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Summary and Conclusions

Only a limited amount of data relevant to impulse testing of pave-
ments had been collected previous to the program reported on here. The
Impulse Index data had appeared encouraging, but was not sufficiently ex-
tensive to be conclusive. The purpose of this phase of the program was to
acquire sufficient data so that the degree of validity of the Impulse
Index as a measure of pavement condition could be established.

The initial part of this program was devoted to determining the degree
of repeatability of the measurements. A modification was made in the trans-
ducer to pavement interface which significantly improved the repeatability
of the data. The modifications to the equipment and the resulting re-
peatability are reported in detail in Chapter II.

Pavements of various construction in various parts of the State of
Washington and in a wide range of physical conditions were selected for
comparative tests. Approximately 200 Benkelman Beam deflection measurements
were made and compared with Impulse Index measurements. Two Impulse Index
Computers were used and their results are compared with each other as wel)
as with Benkelman Beam results. In addition, the results of the latest
Washington State Pavement Rating System for evaluating defects was compared
where this information was available.

Detailed descriptions of the comparative tests and the results are
given in Chapter III.

A brief summary of results obtained on various pavements using the
Benkelman Beam and the Impulse Index with the improved interface is pre-
sented in Figure ii. The degree of correlation between the two methods

is readily apparent from the Figure. With the exception of an unexplained
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discrepancy at Site 7, the results of the two systems are in substantial
agreement.

Additional tests were performed to determine the effect of pavement
non-uniformity on the acquired results. It was determined that measure-
able differences exist in some pavements from one position to another
only 10 or 20 inches removed,

The effects of pavement temperature were also determined and a
correction curve is included in Chapter IV.

In the course of conducting these tests, the greater ease of using
the Impulse Index Computer compared to other devices became readily
apparent. The speed with which the tests can be performed means that the
probTem with traffic is reduced significantly.

Each measurement requires oniy seconds of time and the equipment is
hand carried. Being transportable in any vehicle and requiring no set
up time reduces the time lost in transit between test sqites.

It appears that the Impulse Index Computer can be a valuable tool in
uniform evaluation of pavement condition, assisting in reducing the time

required for evaluation.
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The Impulse Index, in the foreground,

following the Benkelman Beam crew from
District 1 on US 20.
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Recommendations

Before being released for use, a construction prototype shqu]d be
built to ensure ruggedness, reliabitity and optimization of design.
Digital readouts, autoranging, improved stability and lighter weight
should be incorporated in the prototype.

If work is to be continued on the design of a vehicle to auto-
matically acquire Impulse Index data, the interface may have to be again
re-designed because the present design may not take the physical abuse

of being slapped on the pavement repeatedly.
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Chapter I "Introduction and Review of Previous Work
on Impulse Index Pavement Evaluation"

Objective of Phase IV - Pavement Deflection Measurement-Dynamic

Only a Timited amount of Impulse Index data had been accumulated
under previous phases of this project. The purpose of Phase IV was to
acquire sufficient data so that the degree of validity of the Impuise
Index as a measure of pavement condition could be established. Corre-
lation of the Impulse Index with pavement condition as determined by

other means, such as the Benkelman Beam, was to be determined.

Previous Phases

Previous work at Washington State University Teading to the develop-
ment of the Impulse Index Computer has been described in the following
publications:

1) "Pavement Deflection Measurement-Dynamic, A Feasibility Study" by

F. W. Brands and J. C. Cook, Washington State University College of

Engineering Publication H-32, June 1970
2)  "Pavement Deflection Measurement-Dynamic, Phase IT" by F. W. Brands

and J. C. Cook, Washington State University College of Engineering

Publication H-35, June 1971

3)  "Pavement Deflection Measurement-Dynamic, Phase ITI, WSU Impulse
Index Computer, Section I" by F. W. Brands and J. C. Cook, Washing-
ton State University College of Engineering Publication H-37,
August 1972

4}  “Pavement Deflection Measurement-Dynamic, Phase IIT, WSU Impulse

Index Computer, Section II" by F. W. Brands and J. C. Cock, Washing-



ton State University College of Engineering Publication H-38,

August 1972,

Each of these publications was the result of work supported by the
Washington State Highway Commission in cooperation with the U.S. Depart-
ment of Transportation, Federal Highway Administration. For the benefit
of the reader who may be unfamiliar with these reports, a brief summary
will be presented here.

The objective of the program was to develop a method of pavement
testing which would be sufficiently fast, accurate and economical so
that the entire system of state highways can be monitored at intervals
and provide a uniformly based evaluation of the pavement condition.

Such an evaluation is a valuable aid in the management of a highway
system, being especially helpful iﬁ establishing the priorities and need
for maintenance. Previously existing methods were too cumbersome,

costly, slow and hazardous for widespread use.

Pavement Linearity and the Impulse Driving Function

In the initial phase of this program, a number of new concepts for
evaluating pavement condition were explored and their qualities compared
with those of existing techniques. Results of the explorations revealed
several important matters relevant to the problems of pavement testing.
Tests performed at Washington State University and elsewhere (5) indicate
that the structural parameters of pavements are sufficiently linear over
a broad enough range so that the energy or force used in testing need
not always be as great as previously accepted methods have used. The
direct consequence of this reasonable linearity is that pavement testing

equipment need not intrinsically be large and heavy.

(5) Numbers refer to references in bibliography.



The advantages of the use of an impulse driving function rather

than a steady-state sinusoid for system excitation are also reported.

The Impulse Index

Tests were conducted on various pavements using an impulse of
energy for system excitation. Various characteristiés of the response of
the pavement to such excitation were examined for correlation of param-
eters with known pavement condition. The final product of the research
was the development of a system using a hammer blow for excitation and
two accelerometers placed on the pavement surface.

One accelerometer is placed as near to the point of impact as
possible and the second accelerometer is positioned a fixed distance
away. Eighteen inches was found td be a convenient and suitabTe distance.
The output from each accelerometer is electronically processed so that
its absolute magnitude is determined and then integrated with respect to
time. Designating the resulting quantity as R and the unprocessed
output of the accelerometer as a,

R =7 la|dt

This quantity R from each accelerometer can be used for plotting a
profile of the pavement response basin loosely referred to as a deflec~
tion profile under impulse loading.

For convenience, the quantity from the accelerometer nearest the
hammer has been designated as R] and the quantity from the second accel-
erometer is designated R2. A relation was developed which reduces the
profile information into a single number, designated the "Impulse Index."

Experiments on flexible Pavements indicated that the attenuation of

energy propagated through better pavements was less than that for poorer



pavements. The ratio of R]/R2 provides a form of measure of this atten-
uation. It was also determined that poorer pavements yielded higher
values of R] than did better pavements. Taking both of these observa-

tions into consideration, the Impuise Index is generated as

i (R))?
Impulse Index = B X R.l = x—
2 2

High values of Impulse Index correspond to weakened pavement and low
values correspond to sound pavement.
A limited amount of data was accumulated to demonstrate the useful-

ness of the Impulse Index as an indicator of pavement condition.

The Hand-Carried Impulse Index Computer (Suitcase)

To assist in the further experimentation and to facilitate the
acquisition of additional test data, two battery-operated, portable,
suitcase-sized instruments were assembled, incorporating the impulse
hammer, transducers, electronics and readout meters. Unless otherwise
specified, these are the instruments which were used to acquire tﬂe
Impulse Index data presented in this report. As explained in Chapter
II, "Repeatability Improvement," one of these instruments was modified

during this phase of the program in order to achieve improved repeatability.

The Vehicle

Because of the short time required for each Impulse Index measure-
ment, it is possible to build a special vehicle which will obtain the
necessary data while the vehicle remains in motion. It is anticipated
that when such a vehicle is fully developed the data will be automati-
cally acquired and recorded on magnetic tape as the vehicle is driven on

the highway, facilitating the rapid logging of the condition of the



entire highway system at planned intervals of time. Such a logging
system will be a valuable aid in the management of highway maintenance,
providing an accurate log of the state of deterioration as well as the
rate of deterioration for every increment of highway pavement. Being on
magnetic tape, the data would be easily handled in short time with great
flexibility of format and at extremely low cost using modern computer
data-processing methods.

Sections of pavement, for example, could be easily categorized
accofding to their relative condition, and all sections whose condition
is worse than a threshold criteria could be identified, thereby rapidly
providing the information necessary for documenting budgetary require~
ments and establishing priorities and work schedules.

The capability to present docdmentary evidence of the rate of
deterioration of a highway would greatly strengthen requests for the

funding necessary for prudent maintenance and management decisions,



Chapter II "Repeatability Improvement
with the Impulse Index Computer”

Limited previous work with the Impulse Index Computer had indicated
that the degree of repeatability of the readings was less than optimum,
When the Impulse Index Computer was placed on the pavement and measure-
ments made, the reading obtained would repeat fairly well. However, if
the instrument were picked up and returned to the same spot in between
each measurement, the readings would often be sufficiently different to
cause concern. If sufficient numbers of readings were taken, the average
value yielded a figure that appeared to correlate well with pavement
condition as determined by other means. An effort therefore was made to
determine the degree of the spread in the data, its significance and its
cause and cure. Many factors were suspected and examined before the

problem was isolated and corrected,

The Electronics

The possibility of erratic operation of the electronics was checked.
When the instrument was not moved sufficiently to displace the position
of the transducers, the readings were repeatable. Carefuyl examination
and testing of all the circuits indicated that the electronics were not
responsible for the spread in the readings. One of the two units does
have a relay with exposed contacts which it is found necessary to clean
from time to time. Some of the components are plug-ins and these must
be firmly seated. These matters were kept under surveillance and were

not responsible for the spread in the readings.



The Hammer Face

Variations resulting from the non-uniformity of the pavement surface
at the point of impact of the hammer were investigated. If the hammer
struck an anomolous peak of small area, part of the energy would be
dissipated in crushing the rock peak instead of being transmitted through
the pavement. The shape of the pulse of energy is also modified by the
crushing action. To investigate these effects, tests were conducted
using a bare-faced hammer and a hammer with a firm rubber pad of 1/8"
thickness. The first test consisted of marking the outline of the base
of the suitcase at four positions on asphalt paving. Designating the
positions by numbers one through four, an Impulse Index Computer with a
bare-faced hammer (brass) was placed on position 1. Three readings were
taken without moving the instrument. The device was then 1ifted and
returned to the same position and three more readings were taken. The
device was once more 1ifted and replaced for three more readings. Nine
readings therefore were taken at each of four positions on the pavement,
The average value and the standard deviation of the Impulse Index read-
ings for each of the four positions were determined. The standard
deviation then was computed as a percentage of the average value for
each position.

