox Acc 1 7.97 8.14 -2.13 
29 Acc 1 Acc 2 8.22 8.15 0.85 
31 Acc 2 Prox 8.18 8.12 0.73 
33 Prox Geo6 8.01 8.12 -1.40 
35 Acc 2 Geo 6 8.04 8.14 -1.24 
37 Acc 1 Prox 8.18 8.16 0.24 
39 LVDT Geo 5 8.16 8.15 0.17 
41 Acc 2 Geo 5 8.21 7.94 3.29 
43 LVDT Acc 2 8.19 7.92 3.30 
45 Geo6 Geo 5 8.07 7.86 2.60 
47 Acc 2 Geo 6 8.04 7.84 2.51 
49 Acc 1 Acc 2 8.04 7.96 1.00 
51 Acc 2 Geo 5 8.05 7.97 0.99 
53 Prox Geo 5 7.93 8.07 -1. 77 
55 LVDT Geo6 7.87 8.02 -1.91 
57 LVDT Geo 5 7.93 7.97 -0.50 
59 Geo6 LVDT 7.88 7.90 -0.25 

+Difference-{Channel I-Channel 2}*100IChannel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 5 & 6 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.35 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.34) 

Date of Experiment: 3.16.89 Diskette No.: 1&2 
Frequency Used 15 Hz Source Level: 0.04 Volts 

9 Prox 8.02 7.97 0.64 
13 Prox LVDT 8.16 8.05 1.38 
19 Prox GeoS -7.90 8.03 -1.67 
23 LVDT Prox 8.06 7.98 -1.00 
27 Prox Acc 1 7.97 8.14 -2.13 
31 Acc 2 Prox 8.18 8.12 -0.74 
33 prox Geo6 8.01 8.12 -1.40 
37 Acc 1 Prox 8.18 8.16 -0.25 
53 Prox Geo 5 7.93 8.07 -1. 77 

Table E.36 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.34) 

Test Device Used Average 
No. Deflection (mil) 

1 Accelerometer 1 8.07 
2 Accelerometer 2 8.06 
3 Geophone 5 8.00 
4 Geophone 6 7.99 
5 Proximeter 8.02 
6 L.V.D.T. 8.04 

Standard 
Deviation (mil) 

0.09 
0.09 
0.07 
0.10 
0.09 
0.11 

Variance 
(percent) 

O.B2-
0.79 
0.54 
1.03 
0.84 
1.24 

+Oifference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.l 

Accelerometer Serial No's: 23641 & 42 ; Prox. Serial No.: 18745 
Geophone No's: 5 & 6 LVDT Serial No.: 4745 
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Table E.37 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 15 Hz and a 
Nominal Deflection of 10 mils 

Date of Experiment: 3.16.89 Diskette No.: 3 
Frequency Used 15 Hz Source Level: 0.05 volts 

File Device Used Deflection (mil) Difference 
No. Channell Channel 2 Channel 1 ChaMel 2 (percent)'" 

1 Acc 1 Geo 5 10.35 10.28 0.72 
3 Prox Acc 2 10.38 10.05 3.18 
S LVOT Acc 2 10.03 10.06 -0.29 
7 Geo6 Geo S 10.30 10.21 0.87 
9 Prox Geo6 10.37 10.24 1.29 

11 LVOT Acc'l 10.03 10.24 -2.04 
13 Prox LVOT 10.41 10.09 3.07 
15 LVOT Acc 1 10.06 10.26 -1.99 
17 Acc 1 Geo6 10.33 10.30 0.29 
19 Prox GeoS 10.46 10.27 1.82 
21 Acc 1 Geo S 10.32 10.25 0.68 
23 LVOT Prox 10.07 10.36 -2.87 
25 Geo6 Acc 1 10.33 10.26 0.69 
27 Prox Acc 1 10.44 10.29 1.48 
29 Acc 1 Acc 2 10.33 10.l3 1.94 
31 Acc 2 Prox 10.17 10.38 -2.06 
33 Prox Geo6 10.41 10.26 1. 44 
35 Acc 2 Geo 6 10.15 10.27 -1.18 
37 Acc 1 Prox 10.33 10.37 -0.39 
39 LVOT Geo5 10 .. 09 10.26 -1.68 
41 Acc 2 Geo 5 10.21 10.26 -0.51 
43 LVOT Acc 2 10.09 10.13 -0.40 
45 Geo 6 Geo 5 10.35 10.25 0.97 
47 Acc 2 Geo6 10.19 10.31 -1.18 
49 Acc 1 ACc 2 10.31 10.10 2.01 
51 Acc 2 Geo 5 10.19 10.26 -0.69 
53 Prox Geo5 10.45 10.26 1.82 
5S LVOT Geo6 10.09 10.30 -2.08 
57 LVOT Geo 5 10.09 10.25 -1.59 
59 Geo6 LVOT 10.37 10.06 2.99 

+Difference~{Channel 1-Channel 2]*100/ChaMel 1 

Accelerometer Serial No's: 23641 & 42 ; Prox. Serial No.: 18745 
Geophone No's: 5 & 6 LVOT Serial No.: 4745 
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Table E.38 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.37) 

Date of Experiment: 3.16.89 Diskette No.: 3 
Frequency Used 15 Hz Source Level: 0.05 Volts 

9 Prox 10.37 10.24 1.29 
13 Prox 10.41 10.09 3.07 
19 Prox -10.46 10.27 1.82 
23 LVDT Prox 10.07 10.36 2.79 
27 Prox Acc 1 10.44 10.29 1.48 
31 Acc 2 Prox 10.17 10.38 2.02 
33 Prox Geo 6 10.41 10.26 1. 44 
37 Acc 1 Prox 10.33 10.37 0.39 
53 Prox Geo 5 10.45 10.26 1.82 

Table E.39 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.37) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 10.30 
Accelerometer 2 10.14 

Geophone 5 10.25 
Geophone 6 10.30 
Proximeter 10.40 
L.V.D.T. 10.07 

Standard 
Deviation (mil) 

0.04 
0.05 
0.02 
0.04 
0.03 
0.02 

Variance 
(percent) 

U.l3 
0.27 
0.03 
0.15 
0.12 
0.05 

+Difference-{(prox. defl.)-(Other Device defl.l}*100/(Prox. def1.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 5 & 6 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 



92 

Table E.40 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 15 Hz and a 
NOminal Deflection of 18 mils 

Date of Experiment: 3.25.89 Diskette No.: 4 
Frequency Used 15 Hz Source Level: 0.075 volts 

File I Device Used Deflection (mil) Differenc; 
No. Cnannel 1 Channel ~ dianneT .L. Channel :2 (percent) 

1 Acc 1 Geo 5 14.m; 15.01 -0.84 
3 Prox Acc 2 15.61 15.30 2.02 
5 LVDT Acc 2 15.21 15.52 -2.09 
7 Geo6 Geo 5 15.45 15.00 2.95 
9 Prox Geo 6 15.37 15.20 1.12 

11 LVDT Acc 1 14.91 14.81 0.70 
13 Prox LVDT 15.67 14.95 4.61 
15 LVDT Acc 1 15.10 15.00 0.66 
17 Acc 1 Geo 6 14.96 15.45 -3.30 
19 Prox Geo 5 15.59 15.06 3.41 
21 Acc 1 Geo 5 14.91 15.03 -0.79 
23 LVDT Prox 14.91 15.44 -3.58 
25 Geo6 Acc 1 15.56 14.91 4.21 
27 Prox Acc 1 15.63 14.92 4.56 
29 Acc 1 Acc 2 14.85 15.20 -2.35 
31 Acc 2 Prox 15.25 15.39 -0.93 
33 Prox Geo 6 15.64 15.51 0.88 
35 Acc 2 Geo 6 15.28 15.36 -0.51 
37 Acc 1 Prox 15.03 15.57 -3.59 
39 LVDT Geo 5 14.95 15.03 -0.58 
41 Ace 2 Geo 5 15.34 15.04 1.97 
43 LVDT Acc 2 14.97 15.28 -2.11 
45 Geo6 Geo 5 15.74 15.16 3.64 
47 Acc 2 Geo 6 15.47 15.57 -0.66 
49 Acc 1 Acc 2 14.96 15.32 -2.38 
51 Acc 2 Geo 5 15.75 15.44 1.98 
53 Prox Geo 5 15.76 15.25 3.23 
55 LVDT Geo6 14.95 15.43 -3.18 
57 LVDT Geo 5 14.99 15.08 -0.57 
59 Geo6 LVDT 15.55 14.91 4.13 

+Difference-{Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 ; LVDT Serial No.: 4745 

-
-
-
-
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Table E.41 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.40) 

Date of Experiment: 3.25.89 Diskette No.: 4 
Frequency Used 15 Hz Source Level: 0.075 Volts 

File Deflection 

9 Prox 15.37 15.20 1.12 
13 Prox 15.67 14.95 4.61 
19 Prox 15.59 15.06 3.41 
23 LVDT Prox 14.91 15.44 3.46 
27 Prox Acc 1 15.63 14.92 4.56 
31 Acc 2 Prox 15.25 15.39 0.92 
33 Prox Geo 6 15.64 15.51 0.88 
37 Acc 1 Prox 15.03 15.57 3.47 
53 Prox Geo 5 15.76 15.25 3.23 

Table E.42 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.40) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average I Standard 
Deflection (mil) !Deviation (mil) 

Accelerometer 1 14.92 0.06 
Accelerometer 2 15.37 0.16 

Geophone 5 15.11 0.13 
Geophone 6 15.48 0.14 
Proximeter 15.57 0.12 
L.V.D.T. 14.98 0.09 

Variance 
(percent) 

0.39 
2.47 
1.80 
1.83 
1.44 
0.84 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 ; Prox. Serial No.: 18745 
Geophone No's: 5 & 6 LVDT Serial No.: 4745 
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Table E.43 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 20 Hz and a 
Nominal Deflection of 5 mils 

Date of Experiment: 10.06.89 Diskette No.: 72 
Frequency Used 20 Hz Source Level: 0.05 Volts 

File Device used Deflection (mil) Differenc; 
No. enannel 1 Channel 2 CnanneT 1 cnan:nef2 (percent) 

1 Acc 1 Geol ---S.26 5.17 1.7f 
3 Prox Acc 2 5.32 5.35 -0.56 
5 LVDT Acc 2 5.18 5.35 -3.28 
7 Geo 2 Geo 1 5.23 5.18 0.96 
9 Prox Geo 2 5.32 5.20 2.26 

11 LVDT Acc 1 5.19 5.24 -0.96 
13 Prox LVDT 5.33 5.15 3.38 
15 LVDT Acc 1 5.18 5.24 -1.16 
17 Acc 1 Geo2 5.27 5.21 1.14 
19 Prox Geo 1 5.33 5.18 2.81 
21 Acc 1 Geo 1 5.27 5.18 1.71 
23 LVDT Prox 5.18 5.30 -2.32 
25 Geo 2 Acc 1 5.24 5.25 -0.19 
27 Prox Acc 1 5.33 5.25 1.50 
29 Acc 1 Acc 2 5.27 5.37 -1. 90 
31 Acc 2 Prox 5.40 5.31 1.67 
33 Prox Geo 2 5.34 5.22 2.25 
35 Acc 2 Geo2 5.40 5.21 3.52 
37 Acc 1 Prox 5.28 5.30 -0.38 
39 LVDT Geo 1 5.18 5.19 -0.19 
41 Acc 2 Geo 1 5.40 5.19 3.89 
43 LVDT Acc 2 5.19 5.38 -3.66 
45 Geo 2 Geo 1 5.25 5.19 1.14 
47 Acc 2 Geo2 5.40 5.22 3.33 
49 Acc 1 Acc 2 5.28 5.38 -1.89 
51 Acc 2 Geo 1 5.41 5.19 4.07 
53 Prox Geo 1 5.34 5.20 2.72 
55 LVDT Geo2 5.20 5.22 -0.38 
57 LVDT Geo 1 5.20 5.19 0.19 
59 Geo 2 LVDT 5.24 5.16 1.53 

+Difference-{Channel 1-channel 2)*100IChannel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 ; LVDT Serial No.: 4745 

-

-
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Table E.44 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.43) 

Date of Experiment: 10.06.89 Diskette No.: 72 
Frequency Used 20 Hz Source Level: 0.05 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 5.32 5.35 -0.56 
9 prox Geo2 5.32 5.20 2.26 

13 Prox LVDT 5.33 5.15 3.38 
19 Prox Geol -5.33 5.18 2.81 
23 LVDT Prox 5.18 5.30 2.26 
27 Prox Acc ·1 5.33 5.25 1.50 
31 Acc 2 Prox 5.40 5.31 -1.69 
33 Prox Geo2 5.34 5.22 2.25 
37 Acc 1 Prox 5.28 5.30 0.38 
53 Prox Geol 5.34 5.20 2.72 

Table E.45 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.43) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 5.26 
Accelerometer 2 5.38 

Geophone 1 5.19 
Geophone 2 5.22 
Proximeter 5.32 
L.V.D.T. 5.18 

Standard 
Deviation (mil) 

0.01 
0.02 
0.01 
0.01 
0.01 
0.02 

Variance 
(percent) 

0.02 
0.04 
0.01 
0.02 
0.02 
0.02 

+Difference-{{prox. defl.)-(Other Device defl.)}*lOO/{Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.46 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 20 Hz and a 
Nominal Deflection of 10 mils 

Date of Experiment: 4.1.89 Diskette No.: 7 
Frequency Used 20 Hz Source Level: 0.065 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel ~. Channel 1 Channel 2 (percent) 

1 Acc .L Geo ~ 10.38 10.39 -0.08 
3 Prox Acc 2 10.78 10.70 0.71 
5 LVDT Acc 2 10.38 10.58 -1. 92 
7 Geo 6 Geo 5 10.82 10.34 4.40 
9 Prox Geo 6 10.79 10.83 -0.40 

11 LVDT Acc 1 10.53 10.36 1.61 
13 Prox LVDT 10.87 10.51 3.31 
15 LVDT Acc 1 10.54 10.37 1.61 
17 Acc 1 Geo 6 10.45 10.89 -4.16 
19 Prox Geo 5 10.81 10.40 3.84 
21 Acc 1 Geo 5 10.42 10.43 -0.10 
23 LVDT Prox 10.50 10.76 -2.44 
25 Geo6 Acc 1 10.95 10.40 5.02 
27 Prox Acc 1 10.91 10.41 4.58 
29 Acc 1 Acc 2 10.45 10.77 -3.06 
31 Acc 2 Prox 10.82 10.81 0.09 
33 Prox Geo 6 10.77 10.78 -0.09 
35 Acc 2 Geo 6 10.87 10.92 -0.46 
37 Acc 1 Prox 10.47 10.85 -3.63 
39 LVDT Geo 5 10 .. 62 10.50 1.13 
41 Ace 2 Geo 5 10.93 10.55 3.48 
43 LVDT Acc 2 10.62 10.82 -1.88 
45 Geo6 Geo 5 11.02 10.53 4.45 
47 Acc 2 Geo 6 10.83 10.88 -0.46 
49 Aee 1 Acc 2 10.52 10.85 -3.14 
51 Acc 2 Geo 5 10.87 10.49 3.50 
53 Prox Geo5 10.81 10.40 3.79 
55 LVDT Geo6 10.46 10.76 -2.87 
57 LVDT Geo 5 10.68 10.57 1.03 
59 Geo6 LVDT 11.10 10.66 3.96 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: "5& 6 LVOT serial No.: 4745 

-
-
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Table E.47 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.46) 

Date of Experiment: 4.1.89 Diskette No.: 7 
Frequency Used 20 Hz Source Level: 0.065 Volts 

9 10.79 10.83 -0.40 
13 Prox 10.87 10.51 3.31 
19 Prox 10.81 10.40 3.84 
23 LVOT Prox 10.50 10.76 2.38 
27 Prox Acc 1 10.91 10.41 4.58 
31 Acc 2 Prox 10.82 10.81 -0.09 
33 Prox Geo 6 10.77 10.78 -0.09 
37 Acc 1 Prox 10.47 10.85 3.50 
53 Prox Geo 5 10.81 10.40 3.79 

Table E.48 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.46) 

Test Device Used i Average Standard Variance 
No. iDeflection (mil) Deviation (mil) (pt'!rcent) 

1 Accelerometer 1 10.42 0.05 0.22 
2 Accelerometer 2 10.80 0.10 0.92 
3 Geophone 5 10.46 0.07 0.54 
4 Geophone 6 10.89 0.10 1.03 
5 Proximeter 10.82 0.05 0.21 
6 L.V.D.T. 10.55 0.09 0.80 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 5 & 6 ; 

Prox. Serial No.: 18745 
LVOT Serial No.: 4745 
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Table E.49 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 20 Hz and a 
Nominal Deflection of 18 mils 

Date of Experiment: 4.1.89 Diskette No.: 8 
Frequency Used 20 Hz Source Level: 0.08 Volts 

File Device Used Deflection (mil) Differenc~ 
No. Charmel 1 Charmel Z Charmel 1 Channel 2 (percent) 

1 Acc 1 GeoS 13.34 13.35 -0.07 
3 Prox Acc 2 13.90 13.77 0.94 
5 LVDT Acc 2 13.52 13.77 -1.85 
7 Geo6 Geo 5 14.01 13.35 4.71 
9 Prox Geo6 13.89 13.92 -0.22 

11 LVDT Acc 1 13.50 13.25 1.85 
13 Prox LVDT 13.89 13 .43 3.31 
15 LVDT Acc 1 13.50 13.26 1. 78 
17 Acc 1 Geo6 13.32 13.91 -4.43 
19 Prox Geo 5 13.91 13.35 4.03 
21 Acc 1 Geo 5 13.34 13.35 -0.07 
23 LVDT Prox 13.53 13.85 -2.37 
25 Geo6 Acc 1 14.01 13.28 5.21 
27 Prox Acc 1 13 .90 13.27 4.53 
29 Acc 1 Acc 2 13 .37 13.81 -3.29 
31 Acc 2 Prox 13.85 13.83 0.14 
33 Prox Geo6 13.92 13 .94 -0.14 
35 Acc 2 Geo6 13 .84 13.91 -0.51 
37 Acc 1 Prox 13.34 13.83 -3.67 
39 LVDT Geo5 13-.54 13.36 1.33 
41 Acc 2 Geo 5 13 .85 13.37 3.47 
43 LVDT Acc 2 13.52 13.77 -1.85 
45 Geo 6 Geo5 13.99 13.33 4.72 
47 Acc 2 Geo6 13 .85 13.93 -0.58 
49 Acc 1 Acc 2 13.35 13.79 -3.30 
51 Acc 2 Geo5 13 .89 13.38 3.67 
53 Prox Geo 5 13 .94 13.37 4.09 
55 LVDT Geo 6 13.55 13.95 -2.95 
57 LVDT Geo 5 13.57 13.39 1.33 
59 Geo6 LVDT 14 .03 13 .48 3.92 

+Difference-{Charmel 1-Charmel 2}*100/Charmel 1 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 5 & 6 ; LVDT Serial No.: 4745 

-. 

-

-
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Table E.SO Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.49) 

Date of Experiment: 4.1.89 Diskette No.: 8 
Frequency Used 20 Hz Source Level: 0.08 volts 

. 
9 13.89 13.92 -0.22 

13 13.89 13.43 3.31 
19 Prox -13.91 13 .35 4.03 
23 LVDT Prox 13.53 13.85 2.31 
27 Prox Acc 1 13.90 13.27 4.53 
31 Acc 2 Prox 13.85 13.83 -0.14 
33 Prox Geo 6 13.92 13.94 -0.14 
37 Acc 1 Prox 13.34 13.83 3.54 
53 Prox Geo 5 13.94 13.37 4.09 

Table E.51 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.49) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 13.31 U.U4 0.17 
2 Accelerometer 2 13.82 0.04 0.16 
3 Geophone 5 13.36 0.02 0.03 
4 Geophone 6 13.96 0.04 0.19 
5 Proximeter 13.89 0.04 0.13 
6 L.V.D.T. 13.51 0.04 0.14 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 ; Prox. Serial No.: 18745 
Geophone No's: 5 & 6 ; LVDT Serial No. 4745 
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Table E.52 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 20 Hz and a 
Nominal Deflection of 25 mils 

Date of Experiment: 10.06.89 Diskette No.: 74 
Frequency Used 20 Hz Source Level: 0.21 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 ChanneT--Z Cnannel 1 Channel 2 (percent) 

1 Acc 1 Geo r 23.02 22.50 2.26 
3 Prox Acc 2 22.66 23.22 -2.47 
5 LVDT Acc 2 22.56 23.22 -2.93 
7 Geo2 Geo 1 22.56 22.49 0.31 
9 Prox Geo2 22.67 22.44 1.01 

11 LVDT Acc 1 22.59 22.90 -1. 37 
13 Prox LVDT 22.67 22.45 0.97 
15 LVDT Acc 1 22.58 22.89 -1.37 
17 Acc 1 Geo 2 23.02 22.45 2.48 
19 Prox Geo 1 22.67 22.50 0.75 
21 Acc 1 Geo1 23.03 22.51 2.26 
23 LVDT Prox 22.58 22.54 0.18 
25 Geo 2 Acc 1 22.57 22.90 -1.46 
27 Prox Acc 1 22.67 22.90 -1.01 
29 Acc 1 Acc 2 23.02 23.23 -0.91 
31 Acc 2 Prox 23.36 22.53 3.55 
33 Prox Geo 2 22.66 22.45 0.93 
35 Acc 2 Geo 2 23.36 22.46 3.85 
37 Acc 1 Prox 23.02 22.53 2.13 
39 LVDT Geo 1 22.60. 22.51 0.40 
41 Acc 2 Geo 1 23.36 22.51 3.64 
43 LVDT Ace 2 22.61 23.24 -2.79 
45 Geo2 Geo1 22.59 22.51 0.35 
47 Acc 2 Geo 2 23.36 22.46 3.85 
49 Acc 1 Acc 2 23.03 23.25 -0.96 
51 Acc 2 Geo 1 23.37 22.51 3.68 
53 Prox Geo 1 22.67 22.51 0.71 
55 LVDT Geo2 22.63 22.47 0.71 
57 LVDT Geo 1 22.63 22.51 0.53 
59 Geo 2 LVDT 22.59 22.51 0.35 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

.. 

-

-
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Table E.53 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.52) 

Date of Experiment: 10.06.89 Diskette No.: 74 
Frequency Used 20 Hz Source Level: 0.21 Volts 

File Differenc; 
No. C ( rcent) 
j-' -2.4 

9 Prox 22.67 22.44 1.01 
13 Prox .22.67 22.45 0.97 
19 Prox 22.67 22.50 0.75 
23 LVDT Prox 22.58 22.54 -0.18 
27 Prox Acc 1 22.67 22.90 -1.01 
31 Acc 2 Prox 23.36 22.53 -3.68 
33 Prox Geo 2 22.66 22.45 0.93 
37 Acc 1 Prox 23.02 22.53 -2.17 
53 Prox Geol 22.67 22.51 0.71 

Table E.54 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.52) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelorometer 1 22.97 
Accelorometer 2 23.30 

Geophone 1 22.51 
Geophone 2 22.50 
Proximeter 22.63 

L.V.D.T. 22.57 

I 

Standard 
Deviation (mil) 

0.06 
0.07 
0.01 
0.06 
0.06 
0.05 

Variance 
(percent) 

0.38 
0.43 
0.00 
0.37 
0.38 
0.28 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.55 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 30 Hz and a 
Nondnal Deflection of 5 mils 

Date of Experiment: 4.5.89 Diskette No.: 12 
Frequency Used 30 Hz Source Level: 0.055 volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2- Channel 1 Channel 2 (percent) 

1 Acc 1 GeoS 4.03 4.00 0.82 
3 Prox Acc 2 3.95 3.98 -0.97 
5 LVDT Acc 2 3.94 4.00 -1.55 
7 Geo 6 Geo 5 4.02 3.99 0.78 
9 Prox Geo 6 3.95 3.99 -1.07 

11 LVDT Acc 1 3.91 3.98 -1. 72 
13 Prox LVDT 3.94 3.88 1.45 
15 LVDT Acc 1 3.90 3.97 -1.68 
17 Acc 1 Geo 6 3.97 3.96 0.25 
19 Prox Geo 5 3.91 3.94 -0.58 
21 Acc 1 Geo 5 3.96 3.93 0.78 
23 LVDT Prox 3.84 3.84 0.09 
25 Geo 6 Acc 1 3.87 3.91 -1.03 
27 Prox Acc 1 3.87 3.91 -1.03 
29 Acc 1 Acc 2 3.95 3.90 1.20 
31 Acc 2 Prox 3.92 3.88 0.90 
33 Prox Geo 6 3.85 3.88 -0.78 
35 Acc 2 Geo6 3.92 3.90 0.49 
37 Acc 1 Prox 3.92 3.83 2.35 
39 LVDT Geo 5 3.80 3.85 -1.40 
41 ACc 2 Geo 5 3.87 3.86 0.25 
43 LVDT Acc 2 3.81 3.85 -1.00 
45 Geo6 Geo 5 3.80 3.85 -1.24 
47 Acc 2 Geo6 3.88 3.86 0.53 
49 Acc 1 Acc2 3.91 3.86 1.32 
51 Acc 2 Geo 5 3.88 3.87 0.30 
53 Prox Geo 5 3.84 3.89 -1.19 
55 LVDT Geo6 3.83 3.87 -1.04 
57 LVDT Geo 5 3.86 3.91 -1.45 
59 Geo6 LVDT 3.88 3.80 2.06 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 5 & 6 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-
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Table E.56 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.55) 

Date of Experiment: 4.5.89 Diskette No.: 12 
Frequency Used 30 Hz Source Level: 0.055 Volts 

File 
No. 

3 
9 Prox 3.95 3.99 -1.07 

13 Prox 3.94 3.88 1.45 
19 Prox 3.91 3.94 -0.58 
23 LW1' Prox 3.84 3.84 -0.09 
27 Prox Acc 1 3.87 3.91 -1.03 
31 Acc 2 Prox 3.92 3.88 -0.91 
33 Prox Geo 6 3.85 3.88 -0.78 
37 Acc 1 Prox 3.92 3.83 -2.40 
53 Prox Geo 5 3.84 3.89 -1.19 

Table E.S7 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.S5) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 3.95 0.04 0.13 
2 Accelerometer 2 3.91 0.05 0.24 
3 Geophone 5 3.91 0.05 0.27 
4 Geophone 6 3.90 0.06 0.40 
5 Proximeter 3.89 0.04 0.20 
6 L.V.D.T. 3.86 0.05 0.22 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 5 & 6 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.58 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 30 Hz and a 
Nominal Deflection of 18 mils 

Date of Experiment: 4.8.89 Diskette No.: 14 
Frequency Used 30 Hz Source Level: 0.205 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channe.!. 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 5 15.75 15.51 1.52 
3 Prox Acc 2 15.05 15.08 -0.20 
5 LVDT Acc 2 15.23 14.98 1.65 
7 Geo6 Geo 5 15.12 15.54 -2.78 
9 Prox Geo 6 15.16 15.06 0.66 

11 LVDT Acc 1 15.27 15.66 -2.55 
13 Prox LVDT 15.09 15.35 -1. 72 
15 LVOT Acc 1 15.31 15.61 -1.96 
17 Acc 1 Geo 6 15.71 14.97 4.71 
19 Prox Geo 5 15.00 15.43 -2.89 
21 Acc 1 Geo 5 15.56 15.33 1.48 
23 LVDT Prox 15.23 14.87 2.36 
25 Geo6 Acc 1 14.87 15.45 -3.90 
27 Prox Acc 1 14.97 15.49 -3.51 
29 Acc 1 Acc 2 15.54 14.91 4.05 
31 Acc 2 Prox 15.04 14.89 1.00 
33 Prox Geo6 14.99 14.89 0.67 
35 Acc 2 Geo 6 15.14 14.97 1.12 
37 Acc 1 Prox 15.56 14.88 4.37 
39 LVOT Geo 5 14.99 15.09 -0.67 
41 Acc 2 Geo 5 14.84 15.16 -2.16 
43 LVDT Acc 2 15.29 14.97 2.09 
45 Geo6 Geo 5 14.83 15.23 -2.70 
47 Acc 2 Geo 6 15.02 14.90 0.80 
49 Acc 1 Acc 2 15.45 14.65 5.18 
51 Acc 2 Geo 5 14.74 15.24 -3.39 
53 Prox Geo 5 14.72 15.20 -3.26 
55 LVDT Geo 6 15.03 14.62 2.73 
57 LVDT Geo 5 14.91 15.14 -1.54 
59 Geo6 LVDT 14.60 14.85 -1.71 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 5 & 6 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

, ... 

-
-

-

-
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Table E.59 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.58) 

Date of Experiment: 4.8.89 Diskette No.: 14 
Frequency Used 30 Hz Source Level: 0.205 volts 

9 Prox 15.16 15.06 0.66 
13 Prox 15.09 15.35 -1.72 
19 Prox -l5.00 15.43 -2.89 
23 LVDT Prox 15.23 14.87 -2.42 
27 Prox Acc .1 14.97 15.49 -3.51 
31 Acc 2 Prox 15.04 14.89 -1.01 
33 Prox Geo6 14.99 14.89 0.67 
37 Acc 1 Prox 15.56 14.88 -4.57 
53 Prox Geo 5 14.72 15.20 -3.26 

Table E.60 Evaluation of variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.58) 

Test Device Used Average Standard· variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 15.58 0.10 0.97 
2 Accelerometer 2 14.94 0.15 2.13 
3 Geophone 5 15.29 0.15 2.26 
4 Geophone 6 14.88 0.16 2.55 
5 Proximeter 14.96 0.12 1.44 
6 L.V.D.T. 15.15 0.17 3.00 

+Differencea{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 5 & 6 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.61 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 30 Hz and a 
Nominal Deflection of 25 mils 

Date of Experiment: 4.8.89 Diskette No.: 15 
Frequency Used 30 Hz Source Level: 0.305 volts 

File Device Used Deflection (mil) I Differenc; 
No. Channel 1 Channel 2 Channel 1 ChannerT i (percent:) 
1 Ace 1 Geo ~ 23.03 22.65 1.6~ 
3 Prox Acc 2 22.03 21.99 0.18 
5 LVDT Acc 2 22.45 21. 73 3.21 
7 Geo6 Geo 5 22.70 22.44 1.15 
9 Prox Geo6 22.12 22.32 -0.90 

11 LVDT Aec 1 22.63 22.63 0.00 
13 Prox LVDT 21.97 22.51 -2.46 
15 LVDT Ace 1 22.66 22.70 -0.18 
17 Acc 1 Geo 6 22.85 22.34 2.23 
19 Prox Geo 5 22.02 22.49 -2.13 
21 Acc 1 Geo 5 22.86 22.49 1.62 
23 LVDT Prox 22.57 21. 78 3.50 
25 Geo6 Acc 1 22.31 22.58 -1.21 
27 Prox Ace 1 22.20 22.84 -2.88 
29 Acc 1 Acc 2 22.74 21.93 3.56 
31 Acc 2 Prox 22.01 21.87 0.64 
33 Prox Geo 6 22.02 22.21 -0.86 
35 Ace 2 Geo 6 21.92 22.09 -0.78 
37 Aee 1 Prox 22.68 21.85 3.66 
39 LVDT Geo 5 22.51 22.29 0.98 
41 Acc 2 Geo 5 21.95 22.28 -1.50 
43 LVDT Aec 2 22.49 21.81 3.02 
45 Geo6 Geo 5 22.36 22.39 -0.13 
47 Acc 2 Geo 6 22.07 22.24 -0.77 
49 Aee 1 Acc 2 22.66 21.82 3.71 
51 Acc2 Geo 5 22.01 22.36 -1.59 
53 Prox Geo 5 22.03 22.38 -1.59 
55 LVDT Geo6 22.59 22.21 1.68 
57 LVDT Geo 5 22.55 22.33 0.98 
59 Geo 6 LVDT 22.29 22.44 -0.67 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 5 & 6 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

-
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Table E.62 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.61) 

Date of Experiment: 4.8.89 Diskette No.: 15 
Frequency Used 30 Hz Source Level: 0.305 volts 

File I 

9 Prox 22.12 22.32 -0.90 
13 Prox 21.97 22.51 -2.46 
19 Prox 22.02 22.49 -2.13 
23 LVDT Prox 22.57 21.78 -3.63 
27 Prox Acc 1 22.20 22.84 -2.88 
31 Acc 2 Prox 22.01 21.87 -0.64 
33 Prox Geo 6 22.02 22.21 -0.86 
37 Acc 1 Prox 22.68 21.85 -3.80 
53 Prox Geo 5 22.03 22.38 -1.59 

Table E.63 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.61) 

Device used 

Acce erometer 
2 Accelerometer 2 0.10 1.03 
3 Geophone 5 0.11 1.13 
4 Geophone 6 0.15 2.29 
5 Proximeter 0.12 1.44 
6 L.V.D.T. 0.07 0.48 

+Difference-{(Prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 5 & 6 

Prox. Serial No.: 18745 
LVOT Serial No. 4745 
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Table E.64 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 40 Hz and a 
Nominal Deflection of 1 mil 

Date of Experiment: 9.3.89 Diskette No.: 28 
Frequency Used 40 Hz Source Level: 0.045 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channell Channel. Z Channell Channel Z (percent) 

1 Acc 1 Geo 1 1.39 1.36 Z.16 
3 Prox Acc 2 1.37 1.43 -4.38 
5 LVDT Acc 2 1.36 1.43 -5.15 
7 Geo 2 Geo 1 1.39 1.35 2.88 
9 Prox Geo 2 1.36 1.38 -1.47 

11 LVDT Acc 1 1. 35 1.37 -1.48 
13 Prox LVDT 1.37 1.35 1.46 
15 LVDT Acc 1 1. 35 1.37 -1.48 
17 Acc 1 Geo 2 1. 38 1.38 0.00 
19 Prox Geo 1 1.35 1.35 0.00 
21 Acc 1 Geo 1 1.38 1.35 2.17 
23 LVDT Prox 1.36 1.35 0.74 
25 Geo 2 Acc 1 1.39 1.38 0.72 
27 Prox Acc 1 1.36 1.38 -1.47 
29 Acc 1 Acc 2 1.38 1.43 -3.62 
31 Acc 2 Prox 1.43 1.35 5.59 
33 Prox Geo 2 1. 35 1.38 -2.22 
35 Acc 2 Geo 2 1. 43 1.38 3.50 
37 Acc 1 Prox 1.38 1.34 2.90 
39 LVDT Geo 1 1.36 1.36 0.00 
41 Acc 2 Geo 1 1.4l 1.35 5.59 
43 LVDT Acc 2 1.36 1.42 -4.41 
45 Geo 2 Geo 1 1.39 1.35 2.88 
47 Acc 2 Geo 2 1.43 1.38 3.50 
49 Acc 1 Acc2 1.38 1.43 -3.62 
51 Acc 2 Geo 1 1.43 1.35 5.59 
53 Prox Geo 1 1.35 1.35 0.00 
55 LVDT Geo 2 1.36 1.38 -1.47 
57 LVDT Geo 1 1.36 1.35 0.74 
59 Geo2 LVDT 1.40 1.36 2.51 

+Difference-{Channel l-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

-

-
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Table E.65 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.64) 

Date of Experiment: 9.3.89 Diskette No.: 28 
Frequency Used 40 Hz Source Level: 0.045 Volts 

File Device used Deflection (mil) Differenc; 
No. Channel 1 Channel :2 ~annel 1 ~anne~~ (percent) 

3 Prox Acc l. 1.37 1.4.3 -4.38 
9 Prox Geo 2 1. 36 1.38 -1.47 

13 Prox LVDT 1. 37 1.35 1. 46 
19 Prox Geo 1 1.35 1.35 0.00 
23 LVDT Prox 1. 36 1.35 -0.74 
27 Prox Acc 1 1. 36 1.38 -1. 47 
31 Acc 2 Prox 1.43 1.35 -5.93 
33 Prox Geo2 1. 35 1.38 -2.22 
37 Acc 1 Prox 1.38 1.34 -2.99 
53 Prox Geo 1 1.35 1. 35 0.00 

Table E.66 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.64) 

Test Device Used Average 
No. Deflection (mil) 

1 Accelerometer 1 1. 38 
2 Accelerometer 2 1.43 
3 Geophone 1 1.35 
4 Geophone 2 1.38 
5 Proximeter 1.36 
6 L.V.D.T. 1.36 

Standard 
Deviation (mil) 

u.Ol 
0.00 
0.00 
0.01 
0.01 
0.00 

Variance 
(percent) 

0.00 
0.00 
0.00 
0.00 
0.01 
0.00 

+Difference-{(Prox. defl.l-(Other Device defl.l}*100/(Prox. defl.l 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.67 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 40 Hz and a 
Nominal Deflection of 5 mils 

Date of Experiment: 9.4.89 Diskette No.: 29 
Frequency Used 40 Hz Source Level: 0.175 Volts 

File I Device Used Deflection (mil) Differenc; 
No. ~tlanneJ. ~ Channel 2 ~ell Channel Z (percent) 

1 Acc J. Geo 1 ~.ll 5.UO 2.13 
3 Prox Acc 2 5.07 5.33 -5.13 
5 LVDT Acc 2 5.09 5.33 -4.72 
7 Geo2 Geo 1 5.21 5.07 2.69 
9 Prox Geo 2 5.06 5.18 -2.37 

11 LVDT Acc ~ 5.09 5.14 -0.98 
13 Prox LVDT 5.06 5.07 -0.20 
15 LVDT Acc 1 5.08 5.14 -1.18 
17 Acc 1 Geo 2 5.17 5.18 -0.19 
19 Prox Geo 1 5.06 5.06 0.00 
21 Acc 1 Geo 1 5.17 5.06 2.13 
23 LVDT Prox 5.09 5.03 1.18 
25 Geo 2 Acc 1 5.21 5.14 1.34 
27 Prox Acc 1 5.05 5.15 -1.98 
29 Acc 1 Acc 2 5.17 5.32 -2.90 
31 Acc 2 Prox 5.37 5.09 5.21 
33 Prox Geo 2 5.14 5.16 -0.39 
35 Acc 2 Geo 2 5.38 5.17 3.90 
37 Acc 1 Prox 5.16 5.08 1.55 
39 LVDT Geo 1 5.08 5.05 0.59 
41 Acc 2 Geo 1 5.38 5.06 5.95 
43 LVDT Acc 2 5.07 5.35 -5.52 
45 Geo2 Geo 1 5.20 5.05 2.83 
47 Acc 2 Geo 2 5.38 5.18 3.72 
49 Acc 1 Acc 2 5.15 5.35 -3.88 
51 Acc 2 Geo 1 5.38 5.06 5.95 
53 Prox Geo 1 5.12 5.06 1.17 
55 LVDT Geo 2 5.08 5.17 -1. 77 
57 LVDT Geo 1 5.08 5.05 0.59 
59 Geo2 LVDT 5.20 5.05 2.85 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 Prox. Serial No.:18745 
Geophone No.: 1 & 2 ; LVDT Serial No.: 4745 

-

-, 
.... 
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Table E.6S Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.67) 

Date of Experiment: 9.4.S9 Diskette No.: 29 
Frequency Used 40 Hz Source Level: 0.175 Volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 5.07 5.33 -:J .13 
9 Prox Geo 2 5.06 5.18 -2.37 

13 Prox LVDT 5.06 5.07 -0.20 
19 Prox Geo 1 -5.06 5.06 0.00 
23 LVDT Prox 5.09 5.03 -1.19 
27 Prox Acc 1 5.05 5.15 -1.98 
31 Acc 2 Prox 5.37 5.09 -5.50 
33 Prox Geo2 5.14 5.16 -0.39 
37 Acc 1 Prox 5.16 5.0S -1.57 
53 Prox Geo 1 5.12 5.06 1.17 

Table E.69 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.67) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 5.16 0.01 0.02 
2 Accelerometer 2 5.36 0.02 0.05 
3 Geophone 1 5.06 0.01 0.00 
4 Geophone 2 5.19 0.02 0.03 
5 Proximeter 5.0S 0.03 0.10 
6 L.V.D.T. 5.08 0.01 ! 

0.01 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.70 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 40 Hz and a 
Nominal Deflection of 10 mils 

Date of Experiment: 9.4.89 Diskette No.: 30 
Frequency Used 40 Hz Source Level: 0.365 Volts 

File Device Used Deflection (mi 1 ) Differenc~ 
No, CharmeJ. 1 Channel 2 Charmel 1 <:haMel Z (percent) 

1 Acc 1 Geo 1 10.60 10.37 2.17 
3 Prox Acc 2 10.50 10.99 -4.67 
5 LVDT Acc 2 10.48 11.00 -4.96 
7 Geo 2 Geo 1 10.68 10.38 2.81 
9 Prox Geo 2 10.51 10.62 -1.05 

11 LVDT Acc 1 10.46 10.55 -0.86 
13 Prox LVDT 10.51 10.40 1.05 
15 LVDT Acc 1 10.46 10.54 -0.76 
17 Acc 1 Geo 2 10.60 10.62 -0.19 
19 Prox Geo 1 10.50 10.37 1.24 
21 Acc 1 Geo 1 10.61 10.38 2.17 
23 LVDT Prox 10.45 10.43 0.19 
25 Geo2 Acc 1 10.67 10.52 1.41 
27 Prox Acc 1 10.48 10.51 -0.29 
29 Acc 1 Acc 2 10.56 11.00 -4.16 
31 Acc 2 Prox 11.05 10.45 5.43 
33 Prox Geo 2 10.56 10.61 -0.47 
35 Acc 2 Geo 2 11.06 10.62 3.98 
37 Acc 1 Prox 10.53 10.46 0.66 
39 LVDT Geol 10.42 10.31 1.06 
41 Acc 2 Geo 1 11.03 10.31 6.53 
43 LVDT Acc 2 10.46 10.97 -4.88 
45 Geo 2 Geo 1 10.66 10.32 3.19 
47 Acc 2 Geo 2 11.04 10.60 3.99 
49 Acc 1 Acc 2 10.54 10.97 -4.08 
51 Acc 2 Geo 1 11.03 10.33 6.35 
53 Prox Geo 1 10.54 10.32 2.09 
55 LVDT Geo 2 10.46 10.62 -1.53 
57 LVDT Geo 1 10.45 10.32 1.24 
59 Geo2 LVDT 10.66 10.40 2.45 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

-
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Table E.71 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.70) 

Date of Experiment: 9.4.89 Diskette No.: 30 
Frequency Used 40 Hz Source Level: 0.365 volts 

File 
No. 

3 . 
9 Prox 10.51 10.62 -1.05 

13 Prox 10.51 10.40 1.05 
19 Prox -10.50 10.37 1.24 
23 LVDT Prox 10.45 10.43 -0.19 
27 Prox Acc 1 10.48 10.51 -0.29 
31 Acc 2 Prox 11.05 10.45 -5.74 
33 Prox Geo2 10.56 10.61 -0.47 
37 Acc 1 Prox 10.53 10.46 -0.67 
53 Prox Geol 10.54 10.32 2.09 

Table E.72 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.70) 

Test Device Used Average 
No. Deflection (mil) 

1 Accelerometer 1 10.56 
2 Accelerometer 2 11.01 
3 Geophone 1 10.34 
4 Geophone 2 10.64 
5 Proximeter 10.49 
6 L.V.D.T. 10.44 

Standard 
Deviation (mil) 

0.03 
0.03 
0.03 
0.03 
0.04 
0.03 

Variance 
(percent) 

0.11 
0.09 
0.08 
0.07 
0.14 
0.07 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.73 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 40 Hz and a 
Nominal Deflection of 25 mils 

Date of Experiment: 10.06.89 Diskette No.: 75 
Frequency Used 40 Hz Source Level: 0.8 Volts 

File Device Used Deflection (mil) Differenc~ 
No. Channell ChilriJie r -z Channell Channel 2 (percent) 

1 Acc 1 Geo 1 22.93 22.40 2.31 
3 Prox Acc 2 22.06 23.12 -4.81 
5 LVDT Acc 2 22.57 23.22 -2.88 
7 Geo 2 Geo 1 22.50 22.39 0.49 
9 Prox Geo2 22.07 22.38 -1. 40 

11 LVDT Acc 1 22.57 22.78 -0.93 
13 Prox LVDT 22.06 22.50 -1.99 
15 LVDT Acc 1 22.63 22.78 -0.66 
17 Acc 1 Geo 2 22.91 22.37 2.36 
19 Prox Geo 1 22.06 22.38 -1.45 
21 Acc 1 Geo 1 22.89 22.37 2.27 
23 LVDT Prox 22.67 21.92 3.31 
25 Geo2 Acc 1 22.48 22.75 -1.20 
27 Prox Acc 1 22.04 22.76 -3.27 
29 Acc 1 Acc 2 22.88 23.19 -1.35 
31 Acc 2 Prox 23.33 21.92 6.04 
33 Prox Geo 2 22.04 22.35 -1.41 
35 Acc 2 Geo 2 23.33 22.35 4.20 
37 Acc 1 Prox 22.90 21.90 4.37 
39 LVDT Geo 1 22.66 22.35 1.37 
41 Acc 2 Geo 1 23.32 22.35 4.16 
43 LVDT Acc 2 22.66 23.19 -2.34 
45 Geo2 Geo 1 22.47 22.35 0.53 
47 Acc 2 Geo2 23.32 22.35 4.16 
49 Acc 1 Acc 2 22.89 23.19 -1.31 
51 Acc 2 Geo 1 23.31 22.34 4.16 
53 Prox Geo 1 22.03 22.35 -1.45 
55 LVDT Geo 2 22.64 22.35 1.28 
57 LVDT Geo 1 22.64 22.34 1.33 
59 Geo2 LVDT 22.46 22.50 -0.18 

+Difference-{Channel 1-Channel 2}*100/Channe1 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

-
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Table E.74 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.73) 

Date of Experiment: 10.06.89 Diskette No.: 75 
Frequency Used 40 Hz Source Level: 0.8 volts 

9 Prox 22.07 22.38 -1.40 
13 Prox 22.06 22.50 -1.99 
19 Prox 22.06 22.38 -1. 45 
23 LVDT Prox 22.67 21.92 -3.42 
27 Prox Acc.l 22.04 22.76 -3.27 
31 Acc 2 Prox 23.33 21.92 -6.43 
33 Prox Geo2 22.04 22.35 -1.41 
37 Acc l Prox 22.90 21.90 -4.57 
53 Prox Geo 1 22.03 22.35 -1.45 

Table E.75 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.73) 

Test I Device Used Average Standard· 
I 

Variance 
No. Deflection (m.i 1 ) Deviation (mil) (percent) 

1 Accelerometer 1 22.85 0.07 0.44 
2 Accelerometer 2 23.25 0.07 0.55 
3 Geophone 1 22.36 0.02 0.04 
4 Geophone 2 22.41 0.06 0.36 
5 Proximeter 22.01 0.06 0.42 
6 L.V.D.T. 22.60 0.06 0.38 

+Difference-{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 ; Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.76 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 50 Hz and a 
Nominal Deflection of 1 mil 

Date of Experiment: 8.1.89 Diskette No.: 17 
Frequency Used 50 Hz Source Level: 0.075 volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel I Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 1.18 1.17 0.43 
3 Prox Acc 2 1.11 1.15 -3.51 
5 LVDT Acc 2 1. 09 1.14 -4.98 
7 Geo2 Geo 1 1.16 1.19 -2.16 
9 Prox Geo 2 1.11 1.15 -3.60 

11 LVDT Acc 1 1.10 1.18 -7.48 
13 Prox LVDT 1.14 1.12 1. 75 
15 LVDT Acc 1 1.12 1.20 -7.14 
17 Acc 1 Geo2 1.21 1.17 3.31 
19 Prox Geo 1 1.13 1.20 -6.19 
21 Acc 1 Geo 1 1.20 1.20 0.17 
23 LVDT Prox 1.13 1.14 -0.45 
25 Geo2 Acc 1 1.20 1.22 -1.69 
27 Prox Acc 1 1.13 1.20 -5.95 
29 Acc 1 Acc 2 1.19 1.16 2.82 
31 Acc 2 Prox 1.18 1.12 4.68 
33 Prox Geo 2 1.12 1.16 -3.57 
35 Acc 2 Geo 2 1.17 1.16 0.60 
37 Acc 1 Prox 1.20 1.12 6.67 
39 LVDT Geo 1 1.14 1.19 -4.30 
41 Acc 2 Geo 1 1.19 1.18 0.84 
43 LVDT Acc 2 1.14 1.19 -4.39 
45 Geo2 Geo 1 1.21 1.18 2.48 
47 Acc 2 Geo2 1.21 1.20 0.83 
49 Acc 1 Acc 2 1.24 1.21 2.42 
51 Acc 2 Geo1 1.21 1.18 2.48 
53 Prox Geo 1 1.16 1.20 -3.45 
55 LVDT Geo2 1.15 1.20 -4.35 
57 LVDT Geo1 1.15 1.98 -72.20 
59 Geo2 LVDT 1.21 1.15 5.04 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

..... 