A one-eighth-inch-thick neoprene pad was then cemented to the
hammer face and the entire test repeated. Data are shown in Table A-TI-1
and a graphical display of the standard deviation as a percent of the
average value for each location is diagrammed in Fig. II-1. It should
be noticed from the graph that the rubber pad effected only a very small

decrease in the percent standard deviation.
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A second series of tests was conducted on SR 127 between Colfax and
Dusty at several locations designated by milepost number. In each of
these measurements the hammer was struck only once on any given spot in
order to preclude the possibility of the hammer blow altering the fine
structure of the surface and therefore altering the next reading. A
bare hammer and a rubber-faced hammer were interchanged on the unit.
Three readings were made at approximately one-foot intervals in each of
the two wheel tracks and in the lane center for one lane using each of
the two hammers.

Table A-II-2 1ists the data obtained. Figs. II-2 through II-5 are
displays of R] and R2 showing the average of the three measurements as
well as the spread of the data. Figs. II1-6 through II-9 are displays of
the Impulse Index showing the averége of three measurements as well as
the spread.

In evaluating this set of data, it should be pointed out that this
stretch of pavement gives other indications of lack of uniformity and
some of the spread in the data is probably due to genuine differences in
the pavement rather than lack of repeatability of the measurements.
Additional information relevant to anomalies in pavements is reported in
Chapter 4, "Temperature Effects and Pavement Non-uniformity." At any
rate, the results are inconclusive as to the benefit or lack of benefit

accrued by the addition of the rubber pad on the hammer face.

Oscilloscope Traces

Additional tests were made comparing photographs of the oscilloscope
display of the accelerometer output with and without the rubber pad on

the hammer. Fig. II-10 shows the comparative outputs. No significant

differences are apparent.
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PROPAGATION OF WAVE THROUGH PAVEMENT
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hammer was dranoed again.  Four traces were then on the memery (RO and a
phota was taken (Frame #2).

Hammer

Conclusion: The transducers behaved almost id
changed as it bropogated along the pavement .
aoproximated from the picture.

enticeily, Fae wive shape
The propogation time can be

frame ¢#3
e Salhe test was run with the intermedfate transducer moyed two inches toward
the hammer and the Scope settings changed &5 indicated under the photograph,
0.1 Miitseconds/Dtyision 0.5 Miliseconds/Division The conclusion was essentially the same,
1.0 Yolts/Bivision

2.0 Volts/Division

FRAME =4 FRAME 45

TEST 42 Purpose: To Achieve a Better Description of the Wave Shape Making Use
of an Endevco Accelerometer
Frame #4
nstrumentation; Endewcp Accelerometer 2217
nut cemented to the
picofarads amolifier (The gain was unknown but substantial for the test),
The hammer was Tocate

Frame #5

€ SAMe LESt waS run for Frame #5 but the horizontal time scale was changed
a5 indicated under the photograph.

0.2 Miliseconds/Division

0.5 MiTiseconds/Division
0.1 ¥olts/Division

0.1 Yolts/Division

FRAME #5 FRAME #7

FRAME #8

TEST #3  {Frames #6, #7 ang #8)

Instrumentation: Same as for Test #2 excent
the hawmer was located 4 inches from the
#ccelerometer .

Notas:

Frame #6: @.] Miliseconds /Div. To cbser ve
detai] of leading edge of ware.

Frame #7: 0.2 Wiliseconds/Div. It ts not
known why the vertical $T9nal was smailer
than that on Frame #. Tne only thing
that should have Changed was the time
base. Separate hommer blows were used
howeyver.

Frame #8: Amnlitude was ac and siightly
higher than in Frame #6.

0.1 MiTiseconds/Divigion

0.2 Miliseconds/Diviston
0.8 ¥olts/Bryisinn

0.5 Miliseconds /Division
0.5 ¥olts/Division

0.5 Yolts/Division

Figure I11-11
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The Interface Problem

The accelerometers are attached to the suitcase with some positional
freedom so that when the suitcase is placed on the pavement the accel-
erometers are also on the pavement and essentially uncoupled from the
case. This is to prevent energy from propagating through the case to
the transducers. It was observed that, if only one transducer were
lifted and replaced but with the rest of the instrument not moved, the
reading from that transducer would deviate from previous readings, but
the reading from the unmoved transducer would not vary nearly as much.
Hence it appeared that something about the transducer to pavement inter-
face was responsible for the lack of repeatability. The configuration
in use for this interface consisted of three short legs with dull points
in contact with the pavement. The legs support a triangular base plate
on which is secured the accelerometer. A series of tests was devised to
attempt to cure this probiem,

It was found that, by mounting a transducer on a stud screwed into
a nut cemented to the pavement surface, the improvement in repeatability
was very great.

Cementing the transducer to the pavement is not compatible with
portability, but it certainly verified the Tocation of the problem. A
transducer cemented to the pavement was therefore ysed as a comparative
device or control to examine other interface configurations. This
control transducer was connected to one channel of the Impulse Index
Computer, and another transducer with various interface configurations
was connected to the other channel. In each case the value of s|a|dt
was recorded for repeated hammer impacts. Detailed accounting of the

various tests and configurations is given in the following section.



Comparative Interface Tests

Tests were run comparing various methods of cell anchorage on the
pavement surface. Cell T-1 was anchored to the pavement surface by
screwing its central stud into a nut epoxyed to the surface. This cell
was used as a standard. Cell T-2 (or cell T-3 as noted) was located at
@ constant radial distance of eleven inches from the hammer and its
method of anchorage and contact with the pavement surface was modified
for each test.

Test #1:

Cell T-2, with its triangular base plate attached, was placed on
the pavement surface, making contact through three legs. The hammer was
dropped, output recorded, and the cell was rotated about its central
axis through an angle of fifteen degrees. The hammer was dropped again
and the procedure repeated for the data collection.

Test #2:
Cell T2 was used again, and the same procedure was used as in Test

#1, except the cell was picked up without rotation and placed in the

same location.

Test #3:

Cell T-3 was placed on the pavement surface, making contact through
a sandbag glued to its triangular base plate. The sandbag was filled
with spherical glass bead sand. The hammer was dropped while the cel]
remained in the same position and the readings were taken,
Test #4:

Cell T-3 was used again and the same procedure was used as in Test

#3, except the cell was picked up and relocated after each hammer drop.

2]
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Test #5:

Ce1l T-3 was used again and the same procedure was used as in Test
#3, except the cell was picked up and rotated about its central axis
after each hammer drop.
Test #6:

Cell T-3 was used again and the same procedure was used as in Test
#5, except the sandbag contact was soaked in water prior to the test.

Another set of six tests was run comparing various methods of cell
anchorage on the pavement surface. Cell R-3 was anchored to the pavement
surface by screwing its central stud into a nut epoxyed to the surface.
This cell was used as a standard. Cell T-2 was located at a constant
radial distance of seventeen inches from the hammer and its method of

anchorage and contact with the pavément surface was modified for each

test.
Test #7:

Cell T-2, with its trianqular base plate attached, was placed on
the pavement surface, making contact through a central Teg. A ten-pound
weight was placed over the cell, applying pressure to the leg contact
point. The hammer was dropped twelve times while the cell remained in
the same position and readings were taken.

Test #8:

Cell T-2 was used again and the same procedure was used as in Test
#7, except the cell was picked up and relocated after each hammer drop.
Test #9:

Cell T-2, with its triangular base plate attached, was placed on
the pavement surface, making contact through three Tegs. Tension was

then applied through three symmetric leaf springs securing the cell to
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the pavement surface. The cell was picked up and relocated after each
hammer drop.
Test #10:

Cell T-2 was used again and the same procedure was used as in Test
#9, except the cell made contact through a central leg.

Test #11:

Cell T-2 was used again and the same procedure was used as in Test
#10, except the triangular base plate was removed,

Test #12:

Cell T-2, with its triangular base plate removed, was placed on the
pavement surface, making direct contact through the cell bottom. The
cell was picked up and relocated after each hammer drop.

Three additional tests were run comparing various methods of cel]
anchorage on the pavement surface. Cell R-3 was anchored to the pavement
surface by screwing its central stud into a nut epoxyed to the surface.
This cell was used as j standard. In Tests #14 and #15, cell T-2, with
its triangular base place attached, was placed on the pavement surface,
making contact through three legs. Celf T-8 was mounted on a triangular
base plate constructed with three 3/8" stee] ball bearings. The balls
were fastened to the plate by 0.15" 0.D. wires epoxyed to the balls and
secured to the base plate. The balls there therefore Toose, byt captive,
Test #13:

Cell T-8, with steel ball contact points, was placed on the pavement
surface eleven inches from the hammer. The cel} was picked up and

relocated after each hammer drop.

27
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Test #14:

Cell T-8, with steel ball contact points, was placed on the smooth
pavement surface eleven inches from the hammer. Cell T-2, with its
triangular base plate, was placed on the pavement surface nineteen
inches from the hammer, making contact through three legs. Cell T-8 was
picked up and relocated after each hammer drop.

Test #15:
Cells T-8 and T-2 were used again and the same procedure was used

as in Test #14, except the pavement surface was rough.

29
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CELL ANCHORAGE TESTS

TEST #15

T-8

2 3 4 5 6 7 8 g 10 11 12

HAMMER BLOW

Figure I1-17

30



3

The Hydrostatic Interface

The foregoing experimentation led to the design of a transducer to
pavement interface which would make contact with a significant area of
the pavement and yet not be affected by irregularities of the surface.
An incompressible liquid in a sealed cell was used to provide intimate
contact with the pavement surface and hence achieve good energy transfer
from the pavement to the liquid. The vertical walls of the cell were
made rigid to preclude loss of energy in the walls. The bottom face of
the cell is a flexible rubber diaphragm. The transducer is flexibly
coupled to the top of the cell so that energy transmitted from the pave-
ment through the bottom diaphragm is then transmitted through the non-
compressible 1iquid and thence to the transducer. This interface proved
to give the repeatability which had been sought. Initial examinations
of the waveform from the transducer showed that the output was unduly
rich in high frequencies. These high frequencies did not correlate with
pavement condition and so a low-pass filter was added to remove them.

It should be pointed out that a single-pole Tow-pass filter with 20
db of attenuation per decade behaves approximately as an integrator.

The resulting signal from the accelerometer therefore is now approxi-
mately integrated before the magnitude is taken and it is integrated

again. The channel output R then becomes
R * sflradt|dt = f|velocity|dt

which is more closely related to total displacement than the result

obtained without the filter.
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Final Repeatability Tests

To determine the degree of repeatability achievable with this im-
proved interface, one of the Impulse Index Computers (unit no.1) was
equipped with the hydrostatic interfaces, and the other unit (unit no.
2) was left with the original tripod legs for the interface.

Five positions on a pavement were marked and designated A through
E so that the instrument could be returned to the same position after
being moved. The tripod unit was placed on position A and a single
measurement made. R], R2 and the Impulse Index were recorded. The
instrument then was moved to positions B, C, D and E,

The measurements then were repeated with the hydrostatic unit, then
again with the tripod, then again with the hydrostatic and so on alter-
nately until each unit had measured each position twenty times. The
data recorded appear in Tables A-II-3 and A-I1I-4. Graphical comparisons
of the readings are displayed in Figs. II-18 to 1I-32.

R], R2 and 12 for each position is graphed separately so that
actual differences in the pavement from one position to another do not
mask the instrument repeatability.

The greatly improved repeatability of the hydrostatic interface is
readily apparent from the graphs. If all of thé values for a certain
position obtained using the tripod are averaged, and likewise all of the
values for the same position using the hydrostatic interface are averaged,
the two average values are fairly close. One can conclude that the
units therefore are measuring essentially the same quantity. The spread
of the values obtained with the hydrostatic unit is much smaller than

the tripod data, indicating better measurement repeatability.
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Chapter III "Comparisons of Impulse Index Data with Benkelman
Beam Data"

Several different sets of tests were conducted for the purpose of
comparing Impulse Index measurements with Benkelman Beam measurements.
Some of these tests were conducted prior to the development of the
hydrostatic interface and others were conducted after this development.
This chapter shows comparisons of measurements made with the Benkelman
Beam, with two separate tripod interfaced Impulse Index Computers and

with a hydrostatic interfaced Impulse Index Computer.

Test Sites
Numerous test sites were selected including a broad variety of
pavements widely separated geographically in the state of Washington.
In the eastern part of the state, in the region around the city of
Pullman, the foliowing test sites were chosen and are designated through-
out this chapter as indicated below.
Site A:  Westbound lane, SW Crestview, 425' west of Grand Ave. -
City of Pullman
0.25' Asphaltic Concrete (AC), 0.25' Crushed Surfacing
Top Course (CSTC), 0.67' Gravel Base (GB)

Site 81: US 195 (prior to SW bypass) vertical deformation fill

area, milepost 22.8
0.25-0.5' AC, .35' CSTC, 0.21'AC, 0.17' CSTC, 0.17' GB,
0.5' Ballast, 0.17' CSTC
Site BZ: US 195, milepost 23, west of Pullman C8D
Section same as B], except 0.25' only AC wearing surface.

1



Site

Site

Site

Site

Site

Site

Site

Site

Site
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Intersection of parking lot entrance with approach road
to new Pullman High Scheol

3" permanent vertical deformation; 0.17'AC, 0.5' GB
Rear entry approach road - new Pullman High School

0.1' light bituminous surface treatment, 0.5' GB

Larry Street extension - main access road to High School
0.17' AC, 0.5' GB

Taxiway, Pullman-Moscow Airport, west end, north edge
0.33' Type A surf., 0.17' Type C Leveling Course, 1.42'
Type A base

Taxiway, Pullman-Moscow Airport, east end, north edge
0.17' Type A surf., 0.17' Type C Leveling Course, 1.08'
Type A Base Course ‘

Taxiway, Pullman-Moscow Airport, east end, left center of
pavement

0.33' Type A surf., 0.25' Type C Leveling Course, 1.02'
Type A Base Course

No site designated as Site I

North Grand, 1000 Block, Puliman

0.5' nonreinforced PCC, 1.0' GB

US 195 north of Colfax, Sta. 250, northbound, right lane
0.15' Class B AC, 0.10' Class B Leveling Course, 0.25°
CSTC 0.50' PCC, 0.25' CSTC, 0.75' CSBC, 0.25' CSBC

In the western part of the state, in Highway District 1, nine addi-

tional sites were used as described later in this chapter. These sites

were selected because the District 1 personnel were conducting Benkelman

Beam tests on these locations for other purposes and it was convenient
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to accompany them with the Impulse Index Computers and to monitor the

exact pavement locations within minutes of the Benkelman Beam measurement.

Analysis of Pullman Area Tests

The first Pullman area Benkelman Beam comparison tests for this
study were conducted in June of 1974 prior to the development of the
hydrostatic interface. The equipment used included two Impulse Index
Computers, both equipped with tripod interfaces; two Benkelman Beam
sets, and a truck with 15,000 1bs on the rear set of dual tires. Tire
pressure was 80 psi. The procedure used is described below:

After blocking traffic from the lane to be used and posting signs,
a series of distance guide lines were marked on the pavement at 20-foot
intervals. The truck was parked with its rear wheels on the guide line
and the two Benkelman Beam sets with buzzers were positioned with their
contact points between the dual wheels. In this manner, a Benkelman
Beam measurement was made for each wheel track simultaneously. The
truck was driven slowly twenty feet away and the pavement rebound recorded
from the Benkelman Beam dials. The exact position of the contact point
of each Benkelman Beam then was marked on the pavement before moving the
beam to the next location.

Each of the two Impulse Index Computers then was used at each of
the marked positions. In order to take into account all directions of
azimuth of the deflection basin, eight Impulse Index measurements were
made for each location, rotating the instrument 45° between each measure-
ment and with the hammer positioned on the pavement directly over where
the BenkeIlman Beam contact point had been. There were a very few devia-

tions from this procedure where the Tocations were so close to the



pavement edge that measurements at certain azimuths could not be made or
would have been meaningless.

The entire procedure then was repeated for each 20-foot interval
marked. A separate crew was used for each Benkelman Beam and for each
Impulse Index computer. The Benkelman Beam data for the Pullman area
test sites are reproduced in Table A-III-1. The corresponding Impulse
Index data are reproduced in Tables A-1II-2 and A-III-3. For comparison
of the measurements, the average value of the Benkelman Beam deflection
for each wheel track is displayed on the same chart as the average value
of the Impulse Index for the same site as obtained independently from
each instrument. The Impulse Index obtained from each of the two units
is averaged separately in order to provide a comparison between the two

units as well as with the Benkelman Beam.
| Fig. III-1 Compares the average Benkelman Beam measurement for
each site with the average Impulse Index measurement
as obtained from unit 1 in the right-hand wheel
track.
Fig. III-2 Compares the data from the same instruments as Fig.

I11-1 but for the Teft-hand wheel track.

Figs. II1-3

and 111-4 Are similar to I1I-1 and III-2 except the Impulse
Index was obtained from unit 2.

Figs. III-5

and I1I1-6 I1lustrate the comparison of the average data from

the two Impulse Index computers.

51
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District 1 Sites

Nine sites located in Skagit and Snohomish counties in the western

part of the state of Washington were selected for additional tests to

compare Impulse Index measurements with Benkelman Beam measurements.

These particular sites were selected because the District | personnel

were already scheduled to make Benkelman Beam tests at those sites under

a program designed to determine future load limits under freeze-thaw

conditions.

follows:

Site

Site

Site

Site

Site

Site

Site

The sites are identified by number and are described as

State Route (SR) 20, Milepost (MP) 6, Eastbound Lane
(EBL), South of Anacortes

0.35' Asphaltic Concrete (AC), 0.40' Cement Treated Base
(CTB), 0.25' Sand (S)

SR 20, MP 18.6, WBL, West of Lyman

0.35' Resurfacing (RS), 0.30' AC, 0.35' SRB, 0.8"' SSGB
SR 20, MP 21, WBL, East of Lyman

0.5' RS, 0.35' AC, 0.65' SRB, 0.5' SSGB

SR 9, MP 27, SBL, South of Arlingaton

0.25' AC, 0.25' Crushed Surfacing Top Course (CSTC), 0.6'
GB, 0.7' SSGB

SR 9, MP 17, SBL, South of Marysville dJct.

0.40' AC, 0.20' CSTC, 0.90' SSGB, 0.70' SSB

SR 204, MP 1.1, WBL, East of Everett

0.40' AC, 0.60' SGB, 0.80' SSB

SR 9, MP 13, SBL, South of SR 204 Jct.

0.45' AC, 0.15' CSTC, 0.50' SGB, 0.7' GB
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Site 10:

Site 11:

SR 2, MP 10, EBL, East of Snohomish

0.40' AC, 0.10' CSTC, 1.0' SGB, 0.5' SSG

SR 2, MP 19, EBL, West of Sultan

0.9' AC (5 layers), 0.10' CSTC, 0.20' SSGB, 1.0 SGB
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Analysis of District 1 Tests

The District 1 tests were conducted on Auqust 19 and 20 of 1974.

At each test site, nine locations were marked off at 25-foot intervals.
One Benkelman Beam set was used and it was operated by the crew from
District 1. The pointer of the beam was projected through the space
between the dual wheels of the truck to a point four feet ahead of the
axle centerline. The truck was driven slowly ahead and the maximum
deflection recorded. The position on the pavement of the pointer of the
Benkelman Beam was marked before the beam was moved. The truck provided
a rear axle load of 15,000 pounds.

One of the Impulse Index Computers had just been equipped with the
newly developed hydrostatic interfaces. The other unit retained its
tripod interfaces. As was done in the previous tests, eight Impulse
Index measurements were made with each of the two instruments at each
test position. The instrument was rotated 45° between each measurement
and positioned so that the hammer would impact at the point where the
tip of the BRenkelman Beam had rested.