-
-
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Table E.77 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.76) 

Date of Experiment: 8.1.89 Diskette No.: 17 
Frequency Used 50 Hz Source Level: 0.075 Volts 

Fi1el Device Used Deflection (mil) I Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

j Prox Acc 2 1.11 1.15 -3.51 
9 Prox Geo2 1.11 1.15 -3.60 

13 Prox LVDT 1.14 1.12 1. 75 
19 Prox Geo1 - 1.13 1.20 -6.19 
23 LVDT Prox 1.13 1.14 0.44 
27 Prox Acc 1 1.13 1.20 -S.95 
31 Acc 2 Prox 1.18 1.12 -4.91 
33 Prox Geo2 1.12 1.16 -3.57 
37 Acc 1 Prox 1.20 1.12 -7.14 
53 Prox Geo 1 1.16 1.20 -3.45 

Table E.78 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.76) 

Test Device Used Average I Standard Variance 
No. Deflection (mil) Deviation (mil) (~ercent ) 

1 Accelorometer 1 1.20 0.02 0.03 
2 Accelorometer 2 1.18 0.02 0.06 
3 Geophone 1 1.27 0.24 5.66 
4 Geophone 2 1.18 0.02 0.05 
5 Proximeter 1.13 0.01 0.02 
6 L.V.D.T. 1.13 0.02 0.05 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.79 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 50 Hz and a 
Nominal Deflection of 5 mils 

Date of Experiment: 8.2.89 Diskette No.: 18 
Frequency Used 50 Hz Source Level: 0.275 Volts 

File Device Used Deflection (mil) Differenc; 
No. CKannel 1 enannel 2. ClianneT 1 Channel 2 (percent) 
1 Acc 1 Geo 1 s.n 5.10 O.~ 
3 Prox Acc 2 4.87 5.06 -3.90 
5 LVDT Acc 2 4.86 5.06 -4.12 
7 Geo2 Geo 1 5.09 5.10 -0.20 
9 Prox Geo 2 4.89 5.07 -3.79 

11 LVDT Acc 1 4.86 5.10 -4.94 
13 Prox LVDT 4.88 4.84 0.72 
15 LVDT Acc 1 4.81 5.03 -4.57 
17 Acc 1 Geo 2 5.05 5.01 0.79 
19 Prox Geo 1 4.88 5.10 -4.59 
21 Acc 1 Geo 1 5.10 5.08 0.39 
23 LVDT Prox 4.85 4.84 0.21 
25 Geo2 Acc 1 5.09 5.08 0.14 
27 Prox Acc 1 4.87 5.08 -4.38 
29 Acc 1 Acc 2 5.12 5.07 0.91 
31 Acc 2 Prox 5.09 4.83 5.03 
33 Prox Geo 2 4.87 5.07 -4.13 
35 Acc 2 Geo 2 5.09 5.07 0.49 
37 Acc 1 Prox 5.10 4.83 5.29 
39 LVDT Geo 1 4L87 5.09 -4.62 
41 Acc 2 Geo 1 5.09 5.09 0.00 
43 LVDT Acc 2 4.86 5.06 -4.04 
45 Geo 2 Geo 1 5.09 5.09 -0.02 
47 Acc 2 Geo 2 5.09 5.06 0.59 
49 Acc 1 Acc 2 5.11 5.07 0.84 
51 Acc 2 Geo 1 5.10 5.10 0.00 
53 Prox Geo 1 4.87 5.09 -4.62 
55 LVDT Geo2 4.85 5.05 -4.12 
57 LVDT Geo 1 4.86 5.08 -4.53 
59 Geo2 LVDT 5.09 4.84 4.89 

+Difference-{Channel 1-Channel 2}*100IChannel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVOT Serial No.: 4745 

-
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Table E.80 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.79) 

Date of Experiment: 8.2.89 Diskette No.: 18 
Frequency Used SO Hz Source Level: 0.275 volts 

9 Prox 5.07 -3.79 
13 Prox 4.84 0.72 
19 Prox S.lO -4.59 
23 LVDT Prox 4.84 -0.21 
27 Prox Acc 1 5.08 -4.38 
31 Acc 2 Prox 4.83 -5.30 
33 Prox Geo 2 5.07 -4.13 
37 Acc 1 Prox 4.83 -5.59 
53 Prox Geo 1 5.09 -4.62 

Table E.81 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.79) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average I 
Deflection (mil) 

Acce.1.erometer 1 5.09 
Accelerometer 2 5.08 

Geophone 1 5.09 
Geophone 2 5. 07 
Proximeter 4.86 

L.V.D.T. 4.85 

Standard 
Deviation (mil) 

u.03 
0.02 
0.01 
0.02 
0.02 
0.02 

Variance 
(percent) 

0.08 
0.02 
0.01 
0.06 
0.03 
0.02 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVOT Serial No.: 4745 
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Table E.82 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 50 Hz and a 
Nominal Deflection of 10 mils 

Date of Experiment: 8.2.89 Diskette No.: 19 
Frequency Used 50 Hz Source Level: 0.525 Volts 

File Device Used Deflection (mil) Difference 
No. Channel 1 ChaMel Z Charm-fil 1 Channel 2 (percent)T 

1 Acc 1 Geo 1 9.75 9.69 0.62 
3 Prox Acc 2 9.32 9.66 -3.65 
5 LVDT Acc 2 9.29 9.66 -4.03 
7 Geo 2 Geo 1 9.71 9.69 0.21 
9 Prox Geo 2 9.31 9.65 -3.65 

11 LVDT Acc 1· 9.29 9.69 -4.31 
13 Prox LVDT 9.32 9.27 0.54 
15 LVDT Acc 1 9.30 9.69 -4.15 
17 Acc 1 Geo 2 9.73 9.65 0.82 
19 Prox Geo 1 9.31 9.68 -3.97 
21 Acc 1 Geo 1 9.74 9.68 0.58 
23 LVDT Prox 9.26 9.26 0.00 
25 Geo 2 Acc 1 9.71 9.68 0.30 
27 Prox Acc 1 9.30 9.68 -4.08 
29 Acc 1 Acc 2 9.73 9.66 0.72 
31 Acc 2 Prox 9.72 9.25 4.79 
33 Prox Geo2 9.31 9.66 -3.76 
35 Acc 2 Geo 2 9.71 9.65 0.62 
37 Acc 1 Prox 9.74 9.26 4.95 
39 LVDT Geo 1 9.26 9.68 -4.54 
41 Acc 2 Geo 1 9.72- 9.68 0.41 
43 LVDT Acc 2 9.27 9.67 -4.29 
45 Geo 2 Geo 1 9.72 9.69 0.28 
47 Acc 2 Geo 2 9.72 9.66 0.65 
49 Acc 1 Acc 2 9.74 9.66 0.78 
51 Acc 2 Geo 1 9.72 9.69 0.35 
53 Prox Geo 1 9.31 9.68 -3.97 
55 LVDT Geo 2 9.28 9.66 -4.07 
57 LVDT Geo 1 9.29 9.68 -4.24 
59 Geo 2 LVDT 9.71 9.23 4.94 

+Difference-{Channel 1-Channe1 2}*100IChannel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

.... 

-
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Table E.83 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.82) 

Date of Experiment: 8.2.89 Diskette No.: 19 
Frequency Used 50 Hz Source Level: 0.525 Volts 

File 
No. C 

3 - . :;, 

9 Prox 9.31 9.65 -3.65 
13 Prox 9.32 9.27 0.54 
19 prox . 9.31 9.68 -3.97 
23 LVDT prox 9.26 9.26 0.00 
27 prox Acc 1 9.30 9.68 -4.08 
31 Acc 2 Prox 9.72 9.25 -5.03 
33 Prox Geo 2 9.31 9.66 -3.76 
37 Acc 1 Prox 9.74 9.26 -5.21 
53 Prox Geo 1 9.31 9.68 -3.97 

Table E.84 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.82) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 9.72 0.03 0.07 
2 Accelerometer 2 9.69 0.03 0.08 
3 Geophone 1 9.68 0.00 0.00 
4 Geophone 2 9.68 0.03 0.08 
5 proximeter 9.29 0.03 0.07 
6 L.V.D.T. 9.27 0.02 0.04 

+Difference-{(Prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: I & 2 

Prox. Serial No.:lB745 
LVDT Serial No.: 4745 
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Table E.85 Testing Sequence Used in Def1ectlon Measurements for a 
Steady-State Motion at a Frequency of 50 Hz and a 
Nominal Deflection of 18 mils 

Date of Experiment: 8.2.89 Diskette No.: 20 
Frequency Used 50 Hz Source Level: 1.15 Volts 

File Device used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 c:Kannel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 -zcr.54 20.41 0.63 
3 Prox Acc 2 19.98 20.37 -1.95 
5 LVDT Acc 2 19.77 20.37 -3.03 
7 Geo2 Geo 1 20.40 20.39 0.05 
9 Prox Geo 2 19.95 20.28 -1.65 

11 LVDT Acc 1 19.70 20.34 -3.25 
13 Prox LVDT 19.89 19.60 1.46 
15 LVDT Acc 1 19.70 20.34 -3.25 
17 Acc 1 Geo 2 20.45 20.22 1.12 
19 Prox Geo 1 19.86 20.30 -2.22 
21 Acc 1 Geo 1 20.42 20.29 0.64 
23 LVDT Prox 19.63 19.75 -0.61 
25 Geo2 Acc 1 20.30 20.30 0.00 
27 Prox Acc 1 19.85 20.30 -2.27 
29 Acc 1 Acc 2 20.40 20.25 0.74 
31 Acc 2 Prox 20.36 19.72 3.14 
33 Prox Geo 2 19.82 20.17 -1. 74 
35 Acc 2 Geo 2 20.34 20.16 0.89 
37 Acc 1 Prox 20.37 19.71 3.24 
39 LVDT Geo 1 19.57 20.23 -3.39 
41 Acc 2 Geo 1 20.31 20.22 0.44 
43 LVDT Acc 2 19.56 20.20 -3.27 
45 Geo2 Geo 1 20.22 20.21 0.06 
47 Acc 2 Geo 2 20.29 20.10 0.94 
49 Acc 1 Acc 2 20.33 20.16 0.84 
51 Acc 2 Geo 1 20.27 20.18 0.46 
53 Prox Geo 1 19.75 20.17 -2.11 
55 LVDT Geo2 19.51 20.08 -2.89 
57 LVDT Geo 1 19.50 20.15 -3.31 
59 Geo2 LVDT 20.18 19.39 3.90 

+Difference-{Channe1 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-
-
-
-

-

-

.... 
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Table E.86 Comparison of Deflections from proximeter and Other 
Sensors (for Data Reflected in Table E.8S) 

Date of Experiment: 8.2.89 Diskette No.: 20 
Frequency Used 50 Hz Source Level: 1.15 Volts 

. . 
9 19.95 20.28 -1.65 

13 Prox 19.89 19.60 1.46 
19 Prox i9.86 20.30 -2.22 
23 LVDT Prox 19.63 19.75 0.61 
27 Prox Acc 1 19.85 20.30 -2.27 
31 Acc 2 Prox 20.36 19.72 -3.25 
33 Prox Geo2 19.82 20.17 -1. 74 
37 Acc 1 Prox 20.37 19.71 -3.35 
53 Prox Geo1 19.75 20.17 -2.11 

Table E.87 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.85) 

Average 
Deflection (mil) 

cce erometer . 
Accelerometer 2 20.29 0.07 0.48 

Geophone 1 20.25 0.09 0.76 
4 Geophone 2 20.21 0.09 0.85 
5 Proximeter 19.83 0.09 0.81 
6 L.V.D.T. 19.59 0.11 1.13 

+Difference-{(Prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.88 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 50 Hz and a 
Nominal Deflection of 25 mils 

Date of Experiment: 8.3.89 Diskette No.: 21 
Frequency Used 50 Hz Source Level: 1.6 Volts 

File Device Used Deflection (mil) Differenc; 
No. CfianneI-r ChMinel 2 CfianneT 1 Cliannel 2 (percent) 

1 Acc 1 Geo 1 20.92 26.66 0:90 
3 Prox Acc 2 26.32 26.68 -1.35 
5 LVDT Acc 2 25.59 26.63 -4.04 
7 Geo 2 Geo 1 26.59 26.56 0.12 
9 Prox Geo 2 26.18 26.43 -0.96 

11 LVDT Acc 1 25.53 26.58 -4.11 
13 Prox LVDT 26.39 25.84 2.10 
15 LVDT Acc 1 25.93 26.77 -3.22 
17 Acc 1 Geo 2 26.87 26.53 1.26 
19 Prox Geo 1 26.22 26.57 -1.33 
21 Acc 1 Geo 1 26.82 26.55 1.01 
23 LVDT Prox 26.14 26.01 0.52 
25 Geo2 Acc 1 26.50 26.56 -0.24 
27 Prox Acc 1 26.09 26.54 -1.72 
29 Acc 1 Acc 2 26.67 26.45 0.82 
31 Acc 2 Prox 26.61 25.93 2.57 
33 Prox Geo 2 26.05 26.28 -0.88 
35 Acc 2 Geo 2 26.58 26.26 1.19 
37 Acc 1 Prox 26~63 25.89 2.78 
39 LVDT Geo 1 25.97 26.33 -1.39 
41 Acc 2 Geo 1 26.52 26.32 0.75 
43 LVDT Acc 2 25.96 26.39 -1.64 
45 Geo 2 Geo 1 26.32 26.29 0.11 
47 Acc 2 Geo 2 26.50 26.18 1.21 
49 Acc 1 Acc 2 26.56 26.35 0.79 
51 Acc 2 Geo 1 26.47 26.27 0.75 
53 Prox Geo 1 25.92 26.26 -1.29 
55 LVDT Geo 2 25.88 26.16 -1.08 
57 LVDT Geo 1 25.82 26.23 -1.58 
59 Geo2 LVDT 26.25 25.67 2.20 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

..... 

-

-

-
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Table E.89 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.88) 

Date of Experiment: 8.3.89 Diskette No.: 21 
Frequency Used 50 Hz Source Level: 1.6 volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel :2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 26.32 26.68 -1.35 
9 Prox Geo2 26.18 26.43 -0.96 

13 Prox LVDT 26.39 25.84 2.10 
19 Prox Geo 1 -26.22 26.57 -1. 33 
23 LVDT Prox 26.14 26.01 -0.52 
27 Prox Acc-1 26.09 26.54 -1.72 
31 Acc 2 Prox 26.61 25.93 -2.63 
33 Prox Geo 2 26.05 26.28 -0.88 
37 Acc 1 Prox 26.63 25.89 -2.86 
53 Prox Geo 1 25.92 26.26 -1.29 

Table E.90 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.88) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 26.69 
Accelerometer 2 26.52 

Geophone 1 26.40 
Geophone 2 26.35 
Proximeter 26.10 
L.V.D.T. 25.83 

Standard 
Deviation (mil) 

0.l3 
0.10 
0.15 
0.14 
0.16 
0.18 

Variance 
(percent) 

1.80 
1.03 
2.35 
2.08 
2.72 
3.19 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. def1.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.91 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 75 Hz and a 
Nominal Deflection of 1 mil 

Date of Experiment: 8.26.89 Diskette No.: 22 
Frequency Used 75 Hz Source Level: 0.155 Volts 

File Device Used I Deflection (mil) Differenc, 
No. Channel 1 Channel 2 • Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 1.19 1..16 2.52-
3 Prox Acc 2 1.17 1.21 -3.42 
5 LVDT Acc 2 1.16 1.21 -4.31 
7 Geo2 Geo 1 1.16 1.16 0.00 
9 Prox Geo 2 1.17 1.16 0.85 

11 LVDT Acc 1 1.15 1.18 -2.61 
13 prox LVDT 1.17 1.14 2.56 
15 LVDT Acc 1 1.15 1.18 -2.61 
17 Acc 1 Geo2 1.19 1.16 2.52 
19 Prox Geo 1 1.17 1.16 0.65 
21 Acc 1 Geo 1 1.19 1.16 2.52 
23 LVDT Prox 1.15 1.17 -1. 74 
25 Geo2 Acc 1 1.16 1.19 -2.59 
27 Prox Acc 1 1.17 1.19 -1. 71 
29 Acc 1 Acc 2 1.19 1.21 -1.68 
31 Acc 2 Prox 1.21 1.17 3.31 
33 Prox Geo 2 1.17 1.16 0.85 
35 Acc 2 Geo2 1.22 1.16 4.92 
37 Acc 1 Prox 1.19 1.17 1.68 
39 LVDT Geo1 1.15 1.16 -0.87 
41 Acc 2 Geo 1 1.22 1.16 4.92 
43 LVDT Acc 2 1.16 1.21 -4.31 
45 Geo2 Geo 1 1.16 1.16 0.00 
47 Acc 2 Geo2 1.21 1.16 4.13 
49 Acc 1 Acc 2 1.19 1.21 -1.68 
51 Acc 2 Geo 1 1.21 1.16 4.13 
53 Prox Geo1 1.17 1.16 0.85 
55 LVDT Geo2 1.16 1.16 0.00 
57 LVDT Geo 1 1.16 1.16 0.00 
59 Geo2 LVDT 1.17 1.15 1. 71 

+Difference-{Channel I-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: I & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

... 

-

-
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Table E.92 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.91) 

Date of Experiment: 8.26.89 Diskette No.: 22 
Frequency Used 75 Hz Source Level: 0.155 volts 

File Device Used Deflection (mil) Differenc; 
No. Channell Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 1.17 1.21 -3.42 
9 Prox Geo 2 1.17 1.16 0.85 

13 Prox LVDT 1.17 1.14 2.56 
19 Prox Geo 1 1.17 1.16 0.85 
23 LVDT Prox 1.15 1.17 1.71 
27 Prox Acc 1 1.17 1.19 -1. 71 
31 Acc 2 Prox 1.21 1.17 -3.42 
33 Prox Geo 2 1.17 1.16 0.85 
37 Acc 1 Prox 1.19 1.17 -1. 71 
53 Prox Geo 1 1.17 1.16 0.85 

Table E.93 Evaluation of variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.91) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 1.19 0.00 0.00 
2 Accelerometer 2 1.21 0.00 0.00 
3 Geophone 1 1.16 0.00 0.00 
4 Geophone 2 1.16 0.00 0.00 
5 Proximeter 1.17 0.00 0.00 
6 L.V.D.T. 1.15 0.01 0.00 

+Difference-{(prox. defl.)-(Other Device def1.)}*100/(prox. def1.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

prox. Serial No.:1B745 
LVDT Serial No.: 4745 
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Table E.94 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 75 Hz and a 
Nominal Deflection of 5 mils 

Date of Experiment: 8.26.89 Oiskette No.: 23 
Frequency Used 75 Hz Source Level: 0.700 Volts 

File Device Used Deflection (mil) Differenc~ 
No. cnannel:T Channel 2 CllanneTT Channe.J. 2 (percent) 

1 AccT Geo 1 ~.T5" 5.00 2.91 
3 Prox Acc 2 5.08 5.25 -3.35 
5 LVOT Acc 2 ~.02 5.24 -4.38 
7 Geo2 Geo1 5.07 5.00 1.38 
9 Prox Geo 2 5.07 5.04 0.59 

11 LVOT Acc 1 5.02 5.11 -1. 79 
13 Prox LVOT 5.06 4.92 2.77 
15 LVOT Acc 1 4.95 5.11 -3.23 
17 Acc 1 Geo 2 5.14 5.04 1.95 
19 Prox Geo 1 5.06 4.99 1.38 
21 Acc 1 Geo 1 5.14 4.99 2.92 
23 LVOT Prox 4.96 5.03 -1.41 
25 Geo2 Acc 1 5.07 5.11 -0.79 
27 Prox Acc 1 5.07 5.11 -0.79 
29 Acc 1 Acc 2 5.14 5.24 -1.95 
31 Acc 2 Prox 5.27 5.04 4.36 
33 Prox Geo 2 5.06 5.04 0.40 
35 Acc 2 Geo 2 5.26 5.04 4.18 
37 Acc 1 Prox 5.14 5.03 2.14 
39 LVOT Geo 1 4.95 4.99 -0.81 
41 Acc 2 Gee 1 5.27 4.99 5.31 
43 LVOT Acc 2 4.94 5.23 -5.87 
45 Geo 2 Geo 1 5.06 4.98 1.58 
47 Acc 2 Geo 2 5.26 5.04 4.18 
49 Acc 1 Acc 2 5.13 5.23 -1.95 
51 Acc 2 Geo 1 5.26 4.98 5.32 
53 Prox Geo 1 5.03 4.96 1.39 
55 LVOT Geo 2 4.93 5.03 -2.03 
57 LVOT Geo1 4.92 4.97 -1.02 
59 Geo 2 LVOT 5.06 4.92 2.77 

+Oifference-{Channel l-Channel 2}*lOO/Channe1 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:1B745 
LVOT Serial No.: 4745 

-
-

-

-
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Table E.95 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.94) 

Date of Experiment: 8.26.89 Diskette No.: 23 
Frequency Used 75 Hz Source Level: 0.700 Volts 

9 Prox 5.07 5.04 0.59 
13 Prox 5.06 4.92 2.77 
19 Prox . 5.06 4.99 1. 38 
23 LVDT Prox 4.96 5.03 1.39 
27 Prox Acc 1 5.07 5.11 -0.79 
31 Acc 2 Prox 5.27 5.04 -4.56 
33 Prox Geo2 5.06 5.04 0.40 
37 Acc 1 Prox 5.14 5.03 -2.19 
53 Prox Geo 1 5.03 4.96 1. 39 

Table E.96 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.94) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil l 

Accelerometer 1 5.13 
Accelerometer 2 5.25 

Geophone 1 4.99 
Geophone 2 5.05 
Proximeter 5.05 
L.V.D.T. 4.95 

Standard 
Deviation (mil l 

O.Ol 
0.01 
0.01 
0.01 
0.02 
0.04 

Variance 
(percent) 

0.02 
0.02 
0.01 
0.02 
0.03 
0.13 

+Difference-{(Prox. defl.)-(Other Device defl.)}*100/(Prox. defl.l 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4145 
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Table E.97 Testing Sequence Used in Deflection Measurements for a 
Steady-State Motion at a Frequency of 75 Hz and a 
Nominal Deflection of 10 mils 

Date of Experiment: 8.26.89 Diskette No.: 24 
Frequency Used 75 Hz Source Level: 1.5 Volts 

File Device Used Deflection (mil) Differenc; 
No. Cflanne-r T Channel 2 c:nannel 1 Channel 2 (percent) 

1 AccT Geo 1 10.40 10.09 3.--s4 
3 Prox Acc 2 10.16 10.39 -2.26 
5 LVDT Acc 2 9.87 10.39 -5.27 
7 Geo 2 Geo 1 10.08 10.06 0.20 
9 Prox Geo 2 10.13 10.02 1.09 

11 LVDT Acc !. 9.85 10.35 -5.08 
13 Prox LVDT 10.12 9.79 3.26 
15 LVDT Acc 1 9.85 10.34 -4.97 
17 Acc 1 Geo2 10.39 10.00 3.75 
19 Prox Geo 1 10.09 10.03 0.59 
21 Acc 1 Geo 1 10.38 10.02 3.47 
23 LVDT Prox 9.81 10.03 -2.24 
25 Geo2 Acc 1 10.03 10.30 -2.69 
27 Prox Acc 1 10.07 10.30 -2.28 
29 Acc 1 Acc 2 10.36 10.33 0.29 
31 Acc 2 Prox 10.36 10.00 3.47 
33 Prox Geo 2 10.05 9.95 1.00 
35 Acc 2 Geo 2 10.36 9.94 4.05 
37 Acc 1 Prox 10.34 10.00 3.29 
39 LVDT Geo 1 9.78 9.99 -2.15 
41 Acc 2 Geo1 10.36 10.00 3.47 
43 LVDT Acc 2 9.77 10.29 -5.32 
45 Geo2 Geo 1 9.98 9.98 0.00 
47 Acc 2 Geo 2 10.33 9.92 3.97 
49 Acc 1 Acc 2 10.33 10.28 0.48 
51 Acc 2 Geol 10.33 9.95 3.68 
53 Prox Geo 1 10.01 9.94 0.70 
55 LVDT Geo2 9.70 9.90 -2.06 
57 LVDT Geo 1 9.72 9.95 -2.37 
59 Geo2 LVDT 9.97 9.65 3.21 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.98 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.97) 

Date of Experiment: 8.26.89 Diskette No.: 24 
Frequency Used 75 Hz Source Level: 1.5 Volts 

9 Prox 10.13 10.02 1.09 
13 Prox 10.12 9.79 3.26 
19 Prox 10.09 10.03 0.59 
23 LVDT Prox 9.81 10.03 2.19 
27 Prox Acc 1 10.07 10.30 -2.28 
31 Acc 2 Prox 10.36 10.00 -3.60 
33 Prox Geo 2 10.05 9.95 1.00 
37 Acc 1 Prox 10.34 10.00 -3.40 
53 Prox Geo 1 10.01 9.94 0.70 

Table E.99 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.97) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mi 1 ) 

Accelerometer 1 10.36 
Accelerometer 2 10.34 

Geophone 1 10.00 
Geophone 2 9.98 
Proximeter 10.07 

L.V.D.T. 9.78 

Standard 
Deviation (mil) 

0.04 
0.04 
0.05 
0.05 
0.05 
0.07 

Variance 
(percent) 

0.20 
0.13 
0.22 
0.27 
0.30 
0.46 

+Difference-{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.100 Testing Sequence Used in Deflection Measurements for a 

Steady-State Motion at a Frequency of 75 Hz and a 
Nominal Deflection of 18 mils ~' 

Date of Experiment: 8.27.89 Diskette No.: 25 
Frequency Used 75 Hz Source Level: 1.9 Volts 

File Device used Deflection (mil) Differenc~ 
No. d1anneTT Channel 2 Cfiarulel 1 Crumnel 2 (percent) 

1 AccT Geo 1 n.n 17.46 3.-s4 
3 Prox Acc 2 17.43 17.86 -2.47 
5 LVDT Acc 2 17.46 17.78 -1.83 
7 Geo2 Geo 1 n.17 17 .20 -0.17 
9 Prox Geo 2 17.23 17.04 1.10 

11 LVDT Acc 1 17.34 17.68 -1.96 
13 Prox LVDT 17.19 17 .21 -0.12 
15 LVDT Acc 1 17.26 17.62 -2.09 
17 Acc 1 Geo 2 17.69 16.92 4.35 
19 Prox Geo 1 17.01 17.00 0.06 
21 Acc 1 Geo 1 17.63 16.99 3.63 
23 LVDT Prox 17.13 16.95 1.05 
25 Geo2 Acc 1 16.89 17 .47 -3.43 
27 Prox Acc 1 16.96 17.44 -2.83 
29 Acc 1 Acc 2 17.52 17.40 0.68 
31 Acc 2 Prox 17.49 16.82 3.83 
33 Prox Geo 2 16.90 16.71 1.12 
35 Acc 2 Geo2 17.45 16.69 4.36 
37 Acc 1 Prox 17.45 16.77 3.90 
39 LVDT Geo 1 16,95 16.76 1.12 
41 Ace 2 Geo 1 17.37 16.74 3.63 
43 LVDT Ace 2 16.92 17.25 -1.95 
45 Geo2 Geo 1 16.67 16.68 -0.06 
47 Ace 2 Geo 2 17.30 16.55 4.34 
49 Ace 1 Ace 2 17.32 17.18 0.81 
51 Ace 2 Geo 1 17.26 16.61 3.77 
53 Prox Geo 1 16.68 16.59 0.54 
55 LVDT Geo 2 16.81 16.45 2.14 
57 LVDT Geo 1 16.79 16.54 1.49 
59 Geo2 LVDT 16.50 16.67 -1.03 

+Oifference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.I0l Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.I00) 

Date of Experiment: 8.27.89 Diskette No.: 25 
Frequency Used 75 Hz Source Level: 1.9 Volts 

. 
9 17.23 17 .04 1.10 

13 17.19 17.21 -0.12 
19 Prox 17 .01 17.00 0.06 
23 LVDT Prox 17.13 16.95 -1.06 
27 Prox Acc 1 16.96 17.44 -2.83 
31 Acc 2 Prox 17.49 16.82 -3.98 
33 Prox Geo 2 16.90 16.71 1.12 
37 Acc 1 Prox 17 .45 16.77 -4.05 
53 Prox Geo 1 16.68 16.59 0.54 

Table E.I02 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.I00) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelorometer 1 17.59 0.20 4.15 
2 Accelorometer 2 17.43 0.21 4.56 
3 Geophone 1 16.86 0.28 8.07 
4 Geophone 2 16.76 0.23 5.12 
5 Proximeter 16.99 0.22 4.75 
6 L.V.O.T. 17.05 0.25 6.25 

+Oifference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 
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Table E.103 Testing Sequence Used in Deflection Measurements for a 

Steady-State Motion at a Frequency of 100 Hz and a 
Nominal Deflection of 1 mil -

Date of Experiment: 8.31.89 Diskette No.: 26 
Frequency Used 100 Hz Source Level: 0.3 Volts 

File Device Used Deflection (mil) Differenc; 
No. cnanneI T Channel 2 cnanneT 1 U1aIlIlelI (percent) 

1 AccT Geo 1 T.19 1.15 3.~ 
3 Prox Acc 2 1.15 1.17 -1. 74 
5 LVDT Acc 2 1.11 1.17 -5.41 
7 Geo 2 Geo 1 1.13 1.15 -1. 77 
9 Prox C-eo 2 1.15 1.11 3.48 

11 LVDT Acc 1 1.11 1.19 -7.21 
13 Prox LVDT 1.15 1.10 4.35 
15 LVDT Acc 1 1.10 1.19 -8.18 
17 Acc 1 Geo 2 1.19 1.12 5.88 
19 Prox Geo 1 1.15 1.15 0.00 
21 Acc 1 Geo 1 1.19 1.15 3.36 
23 LVDT Prox 1.11 1.15 -3.60 
25 Geo2 Acc 1 1.13 1.19 -5.31 
27 Prox Acc 1 1.15 1.19 -3.48 
29 Acc 1 Acc 2 1.19 1.17 1.68 
31 Acc 2 Prox 1.18 1.15 2.54 
33 Prox Geo 2 1.16 1.12 3.45 
35 Acc 2 Geo 2 1.18 1.12 5.08 
37 Acc 1 Prox 1.19 1.15 3.36 
39 LVDT Geo 1 1.10 1.15 -4.55 
41 Acc 2 Geo 1 1.18 1.15 2.54 
43 LVDT Acc 2 1.10 1.17 -6.36 
45 Geo2 Geo 1 1.13 1.15 -1. 77 
47 Acc 2 Geo 2 1.18 1.12 5.08 
49 Acc 1 Acc 2 1.19 1.17 1.68 
51 Acc 2 Geo 1 1.18 1.15 2.54 
53 Prox Geo 1 1.15 1.15 0.00 
55 LVDT Geo 2 1.11 1.12 -0.90 
57 LVDT Geo 1 1.11 1.15 -3.60 
59 Geo 2 LVDT 1.13 1.10 2.65 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

-
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Table E.104 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.103) 

Date of Experiment: 8.31.89 Diskette No.: 26 
Frequency Used 100 Hz Source Level: 0.3 volts 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel :2 (percent) 

3 Prox Acc 2 1.15 1.17 -1. 74 
9 Prox Geo 2 1.15 1.11 3.48 

13 Prox LVDT 1.15 1.10 4.35 
19 Prox Geo1 1.15 1.15 0.00 
23 LVDT Prox 1.11 1.15 3.48 
27 Prox Acc.1 1.15 1.19 -3.48 
31 Acc 2 Prox 1.18 1.15 -2.61 
33 Prox Geo 2 1.16 1.12 3.45 
37 Acc 1 Prox 1.19 1.15 -3.48 
53 Prox Geo 1 1.15 1.15 0.00 

Table E.105 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.103) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelorometer 1 1.19 0.00 0.00 
2 Accelorometer 2 1.18 0.00 0.00 
3 Geophone 1 1.15 0.00 0.00 
4 Geophone 2 1.12 0.01 0.00 
5 Proximeter 1.15 0.00 0.00 
6 L.V.D.T. 1.11 0.01 0.00 

+Difference-{(Prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No'S: 23641 & 42 Prox. Serial No.: 18745 
Geophone No'S: 1 & 2 LVDT Serial No.: 4745 
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Table E.l06 Testing Sequence Used in Deflection Measurements for a 

Steady-State Motion at a Frequency of 100 Hz and a 
Nominal Deflection of 5 mils -

Date of Experiment: 8.31.89 Diskette No.: 27 
Frequency Used 100 Hz Source Level: 1.5 volts 

File Device Used Deflection (mil) I Differenc; 
No. cnanne~~ cnannel 2 ~el-l Channel l ~rcent) 

1 Acc 1 Geo 1 5.40 5.20 3.70 
3 Prox Acc 2 5.25 5.40 -2.86 
5 LVDT Acc 2 5_.63 5.40 4.09 
7 Geo2 Geo 1 5.17 5.19 -0.39 
9 Prox Geo 2 5.23 5.14 1.72 

11 LVDT Acc 1 5.63 5.34 5.15 
l3 Prox LVDT 5.24 5.58 -6.49 
15 LVDT Acc 1 5.62 5.34 4.98 
17 Acc 1 Geo2 5.37 5.12 4.66 
19 prox Geo1 5.23 5.17 1.15 
21 Acc 1 Geo 1 5.36 5.17 3.54 
23 LVDT Prox 5.61 5.20 7.31 
25 Geo 2 Acc 1 5.14 5.33 -3.70 
27 Prox Acc 1 5.23 5.32 -1. 72 
29 Acc 1 Acc 2 5.35 5.36 -0.19 
31 Acc 2 Prox 5.39 5.19 3.71 
33 Prox Geo2 5.22 5.11 2.11 
35 Acc 2 Geo 2 5.39 5.10 5.38 
37 Acc 1 Prox 5.35 5.18 3.18 
39 LVDT Geo 1 5.61 5.15 8.20 
41 Acc 2 Geo 1 5.38 5.14 4.46 
43 LVDT Acc 2 5.60 5.35 4.46 
45 Geo2 Geo 1 5.12 5.14 -0.39 
47 Acc 2 Geo 2 5.37 5.09 5.21 
49 Acc 1 Acc 2 5.33 5.34 -0.19 
51 Acc 2 Geo 1 5.37 5.l3 4.47 
53 Prox Gee 1 5.20 5.l3 1.35 
55 LVDT Geo 2 5.59 5.09 8.94 
57 LVDT Geo 1 5.59 5.l3 8.23 
59 Geo2 LVDT 5.11 5.55 -8.61 

+Difference-{Channel 1-channel 2}*lOO/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

-
-
-

-
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Table E.107 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table E.106) 

Date of Experiment: 8.31.89 Diskette No.: 27 
Frequency Used 100 Hz Source Level: 1.5 Volts 

File Device Used Deflection (mil) Differenc; 
No. Cnannel 1 Channel :2 Channell el :2 (percent) 

3 Prox Acc :2 5.25 5.40 -2.86 
9 Prox Geo 2 5.23 5.14 1.72 

13 Prox LVDT 5.24 5.58 -6.49 
19 Prox Geo1 5.23 5.17 1.15 
23 LVDT Prox 5.61 5.20 -7.88 
27 Prox Acc 1 5.23 5.32 -1.72 
31 Acc 2 Prox 5.39 5.19 -3.85 
33 Prox Geo 2 5.22 5.11 2.11 
37 Acc 1 Prox 5.35 5.18 -3.28 
53 Prox Geo 1 5.20 5.13 1.35 

Table E.108 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table E.106) 

Test Device Used Average Standard I Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 5.35 0.02 0.05 
2 Accelerometer 2 5.38 0.02 0.04 
3 Geophone 1 5.16 0.02 0.06 
4 Geophone 2 5.12 0.02 0.06 
5 Proximeter 5.22 0.02 0.05 
6 L.V.D.T. 5.60 0.02 0.05 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table E.109 Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 2 Hz and a Nominal 
Deflection of 5 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS31 

Frequency Used 02 Hz Source Level: 0.06 Volts 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo1 6.02 5.37 10.80 

2 Laser Prox. 6.02 5.98 0.66 

3 Laser Acc 2 6.02 5.29 12.13 

4 Laser LVDT 6.00 5.93 1.17 

5 Laser Geo 2 5.98 5.41 9.53 

6 Laser Acc 1 5.96 5.25 11.91 

* 6.02 mil Average -Standard Deviation - 0.01 mil 
variance - 0.01 percent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

, ... 

' ... 

-
, ... 

-
-

-
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 2 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.13.89 Diskette No.: I..AS31· 

Frequency Used 02 Hz Source Level: 0.150 volts 

Test Device Used oeflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geol 

Prox. 

Acc 2 

LVD'I' 

Geo 2 

Acc 1 

Average -
Standard oeviation -
Variance -

18.12 

18.16 

18.18 

18.15 

18.09 

18.02 

18.15 mil 
0.02 mil 
0.05 percent 

16.66 

17 .16 

16.52 

18.07 

17.86 

16.44 

+ (percent) 

8.06 

5.51 

9.13 

0.44 

1.27 

8.77 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVD'I' Serial No.: 4745 
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Table E.111 

Date of Experiment: 

Frequency Used 

Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 5 Hz and a Nominal 
Deflection of 5 mils 

9.3.89 01 skette No.: LASE04 

05 Hz Source Level: 0.045 Volts 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo 1 4.70 4.79 -1.91 

2 Laser prox. 4.74 4.74 0.00 

3 Laser Acc2 4.74 4.83 -1.90 

4 Laser LVDT 4.77 4.77 0.00 

5 Laser Geo2 4.77 4.71 1.26 

6 Laser Acc 1 4 .. 78 4.74 0.84 

* 4.74 mil Average -Standard Deviation - 0.02 mil 
Variance - 0.06 percent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No'S: 23641 & 42 1 Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVDT Serial No.: 4745 

-

-
-

... 
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 5 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.3.89 Diskette No.: LASE05 

Frequency Used 05 Hz Source Level: 0.135 Volts 

Test Device used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell 1 Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc2 

LVOT 

Geo2 

Acc 1 

Average -
Standard Deviation -
Variance -

18.60 

18.61 

18.64 

18.87 

18.68 

18.·69 

18.68 mil 
0.11 mil 
1.23 percent 

18.38 

18.50 

18.51 

18.48 

18.08 

18.45 

+ (percent) 

1.18 

0.59 

0.70 

2.07 

3.21 

1.28 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: 1&2 LVOT Serial No.: 4745 
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Table E.113 Comparison of Deflection ftom Laser and Other 
Sensors for a Frequency of 10 Hz and a Nominal 
Deflection of 5 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS29 

Frequency Used 10 Hz Source. Level: 0.045 Volts 

Test Device Used oeflection (mil) Difference 

No. Channel 1* I Channel 2 Channel 1 I Channel 2 (percent) + 

1 Laser Geo1 5.19 5.13 1.16 

2 Laser Prox. 5.20 5.12 1.54 

3 Laser Acc 2 5.19 5.23 -0.77 

4 Laser LVDT 5.19 5.12 1.35 

5 Laser Geo 2 5.19 5.13 1.16 

6 Laser Acc 1 5.20 5.08 2.23 

* Average - 5.19 mil 
Standard oeviation - 0.00 mil 
Variance - 0.00 percent 

+Oifference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 i Prox. Serial No.: 18745 
Geophone No.: 1 & 2 ; LVDT Serial No.: 4745 

_. 

-
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 10 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS29 

Frequency Used 10 Hz Source Level: 0.140 Volts 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell I Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
variance -

19.07 

19.16 

19.16 

19.17 

19.18 

19.21 

19.14 mil 
0.04 mil 
0.16 percent 

18.98 

18.99 

19.45 

19.20 

18.94 

19.15 

+ (percent) 

0.47 

0.89 

-1.51 

-0.16 

1.25 

0.31 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVDT Serial No.: 4745 
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Table E.1l5 Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 15 Hz and a Nominal 
Deflection of 5 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS29 

Frequency Used 15 Hz Source Level: 0.045 Volts 

Test Device used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo 1 5.40 5.32 1.57 

2 Laser Prox. 5.42 5.32 1.85 

3 Laser Acc 2 5.41 5.45 -0.74 

4 Laser LVDT 5.40 5.32 1.48 

5 Laser Geo2 5.39 5.31 1.48 

6 Laser Acc 1 5.39 5.32 1.30 

* 5.41 mil Average -Standard Deviation - 0.01 mil 
Variance - 0.01 percent 

+Oifference-{Channel l-channel 2}*100IChannel 1 

Accelerometer Serial No's: 23641 & 42 ; 
Geophone No.: I & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

-
.... 

-. 