The resulting Benkelman Beam data are reproduced in Table A-III-4.
Impulse Index measurements obtained with the tripod unit are reproduced
in Table A-I1I-5. Impulse Index measurements obtained with the hydro-
static unit are reproduced in Table A-111-6. Figs. III-8 through ITI-16
are graphs illustrating comparisons for each of the nine positions. The
eight Impulse Index readinags taken at each test positfﬁn are averaged
separately for each instrument and graphed along with the Benkelman Beam

reading for each position. A separate graph is presented for each test

site.
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It can be observed from these graphs that the Benkelman Beam measure-
ment and the Impulse Index obtained using the hydrostatic interface

correlate fairly well on a point-by-point basis. Because of the spread

in the data obtained with the tripod interface unit, the correlation is

not as good from this unit.
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Hydrostatic Unit in Pullman Area

The hydrostatic interfaced unit was then taken to the sites in the
vicinity of Pullman which had been previously measured and which were
easily accessible without blocking traffic. The painted markings were
still visible and sites A, C, E and J were measured.

Because of the improved repeatability of the device, only four
readings were made at each test point, with 90° rotation between measure-
ments., These data are presented in Table A-1II-7 and are graphed

in Fiqures 11I-17 through III-20.

Summary of Benkelman Beam Comparisons

Because of anomalies in the pavement structure, monitoring of a
single point on a pavement does not give an adequate measure of the
pavement condition. Many points must be measured, as will be shown in
Chapter 4. To compare the overall results of the two methods of deter-
mining pavement condition, all of the Benkelman Beam measurements made
at each test site were averaged and all of the Impulse Index readings
obtained for each test site were averaged for each instrument.

The resulting graph of the data shown in Fig. III-20 indicates the

degree of correlation.
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Comparisons with Washington Pavement Rating System

The Washington Pavement Rating System involves an on-site inspection
of the selected length of pavement by a trained team of evaluators. One
rating is given for visible defects and another rating is given for the
quality of the ride. After the Benkelman Beam and Impulse Index tests were
completed, the record of the most recent Washington Pavement Rating team
was acquired. The rating team had rated the pavement in segments one mile
in length. The mile long segment that included the sites measured with
the Benkelman Beam and the Impulse Index were used for comparison. Only
the rating based on defects was used.

Both the Benkelman Beam and the Impulse Index give low readings for
good pavement and high readings for poor pavement. The Washington Pavement
Rating system yields the reverse, giving low readings for poor pavements
and high readings for good pavements. For purposes of comparison, an
inverted scale from 0 to 100 is superimposed on the Benkelman Beam and Impulse
Index comparison graph for District 1 and the defect rating for each site is
plotted. The comparative data is presented in Figure III-21. Some degree
of correlation does exist. It does seem that the spread of W.P.R.S.
readings from a low of 25 to a high of 75 may be somewhat wide ranging for
the pavements tested, and would require some additional interpretation
rather than a simple equating with the Benkelman Beam deflections and the

Impulse Index for the corresponding points.
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Chapter IV "Temperature Effects and Pavement Non-uniformity"

Up to this time the significance of the exact pavement location
when comparing measurement techniques was not known. Is one square foot
of pavement identical to the next? Until the instrument repeatability
problem was overcome, it was difficult to determine the small differences
of different locations because so many readings were required. The
variation in the readings masked the actual differences unless the pave-
ment variations were large. The effects of pavement temperature on the
measurements were also masked by the large spread of the readings.

The improved repeatability achieved using the hydrostatic interface
permitted meaningful tests to be made so that these two problems could
be attacked.

Two categories of data are employed for the development of this
chapter. The first category is the data initially taken to determine
the repeatability of the Impulse Index measurement using the hydrostatic
interface and appearing in this report at Table A-I1I-3. The test pro-
cedure used to acquire the data of Table A-II1-3 is described in Chapter
I1.

The second category of data was considered too voluminous to include
with this report. It will be referred to as the "Two-Day Temperature
Data" and is available to interested parties for reproduction and hand-
1ing costs. The "Two-Day Temperature Data" was acquired in the following
manner.

Three convenient Tocations on asphalt paving of different construc-
tion were selected. The primary purpose of the test was to determine

the effect of temperature variations on R1, R2 and on the Impulse Index
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measurement. Some information on pavement non-uniformity was also
obtained from the test results. The three locations are identified and
described as follows:

"Engineering Labs": A service road paved with 2 1/2" AC and 10"

GB.

“Airport Taxiway": 0.33' type A surface, 0.17' type C leveling

course, 1.42' type A base.

"M.P. 20, U.S. 195": Lane center 0.25' ACP, 0.06' resurfacing,

0.17' bituminous mix, 0.83" cfushed stone.
At each of these locations, the outline of the base of the Impulse Index
Computer was painted at five positions, identified by numbers 1 through
5 and separated by only a short distance. The idea was to monitor these
locations at two-hour intervals for two days during late summer when the
nights are cool and afternoons are hot. Air temperatures were measured
in the shade two feet above the pavement. Many variables exist when
measuring air temperature because the air over the pavement is heated by
the pavement but a breeze can bring in cooler air from the adjoining
fields. Pavement temperature was measured with a mercury thermometer
inserted in a hole drilled in the pavement. The hole was 2" deep and
172" in diameter. The hole was filled with mineral 0il. The tempera-
tures used in the following analysis are pavement temperatures unless
otherwise stated. Data from the hydrostatic interface unit only are
presented here, although similar data were acquired for the tripod
interface unit. The results from the two units are generally similar

except for the larger spread of data from the tripod unit.
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Table A-11-3 Data

The five positions identified in Table A-II-3 as A, B, C, D, E were
side by side on the pavement, with each position covering an area of 10"
x 30" to accommodate the Impulse Index Computer. The total area involved
for all five positions is then a rectangle 50" by 30",

The data of Table A-II-3 can be used to determine some information
regarding non-uniformity of the pavement. Twenty measurements were made
with each instrument on each of the locations recording R], R2 and the
Impulse Index. The average of the 20 readings from the hydrostatic unit
only was determined for each location for each quantity and the results
are plotted in Fig. IV-1.

The construction of this pavement is recorded as 2 1/2" AC with 10"
GB. It is of interest to note from the graph that measurable variation
existed from one of these positions to the next. The lowest Impulse
Index appeared on position A with an average value of 0.36. Only 20

inches away, the average value is 0.57,

Two-Day Temperature Data

Four measurements were made on five closely spaced positions at
each of the three locations every two hours with each instrument. Only
the data from the hydrostatic interface unit will be used here. The
average of the four readings of the Impulse Index for each of the posi-
tions is displayed graphically in Figs. IV-2 through IV-7 for the entire
two-day test sequence,

Referring first to Fig. IV-2, note that for the first test of the
day (4:00 a.m.) at the Engineering Lab location the Impulse Index for

position 1 was measured as 0.62 and is the lowest of these five positions.
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Position 2 was measured as .79 and was the highest of these five. As
the day progressed and the temperature changed, the Impulse Index reading
changed also. Throughout the day as the readings changed with tempera-
ture, the relative order of the five positions remained fairly much the
same. Because of the seguence in which the data were acquired, it does
not seem likely that this could be attributable to anything other than
the pavement at position 1 is measurably different from the pavement of
position 2 and so forth. The sequence of measurement was to take a
single measurement at position 1, then position 2, 3, 4 and 6, then
return to 1 and repeat the cycle until each position was measured four
times with the instrument moved in between each reading. Figure IV-3 is
the same location on the next day and it can be seen that the pattern
repeats, with position 1 being agafn the Towest, except for one point.
Figures IV-4 and 5 appear incomplete. This is because the deflec-
tion went out of range of the instrument during the hotter part of the
days. A more sophisticated range changing method can and should be
incorporated in the device to preclude this condition. The location was
near the edge of the end of the Pullman-Moscow airport taxiway. This is
a small airport and this part of the taxiway feceives no heavy traffic.
Figures IV-6 and -7 present data from U.S. 195 at milepost 20. This
pavement is fairly old and heavy with two major layers. The individu-

ality of each position is again apparent from the graph.
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Temperature Characteristics

To determine effects of temperature variations on the measurements,
the measurements from all five positions are all averaged together,
giving an average of 20 measurements for each parameter of the three
locations repeated at two-hour intervals. Figure IV-8 is a graph of R],
R2, the Impulse Index and the pavement temperature for a two-day sequence
for the Engineering Lab location. The horizontal axis is test series
number, or essentially the time of day. Figures IV-9 and-10 are similar
but for the other two locations.

Figures IV-11, -12 and -~13 are plots of R], R2 and the Impulse
Index for each location plotted against temperature. It can be seen
that R1 goes up with temperature fairly linearly, R2 reaches its maximum
value at 25° to 30°C, and the Impulse Index goes up with temperature
somewhat non-linearly.

From these data, temperature normalization can be achieved depending
on what temperature it is desired to use as normal.

To normalize the Impulse Index, a conversion can be used of the

form

I
I, = T2

E +-C[T2 - T]] e

KT, - T.|]_]

where IT] is the normalized Impulse Index at the desired temperature,
T] is the temperature to which it is desired to normalize the

data,
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T2 is the actual pavement temperature when the measurement is

made,
e is the Naperian log base,

¢ and K are constants which can be determined from the curves of
Fig. Iv-11, -12, -13.

If T, is selected as 20° ¢, the normalizing equation becomes

I,,0n = a ]

A temperature correction curve based on this relation appears in Figure

IV-14 and can be used to normalize readings from the hydrostatic unit

to 20°C. To use the curve, the Impuise Index taken at any pavement

temperature from 0%C to 40°C should be divided by the correction factor

obtained for that temperature from the chart.



PI=AT OdnbLd

04 oo¢ oom ooN ooH 0
1 ] | 1 i | 1 | ! t 0°0

98

=20
=70
970
- 870
—0°1
—-2"1
A

~9°1

- 0°¢
~c'¢

*aanjedadwal 2Byl 404 40304 UCLIDIUAL0D BYY A(q ~Q 7
aanjedadws] Aue 1e paJUnsesw Se xdpul asndu] 3pLALQ
19A4ND 35N Of

9 (,02-1)p20° + 1] 30 30Ld

( 02-1)s20°

JAND NOTL33¥Y0T FdNLWVd3dWaLl

d4013v4 NOTLI3ud0)



Chapter V - "Seasonal Variations"

Six test sites were selected to conduct measurements over a period

of time in an effort to detect seasonal variations. The sites are desig-

nated by letters A, B, C, D, E, F, with recorded construction as follows:

Site A:

Site

Site

Site

Site

Site

US 195, MP 20 \
0.25' ACP

.06' resurfacing

eV

17" bituminous mix

.83' crushed stone

Us 195, MP 19

same construction as site

SR 27, MP 2.1
.06' resurfacing
.50" crushed stone

SR 27, ¥P 3.0

same construction as site

US 195, MP 24.3 )

.06' light bituminous
surface treatment

.33' crushed stone

S

.67' base /
Us 195, MP 24.8

Core sample revealed
both layers of pavement.
Total pavement thick-

ness 0.5',

A.
Core sample revealed
only a thin surface

treatment.

Core sample revealed

unrecorded 0.25' AC.

same construction as site E.

A twenty-foot length of pavement was marked off with paint at each

site. At two-week intervals 10 Impulse Index measurements were made

with each instrument in the outside wheeltrack at each site. The exact

99
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points of measurement for each reading were random within the 20-foot
length. Only the summary of results from the hydrostatic units are
presented in Fig. V-1.

It can be observed from the graph that sites C and D displayed much
greater variation than the other sites. Sites C and D have only a light
surface coating with no asphalt concrete. The other sites, all on US 195,
have heavier pavements and are much better behaved.

Tests on site F had to be terminated early because the road was
torn up to accommodate a junction with new construction. The last reading
(November 12, 1974) on site A is substantially lower than the previous
readings because it had received a new asphalt overlay just the day before
the last reading was taken. As would be expected, the overlay improved
the indicated Impulse Index of the pavement.

There is an unexplained peak in the data taken on October 1, 1974,
The temperature had shown a small peak but the recorded readings are
higher than can be explained by temperature alone. An examination of
the raw data has not revealed any clue as to the reason for this peak.
Several suggested possibilities are:

1}  Operator error in operating the unit or reading or recording

the values.

2) Increased truck traffic due to the recently completed harvest

or other commercial activity.

3} An effect on the pavement of a positive versus a negative time

derivative of temperature, possibly affecting the gradient of

temperature within the pavement and consequently its response.



4)

Quite a variation usually exists between the lane center and

the outside wheeltrack. The more or less random selection of
the exact positions of the unit when making the measurements
depended on the operator's identifying the outside wheeltrack.
Perhaps the operator on October 1 was, for one reason or another,
better able to identify the wheeltrack. At the time these

tests were initiated, the significance of the exact pavement

location was not established.
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TABLE A-1I-1

REPEATABILITY TEST - COMPARISON OF BARE AND PADDED HAMMER

BARE HAMMER
POSITION 1 POSITION 3
Ry .34 42 .37 Ry .36 .34 .48
R, 24 .24 .24 R, .28 .32 .42
G 47 .70 .56 12 .45 .37 .56
PICK UP AND RESET PICK UP AND RESET
Ry 24 .36 .44 Ry .38 .35 .36
R, .2 .27 .32 R, .3 .32 .34
12 .3 .48 .56 G .46 .38 .4
PICK UP AND RESET PICK UP AND RESET
Ry .28 .4 .44 Ry .2 .3 .32
R, .22 .3 .34 R, .38 .38 .35
G .34 .54 .54 12 13 .26 .3
AVERAGE 1° = .499 AVERAGE 1% - .368
STANDARD DEVIATION 12 = 12 STANDARD DEVIATION IZ = .126
% STANDARD DEVIATION - 249 % STANDARD DEVIATION = 344
POSITION 2 POSITION 4
Ry 3 .37 .04 Ry .22 .29 .28
R, .29 .37 .44 R, .23 .31 .35
12 .31 .37 .44 12 .2 .28 .24
PICK UP AND RESET PICK UP AND RESET
Ry .32 .36 42 Ry 28 .38 .42
R, 2 .3 .34 Ry 16 .22 .24
1° .52 .44 53 12 .48 .7 .73
PICK UP AND RESET PICK UP AND RESET
R, .38 .42 .42 Ry .42 44 5
Ry .24 .27 .3 R, .36 .3 .45
12 .59 .61 .62 G .53 5 .56
AVERAGE 12 = .492 AVERAGE 17 = .469
STANDARD DEVIATION 12 _— STANDARD DEVIATION 12 - .19
g STANDARD DEVIATION = 229 - g

% STANDARD DEVIATION




TABLE A-II-1 (Continued)

1/8" PAD ON HAMMER

A-2

POSITION 1 POSITION 3
Ry .19 .25 .26 Ry 12 .28 .16
Ry .18 .22 .2 R, 12 .2 13
G .2 .28 .33 12 RY: .36 12
PICK UP AND RESET PICK UP AND RESET
Ry .24 .26 .28 Ry 4 .18 .18
R, .2 .22 .22 Ry .19 .24 .23
12 .28 .33 .33 12 1 14 .16
PICK UP AND RESET PICK UP AND RESET
Ry .21 .27 .28 R, .22 25 .26
R, .19 .24 .27 R, .24 .23 .24
12 .23 .3 .3 12 2 22 .24
AVERAGE 12 = .287 AVERAGE 12 = .184
STANDARD DEVIATION 12 = .046 STANDARD DEVIATION 12 = .0817
% STANDARD DEVIATION = 16% % STANDARD DEVIATION - a8y
POSITION POSITION 4
R, .16 18 21 Ry 2 12 18
R, .23 .28 .31 R, 18 .16 .18
G .12 .14 15 12 .22 1 .18
PICK UP AND RESET PICK UP AND RESET
Ry .23 .28 .28 Ry 5 19 .2
R, .2 .28 .33 R, N 21 2
12 27 .28 .25 12 .23 .18 .2
PICK UP AND RESET PICK UP AND RESET
R, 22 .22 .14 Ry .22 3 .27
R, 2 .26 .16 R, .22 .3 .35
G .23 .19 12 G .22 .3 .22
AVERAGE 12 = 104 AVERAGE 1° = .206
STANDARD DEVIATION I° = .065 STANDARD DEVIATION 1° = .053
% STANDARD DEVIATION 12 = 33 1/3% o STANDARD DEVIATION I2 = 25.8%




TABLE A-I1-2
REPEATABILITY - SR 127

OUTSIDE
WHEEL
TRACK

LANE
CENTER

INSIDE
WHEEL
TRACK

CUTSIDE
WHEEL
TRACK

LANE
CENTER

INSIDE
WHEEL
TRACK

BARE HAMMER 1/8" PAD ON HAMMER
42 .32 4 Ry .21 .3 .34
075 15 R, .06 075 .07
2.24 96 1.6 12 .8 1.2 1.68
34 .34 .36 Ry .32 .24 .27
.09 075 1.44 R, 065 075 .075
1.28 1.44  1.84 12 1.12 80 1.04
.24 .3 .36 Ry .23 .2 .28
.07 095 .085 R, 065 .08 .06
.92 1.00 .02 12 .80 56 1.36
36.3
18 .20 14 Ry .08 R .22
055 075 .065 Ry .035 043 .055
.64 .60 .32 12 .16 .32 .92
25 1 .22 Ry 1 1 1
.07 053 .055 R, 045 .04 .05
.96 .28 .88 12 .16 24 .24
.18 2 .16 Ry 18 16 .16
065 068  .078 R, 045 .04 055

.56 56 .40 12 ,72 .64 44



QUTSIDE
WHEEL
TRACK

LANE
CENTER

INSIDE
WHEEL
TRACK

QUTSIDE
WHEEL
TRACK

LANE
CENTER

INSIDE
WHEEL
TRACK

TABLE A-I1-2 (Continued)

BARE HAMMER 1/8" PAD ON HAMMER

MP 33.6

Ry 21 .22 .22 Ry .23 .22 .23

R, .068 058 .078 Ry .05 045 055
12 .72 .92 .68 12 1.2 .96 .96

Ry .19 .28 .2 Ry .15 .19 .16

R, 185 .133 1 R, 038  .045 .05

12 .16 .60 .40 12 .60 .80 52

R, .24 .25 .2 Ry .16 13 16

R, .075 .078 .095 R, .058 .058 065
G .76 .84 .44 12 .44 .32 .40

MP 29.2

Ry 28 .35 .32 R, .22 .23 .28

R, .095 .075 .03 R, .085 .05 .063
12 .88 1.68 1.20 12 .60 1.04 1.24

Ry 3 19 32 Ry 18 22 26

R .09 .09 .075 Ry .06 045 .05

1° 1.00 .44 1.44 12 .56 1.04 1.28

Ry .28 .24 A7 Ry .3 18 .28

R, .05 .07 .085 R, .065 .05 065
2

I 1.52 .84 .36 12 1.44 .72 1.24



A-5

Table A-1I-3
IMPULSE INDEX REPEATABILITY DATA
Hydrostatic Unit 1

Pavement
A B C D E Temperature

Impact No. 1
Ry .35 .39 .40 .37 .47 +12°C
R, .36 Y .31 .36 .38
12 .33 .37 51 .37 .55
Impact No. 2
Ry .32 .33 42 .32 .44 #12°C
R, .33 .27 .29 .34 .34
G .31 .39 58 .30 .54
Impact No. 3 ’
Ry .34 .38 43 .35 .41 #12.5°C
R, .36 .33 .34 .31 .30
G .32 .43 52 .38 .53
Impact No. 4
Ry .32 .43 46 .35 .39 +13°C
R, .34 .34 .35 .38 .31
12 .30 .52 .58 .32 47
Impact No. 5
Ry .33 .37 .46 37 .48 +13°¢
R, .35 .31 .38 .40 .37
12 31 43 .54 .33 .60
Impact No. 6
Ry .35 .37 .43 43 44 +13.5°C
R, .36 .34 .32 .34 .34
2

I .33 .41 .55 .52 54



A-6

TABLE A-1I1-3 (Continued)

Hydrostatic Unit 1

Pavement
A B C D E Temperature
Impact No. 7
Ry .39 .37 .46 .38 .40 +13.5°C
R, .36 .32 .35 .30 .32
12 .40 A2 .57 .46 .47
Impact No. 8
Ry .33 .38 .45 .48 41 +13.5°C
Ry .35 .33 .35 .40 .33
12 .31 .44 .56 56 .48
Impact No. 9
Ry .33 A1 .46 .44 .46 +14°C
R, .35 .33 .34 .35 .34
12 .31 .49 .59 .54 .60
Impact Mo. 10
Ry .40 .40 .44 .46 41 +14.5°C
Ry .34 .33 .32 .39 .33
1 46 46 .58 .53 .48
Impact No. 11
RT .40 .4 .48 .45 .45 +14,5°C
R, .36 .34 .36 .36 .35
1° 43 47 .60 52 .56
Impact No. 12
R.l .34 A2 .48 .49 .43 +15°C

R, .40 .36 .36 .42 .33
12 .29 .47 .62 .55 .53



Hydrostatic Unit 1

Impact No.