-
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 15 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS29 

Frequency used 15 Hz Source Level: 0.140 Volts 

Test Device used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo.1 18.33 18.22 0.58 

2 Laser Prox. 18.39 18.44 -0.27 

3 Laser ~c2 18.37 18.76 -2.12 

4 Laser LVDT 18.37 18.43 -0.33 

5 Laser Geo 2 18.39 18.19 1.09 

6 Laser ~c 1 18.-39 18.45 -0.33 

* Average • 18.36 mil 
Standard Deviation • 0.02 mil 
Variance • 0.05 percent 

+Difference-{Channel 1-cbanne1 2}*100/Channe1 1 

Accelerometer Serial No's: 23641 & 42 ~ Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVDT Serial No.: 4745 



146 

Table E.117 Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 20 Hz and a Nominal 
Deflection of 5 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS30 

Frequency Used 20 Hz Source Leve 1: 0 0'0 5 Vol ts 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1* I Channel 2 Channell I Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

5.44 

5.42 

5.43 

5.43 

5.43 

5 .. 45 

5.43 mil 
0.01 mil 
0.01 percent 

5.33 

5.39 

5.51 

5.38 

5.36 

5.39 

+ (percent) 

2.02 

0.55 

-1.57 

0.92 

1.29 

1.10 

+Difference-{Channe1 1-Channe1 2}*100/Channe1 1 

Accelerometer Serial NO'S: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVDT Serial No.: 4745 

.-
-

-

-

-
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 20 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS30 

~requency Used 20 Hz Source Level: 0.170 Volts· 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo 1 18.44 18.36 0.43 

2 Laser Prox. 18.43 18.64 -1.14 

3 Laser Acc 2 18.43 18.98 -2.98 

4 Laser LVDT 18.43 18.65 -1.19 

5 Laser Geo2 18.46 18.36 0.52 

6 Laser Acc 1 18A6 18.65 -1.03 

* Average - 18.43 mil 
Standard Deviation - 0.00 mil 
variance - 0.00 percent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 &.42; Prox. Serial No.: 18745 
Geophone No.: 1 & 2 ; LVDT Serial No.: 4745 
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Table E.1l9 

Date of Experiment: 

Frequency Used 

Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 30 Hz and a Nominal 
Deflection of 5 mils 

9.3.89 Diskette No.: ~£02&0 

30 Hz Source Level: 0.12S Volts 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 I Channel 2 (percent) + 

1 Laser Geol 4.97 S.OS -1.61 

2 Laser Prox. 4.96 4.90 1.29 

3 Laser Acc 2 4.95 4.90 1.11 

4 Laser LVDT 4.97 4.76 4.23 

5 Laser Geo 2 4.97 4.80 3.42 

6 Laser Ace 1 4.·98. S.lS -3.41 

* 4.96 mil Average -Standard Deviation - 0.01 mil 
Variance - 0.01 percent 

+Difference-{Channel l-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ; 
Geophone No.: 1 & 2 

Prox. Serial No.: 18745 
LVOT Serial No.: 4745 

-
-
-
-

-
-
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 30 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.3.89 Diskette No.: LASE03 

Frequency Used. 30 Hz Source Level: 0.425 volts 

Test Device Used. Deflection (mil) Difference 

* 

No. Chan~·' ~ 1 * I Channel 2 Channel 1 I Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

18.00 

18.00 

18.00 

18.01 

18.02 

18.00 

18.00 mil 
0.00 mil 
0.00 percent 

18.33 

18.10 

18.10 

17.82 

17.64 

18.81 

+ (percent) 

-1.83 

-0.56 

-0.56 

1.05 

2.11 

-4.50 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVDT Serial No.: 4745 
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Table E.121 Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 40 Hz and a Nominal 
Deflection of 5 mils 

Date of Experiment: 9.3.89 Diskette No.: LASE02 

Frequency Used 40 Hz Source Level: 0.175 volts 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo 1 5.13 5.04 1.75 

2 Laser Prox. 5.13 5.01 2.34 

3 Laser Acc 2 5.13 5.32 -3.70 

4 Laser LVDT 5.13 5.02 2.14 

5 Laser Geo2 5.15 5.16 -0.19 

6 Laser Acc 1 5.15 5.12 0.58 

* 5.13 mil Average -Standard Deviation - 0.00 mil 
Variance - 0.00 percent 

+Difference-{Channe1 1-channe1 2}*100/Channe1 1 

Accelerometer Serial NO'S: 23641 & 42 ; 
Geophone No.: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

-
-

.. , 
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 40 Hz and a Nominal 
Deflection of lS mils 

Date of Experiment: 9.3.S9 Diskette No.: LASE02 

Frequency Used 40 Hz Source Level: 0.675 volts 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo 1 19.15 lS.65 2.61 

2 Laser Prox. 19.1S 18.58 3.13 

3 Laser Acc 2 19.22 19.72 -2.60 

4 Laser LVDT 19.19 18.85 1.77 

5 Laser Geo 2 19.20 19.00 1.04 

6 Laser Acc 1 19.21 19.01 1.04 

* Average - 19.19 mil 
Standard Deviation - 0.03 mil 
Variance - 0.06 percent 

+Difference-{Channel l-channel 2}*lOO/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVDT Serial No.: 4745 
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Table E.123 Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 50 Hz and a Nominal 
Deflection of 5 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS30 

Frequency Used 50 Hz Source Level: 0.275 Volts 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell 1 Channel 2 (percent)+ 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance • 

5.10 

5.12 

5.11 

5.12 

5.13 

5.11 

5.11 mil 
0.01 mil 
0.01 percent 

4.99 

5.05 

5.17 

5.14 

4.98 

5.11 

2.16 

1.37 

-1.17 

-0.39 

2.92 

0.00 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: 1 & 2 LVDT Serial No.: 4745 

.... 

.... 

,,.. 

' ... 

, .. 

,,.., 

-

-
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 50 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS30 

Frequency Used 50 Hz Source Level: 1.1 volts 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 1 Channel 2 (percent) + 

1 Laser Geo 1 18.82 18.67 0.77 

2 Laser Prox. 18.80 18.93 -0.69 

3 Laser Acc 2 18.77 19.46 -3.68 

4 Laser LVDT 18.75 19.49 -3.95 

5 Laser Geo 2 18.74 18.63 0.59 

6 Laser Acc 1 18.-73 19.35 -3.31 

* 18.79 mil Average -Standard Deviation - 0.03 mil 
variance - 0.07 percent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ; 
Geophone No.: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table E.12S Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 75 Hz and a Nominal 
Deflection of 5 mils 

Date of Experiment: 9.1.89 Diskette No.: LASER01 

Frequency Used 75 Hz Source Level: 0.7 Volts 

Test Device Used Deflection (mil) Difference 

* 

No. Channe 1 1 * I Channel 2 Channe 1 1 I Channel 2 

1 Laser Geo 1 

2 Laser Prox. 

3 Laser Acc 2 

4 Laser LVDT 

5 Laser Geo 2 

6 Laser Acc 1 

Average -
Standard Deviation -
variance -

4.81 

4.84 

4.82 

4.87 

4.85 

4.87 

4.84 mil 
0.02 mil 
0.05 percent 

4.75 

4.77 

4.93 

4.64 

4.72 

4.90 

+ (percent) 

1.25 

1.45 

-2.28 

4.72 

2.68 

-0.62 

+Oifference-{Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ; 
Geophone No.: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

-
-

-

... ' 
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Comparison of Deflection from Laser and Other 
Sensors for a Frequency of 75 Hz and a Nominal 
Deflection of 18 mils 

Date of Experiment: 9.1.89 Oiskette No.: LASEROl 

Frequency Use9- :. 75 Hz Source Level: 1.9 Volts 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 I Charmel 2 (percent) + 

1 Laser Geo 1 17.95 17.51 2.45 

2 Laser Prox. 17.90 17.44 2.57 

3 Laser Acc 2 17.88 18.07 -1.06 

4 Laser LVDT 17.83 17.10 4.09 

5 Laser Geo2 17.80 17.26 3.03 

6 Laser Acc 1 17.79 17.82 -0.17 

* 17 .89 mil Average -Standard Deviation - 0.04 mil 
Variance - 0.18 percent 

+Oifference-{Channel l-channel 2)*100/Charmel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No.: I & 2 LVDT Serial No.: 4745 



APPENDIX F 

EVALUATION OF ACCURACY OF EACH SENSOR 

FOR STEADY-STATE MO"nON 
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161 

en -.-
E 

• 
N 
0 
Q) 

(!) 

E 
0 
~ 

'to-

c: 
0 .-
+' 
0 
Q) -'to-
Q) 

Cl 

30 
/ 

/ 
/ 

2S 

20 

15 

10 

¢ Actual Data 
- Une of Best Fit 

5 - - Une of equality 

o~----~----~-----+----~------~--~ 
o 5 10 15 20 25 30 

Deflection from Proximeter, mils 

Figure F.S Evaluation of Accuracy of Geophone 2 at 
Frequency of 5 Hz (Slope of Line is 0.98) 

-
-
, ... 

1!iJII'!' 

-
-



162 

30 
/ 

/ 
/ 

2S 
en .-
E 
~ 20 
0 
0 
< 
E 15 
0 
'-'+-

c: 
0 

10 .-
~ 
0 

¢ Actual Data CD - Une of Best Fit '+-
CD 

Une of equality C 5 

o~----~-----+------~----~----~-----; 
o 5 10 15 20 25 30 

Deflection from Proximeter, mils 

Figure F.6 EValuation of Accuracy of Accelerometer 1 at 
Frequency of 10 Hz (Slope of Line is 1.00) 



163 

30 
/ 

/ 
/ 

25 :If 
en :If -- :If E :If 
N 20 ~ 

0 
0 « 
E 15 
0 
L.. 

'+-

c: 
0 

10 ,--+' 
0 

¢ Actual Data Q) - - Une of Best Fit '+-
Q) 

Q 5 - - Une of equality 

o~----~-----+----~----~~----~--~ 
o 5 10 15 20 25 30 

Deflection from Proximeter, mils 

Figure F.7 Evaluation of Accuracy of Accelerometer 2 at 
Frequency of 10 Hz (Slope of Line is 1.02) 

-
-
-



164 

30 
/ 

/ 
/ 

25 
en .-
E 
r-: 20 
CI 
~ 
E 15 
0 
~ 

'to-

c: 
0 

10 .-+I 
0 

¢ Actual Data Q) 

'to- - Line of Best Fit Q) 
Q 5 - - Line of equality 

0~----4-----~----~----~----~-----; 
o 5 10 15 20 25 30 

Deflection from Proximeter, mils 

Figure F. 8 Evaluation of Accuracy of LVDT at Frequency 
of 10 Hz (Slope of Line is 0.99) 



165 

0') -.-
E .. ,... 
0 
CD 

(!) 

E e ..... 
c: 
0 .-... 
0 
CD -..... 
CD 
Cl 

30 
/ 

/ 
/ 

2S 

20 

15 

10 
<> Actual Data 

- Une of Best Fit 
5 - - Une of equality 

o~----~----~----~----~-----+----~ 
o 5 10 1 S 20 2.5 30 

Deflection from Proximeter, mils 

Figure F. 9 Evaluation of Accuracy of Geophone 1 at 
Frequency of 10 Hz (Slope of Line is 0.99) 

-

... 

-



en -.-
E 
• 

N 
0 
4) 

(!) 

E 
e .... 
c: 
0 .-+I 
0 
4) .... 
4) 

0 

166 

30 
/ 

/ 
/ 

25 

20 

15 

10 

<> Actual Data 
- Une of Best Fit 

5 - .. Une of equality 

O~----~----~-----+----~------~--~ 
o 5 10 15 20 25 30 

Deflection from Proximeter, mils 

Figure F.10 Evaluation of Accuracy of Geophone 2 at 
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Figure F.12 Evaluation of Accuracy of Accelerometer 2 at 
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Figure F .18 Evaluation of Accuracy of LVOT at Frequency 
of 20 Hz (Slope of Line is 0.99) 
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Figure F.20 Evaluation of Accuracy of Geophone 2 at 
Frequency of 20 Hz (Slope of Line is 1.00) 
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Figure F.22 Evaluation of Accuracy of Accelerometer 2 at 
Frequency of 30 Hz (Slope of Line is 0.99) 
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Figure F.24 Evaluation of Accuracy of Geophone 1 at 
Frequency of 30 Hz (Slope of Line is 1.02) 
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EVALUATION OF PRECISION OF EACH SENSOR 

FOR STEADY-STATE MOTION 
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Figure G.2 Evaluation of Precision of All Sensors for 
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(without Laser) 
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Figure G.3 Evaluation of Precision of All Sensors for 
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Figure G.7 Evaluation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 10 Hz 
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Figure G.8 Evaluation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 10 Hz 
and a Nominal Deflection of 10.0 mils 
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Figure G.12 Evaluation of Precision of All Sensors for 
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Figure G.20 Evaluation of Precision of All Sensors for 
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and a Nominal Deflection of 15.0 mils 
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Figure G.22 Evaluation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 40 Hz 
and a Nominal Deflection of 1.5 mils 
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Figure G.26 Evaluation of Precision of All Sensors for 
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Figure G.31 Evaluation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 75 Hz 
and a Nominal Deflection of 1.0 mils 
(wi thout Laser) 
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,~~------------------------------------------~ 

NJo 1 AGo 2 L.W! 

DevIce 
CI) Average Oeflectfon, mn. 

u~------------------------------------------~ 

DevIce 

b) Coefftdent of Variation 

Figure G.32 Evaluation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 75 Hz 
and a NOminal Deflection of 5.0 mils 
(without Laser) 
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Figure G.33 EValuation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 75 Hz 
and a Nominal Deflection of 10.0 mils 
(wi thout Laser) 
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DevIce 
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b) eo.ttIcHnt of Variation 

Figure G.34 Evaluation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 75 Hz 
and a Nominal Deflection of 15.0 mils 
(without Laser) 
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Evaluation of Precision of All Sensors for 
Steady-State Motion at a Frequency of 100 Hz 
and a Nominal Deflection of 1. a mils 
(without Laser) 
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1~~--------------------------------------____ ~ 
Coefflcl.n~ of Variation of Las.,.. 0.38 percent 
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Figure G.36 

Lanr Geo 1 Prox. N;c 2 LVDT Gao 2 Iv:e 1 
(awraoe) 

DevIce 
EValuation of Precision of All Sensors for Steady­
State Motion at a Frequency of 2 Hz and a Nominal 
Deflection of 5 mils (with Laser) 

~----------------------------------------------, CoeffIcient of VortatJon of La .. ,.. 0.29 percent 

" E 

Device 
Figure G.37 EValuation of Precision of All Sensors for Steady­

State Motion at a Frequency of 2 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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7~~--------------____________________________ ~ 
CoefftcIMt of Variation of L.aer- OOS7 peroent 
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La... Oeo 1 Prox. N;c 2 LVDT 
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Device 
Figure G.38 Evaluation of Precision of All Sensors for Steady­

State Motion at a Frequency of 5 Hz and a Nominal 
Deflection of 5 mils (with Laser) 
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Figure G.39 Evaluation of Precision of All Sensors for Steady­

State Motion at a Frequency of 5 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 

~. 

... 

•• 

-
-
-
... 

-



240 

, . .-------------------------------------------~ 

l..aMr Geo 1 Prox. N::c Z LYDT (;eo 2 At:;c 1 
( .. w ... ) 

Device 
Figure G.40 Evaluation of Precision of All Sensors for Steady-

State Motion at a Frequency of 10 Hz and a Nominal 
Deflection of 5 mils (with Laser) .. ~------------------------------------------~ CoettIcIent of Vartatloft of L.ae.-- 0.22 pwcMIIt 
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IJ:I8w Geo 1 Prox. N;c 2 LVDT (;eo 2 N::c 1 

(.a.I.) 

DevIce 
Figure G.41 Evaluation of Precision of All Sensors for Steady­

State Motion at a Frequency of 10 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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7.~----______________________________________ ~ 
CoeffIcIent of Variation of Lal_ 0.20 peraent 
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Figure G.42 Evaluation of precis~8P All Sensors for Steady­
State Motion at a Frequency of 15 Hz and a Nominal 
Deflection of 5 mils (with Laser) 

DtwIce 
Figure G.41 Evaluation of Precision of All Sensors for Steady-

State Motion at a Frequency of 15 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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7~----------------------------------__________ --, 
CoeffIcNnt of Variation of La ..... 0.1 e percent 

== .. E 

Device 
Figure G.42 Evaluation of Precision of All Sensors for Steady-

State Motion at a Frequency of 20 Hz and a Nominal 
Deflection of 5 mils (with Laser) 

CoeffIcient of Variation of La..,. 0.07 percent 

DevIce 
Figure G.43 Evaluation of Precision of All Sensors for Steady­

State Motion at a Frequency of 20 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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7~~------------________________________________ ~ 
CoeftIoIent of Vartatlon of L.aMr- 0.11 percent 
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Figure G.44 
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Evaluation of precis~gr All Sensors for 
State Motion at a Frequency of 30 Hz and a 
Deflection of 5 mils (with Laser) 
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Figure G.45 Evaluation of Precision of All Sensors for Steady-

State Motion at a Frequency of 30 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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1~~----------------------__________________ ~ 
CoeffIcIent of Variation of ......... 0.47 percent 
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Figure G.46 EValuation of precisP~~ All Sensors for Steady­
State Motion at a Frequency of 40 Hz and a Nominal 
Deflection of 5 mils (with Laser) 
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..... GIG 1 Prox. AI;c 2 LVDT 
(".l'.~ 

Figure G.47 EValuation of precis~~ All Sensors for Steady­
State Motion at a Frequency of 40 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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eo.tfIcIent of Variation of u..r- 0.18 peroent 

• =u 
E 

La..- Geo 1 Prox. AI:;c 2 LVDT Geo 2 AI:;c 1 
( ...... ) 

Device 
Figure G.48 Evaluation of Precision of All Sensors for Steady-

State Motion at a Frequency of 50 Hz and a Nominal 
Deflection of 5 mils (with Laser) 
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Figure G.49 Evaluation of Precision of All Sensors for Steady­

State Motion at a Frequency of 50 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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7~~----------------__________________________ ~ 
CoeffIcIent of Variation of L..aeer- 0.1 a peroent 
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Figure G.50 
Device 

Evaluation of Precision of All Sensors for Steady­
State Motion at a Frequency of 75 Hz and a Nominal 
Deflection of 5 mils (with Laser) 

.~------------------------------------------~ eo.tfIcient of Variation of L..aMr- 0.12 percent 
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Figure G.51 Evaluation of Precision of All Sensors for Steady­

State Motion at a Frequency of 75 Hz and a Nominal 
Deflection of 18.0 mils (with Laser) 
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Table H.2 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.1) 

Date of Experiment: 9.30.89 Diskette No.: 46 
Type of Signal Half Sine Source Level: 0.03025 Volts 

Pulse Width:025 ms. 

9 Prox 5.25 5.17 1.54 
13 Prox 5.26 5.11 2.68 
19 Prox 5.27 5.16 2.11. 
23 LVDT Prox 5.10 5.20 1.94 
27 Prox Acc 1 5.26 5.01 4.62 
31 Acc 2 Prox 5.36 5.21 -2.86 
33 Prox Geo 2 5.25 5.15 1.83 
37 Acc 1 Prox 5.31 5.21 -1.96 
53 Prox Geo 1 5.27 5.27 0.02 

Table H.3 Evaluation of Variation in Deflections Measured by Each 

Table 4.10 sensar (~or D~~ Refn:ected Jfbe'r.ffilA ~ Eva uatlon 0 ana lon lC't Measured by 
Each Sensor (for Data Reflected in Table 4.8) 

Test Device Used Average I Standard Variance 
No. Deflection (mils) Deviation (mils) (percent) 
1 Accelorometer 1 ~.;Z3 0.13 1.59 
2 Accelorometer 2 5.40 0.26 6.90 
3 Geophone 1 5.18 0.04 0.19 
4 Geophone 2 5.22 0.05 0.25 
5 Proximeter 5.24 0.03 0.07 
6 L.V.D.T. 5.13 0.03 0.11 

+Difference-{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

.... ' 

.' 
_. 

•• 

.... 

.... 

. .. 

.... 
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Table H.4 Testing Sequence Used in Deflection Measurements 
for an Impulse Motion with a Pulse Width of 25 
msec and a Nominal Deflection of 5 mils 

Date of Experiment: 9.30.89 Diskette No.: 47 
Type of Signal Half Sine Source Level: 0.088 Volts 

Pulse Width: 025 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 
1 Acc 1 Geo1 14.79 14.80 -0.07 
3 Prox Acc 2 15.16 15.55 -2.57 
5 LVDT Acc 2 14.76 15.03 -1.83 
7 Geo 2 Geo 1 14.85 14.75 0.67 
9 Prox Geo2 15.15 14.80 2.31 

11 LVDT Acc 1 14.75 15.15 -2.71 
13 Prox LVDT 15.21 14.69 3.42 
15 LVDT Acc 1 14.77 14.94 -1.15 
17 Acc 1 Geo2 14.92 14.84 0.54 
19 Prox Geo 1 15.23 14.76 3.09 
21 Acc 1 Geo1 15.04 14.80 1.60 
23 LVDT Prox 14.79 15.12 -2.23 
25 Geo 2 Acc 1 15.00 15.06 -0.40 
27 Prox Acc 1 15.19 14.98 1.38 
29 Acc 1 Acc 2 15.05 14.97 0.53 
31 Acc 2 Prox 15.14 15.15 -0.07 
33 Prox Geo2 15.23 14.94 1. 90 
35 Acc 2 Geo2 15.18 14.80 2.50 
37 Acc 1 Prox 14.77 15.12 -2.37 
39 LVDT Geo 1 14.84 14.77 0.47 
41 Acc 2 Geo 1 15.13 14.78 2.31 
43 LVDT Acc 2 14.77 15.31 -3.66 
45 Gee 2 Gee 1 14.98 14.79 1.27 
47 Acc 2 Geo 2 14.96 14.85 0.74 
49 Acc 1 Acc 2 14.69 14.98 -1.97 
51 Acc 2 Geo 1 15.01 14.78 1.53 
53 Prox Geo 1 15.26 14.79 3.08 
55 LVDT Geo2 14.85 14.81 0..27 
57 LVDT Geo1 14.75 14.77 -0~14 
59 Geo 2 LVDT 14.88 14.75 0.87 

i' 

+Oifference={Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: I & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.5 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.4) 

Date of Experiment: 9.30.89 Diskette No.: 47 
Type of Signal Half Sine Source Level: 0.088 Volts 

Pulse Width:025 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel .2 ChanneJ. 1 Cnannel 2 (percent) 

3 Prox Acc .2 15.16 15.55 -2.57 
9 Prox Geo 2 15.15 14.80 2.31 

13 Prox LVDT i5.21 14.69 3.42 
19 Prox Geo 1 15.23 14.76 3.09 
23 LVDT Prox 14.79 15.12 2.18 
27 Prox Acc 1 15.19 14.98 1.38 
31 Acc 2 Prox 15.14 15.15 0.07 
33 Prox Geo 2 15.23 14.94 1.90 
37 Acc 1 Prox 14.77 15.12 2.31 
53 Prox Geo 1 15.26 14.79 3.08 

Table H.6 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.4) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

AcceJ.erometer 1 14.94 
Accelerometer 2 15.13 

Geophone 1 14.78 
Geophone 2 14.88 
Proximeter 15.18 
L.V.D.T. 14.77 

Standard 
Deviation (mil) 

U.14 
0.18 
0.02 
0.07 
0.05 
0.04 

Variance 
(percent) 

1.96 
3.13 
0.02 
0.49 
0.22 
0.19 

+Difference-{(Prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial NO's: 23641 & 42 
Geophone No's: 1 & 2 ; 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

, " 

•• 

.... 

a' 

-

-
-
-
-
-



251 

Table H.7 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 25 msec and a 
Nominal Deflection of 25 mils 

Date of Experiment: 9.30.89 Diskette No.: 48 
Type of Signal Half Sine Source Level: 0.1485 Volts 

Pulse Width: 025 MS. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Cnannel 2 Channel 1 Q'lanneJ 2 (percent) 

1 Acc 1 Geol 25.56 25.l7 1.13 
3 Prox Acc 2 26.08 25.55 2.03 
5 LVDT Acc 2 25.39 25.30 0.35 
7 Geo2 Geol 25.45 25.36 0.35 
9 Prox Geo ·2 26.13 25.28 3.25 

11 LVDT Acc 1 25.36 24.23 4.46 
13 Prox LVDT 26.05 25.27 2.99 
15 LVDT Acc 1 25.44 24.35 4.28 
17 Acc 1 Geo 2 25.47 25.28 0.75 
19 Prox Geo 1 26.14 25.26 3.37 
21 Acc 1 Geo 1 25.73 25.26 1.83 
23 LVDT Prox 25.37 25.94 -2.25 
25 Geo2 Acc 1 25.36 25.61 -0.99 
27 Prox Acc 1 26.12 25.45 2.57 
29 Acc 1 Acc 2 25.40 26.04 -2.52 
31 Acc 2 Prox 25.92 25.99 -0.27 
33 Prox Geo 2 26.12 25.21 3.48 
35 Acc 2 Geo2 26.07 25.31 2.92 
37 Acc 1 Prox 25.22 25.98 -3.01 
39 LVDT Geo 1 25.4.3 25.35 0.31 
41 Acc 2 Geo 1 26.28 25.30 3.73 
43 LVDT Acc 2 25.42 26.32 -3.54 
45 Geo2 Geo 1 25.44 25.26 0.71 
47 Acc 2 Geo2 26.27 25.36 3.46 
49 Acc 1 Acc 2 25.74 25.98 -0.93 
51 Acc 2 Geol 25.97 25.30 2.58 
53 Prox Geo 1 26.14 25.34 3.06 
55 LVDT Geo 2 25.44 25.33 0.43 
57 LVDT Geol 25.43 25.30 0:"51 
59 Geo 2 LVDT 25.37 25.33 0.16 

~ 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.8 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.7) 

Date of Experiment: 9.30.89 Diskette No.: 48 
Type of Signal Half Sine Source Level: 0.1485 volts 

Pulse Width:025 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channell Channel :2 Channel 1 Channel :2 (percent) 

3 prox Acc 2 26.08 25.5:' 2.03 
9 Prox Geo2 26.13 25.28 3.25 

13 Prox LVDT 26.05 25.27 2.99 
19 Prox Geo 1 26.14 25.26 3.37 
23 LVDT Prox 25.37 25.94 2.20 
27 Prox Acc 1 26.12 25.45 2.57 
31 Acc 2 Prox 25.92 25.99 0.27 
33 Prox Geo2 26.12 25.21 3.48 
37 Acc 1 Prox 25.22 25.98 2.93 
53 Prox Geo1 26.14 25.34 3.06 

Table H.9 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.7) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mils) 

Accelerometer 1 25.28 
Accelerometer 2 25.97 

Geophone 1 25.30 
Geophone 2 25.34 
Proximeter 26.07 

L.V.D.T. 25.39 

Standard 
Deviation (mils) 

0.51 
0.31 
0.04 
0.07 
0.07 
0.05 

Variance 
(percent) 

26.52 
9.51 
0.13 
0.49 
0.50· 
0.28 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

"''' 

-
-

-
-
-

-
.. 
-

-
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Table H.IO Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 50 msec and a 
Nominal Deflection of 5 mils 

Date of Experiment: 9.30.89 Diskette No.: 43 
Type of Signal Half Sine Source Level: 0.022 Volts 

Pulse Width: 050 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel Z Channel 1 Channel 2 (percent) 

1 Acc 1 Geol 4.84 4.68 3.28 
3 Prox Acc 2 4.79 4.78 0.10 
5 LVDT Acc 2 4.65 4.74 -1. 91 
7 Geo 2 Geol 4.77 4.71 1.32 
9 Prox Geo 2 4.80 4.72 1.60 

11 LVDT Acc 1 4.69 4.59 2.05 
13 Prox LVDT 4.80 4.67 2.61 
15 LVDT Acc 1 4.69 4.68 0.26 
17 Acc 1 Geo 2 4.41 4.70 -6.46 
19 Prox Geo 1 4.77 4.71 1.34 
21 Acc 1 Geo 1 4.75 4.67 1. 6.8 
23 LVDT Prox 4.69 4.77 -1.75 
25 Geo2 Acc 1 4.84 4.49 7.29 
27 Prox Acc 1 4.81 4.57 4.95 
29 ACc 1 Acc 2 4.75 4.82 -1.54 
31 Acc 2 Prox 4.83 4.75 1.64 
33 Prox Geo2 4.77 4.70 1.47 
35 Acc 2 Geo 2 4.88 4.70 3.65 
37 Acc 1 Prox 5.21 4.78 8.29 
39 LVDT Geo1 4.6J 4.70 -1.34 
41 Acc 2 Geo1 4.82 4.75 1.27 
43 LVDT Acc2 4.65 5.32 -14.42 
45 Geo 2 Geo1 4.81 4.68 2.66 
47 Acc 2 Geo2 5.08 4.66 8.28 
49 Acc 1 Acc 2 4.89 5.35 -9.43 
51 Acc 2 Geo1 4.73 4.73 -0.02 
53 Prox Geo1 4.79 4.72 1.34 
55 LVDT Geo 2 4.67 4.71 -0.94 
57 LVDT Geo1 4.61 4.70 -1.89 
59 Geo2 LVDT 4.76 4.66 2.18 

+Difference={Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.ll Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.10) 

Date of Experiment: 9.30.89 Diskette No.: 43 
Type of Signal Half Sine Source Level: 0.022 Volts 

Pulse Width:050 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2. Channel 1 Channel 2 (percent) 

3 Prox Acc 2 4.79 4.78 0.10 
9 Prox Geo 2 4.80 4.72 1.60 

13 Prox LVDT 4.80 4.67 2.61 
19 Prox Geo 1 4.77 4.71 1. 34 
23 LVDT Prox 4.69 4.77 1.72 
27 Prox Acc 1 4.81 4.57 4.95 
31 Acc 2 Prox 4.83 4.75 -1.66 
33 Prox Geo 2 4.77 4.70 1.47 
37 Acc 1 Prox 5.21 4.78 -9.04 
53 Prox Geol 4.79 4.72 1. 34 

Table H.12 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.10) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (~rcent) 

1 Accelerometer 1 4.72 0.22 4.75 
2 Accelerometer 2 4.94 0.22 4.84 
3 Geophone 1 4.71 0.02 0.06 
4 Geophone 2 4.74 0.05 0.29 
5 Proximeter 4.78 0.02 0.03· 
6 L.V.D.T. 4.66 0.02 0.06 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

-

-
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Table H.l3 Testing se~ence.used in Deflection Measurements for an 
Impulse Motlon wlth a Pulse Width of 50 msec and a 
Nominal Deflection of 15 mils 

Date of Experiment: 9.30.89 Diskette No.: 44 
Type of Signal Half Sine Source Level: 0.066 Volts 

Pulse width: 050 ms. 

File Devi c:e Used Deflection (mil) Difference 
No. Channel 1 Channel 2 Channell Channel 2 (percent)"!" 

1 Acc 1 Geol 15.06 14 .95 0.73 
3 Prox Acc 2 15.32 15.30 0.l3 
5 LVDT Acc 2 14.85 15.77 -6.20 
7 Geo2 

I 
Geo 1 14.97 14.96 0.07 

9 Prox Geo2 15.29 14.84 2.94 
11 LVDT Acc 1 14.85 14.93 -0.54 
l3 Prox LVDT 15.35 14.80 3.58 
15 LVDT Acc 1 14.98 15.08 -0.67 
17 Acc 1 Geo2 15.12 14.93 1.26 
19 Prox Geo1 15.32 14.93 2.55 
21 Acc 1 Geo 1 15.04 15.03 0.07 
23 LVDT Prox 14.89 15.25 -2.42 
25 Geo2 Acc 1 14.95 15.16 -1.40 
27 Prox Acc 1 15.29 14.62 4.38 
29 Acc 1 Acc 2 15.10 15.06 0.26 
31 Acc 2 Prox 15.22 15.20 0.13 
33 Prox Geo 2 15.33 15.03 1.96 
35 Acc 2 Geo 2 15.42 15.05 2.40 
37 Acc 1 Prox 15.49 15.25 1.55 
39 LVDT Geo 1 14.95 15.07 -0.80 
41 Acc 2 Geo 1 15.71 15.00 4.52 
43 LVDT Acc 2 14.91 15.86 -6.37 
4S Geo 2 Geo 1 15.10 15.08 0.13 
47 Acc 2 Geo 2 15.95 15.04 5.71 
49 Acc 1 Ace 2 14.82 15.33 -3.44 
51 Acc 2 Geo 1 15.70 15.03 4.27 
53 Prox Geo 1 15.36 15.10 1.69 
55 LVDT Geo2 14.85 15.04 -1.28 
57 LVDT Geo 1 14.89 14.95 -0.40 
59 Geo 2 LVDT 15.09 14.80 1.92 

+Oifference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: I & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.14 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.13) 

Date of Experiment: 9.30.89 Diskette No.: 44 
Type of Signal Half Sine Source Level: 0.066 Volts 

Pulse Width:050 ms. 

9 Prox 15.29 14.84 2.94 
13 Prox 15.35 14.80 3.58 
19 Prox 15.32 14.93 2.55 
23 LVDT Prox 14.89 15.25 2.36 
27 Prox Acc 1 15.29 14.62 4.38 
31 Acc 2 Prox 15.22 15.20 -0.13 
33 Prox Geo 2 15.33 15.03 1.96 
37 Acc 1 Prox 15.49 15.25 -1.57 
53 Prox Geo1 15.36 15.10 1.69 

Table H.15 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.13) 

Test Device Used 
No. 

Acce erometer . 
2 Accelerometer 2 15.53 0.29 8.26 
3 Geophone 1 15.01 0.06 0.34 
4 Geophone 2 15.00 0.08 0.58 
5 Proximeter 15.30 0.05 0.23 
6 L.V.D.T. 14.88 0.06 0.31 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 ; 

Prox. Serial No.: 18745 
LVOT Serial No.: 4745 

... 
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Table H.16 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 50 msec and a 
Nominal Deflection of 25 mil 

Date of Experiment: 9.30.89 Diskette No.: 45 
Type of Signal Half Sine Source Level: 0.11 Volts 

Pulse Width: 050 ms. 

File Device used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 24.44 Z4.43 0.04 
3 Prox Acc 2 24.88 24.55 1. 33 
5 LVDT Acc 2 24.09 25.26 -4.86 
7 Geo2 Geo1 24.36 24.31 0.21 
9 prox Geo2 24.94 24.25 2.77 

11 LVDT Acc 1 24.02 24.49 -1.96 
13 Prox LVDT 24.91 24.16 3.01 
15 LVDT Acc 1 24.30 24.43 -0.53 
17 Acc 1 Geo 2 23.99 24.33 -1.42 
19 Prox Geo1 24.94 24.33 2.45 
21 Acc 1 Geo 1 24.36 24.39 -0.12 
23 LVDT Prox 24.31 24.74 -1.77 
25 Geo2 Acc 1 24.44 24.15 1.19 
27 Prox Acc 1 24.95 24.36 2.36 
29 Acc 1 Acc 2 24.32 24.60 -1.15 
31 Acc 2 Prox 24.93 24.85 0.32 
33 Prox Geo 2 24.99 24.45 2.16 
35 Acc 2 Geo 2 25.09 24.46 2.51 
37 Acc 1 Prox 24.29 24.82 -2.18 
39 LVDT Geo 1 2'1.35 24.45 -0.41 
41 Acc 2 Geo 1 25.12 24.41 2.83 
43 LVDT Acc 2 24.31 24.71 -1.65 
45 Geo 2 Geo 1 24.44 24.45 -0.04 
47 Acc 2 Geo 2 24.70 24.30 1.62 
49 Acc 1 Acc 2 24.21 25.20 -4.09 
51 Acc 2 Geo1 25.08 24.39 2.75 
53 Prox Geo 1 24.99 24.50 1.96 
55 LVDT Geo2 24.40 24.34 0.25 
57 LVDT Geo 1 24.31 24.53 -0.90 
59 Geo 2 LVDT 24.50 24.21 1.18 

+Difference~{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:l8745 
LVDT Serial No.: 4745 
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Table H.17 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table 8.16) 

Date of Experiment: 9.30.89 Diskette No.: 45 
Type of Signal Half Sine Source Level: 0.11 Volts 

Pulse Width:050 ms. 

File Device used Deflection (mil) Differenc; 
No. Cnanne.l. .I. Cnannel 2. Channel 1 Channe.L 2 (percent) 

3 Prox Acc 2 24.88 24.55 1.33 
9 Prox Geo2 24.94 24.25 2.77 

13 Prox LVDT -24.91 24.16 3.01 
19 Prox Geo 1 24.94 24.33 2.45 
23 LVDT Prox 24.31 24.74 1. 74 
27 Prox Ace 1 24.95 24.36 2.36 
31 Acc 2 Prox 24.93 24.85 -0.32 
33 Prox Geo 2 24.99 24.45 2.16 
37 Acc 1 Prox 24.29 24.82 2.14 
53 Prox Geo 1 24.99 24.50 1.96 

Table H.18 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.16) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 24.30 
Accelerometer 2 24.92 

Geophone 1 24.42 
Geophone 2 24.39 
Proximeter 24.90 

L.V.D.T. 24.25 

Standard 
Deviation (mil) 

0.14 
0.25 
0.07 
0.08 
0.08 
0.12 

Variance 
(percent) 

2.07 
6.20 
0.42 
0.60 
0.57 
1.34 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

"." 

-
-
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Table H.19 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse width of 75 msec and a 
Nominal Deflection of 5 mils 

Date of Experiment: 9.30.89 Diskette No.: 40 
Type of signal Half Sine Source Level: 0.02475 Volts 

Pulse width: 075 ms. 

File Device Used Deflection (mil) Oifferenc; 
No. Channel 1 Channel 2 Channel 1 ~annel 2 (percent) 

1 Acc 1 Geol 4.76 4.86 -2.10 
3 Prox Acc 2 4.94 5.29 -7.08 
5 LVDT Acc 2 4.74 5.32 -12.18 
7 Geo 2 I Geo 1 5.01 4.87 2.87 
9 Prox Geo2 4.86 4.90 -0.76 

11 LVDT Acc 1 4.72 5.17 -9.38 
13 Prox LVDT 4.91 4.69 4.54 
15 LVDT Acc 1 4.71 4.86 -3.10 
17 Acc 1 Geo 2 4.69 4.96 -5.80 
19 Prox Geo 1 4.94 4.93 0.26 
21 Acc 1 Geo 1 5.13 4.86 5.17 
23 LVDT Prox 4.80 4.96 -3.29 
2S Geo 2 Acc 1 4.98 5.13 -3.03 
27 Prox Acc 1 4.91 4.95 -0.81 
29 Acc 1 Acc 2 4.82 5.45 -13.07 
31 Ace 2 Prox 5.25 4.89 6.91 
33 Prox Geo 2 4.94 5.02 -1.64 
35 Acc 2 Geo2 ·L44 5.03 -13.22 
37 Acc 1 Prox 5.52 4.91 11.12 
39 LVDT Geo 1 4.69 4.88 -4.12 
41 Acc 2 Geol 4.57 4.88 -6.88 
43 LVDT Acc 2 4.77 4.91 -3.06 
45 Geo 2 Geo 1 5.04 4.91 2.74 
47 Acc 2 Geo 2 4.86 4.92 -1.11 
49 Acc 1 Acc 2 4.99 4.66 6.61 
51 Acc 2 Geo 1 4.94 4.86 1.46 
53 Prox Geo 1 4.97 4.87 1.91 
55 LVDT Geo2 4.74 4.95 -4.38 
57 LVDT Geo 1 4.78 4.88 -1.99 
59 Geo 2 LVDT 5.02 4.81 4.30 

+Oifference={Channel I-Channel 2}*lOO/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.20 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.19l 

Date of Experiment: 9.30.89 Diskette No.: 40 
Type of Signal Half Sine Source Level: 0.02475 Volts 

Pulse Width:075 MS. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2. (percent) 

3 Prox Acc 2 4.94 5 • .29 -7.08 
9 Prox Geo 2 4.86 4.90 -0.76 

13 Prox LVDT 4.91 4.69 4.54 
19 Prox Geo1 4.94 4.93 0.26 
23 LVDT Prox 4.80 4.96 3.19 
27 Prox Acc 1 4.91 4.95 -0.81 
31 Acc 2 Prox 5.25 4.89 -7.42 
33 Prox Geo 2 4.94 5.02 -1.64 
37 Acc 1 Prox 5.52 4.91 -12.51 
53 Prox Geo 1 4.97 4.87 1.91 

Table H.21 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.19) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 5.00 
Accelerometer 2 4.97 

Geophone 1 4.88 
Geophone 2 4.98 
Proximeter 4.92 

L.V.D.T. 4.75 

Standard 
Deviation (mil) 

U.23 
0.33 
0.02 
0.05 
0.03 
0.04 

Variance 
(percent) 

5.42 
10.93 

0.04 
0.23 
0.10 
0.17 

+Difference-{(prox. def1.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

.... 

.... 

-

-
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Table H.22 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 75 msec and a 
Nominal Deflection of 15 mils 

, 

Date of Experiment: 9.30.89 Diskette No.: 41 
Type of Signal Half Sine Source Level: 0.06875 Volts 

Pulse Width: 075 ms. 

File Device Used Deflection (mil) Di fferenc~ 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 13.65 14.42 -5.64 
3 Prox Acc 2 14.74 14.65 0.61 
5 LVDT Acc 2 14.23 15.06 -5.83 
7 Geo 2 Geo 1 14.44 14.43 0.07 
9 Prox Geo ·2 14.78 14.27 3.45 

11 LVDT Acc 1 14.33 14.08 1. 74 
13 Prox LVDT 14.85 14.22 4.24 
15 LVDT Acc 1 14.34 14.16 1.26 
17 Acc 1 Geo2 14.23 14.39 -1.12 
19 Prox Geo 1 14.77 14.41 2.44 
~l Acc 1 Geo 1 14.22 14.50 -1.97 

LVDT Prox 14.33 14.78 -3.14 
Geo2 Acc 1 14.46 14.13 2.28 
Prox Acc 1 14.72 13.96 5.16 

-;;) Acc 1 Acc 2 14.57 14.86 -1.99 
31 Acc 2 Prox 14.81 14.66 1.01 
33 Prox Geo 2 14.75 14.41 2.31 
35 Acc 2 Geo 2 14.86 14.37 3.30 
37 Acc 1 prox 14.55 14.67 -0.82 
39 LVDT Geo 1 14.32 14.56 -1.68 
41 Acc 2 Geol 15.18 14.54 4.22 
43 LVDT Acc 2 14.33 14.84 -3.56 
45 Geo2 Geo 1 14.39 14.61 -1.53 
47 Acc 2 Geo2 14.77 14.43 2.30 
49 Acc 1 Acc 2 13.99 14.68 -4.93 
51 Acc 2 Geo 1 14.83 14.60 1.55 
53 Prox Geo 1 14.74 14.64 0.68 
55 LVDT Geo 2 14.31 14.46 -1.05 
57 LVDT Geol 14.31 14.48 -1.19 
59 Geo 2 LVDT 14.42 14.23 1.32 

+Difference-{Channel 1-Channe1 2}*100/Channe1 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.23 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.22) 

Date of Experiment: 9.30.89 Diskette No.: 41 
Type of Signal Half Sine Source Level: 0.06875 volts 

Pulse Width:075 ms. 

File Device Used Deflection (mil) 
I 
Differenc~ 

No. Channel 1 Channel 2. Channel 1 Charmel :2 (percent) 
3 Prox Acc 2. 14.74 14.65 0.61 
9 Prox Geo 2 14.78 14.27 3.45 

13 Prox LVDT 14.85 14.22 4.24 
19 Prox Geo 1 14.77 14.41 2.44 
23 LVDT Prox 14.33 14.78 3.04 
27 Prox Acc 1 14.72 13 .96 5.16 
31 Acc 2 Prox 14.81 14.66 -1.02 
33 Prox Geo 2 14.75 14.41 2.31 
37 Acc 1 Prox 14.55 14.67 0.82 
53 Prox Geo 1 14.74 14.64 0.68 

Table H.24 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.22) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 14.15 
Accelerometer 2 14.85 

Geophone 1 14.52 
Geophone 2 14.40 
Proximeter 14.75 

L.V.D.T. 14.30 

Standard 
Deviation (mil) 

0.26 
0.15 
0.08 
0.05 
0.05 
0.05 

Variance 
(percent) 

0.65 
2.30 
0.63 
0.28 
0.28 
0.21 

+Difference~{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

.. 

... 

.If" 

-
.-

-
-
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Table H.25 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 75 msec and a 
Nominal Deflection of 25 mils 

Date of Experiment: 9.30.89 Diskette No.: 42 
Type of Signal Half Sine Source Level: 0.1155 volts 

Pulse width: 075 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channel 1 Qlannel 2 (percent) 

1 Acc 1 Geo 1 23.25 23.21 0.17 
3 Prox Acc 2 23.69 23.37 1.35 
5 LVDT Acc 2 22.96 22.49 2.05 
7 Geo2 Geo1 23.13 23.23 -0.43 
9 Prox Geo2 23.69 22.97 3.04 

11 LVDT Acc 1 22.92 23.46 -2.36 
13 Prox LVDT 23.68 22.96 3.04 
15 LVDT Acc 1 23.13 22.97 0.69 
17 Acc 1 Geo2 22.83 22.97 -0.61 
19 Prox Geo1 23.72 23.23 2.07 
21 Acc 1 Geo 1 23.53 23.36 0.72 
23 LVDT Prox 23.03 23.58 -2.39 

,25 Geo 2 Acc 1 23.13 22.59 2.33 
27 Prox Acc 1 23.72 23.49 0.97 
29 Acc 1 Acc 2 22.61 23.11 -2.21 
31 Acc 2 Prox 23.12 23.63 -2.21 
33 Prox Geo2 23.76 22.90 3.62 
35 Acc 2 Geo2 23.88 23.02 3.60 
37 Acc 1 Prox 22.53 23.53 -4.44 
39 LVDT Geo1 23.12 23.37 -1.08 
41 Acc 2 Geo1 23.64 23.41 0.97 
43 LVDT Acc 2 23.29 22.75 2.32 
45 Geo2 Geo1 23.44 23.48 -0.17 
47 Acc 2 Geo2 23.46 23.29 0.72 
49 Acc 1 Acc 2 23.44 22.71 3.11 
51 Acc 2 Geo1 23.42 23.37 0.21 
53 Prox Geo1 23.87 23.47 1.68 
55 LVDT Geo 2 23.23 23.22 0.04 
57 LVDT Geo 1 23.19 23.49 -1.29 
59 Geo 2 LVDT 23.17 23.06 0.47 

+Difference-{Channel 1-Channel 2}*100/Channe1 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.26 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.25) 

Date of Experiment: 9.30.89 Diskette No.: 42 
Type of Signal Half Sine Source Level: 0.1155 volts 

Pulse Width:075 MS. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 4 (percent) 

3 Prox Acc ;2 23.69 23.37 1.35 
9 Prox Geo2 23.69 22.97 3.04 

13 Prox LVDT 23.68 22.96 3.04 
19 Prox Geo 1 23.72 23.23 2.07 
23 LVDT Prox 23.03 23.58 2.33 
27 Prox Acc 1 23.72 23.49 0.97 
31 Acc 2 Prox 23.12 23.63 2.16 
33 Prox Geo 2 23.76 22.90 3.62 
37 Acc 1 Prox 22.53 23.53 4.25 
53 Prox Geo 1 23.87 23.47 1.68 

Table H.27 Evaluation of variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.25) 

Test Device Used ! Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Acceleromet.er 1 23.07 0.39 15.11 
2 Accelerometer 2 23.20 0.42 17 .62 
3 Geophone 1 23.36 0.10 1.02 
4 Geophone 2 23.12 0.16 2.47 
5 Proximeter 23.69 0.09 0.80 
6 L.V.D.T. 23.09 0.12 1.39 

+Difference-{(prox. defl.)-(Other Device def1.)J*100/(Prox. def1.) 

Accelerometer Serial No'S: 23641 & 42 Prox. Serial No.: 18745 
Geophone NO'S: 1 & 2 LVDT Serial No.: 4745 

-
-

... ' 
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Table H.28 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 100 msec and a 
Nominal Deflection of 5 mils 

Date of Experiment: 9.29.89 Diskette No.: 37 
Type of Signal Half Sine Source Level: 0.02475 Volts 

Pulse Width: 100 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 4.26 4.49 -5.38 
3 Prox Acc 2 4.55 4.45 2.02 
5 LVDT Acc 2 4.46 4.14 7.22 
7 Geo 2 Geo 1 4.57 4.49 1.64 
9 Prox Geo2 4.55 4.54 0.07 

11 LVDT Acc 1 4.45 4.63 -4.09 
13 Prox LVDT 4.52 4.42 2.12 
15 LVDT Acc 1 4.45 3.94 11.41 
17 Acc 1 Geo2 4.93 4.58 7.10 
19 Prox Geo1 4.51 4.54 -0.69 
21 Acc 1 Geo 1 4.82 4.45 7.79 
23 LVDT Prox 4.54 4.64 -2.18 
25 Geo2 Acc 1 4.66 4.10 11.90 
~7 Prox Acc 1 4.68 4.12 11.95 
Z9 Acc 1 Acc 2 4.34 4.53 -4.35 
31 Acc 2 Prox 4.76 4.57 3.83 
33 Prox Geo2 4.64 4.76 -2.50 
35 Acc 2 Geo 2 4.95 4.65 6.04 
37 Acc 1 Prox 4.34 4.59 -5.60 
39 LVDT Geo1 4.53 4.69 -3.42 
41 Acc 2 Geo1 4.68 4.64 0.77 
43 LVDT Acc 2 4.50 4.24 5.76 
45 Geo 2 Geo 1 4.78 4.59 3.99 
47 Acc 2 Geo2 4.31 4.66 -8.12 
49 Acc 1 Acc 2 4.70 4.85 -3.17 
51 Acc 2 Geo1 4.79 4.61 3.61 
53 Prox Geo 1 4.65 4.49 3.36 
55 LVDT Geo2 4.53 4.46 1.54 
57 LVDT Geo1 4.56 4.59 -0.77 
59 Geo 2 LVDT 4.78 4.55 4.95 

+Oifference2 {Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVOT Serial No.: 4745 
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Table H.29 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.28) 

Date of Experiment: 9.29.89 Diskette No.: 37 
Type of Signal Half Sine Source Level: 0.02475 Volts 

Pulse Width:100 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 4.55 4.45 2.02 
9 Prox Geo2 4.55 4.54 0.07 

13 Prox LVDT 4.52 4.42 2.12 
19 Prox Geo 1 4.51 4.54 -0.69 
23 LVDT Prox 4.54 4.64 2.14 
27 Prox Acc 1 4.68 4.12 11.95 
31 Acc 2 Prox 4.76 4.57 -3.98 
33 Prox Geo 2 4.64 4.76 -2.50 
37 Acc 1 Prox 4.34 4.59 5.30 
53 Prox Geo 1 4.65 4.49 3.36 

Table H.30 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.28) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 4.42 
Accelerometer 2 4.57 

Geophone 1 4.56 
Geophone 2 4.64 
Proximeter 4.59 
L.V.D.T. 4.50 

Standard 
Deviation (mil) 

0.32 
0.26 
0.07 
0.10 
0.06 
0.05 

Variance 
(percent) 

10.08 
7.00 
0.56 
1.05 
0.31 
0.23 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

'" 

.. 

.. 
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Table H.31 Testing Sequence Used in Deflection Measurements for an 
I~lse Motion ~ith a Pulse Width of 100 msec and a 
No~na1 Def1ectlon of 15 mil 

Date of Experiment: 9.30.89 Diskette No.: 38 
Type of signal Half Sine Source Level: 0.07425 volts 

Pulse Width: 100 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channel 1 Qlannel 2 (percent) 

1 Acc 1 Geol 13 .83 14.22 -2.82 
3 Prox Acc 2 14.49 14.32 1.17 
5 LVDT Acc 2 14 .16 13 .94 1. 55 .., Geo 2 Geo1 14.52 14.26 1. 79 I 

9 Prox Geo2 14.52 14.17 2.41 
11 LVDT Acc 1 14.22 13.38 5.91 
13 Prox LVDT 14.55 14.13 2.89 
15 LVDT ACC 1 14.19 14.60 -2.89 
17 Acc 1 Geo2 13.83 14.11 -2.02 
19 Prox Geo 1 14.58 14.33 1.71 
21 Acc 1 Geo1 13.39 14.30 -6.80 
23 LVDT Prox 14.18 14.45 -1.90 
25 Geo2 Ace 1 14.71 14.21 3.40 
27 Prox Acc 1 14.56 14.00 3.85 
29 Acc 1 Acc 2 13.85 13.49 2.60 
31 Acc 2 Prox 14.83 14.53 2.02 
33 Prox Geo 2 14.58 14.14 3.02 
35 Acc 2 Geo2 14.2.5 14.12 0.91 
37 Acc 1 Prox 14.75 14.53 1.49 
39 LVDT Geo 1 H.24 14.40 -1.12 
41 ACC 2 Geo 1 14.72 14.40 2.17 
43 LVDT ACC 2 14.22 13.35 6.12 
45 Gee 2 Gee 1 14.67 14.33 2.32 
47 Acc 2 Geo2 13.42 14.13 -5.29 
49 Acc 1 Acc 2 13.59 14.22 -4.64 
51 Acc 2 Geo 1 13.56 14.25 -5.09 
53 Prox Geo 1 14.64 14.28 2.46 
55 LVDT Geo2 14.29 14.16 0.91 
57 LVDT Geo 1 14.29 14.25 0.28 
59 Geo2 LVDT 14.49 14.18 2.14 

+DifferenceB{Channel I-Channel 2}*100IChannel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 &. 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.32 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.31) 

Date of Experiment: 9.30.89 Diskette No.: 38 
Type of Signal Half Sine Source Level: 0.07425 volts 

Pulse Width:100 ms. 

rile Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 14.49 14.32 1.17 
9 Prox Geo 2 14.52 14.17 2.41 

13 Prox LVDT 14.55 14.13 2.89 
19 Prox Geo 1 14.58 14.33 1.71 
23 LVDT Prox 14.18 14.45 1.87 
27 Prox Acc 1 14.56 14.00 3.85 
31 Acc 2 Prox 14.83 14.53 -2.06 
33 Prox Geo 2 14.58 14.14 3.02 
37 Acc 1 Prox 14.75 14.53 -1. 51 
53 Prox Geo 1 14.64 14.28 2.46 

Table H.33 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.31) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mi 1 ) 

Accelerometer 1 13.94 
Accelerometer 2 14.01 

Geophone 1 14.30 
Geophone 2 14.32 
Proximeter 14.54 
L.V.D.T. 14.21 

Standard 
Deviation (mil) 

0.44 
0.51 
0.06 
0.23 
0.05 
(L05 

Variance 
(percent) 

19.39 
26.36 
0.35 
5.44 
0.25 
0.25 

+Oifference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-
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Table H.34 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 100 msec and a 
Nominal Deflection of 25 mils 

Date of Experiment: 9.30.89 Diskette No.: 39 
Type of Signal Half Sine Source Level: 0.12375 Volts 

Pulse Width: 100 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 22.73 23.24 -2.24 
3 Prox Acc 2 23.77 22.14 6.86 
5 LVDT Acc 2 23.26 20.89 10.19 
7 Geo2 Geo 1 23.5B 23.33 1.06 
9 Prox Geo 2 23.813 23.25 2.64 

11 LVDT Acc 1 23.29 22.63 2.83 
13 Prox LVDT 23.93 23.20 3.05 
15 LVDT Acc 1 23.36 22.13 5.27 
17 Acc 1 Geo 2 22.14 23.22 -4.88 
19 Prox Geo 1 23.99 23.42 2.38 
21 Acc 1 Geo 1 22.23 23.34 -4.99 
23 LVDT Prox 23.45 23.86 -1. 75 
25 Geo 2 Acc 1 23.64 21.93 7.23 
27 Prox Acc 1 23.96 21.99 8.22 
29 Acc 1 Acc 2 22.35 22.03 1. 43 
31 Acc 2 Prox 21.77 23.83 -9.46 
33 Prox Geo 2 23.96 23.41 2.30 
35 Acc 2 Geo2 22.44 23.46 -4.55 
37 Acc 1 Prox 21.84 23.84 -9.16 
39 LVDT Geo 1 n.37 23.40 -0.13 
41 Acc 2 Geo 1 22.99 23.65 -2.B7 
43 LVDT Acc 2 23.47 23.19 1.19 
45 Geo 2 Geo 1 23.74 23.48 1.10 
47 Acc 2 Geo 2 21.92 23.62 -7.76 
49 Acc 1 Acc 2 22.15 21.85 1. 35 
51 Acc 2 Geo 1 22.03 23.52 -6.76 
53 Prox Geo 1 24.03 23.52 2.12 
55 LVDT Geo2 23.47 23.75 -1.19 
57 LVDT Geo 1 23.50 23.56 -0.26 
59 Geo2 LVDT 23.83 23.34 2.06 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4145 
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Table H. ~5 Comparison of Deflections from Proximeter and Oth 
Sensors (for Data Reflected in Table H.34) er 

Date of Experiment: 9.30.89 Diskette No.: 39 
Type of signal Half Sine Source Level: 0.12375 Volts 

Pulse Width:100 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 4 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 23.77 22.14 6.86 
9 Prox Geo 2 23.88 23.25 2.64 

13 Prox LVDT -23.93 23.20 3.05 
19 Prox Geo 1 23.99 23.42 2.38 
23 LVDT Prox 23.45 23.86 1.72 
27 Prox Acc 1 23.96 21. 99 8.22 
31 Acc 2 Prox 21.77 23.83 8.64 
33 Prox Geo 2 23.96 23.41 2.30 
37 Acc 1 Prox 21.84 23.84 8.39 
53 Prox Geo 1 24.03 23.52 2.12 

Table H.36 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.34) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 22.21 0.:27 7.45 
2 Accelerometer 2 22.13 0.61 37.69 
3 Geophone 1 23.45 0.12 1. 37 
4 Geophone 2 23.55 0.20 3.95 
5 Proximeter 23.91 0.08 0.60 
6 L.V.D.T. 23.37 0.10 0.92 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

.. ,. 

'.,. 

_. 
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Table H.37 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 25 msec and a 
Nominal Deflection of 5 mils 

Date of Experiment: 10.1.89 Diskette No.: 49 
Type of Signal Triangle Source Level: 0.035 Volts 

Pulse width: 025 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Ace 1 Geo 1 5.69 5.72 -0.67 
3 Prox Acc 2 5.78 5.90 -2.11 
5 LVDT Aec 2 5.61 5.55 1.00 
7 Geo 2 Geo 1 5.79 5.71 1.45 
9 Prox Geo'2 5.79 5.68 1.81 

11 LVDT Ace 1 5.72 5.60 2.15 
13 Prox LVDT 5.79 5.63 2.70 
15 LVDT Acc 1 5.54 5.46 1. 52 
17 Aee 1 Geo2 6.12 5.78 5.54 
19 Prox Geo1 5.79 5.77 0.36 
21 Ace 1 Geo1 5.68 5.71 -0.40 
23 LVDT Prox 5.68 5.76 -1.41 
25 Geo 2 Acc 1 5.82 5.33 8.43 
27 Prox Acc 1 5.81 5.57 4.20 
29 Acc 1 Acc 2 6.02 6.05 -0.63 
31 Acc 2 Prox 5.73 5.75 -0.40 
33 Prox Geo2 5.79 5.72 1.16 
35 Ace 2 Geo2 5.80 5.72 1.24 
37 Ace 1 Prox 5.89 5.75 2.46 
39 LVDT Geo1 5.65 5.71 -1.15 
41 ACC 2 Geol 6.06 5.70 5.99 
43 LVDT Acc 2 5.66 5.67 -0.23 
45 Geo2 Geo1 5.81 5.72 1.43 
47 Acc 2 Geo2 5.70 5.73 -0.46 
49 Acc 1 Acc 2 5.83 5.73 1.72 
51 Acc 2 Geo1 5.79 5.74 0.90 
53 Prox Geol 5.77 5.73 0.71 
55 LVDT Geo2 5.66 5.79 -2.39 
57 LVDT Geo1 5.65 5.70 -0.97 
59 Geo2 LVDT 5.79 5.70 1.69 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 Prox. Serial No.:18745 
Geophone No.: 1 & 2 i LVDT Serial No.: 4745 
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Table H.38 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.37) 

Date of Experiment: 10.1.89 Diskette No.: 49 
Type of Signal Triangle Source Level: 0.035 volts 

Pulse Width:025 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc :2 5.78 5.90 -2.11 
9 Prox Geo 2 5.79 5.68 1.81 

13 Prox LVDT 5.79 5.63 2.70 
19 Prox Geo 1 5.79 5.77 0.36 
23 LVDT Prox 5.68 5.76 1.39 
27 ?rox Acc 1 5.81 5.57 4.20 
31 Acc 2 Prox 5.73 5.75 0.40 
33 Prox Geo 2 5.79 5.72 1.16 
37 Acc 1 Prox 5.89 5.75 -2.52 
53 Prox Geo 1 5.77 5.73 0.71 

Table H.39 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.37) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 5.72 
Accelerometer 2 5.80 

Geophone 1 5.72 
Geophone 2 5.76 
Proximeter 5.78 

L.V.D.T. 5.65 

Standard 
Deviation (mil) 

0.23 
0.16 
0.02 
0.04 
0.02 
0.05 

Variance 
(percent) 

5.48 
2.43 
0.04 
0.19 
0.04 
0.22 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 



273 

Table H.40 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse width of 25 msec and a 
Nominal Deflection of 15 mils 

i , 

Date of Experiment: 10.1.89 Diskette No.: 50 
Type of Signal Triangle Source Level: 0.095 Volts 

Pulse Width: 025 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 15.82 15.6:' 1.07 
3 Prox ACc 2 16.13 16.30 -1.05 
5 LVDT Acc 2 15.61 16.13 -3.33 
7 Geo2 Geo1 15.86 15.63 1.45 
9 Prox Geo 2 16.12 15.67 2.79 

11 LVDT Acc 1 15.66 15.44 1.40 
13 Prox LVDT 16.25 15.73 3.20 
15 LVDT Acc 1 15.71 15.81 -0.64 
17 Acc 1 Geo 2 15.93 15.76 1.07 
i9 prox Geo 1 16.09 15.60 3.05 
21 Acc 1 Geo 1 15.88 15.59 1.83 
2.3 LVDT prox 15.67 16.03 -2.30 
~ Geo 2 Acc 1 15.79 16.09 -1.90 
27 Prox Acc 1 16.16 15.49 4.15 
29 Acc 1 Acc 2 16.01 15.91 0.62 
31 Acc 2 Prox 16.65 16.05 3.60 
33 Prox Geo2 16.13 15.75 2.36 
3S Acc 2 Geo2 16.26 15.70 3.44 
37 Acc 1 prox 16.35 16.06 1.77 
39 LVDT Geo1 15.65 15.66 -0.06 
41 Acc 2 Geol 16.07 15.70 2.30 
43 LVDT Acc 2 15.68 16.33 -4.15 
45 Geo 2 Geo 1 15.88 15.65 1.45 
47 Acc 2 Geo 2 15.98 15.82 1.00 
49 Acc 1 Acc 2 15.70 15.80 -0.64 
51 Acc 2 Geo1 16.28 15.64 3.93 
53 Prox Geol 16.18 15.59 3.65 
55 LVDT Geo2 15.72 15.73 -0.06 
57 LVDT Geol 15.73 15.66 0.45 
59 Geo2 LVDT 15.81 15.61 1.27 

+Difference-{Channel I-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: I & 2 . , 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.41 Comparison of Deflections from Proximeter and Oth 
Sensors (for Data Reflected in Table H.40) er 

Date of Experiment: 10.1.89 Diskette No.: 50 
Type of Signal Triangle Source Level: 0.095 volts 

Pulse Width:025 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel ~ Channel 1 Channel 2 (percent) 

3 Prox Acc 2 16.13 16.30 -1.05 
9 Prox Geo 2 16.12 15.67 2.79 

13 Prox LVDT 16.25 15.73 3.20 
19 Prox Geo 1 16.09 15.60 3.05 
23 LVDT Prox 15.67 16.03 2.25 
27 Prox Acc 1 16.16 15.49 4.15 
31 Acc 2 Prox 16.65 16.05 -3.74 
33 Prox Geo 2 16.13 15.75 2.36 
37 Acc 1 Prox 16.35 16.06 -1.81 
53 Prox Geo 1 16.18 15.59 3.65 

Table H.42 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.40) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 15.85 
Accelerometer 2 16.17 

Geophone 1 15.64 
Geophone 2 15.78 
Proximeter 16.12 
L.V.D.T. 15.68 

Standard 
Deviation (mil) 

0.26 
0.23 
0.03 
0.06 
0.06 
0.04 

Variance 
(percent) 

6.63 
5.45 
0.11 
0.41 
0.40 
0.19 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

.... 
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Table H.43 Testing Se~ence.Used in Deflection Measurements for an 
Impulse Motlon wlth a Pulse Width of 25 msec and a 
Nominal Deflection of 25 mils 

Date of Experiment: 10.1.89 Diskette No.: 51 
Type of Signal Triangle Source Level: 0.155 Volts 

Pulse Width: 025 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 cFianneI I ChanneI 2 (percent) 

1 Acc 1 Geo 1 25.77 .l~.45 1.24 
3 Prox Acc 2 26.28 26.28 0.00 
5 LVDT Acc 2 25.55 26.35 -3.13 
7 Geo2 Geo 1 25.26 25.l3 0.51 
9 Prox Geo2 26.32 25.47 3.23 

11 LVDT Acc 1 25.58 25.18 1. 56 
13 Prox LVDT 26.16 25.48 2.60 
15 LVDT Acc 1 25.48 25.21 1.06 
17 Acc 1 Geo2 25.43 25.22 0.83 
19 Prox Geo1 26.16 25.43 2.79 
21 Acc 1 Geo1 25.40 25.70 -1.18 
23 LVDT Prox 25.58 26.13 -2.15 

. 25 Geo2 Acc 1 25.37 25.79 -1.66 
27 Prox Acc 1 26.31 25.56 2.85 
29 Acc 1 Acc 2 25.94 26.50 -2.16 
31 Acc 2 Prox 26.20 26.10 0.38 
33 Prox Geo 2 26.25 25.43 3.12 
35 Acc 2 Geo 2 26~20 25.42 2.98 
37 Acc 1 Prox 25.93 26.10 -0.66 
39 LVDT Geo 1 25.65 25.42 0.90 
41 Acc 2 Geo 1 25.81 25.45 1.39 
43 LVDT Acc 2 25.57 26.l3 -2.19 
45 Geo 2 Geol 25.42 25.47 -0.20 
47 Acc 2 Geo2 26.41 25.40 3.82 
49 Acc 1 ACc 2 25.57 26.40 -3.25 
51 Acc 2 Geo 1 26.29 25.21 4.11 
53 Prox Geo 1 26.31 25.48 3.15 
55 LVDT Geo2 25.52 25.39 0.51 
57 LVDT Geo1 25.60 25.47 0.51 
59 Geo2 LVDT 25.28 25.48 -0.79 

+Difference~{Channe1 1-Channe1 2}*100/Channe1 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.44 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.43) 

Date of Experiment: 10.1.89 Diskette No.: 51 
Type of Signal Triangle Source Level: 0.155 Volts 

Pulse Width:025 ms. 

Prox 26.32 25.47 3.23 
Prox 26.16 25.48 2.60 
Prox 26.16 25.43 2.79 

23 LVDT Prox 25.58 26.13 2.10 
27 Prox Acc 1 26.31 25.56 2.85 
31 Acc 2 Prox 26.20 26.10 -0.38 
33 Prox Geo 2 26.25 25.43 3.12 
37 Acc 1 Prox 25.93 26.10 0.65 
53 Prox Geo 1 26.31 25.48 3.15 

Table H.45 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.43) 

Test. Device Used Average 
No. Deflection (mil). 

1 Accelerometer 1 25.58 
2 Accelerometer 2 26.26 
3 Geophone 1 25.42 
4 Geophone 2 25.37 
5 Proximeter 26.21 
6 L.V.D.T. 25.55 

Standard 
Deviation (mil) 

0.26 
0.18 
0.15 
0.08 
0.09 
0.06 

Variance 
(percent) 

6.85 
3.36 
2.17 
0.62 
0.74 
0.30 

+Difference={(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVOT Serial No.: 4745 

-
-
.... 

-
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Table H.46 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 50 msec and a 
Nominal Deflection of 5 mils 

Date of Experiment: 10.1.89 Diskette No.: 52 
Type of signal Triangle Source Level: 0.028 Volts 

Pulse Width: 050 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 
1 Acc 1 Geo 1 5.89 5.55 5.77 
3 Prox Acc 2 5.64 5.87 -3.99 
5 LVDT Acc 2 5.62 5.26 6.34 
7 Geo 2 Geo 1 5.66 5.56 1.63 
9 Prox Geo2 5.60 5.58 0.39 

11 LVDT Acc 1 5.58 5.40 3.19 
13 Prox LVDT 5.60 5.41 3.48 
15 LVDT Acc 1 5.52 5.51 0.09 
17 Acc 1 Geo2 5.05 5.59 -10.88 
19 Prox Geo 1 5.63 5.57 0.92 
21 Acc 1 Geo 1 5.97 5.56 6.93 
23 LVDT Prox 5.47 5.60 -2.32 
25 Geo 2 Acc 1 5.66 5.43 4.06 
27 Prox Acc 1 5.64 4.97 11.82 
29 Acc 1 Acc 2 5.32 5.62 -5.68 
31 Acc 2 Prox 5.76 5.56 3.37 
33 Prox Geo 2 5.63 5.56 1.10 
35 Acc 2 Geo 2 5.40 5.53 -2.47 
37 Acc 1 Prox 5..65 5.60 0.94 
39 LVDT Geo 1 5.4"9 5.54 -0.82 
41 Acc 2 Geol 5.62 5.55 1.28 
43 LVDT Acc 2 5.48 5.53 -0.95 
45 Geo 2 Geo 1 5.69 5.57 2.23 
47 Acc 2 Geo 2 5.48 5.62 -2.59 
49 Acc 1 Acc 2 5.10 5.37 -5.41 
51 Acc 2 Geo 1 5.68 5.56 2.15 
53 Prox Geo 1 5.65 5.61 0.78 
55 LVDT Geo2 5.46 5.60 -2.68 
57 LVDT Geo1 5.48 5.61 -2.32 
59 Geo 2 LVDT 5.67 5.43 4.23 

+Differencea{Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 
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Table H.47 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.46) 

Date of Experiment: 10.1.89 Diskette No.: 52 
Type of Signal Traingle Source Level: 0.028 volts 

Pulse Width:050 ms. 

File Device Used. Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel. 2 (~ercent) 

3 Prox Acc 2 5.64 5.B7 -3.99 
9 Prox Geo 2 5.60 5.58 0.39 

13 Prox LVDT - 5.60 5.41 3.48 
19 Prox Geo 1 5.63 5.57 0.92 
23 LVDT Prox 5.47 5.60 2.27 
27 Prox Acc 1 5.64 4.97 11.82 
31 Acc 2 Prox 5.76 5.56 -3.49 
33 Prox Geo 2 5.63 5.56 1.10 
37 Acc 1 Prox 5.65 5.60 -0.95 
53 Prox Geo 1 5.65 5.61 0.78 

Table H.48 Evaluation of variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.46) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Average I Standard 
Deflection (mils) Deviation (mils) 

Device Used 

Acceloromecer 1 ~.43 U.32 
Accelorometer 2 5.56 0.18 

Geophone 1 5.57 0.02 
Geophone 2 5.62 0.05 
Proximeter 5.61 0.03 

L.V.D.T. 5.49 0.06 

Variance 
(percent) 

10.47 
3.13 
0.05 
0.25 
0.07 
0.38 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

.... 

-

-
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Table H.49 Testing Se~ence.Used in Deflection Measurements for an 
I~lse Motlon wlth a Pulse Width of 50 msec and a 
No~nal Deflection of 15 mils 

Date of Experiment: 10.1.89 Diskette No.: 53 
Type of Signal Triangle Source Level: 0.073 Volts 

Pulse Width: 050 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel _2 Channell cnanneJ.~ ~rcent) 

1 Acc 1 Geol 14.75 14.75 0.00 
3 Prox Acc 2 15.02 15.43 -2.73 
5 LVDT Acc 2 -14.76 15.30 -3.66 
7 Geo 2 Geo1 14.86 14.75 0.74 
9 Prox Geo2 14.99 14.71 1.87 

11 LVDT Acc 1 14.70 14.84 -0.95 
13 Prox LVDT 15.02 14.70 2.13 
15 LVDT Acc 1 14.72 14.65 0.48 
17 Acc 1 Geo2 15.06 14.88 1.20 
19 Prox Geo1 15.07 14.85 1.46 
21 Acc 1 Geo1 15.19 14.78 2.70 
23 LVDT Prox 14.72 14.99 -1.83 
25 Geo 2 Acc 1 14.95 14.50 3.01 
27 Prox Acc 1 15.08 14.73 2.32 
29 Acc 1 Acc 2 14.74 15.59 -5.77 
31 Acc 2 Prox 14.76 14.97 -1.42 
33 Prox Geo2 15.09 14.86 1.52 
35 Acc 2 Geo2 15.24 14.87 2.43 
37 Acc 1 Prox 14.72 15.03 -2.11 
39 LVDT Geo 1 14.73 14.82 -0.61 
41 Acc 2 Geo 1 14.95 14.85 0.67 
43 LVDT Acc 2 14.79 15.60 -5.48 
45 Geo 2 Geo 1 14.96 14.88 0.53 
47 Acc 2 Geo2 15.22 14.87 2.30 
49 Acc 1 Acc 2 15.05 15.18 -0.86 
51 Acc 2 Geo 1 15.69 14.92 4.91 
53 Prox Geo1 15.17 14.84 2.18 
55 LVDT Geo2 14.79 14.93 -0.95 
57 LVDT Geo 1 14.83 14.90 -0.47 
59 Geo 2 LVDT 15.01 14.80 1.40 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.50 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.49) 

Date of Experiment: 10.1.89 Diskette No.: 53 
Type of Signal Triangle Source Level: 0.073 Volts 

Pulse Width: 050 ms. 

File Device Used Deflection (mil) 
I 

Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

~ Prox Ace 2 15.02 15.43 -2.73 
Prox Geo 2 14.99 14.71 1.87 

13 Prox L\lDT 15.02 14.70 2.13 
19 Prox Geo 1 15.07 14.85 1.46 
23 LVDT Prox 14.72 14.99 1.80 
27 Prox Acc 1 15.08 14.73 2.32 
31 Ace 2 Prox 14.76 14.97 1.40 
33 Prox Geo2 15.09 14.86 1.52 
37 Acc 1 Prox 14.72 15.03 2.06 
53 Prox Geo 1 15.17 14.84 2.18 

Table H.s1 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.49) 

Test 
No, 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 14.B2 
Accelerometer 2 15.30 

Geophone 1 14.83 
Geophone 2 14.89 
Proximeter 15.04 

L.V.D.T. 14.75 

Standard 
Deviation (mil) 

0.20 
0.28 
0.06 
0.08 
0.06 
0.04 

! variance 
! (percent) 

4.08 
7.81 
0.32 
0.60 
0.33 
0.19 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.} 

Accelerometer Serial No's: 
..,....-~,....;..--~ 

Geophone No'S :_--.;;;.....;;;;-.;;;.. __ 
Prox. Serial No.: 18745 
LVOT Serial No.: 4745 

-
-
-
-
-
-

-
-

-
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Table H.52 Testing se~ence.used in Deflection Measurements for an 
I~lse Motlon ~lth a Pulse width of 50 msec and a 
No~na1 Def1ectlon of 25 mils 

Date of Experiment: 10.1.89 Diskette No.: 54 
Type of Signal Triangle Source Level: 0.120 Volts 

Pulse Width: 050 ms. 

File Device used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

1 Acc 1 Geo 1 24.15 24.00 0.62 
3 Prox Acc 2 24.57 24.89 -1.30 
5 LVDT Acc 2 24.04 24.50 -1.91 
7 Geo 2 Geo 1 24.13 24.01 0.50 
9 Prox Geo .2 24.59 24.00 2.40 

11 LVDT Acc 1 24.00 24.22 -0.92 
13 Prox LVDT 24.57 23.86 2.89 
15 LVDT Acc 1 24.00 24.25 -1.04 
17 Acc 1 Geo 2 23.84 23.96 -0.50 
19 Prox Geo 1 24.57 24.04 2.16 
21 Acc 1 Geo 1 24.42 24.04 1.56 
23 LVDT Prox 24.04 24.49 -1.87 
25 Geo 2 Acc 1 24.19 24.13 0.25 
27 Prox Acc 1 24.65 24.03 2.52 
29 Acc 1 Acc 2 24.26 24.59 -1.36 
31 Acc 2 Prox 24.45 24.50 -0.20 
33 Prox Geo 2 24.67 24.17 2.03 
35 Acc 2 Geo 2 24.73 23.99 2.99 
37 Acc 1 Prox 24.26 24.50 -0.99 
39 LVDT Geo 1 24.12 24.14 -0.08 
41 Acc 2 Geo 1 24.50 24.12 1.55 
43 LVDT Acc 2 24.12 24.16 -0.17 
45 Geo 2 Geo 1 24.21 24.11 0.41 
47 Acc 2 Geo 2 24.71 24.07 2.59 
49 Acc 1 Acc 2 24.20 24.58 -1.57 
51 Acc 2 Geo 1 24.58 24.14 1. 79 
53 Prox Geo 1 24.68 24.12 2.27 
55 LVDT Geo 2 24.05 24.14 -0.37 
57 LVDT Geo 1 24.13 24.06 0.29 
59 Geo2 LVDT 24.17 23.98 0.79 

+Difference-{Channe1 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.53 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.52) 

Date of Experiment: 10.1.89 Diskette No.: 54 
Type of Signal Triangle Source Level: 0.120 volts 

Pulse Width:050 ms. 

File Device Used Deflection (mil) I Differenc; 
No. Channel 1 Channel 2. Channel 1 Channel 2- (percent) 

3 I?rox Acc 2. 24.57 24.69 -1.30 
9 Prox Geo 2 24.59 24.00 2.40 

13 Prox LVDT 24.57 23.86 2.89 
19 I?rox Geo 1 24.57 24.04 2.16 
23 LVDT Prox 24.04 24.49 1.84 
27 I?rox Acc 1 24.65 24.03 2.52 
31 Acc 2 I?rox 24.45 24.50 0.20 
33 Prox Geo2 24.67 24.17 2.03 
37 Acc 1 Prox 24.26 24.50 0.98 
53 Prox Geo 1 24.68 24.12 2.27 

Table H.54 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.52) 

Test Device Used Average Standard Variance 
No. Deflection (mi 1 ) Deviation (mil) (percent) 

1 Accelerometer 1 24.18 U.15 2.19 
2 Accelerometer 2 24.57 0.18 3.40 
3 Geophone 1 24.08 0.05 0.26 
4 Geophone 2 24.10 0.09 0.75 
5 proximeter 24.58 0.07 0.44 
6 L.V.D.T. 24.03 0.08 0.60 

+Difference-{(prox. defl.)-(Other Device defl.)}*lOO/(prox. defl.) 

Accelerometer Serial No's: 23641 & 42 ; prox. Serial No.: 18745 
Geophone No'S: 1 & 2 LVDT Serial No.: 4745 

",. 

-
-
-
-
... 

-
-

... ' 

-
... 

-
-
-
-
-
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Table H.55 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 100 msec and a 
Nominal Deflection of 15 mils 

Date of Experiment: 10.1.89 Diskette No.: 56 
Type of Signal Triangle Source Level: 0.085 Volts 

Pulse Width: 100 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channe~~ ~rcent) 

1 Acc 1 Geo 1 12.18 14.20 -16.58 
3 Prox Acc 2 14.35 12.80 10.80 
5 LVDT Acc 2 -14.26 12.85 9.89 
7 Geo 2 Geo 1 14.47 14.26 1.45 
9 Prox 

I 
Geo 2 14.39 14.01 2.64 

11 LVDT Acc 1 14.22 12.77 10.20 
13 Prox LVDT 14.38 14.13 1. 74 
15 LVDT Acc 1 14.24 13.13 7.79 
17 Acc 1 Geo 2 13.54 14.19 -4.80 
19 Prox Geo 1 14.39 14.14 1. 74 
21 Acc 1 Geo 1 13.77 14.20 -3.12 
23 LVDT Prox 14.21 14.37 -1.13 
·25 Geo2 Acc 1 14.86 13.70 7.81 
27 Prox Acc 1 14.48 12.94 10.64 
29 Acc 1 Acc 2 14.55 13.34 8.32 
31 Acc 2 Prox 14.07 14.39 -2.27 
33 Prox Geo 2 14.48 14.14 2.35 
35 Acc 2 Geo 2 13.60 14.08 -3.53 
37 Acc 1 Prox 11.71 14.38 -22.80 
39 LVDT Geo 1 14.19 14.25 -0.42 
41 Acc 2 Geo 1 13.21 14.09 -6.66 
43 LVDT Acc 2 14.19 14.02 1.20 
45 Geo2 Geo 1 14.25 14 .20 0.35 
47 Acc 2 Geo2 14.51 14.35 1.10 
49 Acc 1 Acc 2 13 .83 13.10 5.28 
51 Acc 2 Geo 1 13.56 14.17 -4.50 
53 Prox Geo 1 14.48 14.14 2.35 
55 LVDT Geo 2 14.24 14.35 -0.77 
57 LVDT Geo 1 14.23 14.21 0.14 
59 Geo2 LVDT 14.40 14.18 1.53 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.s6 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.ss) 

Date of Experiment: 10.1.89 Diskette No.: 56 
Type of Signal Triangle Source Level: 0.085 Volts 

Pulse Width:100 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channell Channel 2 (percent) 

3 Prox Acc 2 14.35 12.80 10.80 
9 Prox Geo 2 14.39 14.01 2.64 

13 Prox LVDT 14.38 14.13 :".74 
19 Prox Geo 1 14.39 14.14 1. 74 
23 LVDT Prox 14.21 14.37 loll 
27 Prox Acc 1 14.48 12.94 10.64 
31 Acc 2 Prox 14.07 14.39 2.22 
33 Prox Geo 2 14.48 14.14 2.35 
37 Acc 1 Prox 11. 71 14.38 18.57 
53 Prox Geo 1 14.48 14.14 2.35 

Table H.s7 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.55) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 13.l1 0.80 64.26 
2 Accelerometer 2 l3.s1 0.53 28.11 
3 Geophone 1 14.19 0.05 0.24 
4 Geophone 2 14.31 0.23 5.29 
5 Proximeter 14.41 0.05 0.23 
6 L.V.D.T. 14.21 0.04 0.13 

+Difference-{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-
-
-
-, 
-
-
-

... 

.,., 
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Testing se~ence.used in Deflection Measurements for an 
Impulse Motlon wlth a Pulse Width of 100 msec and a 
Nominal Deflection of 25 mils 

Date of Experiment: 10.1.89 Diskette No.: 57 
\ Type of Signal Triangle Source Level: 0.14 Volts 

3 
5 
7 
9 

11 
13 
15 
17 
19 
:1 
:3 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 
57 
59 

Prox 
LVDT 
Geo 2 
Prox 
LVDT 
Prox 
LVDT 
Acc 1 
Prox 
Acc 1 
LVDT 
Geo 2 
Prox 
Acc 1 
Acc 2 
Prox 
Acc 2 
Acc 1 
LVDT 
Acc 2 
LVDT 
Geo2 
Acc 2 
Acc 1 
Acc 2 
Prox 
LVDT 
LVDT 
Geo2 

Geo 
Acc 2 
Acc 2 
Geo 1 
Geo2 
Acc 1 
LVDT 
Acc 1 
Geo 2 
Geo 1 
Geo 1 
Prox 
Acc 1 
Acc 1 
Acc 2 
Prox 
Geo 2 
Geo 2 
Prox 
Geol 
Geo 1 
Acc 2 
Geo 1 
Geo 2 
Acc 2 
Geo 1 
Geo1 
Geo 2 
Geo 1 
LVDT 

Pulse Width: 100 ms. 

24.11 
23.85 
24.14 
24.10 
23.81 
24.12 
23.81 
20.59 
24.14 
20.82 
23.78 
24.20 
24.15 
22.27 
21.94 
24.18 
23.15 
21.34 
23.87 
21.96 
23.79 
24.17 
21.27 
23.30 
22.29 
24.16 
23.86 
23.83 
24.26 

. 
22.60 
21.86 
23.70 
23.98 
23.00 
23.65 
20.22 
23.84 
23.24 
23.51 
24.01 
22.03 
22.00 
22.10 
24.02 
23.66 
23.75 
24.05 
23.51 
23.67 
21. 71 
23.54 
23.49 
21.46 
23.47 
23.74 
24.00 
23.54 
23.70 

+Difference-{Channel 1-channel 2}*100/Channel 1 

. 
6.26 
8.34 
1.82 
0.50 
3.40 
1.95 

15.08 
-15.78 

3.73 
-12.92 
-0.97 

8.97 
8.90 
0.76 

-9.48 
2.15 

-2.59 
-12.70 

1.51 
-7.79 

8.74 
2.61 

-10.44 
7.90 

-5.29 
1. 74 

-0.59 
1.22 
2.31 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.59 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.58) 

Date of Experiment: 10.1.89 Diskette No.: 57 
Type of signal Triangle Source Level: 0.14 Volts 

Pulse Width:100 MS. 

. 
9 Prox 24.10 23.98 0.50 

13 Prox 24.12 23.65 1. 95 
19 Prox 24.14 23.24 3.73 
23 LVDT Prox 23.78 24.01 0.96 
27 Prox Acc 1 24.15 22.00 8.90 
31 Acc 2 Prox 21.94 24.02 8.66 
33 Prox Geo 2 24.18 23.66 2.15 
37 Acc 1 Prox 21.34 24.05 11.27 
53 Prox Geo 1 24.16 23.74 1. 74 

Table H.60 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.58) 

Test Device used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 21. 72 0.95 91.12 
2 Accelerometer 2 22.03 0.52 26.9B 
3 Geophone 1 23.56 0.14 2.03 
4 Geophone 2 23.95 0.24 5.94 
5 Proximeter 24.10 0.06 0.31 
6 L.V.D.T. 23.80 0.07 0.45 

+Difference-(prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-

-
-
... 

-

-
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Table H.6l Testing se~ence.used in Deflection Measurements for an 
Impulse Motlon wIth a Pulse Width of 25 rnsec and a 
NOminal Deflection of 5 mils 

Date of Experiment: 10.1.89 Diskette No.: 64 
Type of Signal Square Source Level: 0.0165 Volts 

Pulse width: 025 rns. 

File Device used Deflection (mil) Differenc; 
No. Channel 1 Cnannel 2 ~hannel 1 --.9lanneJ, Z (percent) 

1 Acc 1 Geo 1 5.48 :'.53 -0.86 
3 Prox Acc 2 5.58 5.58 -0.09 
5 LVDT Acc 2 - 5.52 5.82 -5.46 
7 Geo 2 Geo 1 5.73 5.54 3.40 
9 Prox Geo 2 5.59 5.58 0.20 

11 LVDT Acc 1 5.41 5.63 -4.22 
13 Prox LVDT 5.61 5.49 2.18 
15 LVDT Acc 1 5.49 5.40 1.64 
17 Acc 1 Geo 2 5.71 5.54 2.86 
19 Prox Geo 1 5.58 5.47 1.99 
21 Acc 1 Geo 1 5.55 5.48 1.23 
23 LVDT Prox 5.51 5.55 -0.78 
25 Geo 2 Acc 1 5.51 5.59 -1.53 
27 Prox Acc 1 5.59 5.33 4.72 
29 Acc 1 Acc 2 5.69 5.32 6.42 
31 Acc 2 Prox 6.01 5.55 7.63 
33 Prox Geo 2 5.57 5.60 -0.59 
35 Acc 2 Geo 2 6.00 5.58 7.06 
37 Acc 1 Prox 5.50 5.54 -0.64 
39 LVDT Geo 1 5.53 5.45 1.39 
41 Acc 2 Geo 1 5.19 5.51 -6.19 
43 LVDT Acc 2 5.51 5.44 1.22 
45 Geo2 Geo 1 5.61 5.51 1.91 
47 Acc 2 Geo 2 5.59 5.49 1. 74 
49 Acc 1 Acc 2 5.90 5.64 4.43 
51 Acc 2 Geo 1 6.00 5.49 8.41 
53 Prox Geo 1 5.60 5.60 0.00 
55 LVDT Geo 2 5.49 5.57 -1.53 
57 LVDT Geo 1 5.42 5.50 -1.55 
59 Geo 2 LVDT 5.57 5.46 2.06 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.62 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.61) 

Date of Experiment: 10.1.89 Diskette No.: 64 
Type of Signal Square Source Level: 0.0165 Volts 

Pulse Width:025 ms. 

File Device Used Deflection (mil) Differenc~ 
No. Channel 1 Channel 2 Channel 1 Qlannel 2 (percent) 

3 Prox Acc 2 5.58 5.58 -0.09 
9 Prox Geo 2 5.59 5.58 0.20 

13 Prox LVDT 5.61 5.49 2.18 
19 Prox Geo 1 5.58 5.47 1. 99 
23 LVDT Prox 5.51 5.55 0.77 
27 Prox Acc 1 5.59 5.33 4.72 
31 Acc 2 Prox 6.01 5.55 -8.26 
33 Prox Geo 2 5.57 5.60 -0.59 
37 Acc 1 Prox 5.50 5.54 0.63 
53 Prox Geo 1 5.60 5.60 0.00 

Table H.63 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.61) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 5.58 
Accelerometer 2 5.66 

Geophone 1 5.51 
Geophone 2 5.58 
Proximeter 5.57 

L.V.D.T. 5.48 

Standard 
Deviation (mil) 

0.16 
0.28 
0.04 
0.06 
0.02 
0.04 

Variance 
(percent) 

2.45 
7.71 
0.15 
0.40 
0.05 
0.15 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-
-
-
-

-
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Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 25 msec and a 
Nominal Deflection of 15 mil 

Date of Experiment: 10.02.89 Diskette No.: 65 
Type of Signal Square Source Level: 0.033 Volts 

Pulse Width: 025 ms. 

e 
Geo . . 

3 Prox Acc 2 14.97 14.96 0.07 
5 LVDT Acc 2 14.67 14.95 -1.91 
7 Geo2 Geo 1 14.86 14.59 1.82 
9 Prox Geo 2 15.01 14.74 1.80 

11 LVDT Acc 1 14.80 14.77 0.20 
13 Prox LVDT 15.02 14.63 2.60 
15 LVDT Acc 1 14.76 14.64 0.81 
17 Acc 1 Geo2 15.00 14.63 2.47 
19 prox Geo 1 15.02 14.69 2.20 
21 Acc 1 Geo 1 14.50 14.59 -0.62 
23 LVDT Prox 14.78 14.95 -1.15 
25 Geo 2 Acc 1 14.88 14.85 0.20 
27 Prox Acc 1 15.07 14.45 4.11 
29 Acc 1 Acc 2 14.53 14.93 -2.75 
31 Acc 2 Prox 14.81 14.93 -0.81 
33 Prox Geo2 15.08 14.65 2.85 
35 Acc 2 Geo2 1~.19 14.63 3.69 
37 Acc 1 Prox 14_.81 14.99 -1.22 
39 LVDT Geol 14.81 14.71 0.68 
41 Acc 2 Geo1 15.15 14.80 2.31 
43 LVDT Acc 2 14.81 14.86 -0.34 
45 Geo2 Geol 14.84 14.67 1.15 
47 Acc 2 Geo 2 15.50 14.74 4.90 
49 Acc 1 Acc 2 14.92 15.03 -0.74 
51 Acc 2 Geo1 14.83 14.70 0.88 
53 Prox Geo 1 15.05 14.62 2.86 
55 LVDT Geo2 14.73 14.77 -0.27 
57 LVDT Geo1 14.79 14.69 0.68 
59 Geo 2 LVDT 14.94 14.67 1.81 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 Prox. Serial No.:1874S 
Geophone No.: I & ~ LVDT Serial No.: 4745 
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Table H.65 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.64) 

Date of Experiment: 10.02.89 Diskette No.: 65 
Type of Signal Square Source Level: 0.033 Volts 

Pulse Width:025 ms. 

9 Prox 15.01 14.74 1.80 
13 Prox 15.02 14.63 2.60 
19 Prox 15.02 14.69 2.20 
23 LVDT Prox 14.78 14.95 1.14 
27 Prox Acc 1 15.07 14.45 4.11 
31 Acc 2 Prox 14.81 14.93 0.80 
33 Prox Geo 2 15.08 14.65 2.85 
37 Acc 1 Prox 14.81 14.99 1.20 
53 Prox Geo 1 15.05 14.62 2.86 

Table H.66 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.64) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 14.74 0.19 3.54 
2 Accelerometer 2 15.02 0.20 3.99 
3 Geophone 1 14.67 0.06 0.35 
4 Geophone 2 14.77 0.10 1.09 
5 Proximeter 15.01 0.05 0.22 
6 L.V.D.T. 14.75 0.06 0.40 

+Difference-{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

.. 

-

-

-
-
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Table H.67 Testing Se~ence.Used in Deflection Measurements for an 
Impulse Motlon wlth a Pulse Width of 25 msec and a 
Nominal Deflection of 25 mils 

Date of Experiment: 10.02.89 Diskette No.: 66 
Type of Signal Square Source Level: 0.049 Volts 

Pulse Width: 025 rns. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channell enannel ]. (percent) 

1 Acc 1 Geo 1 2.3.92 2.4.19 -1.13 
3 Prox Acc 2 24.72 24.46 1.05 
5 LVDT Acc 2 -24.12 24.92 -3.32 
7 Geo2 Geol 24.26 24.13 0.54 
9 Prox Geo '2 24.76 24.05 2.87 

11 LVDT Acc 1 24.30 23.92 1.56 
13 Prox LVDT 24.76 24.08 2.75 
15 LVDT Acc 1 24.29 23.90 1.61 
17 Acc 1 Geo2 24.20 24.06 0.58 
19 Prox Geo 1 24.76 24.12 2.58 
21 Acc 1 Geo 1 24.27 24.15 0.49 
23 LVDT Prox 24.29 24.64 -1.44 
25 Geo2 Acc 1 24.18 23.54 2.65 
27 Prox Acc 1 24.76 24.29 1.90 
29 Acc 1 Acc 2 24.62 24.85 -0.93 
31 Acc 2 Prox 24.61 24.59 0.08 
33 Prox Geo2 24.76 24.14 2.50 
35 Acc 2 Geo 2 24.48 24.19 1.18 
37 Acc 1 prox 24.21 24.67 -1.90 
39 LVDT Geo 1 24.35 24.25 0.41 
41 Acc 2 Geo 1 24.64 24.20 1. 79 
43 LVDT Acc 2 24.27 24.18 0.37 
45 Geo2 Geo 1 24.33 24.22 0.45 
47 Acc 2 Geo2 24.81 24.11 2.82 
49 Acc 1 Acc 2 24.30 24.49 -0.78 
51 Acc 2 Geo1 24.60 24.21 1.59 
53 Prox Geo1 24.83 24.25 2.34 
55 LVDT Geo2 24.38 24.11 1.11 
57 LVDT Geo 1 24.36 24.29 0.29 
59 Geo2 LVOT 24.39 24.21 0.74 

+Difference-{Channe1 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.68 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.67) 

Date of Experiment: 10.02.e9 Diskette No.: 66 
Type of Signal Square Source Level: 0.049 volts 

Pulse Width:025 ms. 