Ry

Ry
2

I

Impact No.

Ry

Ry
2

Impact No.

Ry

R,
Iz

Impact No.

Ry

Ry
2

Impact No.

R,

Ry
2

Impact No.

Ry

Ry
2

I

13

.38
.31
.45

14

.34
37
.31

15

.37
.35
.38

16

.35
.35
.35

17

.35
.37
.32

18

.35
.35
.35

TABLE A-11-3 (Continued)

.40
.32
.47

.41
.33
.50

.40
.32
.48

.39
.32
.46

.40
.35
.44

.41
.34
47

.48
.35
.65

41
.32
.51

47
.35
.59

.43
.34
.53

.43
.33
.54

.46
.36
.55

47
.38
.56

.46
.38
.55

.48
.40
.57

.47
.40
.55

.46
JAo
.53

.45
.36
.54

.45
.33
.60

44
.36
.52

.52
.42
.62

.45
.33
.60

.46
.36
.55

.45
.34
.57

Pavement
Temperature

+15.5°C

+15,8°C

+16°C

+16°C

+16°C

+16°C
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TABLE A-II-3 (Continued)
Hydrostatic Unit 1

Pavement
A B c D E Temperature

Impact Ho. 19
R, .41 .40 .48 .49 .49 +16.,5°C
R, .39 .32 .35 41 .39
12 43 47 .64 56 .59
Impact No. 20
Ry .41 .42 .46 .47 .45 +17°C

Ry .38 .33 .35 .39 .37
I 42 .51 .59 .56 .53



TABLE A-II-4
IMPLUSE INDEX REPEATABILITY DATA

Tripod Unit 2

Pavement
A B ¢ D E Temperature
Impact No. 1
Ry .37 .48 .47 A7 .33 +12°C
R, .33 .34 .39 .36 .30
12 42 65 .55 60 .38
Impact No. 2
R1 .32 .39 .32 .23 .42 +12°C
R2 .32 .29 .33 .23 .30
12 .32 52 .32 23 .57
Impact No. 3
Ry A1 27 .44 .33 .35 +12°C
Ry .33 .37 .32 .25 .34
12 51 21 .59 43 .36
Impact No. 4
RT .39 .38 .36 .33 .42 +12.5°C
R, .32 22 .35 .34 .33
12 46 45 .38 .32 .53
Impact No. 5
R1 .42 .37 .30 .37 .49 +13°C
R, .33 .33 .33 .36 A
12 .53 41 .29 .38 .58
Impact No. 6
R] .37 .28 .45 .60 .34 +13.5°C
R2 .38 .20 .30 .28 .23
2

I .37 .38 .65 1.29 A9



Tripod Unit 2

Impact No.

Ry

Ry
2

Impact No.

Impact No.

1
Ry
12

Impact No.

Ry

R,
IZ

Impact No.

Ry

Ry
2

Impact No.

.39
.37
.42

.38
.34
44

.57
.40
17

10

.46
.36
.57

11

.56
.38
.84

12

.59
.38
.88

TABLE A-1I-4 (Continued)

.31
.32
.30

.18
21
.16

'35
.38
.34

.20
.25
A7

.82
.46
.46

.42
.46
.38

.45
.30
.65

.39
.40
.39

.34
.35
.33

.64
.41
.96

.19
.27
.14

43
.33
.55

.64
.34
.20

.32
.33
.33

.20 -
.22
.18

37
.40
.34

.43
.38
.49

.50
A1
.60

.31
.28
.36

.38
.33
.45

.54
.34
.83

.36
.36
.36

.42
.42
42

.53
.38
.73

Pavement

Temperature

+13.5°C

+13.5°C

+14°C

+14°C

+14.5°C

+15°C



Tripod Unit 2

A
Impact No. 13
R] .40
R, .42
12 .38

Impact No. 14

R] .60
R, .27
12 1.33

Impact No. 15

Ry .39
R, .34
12 .45

Impact No. 16

Ry .30
R, .36
12 25

Impact No. 17

Ry .40
R, .26
12 .58

Impact No. 18

R] -43
R2 .32
G .57

TABLE A-1I-4 (Continued)

.36
.38
.35

.34
.35
.34

.65
.41
.00

.40
.32
.49

.28
.38
.22

.30
.30
31

.44
.25
73

.47
.38
.58

.50
.35
70

.22
.19
.26

.42
.36
.48

44
.34
.56

.24
.28
.21

.43
.38
.49

.54
.29
.98

4
.39
44

.46
31
.66

.43
.28
.62

.34
.34
.34

.48
.44
.52

.51
.42
.62

.39
.33
.46

.46
.32
.66

.32
.37
.28

TEAYENERlre

+15°C

+15.5°C

+156.8°C

+16°C

+16°C

+16°C

A-1



Tripod Unit 2

Impact No. 19

Ry .45
R, .45
12 .45

Impact No. 20

Ry .39
R, .25
12 .58

TABLE A-1I-4 (Continued)}

.40
.38
.43

.40
.39
42

.52
.37
A

.43
.33
.54

.38
.36
.40

.47
.35
.60

.30
.32
.28

.38
.47
.33

A-12

Pavement
Temperature

+16°C

+16.5°C



Site

AR
B,R
B,R
CR
DR
ER
FR
GR
HR
JR

KR

AL
B,L
B,L
CL
DL
EL
FL
GL
HL
Jl
KL

TABLE A-III-1

BENKELMAN BEAM DATA - PULLMAN AREA
REBOUND IN INCHES

Position
1 2 3 4 5 6 7 8 9 10

02425 .024 .020 .026 .0235 .020 .0205 .0268 .021 .0245
.0159 .0083 .0135 .0114 .0085 .0110 .0077
.0115 ,0117 .0116 .0112

0440 .0480 .0352 .0567 .0610 .0750

.0555 ,0470

.0490 .0520 .0870 .0426 .0420

.0282 .0256 .0290 .,0240 .0247

.0377 .0437 .0384 .03S0 .0440

.0360 .0370 .0384 .0436 .0352

.0030 .0030¢ .0034 .0035 .0039

.00%0 .0097 .0073 .0080 .0095

,0209 .0231 .0203 .021 .0210 .0192 .0259 .0242 .0259

.0195 .0180 .0135 ,01625 .015 .0155 .0120
.0120 .0120 .0140 .0120 .0125

.0485 .0390 .030 .0960 .0630 .0540

.0445 ,0400

.0725 .0825 .233 .0855 .0550

032 .029 .028 .03t .0278

.040 .040 .044 .051 .051

.036 .036 .036 .032 .032

.0056 ,004 .004 .0065 .0035

.009 ,009 .009 .009 .012

Average
.0230
.0109
0115
.0533
L0513
.0545
.0263
.04056
.03084
.00336
.0087

.0223
.0157
.0125
.0551
L4225
. 1057
.02956
.0452
.0344
.0047
.0096



Unit 1

AlR x 4

R, .46
Ry .56
12 .37
A2L x 4

Ry .42
R, 77
12 .23
AZR x 4

Ry .42
R, .70
12 .26
AL x 4

Ry .31
R, .32
12 .30
A3R x 4

Ry .44
R, .74
12 .26
AdL x 4

Ry .30
R, .66
12 .14

.35
.00
.73

.36
.66
.20

.55
.80
.38

.44
.26
.53

.64
.90
I45

.38
.58
.25

TABLE A-III-2

IMPULSE INDEX DATA - PULLMAN AREA

.30
.53
17

.3
.70
14

51
.65
.36

.24
.46
.13

.43
.86
21

.35
42
.30

.37
.52
27

.31
.66
.]5

.31
.52
.18

.37

.84

‘]7

.52

27

.47

.83
.27

.36
.80
A7

.41
.65
.26

.30
.79
12

.31
.62
.16

.38
.58
.24

.50
.90
.28

.38
.60
.25

.34
.59
.20

.47
.76
.29

.43
.68
.27

.32
.68
.15

.52
.59
.46

.57
.80
.40

.48
.67
.34

.48
72
.31

.30
.40
.23

.45
J7
.25

.29
.60
14

.52
.86
.32

31
.51
.20

.48
.78
.30

.33
.36
.30

.62
.63
.59

.39
.56
.27

A-14

*

Average

414
77
1.040

.368
.163
.860

.440
179
1.105

. 341
.123
1.045

475
.193
1.210

.400
.161
1,055

*
Note: The x4 gain position of the instrument increases the gain of channel 2
by a factor of 4. r

be divided by 4 and the Impulse Index multiplied by 4.

been performed only in the “average" readings in these tables.