File 
No. 

3 . . 
9 Prox 24.76 24.05 2.87 

13 Prox 24.76 24.08 2.75 
19 Prox 24.76 24.12 2.58 
23 LVOT Prox 24.29 24.64 1.42 
27 Prox ACC 1 24.76 24.29 1.90 
31 Acc 2 Prox 24.61 24.59 -0.08 
33 Prox Geo 2 24.76 24.14 2.50 
37 Acc 1 Prox 24.21 24.67 1.86 
53 Prox Geo 1 24.83 24.25 2.34 

Table H.69 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.67) 

Test Device used Average Standard ! Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 24.12 0.29 IL13 
2 Accelerometer 2 24.60 0.21 4.33 
3 Geophone 1 24.20 0.05 0.27 
4 Geophone 2 24.18 0.11 1.16 
5 Proximeter 24.73 0.07 0.46 
6 L.V.D.T. 24.27 0.10 0.90 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(prox. defl.) 

Accelerometer Serial No's: 23641 & 42 ; Prox. Serial No.: 18745 
Geophone No's: 1 & 2 i LVDT Serial No.: 4745 

-

-
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Table H.70 ;esting se~ence.Used in Deflection Measurements for an 
.~lse Motlon wlth a Pulse Width of 50 msec and a 
No~na1 Deflection of 5 mils 

Date of Experiment: 10.1.89 Diskette No.: 61 
Type of Signal Square Source Level: 0.0165 Volts 

Pulse Width: 050 ms. 

File Device used Deflection (mil) Differenc; 
No. Channel 1 ChanneT -Z. Channel 1 Channe..L Z (percent) 

1 Acc 1 Geo! 5.07 5.49 -8.29 
3 Prox Acc 2 5.24 4.80 8.38 
5 LVDT Acc 2 5.09 5.62 -10.44 
7 Geo2 Geo 1 5.44 5.37 1.36 
9 Prox Geo 2 5.25 5.12 2.51 

11 LVOT Acc 1 5.17 4.99 3.43 
13 Prox LVDT 5.28 5.20 1.53 
15 LVDT Acc 1 5.17 4.06 21.33 
17 Acc 1 Geo2 4.94 5.32 -7.84 
19 Prox Geo 1 5.26 5.24 0.32 
21 Acc 1 Geo1 4.66 5.33 -14.32 
23 LVDT Prox 5.20 5.28 -1.56 
25 Geo2 Acc 1 5.34 4.65 12.83 
27 Prox Acc 1 5.30 5.46 -3.00 
29 Acc 1 Acc 2 4.BO 5.48 -14.17 
31 Acc 2 Prox 6.15 5.26 14.41 
33 Prox Geo2 5.27 5.32 -1.02 
35 Acc 2 Geo2 5.40 5.22 3.28 
37 Acc 1 Prox 5.01 5.26 -4.95 
39 LV'DT Geo1 5.21 5.33 -2.40 
41 Acc 2 Geo 1 5.65 5.37 4.92 
43 LVDT Acc 2 5.20 5.28 -1.64 
45 Geo2 Geo 1 5.47 5.36 2.01 
47 Acc 2 Geo 2 5.47 5.31 2.89 
49 Acc 1 Acc 2 4.75 5.91 -24.34 
51 Acc 2 Geo 1 5.54 5.24 5.43 
53 Prox Geo 1 5.27 5.33 -LOB 
55 LV'DT Geo2 5.20 5.29 -1.75 
57 LV'DT Geo1 5.24 5.43 -3.71 
59 Geo2 LVDT 5.33 5.23 1.90 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.71 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.70) 

Date of Experiment: 10.1.89 Diskette No.: 61 
Type of Signal Square Source Level: 0.0165 Volts 

Pulse Width:050 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel 2 (percent) 

3 Prox Acc 2 5.24 4.80 8.38 
9 Prox Geo 2 5.25 5.12 2.51 

13 Prox LVDT -5.28 5.20 1. 53 
19 Prox Geol 5.26 5.24 0.32 
23 LVDT Prox 5.20 5.28 1. 53 
27 Prox Acc 1 5.30 5.46 -3.00 
31 Acc 2 Prox 6.15 5.26 -16.84 
33 Prox Geo2 5.27 5.32 -1.02 
37 Acc 1 Prox 5.01 5.26 4.71 
53 Prox Geo 1 5.27 5.33 -1.08 

Table H.72 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.70) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 4.84 
Accelerometer 2 5.53 

Geophone 1 5.35 
Geophone 2 5.32 
Proximeter 5.27 

L.V.D.T. 5.19 

Standard 
Deviation (mil) 

0.34 
0.34 
0.07 
0.09 
0.02 
0.04 

Variance 
(percent) 

11. 78 
11.59 
0.51 
0.88 
0.03 
0.16 

+Cifference-{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-
-
..... 

-
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Table H.73 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse width of 50 msec and a 
Nominal Deflection of 15 mils 

Date of Experiment: 10.1.89 Diskette No.: 62 
Type of Signal Square Source Level: 0.04675 Volts 

Pulse Width: 050 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channel 1 Channel Z (percent) 

1 Acc 1 Geo 1 16.47 16.16 loBB 
3 Prox Ace 2 16.57 16.48 0.54 
5 LVDT Acc 2 -16.28 15.81 2.89 
7 Geo 2 Geo 1 16.41 16.19 1.34 
9 Prox Geo 2 16.63 16.51 0.72 

11 LVDT Acc 1 16.30 15.97 2.02 
13 Prox LVDT 16.61 16.21 2.41 
15 LVDT Acc 1 16.27 16.05 1.35 
17 Acc 1 Geo 2 16.28 16.30 -0.12 
19 Prox Geo 1 16.59 16.39 1.21 
21 Acc 1 Geo 1 15.25 16.25 -6.56 
23 LVDT Prox 16.37 16.57 -1.22 
25 Geo2 Acc 1 16.39 15.63 4.64 
27 Prox Acc 1 16.63 16.20 2.59 
29 Acc 1 Acc 2 16.33 15.81 3.18 
31 Acc 2 Prox 16.55 16.52 0.18 
33 Prox Geo 2 16.65 16.43 1.32 
35 Acc 2 Geo 2 16.87 16.34 3.14 
37 Acc 1 Prox 16.15 16.59 -2.72 
39 LVDT Geo 1 16.3tI 16.22 0.98 
41 Acc 2 Geo1 16.41 16.34 0.43 
43 LVDT Acc 2 16.33 16.68 -2.14 
45 Geo2 Geo 1 16.66 16.31 2.10 
47 Acc 2 Geo 2 16.19 16.32 -0.80 
49 Acc 1 Acc 2 15.78 16.25 -2.98 
51 Ace 2 Geol 16.99 16.23 4.47 
53 Prox Geo 1 16.67 16.23 2.64 
55 LVDT Geo 2 16.32 16.28 0.25 
57 LVDT Geo 1 16.37 16.20 1.04 
59 Geo2 LVDT 16.65 16.20 2.70 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.74 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.73) 

Date of Experiment: 10.1.89 Diskette No.: 62 
Type of Signal Square Source Level: 0.04675 Volts 

Pulse Width:050 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel :2 Channel 1 Channel 2 (percent) 

3 Prox Acc :2 16.57 16.48 0.54 
9 Prox Geo 2 16.63 16.51 0.72 

13 Prox LVDT 16.61 16.21 2.41 
19 Prox Geo ,1 16.59 16.39 1.21 
23 LVDT Prox 16.37 16.57 1.21 
27 Prox Acc 1 16.63 16.20 2.59 
31 Acc 2 Prox 16.55 16.52 -0.18 
33 Prox Geo 2 16.65 16.43 1. 32 
37 Acc 1 Prox 16.15 16.59 2.65 
53 Prox Geol 16.67 16.23 2.64 

Table H.75 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.73) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 16.01 
Accelerometer 2 16.40 

Geophone 1 16.25 
Geophone 2 16.43 
Proximeter 16.60 
L.V.D.T. 16.30 

Standard 
Deviation (mil) 

0.35 
0.38 
0.07 
0.13 
0.04 
0.06 

Variance 
(percent) 

12.21 
14.39 

0.47 
1.69 
0.18 
0.37 

+Difference-{(prox. defl.}-(Other Device defl.}}*100/(Prox. defl.} 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

.. 
-
... 

-
-
-

-

-
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Table H.76 Testing Sequence Used in Deflection Measurements for an 
Impulse Motion with a Pulse Width of 50 msec and a 
Nominal Deflection of 25 mil 

Date of Experiment: 10.1.89 Diskette No.: 63 
Type of Signal Square Source Level: 0.066 volts 

Pulse Width: 050 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channell ChanneT ~ Channel 1 Channel 2 (percent) 

1 Acc 1 GeoT 23.78 24.35 -2 .-~U-
3 Prox Acc 2 24.97 24.31 2.64 
5 LVDT Acc 2 24.46 24.08 1.55 
7 Geo 2 Geo1 24.80 24.38 1.69 
9 Prox Geo 2 24.95 24.51 1. 76 

11 LVDT Acc 1 24.50 23.22 5.22 
13 Prox LVDT 24.98 24.31 2.68 
15 LVDT Acc 1 24.46 24.33 0.53 

I 17 Acc 1 Geo 2 23.98 24.58 -2.50 
~9 Prox Geo 1 25.00 24.40 2.40 
21 Acc 1 Geo 1 23.63 24.46 -3.51 
23 LVDT Prox 24.56 24.86 -1.22 
25 Geo 2 Acc 1 24.47 24.01 1.88 
27 Prox Acc 1 25.00 23.92 4.32 
29 Acc 1 Acc 2 24.17 24.54 -1.53 
31 Acc 2 Prox 24.53 24.89 -1.47 
33 Prox Geo 2 25.06 24.41 2.59 
35 Acc 2 Geo 2 24.48 24.52 -0.16 
37 Acc 1 Prox 24-.10 24.93 -3.44 
39 LVDT Geo 1 24.54 24.44 0.41 

'41 Acc 2 Geo 1 24.63 24.50 0.53 
43 LVDT Acc 2 24.46 24.52 -0.25 
45 Geo 2 Geo 1 24.60 24.42 0.73 
47 Acc 2 Geo 2 24.07 24.36 -1.20 
49 Acc 1 Acc 2 24.70 24.30 1.62 
51 Acc 2 Geo 1 25.12 24.49 2.51 
53 Prox Geo 1 25.04 24.50 2.16 
55 LVDT Geo 2 24.51 24.56 -0.20 
57 LVDT Geo 1 24.55 24.32 0.94 
59 Geo 2 LVDT 24.87 24.37 2.01 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 



298 

Table H.77 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.76) 

Date of Experiment: 10.1.89 Diskette No.: 63 
Type of Signal Square Source Level: 0.066 Volts 

Pulse Width:050 ms. 

9 Prox 24.95 24.51 1. 76 
13 Prox 24.98 24.31 2.68 
19 Prox 25.00 24.40 2.40 
23 LVDT Prox 24.56 24.86 1.21 
27 Prox Acc 1 25.00 23.92 4.32 
31 Acc 2 Prox 24.53 24.89 1.45 
33 Prox Geo2 25.06 24.41 2.59 
37 Acc 1 Prox 24.10 24.93 3.33 
53 Prox Geo 1 25.04 24.50 2.16 

Table H.78 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.76) 

Test Device Used Average standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 
1 Accelerometer 1 23.98 0.38 14.36 
2 Accelerometer 2 24.46 0.29 8.24 
3 Geophone 1 24.43 0.06 0.36 
4 Geophone 2 24.57 0.15 2.30 
5 Proximeter 24.97 0.06 0.35 
6 L.V.D.T. 24.47 0.08 0.58 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No'S: 23641 & 42 
Geophone No's: 1 & 2 

Prox. Serial No.: 18745 
LVDT Serial No.: 4745 

-

-
-
-
-

-' 

-
-
-
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Table H.79 Testing se~ence.Used in Deflection Measurements for an 
I~lse Motlon ~lth a Pulse Width of 100 msec and a 
Nonunal Deflectlon of 5 mils 

Date of Experiment: 10.1.89 Diskette No.: 58 
Type of Signal Square Source Level: 0.01375 volts 

Pulse Width: 100 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel Z Channell ~elZ (percent) 

1 Acc 1 Geol 3.56 4.Z8 -20.19 
3 Prox Acc 2 4.34 4.54 -4.42 
5 LVDT Acc 2 4.20 4.74 -12.75 
7 Geo2 

I 

Geo 1 4.50 4.08 9.38 
9 Prox Geo2 4.34 4.12 4.98 

11 LVDT Acc 1 4.21 5.80 -37.69 
13 Prox LVDT 4.35 4.20 3.38 
15 LVDT Acc 1 4.24 3.77 11.22 
17 Acc 1 Geo2 2.75 4.40 -60.34 
19 Prox Geo1 4.32 4.29 0.76 
21 Acc 1 Geo 1 5.48 4.23 22.92 
23 LVDT Prox 4.21 4.28 -1.64 
25 Geo2 Acc 1 4.30 3.03 29.57 
27 Prox Acc 1 4.32 3.24 25.07 
29 Acc 1 Acc 2 5.35 6.77 -26.49 
31 Acc 2 Prox 5.07 4.30 15.30 
33 Prox Geo 2 4.34 4.24 2.28 
35 Acc 2 Geo2 3.39 4.20 -24.06 
37 Acc 1 Prox 5_29 4.32 18.35 
39 LVDT Geo 1 4.28 4.39 -2.59 
41 Acc 2 Geo1 4.72 4.07 13.61 
43 LVDT Acc 2 4.25 4.55 -7.03 
45 Geo2 Geo 1 4.23 4.20 0.83 
47 Acc 2 Geo 2 4.47 4.23 5.35 
49 Acc 1 Acc 2 4.35 6.21 -42.80 
51 Acc 2 Geo 1 4.27 4.28 -0.19 
53 Prox Geo1 4.33 4.11 5.15 
55 LVDT Geo2 4.35 4.56 -4.66 
57 LVDT Geo 1 4.30 4.39 -2.05 
59 Geo2 LVDT 4.28 4.31 -0.82 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.80 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.79) 

Date of Experiment: 10.1.89 Diskette No.: 58 
Type of Signal Square Source Level: 0.01375 Volts 

Pulse Width:100 InS. 

Fi1el Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel 2 Channe.i 1 Channel 2 (percent) 

3 Prox Acc 2 4 • .34 4.54 -4.42 
9 Prox Geo 2 4.34 4.12 4.98 

13 Prox LVDT 4.35 4.20 3.38 
19 Prox Geo 1 4.32 4.29 0.76 
23 LVDT Prox 4.21 4.28 1.61 
27 Prox Acc 1 4.32 3.24 25.07 
31 Acc 2 Prox 5.07 4.30 -18.07 
33 prox Geo 2 4.34 4.24 2.28 
37 Acc 1 Prox 5.29 4.32 -22.48 
53 Prox Geo 1 4.33 4.11 5.15 

Table H.81 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.79) 

Test Device Used Average Standard Variance 
No. Deflection (mil) Deviation (mil) (percent) 

1 Accelerometer 1 4.26 l.OB 117.09 
2 Accelerometer 2 4.87 0.92 84.09 
3 Geophone 1 4.23 0.11 1.26 
4 Geophone 2 4.31 0.13 1. 70 
5 Proximeter 4.32 0.02 0.04 
6 L.V.D.T. 4.26 0.05 0.25 

+Difference-{(prox. defl.)-(Other Device defl.)j*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 LVDT Serial No.: 4745 

-

.. 

-
-
-

-

-
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~mpustfng ~~ence.uSed in Deflection Measurements for an 
N . sle 0 10n ~lth a Pulse Width of 100 msec and a 

oauna DeflectIon of 15 mils 

Date of Experiment: 10.1.89 Diskette No.: 59 
Type of Signal Square Source Level: 0.0385 Volts 

Pulse Width: 100 ms. 

3 
5 
7 
9 

11 
13 
15 
17 
I L[ 

2. \ 
·2) 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 
51 
S3 
55 
57 
S9 

Prox 
LVDT 
Geo2 
Prox 
LVDT 
Prox 
LVDT 
Ace 1 
Prox 
Ace 1 
LVDT 
Geo2 
Prox 
Ace 1 
Acc 2 
Prox 
Acc 2 
Acc 1 
LVDT 
Acc 2 
LVDT 
Gee 2 
Ace 2 
Ace 1 
Acc 2 
Prox 
LWl' 
LVDT 
Ceo 2 

Geol 
Prox 
Ace 1 
Ace 1 
Ace 2 
Prox 
Geo 2 
Geo2 
Prox 
Geo 1 
Geo 1 
Acc 2 
Geol 
Gee 2 
Ace 2 
Geo 1 
Gee 1 
(;eo Z 
Gee 1 
LVDT 

15.06 
14.92 
lS.50 
1S.09 
14 .81 
15.12 
14.81 
15.64 
15.09 
15.03 
14.75 
15.03 
15.05 
1S.24 
13.41 
15.06 
15.39 
1$ •. 13 
14.91 
15.06 
14.64 
15.25 
16.48 
12.06 
14.27 
15.14 
14 .85 
15.00 
15.54 

'---------' 

. 
13.42 
14.88 
14.99 
14.70 
15.11 
14.78 
14.94 
14.71 
14.72 
14.78 
14.99 
15.54 
14.66 
16.04 
15.00 
14.65 
14.56 
15.01 
14.85 
14.78 
15.12 
14.70 
14.95 
14.88 
14.96 
14.99 
14.70 
14.68 
14.84 

. 
10.89 

0.27 
3.29 
2.58 

-2.03 
2.25 

-0.88 
5.95 
2.45 
1.66 

-1.63 
-3.39 

2.59 
-5.2S 

-11. 86 
2.72 
5.39 
0.79 
0.40 
1.86 

-1.89 
3.61 
9.28 

-23.38 
-4.84 

0.99 
1.01 
2.13 
4.50 

+Difference-{Channe1 1-channel 2}*100/Channel 1 

Accelerometer Se~ial No.: 23641 , 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.83 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.82) 

Date of Experiment: 10.1.89 Diskette No.: 59 
Type of Signal Square Source Level: 0.0385 volts 

Pulse Width:100 ms. 

9 Prox 15.09 14.70 2.58 
13 Prox 15.12 14.78 2.25 
19 Prox 15.09 14.72 2.45 
23 LVDT Prox 14.75 14.99 1.60 
27 Prox Acc 1 15.05 14.66 2.59 
31 Acc 2 Prox 13.41 15.00 10.60 
33 Prox Geo 2 15.06 14.65 2.72 
37 Acc 1 Prox 15.13 15.01 -0.80 
53 Prox Geo1 15.14 14.99 0.99 

Table H.84 Evaluation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.82) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 14.73 
Accelerometer 2 14.90 

Geophone 1 14.82 
Geophone 2 14.96 
Proximeter 15.06 
L.V.D.T. 14.85 

Standard 
Deviation (mil) 

1.00 
0.94 
0.12 
0.34 
0.05 
0.07 

Variance 
(percent) 

99.73 
89.18 
1.40 

11. 71 
0.23 
0.49 

+Difference-{(prox. defl.)-(Other Device defl.)}*lOO/(Prox. defl.) 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 

1fI1~ ! 

... 

-
-
-
-.. ,. 
-, 
-

-, 

.... 
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Table H.85 Testing Se~ence.used in Deflection Measurements for an 
Impulse Motlon wlth a Pulse Width of 100 msec and a 
Nomdnal Deflection of 25 mils 

Date of Experiment: 10.1.89 Diskette No.: 60 
Type of Signal Square Source Level: 0.05775 Volts 

Pulse Width: 100 ms. 

File Device Used Deflection (mil) Differenc; 
No. Channel 1 Channel :2 Channell Channel :2 (percent) 

1 Acc 1 Geol 22.64 24.64 -8.83 
3 Prox Acc 2 24.83 24.16 2.70 
5 LVDT Acc 2 - 24.52 23.79 2.98 
7 Geo 2 Geo1 25.13 24.58 2.19 
9 Prox Geo2 24.87 24.87 0.00 

11 LVDT Acc 1 24.52 23.55 3.96 
13 Prox LVDT 24.88 24.35 2.13 
15 LVDT Acc 1 24.53 22.02 10.23 
17 Acc 1 Geo 2 22.70 24.36 -7.31 
19 Prox Geo 1 24.87 24.42 1.81 
21 Acc 1 Geo1 22.65 24.21 -6.89 
23 LVDT Prox 24.53 24.78 -1.02 
25 Geo2 Acc 1 25.38 22.65 10.76 
27 Prox Acc 1 24.92 23.32 6.42 
29 Acc 1 Acc 2 24.12 23.07 4.35 
31 Acc 2 Prox 25.44 24.76 2.67 
33 Prox Geo2 24.97 24.84 0.52 
35 Acc 2 Geo2 25.90 24.63 4.90 
37 Acc 1 Prox 22~54 24.82 -10.12 
39 LVDT Geo 1 22.54 24.73 -9.72 
41 Acc 2 Geo1 24.62 24.37 1.02 
43 LVDT Acc 2 24.54 24.34 0.81 
45 Geo2 Geol 24.90 24.29 2.45 
47 Acc 2 Geo2 22.88 24.50 -7.08 
49 Acc 1 Acc 2 24.41 22.55 7.62 
51 Acc 2 Geo 1 24.67 24.50 0.69 
53 Prox Geo1 24.99 24.47 2.08 
55 LVDT Geo2 24.66 24.79 -0.53 
57 LVDT Geo 1 24.63 24.43 0.81 
59 Geo2 LVDT 25.32 24.56 3.00 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No.: 23641 & 42 
Geophone No.: 1 & 2 

Prox. Serial No.:18745 
LVDT Serial No.: 4745 
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Table H.86 Comparison of Deflections from Proximeter and Other 
Sensors (for Data Reflected in Table H.85) 

Date of Experiment: 10.1.89 Diskette No.: 60 
Type of Signal Square Source Level: 0.05775 Volts 

Pulse Width:lOO ms. 

9 Prox 24.87 24.87 0.00 
13 Prox 24.88 24.35 2.13 
19 Prox 24.87 24.42 1.81 
23 LVDT Prox 24.53 24.78 1.01 
27 Prox Acc 1 24.92 23.32 6.42 
31 Acc 2 Prox 25.44 24.76 -2.75 
33 Prox Geo 2 24.97 24.84 0.52 
37 Acc 1 Prox 22.54 24.82 9.19 
53 Prox Geo 1 24.99 24.47 2.08 

Table H.87 EValuation of Variation in Deflections Measured by Each 
Sensor (for Data Reflected in Table H.85) 

Test 
No. 

1 
2 
3 
4 
5 
6 

Device Used Average 
Deflection (mil) 

Accelerometer 1 23.06 
Accelerometer 2 24.14 

Geophone 1 24.46 
Geophone 2 24.87 
Proximeter 24.87 
L.V.D.T. 24.34 

Standard 
Deviation (mil) 

0.72 
1.04 
0.15 
0.32 
0.07 
0.60 

Variance 
(percent) 

52.48 
107.22 

2.23 
9.93 
0.51 

36.52 

+Difference-{(prox. defl.)-(Other Device defl.)}*100/(Prox. defl.) 

Accelerometer Serial No's: 23641 & 42 Prox. Serial No.: 18745 
Geophone No's: 1 & 2 ; LVDT Serial No.: 4745 

11111" 

.. " 

-
-
-
.. 

-
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Table H.88 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 12.5 msec and a Nominal Deflection 
of 5 Inlls 

Date of Experiment: 9.9.89 Diskette No.: LASlO 

Type of Signal Half Sine Source Level: 0.05225 Volts 

Pulse Width:12.5 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent) + 

1 Laser Geo1 5.42 5.37 0.96 

2 Laser Prox. 5.34 5.31 0.65 

3 Laser Acc 2 5.34 4.62 13.59 

4 Laser LVDT 5.45 5.28 3.14 

5 Laser Geo 2 5.41 5.40 0.17 

6 Laser Acc 1 5.32 5.78 -8.71 

* Average - 5.39 mil 
Standard Deviation a 0.05 mil 
variance - 0.22 percent 

+Differencea{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.89 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 12.5 msec and a Nominal Deflection 
of 15 nuls 

Date of Experiment: 9.9.89 Diskette No.: LASlO 

Type of Signal Half Sine Source Level: 0.15125 volts 

Pulse wldth:12.5 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent) + 

1 Laser Geo 1 15.50 15.15 2.26 

2 Laser Prox. 15.55 15.42 0.84 

3 Laser Acc 2 15.55 16.15 -3.86 

4 Laser LVDT 15.48 15.42 0.39 

5 Laser Geo 2 15.57 15.37 1.28 

6 Laser Acc 1 15.59 15.57 0.13 

* 15.52 mil Average :a 

Standard Deviation - 0.03 mil 
variance :0 0.09 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 : Prox. Serial No.: 18745 
Geophone NO'S: 1&2: LVDT Serial No.: 4745; Laser Serial No. 2201 

-
-
... 

-
... 

-
-

-, 

-

-
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Table H.90 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 12.5 msec and a Nominal Deflection 
of 25 nuls 

Date of Experiment: 9.9.89 Diskette No.: LASlO 

Type of Signal Half Sine Source Level: 0.2475 Volts 

Pulse Width:12.5 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

.2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Average 

Geol 

Prox. 

Acc 2 

LVDT 

Geo2 

Acc 1 

Standard Deviation = 
Variance -

25.12 

25.03 

25.08 

24.93 

24.99 

24.95 

25.04 mil 
0.07 mil 
0.51 percent 

24.78 

25.20 

26.06 

25.15 

24.75 

25.23 

+ (percent) 

1.35 

-0.68 

-3.91 

-0.88 

0.96 

-1.12 

+Difference-{Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42: Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.91 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 025 msec and a Nominal Deflecti 
of 5 mIls on 

Date of Experiment: 9.9.89 Diskette No.: LAS09 

Type of Signal Half Sine Source Level: 0.03025 volts 

Pulse Width: 025 ms. 

Test Device used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation = 
Variance -

5.25 

5.27 

5.34 

5.24 

5.28 

5.33 

5.28 mil 
0.04 mil 
0.17 percent 

5.15 

5.09 

5.88 

5.18 

5.33 

5.28 

+ (percent) 

1.88 

3.42 

-10.07 

1.09 

-0.99 

0.96 

+Difference-{Channel I-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2: LVDT Serial No.: 4745: Laser Serial No. 2201 

.... 

-
.. 
.. 

-

-
-
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-

-
-
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Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 025 msec and a Nominal Deflection 
of 15 ml1s 

Date of Experiment: 9.9.89 Diskette No.: LAS09 

Type of Signal Half Sine Source Level: 0.088 Volts 

Pulse Width:025 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo1 15.49 15.06 2.78 

2 Laser Prox. 15.44 15.33 0.71 

3 Laser Acc 2 15.43 14.96 3.05 

4 Laser LVDT 15.51 15.37 0.90 

5 Laser Geo2 15.52 15.37 0.97 

6 Laser Acc 1 15.44 15.56 -0.78 

* 15.47 mil Average -Standard Deviation - 0.03 mil 
Variance - 0.11 pe rcent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.93 Comparison of,Deflections from Laser and Other Sensors 
for a Pulse Wldth of 025 msec and a Noml'nal Defl t' of 25 mils ec lon 

Date of Experiment: 9.9.89 Diskette No.: LAS09 

Type of Signal Half Sine Source Level: 0.1485 Volts 

Pulse Width:025 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. 

1 

2 

3 

4 

5 

6 

Channel 1*1 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Channel 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
standard Deviation ~ 
Variance -

2 Channel 1 

25.24 

25.37 

25.66 

25.92 

25.7Z 

25.68 

25.55 mil 
0.26 mil 
6.94 percent 

Channel 2 (percent)+ 

25.36 -0.48 

25.70 -1.30 

26.27 -2.38 

25.65 1.04 

25.15 2.22 

25.71 -0.12 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745: Laser Serial No. 2201 

.. 

-
-
-
_. 

-
-
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Table H.94 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 050 msec and a Nominal Deflection 
of 5 mls 

Date of Experiment: 9.9.89 Diskette No.: LAS08 

Type of Signal Half Sine Source Level: 0.022 volts 

Pulse Width:050 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 5.17 5.16 0.25 

2 Laser Prox. 5.15 4.93 4.25 

3 Laser Acc 2 5~15 5.12 0.62 

4 Laser LVDT 5.19 4.99 3.74 

5 Laser Geo 2 5.-15 5.18 -0.70 

6 Laser Acc 1 5.16 4.76 7.77 

* Average - 5.16 mil 
Standard Deviation - 0.02 mil 
variance - 0.03 percent 

+Difference-{Channel 1-Channe1 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.95 Comparison of Deflections from Laser and Other Se 
;~r1~ !ri~e Width of 050 msec and a Nominal Defle~~~~~ 

Date of Experiment: 9.9.89 Diskette No.: LAS08 

Type of Signal Half Sine Source Level: 0.066 Volts 

Pulse Width:050 ms. 

Test Device Used Deflection (mil) Difference 

'" 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average = 
Standard Deviation = 
Variance = 

16.10 

15.90 

16;03 

16.07 

16~08 

16.01 

16.03 mil 
0.08 mil 
0.58 percent 

15.95 

15.82 

16.92 

16.07 

16.11 

15.83 

+ (percent) 

0.93 

0.50 

-5.55 

0.00 

-0.19 

1.12 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

"'" 

-
... 

-
-
-
-

-
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Table H.96 Comparison of,Deflections from Laser and Other Sensors 
for a Pulse Wldth of 050 msec and a Nominal Defle t ' 
of 25 mils c lon 

Date of Experiment: 9.9.89 Diskett@ No.: LAS08 

Half Sine Source Level: 0.11 Volts 

Pulse Width:OSO ms. 

Test Device used Deflection (mil) Difference 

No. Channel 1*' Channel 2 Channel 1 Channel 2 (percent)+ 

1 Laser Geo 1 26.18 25.96 0.84 

2 Laser Prox. 25.93 25.84 0.35 

3 Laser Acc 2 25.83 26.18 -1.36 

4 Laser LVDT 25.93 25.88 0.19 

5 Laser Geo 2 25.95 26.02 -0.27 

6 Laser Acc 1 26.04 25.74 1.15 

* 25.97 mil Av~rage • 
Standard Deviation - 0.13 mil 
Variance • 1.67 percent 

-+ Difference-{Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serlal No.:~: Laser Serial No. 2201 



314 

Table H.97 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 075 msec and a Nominal Deflection 
of 5 rruls 

Date of Experiment: 9.9.89 Diskette No.: LAS07 

Type of Signal Half Sine Source Level: 0.02475 Volts 

Pulse Width:075 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo2 

Acc 1 

Average -
Standard Deviation -
Variance -

5.62 

5.47 

5.74 

5.56 

5.-62 

5.64 

5.60 mil 
0.10 mil 
0.98 percent 

5.71 

5.41 

5.23 

5.45 

5.67 

5.64 

+ (percent) 

-1.62 

1.08 

8.95 

1.85 

-0.93 

0.07 

+Difference-{Channel I-Channel 2}*100IChannel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

.. ," 

-
.... 

-

... 

-
-

-

-
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Table H.98 Comparison of Deflections from Laser and Other Sensors 
for a Pulse Width of 075 msec and a Nominal Deflect· 
of 15 mils 10n 

Date of Experiment: 9.9.89 Diskette No.: LAS07 

Type of Signal Half Sine Source Level: 0.06875 Volts 

Pulse Width:075 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent)+ 

* 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

15.81 

15.73 

15.69 

15.78 

15.78 

15.56 

15.7S mil 
0.05 mil 
0.21 percent 

15.61 

15.94 

15.55 

15.71 

15.63 

15.33 

+Difference-{Channel 1-channel 2}*100/Channel 1 

1.27 

-1.34 

0.89 

0.44 

0.95 

1.48 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.99 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 075 msec and a Nominal Deflection 
of 25 rruls 

Date of Experiment: 9.9.89 Diskette No.: LAS07 

Type of Signal Half Sine Source Level: 0.1155 volts 

Pulse Width:075 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1* I Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

25.75 

25.74 

25.92 

25.79 

26.14 

25.75 

25.80 mil 
0.07 mil 
0.51 percent 

25.90 

25.73 

25.70 

25.58 

25.96 

25.15 

+ (percent) 

-0.58 

0.04 

0.85 

0.81 

0.69 

2.33 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVOT Serial No.: 4745, Laser Serial No. 2201 

.', 

-
-
-
-

... 

-



317 

Table H.100 Comparison of Deflection from Laser and Other Sensors 
for a ~lse Width of 100 msec and a Nominal Deflection 
of 5 nuls 

Date of Experiment: 9.9.89 Diskette No.: LASE06 

Type of Signal Half Sine Source Level: 0.02475 Volts 

Pulse Width:100 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

.1 Laser Geo 1 5.10 4.88 4.24 

2 Laser Prox. 5.10 5.06 0.79 

3 Laser Acc 2 5.10 4.25 16.51 

4 Laser LVDT 5.07 5.05 0.45 

5 Laser Geo 2 5.07 4.92 3.02 

6 Laser Acc 1 5.10 4.72 7.42 

* Average = 5.09 mil 
Standard Deviation = 0.01 mil 
variance = 0.02 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.101 Comparison of Deflection from Laser and Other S 
for a Pulse Width of 100 msec and a Nominal Defe1nsot7s 
of 15 mils ec lon 

Date of Experiment: 9.8.89 Diskette No.: LASE06 

Type of Signal Half Sine Source Level: 0.07425 Volts 

Pulse Width:100 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1* I Channel 2 Channell Channel 2 (percent)+ 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

15.00 

15.20 

15.20 

15.20 

15.20 

15.22 

15.15 mil 
0.09 mil 
0.75 percent 

14.55 

15.18 

15.05 

15.18 

14.95 

14.83 

3.00 

0.13 

0.99 

0.13 

1.64 

2.56 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

... 

-
.. ' 

-
-

-
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Table H.102 Comparison of. Deflections from Laser and Other Sensors 
for a ~lse Wldth of 100 msec and a Nominal Deflection 
of 25 nuls 

Date of Experiment: 9.9.89 Diskette No.: LASE06 

Type of Signal Half Sine Source Level: 0.12375 Volts 

Pulse Width:100 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent) + 

1 Laser Geo 1 26.04 25.78 1.00 

2 Laser Prox. 26.04 26.04 0.00 

3 Laser Acc 2 26.34 23.71 9.98 

4 Laser LVDT 26.22 25.91 1.18 

5 Laser Geo 2 26.25 25.59 2.51 

6 Laser Acc 1 26.43 24.01 9.16 

* Average .. 26.16 mil 
Standard Deviation - 0.13 mil 
Variance = 1.62 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.103 Comparison of Deflections from Laser and Other Sensors 
fOfr5a ~llse Width of 113 msec and a Nominal Deflection 
o ml s 

Date of Experiment: 9.9.89 Diskette No.: LAS11 

Type of Signal Half Sine Source Level: 0.0275 Volts 

Pulse Width:112.5 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 5.68 5.67 0.16 

2 Laser Prox. 5.60 5.47 2.30 

3 Laser Acc 2 5.58 6.19 -10.97 

4 Laser LVDT 5.60 5.59 0.07 

5 Laser Geo 2 5.66 5.58 1.36 

6 Laser Acc 1 5.82 6.07 -4.42 

* Average - 5.61 mil 
Standard Deviation = 0.04 mil 
Variance = 0.16 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ~ Prox. Serial No.: 18745 
Geophone No's: 1&2~ LVDT Serial No.: 4745~ Laser Serial No. 2201 

IWIIIII' 

.t. 

-
-

-

... 
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Table H.104 Comparison of. Deflections from Laser and Other Sensors 
for a ~lse Wldth of 113 rnsec and a Nominal Deflection 
of 15 nuls 

Date of Experiment: 9.9.89 Diskette No.: LAS11 

Type of Signal Half Sine Source Level: 0.07425 Volts 

Pulse Width:112.5 rns. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent)~ 

1 

.2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

15.13 

15.09 

15.17 

15.18 

15.09 

15.14 

15.14 mil 
0.04 mil 
0.13 percent 

14.81 

14.89 

15.03 

15.09 

15.15 

15.13 

~Difference-{Channel I-Channel 2}*100/Channel 1 

2.12 

1.33 

0.92 

0.59 

-0.40 

0.07 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVOT Serial No.: 4745; Laser Serial No. 2201 
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Table H.l05 Comparison of Deflections from Laser and Other S 
for a Pulse Width of 113 msec and a Nominal Defleecnts~rs 
of 25 mils 10n 

Date of Experiment: 9.10.89 Diskette No.: LAS11 

Type of Signal Half Sine Source Level: 0.12375 Volts 
-

Pulse Width:112.5 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 Laser Geo 1 

2 Laser Prox. 

3 Laser Acc 2 

4 Laser LVDT 

5 Laser Geo 2 

6 Laser Acc 1 

Average -
Standard Deviation = 
variance = 

25.74 

25.87 

25~84 

25.87 

25.87 

25.87 

25.83 mil 
0.05 mil 
0.28 percent 

25.73 

25.63 

24.04 

25.83 

25.80 

24.19 

+ (percent) 

0.04 

0.93 

6.97 

0.15 

0.27 

6.49 

+Difference={Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

•• 

.., 

.. 
-

-

-
-
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Table H.106 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse wldth of 125 msec and a Nominal Deflection 
of 5 mlls 

Date of Experiment: 9.10.89 Diskette No.: LAS12 

Type of Signal Half Sine Source Level: 0.02475 Volts 

Pulse Width:125 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo1 5.07 5.09 -0.41 

2 Laser Prox. 5.27 5.18 1. 58 

3 Laser Acc 2 5.17 5.65 -9.20 

4 Laser LVDT 5.16 5.20 -0.83 

5 Laser Geo 2 5.16 5.15 0.12 

6 Laser ACC 1 5.12 5.05 1.46 

* Average - 5.17 mil 
Standard Deviation - 0.07 mil 
Variance 0.49 percent 

+Difference-{Channel I-Channel 2}*100IChannel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 



324 

Table H.1D7 ~omparison of,Deflection from Laser and Other Sensors 
O~r1~ ~i:e Wldth of 125 msec and a Nominal Deflection 

Date of Experiment: 9.10.89 Diskette No.: LAS12 

Type of Signal Half Sine Source Level: 0.07425 Volts 

Pulse Width:125 ms. 

Test Device Used Deflection (mil) Difference 

* 

NO. Channel 1*1 Channel 2 Channel 1 Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance' -

15.17 

15.12 

15.16 

15.22 

15.17 

15.17 

15.17 mil 
0.04 mil 
0.13 percent 

14.82 

14.88 

13.93 

15.08 

15.01 

13.74 

+ (percent) 

2.31 

1.59 

8.11 

0.92 

1.05 

9.43 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-
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Table H.108 Comparison of Deflection from Laser and Other Sensors 
for a Pulse Width of 125 msec and a Nominal Deflection 
of 25 mils 

Date of Experiment: 9.10.89 Diskette No.: LAS12 

Type of Signal Half Sine Source Level: 0.12375 Volts 

Pulse Width:125 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average = 
Standard Deviation = 
variance = 

26.07 

26.27 

26.20 

26.46 

26.25 

26.10 

26.23 mil 
0.13 mil 
1.64 percent 

Channel 2 

25.76 

25.85 

22.24 

26.20 

25.93 

22.79 

+ (percent) 

1.19 

0.35 

14.43 

0.98 

1.22 

12.68 

+Difference={Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2: LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.109 ~omparison of, Deflection from Laser and Other Sensors 
O~r5ami~;se Wldth of 150 msec and a Nominal Deflection 

Date of Experiment: 9.10.89 Diskette No.: LAS13 

Type of Signal Half Sine Source Level: 0.0275 Volts 

Pulse Wldth:150 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 5.17 5.18 -0.12 

2 Laser Prox. 5.19 5.20 -0.12 

3 Laser Acc 2 5~30 5.70 -7.57 

4 Laser LVDT 5.24 5.30 -1.18 

5 Laser Geo 2 5.25 5.14 2.00 

6 Laser Acc 1 5.27 4.91 6.78 

* 5.23 mil Average .. 
Standard Deviation = 0.05 mil 
Variance = 0.23 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

""I' 

.... 

.... 

-
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Table H.110 Comparison of Deflection from Laser and Other Sensors 
for a Pulse Width of 150 msec and a Nominal Deflection 
of 15 mils 

Date of Experiment: 9.10.89 Diskette No.: LAS13 

Type of Signal Half Sine Source Level: 0.07425 Volts 

Pulse Width:150 IDS. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 Laser Geo1 

2 Laser Prox. 

3 Laser Acc 2 

4 Laser LVDT 

5 Laser Geo 2 

6 Laser Acc 1 

Average -
Standard Deviation = 
Variance ~ 

15.06 

15.14 

15.01 

15.20 

15.12 

15.20 

15.12 mil 
0.01 mil 
0.48 percent 

14.63 

14.77 

13.57 

14.96 

14.76 

12.40 

+ (percent) 

2.86 

0.54 

7.69 

1.58 

2.38 

14.72 

+Difference-£Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2: LVDT Serial No.: 4745: Laser Serial No. 2201 
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Table H.lll cfomparisoln of , Deflection from Laser and Other Sensors 
or a Pu se Wldth of 150 d ' of 25 mils msec an a Nomlnal Deflection 

Date of Experiment: 9.10.89 Diskette No.: LAS13 

Type of Signal Half Sine Source Level: 0.11825 volts 

Pulse Width:150 ms. 

Test Device Used Deflection (mil) 

No. Channel 1* I Channel 2 Charmel 1 Charmel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

25.96 

26.12 

26.09 

25.96 

25.86 

26.17 

26.03 mil 
0.07 mil 
0.54 percent 

25.55 

25.66 

25.33 

25.96 

25.76 

20.23 

+Difference-{Channel I-Channel 2J*100/Channel 1 

Difference 

+ (percent) 

1.58 

1. 76 

2.91 

0.00 

0.39 

22.70 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

.. 

.. , 

.' 

.' 

.... 
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Table H.112 Comparison of,Deflection from Laser and Other Sensors 
for a ~lse Wldth of 175 msec and a Nominal Deflection 
of 5 mlls 

Date of Experiment: 9.12.89 Diskette No.: LAS21 

Type of Signal Half Sine Source Level: 0.0215 Volts 

Pulse Width: 175 ms. 

Test Device Used Deflection (mil) Difference 

'* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average • 
Standard Deviation • 
Variance -

5.12 

5.20 

5.28 

5.15 

5.13 

5.24 

5.19 mil 
0.06 mil 
0.36 percent 

5.02 

5.09 

3.58 

5.24 

4.91 

5.53 

+ (percent) 

2.01 

2.12 

32.21 

-1.11 

3.11 

-5.52 

+Difference-{Channe1 1-Channe1 2}'*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18145 
Geophone No's: 1&2; LVDT Serial No.: 4145; Laser Serial No. 2201 
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Table H.1l3 Comparison of,Deflection from Laser and Other Sensors 
for a ~lse Wldth of 175 msec and a Nominal Deflection 
of 15 mlls 

Date of Experiment: 9.12.89 Diskette No.: LAS21 

Type of Signal Half Sine Source Level: 0.07425 Volts 

Pulse Width:175 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 15.10 14.64 3.05 

2 Laser Prox. 15.19 14.68 3.36 

3 Laser Acc 2 15.01 13.19 12.13 

4 Laser LVDT 15.09 15.09 0.00 

5 Laser Geo 2 14.93 14.49 2.95 

6 Laser Acc 1 15.02 15.17 -1.00 

* Average - 15.10 mil 
Standard Deviation - 0.06 mil 
Variance - 0.41 percent 

+Difference-{Channel 1-Channel 2}*100/channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 47451 Laser Serial No. 2201 

.... 
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Table H.114 Comparison of Deflection from Laser and Other Sensors 
for a ~lse Width of 175 msec and a Nominal Deflection 
of 25 mlls 

Date of Experiment: 9.12.89 Diskette No.: LAS21 

Type of Signal Half Sine Source Level: 0.11275 volts 

Pulse Width:175 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo1 

Prox. 