Hence, to normalize the data,

the resulting Ry reading must

This normalization has



Unit 1

A4R x 4

.36
97
14

.41
.49
.34

.31
.33
.30

.38
.55
.26

.36
.42
.31

.43
.53
.35

.37
.40
.34

.48
.58
.40

.33
74
.]5

.50
.80
.31

.34
.59
.20

.37
47
.30

TABLE A-11I-2 (Continued)

.34
.64
.18

.29
.47
.18

42
42
42

.30
.48
.19

.49
.48
.49

.46
.48
.43

.35
.89
J4

.30
.47
.20

.37
.56
.25

.58
.61
.54

.34
.52
.23

.54
.76
.38

.42
.50
.34

27
.54
14

.33
.62
.18

.34
.42
.27

.34
.40
.28

.43
.52
.35

.23
.42
.13

.35
.62
.20

.24
.43
14

.34
.44
.25

.38
.51
.28

.31
.31
.30

.38
.60
.23

.29
.39
.22

.40
.40
.40

.45
74
.28

.48
.62
.36

A
.45
.30

.33
.42
.26

.46
.60
.36

.33
.53
.22

.33
.56
.20

.54
.08
.27

.33
.58
.19

A-15

Average

. 348
.151
.885

. 356
.130
1.020

. 341
.126
1.030

.403
.144
1.150

.409
.144
1.210

410
.128
1.300



Unit 1

A7R % 4

Ry .32
R, .47
12 .22
ABL x &4

Ry 41
R, .51
12 .36
ABR x 4

Ry .37
R, .59
G .23
AL x 4

Ry 54
Ry  1.01
12 .29
A9R x 4

R, .30
R, .50
G .20
AIOL x 4
R, .34
R, .69
12 17

.29
.68
A3

.28
47
A7

.4
.52
.33

.36
.00
.13

.36
.55
.25

.30
.85
.13

TABLE A-11I-2 (Continued)

.30
.42
.22

.43
.98
.20

.62
.85
.45

.28
.63
13

.36
.83
.16

.34
.58
.21

.38
.55
.26

.43
.50
37

.34
.52
24

.34
.66
.18

.37
.68
.20
.35

A2
.30

.51
.62
.42

.48
.52
.45

.48
.81
.29

.52
.70
.38

.39
.66
.23

.58
.76
.45

.50
70
.35

41
.70
.24

.36
.47
.28

47
.89
.25

.38
.43
.34

.53
.82
.34

.31
.45
.22

.55
.67
.45

.30
.48
.19

.48
.68
.34

.38
.52
.28

.42
.]0
.16

.50
.61
41

.35
.78
.16

.34
.54
.22

A1
.56
.29

.34
.54
.22

.46
.80
.26

A-16

Average

. 389
141
1.115

.418
.160
1.200

.403
.149
1.115

.425
.192
.995

. 360
147
.940

415
.188
1.010



Unit 1
A10R x 4
Ry .50
R, .58
G .42
BIL x 4

Ry .27
R2 .82
12 .10
BIR x 4

Ry .21
R2 141
12 1
B2L x 4

Ry .25
R, .72
12 .09
B2R x 4

R, .19
R, .47
1° .08
B3L x 4

R] I24
R, .60
12 .10

.33
.54
.21

.33
.75
.15

.21
.46
.10

27
.56
.13

21
.35
13

.16
.26
1

TABLE A-I11I-2 (Continued)

.32
.36
.29

.26
.40
a7

.24
.27
21

.26
.50
.14

.22
.39
A2

.26
.34
.21

.28
.44
18

.24
.44
13

.32
.51
.20

.46
.60
.35

.20
.37
.]2

A7
.30
.10

.23
.52
.10

.34
.44
.22

27
44
.16

.21
553
.09

.23
.40
.14

.22
.29
14

.30
.30
.30

.39
.52
.30

.20
.30
.13

.22
.40
.13

.20
.28
.15

.16
.28
10

.35
.62
.20

.32
.44
.23

.30
.30
.30

.29
.32
.26

.28
.50
.16

.33
.45
24

.37
41
.34

.32
.47
.18

.28
.38
.20

.36
.70
.19

.18
.28
12

.30
.31
.30

Average

.335
.118
1.025

. 309
.134
.740

.254
.096
- 705

.290
.135
.690

214
.095
.510

.230
.088
.650



.20

13

.28
.57
.14

.34
.44
.26

.20
.33
13

.22
.24
.20

.30
.64
.14

.25
‘30
.21

.21
.40
.12

.26
.43
.16

.18
.38
.09

21
.31
15

TABLE A-1II-2 (Continued)

.25
.40
.16

.20
.40
.10

.14
.26
.08

.27
40
.]9

.28
.63
.13

.26
.40
.]9

.20
.32
.14

.18
.37
.10

11
.32
.05

.20
.52
.08

.30
.44
.20

.33
42
.46

14
.28
.08

.28
.44
.18

.06
.28
.10

.33
.52
.22

.18
3
.10

.22
.27
19

A7
.28
.10

.28
.45
.18

.16
.34
.08

.23
.26
.21

.23
.48
11

.25
.4
.16

.23
.34
17

.34
A1
.29

17
.23
.13

.20
.36
C]z

.22
.32
.16

21
.32
.14

.20
.25
.16

.20
.34
.13

.18
.32
1

.22
.30
.16

.]7
.43
.08

.28
.30
.25

Average

211
.088
.540

.251
.103
.665

. 155
.077
.405

.256
101
.700

.220
.103
.500

.248
.083
.870



Unit 1

BER x 4

B7L x 4

.29
.34
24

.30
A1
.18

.48
.30
.75

.39
.22
.66

.40
.30
.50

.27
.49
.15

2]
.29
.16

.33
.43
.26

.53
.23
1.22

TABLE A-I11I-2 (Continued)

.29
.40
.22

31
42
.23

.22
.34
.15

.33
.18
.58

.21
.24
.18

.28
.44
.29

.26
.32
.21

.40
21
.70

.26
.36
.20

42
.16

.30
.30
.29

.48
.33
.68

.50
.20
1.25

.35
.20
.62

.18
27
.13

.19
.33
)

.23
.30
.19

.53

.38

.70

.46

.25

.82

.43
.13
1.42

.30
.38
.23

.25
.43
.16

.23
.24
.23

.51
.40
.62

.28
.15
.48

.35
.20
.56

.22
.23
.22

.20
.24
a7

27
.43
.18

.38
.26
.51

.26
15
.44

.44
.22
.83

A-19

Average

.253
.081
.785

.249
.093
.730

.27
.089
.870

.476
.334
.652

L] 394
.199
.769

. 3940
.210
.786



Unit 1

B9R x 1

Ry .37

R, .22

12 .97

BIOL x 1

R, .75

R, .26

2 2.163

B10R x 1

Ry .32

R, .20

12 .52

BI1TL % 1

Ry .53

R, .24

2 1.7

B11R x 4

R, .33

R, 67

12 .16

BiZ2L x 4

R, (.41
.20)

Ry .80

2 (.84)

TABLE A-III1-2 (Continued)

.30 .34
.24 14
.39 .76
.25 .39
14 L1
.45 1.38
.44 .40
L1 13
1.76 1.23
.28 .31
.98 1.0
.08 .10
X 1
.54 .30
.46 .18
.63 .50

.32
.18
.52

27
.15
.48

.36
.18
.72

.31
.44
.22

.40
14
.99

.30
.14
.60

.38
.30
47

.31
.25
.39

.46
.21
.92

.34
.60
.20

.33
.18
.61

.38
.16
.86

.34
A2
.86

.36
.26
.48

.54
.24
.22

.26
.60
1

.32
A7
.56

.34
1
.91

.46
A7

.34
.26
.64

.65
.32

.35
.78
.16

.62
.24
1.60

A2
.22
.78

.50
.24
.94

.38

.23

.62

.56

.18

41

.16

.65

.22
1.92

A-20

Average

.344
.176
.724

.486
218
1.136

. 328
.200
.620

.493
.201
1.260

.280
.190
.595

.446
.299
.956



Unit 1

CiL

x 4

4
.50
.34

.39
.59
.26

.26
.36
.19

.27
41
.19

.56
.61
.50

.48
.51
.43

.34
.60
.20

.34
.53
.22

.28
.76
.10

A
.38
.44

.38
.50
.29

.46
.60
.34

TABLE A-TII-2 (Continued)

.26
.56
.12

.49
.38
.60

.58
.40
.80

.44
A2
.46

.38
.37
.39

.51
.51
.50

.34
.63
.20

.36
.46
.28

.46
.45
47

.28
.60
14

.85
.46
.65
.40

.35
.45

.35
.50
.25

.41
.54
.31

42
.46
.38

.30
43
.21

.61
.50
71

.52
.52
.51

.30
.55
A7

.50
.44
.54

.32
.56
.18

.32
.52
21

‘48
.58
.40

.42
.42
.42

.30
.49
.20

.44
.40
.48

.48
.32
.67

.33
.46
.24

.48
.49
.46

.43
.51
.37

.55
.53
.56

.30
.54
.18

.27
.36
.21

.56
51
.59

.47
.66
.33

.48
.44
.52

A-21

Average

.356
.136
1.020

.404
121
1,435

. 384
.]15
1.500

. 364
117
1.240

.489
.130
1.865

.463
121
1.770



Unit 1
C4L x 4

.43

.34

.53

.58

.22

.53

.42

.53

.46

.60

.38

.35

.33

.39
.27

.48
.37
.61

.40
.35
.44

.50
.37
.64

.39
.33
.45

.48
.50
.46

.45
47
.42

TABLE A-IIT-2 (Continued)

.57
.38
.82

070
.25
.96

.29
.35
.23

45
.35
.55

.33
.27
.41

.26
.43
.16

.40
.33
.43

.32
.43
.24

.44
.40
.86

.46
.28
.72

.35
.30
.41

.52
.45
.57

.38
.32
.44

.46
.50
42

.51
.28
.87

.46
.28
.70

.28
Q32
.25

.35
AT
.30

.40
.45
.35

.38
.37
.38

.45
.26
.74

.47
.26
.79

.54
.32
.84

.30
.43
21

.46
.30
.66

.34
.30
.37

.45
.28
.69

l45
.26
.72

.42
.38
.45

.45
.46
.45

.58
.46
.70

.32
27
.36

.43
.37
.48

.50
.32
.76

.42
.45
.38

.27
.39
.20

A-22

Average

.463
.092
2.310

.438
.084

.436
.083

.455
.076
2.645

.400
.092
1.775

. 366
.107
1.290



Unit 1
DIL x 4

.38
.78
.19

.96
l43

.28
.48
A7

.39
.40
‘37

.47
.37
.57

.61
.63
.57

.32
.65
.16

.32
.34
.30

.39
.42
.37

.30
.52
17

.53
.30
.88

.52
.38
.69

TABLE A-I11-2 (Continued)