Acc 2 

LVDT 

Geo2 

Acc 1 

Average = 
Standard Deviation = 
variance = 

26.30 

26.26 

26.12 

26.34 

26.25 

26.21 

26.25 mil 
0.01 mil 
0.49 percent 

25.14 

25.57 

21.07 

26.28 

25.71 

20.00 

+ (percent) 

3.01 

1.88 

19.33 

0.23 

2.06 

23.69 

+Difference={Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.ll5 Comparison of. Deflection from Laser and Other Sensors 
for a ~lse Wldth of 025 msec and a Nominal Deflection 
of 5 rruls 

Date of Experiment: 9.12.89 Diskette No.: LAS22 

Type of Signal Triangle Source Level: 0.045 Volts 

Pulse Width:025 MS. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 5.79 5.89 -1.64 

2 Laser Prox. 5.76 5.71 0.95 

3 Laser Acc 2 5.79 5.61 3.16 

4 Laser LVDT 5.84 5.87 -0.39 

5 Laser Geo 2 5.75 5.96 -3.69 

6 Laser Acc 1 5.a2 5.86 -0.77 

* 5.80 mil Average = 
Standard Deviation .. 0.03 mil 
Variance - 0.08 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-

-
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Table H.116 Comparison of , Deflection from Laser and Other Sensors 
for a ~lse WIdth of 025 msec and a Nominal Deflection 
of 15 mIls 

Date of Experiment: 9.12.89 Diskette No.: LAS22 

Type of Signal Triangle Source Level: 0.095 volts 

Pulse Width:025 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

16.14 

16.08 

16.05 

16.02 

16.12 

16.08 

16.07 mil 
0.04 mil 
0.20 percent 

16.03 

15.73 

16.60 

16.22 

16.07 

15.85 

+ (percent) 

0.68 

2.18 

-3.43 

-1.25 

0.31 

1. 43 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2: LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.117 Comparison of Deflection from Laser and Other Sensors 
for a Pulse Width of 025 msec and a Nominal Deflection 
of 25 mils 

Date of Experiment: 9.12.89 Diskette No.: LAS22 

Type of Signal Triangle Source Level: 0.155 volts 

Pulse Width:025 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 26.21 25.95 0.12 

2 Laser Prox. 26.33 25.57 2.89 

3 Laser Acc 2 26.38 26.78 -1.52 

4 Laser LV'DT 26.47 26.23 0.91 

5 Laser Geo 2 26.21 25.88 1.26 

6 Laser Acc 1 26.29 26.39 -0.38 

* Average • 26.32 mil 
Standard Deviation - 0.09 mil 
Variance = 0.85 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-
-
-
-, 

-

-
-
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Table H.1l8 Comparison of Deflection from Laser and Other Sensors 
for a ~lse Width of 050 msec and a Nominal Deflection 
of 5 mls 

Date of Experiment: 9.13.89 Diskette No.: LAS23 

Type of Signal Triangle Source Level: 0.028 Volts 

Pulse Width:050 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent) + 

1 Laser Geo1 5.88 5.81 1.16 

2 Laser Prox. 5.92 5.82 1.71 

3 Laser Acc 2 5~96 5.98 -0.32 

4 Laser LVDT 5.99 5.98 0.17 

5 Laser Geo2 6~1l 6.11 0.02 

6 Laser Acc 1 6.01 5.92 1.60 

* Average - 5.94 mil 
Standard Deviation - 0.04 mil 
Variance - 0.16 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No'S: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.119 Comparison of Deflection from Laser and Other Sensors 
for a Pulse Width of 050 msec and a Nominal Deflection 
of 15 mils 

Date of Experiment: 9.13.89 Diskette No.: LAS23 

Type of Signal Triangle Source Level: 0.073 Volts 

Pulse Width:050 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 16.24 15.63 3.76 

2 Laser Prox. 16.11 15.64 2.92 

3 Laser Acc 2 16.28 16.60 -1.97 

4 Laser LVDT 16.12 15.77 2.17 

5 Laser Geo 2 16~23 15.72 3.14 

6 Laser Acc 1 16.15 15.25 5.57 

* Average - 16.19 mil 
Standard Deviation = 0.07 mil 
Variance - 0.55 percent 

+Difference-{Channel 1-channel 2}*100IChannel 1 

Accelerometer Serial No's: 23641 & 42: Prox. Serial No.: 18745 
Geophone NO'S: 1&2: LVDT Serial No.: 4745: Laser Serial No. 2201 

-
-
-

... 

-
-

-
-. 
... "'". 

-
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Table H.120 Comparison of,Deflection from Laser and Other Sensors 
for a Pulse Wldth of 050 msec and a Nominal Deflect' 
of 25 mils lon 

Date of Experiment: 9.13.89 Diskette No.: LAS23 

Type of Signal Triangle Source Level: 0.12 Volts 

Pulse Width:050 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1* I Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 25.40 25.36 0.16 

2 Laser I?rox. 25.51 25.47 0.16 

3 Laser Acc 2 25.69 26.53 -3.27 

4 Laser LVDT 25.45 25.45 0.00 

5 Laser Geo 2 25.41 25.24 0.67 

6 Laser Ace 1 25.59 24.48 4.34 

* 25.51 mil Average -Standard Deviation - 0.11 mil 
variance - 1.20 percent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.121 Comparison of Deflection from Laser and Other Sensors 
for a ~lse Width of 075 msec and a Nominal Deflect' of 5 nuls lon 

Date of Experiment: 9.13.89 Diskette No.: LAS24 

Type of Signal Triangle Source Level: 0.028 Volts 

Pulse width:075 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent)+ 

1 Laser Geol 5.43 5.47 -0.64 

2 Laser Prox. 5.43 5.40 0.61 

3 Laser Acc 2 5.51 5.14 6.76 

4 Laser LVDT 5.63 5.55 1.49 

5 Laser Geo 2 5.53 5.58 -0.94 

6 Laser Acc 1 5-.55 6.12 -10.31 

* Average - 5.50 mil 
Standard Deviation - 0.08 mil 
Variance - 0.65 percent 

+Difference-{Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ~ Prox. Serial No.: 18745 
Geophone No's: 1&2~ LVDT Serial No.: 4745~ Laser Serial No. 2201 

.... 

... 

-
-
-
-

-
-
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Table H.122 Comparison of Deflection from Laser and Other Sensors 
for a ~lse Width of 075 msec and a Nominal Deflection 
of 15 nuls 

Date of Experiment: 9.13.89 Diskette No.: LAS24 

Type of Signal Triangle Source Level: 0.078 Volts 

Pulse Width:075 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. 

1 

.2 

3 

4 

5 

6 

Channel 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

1*1 Channel 

Geo1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation = 
variance -

2 Channel 1 

15.83 

15.82 

15.75 

15.79 

15.84 

15.80 

15.80 mil 
0.03 mil 
0.10 percent 

Channel 2 

15.40 

15.40 

16.02 

15.61 

15.48 

14.52 

( percent) + 

2.72 

2.65 

-1. 71 

1.14 

2.27 

8.10 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42: Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.123 Comparison of Deflection from Laser and Other Sensors 
for a Pulse Width of 075 msec and a Nominal Deflect' of 25 mils lon 

Date of Experiment: 9.13.89 Diskette No.: LAS24 

Type of Signal Triangle Source Level: 0.135 Volts 

Pulse Width:075 MS. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Charmel 1 Channel 2 (percent)+ 

1 Laser Geo 1 25.10 24.83 1.08 

2 Laser Prox. 25.05 25.01 0.16 

3 Laser Acc 2 25.05 23.59 5.83 

4 Laser LVDT 25.27 25.18 0.36 

5 Laser Geo 2 25.38 25.16 0.87 

6 Laser Acc 1 25.16 23.35 7.19 

* 25.12 mil Average ... 
Standard Deviation ... 0.09 mil 
Variance ... 0.82 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ~ Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-
-
-

-
-

-

-
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Comparison of Deflection from Laser and Other Sensors 
for a ~lse Width of 100 msec and a Nominal Deflection 
of 5 nu.ls 

Date of Experiment: 9.13.89 Diskette No.: LAS25 

Type of Signal Triangle Source Level: 0.030 Volts 

Pulse Width:100 ms. 

Test Device Used De flection (mi 1 ) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent) + 

1 Laser Geo 1 5.43 5.43 0.17 

2 Laser Prox. 5.44 5.39 0.92 

3 Laser Acc 2 5.43 5.30 2.54 

4 Laser LVDT 5.46 5.28 3.24 

5 Laser Geo2 5.46 5.25 3.78 

6 Laser Acc 1 5.47 5.19 5.01 

* 5.44 mil Average • 
Standard Deviation - 0.01 mil 
Variance - 0.01 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745: Laser Serial No. 2201 
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Table B.125 Comparison of Deflection from Laser and Other Sensors 
for a ~lse Width of 100 msec and a Nominal Deflection 
of 15 mls 

Date of Experiment: 9.13.89 Diskette No.: ~25 

'JYpe of signal Triangle Source Level: 0.085 Volts 

Pulse-Width:100 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo1 15.50 15.00 3.23 

2 Laser Prox. 15.74 15.52 1.40 

3 Laser Acc2 15.85 14.03 11.48 

4 Laser LV'DT 15.69 15.56 0.83 

5 Laser Geo2 15.68 15.37 1.98 

6 Laser Acc 1 15.68 14.00 10.71 

* 15.70 mil Average -Standard Deviation .. 0.13 mil 
Variance .. 1.60 percent 

+Difference-{Channel l-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42 ~ Prox. Serial No.: 18745 
Geophone No's: 1&2~ LV'DT Serial No.: 4745; Laser Serial No. 2201 

-
-
-
-
.. 

-
-
-

.... 
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Table H.126 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 100 msec and a Nominal Deflection 
of 25 mlls 

Date of Experiment: 9.13.89 Diskette No.: LAS25 

Type of Signal Triangle Source Level: 0.140 Volts 

~Jlse Width:100 ms. 

Test Device Used Deflection (mil) Difference 

* 

NO. Channel 1* I Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average = 
Standard Deviation -
Variance -

26.00 

26.07 

26.19 

26.18 

26.18 

26.12 

26.11 mil 
0.08 mil 
0.63 percent 

25.68 

25.73 

23.86 

26.01 

26.18 

23.65 

+ (percent) 

1.23 

1.30 

8.90 

0.65 

0.00 

9.46 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serlal No.: 4745: Laser Serial No. 2201 
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Table H.127 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 025 msec and a Nominal Deflection 
of 5 mlls 

Date of Experiment: 9.12.89 Diskette No.: LAS20 

Type of Signal Square Source Level: 0.0165 Volts 

Pulse width:025 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo1 5.31 5.38 -1.28 

2 Laser Prox. 5.18 5.20 -0.42 

3 Laser Acc 2 5.21 5.28 -1.30 

4 Laser LVDT 5.34 5.34 0.04 

5 Laser Geo 2 5.21 5.38 -3.26 

6 Laser Acc 1 5.2'1 5.28 -0.72 

* Average ... 5.26 mil 
Standard Deviation = 0.07 mil 
Variance ,. 0.46 percent 

+Difference"{Channel I-Channel 2}*lOO/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

•. , 

... 

eo' 

-
... 

.. 

-

-
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Table H.128 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 250 msec and a Nominal Deflection 
of 15 mlls 

Date of Experiment: 9.12.89 Diskette No.: LAS20 

Type of Signal Square Source Level: 0.033 volts 

Pulse Width:025 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. 

1 

2 

3 

4 

5 

6 

Channel 1*' 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Channel 

Geo 1 

Prox. 

Ace 2 

LVDT 

Geo 2 

Ace 1 

Average a 

Standard Deviation = 
Variance = 

2 Channel 1 

15.73 

15.57 

15.69 

15.69 

15.74 

15.60 

15.67 mil 
0.06 mil 
0.36 percent 

Channel 2 

15.65 

15.40 

16.47 

15.88 

15.67 

15.35 

(percent) + 

0.51 

1.09 

-4.97 

-1.21 

0.44 

1.60 

+Difference-{Channel I-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVOT Serial No.: 4745: Laser Serial No. 2201 
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Table H.129 Comparison of Deflections from Laser and Other Sensors 
for a Pulse Width of 025 msec and a Nominal Deflection 
of 25 mil 

Date of Experiment: 9.12.89 Diskette No.: LAS20 

Type of Signal Square Source Level: 0.049 volts 

Pulse Width:025 ms. 

Test Device Used Deflection (mill Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) i-

1 Laser Geol 25.63 25.35 1.09 

2 Laser Prox. 25.56 25.04 0.24 

3 Laser Acc 2 25.56 25.42 -0.24 

4 Laser LVOT 25.59 25.60 -0.04 

5 Laser Geo 2 25.56 25.38 0.70 

6 Laser Acc 1 25.33 25.88 -2.58 

* Average '"' 25.52 mil 
Standard Deviation '"' 0.13 mil 
variance = 1.76 percent 

i-Difference-{Channel I-Channel 2}*lOO/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

II" 

-
-
.. 

-

-
-
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Table H.130 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 050 msec and a Nominal Deflection 
of 5 rruls 

Date of Experiment: 9.11.89 Diskette No.: LAS19 

Type of signal Square Source Level: 0.0165 Volts 

Pulse Width:050 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 5.38 5.44 -1.l3 

2 Laser Prox. 5.34 5.25 1. 70 

3 Laser Acc 2 5.34 5.86 -9.64 

4 Laser LVDT 5.48 5.44 0.58 

5 Laser Geo 2 5.34 5.51 -3.09 

6 Laser Acc 1 5.41 6.02 -11.20 

* Average = 5.38 mil 
Standard Deviation - 0.05 mil 
Variance = 0.29 percent 

+Difference-{Channel 1-Channel 2}*100IChanne1 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT serial No.: 4745: Laser Serial No. 2201 
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Table H.131 Comparison of Deflections from Laser and Other Sensors 
for a Pulse Width of 050 msec and a Nominal Deflection 
of 15 mils 

Date of Experiment: 9.11.89 Diskette No.: J:...AS19 

Type of Signal Square Source Level: 0.04675 Volts 

Pulse Width:050 ms. 

Test Device used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 16.46 16.31 0.12 

:2 Laser Prox. 16.49 16.20 1.16 

3 Laser Acc 2 16.66 17.31 -2.73 

4 Laser LVDT 16.75 16.61 0.84 

5 Laser Geo 2 15.66 16.32 2.04 

6 Laser Acc 1 16.72 16.94 -1.32 

* Average .. 16.62 mil 
Standard Deviation = 0.11 mil 
Variance = 1.21 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone NO's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-

-
-. 

... ' 
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Table H.132 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 050 msec and a Nominal Deflection 
of 25 nuls 

Date of Experiment: 9.11.89 Diskette No.: LAS19 

Type of Signal Square Source Level: 0.066 Volts 

Pulse Width:050 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation = 
Variance ~ 

25.07 

24.97 

25.03 

24.97 

25.03 

25.17 

25.01 mil 
0.04 mil 
0.18 percent 

24.71 

24.38 

24.74 

25.02 

24.76 

24.52 

+ (percent) 

1.44 

2.36 

1.16 

-0.20 

1.08 

2.58 

+Difference-{Channel 1-Channel 2}*100IChanne1 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.133 Comparison of,Deflections from Laser and Other Sensors 
for a Pulse Wldth of 075 msec and a NOminal Defl t' of 5 mil ec lon 

Date of Experiment: 9.11.89 Diskette No.: LAS18 

Type of Signal Square Source Level: 0.0165 Volts 

Pulse Width:075 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 5.74 5.82 -1.36 

2 Laser Prox. 5.61 5.74 -2.30 

3 Laser Acc 2 5.61 5.72 -2.00 

4 Laser LVDT 5.71 5.82 -1.93 

5 Laser Geo 2 5.81 5.87 -1.12 

6 Laser Acc 1 5.81 6.74 -16.07 

* Average = 5.66 mil 
Standard Deviation = 0.06 mil 
Variance == 0.35 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial NO. 2201 

-

-

-
-
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Table H.134 Comparison of Deflections from Laser and Other Sensors 
for a Pulse Width of 075 msec and a Nominal Deflection 
of 15 mils 

Date of Experiment: 9.11.89 Diskette No.: LAS18 

Type of Signal Square Source Level: 0.04125 volts 

Pulse Width:075 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo2 

Acc 1 

Average = 
Standard Deviation = 
Variance = 

15.17 

15.17 

15.14 

15.27 

15.20 

15.11 

15.10 mil 
0.05 mil 
0.25 percent 

14.69 

14.85 

16.25 

15.17 

14.90 

14.47 

+ (percent) 

0.34 

2.11 

-7.33 

0.65 

1.97 

4.24 

+Difference-{Channe1 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.135 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 075 msec and a Nominal Deflect" 
of 25 mlls lon 

Date of Experiment: 9.11.89 Diskette No.: !.AS18 

Type of Signal Square Source Level: 0.0605 volts 

Pulse Niath:075 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 

1 Laser Geo 1 

2 Laser Prox. 

3 Laser Acc 2 

4 Laser LVDT 

5 Laser Geo 2 

6 Laser Acc 1 

Average = 
Standard Deviation = 
variance = 

2 Channel 1 

25.49 

25.53 

25.54 

25.80 

25.87 

25.87 

25.59 mil 
0.12 mil 
1. 51 percent 

Channel 2 (percent) + 

25.28 0.82 

25.33 0.78 

24.83 2.78 

25.84 -0.16 

25.64 0.89 

23.60 8.77 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

... 

.. 

-
-
.. 
.. 

-, 

-

-

-
-
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Table H.l36 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 100 msec and a Nominal Deflection 
of 5 nuls 

Date of Experiment: 9.10.89 Diskette No.: LAS14 

Type of Signal Square Source Level: 0.01375 Volts 

Pulse Width:100 MS. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 5.32 5.24 1.56 

2 Laser Prox. 5.31 5.16 2.77 

3 Laser Acc 2 5r21 4.35 16.55 

4 Laser LVDT 5.27 5.20 1.25 

5 Laser Geo 2 5.24 5.16 1.58 

6 Laser Acc 1 S.11 5.52 -4.13 

* Average - 5.28 mil 
Standard Deviation ~ 0.04 mil 
Variance - 0.17 percent 

+Difference={Channel 1-Channel 2}*100IChannel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.l37 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 100 msec and a Nominal Deflection 
of 15 rruls 

Date of Experiment: 9.10.89 Diskette No.: LAS14 

Type of Signal Square Source Level: 0.0385 Volts 

Pulse Width:100 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average = 
Standard Deviation = 
Variance = 

15.36 

15.44 

15.39 

15.57 

15.57 

15.57 

15.44 mil 
0.08 mil 
0.65 percent 

14.98 

15.33 

16.24 

15.45 

15.38 

16.52 

+ (percent) 

2.47 

0.71 

-5.52 

0.77 

1.22 

-6.10 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

.... 

-

-
-
-

-

-
-
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Table H.138 Comparison of,Deflections from Laser and Other Sensors 
for a Pulse Wldth of 100 msec and a Nominal Deflect' of 25 mil lon 

Date of Experiment: 9.10.89 Diskette No.: LAS14 

Type of Signal Square Source Level: 0.05775 volts 

Pulse Width:100 MS. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*/ Channel 2 Channel 1 Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Ge01 

Prox. 

Acc 2 

LVOT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
variance -

25.73 

25.70 

25.73 

25.75 

25.65 

25.73 

25.73 mil 
0.02 mil 
0.03 percent 

25.68 

25.56 

25.37 

25.80 

25.58 

23.24 

+ (percent) 

0.19 

0.54 

1.40 

-0.19 

0.27 

9.68 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVOT Serial No.: 4745; Laser Serial No. 2201 



356 

Table H.139 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 125 msec and a Nominal Deflection 
of 5 ruls 

Date of Experiment: 9.10.89 Diskette No.: LAS15 

Type of Signal Square Source Level: 0.01375 Volts 

Pulse Wfdth:125 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo1 5.42 5.40 0.46 

2 Laser Prox. 5.42 5.34 1.62 

3 Laser Acc 2 5.42 4.36 19.58 

4 Laser LVDT 5.44 5.46 -0.35 

5 Laser Geo 2 5.27 5.15 2.15 

6 Laser Acc 1 5.28 6.54 -23.97 

* Average = 5.43 mil 
Standard Deviation .. 0.01 mil 
Variance .. 0.00 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelorometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

"", 

.. 

-
-.. , 
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-
-
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Table H.140 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 125 msec and a Nominal Deflection 
of 15 nuls 

Date of Experiment: 9.10.89 Diskette No.: LAS15 

Type of Signal Square Source Level: 0.03575 volts 

Pulse Width:125 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent) + 

1 Laser Geo 1 14.72 14.34 2.58 

2 Laser Prox. 14.97 14.84 0.87 

3 Laser Acc 2 14~81 15.34 -3.58 

4 Laser LVDT 14.93 15.00 -0.47 

5 Laser Geo 2 14.93 14.76 1.14 

6 Laser Acc 1 14.75 13.38 9.29 

• Average ,. 14.86 mil 
standard Deviation ,. 0.10 mil 
Variance ,. 0.98 percent 

+Difference-{Channel 1-Channel 2}*100/Channe1 1 

Accelerometer Serial No'S: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745: Laser Serial No. 2201 
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Table H.141 Comparison of,Deflections from Laser and Other Sensors 
~~r2; ~i:e Wldth of 125 msec and a Nominal Deflection 

Date of Experiment: 9.10.89 Diskette No.: LAS15 

Type of Signal Square Source Level: 0.05225 volts 

Pulse Width:125 ms. 

Test Device used Deflection (mil) 

No. Channel 1*1 Channel 2 Channell Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

25.96 

25.96 

25.95 

25.84 

26.04 

25.m 

25.93 mil 
0.05 mil 
0.26 percent 

25.70 

25.48 

24.49 

25.82 

25.99 

21.71 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Difference 

+ (percent) 

1.00 

1.85 

5.63 

0.08 

0.19 

16.40 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-
-
-
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Table H.142 
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Comparison of Deflections from Laser and Other S fo Pul " ensors rase Wldth of 150 msec and a Nominal Deflectl"on 
of 5 mil 

Date of Experiment: 9.10.89 Diskette No.: LAS16 

Type of Signal Square Source Level: 0.0165 volts 

Pulse Width:150 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channell Channel 2 (percent)+ 

1 Laser Geo 1 6.03 5.96 1.13 

2 Laser Prox. 6.01 6.13 -1.96 

3 Laser Acc 2 6 .. 15 6.21 -1.03 

4 Laser LVDT 6.25 6.34 -1.46 

5 Laser Geo 2 6.12 6.26 -2.32 

6 Laser Acc 1 6.07 5.00 17.52 

* Average .. 6.11 mil 
Standard Deviation .. 0.10 mil 
Variance .. 0.91 percent 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table H.143 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 150 msec and a Nominal Deflection 
of 15 nuls 

Date of Experiment: 9.11.89 Diskette No.: LAS16 

Type of Signal Square Source Level: 0.03575 Volts 

Pulse Width:150 ms. 

Test Device Used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 

1 Laser Geo 1 

2 Laser Prox. 

3 Laser Acc 2 

4 Laser LVDT 

5 Laser Geo 2 

6 Laser Acc 1 

Average • 
Standard Deviation • 
Variance • 

2 Channel 1 

15.49 

15.85 

15.62 

15.72 

l5.71 

15.94 

15.67 mil 
0.13 mil 
1.75 percent 

Channel 2 

15.22 

15.53 

16.16 

15.77 

15.84 

15.67 

(percent) + 

1. 74 

2.02 

-3.46 

-0.32 

-0.83 

1.69 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No'S: l&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-
-

... 

-
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Table H.144 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 150 msec and a Nominal Defle t' of 25 mlls c ~on 

Date of Experiment: 9.11.89 Diskette No.: LAS16 

Type of Signal Square Source Level: 0.0495 volts 

Pulse Width:150 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1* I Channel 2 Channel 1 Channel 2 (percent)+ 

1 Laser Geo 1 24.83 24.14 2.78 

2 Laser Prox. 24.92 24.40 2.09 

3 Laser Acc 2 24.86 21.51 13.48 

4 Laser LVDT 24.87 24.77 0.40 

5 Laser Geo2 25.08 25.03 0.20 

6 Laser Acc 1 24.93 24.98 -0.20 

'* Average - 24.87 mil 
Standard Deviation - 0.03 mil 
Variance - 0.10 percent 

+Difference-{Channel l-channel 2}*lOO/Channe1 1 

Accelerometer Serial NO'S: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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Table 8.145 Comparison of Deflections from Laser and Other Sensors 
for a ~lse Width of 175 msec and a Nominal Deflection 
of 5 mls 

Date of Experiment: 9.11.89 Diskette No.: LAS17 

Type of Signal Square Source Level: 0.01375 volts 

Pulse Width:175 ms. 

Test Device used Deflection (mil) Difference 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 (percent)+ 

1 Laser Geo 1 5.22 5.15 1.25 

2 Laser Prox. 5.35 5.26 1.63 

3 Laser Acc 2 5.31 4.52 14.90 

4 Laser LVDT 5.31 5.47 -2.98 

5 Laser Geo2 5.53 5.70 -3.15 

6 Laser Acc 1 5.58 6.02 -7.87 

* 5.30 mil Average .. 
Standard Deviation = 0.05 mil 
variance .. 0.25 percent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 

-, 

-

..... 

... 
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Table H.146 Comparison of,Deflections from Laser and Other Sensors 
for a ~lse Wldth of 175 msec and a Nominal Deflection 
of 15 ruls 

Date of Experiment: 9.11.89 Diskette No.: LAS17 

Type of Signal Square Source Level: 0.03575 Volts 

Pulse Width:175 ms. 

Test Device used Deflection (mil) Difference 

* 

No. Channel 1*1 Channel 2 Channel 1 Channel 2 

1 

2 

3 

4 

5 

6 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Geo 1 

Prox. 

Acc 2 

LVDT 

Geo 2 

Acc 1 

Average -
Standard Deviation -
Variance -

16.20 

16.23 

16.21 

16.16 

16.26-

16.16 

16.20 mil 
0.03 mil 
0.07 percent 

15.73 

16.22 

17.00 

16.49 

16.38 

15.53 

+ (percent) 

2.90 

0.06 

-4.87 

-2.04 

-0.74 

3.90 

+Difference-{Channel 1-Channel 2}*100/Channel 1 

Accelerometer Serial No's: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2; LVDT Serial No.: 4745; Laser Serial No. 2201 
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-
Table H.147 Comparison of Deflections from Laser and Other Sensors 

for a Pulse Width of 175 msec and a Nominal Deflection -
of 25 mils 

Date of Experiment: 9.11.89 Diskette No.: LAS 17 

Type of Signal Square Source Level: 0.0495 Volts 

Puise-Width:175 ms. 

Test Device Used Deflection (mil) Difference 

No. Channel 1* I Charmel 2 Channel 1 Channel 2 (percent)+ 

1 Laser Geo 1 24.74 24.07 2.71 

2 Laser Prox. 24.92 24.23 2.77 

3 Laser Acc 2 24.80 22.11 10.85 

4 Laser LVDT 24.91 24.64 1.08 

5 Laser Geo 2 24.9~ 24.55 1. 76 

6 Laser Acc 1 24~99 25.35 -1.44 

* 24.84 mil Average -
Standard Deviation - 0.08 mil 
Variance - 0.57 percent 

+Difference-{Channel 1-channel 2}*100/Channel 1 

Accelerometer Serial No'S: 23641 & 42; Prox. Serial No.: 18745 
Geophone No's: 1&2: LVDT Serial No.: 4745: Laser Serial No. 2201 

-
-
-
.... 

-

.... " 

-

-



APPENDIX I 

EVALUATION OF ACCURACY OF EACH SENSOR 

FOR HALF·SINE WAVE MOTION 
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Figure 1.1 Evaluation of Accuracy of Accelerometer 1 for 
Half-Sine Wave at Pulse Width of 25 msec. (Slope 
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Figure 1.2 EValuation of Accuracy of Accelerometer 2 for 
Half-Sine Wave at Pulse Width of 25 msec. (Slope 
of Line is 1. 00 ) 
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Figure I.4 Evaluation of Accuracy of Geophone 1 for Half­
Sine Wave at Pulse Width of 25 msec. (Slope of 
Line is 1. 01) 
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Figure I.6 Evaluation of Accuracy of Accelerometer 1 for 
Half-Sine Wave at Pulse Width of SO msec. (Slope 
of Line is 1. 03) 
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Figure I.7 Evaluation of Accuracy of Accelerometer 2 for 
Half-Sine Wave at Pulse Width of 50 msec. (Slope 
of Line is 1. 00) 
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Figure I.B Evaluation of Accuracy of LVDT for Half-Sine Wave 
at Pulse Width of 50 msec. (Slope of Line is 
1.02) 
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Figure 1.9 EValuation of Accuracy of Geophone 1 for Half­
Sine Wave at Pulse Width of 50 msec. (Slope of 
Line is 1. 01) 

.. 
-
-

.. 

-

... ' 

-



25~-------------------------------~ 
j~ 

.. 
N 
o 
Q) 15 

(!) 

E 
e 

\of-

c 10 
o '.-...., 
(J 
Q) 

\of-
Q) 5 

Cl ! / 
I / 

h 
h 

h 

h 
h 

~ 

<) Actual Data 
- Une of Best fit 
- - Une of equality 

I 

375 

o ~ / 
o 5 10 1:5 20 25 

Deflection from Proximeter. mils 

Figure 1.10 Evaluation of Accuracy of Geophone 2 for Half­
Sine Wave at Pulse Width of 50 msec. (Slope of 
Line is 1.01) 
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Figure I.ll Evaluation of Accuracy of Accelerometer 1 for 
Half-Sine Wave at Pulse Width of 75 msec. (Slope 
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Figure I.12 Evaluation of Accuracy of Accelerometer 2 for 
Half-Sine Wave at Pulse Width of 7S msec. (Slope 
of Line is 0.99) 
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Figure 1.13 Evaluation of Accuracy of LVDT for Half-Sine Wave 
at Pulse Width of 75 msec. (Slope of Line is 
1.02) 

.... 

.... 

-
-
• 

-
-

-
-
... 

-
-
.. 
-



25~--------------------------------~/ 

~ 20 

E 
...... 
o 
(g '5 

E 
o .... 

"l-

e '0 
o 

+:i o 
Q) 

;;:: 
Q) 5 
C 

/ 

/ 
/ 

/ 

<> Actual Data 
- Une of Best Fit 

Une of equality 

0~-----4------4-----~------;-----~ 
o 5 10 15 20 25 

Deflection from Proximeter, mils 

Figure I.14 Evaluation of Accuracy of Geophone 1 for Half­
Sine Wave at Pulse Width of 7S msec. (Slope of 
Line is 1. 01 ) 
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Figure 1.15 Evaluation of Accuracy of Geophone 2 for Half­
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Figure 1.17 EValuation of Accuracy of Accelerometer 2 for 
Half-Sine Wave at Pulse width of 100 msec. (Slope 
of Line is 0.99) 
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Figure I.18 Evaluation of Accuracy of LVDT for Half-Sine Wave 
at Pulse Width of 100 msec. (Slope of Line is 
1.02) 
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Figure 1.19 Evaluation of Accuracy of Geophone 1 for Half­
Sine Wave at Pulse Width of 100 msec. (Slope of 
Line is 1. 01) 
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Figure I.20 Evaluation of Accuracy of Geophone 2 for Half­
Sine Wave at Pulse Width of 100 msec. (Slope of 
Line is 1.00) 
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APPENDIX J 

EVALUA"rlON OF PRECISION OF EACH SENSOR 

FOR HALF·SINE WAVE MOTION 
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Figure J.l EValuation of Precision of All Sensors for 
Impulse Motion for Half-Sine Wave at Pulse Width 
of 25 msec. and a Nominal Deflection of 5.0 mils 
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Figure J.2 Evaluation of Precision of All Sensors for 
Impulse Motion for Half-Sine Wave at Pulse Width 
of 25 msec. and a Nominal Deflection of 15.0 mils 
(without Laser) 
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Figure J.6 Evaluation of Precision of All Sensors for 
Impulse Motion for Half-Sine Wave at Pulse width 
of 50 msec. and a Nominal Deflection of 25.0 mils 
(without Laser) 
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j95 

.~------------------------------------------~ 

.. -
E I I. 
f II 

I 

AGe 1 AGe 2 Geo 1 Geo 2 Prox. LVDT 

Device 
a) Average Deflection, mile 

a.~--------------------------________________ ~ 

AGo 1 AGo 2 GIo 1 GIo 2 LWT 

o.vIce 

b) CoeffIcient of Variation 

Figure J.9 Evaluation of Precision of All Sensors for 
Impulse Motion for Half-Sine Wave at Pulse Width 
of 75 msec. and a Nominal Deflection of 25.0 mils 
(without Laser) 

... 

-
-
-



396 

I~------------------------------------------, 

1 

0 
Aao 1 Aao2 ClIo 1 ClIo 2 Prox. 

Device 
a) Average Deflection, mill 

,.-

I 
I .. 
IU 

MIl' _2 .. , .. 2 ..... LVDT 
o.vIoe 

b) eo.tftcIent of Variation 
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Figure J.16 Evaluation of Precision of All Sensors for Impulse 
Motion for Half-Sine Wave at Pulse Width of 75 msec. and 
a Nominal Deflection of 5.0 mils (with Laser) 
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Figure J.18 Evaluation of Precision of All Sensors for Impulse 
Motion for Half-Sine Wave at PUlse Width of 75 msec. and 
a Nominal Deflection of 25.0 mils (with Laser) 
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Figure J.19 Evaluation of Precision of All Sensors for Impulse 
Motion for Half-Sine Wave at Pulse width of 50 msec. and 
a Nominal Deflection of 5.0 mils (with Laser) 
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Figure J.20 Evaluation of Precision of All Sensors for Impulse 

Motion for Half-Sine Wave at Pulse Width of 50 msec. and 
a Nominal Deflection of 15.0 mils (with Laser) 
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Figure J.23 Evaluation of Precision of All Sensors for Impulse 

Motion for Half-Sine Wave at Pulse Width of 25 msec. and 
a Nominal Deflection of 15.0 mils (with Laser) 
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Figure J.24 Evaluation of Precision of All Sensors for Impulse 

Motion for Half-Sine Wave at Pulse Width of 25 msec. and 
a Nominal Deflection of 25.0 mils (with Laser) 
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Figure J.26 Evaluation of Precision of All Sensors for Impulse 
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and a Nominal Deflection of 15.0 mils (with Laser) 

... 

...' -
-
-
-

-
-
'"', 

-

---



• 
• 

D =-E . 
c 

" 0 :g ., 
c;: to G 
C 

• 

Figure J.27 

eo.tfIdent of Variation of l..cJMr- 0.27 peroent 

l.anr Gee» 1 Prox. Ace 2 LVDT G.o 2 Ace 1 
(awrate) 

Device 
Evaluation of Precision of All Sensors for Impulse 
Motion for Half-Sine Wave at Pulse Width of 12.5 rnsec. 
and a Nomdnal Deflection of 25.0 mdls (with Laser) 
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Figure J.28 Evaluation of Precision of All Sensors for Impulse 

Motion for Half-Sine Wave at Pulse Width of 112.5 msec. 
and a Nominal Deflection of 5.0 mdls (with Laser) 
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Motion for Half-Sine Wave at Pulse Width of 112.5 msec. 
and a Nominal Deflection of 15.0 mils (with Laser) 
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Figure J.32 Evaluation of Precision of All Sensors for Impulse 

Motion for Half-Sine Wave at Pulse Width of 125 msec. 
and a Nominal Deflection of 15.0 mils (with Laser) 
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Figure J.33 Evaluation of Precision of All Sensors for Impulse 

Motion for Half-Sine Wave at Pulse Width of 125 msec. 
and a Nominal Deflection of 25.0 mils (with Laser) 

1A.-----------------__________________________ --, 
Coefftclent of Variation of La ...... 0.80 percent 

., 
=u e 

Device 
Figure J.34 Evaluation of Precision of All Sensors for Impulse 

Motion for Half-Sine Wave at Pulse Width of 150 msec. 
and a Nominal Deflection of 5.0 mils (with Laser) 
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Figure J.36 Evaluation of Precision of All Sensors for Impulse 

Motion for Hal~-Sine Wave at Pulse Width of 150 msec. 
and a Nominal Deflection of 25.0 mils (with Laser) 
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EVALUATION OF ACCURACY OF EACH SENSOR 

FOR SQUARE WAVE MOTION 
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Figure K.4 Evaluation of Accuracy of Geophone 1 for Square 
Wave at Pulse Width of 25 msec. (Slope of Line is 
1.02) 
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Figure K.12 Evaluation of Accuracy of Accelerometer 2 for 
Square Wave at Pulse Width of 100 msec. (Slope of 
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APPENDIX L 

EVALUATION OF PRECISION OF EACH SENSOR 

FOR SQUARE WAVE MOTION 
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Figure L.1 Evaluation of Precision of All Sensors for 
Impulse Motion for Square Wave at Pulse Width of 
25 msec. and a Nominal Deflection of 5.0 mils 
(without Laser) 
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Figure L.13 Evaluation of Precision of All Sensors for Impulse 

Motion for Square Wave at Pulse Width of 75 msec. and a 
Nominal Deflection of 25.0 mils (wi th Laser) 

7~~----------------__________________________ ~ 
CoeffIcient of Variation of L..aMr- 0.80 peroent 

~u 
E 

Device 
Figure L.14 Evaluation of Precision of All Sensors for Impulse 
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Figure L.17 Evaluation of Precision of All Sensors for Impulse 
Motion for Square Wave at Pulse width of 75.0 msec. and 
a Nominal Deflection of 5.0 mils (with Laser) 
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Figure L.21 Evaluation of precisionDJ'~ffl Sensors for Impulse 
Motion for Square Wave at Pulse Width of 100 msec. and a 
Nominal Deflection of 25.0 mils (with Laser) 
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Figure L.22 Evaluation of Precision of All Sensors for Impulse 

Motion for Square Wave at Pulse Width of 125 msec. and a 
Nominal Deflection of 5.0 mils (with Laser) 
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Figure L.25 Evaluation of Precision of All Sensors for Impulse 
Motion for Square Wave at Pulse Width of 150 msec. and a 
NOminal Deflection of 5.0 mils (with Laser) 

-I 
, .... 

I 
I 
I 

.. I a 10 
:g ., 
;; 
c • 

eo.tfIclent 01 Variation of La ..... 0.93 percent 

La... Gee 1 Prox. N:;o 2 LVDT Geo 2 
(IMICIOi) 

Device 
Figure L.26 EValuation of Precision of All Sensors for Impulse 

Motion for square Wave at Pulse Width of 150 msec. and a 
Nominal Deflection of 15.0 mils (with Laser) 



448 

.~--------~~--~~~~--------~~--------~ CoIfftoIent 01 Variation 01 L..aIr- 0.33 peI..,t 

• 
:I. 
E 

• 

Figure L.27 

Law Oeo 1 Prox. Aoc 2 LVDT OlIo 2 Aot: 1 
(<< .... ) 

Device 
Evaluation of Precision of All Sensors for Impulse 
Motion for Square Wave at Pulse width of 150 msec. and a 
Nominal Deflection of 25.0 mils (with Laser) 

7~~----------________________________________ --, 

:I ... 
E 

Device 
Figure L.2a Evaluation of Precision of All Sensors for Impulse 

Motion for Square Wave at Pulse Width of 175 msec. and a 
Nominal Deflection of 5.0 mils (wi th Laser) 

II 

" 

_. 

-
-
-
,.. . 

.... 

.. 

-



449 

.~--------------~~-.---------~~--~--~ eo.ttIcIent of Varlatlan of I ailF G.22 pec...t 

• 
=e 

[)eyfce 
Figure L.29 Evaluation of Precision of All Sensors for Impulse 

Motion for Square Wave at Pulse Width of 175 msec. and a 
Nominal Deflection of 15.0 mils (with Laser) 

·~----------------------------~~--------I eo.ttIcIent of Varfatlon of l.GIIer 0.33 peroMt 

• 
:I. 
E 

• 
O~~~~~~W-~~~~~-A~~~~~~~--­

l..a8w Geo 1 
( ..... ) 

DevIce 
Figure L.30 Evaluation of Precision of All Sensors for Impulse 

Motion for Square Wave at Pulse Width of 175 msec. and a 
Nominal Deflection of 25.0 mils (with Laser) 



APPENDIX M 

EVALUATION OF ACCURACY OF EACH SENSOR 
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Figure M.2 Evaluation of Accuracy of Accelerometer 2 for 
Triangular Wave at Pulse Width of 25 msec. (Slope 
of Line is 1.02) 
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Figure M.4 Evaluation of Accuracy of Geophone 1 for 
Triangular Wave at Pulse Width of 25 rnsec. (Slope 
of Line is 1.01) 
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Figure M.5 Evaluation of Accuracy of Geophone 2 for 
Triangular wave at Pulse Width of 25 msec. (Slope 
of Line is 1.00) 
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Figure M.12 Evaluation of Accuracy of Accelerometer 2 for 
Triangular Wave at Pulse Width of 100 msec. 
(Slope of Line is 0.99) 
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Figure N.12 EValuation of Precision of All Sensors for Impulse 

Motion for Triangle Wave at Pulse Width of 50.0 msec. 
and a Nominal Deflection of 5.0 mils (wi th Laser) 
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Figure N.14 Evaluation of Precision of All Sensors for Impulse 
Motion for Triangle Wave at Pulse Width of 50.0 msec. 
and a Nominal Deflection of 25.0 mils (with Laser) 
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Figure N.1S Evaluation of precision~frl Sensors for Impulse 
Motion for Triangle Wave at Pulse Width of 75.0 msec. 
and a Nominal Deflection of 5.0 mils (with Laser) 
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Evaluation of Precision of All Sensors for Impulse 
Motion for Triangle Wave at Pulse Width of 75.0 msec. 
and a Nominal Deflection of 15.0 mils (with Laser) 
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Figure N.19 Evaluation of Precision of All Sensors for Impulse 

Motion for Triangle Wave at Pulse Width of 100 msec. and 
a Nominal Deflection of 15.0 mils (with Laser) 
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Figure N.20 Evaluation of Precision of All Sensors for Impulse 

Motion for Triangle Wave at Pulse Width of 100 msec. and 
a Nominal Deflection of 25.0 mils (with Laser) 
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Table 0.1 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 1, 
on Concrete Site at Zero Degree Rotation 
(without Rubber Padding) . 

a) Results of Repetitions 

LC2Jd fran calibr:aticn Syste'Il (kip;) I.ced fran DiffererD! + 

NJ.II.ca:i Oill 11Iad Oill 21Iad Oill 31MIC!lJ! I 
FID 

'lbtal (Kip';) (~rcE!'lt) 

1 2.09 1.77 2.24 2.03 6.10 6.51 6.37 
2 2.13 1.77 2.23 2.04 6.13 6.56 6.62 
3 2.09 1.76 2.26 2.03 6.10 6.52 6.37 
4 2.09 1.79 2.Z1 2.05 6.15 6.54 5.91 
5 2.07 1.79 2.26 2.04 6.13 6.56 6.62 
6 2.06 1.76 2.Z1 2.03 6.09 6.50 6.38 
7 2.00 1.77 2.25 2.03 6.10 6.50 6.13 
8 2.07 1.78 2.26 2.04 6.11 6.54 6.53 
9 2.10 1.78 2.25 2.04 6.13 6.54 6.36 

10 2.07 1.78 2.26 2.04 6.12 6.59 7.18 

MIC!lJ! I 
6.11 I 6.53 

I 
6.44 

O::efficmt of variaticn (~ra!lt.) 0.28 0.43 

b) Results of Wraps 

'Iest LC2Jd fran calibr:aticn Systsn (kip;) I.a!d fran DiffererD! + 
FID 

N:>. Iad Oill 11Iad Oill 21Iad Oill 31 MIC!lJ! I 'Ibtal (Kip;) (~rcmt) 

1 2.11 1.76 2.22 2.03 6.10 6.46 5.70 
2 2.00 1.78 2.28 2.05 6.14 6.50 5.61 
3 2.06 1.78 2.29 2.04 6.13 6.50 5.81 
4 2.11 1.80 2.28 2.06 6.19 6.55 5.95 
5 2.10 1.82 2.28 2.07 6.20 6.59 5.99 
6 2.05 1.79 2.30 2.05 6.14 6.95 6.45 
7 2.09 1.81 2.25 2.05 6.15 6.53 5.81 
8 2.06 1.79 2.28 2.04 6.13 6.95 6.52 
9 2.00 1.79 2.25 2.04 6.11 6.51 6.14 

10 2.06 1.80 2.29 2.05 6.16 6.55 6.04 

MIC!lJ! I 6.14 
I 

6.53 
I 

5.96 
Cb!ffiCB'lt of Vclriati.cn( ~rcmt) 0.48 0.54 

t 

.. 

...... 

. ... ' 

.... ' 

.... 

.. , 

. ., 

... 
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Table 0.2 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 2, 
on Concrete Site at Zero Degree Rotation 
(wi thout Rubber Padding) -

a) Results of Repetitions 

Lca:i fran Cilibraticn 5ystsn (kip;) Lca:i fron Diffenn:e 
Em 

N:l. Lca:i Cell 11 Lca:i Cell 21 Lca:i Cell 31 lwe~ I 'lbtal (KitE) (t:ercent ) 

1 2.90 2.49 3.30 2.90 8.69 9.33 6.82 
2 2.92 2.50 3.29 2.90 8.70 9.29 6.28 
3 2.91 2.45 3.22 2.86 8.58 9.24 7.16 
4 2.91 2.45 3.21 2.86 8.57 9.2.3 7.22 
5 2.94 2.47 3.24 2.88 8.65 9.28 6.75 
6 2.92 2.49 3.25 2.89 8.67 9.32 7.02 
7 2.94 2.51 3.26 2.91 8.72 9.34 6.70 
8 2.86 2.47 3.Zl 2.87 8.60 9.25 6.99 
9 2.96 

I 
2.53 3.31 2.93 8.80 9.39 6.33 

10 2.88 2.45 3.2.3 2.85 8.:6 9.24 7.33 

lwe~ 

I 
8.65 

I 
9.29 

I 
6.86 

Q:efficent. of Variaticn (t:erCB'lt) 0.84 0.55 

b) Results of Wraps 

• 

'lest . Lca:i fran cal.ibraticn systen {kip;) Lca:i fron Differe-x:2 -
Em 

N:l. Lca:i Cell 11 Lca:i Cell 21 Lca:i Cell 31lwe~ I 'Ibtal (Kip;) (t:ercent ) 

1 2.99 2.51 3.33 2.94 8.82 9.34 5.SO 
2 2.92 2.47 3.26 2.88 8.65 9.Zl 6.68 
3 2.96 2.53 3.31 2.93 8.SO 9.41 6.52 
4 2.85 2.43 3.20 2.83 8.48 9.30 8.86 
5 2.96 2.53 3.30 2.93 8.79 9.37 6.17 
6 2.94 2.53 3.30 2.92 8.77 9.39 6.57 
7 2.90 2.53 3.28 2.90 8.71 9.40 7.33 
8 2.95 2.49 3.21 2.88 8.65 9.39 7.91 
9 2.94 2.51 3.25 2.90 8.70 9.46 8.00 

10 2.98 2.53 3.22 2.91 8.73 9.41 7.21 

Ne~ 

I 
8.71 

I 
9.37 

I 
7.00 

o:effiCB'lt of ~C1(~ra:nt) 1.09 0.57 

+Diffete.'l:'e- {Lca:i fran 00 - Lca:i fran ca1.ibratiC1 Systan}*100/(Lca:i fran oo} 
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Table 0.3 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 3, 
on Concrete Site at Zero Degree Rotation 
(without Rubber padding) 

a) Results of Repetitions 

Iad fron OWbratial StjStB'n (kip5) Iad fran Oiffererct 
00 

I..cB:i Oill 11I..cB:i Oill 21I..cB:i Oill 31 1We'!'if!t1! I 'Ibtal (K:Lt:s) ( t;:erc:ent) 

3.53 3.38 4.00 3.64 10.91 11.10 1.72 
3.49 3.35 3.98 3.61 10.82 11.C6 2.23 
3.~ 3.34 4.00 3.61 10.84 11.09 2.26 
3.57 3.33 3.98 3.62 10.87 11.10 2.04 
3.57 3.37 4.02 3.65 10.96 11.18 1.97 
3.53 3.32 . 3.98 3.61 10.83 11.10 2.38 
3.55 3.32 4.04 3.64 10.91 11.13 1.95 
3.51 3.34 4.04 3.63 10.89 11.13 2.16 
3.~ 3.35 4.04 3.63 10.89 11.08 1.71 
3.53 3.37 4.04 3.65 10.94 11.16 1.94 

1Wetaq! 2.03 
a:efficmt: of variatiC1 (t;:ert::s1t) 

I 10.89 
0.41 1

11
•
11 

0.30 I 

b) Results of Wraps 

'n!st to:r:i fran ca.I.ibratiC1 systsn -(kips) ltad f"", I Dlf£e,,,nc, . 
N:>. I..cB:i Oill 11I..cB:i Oill 21I..cB:i Oill 311Werr!.!tJ! I 'Ibtal '(I<i~) I (t;:ercsnt) 

1 3.60 3.32 4.C6 3.66 10.98 11.18 1.74 
2 3.60 3.30 4.C6 3.65 10.96 11.16 1.77 
3 3.:6 3.28 4.04 3.63 10.88 11.10 2.05 
4 3.53 3.30 4.02 3.62 10.85 11.10 2.26 
5 3.57 3.32 4.C6 3.65 10.95 11.17 1.96 
6 3.SS 3.30 4.04 3.63 10.89 11.10 1.93 
7 3.57 3.30 4.C6 3.64 10.93 11.16 2.07 
8 3.59 3.32 4.C6 3.66 10.97 11.20 2.07 
9 3.59 3.28 4.06 3.64 10.93 11.13 1.79 

10 3.60 3.28 4.06 3.65 10.95 11.17 1.97 

1Werat;1! \10.93 \11.15 I 1.96 
Cl:2ffiCE!1t of variatiC1(p!rant) 0.37 0.29 

-
-. --
",. 

.. 
",. 

... 

.. 

... 

-
1M 

-

-

-
-
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Table 0.4 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 4, 
an Concrete Site at Zero Degree Rotation 
(without Rubber padding) 

a) Results of Repetitions 

Lced fran O!libratial 9jsts!I (kip;) 
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N:l. Lced O!ll 11 I.o:rl O!ll 21I.o:rl O!ll 31 J1Neraq:! I 'Ibtal. 

lIm! fttm DiffereD" 

• (Ri.~) (p:!ra!lt.) 

1 5.19 4.84 5.61 5.n 15.64 15.62 -0.13 
2 5.40 4.84 5.:8 5.n 15.82 15.98 0.98 
3 5.40 4.90 5.60 5.30 15.90 16.00 0.96 
4 5.38 4.90 5.63 5.30 15.91 16.03 0.75 
5 5.38 4.90 5.63 5.30 15.91 16.04 0.83 
6 5.36 4.90 5.65 5.31 15.92 16.07 o.rn 
7 5.38 4.90 5.67 5.32 15.95 16.00 0.68 
8 5.35 4.92 5.67 5.31 15.94 16.10 o.rn 
9 5.34 4.90 5.66 5.30 15.90 16.02 0.70 

10 5.32 4.92 5.64 5.29 15.88 16.05 1.02 

/1Nercg! 
1

15
•
88 I 16.00 I 

0.17 
cteffiCB'lt of Vcmaticn (IErCB'lt) 0.55 0.82 

b) Results of Wraps 

'n!st Lced fran calibratial systan {kips) Lced franDifferen:e-+-

N:l. I.o:rl ceu llI.o:rl ceu 21I.o:rl Oill 31 J1Ne~ I 'Ibtal. (Ki e:) I (p:!rCB'lt) 

1 5.36 4.88 5.60 5.28 15.85 16.02 1.05 
2 5.40 4.94 5.67 5.34 16.01 16.22 1.25 
3 5.40 4.94 5.67 5.34 16.01 16.22 1.25 
4 5.36 4.86 5.62 5.28 15.84 16.04 1.22 
5 5.32 4.88 5.60 5.n 15.80 16.01 1.29 
6 5.35 4.88 5.62 5.29 15.86 16.05 1.17 
7 5.31 4.90 5.60 5.n 15.81 16.03 1.36 
8 5.26 4.90 5.:8 5.25 15.74 15.98 1.47 
9 5.24 4.92 5.57 5.24 15.73 16.00 1.68 

10 5.24 4.92 5.58 5.25 15.74 15.99 1.56 

~ 
1

15
•
84 I 16.05 I 

1.32 
cteffia:nt of Vcmaticn( p:!rt:a'lt) 0.61 0.52 

+Differerc:e- {Lced fran M) - I.o:rl fran caJ.ibraticn Syst:e:n}*100j{I.o:rl fran M)} 
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Table 0.5 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 1, 
on Concrete Site at 120 Degree Rotation 
(without Rubber Padding) 

a) Results of Repetitions •. 
': 

'D:!st !.ad fran caHbraticn Systsn (kips) I IaII fran IlIffe"""", + 

N:I.jlald Oill. 11lald Oill. 2 jlald Oill. 31 Average I 'ItItal . (1<:) (p!rcent) 

1 2.36 2.01 2.16 2.18 6.53 7.00 6.75 
2 2.17 2.01 2.16 2.18 6.54 7.ce 7.66 
3 2.39 2.03 2.18 2.20 6.60 7.04 6.24 
4 2.38 1.98 2.15 2.17 6.51 6.99 6.85 
5 2.34 2.02 2.12 2.16 6.48 6.96 6.91 f' 

6 2.35 2.00 2.13 2.16 6.47 6.98 7.21 
7 2.36 2.02 2.17 2.18 6.55 7.00 6.39 
8. 2.36 2.01 2.17 2.18 6.53 6.99 6.61 

"" 9 2.36 2.05 2.16 2.19 6.57 6.99 6.03 
10 2.36 2.05 2.16 2.19 6.57 637 5.76 

Ne~ 6.53 7 6.64 
a::2f:fiCS1t. of V'ariaticn (p!rCS1t) 0.58 0.48 

b) Results of Wraps -
'D:!st !.ad fran Cilibraticn Systsn (kips) lald franl Differen::et 

Pm 
\. (p!rc:.Blt) N:I. lald Oill. 11lald Oill. 21lald Oill. 31 Average 1 'lbtal (Kips) -

1 2.33 2.01 2.12 2.15 6.45 6.96 7.27 
2 2.31 2.01 2.09 2.14 6.41 6.94 7.64 
3 2.31 2.04 2.11 2.15 6.46 6.88 6.10 
4 2.31 2.05 2.09 2.15 6.44 6.90 6.66 
5 2.31 2.05 2.10 2.15 6.46 6.93 6.81 
6 2.31 2.01 2.11 2.14 6.42 6.91 7.()5 -
7· 2.32 2.03 2.10 2.15 6.46 6.94 7.04 
8 2.28 2.04 2.()5 2.13 6.38 6.94 8.11 
9 2.31 2.12 2.09 2.17 6.51 6.98 6.62 -10 2.31 1.99 2.12 2.14 6.41 6.91 7.21 

MI'Cq! 

I 
6.44 I 6.93 I 7.05 

a::e£fia:nt of \ai.aticn(p!ra:nt) 0.53 0.39 -
+Differen:e- {lald fran Pm - lald fran calibraticn Systsn}*loo/{lald fran Pm} .. 

-
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Table 0.6 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 2, 
on Concrete Site at 120 Degree Rotation 
(without Rubber Padding) -

a) Results of Repetitions 
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!aD fran Cilibtaticn 9f.;tsn (kip;) liar:! f[tl1l Diffem= + 

I.a:rl Cell 1 I !aD Cell 2 I !aD Cell 31 Ner?S:J! I 'lbtal. • (~ ) ((:ercE!'lt ) 

3.00 2.78 2.90 2.92 8.77 9.32 5.90 
3.10· 2.75 2.91 2.92 8.75 9.25 5.37 
3.11 2.70 2.90 2.90 8.71 9.22 5.:6 
3.08 2.76 2.88 2.91 8.73 9.24 5.54 
3.12 2.73 2.88 2.91 8.73 9.'1:7 5.88 
3.13 2.75 2.90 2.93 8.79 9.26 5.lS 
3.10 2.75 2.88 2.91 8.73 9.23 5.44 
3.13 2.73 2.90 2.92 8.77 9.23 5.02 
3.11 2.79 2.88 2.93 8.79 9.'1:7 5.22 
3.15 2.78 2.93 2.95 8.85 9.35 5.35 

Ave~ 8.76 9.26 5.44 
O:::effiCSlt of variaticn ((:ercent) I 0.45 I 0.42 I 

b) Results of Wraps 

~ !aD fran calibraticn 5ystsn (kip;) liar:! fron Differerxe + 

Laxi o.ill 1 I !aD o.ill 2JI..ca:i o.ill 31 Ave~ I 'lbtal NJ. . (I<i~) ((:ero:nt) 

1 3.13 2.71 2.88 2.91 8.72 9.22 5.42 
2 3.09 2.71 2.88 2.89 8.68 9.22 5.87 
3 3.11 2.77 2.90 2.93 8.78 9.30 5.61 
4 3.12 2.73 2.86 2.90 8.71 9.20 5.29 
5 3.11 2.77 2.90 2.93 8.78 9.26 5.17 
6 3.13 2.71 2.90 2.92 8.75 9.22 5.14 
7 3.13 2.71 2.91 2.92 8.76 9.22 4.98 
8 3.15 2.73 2.90 2.93 8.78 9.22 4.78 
9 3.15 2.72 2.89 2.92 8.75 9.22 5.09 

10 3.13 2.72 2.89 2.91 8.74 9.24 5.41 

Ner?S:J! I 
8.75 

I 
9.23 

I 
5.27 

a:e£fiCBlt of V'ariaticn(tErtBlt) 0.36 0.30 

+Differen::e- {!aD fran 00 - !aD fran calibratial Systan}*l00/{I.ced fran FID} 
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Table 0.7 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 3, 
on Concrete Site at 120 Degree Rotation 
(without Rubber padding) 

a) Results of Repetitions 

Lca:i fron Oili.br:a.ticn Systan (kips) • I.ca:i fran Diffet'E!"m'" 

I.ca:i Cell 11 I.arl Cell 21 I.ca:i Cell 31 Ne'C'l!lCJ1! I 'n:rt:al I (,r:) (p:!rCBlt) 

3.81 3.61 3.69 3.70 11.11 11.92 6.80 
3.84 3.71 3.69 3.74 11.23 11.92 5.75 
3.85 3.63 3.73 3.73 11.20 11.93 6.00 
3.n 3.67 3.58 _ 3.67 11.02 11.81 6.63 
3.80 3.71 3.61 3.70 11.11 11.86 6.28 
3.82 3.65 3.67 3.71 11.13 11.88 6.32 
3.82 3.67 3.67 3.72 11.15 11.89 6.20 
3.81 3.67 3.65 3.71 11.13 11.89 6.38 
3.82 

/ 

3.62 3.67 3.70 11.11 11.86 6.38 
3.79 3.65 3.65 3.69 11.00 11.85 6.48 

Jwe~ 6.33 
Q:effiCB1t of variaticn (p:!rCB1t) 1

11•13 
O.SO 

\11.88 
0.30 I 

b) Results of Wraps 

'II:!:st I.cD:i fran ca1.ibraticn S'jstBn ik.ip1i) I..ad fron Dif.fet'E!"m'" 
00 

~. I..ad Cell 11 I.ca:i Cell 21 I.ca:i Cell 31 Jwe'C'l!lCJ1! 1 'Ibtal (lutE) (p:!ro:nt) 

1 3.83 3.63 3.67 3.71 11.12 11.75 5.34 
2 3.85 3.71 3.76 3.77 11.32 12.06 6.18 
3 3.82 3.57 3.67 3.68 11.05 11.76 6.02 
4 3.81 3.63 3.69 3.71 11.12 11.81 5.80 
5 3.78 3.65 3.65 3.69 11.00 11.85 6.51 
6 3.75 3.66 3.61 3.67 11.02 11.82 6.81 
7 3.82 3.64 3.65 3.70 11.11 11.82 5.96 
8 3.74 3.69 3.65 3.69 11.00 11.86 6.57 
9 3.92 3.83 3.71 3.82 11.46 11.85 3.31 

10 3.79 3.69 3.71 3.73 11.19 11.87 5.74 

~ [11015 1
11

•
84 

1 

5.82 
cteffiCB1t of ~cn( p:!ro:nt) 1.15 0.69 

-

... 

I ... 

-
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Table 0.8 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 1, 
on Concrete Site at 240 Degree Rotation 
(wi thout Rubber Padding) 

a) Results of Repetitions 
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Imi fIt:m ~ SVStB'Il (kip;} IIaId £ron 0iff!!MD! + 

I.c.ai Oill. 11 I.c.ai Oill. 21 I.c.ai Oill. 31 lweta;!! I 'lbtal '(Kir:} (p!rt:B'lt) 

2.39 1.59 2.18 2.OS 6.16 6.70 8.17 
2.3l 1.60 2.17 2.03 6.00 6.59 7.79 
2.40 1.63 2.2l 2.00 6.23 6.75 7.67 
2.29 1.58 2.17 2.01 6.04 6.59 8.19 
2.3l 1.61 2.19 2.04 6.11 6.66 8.15 
2.38 1.60 .2.2l 2.06 6.19 6.73 7.95 
2.3l 1.61 2.17 2.03 6.08 6.65 8.53 
2.34 1.58 2.16 2.03 6.00 6.66 8.60 
2.29 1.61 2.17 2.02 6.07 6.58 7.83 
2.36 1.61 2.19 2.OS 6.15 6.66 757 

lwer?:qa 6.12 6.65 8.04 
a:efficent of variaticn (~rt:B'lt) I 0.97 I 0.86 I 

b) Results of Wraps 

Test Imi frau Oilibtaticn 9jstsn (kips) r.<ll>1· fttJll Diffeten! + 

N:l. I.c.ai Oill. 11 I.c.ai Cell 21 I.c.ai Cell 31 lwer?:qa I 'Ibtal . (I<i~} (~ro:nt) 
1 2.32 1.65 2.17 2.04 6.13 6.65 7.74 
2 2.28 1.60 2.15 2.01 6.04 6.58 8.33 
3 2.32 1.62 2.18 2.04 6.12 6.64 7.83 
4 2.34 1.65 2.l9 2.06 6.17 6.67 7.59 
5 2.39 1.64 2.25 2.09 6.28 6.88 8.68 
6 2.29 1.58 2.l9 2.02 6.1}) 6.60 8.18 
7 2.32 1.61 2.22 2.OS 6.14 6.68 8.07 
8 2.3l 1.60 2.21. 2.04 6.12 6.70 8.59 
9 2.33 1.60 2.21. 2.05 6.14 6.70 8.23 

10 2.3l 1.61 2.17 2.03 6.00 6.67 8.90 

1Wer?:qa 

I 
6.13 

I 
6.68 

I 
8.21. 

amficent of V'driaticn(~ro:nt) 1.05 1.15 

+Oifferax:e- {I.c.ai fran M> - I.c.ai fran Oilibraticn Systan}*l00/{I.c.ai fron OO} 



490 

~ 

Table 0.9 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 2, 
on Concrete Site at 240 Degree Rotation 
(without Rubber Padding) 

Lca::i fran ailibraticn 5yst.Em (ld~) I.ced fran ·Differerce ... 
FID 

NJ. I.ced Oill. 11Lca::i Oill. 21I.ar::i Q!ll 31 AwRI3B I 'Ibtal. (Kips) (tErcent) 

1 3.33 2.34 3.01 2.89 8.68 9.11 4.75 
2 3.28 2.38 2.98 2.88 8.64 9.00 4.87 
3 3.35 2.42 3.05 2.94 8.82 9.31 5.24 
4 3.30 2.38 2.97 2.88 8.65 9.07 4.66 
5 3.32 2.39 3.02 2.91 8.74 9.14 4.39 
6 3.29 2.36 2.95 2.87 8.60 9.04 4.88 
7 3.35 2.38 2.:f7 2.90 8.70 9.16 5.05 
8 3.36 2.38 3.00 2.91 8.74 9.18 4.74 
9 3.32 2.34 2.94 2.87 8.60 9.09 5.34 

10 3.34 2.36 3.00 2.90 8.71 9.27 6.12 

NeRI3B I 8.69 I 9.14 
I 

5.00 
O:efficent of variaticn (pm::s'l:t.) 0.76 0.92 

b} Results of Wrlllrl!=l 

'rest Lca::i fran calibraticn Systan. (ki~) Lca::i fran Differe:at I 
FID . 

NJ. Lca:l Cell 11 Lca::i Q!ll 21 Lca::i CEll 31 Averaq! I 'Ibtal. (Ri~) (tErcentl 

1 3.28 2.33 2.94 2.85 8.55 9.03 5.31 
2 3.36 2.36 2.99 2.90 8.71 9.22 5.52 
3 3.32 2.33 2.93 2.86 8.57 9.00 5.57 
4 3.36 2.35 2.98 2.90 8.69 9.22 5.74 
5 3.29 2.31 2.92 2.84 8.52 9.03 5.69 
6 3.36 2.33 2.95 2.88 8.64 9.15 5.62 
7 3.30 2.30 2.93 2.85 8.54 9.C17 5.87 
8 3.34 2.33 2.91 2.86 8.59 9.12 5.85 
9 3.32 2.30 2.92 2.85 8.54 9.00 5.95 

10 3.33 2.34 2.98 2.88 8.64 9.18 5.81 

AwRI3B I 8.60 I 9.12 I 5.69 
O:efficent of V<lri.aticn(tErcent) 0.74 0.74 

+Differen::e- {Lca::i fran FID - Lcai fran calibraticn systsn}*l00/{Lca:l fran FID} 

.. " 

-
-
.. 
--
-
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'!est 

l'b. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Table 0.10 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 3, 
on Concrete Site at 240 Degree Rotation 
(without Rubber Padding) 

a 1 f Resu ts 0 Re~titions 

I.ca:i fran ChlibratiO'1 systen (ki~) llarl fmn Diffe""", 

Lc:ed Cell l' I.ca:i Cell 2' Lc:a::1 Cell 3' lwer:tq! I 'Ibtal . (Ki~) (p:!rort) 

4.01 2.61 4.10 3.57 10.72 11.~ 3.10 
4.01 2.69 4.02 3.57 10.72 11.12 3.60 
4.08 2.76 4.~ 3.63 10.89 11.24 3.10 
4.08 2.78 4.04 3.63 10.90 11.23 2.97 
4.08 2.78 4.04 3.63 10.89 11.21 2.84 
4.04 2.76 4.04 3.61 10.84 11.16 2.90 
4.07 2.73 4.03 3.61 10.83 11.18 3.~ 
4.03 2.85 4.~ 3.65 10.94 11.22 2.49 
4.10 2.82 4.C6 3.66 10.98 11.28 2.69 
4.C6 2.82 4.04 3.64 10.91 11.24 2.91 

1we"CC!ll:fl 2.96 
a::efficmt of V'ariatim (p:!ra:rrt.) 

1 10.86 
0.75 1

11
•
19 

0.55 I 

es s 0 b) R ult f Wraps 

... 

~I I.ca:i fran Oili.bratiO'1 Systan (ki~) tca:i fran Diffete:l:E + 

l'b·ILc:a::1 Cell 11Lc:a::i Cell 21Lc:a::1 Cell 31 Ave~ 1 'Ibtal 
Fm 

(Kip;) (p:!rcmt) 

1 4.C6 2.82 4.02 3.63 10.89 11.22 2.93 
2 4.08 2.86 4.04 3.66 10.98 11.27 2.62 
3 4.10 2.82 4.04 3.65 10.95 11.28 2.90 
4 4.04 2.82 4.02 3.63 10.88 11.22 3.01 
5 4.08 2.86 4.05 3.66 10.99 11.28 2.58 
6 4.08 2.82 4.01 3.63 10.90 11.28 3.35 
7 4.08 2.82 4.01 3.63 10.90 11.27 3.29 
8 4.C6 2.80 4.00 3.62 10.86 11.24 3.40 
9 4.()5 2.80 4.00 3.62 10.85 11.23 3.38 

10 4.04 2.84 4.00 3.63 10.88 11.24 3.18 

J:iNer:tq! I 10.91 
1

11
•
25 I 3.CX5 

Q:.efficmt of variatim(pm:mt) 0.42 0.22 

~Di.ffenn:e- {I..a:d fran FID - I..ca:i fran OilibratiO'1 9jStan}*100/(I..ca:i fran OO} 



492 

Table 0.11 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 1, 
on Concrete Site at Zero Degree Rotation 
(with Rubber padding) 

" a) Results of Repetitions 

Inst lrad fttm QJ..1Ixaticn ~ (kips) Ilrad ~ran DiffoEltm + ". 
lb. laD Oill. 11Larl Oill. 21laD Oill. 31 Awrcq:! I 'IOtal (Kips) ( p!rcent) 

1 2.18 1.67 2.18 2.01 6.03 7.04 14.40 .t 
2 2.18 1.65 2.18 2.00 6.01 7.00 14.96 
3 2.23 1.68 2.20 2.03 6.10 7.14 14.63 
4 2.16 1.65 2.11 _1.98 5.93 6.90 14.03 .. 
5 2.14 1.64 2.08 -1.96 5.87 6.85 14.34 
6 2.16 1.65 2.11 1.97 5.92 6.90 14.14 ... 
7 2.18 1.65 2.12 1.98 5.95 6.94 14.27 
8 2.18 1.66 2.13 1.99 5.98 6.94 13.94 -
9 2.22 1. 70 2.15 2.02 6.Crl 7.04 13.84 

10 2.23 1.70 2.13 2.02 6.00 6.98 13.21 

Awrcq:! 5.99 6.98 I 14.17 
D:efficmt of V'ariatim (p:m::stt.) 1.18 1.24 

-
b) Results of Wraps -

Thst I..cad fran O1l.ibmtial System (ki~) Ilrad froll Olffet'ln>! + 

lb. I..a:rl Oill. 11 I..a:rl aill. 21 I..a:rl aill. 31 Awrcq:! 1 'Ittal . (Klr:> (p!rcent) 
... 

1 2.17 1.66 2.00 1.97 5.91 6.85 13.75 
2 2.30 1.76 2.23 2.10 6.29 7.25 13.22 
3 2.16 1.68 2.11 1.99 5.96 6.89 13.54 
4 2.19 1.65 2.09 1.97 5.92 6.85 13.48 
5 2.18 1.67 2.09 1.98 5.95 6.90 13.76 -
6 2.24 1.70 2.11 2.01 6.04 6.94 12.96 
7 2.24 1.73 2.12 2.03 6.09 6.98 12.63 
8 2.'17 1.74 2.11 2.04 6.12 6Sn 12.14 
9 2.23 1.72 2.09 2.02 6.05 6.98 13.37 -

10 2.'17 1.74 2.13 2.05 6.14 7.02 12.63 

Awrcq:! 

I 
6.05 I 6.96 I 13.14 

a:efficmt of V'ariatim(p!t'CSlt) 1.87 1.59 
III' 

-
+Differen::e- {I.ced fran Ml- I.ced fran c:alibratim Systen}*lOO/{I.ced fron MJ} -
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Table 0.12 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 2, 
on Concrete Site at Zero Degree Rotation 
( wi th Rubbe r padding) " 

a) Results of Repetitions 

I..arl fran Cilibratim &\'St:f!m (kip» ltad fran 
Differen:::e 

I.a:rl Oill 11 I..cB:i Oill 21 I..arl Oill 31 FfIe'C'al:Ji! I 'Ibtal . (J:) (p:m:::mt) 

2.87 2.41 2.98 2.75 8.25 9.22 10.52 
2.79 2.33 2.85 2.66 7.97 9.14 12.77 
2.83 2.33 2.86 2.67 8.02 9.22 13.00 
2.88 2.36 2.89 2.71 8.12 9.19 11.63 
2.87 2.34 2.89 2.70 8.10 9.23 12.30 
2.83 2.31 2.91 2.68 8.05 9.17 12.16 
2.89 2.34 2.91 2.71 8.13 9.22 11.83 
2.81 2.32 2.87 2.67 8.00 9.18 12.89 
2.88 2.38 2.89 2.72 8.15 9.22 11.65 
2.89 2.36 2.91 2.72 8.16 9.25 11.75 

1We'C'al:Ji! 8.10 9.20 12.05 

+ 

Cl:::effiCBlt of variatial (p!rCBlt) I 0.99 ! 0.35 I 5.88 

b) Results of Wraps 

'n!st Load fran O1libratiCJ1 systEm ~ kip» I.a3d fran Differen:::e + 
M> 

NJ. I.a:rl Oill 1\I..cB:i Oill 21I..cB:i Oill 31 Ave'C'al:Ji! I 'Ibtal (Ki~) (p!tcaltl 

1 2.85 2.34 2.94 2.71 8.13 9.11 10.82 
2 2.85 2.34 2.86 2.68 8.05 9.15 12.02 
3 2.88 2.36 2.91 2.72 8.16 9.19 11.25 
4 2.86 2.34 2.87 2.69 8.07 9.18 12.15 
5 2.89 2.34 2.89 2.71 8.12 9.18 11.53 
6 2.83 2.30 2.85 2.66 7.99 9.13 12.51 
7 2.83 2.32 2.87 2.67 8.02 9.18 12.60 
8 2.88 2.33 2.87 2.69 8.00 9.16 11.79 
9 2.91 2.35 2.90 2.72 8.16 9.19 11.28 

10 2.89 2.35 2.88 2.71 8.12 9.lB 11.59 

1We'C'al:Ji! I 
8.09 

I 
9.17 

I 
11.75 

O::efficalt of V<lriatial( p!n::ent) 0.67 0.28 4.62 

+Diffe~ {I..cB:i fran M> - I..cB:i fran cali.braticn Systsn}*100/{I..cB:i fran M>} 
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Table 0.13 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 3, 
on Concrete Site at Zero Degree Rotation 
(with Rubber Padding) 

a) Results of Repetitions 

~ Lm:i fran Ollibtaticn System (kip;) Lm:i fran Oifferen:e + 

00 
N:l. Lced cell 11 Lced aill. 21 Lced aill. 31 Awrage 1 'IOt:al (Kips) (~rCBlt) 

1 3.71 2.92 3.TI 3.47 10.40 11.51 9.69 
2 3.88 2.96 3.81 3.55 10.65 11.60 8.16 
3 3.88 2.98 3.TI 3.54 10.63 11.58 8.21 
4 3.89 2.98 3.76 3.54 10.62 11.58 8.32 
5 3.83 2.92 3.65 3.46 10.39 11.46 9.27 
6 3.86 2.92 3.69 3.49 10.46 11.49 8.91 
7 3.78 2.92 3.67 3.46 10.37 11.47 9.64 
8 3.76 2.92 3.69 3.45 10.36 11.42 9.31 
9 3.64 2.85 3.65 3.38 10.14 11.37 10.81 

10 3.57 2.83 3.63 3.34 10.03 11.30 11.28 

/wet'aS2 I 10.41 111.47 
1 

9.35 
a:effiCBlt of 'Jariaticn (~rCB'lt) 1.87 0.80 

b) Results of Wraps 

r.arl fran Cilibtaticn systsn- (kips) r.arl fran Differe-x:e + 
'!est 

00 
N:l. Lced cell 11 Lced Cell 21 Lced cell 31 Aw~ 1 'Ibtal. (Kips) (~rCBlt) 

1 3.60 2.90 3.63 3.38 10.13 11.38 10.99 
2 3.53 2.88 3.63 3.35 10.04 11.35 11.60 
3 3.52 2.84 3.61 3.32 9.96 11.31 11.97 
4 3.48 2.88 3.65 3.33 10.00 11.37 U.OO 
5 3.48 2.86 3.67 3.33 10.00 11.33 11.70 
6 3.48 2.86 3.67 3.33 10.00 11.32 11.65 
7 3.48 2.86 3.69 3.34 10.02 11.34 11.63 
8 3.50 2.86 3.73 3.36 10.00 11.31 10.86 
9 3.50 2.84 3.73 3.35 10.06 11.33 11.17 

10 3.52 2.86 3.71 3.36 10.00 11.30 10.77 

Average I 10.04 I 11.33 1
11

•
43 

a:effiCB'lt of 'lariaticn( ~rt:E!1t) 0.47 0.22 

+Di.ffererx:E!- {Lced fran 00 - Lced fran Cllibraticn &jstan}*l00/{Lced fran M>} 

III 

-

-, 

-

-
-
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'n!st 

Table 0.14 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 4, 
on Concrete Site at Zero Degree Rotation 
(with Rubber Padding) 

a) Results of Repetitions 

Ia3d fran calibtaticrt Systan (kips) 

NJ. I.ca:i Oill 1 lIa3d Oill 21I..c:a:i cell 31 Averl!q! I 'lbtal. 

IlaI! £tan Oiffenn:e 

. (I<i~) (pm.:mt l 

1 4.94 4.51 5.21 4.89 14.66 16.32 10.19 
2 5.12 4.60 5.37 5.03 15.00 16.50 8.56 
3 5.08 4.59 5.36 5.01 15.03 16.54 9.16 
4 5.04 4.56 5.31 4.97 14.90 16.45 9.38 
5 5.04 4.54 5.25 4.95 14.84 16.38 9.40 
6 5.06 4.53 5.27 4.95 14.86 16.49 9.87 
7 5.08 4.56 5.27 4.97 14.91 16.53 9.79 
8 5.01 4.54 5.29 4.95 14.84 16.50 10.03 
9 4.93 4.47 5.27 4.89 14.68 16.32 10.05 

10 4.96 4.48 5.23 4.89 14.66 16.30 10.03 

PM!rag:! 
1

14
•
85 I 16.43 

I 
9.64 

a:efficent of lJariaticn ('p!t'Ce.1t) 0.94 0.54 

b) Results of Wraps 

... 

1l:!st I..c.Erl fran calibtaticrt Systan. (ld}:S) IlaI! fronIOiffe"..,,· 

NJ. I.ca:i Oill 11I.ca:i Oill 2 II.ca:i Oill 31 Averag:! I 'Ibt.al . (Ki~) I (p?rcE!lt) 

1 5.01 4.49 5.23 4.91 14.73 16.38 10.07 
2 4.96 4.48 5.19 4.88 14.63 16.32 10.38 
3 4.97 4.46 5.23 4.89 14.66 16.30 10.08 
4 5.01 4.44 5.21 4.89 14.66 16.30 10.05 
5 4.99 4.47 5.17 4.88 14.63 16.36 10.57 
6 4.96 4.44 5.21 4.87 14.61 16.30 10.37 
7 5.01 4.44 5.19 4.88 14.64 16.30 10.18 
8 4.94 4.44 5.13 4.84 14.51 16.24 10.67 
9 4.85 4.42 5.16 4.81 14.42 16.20 10.97 

10 4.90 4.46 5.17 4.84 14.53 16.30 10.82 

Avef:i:l;p I 14.60 I 16.30 I 10.41 
Cl:Efficent of Variatial(IErant) 0.$ 0.30 

+Differen:J:!ar {I.ca:i fran 00 - I.ca:i fran Oili.br:aticrt Systan}*l00/{Lca:i fran OO} 

I 
I 

I 

I 
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Table 0.15 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 1t 
on Concrete Site at 120 Degree Rotation (with 
Rubber padding) 

a) Results of Repetitions 

Test Lad fron cal.ibr:a.ticn Systsn (kip;) IIaI:I ft= Diffet.,a'+ 
Lad Gill 1 I Lad Gill 2 I Lad Gill 31lWe~ I lib. 'lbt:al . (Ki~) (p?ro:nt) 

1 1.95 1.84 2.05 1.95 5.85 6.66 12.25 
2 1.97 1.84 2JJ7 1.96 5.89 6.78 13.24 
3 1.97 1.86 2.05 1.96 5.88 6.71 12.46 
4 1.97 1.87 2.05 1.96 5.88 6.74 12.72 
5 1.99 1.88 2.r17 1.98 5.94 6.77 12.27 
6 1.98 1.88 2.07 1.98 5.93 6.77 12.33 
7 1.97 1.86 2.08 1.97 5.91 6.71 11.93 
8 1.99 1.91 2.08 1.99 5.97 6.80 12.17 
9 1.98 1.89 2.08 1.98 5.94 6.78 12.38 

10 1.99 1.89 2.08 1.99 5.96 6.78 12.21 

~~ I 
5.91 

I 
6.75 

1

12
•
39 

Q::effiCS1t of V'a.riaticn (p?ro:nt) 0.65 0.61 

b) Results of Wraps 

... 
'!eSt Lad fran c.alibraticn system. ( kip:; ) r..cad fran Oifferen:e 

rm 
lib. I..o:rl Gill 1 I Lad Gill 21I..c:a:i Gill 31 lWe~ I Total (Kip;) (p?rc:art: ) 

1 1.98 1.89 2.08 1.98 5.95 6.81 12.57 
2 1.99 1.91 2.08 1.99 5.97 6.78 11.95 
3 1.99 1.91 2.09 2.00 5.99 6.82 12.20 
4 1.99 1.92 2.10 2.00 6.01 6.85 12.19 
5 1.99 1.93 2.10 2.01 6.02 6.86 12.29 
6 1.97 1.91 2.10 1.99 5.98 6.79 11.93 
7 1.99 1.89 2.11 1.99 5.98 6.85 12.62 
8 1.99 1.90 2.10 2.00 5.99 6.88 12.91 
9 1.99 1.90 2.10 2.00 5.99 6.87 12.76 

10 1.99 1.90 2.12 2.00 6.01 6.88 12.60 

1Ne~ I 
5.99 

I 
6.84 

1
12

•
40 

a::efficent of vartaticn(p:!rc:ent) 0.32 O.SO 

+Diffet:erJ:l!!'lo {Lad fron Ml - Lad fron Qilibraticn Systsn}*loo/{tca::l fron Ml} 

.' ., 

-

-
.. 

-
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'n!st 

N:>. 

1 
2 
3 
4 
5 
6 
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8 
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Table 0.16 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 2, 
on Concrete Site at 120 Degree Rotation (with 
Rubber Padding) 

a) Results of Repetitions 

I..ca:i fran Cilibratitn Systsn (kip;) Lca:i fran Diffe~ 
00 

Lca:i Cell 11 Lca:i Cell 21 Lca:i Cell 31 lwe~ 1 'Ibtal (Kip;) (p:rCB1tl 

2.79 2.55 2.93 2.76 8.27 9.03 8.39 
2.93 2.63 2.94 2.84 8.51 9.20 7.53 
2.91 2.:6 2.95 2.81 8.42 9.22 8.68 
2.88 2.55 2.92 2.78 8.35 9.18 9.05 
2.89 2.53 2.96 2.80 8.39 9.16 8.44 
2.89 2.49 2.95 2.78 8.33 9.17 9.10 
2.88 2.51 2.90 2.77 8.30 9.16 9.39 
2.87 2.48 2.90 2.75 8.25 9.13 9.59 
2.90 2.46 2.91 2.75 8.26 9.14 9.59 
2.86 2.46 2.88 2.73 8.19 9.14 10.31 

Ave~ 8.33 9.15 9.00 
O::EffiCE!1t of V'ariaticn (p:rCB1t) I 1.05 I 0.53 I 

b) Results of Wraps 

... 

~ Lca:i fran Oilibratitn 9jstan- (kip;) Load fran'Differenlt 
00 

N:>. Lca:i Cell 11 Lca:i Cell 21La:rl Cell 31 lwe~ 1 'Ibtal (Kip;) (p:rCBlt) 

1 2.83 2.70 3.03 2.85 8.:6 9.17 6.61 
2 2.89 2.61 3.01 2.84 8.51 9.2.1 7.61 
3 2.90 2.67 3.05 2.88 8.63 9.28 7.01 
4 2.89 2.56 3.01 2.82 8.46 9.18 7.90 
5 2.89 3.01 2.84 8.52 9.23 7.74 
6 2.89 2.58 3.02 2.83 8.48 9.23 8.17 
7 2.91 2.56 3.03 2.83 8.SO 9.29 8.52 
8 2.fr7 2.58 3.01 2.82 8.45 9.18 7.97 
9 2.89 2.56 3.01 2.82 8.46 9.22 8.27 

10 2.89 2.58 3.01 2.82 8.47 9.23 8.22 

lwe~ I 
8.SO 

I 
9.22 

I 
7.79 

O::EffiCEnt of variatitn( {Era:nt) 0.62 0.41 

+Differen::e- {Lca:i fran rn> - Lca:i fran calibraticn Systan}*lOO/{Lca:i fran OO} 
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Table 0.17 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 3, 
on Concrete Site at 120 Degree Rotation (with 
Rubber Padding) -

a) Results of Repetitions 

'lest r..ca:i fran Cili.bratial 9jstBn (kip3) I..ced fran Diffemr.e + 
fVl) 

!-b. I.a:rl Oill 11 I.a:rl Clill 21 I.a:rl Oill 31 1M!~ I Total (Kip;) (~m:nt) 

1 3.57 3.40 3.58 3.52 10.56 11.45 7.79 
2 3.62 3.42 3.61 3.55 10.64 11.54 7.73 
3 3.53 3.28 3.07 3.49 10.48 11.41 8.12 
4 3.53 3.32 3.69 3.52 10.55 11.43 7.74 
5 3.58 3.32 3.67 3.52 10.56 11.48 8.00 
6 3.58 3.38 3.65 3.54 10.61 11.43 7.22 
7 3.53 3.38 3.07 3.53 10.58 11.39 7.l3 
8 3.56 3.42 3.61 3.53 10.59 11.44 7.43 
9 3.53 3.38 3.07 3.53 10.58 11.41 7.29 

10 3.56 3.38 3.60 3.52 10.55 11.42 7.67 

1M!rcqa 1 10.57 1 11.44 
1 

7.61 
a:effiCBlt of Vdriatim (~rtB1t) 0.38 0.35 

b) Results of Wraps 

~ I..ced fran c:alibratioo Systan- (kip;) llald fron Ciffe",,,,.,+ 

!-b. LcBi Oill 11LcBi Clill 21Lca:i Oill 311M!rcqa I Total . (Ki~) (~rntt) 
1 3.59 3.31 3.07 3.52 10.57 11.45 7.68 
2 3.51 3.32 3.65 3.49 10.48 11.33 7.46 
3 3.52 3.40 3.69 3.53 10.60 11.43 7.'2J5 
4 3.53 3.36 3.71 3.53 10.60 11.42 7.21 
5 3.50 3.32 3.69 3.50 10.51 11.30 6.98 
6 3.51 3.32 3.73 3.52 10.56 11.37 7.00 
7 3.55 3.40 3.77 3.57 10.72 11.42 6.17 
8 3.56 3.42 3.79 3.59 10.78 11.46 5.94 
9 3.53 3.42 3.77 3.57 10.72 11.43 6.20 

10 3.53 3.42 3.77 3.57 10.72 11.43 6.19 

1Nercqa I 10.63 1
11

•
40 

1 

6.81 
a:efficmt of vm.atim(~ro:nt) 0.91 0.45 

+DifferB'XE!- {I.a:rl fran 00 - I..aId fran C'alibratim Systan}*l00/{Lca:i fran OO} 

-
-
-
-
-
--.. 
-
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Table 0.18 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 1 
on Concrete Site at 240 Degree Rotation (with 
Rubbe r Paddi ng ) 

a) Results of Repetitions 

~ Lt:a:i fran c:ilibraticn &}'stan (kip;) III:al fron Difieremt 

tb. !a:d Oill 1 IU:a:i Oill 21U:a:i Oill 3 I /M!raq! I 1btal. . (Ki~) ([:erCS'lt) 

1 2.13 2.02 1.99 2.05 6.14 6.79 9.56 
2 2.10 2.00 1.96 2.02 6.~ 6.71 10.39 
3 2.10 1.99 1.99 2.03 6.09 6.74 9.71 
4 2.10 2.00 1.97 2.02 6.m 6.74 10.02 
5 2.12 2.00 1.98 2.03 6.10 6.76 9.70 
6 2.08 1.99 1.94 2.01 6.02 6.66 9.70 
7 2.10 1.99 1.97 2.02 6.05 6.74 10.26 
8 2.11 2.00 1.96 2.02 6.m 6.74 9.99 
9 2.15 2.05 2.00 2.m 6.20 6.86 9.53 

10 2.12 2.00 1.97 2.03 6.09 6.70 9.09 

1weraq! 

I 
6.09 

I 
6.75 

I 
9.80 

Q:effiCE!1t of variaticn ([:erCB1t) 0.80 0.71 

b) Results of Wraps 

'rest I..cid fran QWbraticn 5ystan (kiI=S) Im1 fran Differare + 

fW) 

lib. um Oill 11um Oill 21U:a:i Oill 31 Averaqa I Total (KiI=S) ([:ercent) 

1 2.00 1.99 1.95 2.01 6.02 6.69 10.~ 
2 2.11 1.98 1.95 2.01 6.04 6.73 10.27 
3 2.11 1.97 1.93 2.00 6.00 6.63 9.51 
4 2.U 2.00 1.95 2.02 6.07 6.71 9.61 
5 2.09 1.99 1.94 2.01 6.02 6.66 9.62 
6 2.11 2.02 1.98 2.04 6.11 6.74 9.45 
7 2.11 1.99 1.~ 2.03 6.00 6.71 9.36 
8 2.09 1.98 1.95 2.01 6.02 6.66 9.:6 
9 2.13 2.01 1.~ 2.04 6.12 6.75 9.32 

10 2.ll 1.99 1.97 2.02 6.06 6.69 9.35 

/M!~ 

I 
6.05 

I 
6.70 I 9.60 

0EffiCB'lt of variaticn(pm:.ent) 0.65 0.55 

+Diffe~ {Lt:a:i fran 00 - I..o:d fron Oilibraticn Systan}*l00/{I..o:d fron Em} 
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Table 0.19 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 2, 
on Concrete Site at 240 Degree Rotation (with 
Rubber Padding) 

-
'Iest I!:ed fmn C!U.iJ:xa.ticn Systsn (kip3) 1I!:ed fron Oiffererr.e + 

N:J. I..a.Y.i Oill 11 I!:ed Oill 21 I..a.Y.i Oill 31 JDJerage I 'Ibtal (Ki~) (tEra:nt) .... 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

2.80 
2.79 
2.79 
2.87 
2.84 
2.88 
2.92 
2.95 
2.92 
2.96 

2.s? 
2.52 
2.53 
2.56 
2.50 
2.56 
2.59 
2.63 
2.57 
2.59 

JDJerage 

2.78 2.72 
2.73 2.68 
2.70 2.67 
2.76 2.73 
2.70 . 2.68 
2.74 2.73 
2.70 2.74 
2.76 2.78 
2.70 2.73 
2.74 2.76 

a:efficent of V'ariaticn (tErcent) 

b) Results of Wrans 

'lest I I!:ed fmn Oili.bra.ticn Systsn. ( kip!l ) 

8.16 
8.OS 
8.02 
8.19 
8.04 
8.19 
8.21 
8.34 
8.19 
8.29 

I 
8.17 
1.24 

N:l.ILca:i Oill llLced Oill 21Lca:i Oill. 31 JDJerage I 'Ibtal 

1 2.94 2.59 2.71 2.75 8.25 
2 2.94 2.s? 2.68 2.73 8.20 
3 2.97 2.59 2.72 2.76 8.28 
4 2.94 2.56 2.68 2.73 8.lS 
5 3.01 2.72 2.77 8.31 
6 2.96 2.54 2.66 2.72 8.15 
7 2.99 2.59 2.72 2.76 8.29 
8 2.99 2.S? 2.70 2.75 8.26 
9 3.13 2.69 2.82 2.88 8.63 

10 3.()5 2.62 2.78 2.82 8.46 

JDJerage I 8.30 
a:effic:ent of V'ariaticn(~rcBlt) 1.64 

8.97 
8.95 
8.89 
9.05 
8.93 
8.97 
8.98 
9.()S 
8.98 
9.()S 

I 
8.98 
0.62 

9.05 
10.09 
9.78 
9.47 
9.96 
8.73 
8.48 
7.98 
8.83 
8.53 

I 9.00 

Lced fran Differerat 
00 

(Kip!l) (tErCSlt ) 

8.92 7.S? 
8.94 8.36 
9.00 8.80 
8.92 8.25 
9.00 8.37 
8.90 8.44 
9.()S 8.40 
9.00 8.96 
9.34 7.66 
9,25 8.51 

I 
9,()S 

I 
8.33 

1.54 

+Di.ffeIl:fiElll {I!:ed fmn 00 - I..a.Y.i fmn O3.lilxa.ticn systBn}*l00/{I..a.Y.i fum OO} 

-
-
-

-

.... 

.. 
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Table 0.20 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 3, 
on Concrete Site at 240 Degree Rotation (with 
Rubber Padding) 

~} Results of Reoetitions 
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LaId fron ailibratim Systsn (kip;) ILad fum Dlffe".",'+ 

Larl Oill 1/Larl Oill 2 II!ai Oill 3' 1we"Caq!! I 'lbtal . (~) (pm:::slt) 

3.34 2.94 3.52 3.7:7 9.80 11.20 12.50 
3.40 2.92 3.:6 3.29 9.88 11.14 11.36 
3.41 2.92 3.:6 3.30 9.89 11.16 11.41 
3.39 2.92 3.54 3.28 9.85 11.16 11.74 
3.39 2.92 3.54 3.28 9.85 11.16 11.77 
3.41 2.93 3.:6 3.30 9.90 11.18 11.38 
3.41 2.94 3.54 3.30 9.89 11.19 11.64 
3.43 2.91 3.54 3.29 9.88 11.18 11.60 
3.40 2.91 3.52 3.28 9.84 11.19 12.09 
3.41 2.93 3.52 3.29 9.86 11.21 12.01 

1wercg! 9.86 
Cl:effia:nt of Vdriaticn (pm:alt) 1 0.29 

111.17 
0.18 

I ll.74 

b) Results of Wraos 
~ I!ai fran Oilibraticn systan (kip.;) Larl fran Oifferen:e + 

FID 
N:>. Larl Oill 1 II!ai Oill 2 I I!ai Oill 31 PM!"Caq!! , 'lbtal. (Ki~) (p!rcE!1t) 

1 3.41 2.93 3.52 3.29 9.86 11.20 11.94 
2 3.43 2.91 3.54 3.29 9.88 ll.20 11.77 
3 3.41 2.90 3.54 3.28 9.85 11.19 11.96 
4 3.43 2.90 3.54 3.29 9.87 ll.20 11.88 
5 3.41 2.93 3.52 3.29 9.87 11.20 ll.90 
6 3.41 2.92 3.52 3.28 9.85 11.20 12.10 
7 3.43 2.95 3.52 3.30 9.90 11.24 11.93 
8 3.41 2.93 3.52 3.29 9.87 ll.23 12.15 
9 3.41 2.92 3.52 3.29 9.86 ll.17 ll.7S 

10 3.43 2.96 3.54 3.31 9.93 ll.26 ll.8l 

PM!rcg! 

! 
9.87 !ll.21 I ll.9l 

Cl:effiCBlt of Vdriatim( p!ratt) 0.23 0.22 

+Differe!'XP- {I!ai fran 00 - I.ca1 fron Qilibraticn &jst:sn}*100/lI.ca1 fron OO} 
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Table 0.21 Comparison of Loads Obtained w:~~ Calibration 
System and FWD Device for Drop rleight of 1, -on Asphalt Site (without Rubber Padding) 

a) Results of Repetitions -
'D:!st Lca:i fran Cilibraticn systEm (kip;) IIaIi fmn DiffeIEme + .. 
l'b. I.oed Oill 11Lca:i Oill 21Lca:i Oill 31 AveI'i:!q! I 'Ibtal. '(IU~) ();Ercent) .... 

1 2.14 2.02 2.15 2.10 6.30 6.77 6.87 .. 
2 2.18 2.00 2.14 2.10 6.31 6.77 6.74 
3 2.17 1.99 2.15 2.11 6.32 6.77 6.57 
4 2.16 1.97 2.15 2.09 6.28 6.73 6.60 
5 2.16 1.98 2.16 2.10 6.30 6.73 6.42 .. 
6 2.15 1.98 2.14 2.09 6.26 6.69 6.42 
7 2.14 1.96 2.13 2.08 6.24 6.68 6.59 

... , 
8 2.16 1.99 2.16 2.10 6.31 6.78 6.84 .. 
9 2.16 1.99 2.15 2.10 6.31 6.73 6.27 

10 2.14 1.97 2.13 2.08 6.24 6.69 6.64 

Iwe~ 6.29 6.73 6.59 -o:effiCBlt of \fc:lriaticn ();ErCBlt) 0.46 0.52 

-
b) Results of Wraps -

Test l.oad fran calibratim Systsn .(kit=a) il.oad fran Diffen:n:E· 
pt.D 

l'b. I.oed Oill 11I.oed Oill 21LcB:i Oill 3' AveI'i:!q! I 'Ibtal. I (Kip; ) ();Ercent) -
1 2.16 1.98 2.15 2.10 6.29 6.74 6.55 
2 2.16 1.99 2.16 2.10 6.31 6.76 6.59 
3 2.18 2.02 2.18 2.13 6.38 6.83 6.67 
4 2.17 1.99 2.13 2.10 6.29 6.72 6.37 
5 2.17 1.99 2.15 2.10 6.31 6.77 6.73 
6 2.16 1.99 2.18 2.11 6.33 6.78 6.55 .. 
7 2.16 1.99 2.17 2.11 6.32 6.78 6.70 ... ' 
8 2.17 1.98 2.15 2.10 6.30 6.75 6.67 
9 2.17 2.00 2.17 2.11 6.34 6.78 6.39 -10 2.17 1.99 2.15 2.10 6.31 6.74 6.48 

Ave~ I 
6.32 I 6.76 I 6.57 

o:effiCBlt of variaticnf);Ercent) 0.38 0.43 .. 
+Oiffererre- {tarl fran Em - Lca:i fran Oilibratim Systan}*100j{tarl fron Em} -

-
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Table 0.22 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 4, 
on Asphalt Site (without Rubber padding) 

a) Results of Repetitions 

'lest U:a:i fran Oilibratioo 5'jStan (kip;) 1Lca:l fran Dlfferer!! + 

I.cai cell 11 L.a:rl cell 21 L.a:rl cell 31 Aw~ 1 NJ. ~ . (Ki~) (~rce1t) 
1 5.04 4.72 5.23 5.00 15.00 15.90 5.70 
2 5.06 4.74 5.25 5.02 15.06 15.88 5.19 
3 5.03 4.73 5.25 5.00 15.01 15.90 5.58 
4 5.04 4.74 5.23 5.00 15.01 15.90 5.55 
5 5.C6 4.74 5.21 5.00 15.01 15.86 5.36 
6 5.04 4.72 5.27 5.01 15.03 15.89 5.39 
7 5.08 4.72 5.19 5.00 14.99 15.84 5.39 
8 5.08 4.74 5.19 5.00 15.01 15.86 5.34 
9 5.01 4.70 5.19 4.97 14.90 15.77 5.49 

10 5.04 4.70 5.19 4.98 14.94 15.80 5.47 

Ave~ 
1

15
•
00 

1
15

•
85 

I 
5.44 

o:effi03lt of variatioo (~r03lt) 0.29 0.27 

b) Results of Wraps 

I.£:a:1 fron Oilibratioo 5ystsn ~kip;) I.cai fran Differen::e 
... 

Test 
FID 

tb. I.cai cell 11!a:r:i cell 21L.a:rl cell 31 Ave~ I 'lbtal (Kip;) (~r03lt) 

1 5.06 4.66 5.25 4.99 14.97 15.78 5.10 
2 5.03 4.68 5.23 4.98 14.94 15.80 5.45 
3 5.03 4.67 5.27 4.99 14.97 15.82 5.42 
4 5.02 4.68 5.25 4.99 14.96 15.84 5.58 
5 5.04 4.68 5.22 4.98 14.95 15.82 5.48 
6 5.00 4.73 5.29 5.03 15.10 15.99 5.55 
7 5.02 4.63 5.27 4.98 14.93 15.78 5.38 
8 5.01 4.64 5.27 4.97 14.92 15.75 5.26 
9 5.01 4.62 5.25 4.96 14.88 15.75 5.52 

10 4.99 4.62 5.25 4.96 14.87 15.71 5.38 

lWerc:q! 1 14.95 
1

15
•
80 

1 

5.41 
o:effiCB'lt of \miati01( [Ercmt) 0.41 0.46 

+Differerre- {!a:r:i fran FID - !a:r:i fran Cilibratioo systan}*l00/{Lced fran flaD} 
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Table 0.23 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 1 
on Asphalt Site (with Rubber Padding) , 

a) Results of Repetitions 

'lest Lead fran OWlxaticn 9jst:sll OUpl} IUS! fron Diffet1OD!+ 

Lead Oill 11I.ca:i Oill 21I.ca:i Oill 31 Neraqe 1 'lbtal l'b. . (Kir:) «(ErcBlt) 

1 2.16 1.85 2.17 2.()5 6.18 6.67 7.35 
2 2.13 1.83 2.14 2.04 6.11 6.62 7.81 
3 2.15 1.81 2.15 2.04 6.11 6.62 7.80 
4 2.14 1.83 2.18 2.05 6.15 6.62 7.16 . 
5 2.15 1.83 2.18 . 2.05 6.16 6.62 7.03 
6 2.13 1.81 2.16 2.03 6.10 6.59 7.43 . 
7 2.16 1.82 2.20 2.()5 6.19 6.66 7.18 
8 2.16 1.83 2.18 2.()5 6.17 6.63 7.02 
9 2.15 1.82 2.18 2.05 6.16 6.67 7.70 

10 2.16 1.83 2.18 2.()5 6.17 6.63 7.03 

Neraqe 
I 

6.15 I 6.63 
I 

7.34 
CD:!ffiCBlt of Vcma.ticn «(ErCBlt) 0.49 0.37 

b) Results of Wraps 

'D!st Lca:::i fran calibraticn Systan (kips) I..ca:i fran Differen:::!! + 
Fm 

l'b. I.ca:i Oill 11I.cai Oill 21I.cai Oill 31lWeraq! I 'lbtal (Kipl) «(ErcBlt) 

1 2.17 1.79 2.15 2.04 6.11 6.54 6.69 
2 2.15 1.82 2.13 2.03 6.10 6.50 6.16 
3 2.15 1.83 2.18 2.OS 6.16 6.58 6.47 
4 2.15 1.83 2.14 2.04 6.12 6.56 6.74 
5 2.17 1.83 2.17 2.()5 6.17 6.64 7.02 
6 2.16 1.84 2.16 2.05 6.15 6.62 7.01 
7 2.13 1.81 2.14 2.03 6.00 6.56 7.24 
8 2.21. 1.86 2.20 2.09 6.28 6.75 7.00 
9 2.18 1.84 2.20 2.cn 6.22 6.67 6.72 

10 2.16 1.82 2.18 2.05 6.16 6.60 6.68 

Neraq! 6.16 6.60 6.77 
o::efficent. of V'ariaticn«(Ert'Ef1t) 0.93 1.04 

+Differen::e- {I.ca:i fran Fm - I.ca:i fran Qili.braticn System)*lool{t.ca:l fran Fm) 

-
lit 

.. 
-
-

.. 
-
-
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'Il:!st 

Table 0.24 Comparison of Loads Obtained with Calibration 
System and FWD Device for Drop Height of 4, 
on Asphalt Site (with Rubber Padding) 

a) Results of Repetitions 

[aD fran c:alibratiO'1 Systen (kip;) 

Nl. tarl Oill 11tarl Oill 21tarl Oill 311M!tCq! 1 '!Ctal 

llaod frou DlffeMn! 

'($) (~rant) 
1 4.86 4.42 5.31 4.86 14.59 15.63 6.66 
2 4.89 4.40 5.31 4.86 14.59 15.62 6.60 
3 4.90 4.42 5.31 4.88 14.63 15.66 6.59 
4 4.86 4.40 5.29 4.85 14.55 15.60 6.76 
5 4.87 4.40 5.27 4.85 14.54 15.58 6.67 
6 4.87 4.38 5.29 4.84 14.53 15.58 6.75 
7 4.87 4.42 5.31 4.87 14.60 15.63 6.60 
8 4.85 4.41 5.27 4.84 14.53 15.57 6.64 
9 4.85 

I 
4.38 5.29 4.84 14.53 15.55 6.56 

10 4.83 4.39 5.23 4.82 14.46 15.51 6.n 

1M!Lcq! I 14.56 I 15.59 
I 

6.65 
Cl:effiCB'lt of ~tiO'1 (~rCB'lt) 0.32 0.27 

b) Results of Wraps 

+ 

'Il:!st La3d fran OilibratiO'1 Systan (kip;) Iarl fron Differerre + 
00 

Nl. La3d Oill 11La3d Oill 21I.caj Oill 31 Avercq I TOtal (Kip;) ( p!rc:e!'!t) 

1 4.96 4.42 5.31 4.90 14.69 15.74 6.70 
2 4.94 4.46 5.38 4.92 14.n 15.82 6.59 
3 4.94 4.46 5.36 4.92 14.75 15.78 6.54 
4 4.96 4.52 5.44 4.97 14.91 15.94 6.46 
5 4.92 4.46 5.34 4.90 14.71 15.74 6.54 
6 4.90 4.44 5.29 4.88 14.64 15.66 657 
7 4.90 4.44 5.34 4.89 14.68 15.71 6.59 
8 4.92 4.42 5.34 4.89 14.67 15.71 6.61 
9 4.89 4.43 5.34 4.89 14.66 14.00 -4.69 

10 4.89 4.41 5.34 4.88 14.64 15.66 6.49 

1weLcq! I 14.71 1
15

•
59 

I 
5.44 

CD!ffiCB'lt of variatiO'1(~rant) 0.54 3.41 

+0ifferE!'Xl:!- {[aD fran 00 - Lca:i fran caJ.ibratiO'1 Systan}*100/{Lca:i fran OO} 
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without Rubber padding, Slope of Line is 0.94 

-
-
-
... 

.. 
-
-

-

-
-

-.... 
-
-



en 
c. .-
~ .. 
E 
Q) ..., 
CfJ 
it) 
C 
0 .-..., 
C .... 
.c .--C 
u 
E 
0 .... 

'to-

~ 
c 
.3 

515 

20 

15 

10 

¢ Actual Data 
5 - Un. of Best Fit 

- - Une of Equality 

0 
0 5 10 US 20 

Load from FWO,kips 

Figure 0.10 Calibration CUrve for Load Cellon Asphalt (Wraps) 
without RUbber Padding, Slope of Line is 0.94 
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Figure 0.11 Calibration CUrve for Load Cellon Asphalt (Repetition) 
with Rubber Padding, Slope of Line is 0.93 
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Figure 0.12 Calibration CUrve for Load Cellon Asphalt (Wraps) 
with Rubber padding, Slope of Line is 0.94 
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Figure 0.13 Average and Coefficient of Variation for Load Cell 

on Asphalt (Repetition) without Rubber Padding 

.... 

-
-
-
-
-

-. 

-

lilt 



a 

0 
1 

.... 4.OD 
c 
G e 
G 
""3.00 . c 
0 

i 
~'-OD 
'0 .... 
i ,.00 
U 

taa 
1 

I:::z:] Failing wt. Deflectometer 
113 Calibration System 

2 3 
Drop Height 

a) Average Load 

4 

[z] Failing wt. Oeflectometer 
1515! Calibration System 

2 3 4 
Drop Height 

b) CoeffIcient of Variation 

519 

Figure 0.14 Average and Coefficient of Variation for Load Cell 
on Asphalt (Wraps) without Rubber padding 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

'n!st 
NJ. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

• 
~#I 

Table p.1 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 1, on Asphalt Site 

4.35 
4.37 
4.37 
4.37 
4.40 
4.39 
4.36 
4.36 
4.38 
4.38 

4.37 
0.32 

a) Results of Reoeti tions 

4.50 
4.42 
4.46 
4.50 
4.46 
4.46 
4.46 
4.46 
4.46 
4.50 

4.46 
0.54 

-3.33 
-1.13 
-2.02 
-2.89 
-1.35 
-1.57 
-2.24 
-2.24 
-1.79 
-2.67 

I -2.12 

10.56 
10.57 
10.57 
10.60 
10.60 
10.60 
10.48 
10.57 
10.60 
10.57 

I 
10.57 
0.32 

b) Results of Wraps 

Sensor 3 

11.86 
11.78 
11.82 
11.86 
11.82 
11.82 
11.74 
11.74 
11.82 
11.82 

I 11.81 
0.34 

Sens:>r 2 
I:efl.ecticn (mils) I Differen::e I:etlecticn (nn.~ 

Qll ] brati01I FID ( p,m:ent) GllilxatlO1I fW) 

4.38 4.46 -1.79 10.56 11.74 
4.34 4.46 -2.69 10.54 11.70 
4.38 4.50 -2.67 10.65 11.74 
4.40 4.54 -3.08 10.65 11.86 
4.41 4.50 -2.00 10.71 11.78 
4.40 4.50 -2.22 10.70 11.78 
4.40 4.50 -2.22 10.63 11.74 
4.35 4.46 -2.47 10.61 11.74 
4.38 4.50 -2.67 10.71 11.78 
4.36 4.46 -2.24 10.55 11.74 

I I I I 4.38 4.49 -2.12 10.63 11.76 
0.51 0.57 0.58 0.35 

l
oiffemre I 
(~rCS'1t) 

-10.96 
-10.27 
-10.58 
-10.62 
-10.32 
-10.32 
-10.73 
-9.97 

-10.32 
-10.58 

I -10.46 

I Di ttere-x:::e 
(~rcB1t) 

-10.05 
-9.91 
-9.28 

-10.20 
-9.08 
-9.17 
-9.45 
-9.63 
-9.08 

-10.14 

I -9.60 

.tDiffe~{calibrati<n SjStan Gec.Poe - M> Ceq:ine)*l00/{Ml C:eqix:reJ 

.cr::F : o:efficient of 'Jariati<n (IEro:nt.) 
A'N: Ave~ 

... 

-
-

-
-



Table F.2 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 2, on Asphalt Site 

a) Results of Reoetitions 

I ~3 
'Ie;t =m (mus) 

N::>. tim! M> 
I ~ 2 IDiffeIBl:2'CJif!ilim (1riilS) 

(~ro:nt) tim I M> 
IDitte (~= 

1 6.49 6.42 1.09 18.36 20.26 -9.38 
2 6.39 6.38 0.16 18.16 20.01 -9.25 
3 6.49 6.50 -Q.1S 18.34 20.09 -8.71 
4 6.44 6.46 -Q.31 18.32 20.05 -8.63 
5 6.46 6.46 0.00 18.36 20.09 -8.61 
6 6.42 6.42 0.00 - 18.29 20.17 -9.32 
7 6.51 6.46 0.77 18.42 20.05 -8.13 
8 6.46 6.42 - 0.62 18.31 20.09 -8.86 
9 6.42 6.46 -Q.62 18.22 19.97 -8.76 

10 6.40 6.46 -Q.93 18.18 20.09 -9.51 

* 
I I I I I ~I 6.45 6.44 O.~ 18.30 20.09 -8.91 

0.60 0.50 0.44 0.38 

b) R lt f w esu s 0 raps 

I 

I ~3 
1e;t =m (mus) 

N::>. tim I M> 
I ~2 loittererce ICJfaecticn (ritilSl 

(~m:nt) cia'll M> 
loiftemre 

(fercmt ) 

1 6.45 6.46 -Q.1S 18.33 20.26 -9.53 
2 6.43 6.46 -Q.46 18.17 20.17 -9.42 
3 6.46 6.46 0.00 18.35 20.38 -9.96 
4 6.44 6.46 -Q.31 18.30 20.30 -9.85 
5 6.51 6.42 1.40 18.40 20.30 -9.36 
6 6.54 6.50 0.62 18.40 20.38 -9.72 
7 6.40 6.46 -Q.93 18.32 20.21 -9.35 
8 6.56 6.46 1.55 18.55 20.30 -8.62 
9 6.44 6.42 0.31 18.33 20.17 -9.12 

10 6.47 6.46 0.15 18.38 20.01 -8.15 

* 

I I I I I ~#I 6.47 6.46 0.22 18.36 20.25 -9.31 
0.75 0.33 0.40 0.53 

, 

#
+Diffete'l:E-{Oilibr:atia'l systBn Geqiue - M> Geqiae}*l00/(M> G:q:h:le} 

*ca : Cl:Efficient of variaticn (~m:nt) 
A"1:3 : 1M:!rcr:J! 
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Table P.3 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 3, on Asphalt Site 

a) Results of Repetitions 

I &!mrJ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

~I 

7.70 
7.70 
7.74 
7.73 
7.75 
7.74 
7.75 
7.74 
7.73 
7.75 

7.73 
0.23 

7.79 
7.79 
7.79 
7.78 
7.78 
7.78 
7.80 
7.80 
7.81 
7.80 

7.79 
0.13 

7.65 
7.65 
7.64 
7.65 
7.65 
7.61 
7.65 
7.65 
7.61 
7.65 

7.64 I 
0.21 

0.65 
0.65 
1.31 
1.05 
1.31 
1.71 
1.31 
1.18 
1.58 
1.31 

1.20 

18.48 
18.48 
18.55 
18.46 
18.47 
18.45 
18.45 
18.47 
18.52 
18.48 

I 
18.48 
0.16 

b) Results of Wraps 

7.65 
7.73 
7.69 
7.69 
7.65 
7.69 
7.69 
7.69 
7.69 
7.65 

7.68 I 
0.31 

1.83 
0.78 
1.30 
1.17 
1.70 
1.17 
1.43 
1.43 
1.56 
1.96 

1.43 

18.66 
18.70 
18.70 
18.60 
18.60 
18.66 
18.72 
18.70 
18.70 
18.63 

I 
18.67 
1.43 

19.02 
19.02 
19.02 
19.02 
18.97 
18.97 
18.93 
18.93 
18.93 
18.93 

I 
18.97 
0.21 

19.14 
19.22 
19.18 
19.10 
19.14 
19.14 
19.14 
19.14 
19.14 
19.10 

I 19.14 
0.17 

-2.84 
-2.84 
-2.47 
-2.94 
-2.64 
-2.74 
-2.54 
-2.43 
-2.17 
-2.38 

I -2.59 

-2.51 
-2.71 
-2.50 
-2.62 
-2.82 
-2.51 
-2.19 
-2.30 
-2.30 
-2.46 

I -2.49 

tDifferen:e-{Oili..bratim ststem QqiDe - 00 ~}*l00/{FID ceq:tne} 
*rn' : a:e£ficient: of V'ariatim (p!ra:nt) 
w:; : 1fJera::J! 

-
... 

III' 

-

-

,..-

-
-



Table p.4 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 4, on Asphalt Site 

a) Results of Repetitions 

'll!!st I D!fl.ect.ial (mils) 
NJ. au lOO!ticn I 00 

IDiffeI'B"J:e + I refl.ecticn (mils) 
(p!rCB1t) a, l1hraticnl 00 

10000fferen:lt 
(p!ro:nt) 

1 11.50 12.19 -5.66 Z7.01 30.51 -11.47 
2 11.48 12.19 -5.82 Z7.03 30.55 -11.52 
3 12.01 12.19 -1.48 26.99 30.55 -11.65 
4 12.()5 12.Z7 -1.71 Z7.09 30.63 -11.56 
5 12.07 12.23 -1.31 Z7.10 30.63 -11.52 
6 12.()5 12.Z7 -1.71 27.00 30.63 -11.59 
7 12.03 12.23 -1.64 Z7.03 30.59 -11.64 
8 12.04 12.23 -1.55 Z7.00 30.63 -11.59 
9 12.()5 12.23 -1.39 Z7.10 30.67 -11.64 

10 12.04 12.23 -1.55 Z7.00 30.63 -11.59 

11.94 12.22 -2.38 Z7.()5 30.60 I -11.57 
1.87 0.23 0.14 0.16 

b) Results of Wraps 

'll!!st I J:eflecticn (mils) 
NJ. a,hbratiml 00 

IDifferemtl J:eflecticn (mils) 
(p!tCEnt) a,l ~hraticnl 00 

IDiffere:re + 
(p!tCBlt) 

1 12.05 12.23 -1.47 Z7.10 30.71 -11.76 
2 12.()5 12.Z7 -1.71 Z7.15 30.71 -11.59 
3 12.09 12.Z7 -1.47 Z7.18 30.76 -11.64 
4 12.00 12.Z7 -loSS Z7.19 30.80 -11.72 
5 12.07 12.Z7 -1.63 Z7.14 30.71 -11.62 
6 12.10 12.Z7 -1.39 Z7.19 30.80 -11.72 
7 12.09 12.Z7 -1.47 Z7.17 30.76 -11.67 
8 12.09 12.31 -1.79 Z7.20 30.80 -11.69 
9 12.00 12.Z7 -1.55 Z7.19 30.76 -11.61 

10 12.()5 12.Z7 -1.71 Z7.14 30.71 -11.62 

* I I I 1-11
•
66 ~#I 12.00 12.17 1.57 

1 
17.17 30.75 

0.13 0.15 0.11 0.12 

toJ.fieten:J!lll{Cili..braticn Systan Qaqiue - fID G:q:iue}*l00/{fID Qaqiue} 
*cr::E' : a:efficient. of variaticn (p!rtBlt) 
A'N : 1!fIerat;1! 
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Table p.5 Comparison of Deflections obtainGd with 
Calibration System and FWD Device for Drop 
Height of 1, on Asphalt Site 

a) Results of Repetitions 

I Sensor 5 I Sensor 4 
Test =m (mas) loiffenn:e'~ (mas) Ibi(i~~)1 
NJ. ~ml 00 (IErt:E!'1t) I FID r-"u::ll\.. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1.80 
1.80 
1.84 
1.82 
1.84 
1.81 
1.81 
1.82 
1.82 
1.83 

1.82 
0.76 

1.82 
1.81 
1.82 
1.82 
1.83 
1.82 
1.83 
1.83 
1.86 
1.82 

1.83 
0.70 

1.83 
1.83 
1.91 
1.83 
1.87 
1.87 
1.83 
1.83 
1.83 
1.87 

1.85 
1.45 

-1.64 
-1.64 
-3.66 
-D.55 
-1.60 
-3.21 
-1.09 
-D.55 
-D.55 
-2.14 

I -1.66 

2.41 
2.43 
2.46 
2.44 
2.47 
2.43 
2.44 
2.44 
2.44 
2.46 

2.44 
0.68 

b) Results of Wraps 

1.83 
1.83 
1.87 
1.79 
1.83 
1.83 
1.83 
1.83 
1.87 
1.83 

1.83 I 
1.17 

-D.55 
-1.09 
-2.67 
1.68 
0.00 

-D.55 
0.00 
0.00 

-D.53 
-D.SS 

-D.43 

2.46 
2.44 
2.46 
2.45 
2.46 
2.46 
2.47 
2.46 
2.50 
2.46 

2.46 
0.60 

2.53 
2.57 
2.57 
2.61 
2.57 
2.57 
2.57 
2.57 
2.57 
2.57 

2.57 
0.70 

2.57 
2.61 
2.57 
2.57 
2.61 
2.57 
2.61 
2.61 
2.65 
2.61 

2.60 
0.99 

-4.74 
-5.45 
-4.28 
~.51 
-3.89 
-5.45 
-5.06 
-5.06 
-5.06 
-4.28 

I -4.97 

l
oiffererce I 

(p!rcent) 

-4.28 
~.51 
-4.28 
-4.67 
-5.75 
-4.28 
-5.36 
-5.75 
-5.66 
-5.75 

I -5.23 

tDifferE!l'J:E!ill{Cilibratim Syst:an Q:q;ine - FID CeqiDe}*I00j{FID Q:q;ine} 
*crE : Q:efficiE!lt of Variatim (p!rant) 
A~ : 1wetage 

-

-
-
-

-

-



Table p.6 Comparison of Deflections Obtain~d with 
Calibration System and FWD Device for Drop 
Height of 2, on Asphalt Site 

a) Results of Repetitions 

I s.sx 5 I s.sx 4 'n!st ¥l@cn (iIii1S) loiffe I r:et1ecti (IriilS) IDif£e I ~. QiIlIiaticnl 00 (~:dUibratl:r 00 (~r~ 
1 
2 
3 
4 
5 
6 
7 
e 
9 

10 

2.43 
2.44 
2.47 
2.47 
2.47 
2.46 
2.46 
2.41 
2.45 
2.44 

2.45 
0.77 

2.54 
2.54 
2.50 
2.54 
2.50 
2.54 
2.50 
2.50 
2.50 
2.46 

2.51 I 
1.02 

-4.33 
-3.94 
-1.20 
-2.76 
-1.20 
-3.15 
-1.60 
-3.60 
-2.00 
-{).Bl 

-2.45 

3.60 
3.54 
3.50 
3.50 
3.55 
3.52 
3.54 
3.52 
3.50 
3.48 

3.53 
0.93 

3.75 
3.75 
3.75 
3.79 
3.75 
3.75 
3.75 
3.71 
3.71 
3.71 

3.74 
0.64 

b) Results of Wraps 

I s.sx 5 Test =cn (iIii1S) 
~. tim I 00 

I ~4 loi£ff!rm:J! 'CJt::cn (mas) 
(~rtmt) ticnl 00 

1 2.47 2.54 -2.76 3.60 3.75 
2 2.28 2.62 -12.98 3.67 3.79 
3 2.32 2.54 ~.66 3.64 3.79 
4 2.34 2.54 -7.~ 3.63 3.79 
5 2.41 2.58 -6.59 3.58 3.79 
6 2.42 2.58 -6.20 3.54 3.83 
7 2.42 2.58 -6.20 3.58 3.79 
8 2.40 2.50 -4.00 3.56 3.75 
9 2.44 2.58 -5.43 3.54 3.79 

10 2.T1 2.54 -6.69 3.57 3.75 

* I I I I ~~#I 2.39 2.56 -6.74 3.59 3.78 
<IF I 2.33 1.26 1.15 0.63 

-4.00 
-5.60 
-6.67 
-7.65 
-5.33 
-6.l3 
-5.60 
-5.12 
-5.66 
-6.20 

I -5.79 

I~:= 
-4.00 
-3.17 
-3.96 
-4.22 
-5.54 
-7.'57 
-5.54 
-5.07 
-6.60 
-4.80 

I -5.05 

, 

/Differen:e-{Oilibtaticn 9jst:an Q:qil::rE - 00 ~IIe}*100/(oo Ceq:tIIe} 
:<IF : O::efficient of ~ (~ICa1t) 
AV:; : JrNe~ 
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Table P.7 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 3, on Asphalt Site 

a) Results of Repetitions 

I ~5 ~ =en(riiilS) 
r-h. tien I M) 

I ~4 loiffenn:E lCJt::en (milS) 
(p!IC1!I'1t) ticn I M> , (percent) loiHerare 

1 3.U 3.16 -1.Z7 4.38 4.50 -2.67 
2 3.11 3.16 -1.58 4.38 4.50 -2.67 
3 3.13 3.20 -2.19 4.39 4.50 -2.44 
4 3.14 3.16 ~.63 4.41 4.54 -2.86 
5 3.15 3.16 ~.32 4.41 4.50 -2.00 
6 3.14 3.16 ~.63 4.41 4.54 -2.86 
7 3.13 3.25 -3.69 4.41 4.54 -2.86 
8 3.14 3.20 '-1.88 4.41 4.50 -2.00 
9 3.13 3.16 ~.95 4.41 4.54 -2.86 

10 3.14 3.16 ~.63 4.41 4.54 -2.86 

~I 3.13 
I 

3.17 
I 

-1.37 
I 

4.40 
I 

4.52 I -2.60 
0.35 0.91 0.28 0.44 

b) Results of Wraps 

I 

'n!St I I:Eflectien (mils) 
r-h. cal lbratienl M> 

IDiffeIl!"nt I I:Eflectien (mils) 
(p!rtB1t) cal , bratien I FW) 

1DiffeIl!'n! + 
(p!rtB1t) 

1 3.15 3.25 -3.00 4.42 4.50 -1.78 
2 3.15 3.20 -1.56 4.42 4.54 -2.64 
3 3.16 3.20 -1.25 4.40 4.50 -2.22 
4 3.16 3.20 -1.25 4.40 4.50 -2.22 
5 3.17 3.20 ~.94 4.42 4.54 -2.64 
6 3.17 3.20 ~.94 4.42 4.50 -1.78 
7 3.16 3.20 -1.25 4.41 4.50 -2.00 
8 3.16 3.20 -1.25 4.42 4.50 -1.78 
9 3.17 3.20 ~.94 4.41 4.50 -2.00 

10 3.17 3.20 ~.94 4.41 4.50 -2.00 

~I 3.16 
I 

3.21 
I 

-1.34 
I 

4.41 
I 

4.51 I -2.11 
0.24 0.47 0.18 0.35 

#+Diffe~{Qilibraticn Systsn G:qtae - 00 Q:q:tx:re}*100j{00 Qqir:::re} 
*a:E : <mffic:i.Ent of vari.aticn (percent) 
PM; : 1f.Ie~ 

-
.. 
.... 

-

-

... ' 

-
-
-



Table P.8 Comparison of Deflections Obtain~d with 
Calibration System and FWD Device for Drop 
Height of 4, on Asphalt Site 

a) Results of Repetitions 

I ~S 
Test =cn (mas) 
lb. tim I 00 

I ~4 loifferBn! I~cn (itii1S) 
(~ro:nt) tim I 00 

loiffi (~:, 

1 4.55 4.66 -2.36 6.59 6.87 -4.00 
2 4.55 4.66 -2.36 6.60 6.87 -3.93 
3 4.54 4.66 -2.58 6.59 6.87 -4.00 
4 4.55 4.70 -3.19 6.59 6.87 -4.00 
5 4.55 4.70 -3.19 6.59 6.87 -4.00 
6 4.54 4.70 -3.40 6.59 6.91 -4.63 
7 4.54 4.66 -2.58 6.59 6.87 -4.00 
8 4.55 4.70 -3.19 6.59 6.87 -4.00 
9 4.53 4.70 -3.62 6.57 6.87 -4.37 

10 4.53 4.70 -3.62 6.58 6.87 -4.22 

* I I I I I ~#I 4.54 4.68 -3.00 6.59 6.87 -4.16 
0.17 0.42 0.11 0.17 

b) Results of Wraps 

I 

l
oiffererce I 
(~rCS'lt) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

4.54 
4.57 
4.56 
4.57 
4.50 
4.54 
4.55 
4.57 
4.56 
4.56 

4.55 
0.45 

4.66 
4.66 
4.70 
4.70 
4.66 
4.66 
4.70 
4.66 
4.66 
4.66 

4.67 
0.39 

-2.58 
-1.93 
-2.98 
-2.77 
-3.43 
-2.58 
-3.19 
-1.93 
-2.15 
-2.15 

I -2.57 

6.57 
6.61 
6.61 

, 6.62 
6.61 
6.59 
6.60 
6.61 
6.61 
6.60 

6.60 
0.20 

6.87 
6.91 
6.91 
6.91 
6.91 
6.91 
6.91 
6.91 
6.91 
6.91 

6.91 
0.17 

-4.37 
-4.34 
-4.34 
-4.20 
-4.34 
-4.63 
-4.49 
-4.34 
-4.34 
-4.49 

I -4.39 

tDifferere-{Oilibratim 9jst.an Ceqtae - 00 Qqtxre}*l00/{m> Ceq:h:le} 
*a:E : a::e£ficiBlt of V'ariatim (~rtB1t) 
A'N : ~tcq! 
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Table P.9 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 1, on Asphalt Site 

a) Results of Repetitions 

I fsBJr 7 . I fsBJr 6 
'rest =cn (IidlS) loiffere"O!'~cn (iriilS) 1Di.(i;!~) I 

NJ. ~cnl FID (p!!rCB'lt) ticnl FID ~"'-=l\ .. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1.15 
1.16 
1.18 
1.16 
1.16 
1.16 
1.16 
1.17 
1.17 
1.18 

1.17 
0.79 

1.17 
1.17 
1.21 
1.21 
1.17 
1.17 
1.17 
1.17 
1.17 
1.21 

1.18 I 
1.55 

-1.71 
-0.85 
-2.48 
-4.13 
-0.85 
-0.85 
-0.85 
0.00 
0.00 

-2.48 

-1.42 

1.34 
1.35 
1.36 
1.34 
1.35 
1.34 
1.35 
1.35 
1.35 
1.35 

1.35 
0.45 

1.37 
1.41 
1.41 
1.41 
1.41 
1.37 
1.41 
1.41 
1.41 
1.41 

1.40 
1.14 

b) Results of Wraps 

I fsBJr 7 ~=cn(iriilS) 
NJ. ticn I FID 

I S'sBJr 6 loif£ererce I~cn (riiiIS) 
(p!!rCB'lt) ticn I FID 

1 1.16 1.13 2.65 i.33 1.41 
2 1.17 1.13 3.54 1.34 1.41 
3 1.18 1.13 4.42 1.34 1.41 
4 1.18 1.13 4.42 1.35 1.45 
5 1.19 1.13 5.31 1.36 1.45 
6 1.17 1.17 0.00 1.34 1.41 
7 1.18 1.13 4.42 1.35 1.45 
8 1.18 1.17 0.85 1.35 1.45 
9 1.18 1.17 0.85 1.35 1.41 

10 1.18 1.17 0.85 1.35 1.41 

~I 1.18 I 1.15 I 2.73 I 1.35 I 1.43 
0.66 1.71 0.59 1.37 

-2.19 
-4.26 
-3.55 
-4.96 
-4.26 
-2.19 
-4.26 
-4.26 
-4.26 
-4.26 

I -3.84 

loiffere"O! 
(p!!rCB'lt) 

-5.67 
-4.96 
-4.96 
-6.90 
-6.21 
-4.96 
-6.90 
-6.90 
-4.26 
-4.26 

I 
-5.60 

I 

/Diffe~{Qilibraticn Systsn Geqtae - 00 Q:qtrre}*loo/{oo Gaqine} :CIF : a:effic:ient of ~ticn (p!!rcent) 
AV::; : Jwe~ 
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Table P.10 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 2, on Asphalt Site 

a) Results of Repetitions 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I 5eBx 7 

1.34 
1.40 
1.40 
1.47 
1.45 
1.44 
1.39 
1.36 
1.34 
1.37 

1.40 
3.09 

1.65 -18.79 
1.61 -13.04 
1.65 -15.15 
1.65 -10.91 
1.66 -U.65 
1.65 -U.73 
1.65 -15.76 
1.65 -17.58 
1.61 -16.77 
1.65 -16.97 

1.64 1-15.03 
1.02 

I ~6 

1.95 
1.87 
1.90 
1.88 
1.92 

- 1.91 
1.89 
1.93 
1.93 
1.87 

1.91 
1.37 

1.97 
1.93 
1.97 
2.01 
2.01 
2.01 
1.97 
1.97 
2.01 
2.01 

1.99 
1.34 

b) Results of Wraps 

I 5eBx 7 I~=I 
Sen!:or 6 

D:!f.l.ectien (rro.ls ) 'leSt ~ (mns) 
ia:ilibratien M> NJ. all 00 

1 1.48 1.61 -8.07 1.87 2.01 
2 1.45 1.61 -9.94 1.92 2.01 
3 1.44 1.61 -10.56 1.90 2.05 
4 1.43 1.57 -8.92 1.97 2.05 
5 1.32 1.57 -15.92 2.04 2.05 
6 1.33 1.57 -15.29 2.04 2.05 
7 1.39 1.57 -11.46 1.97 2.05 
8 1.40 1.61 -13.04 1.94 2.05 
9 1.40 1.57 -10.83 2.01 2.05 

10 1.44 1.61 -10.56 1.92 2.05 

~I 1.41 
1 

1.59 1-11•46 I 1.96 I 2.04 
3.46 1.26 2.83 0.78 

-1.02 
-3.11 
-3.55 
-6.47 
-4.48 
-4.98 
-4.06 
-2.03 
-3.98 
-6.97 

I -4.06 

Oiffex:en:::J! 
(y;:erc::Blt) 

-6.97 
-4.48 
-7.32 
-3.90 
-0.49 
-0.49 
-3.90 
-5.37 
-1.95 
-6.34 

I -4.12 

tDiffererx:e-{cal.ibraticn syst:an G!qtne - 00 Q:qiDe}*l00/{oo Geq:iae} 
.cr:E : Cl:efficiBlt of variaticn (~rt:Eflt) 
1MJ : lwereq! 
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Table P.ll Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 3, on Asphalt Site 

a) Results of Repetitions 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
'It 

~I 

2.05 
2.06 
2.m 
2.m 
2.07 
2.m 
2.00 
2.07 
2.m 
2.m 

2.m 
0.36 

2.09 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 

2.09 
EFR 

-1.91 
-1.44 
~.96 
~.96 
~.96 
~.96 
~.48 
~.96 
~.96 
~.96 

I -1.05 

2.38 
2.39 
2.40 
2.39 
2.41 
2.39 
2.41 
2.40 
2.39 
2.39 

2.40 
0.38 

2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 

2.45 
EFR 

b) Results of Wraps 

I Sensor 7 ~ =m(riiIS) 
N:>. tim I 00 

I Sensor 6 IDiffe~'~m (riiiIS) 
(p!ItB1t) tim I 00 

1 2.00 2.09 ~.48 2.41 2.45 
2 2.09 2.09 0.00 2.42 2.45 
3 2.00 2.09 ~.48 2.42 2.49 
4 2.09 2.09 0.00 2.43 2.53 
5 2.09 2.09 0.00 2.43 2.49 
6 2.10 2.09 0.48 2.43 2.45 
7 2.00 2.09 ~.48 2.41 2.45 
8 2.11 2.09 0.96 2.45 2.49 
9 2.10 2.09 0.48 2.44 2.45 

10 2.11 2.09 0.96 2.46 2.49 

* I I I I ~I 2.09 2.09 0.14 2.43 2.47 
0.53 0.00 0.64 lorn 

-2.86 
-2.45 
-2.04 
-2.45 
-1.63 
-2.45 
-1.63 
-2.04 
-2.45 
-2.45 

I -2.24 

I~:= 
-1.63 
-1.22 
-2.81 
-3.95 
-2.41 
~.82 
-1.63 
-1.61 
~.41 
-1.20 

I -1.77 

I 

tDiffe!a'll:!-{Oilibratim systan Geq:iDe - M> Geq:iae}*loo/{M> Gq1De} 
*cr::E' : a:EficiE!lt of variatim (p!I'CBlt) 
A'N : Jwe~ 
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Table P.12 Comparison of Deflections Obtained with 
Calibration System and FWD Device for Drop 
Height of 4, on Asphalt Site 

a) Results of Repetitions 

I Serloor 7 'n!st =en (li'dlS) 
tb. enl M) 

I Serloor 6 IDif£eMXE 'o:B!en (milS) 
(p!rcB'1t) tien I M) I Dine 

(p!= 

1 2.76 2.89 -4.50 3.29 3.54 -7.()5 
2 2'.76 2.89 -4.50 3.29 3.54 -7.()5 
3 2.77 2.89 -4.15 3.31 3.54 ~.5O 
4 2.78 2.89 -3.81 3.32 3.54 ~.21 
5 2.77 2.89 -4.15 3.31 3.54 ~.5O 
6 2.77 2.89 -4.15 3.30 3.54 ~.78 
7 2.77 2.89 -4.15 3.30 3.50 -5.71 
8 2.76 2.85 ~3.16 3.31 3.50 -5.43 
9 2.77 2.89 -4.15 3.31 3.54 ~.5O 

10 2.77 2.89 -4.15 3.30 3.54 ~.78 

* 
I 

I ~#I 2.77 2.88 
I 

-4.00 
I 

3.30 
I 

3.53 ~.45 
0.22 0.42 0.28 0.45 

b) Results of Wraps 

I 

I 9<Blr 7 
~ =en (li'dlSl 
tb. ticnl M) 

I Serloor 6 I Di£feMXE 'o:B!en (IrilS) (p!rCB'lt) tien I M> 
I Di£fererre (perCEnt) 

1 2.77 2.89 -4.15 3.30 3.54 ~.78 
2 2.77 2.89 -4.15 3.31 3.54 ~.5O 
3 2.78 2.89 -3.81 3.31 3.54 ~.5O 
4 2.77 2.89 -4.15 3.31 3.54 ~.5O 
5 2.77 2.89 -4.15 3.30 3.54 ~.78 
6 2.77 2.89 -4.15 3.30 3.54 ~.78 
7 2.77 2.89 -4.15 3.30 3.54 ~.78 
8 2.77 2.89 -4.15 3.30 3.50 -5.71 
9 2.77 2.89 -4.15 3.30 3.50 -5.71 

10 2.77 2.89 -4.15 3.30 3.50 -5.71 

* 

I I I I ~I 2.77 2.89 -4.12 
I 

3.30 3.53 ~.38 
0.11 0.00 0.14 0.52 

I 

tDifferen::e-{calibrati01 Systan Geqiae - M) Gsqi"ae}*l00/{M) G:qiae} 
*rn' : Cl::efficiE!lt of VMi.ati01 (p!rcB'1t) 
A'I:; : JlM!~ 
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Figure P.1S Average and Coefficient of Variation for 
Sensor 4 (Wraps) without Rubber padding 



'553 

7A~------------________________________ ~ 

.1.0 

=e 

1: -au 

tz1 F'alDn9 Wt. Deflectometer 
III CaRbratlon Syatem 

, 2 3 

Drop t:te'ght 

a) Average Deflection 

Ju~~~~ __ ~~~~~~~~ 
3 

Drop Height 
Fiqure P .19 Average C\rP_GQU~l;ieJlty~...HMiation. 

for Sens~~ ~~ paddlng 

-
-
... 

--
-... 
... 

-
-
-
.... 



7~~----------------------------------------, 

.a.o 
E .. c o :s 
~u 

, 

r::zJ FalRng Wt. Deflectometer 
III Calibration System -

2 3 " Drop HeIght 

a) Average_ Deflection 

554 

~ 

i ::~ __ ~~~~L-__ -+ ____ ~~~~~~~~ ____ ~ , 2 3 
Drop HeIght " 

b) CoeffIcIent of Vartatfon 
Figure P.20 Average and Coefficient of Variation for 

Sensor 5 (Wraps) without Rubber Padding 



555 

• 1 
• 
~u 
• 
! 

1 

t::z:l Failing wt. Deflectometel" 
III CaRbration 5y8tem 

2 3 
Drop Height 

a) Average Deflection 

~ 2Ar---------~25lfcillk~Mr~fl;;;~~~----~ 

e 
',.1 • c 

t 
~ 
-0 
j 

t u+--~~:Ii:III.-___+_-~~~~a..---I 
t 2 3 

Drop Height 

b) eo.tffclent of Variation 

Figure P.21 Average and Coefficient of Variation 
for Sensor 6 without Rubber padding 
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Figure P.24 Average and Coefficient of variation for 
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