.40
.56
.28

.48
.48
.48

.33
.51
.22

.35
.43
.29

.56
.39
.75

.63
.46
.83

.41
.56
.30

.31
.46
21

.41
.37
.44

.30
.40
.23

.53
.35
A7

.47
.50
.44

.23
.46
.]2

42
.36
.46

.28
.43
.20

.32
.44
.24

.40
.36
.44

.52
.76
.36

.58
.40
.79

.35
.32
.38

.30
.28
.31

.34
.48
.24

.39
.46
.24

.70
Y4
.89

.36
.40
.32

.42
.33
.51

.42
.40
.43

.30
.38
.25

.64
.30
.37

.57
.58
.56

47
.52
.27

.30
l3g
.34

.27
.46
.16

.35
.56
22

.56
.24
31

.46
.69
.30

A-23

Average

.3%4
135
1.215

.388
101
1.555

.335
l]05
1.150

.325
113
1,005

.510
.087
3.165

.560
141
2.320



Unit 1
E2L x 4

.59
.47
A

.54

.50

.70

.26

.09

.59

.20

.74

.37

.37

.35

.23
.54

.44
.38
.49

.84
42
.68

.25
.58
11

.93
.23
.76

.49
.48
.49

.30
.38
.23

TABLE A-III-2 (Continued)

A4
.31
52

.62
.36
.99

.43
.65
.29

.44
.26
.70

.46
.67
.20

.37
.35
.40

.40
47
.34

.56
.48
.64

.34
.54
.22

.65
.22
.92

.45
.43
.46

.39
.30
.48

.38
.54
27

.44
.61
.32

.27
.36
.20

.48
.54
.42

27
.45
A7

.26
.27
.24

.62
.42
.86

.50

.36
.70
.18

.55
.52
.58

.33
.34
.32

.41
.23
.66

.40
.72
.22

.48
.49
.45

.30
.68
.13

.50
.25
.90

.35
47
.26

.34
.35
.33

.46
41
.49

.52
.54
.49

.33
.94
12

.16
.24
12

.50
.35
.70

.38
.42
.34

A-24

Average

463
116
1.950

.625
.122
3.635

.318
. 165
.670

.538
.077
5.070

.403
A1
1.485

.350
.079
1.610



Unit 1
ESL x 4

.39

47

.25

.20

.54
.92
.33

.73
.50
.99

.36
.67
.20

.20
.43
.10

44
.41
.47

.25
.29
.22

.46
.36
.54

.16
.40
.07

.40
.27
.58

.42
.54
.32

TABLE A-III-2 (Continued)

.46
.43
.49

.30
030
.30

.38
.34
.43

.40
.36
044

.28
.20
.39

.50
.63
.38

.32
379
13

.26
.36
.20

.40
44
.35

.46
.43
.49

.44
.37
.51

.37
.38
.36

.38
.41
.36

.39
.30
.50

.36
.53
.25

.32
.19
.53

.52
.50
.54

.35
.27
.43

.32
.42
.24

.26
.23
.32

.48
.32
.68

.30
.37
.25

.43
.46
.60

.41
.38
.42

l36
.48
27

.37
.44
.25

.50
.60
.40

.39
.24
l43

.37
.32
.56

.52
.31
.82

.27
.31
.24

.27
.40
.20

.59
.51
.65

41
.35
.45

A2
.57
.25

.51
.34
.74

A-25

Average

. 368
112
1.335

.294
.083
1.095

.46
.50
.45

.40
.36
.46

.09
.42
.45

.41
41
.45



Unit 1

F3L x 1

.20
.25
']6

.32
21
.49

.44
.48
.40

.44
.31
.61

.36
.34
.38

.38
.45
.32

.31
.30
.32

.24
.20
.30

.31
.27
.35

.62
.27
42

.32
.50
.21

.43
.31
.57

TABLE A-III-2 (Continued)

.47
.35
.61

.50
21
.19

.57
.34
.92

.40
.60
.27

A1
.48
.35

047
42
.50

.68
.37
.25

.25
.27
.24

.63
.32
.24

.55
.32
.90

.34
.48
.24

.60
.53
.66

41
.30
.54

44
.33
.55

.37
.32
.43

.34
.32
.36

.46
.56
.38

.56
.48
.64

.37
.38
.36

.58
.54
.61

.32
.33
.31

.36
.58
.23

.32
.58
A7

.33
.35
.31

.32
.34
.31

.37
.39
.35

.40
.36
.43

.31
.33
.29

.51
.43
.58

.35
.51
‘24

.44
.33
.56

.30
.24
.37

.59
.41
.83

.37
.37
.37

.30
.20
.46

.54
.36
.76

A-26

Average

.40
.33
.51

.38
.30
.51

l45
.35
.61

.42
.39
.56

.38
.45
.35

.46
.43
.50



Unit 1
GIL x 1

.46
.20
.94

.27
14
.50

.54

.86

.34
.20
.56

.45
.33
.57

.43
.42
.43

.33
.21
.49

.40
.20
.73

.37
.42
.33

.49
.20
.20

.35
.17
.66

.50
.62
.99

TABLE A-TII-2 (Continued)

.51
.30
.81

.26
A7
.39

.36
44
.30

.43
.21
.82

.39
.20
.75

.52
.28
.90

.39
.24
.60

.36
.20
.61

.33
.34
.32

.28
.26
.29

.39
13
.99
.37

.23
.58

.50
.30
.80

N
12
.40

.34
.30
.40

.32
13
71

.31
14
.63

.38
.18
72

.40
.22
.60

.34
. 30
.37

.44
.24
.76

.33
.35
.66

.40
17
.82

.33
.26
.42

.42
.37
.46

.30
019
.46

.38
.]9
.73

|35
a2
91

.42
.27
.62

.28
.18
.42

.37
.38
.36

.33
.22
.49

.38
.32
.44

.31
.34
.64

.36
.46
.29

.31
24
.41

A-27

Average

.42
.28
.63

.33
.19
.62

.39
.32
.52

.36
21
.72

.38
.23
.67

.39
.30
.61



Unit 1

G4L x 1

.34
.10
.98

.30
.18
.50

.45
.24
.80

.40
A7
.85

.49
12
.00

.34
.18
.60

.36
.20
.65

.40
.15
.96

.35
.14
.76

.38
.22
.63

TABLE A-I11-2 (Continued)

.50
.19
.32

41
.18
.86

.32
.24
41

.32
.21
47

27
.13
.52

.25
']3
.46

.36
.26
.48

.36
A7
71

.39
.25
.58

.40
.22
.68

.33
.13
A7

.32
.20
.48

.26
.21
.34

.30
.18 .
47

.38
.21
.67

.35
.]6
.69

.32
.20
.50

.37
.16
.80

.27
.20
.36

.40
A7
.85

.32
.27
.38

.36
.22
.54

.36
.20
.60

.40

.14
.98

.42
.16
.99

.44
.20
.88

.34
.27
.41

.38
.16
.82

.46
.23
.83

.32
.20
.48

.54
.18
.62

A
.35
.46

.31
032
.31

44
.20
.90

47
.18
.23

.34
.20
.55

A-28

Averaqe

.40
.18

.37
.20
.67

.35
.25
.51

.39
.19
.76

.38
.18
75

.35
.18
.65



Unit 1

HZ2L x 1

.34
.14
.75

.50

.39

.31

15

.62

.45

.13

.56

.40

.18

.80

.26

.65

.45
.24
.80

.35
.10
.23

.37
.12
.97

.30
.26
.35

.37
.14
.90

.20
.06
.59

TABLE A-III-2 (Continued)

.38
.18
.75

.36
.15
.82

.36
.15
I76

.37
.14
.88

.47
21
.96

.24
.09
.58

.46
.20
.97

.40
14
.14

.38
.16
.83

.24
.24
.24

.30
17
.51

.30
.08
.99

.44
.16
.21

.40
.13
.23

.40
13
.23

.49
.19
.26

45
.20
.91

.24
.08
.64

.43
.16
.16

.30
.13
.65

.38
12
.20

.40
.42
.38

.31
.20
.48

.30
.]0
.75

.26
12
.53

.33
.]6
.63

.30
.]8
047

.30
1
.75

.31
.15
.61

.18
1
.29

.36
2
.94

41
.19
.83

.40
12
.33

.34
1
.90

.44
.14
.38

.24
.09
.58

A-29

Average

.39
A7
.89

.38
.15
.99

.36
.02
.93

.36
.20
.79

.38
A7
.82

.25
.09
.63



.58
.19
A7

.26
.13
.47

.34
.33
.35

.58
.40
.79

.64
.91
.45

.57
.46
.68

.32
14
.68

.32
12
.75

.36
.63
21

.28
.50
.30

51
.78
.33

.40
.39
42

TABLE A-IIT-2 (Continued)

.34
.14
75

.28
.12
.60

.36
.53
.25

.46
.36
.56

.40
.36
.43

.35
.38
.32

.34
.18
.58

.29
.15
.53

.58
.64
.52

.42
.57
.30

.50
.59
.43

.40
.37
.43

.32
17
.58

.28
12
.59

.52
.26
.86

.51
.63
.42

.60
.92
.66

.29
.37
.22

.32
.16
.61

.32
.15
.61

.55
.36
.80

.35
.34
.36

.43
.44
.43

.42
.46
.38

31
.18
.50

.34
1
.88

.39
.45
.34

.27
24
.31

.65
.86
.48

.63
.33
1.20

.30
A3
.61

.29
1
.67

.33
.35
.3]

.61
47
.76

72
.50
.04

.54
.34
.82

A-30

Average

.35
.16
.76

.30
.13
.64

.43
.44
.46

.44
‘44
.48

.56
.62
.53

.45
.39
.32



- Unit 1

J3L x 1

.43
.70
27

.65
.54
.75

.52
.48
.54

A
.57
.85

.72
43
21

.26
.39

.77
.51
.16

.58
.47
.70

.58
.40
.80

.66
.58
.72

.59
.39
.83

.56
.59
.51

TABLE A-III-2 (Continued)

.37
.24
.56

64
.32
.28

.55
.43
.67

43
.38
.46

.58
.56
.59

.51
.48
.53

.59
44
.75

.38
.52
.28

.67
.42
.07

.52
.54
.48

.67
.47
91

74
.56
.94

.34
.20
.55

.60
.64
.55

.63
.48
.78

.37
.45
.31

.52
.64
.42

.70
.55
.84

.56
.73
.42

.64
.52
.76

.69
.63
.73

.42
.36
.46

.54
.46
.61

.52
.52
.51

.58
.79
.43

.74
.75
.73

.46
.38
.54

.56
.37
.81

.35
.39
.31

.18
.48
.08

.54
.50
.48

.b5
.61
.49

.53
.58
.49

.39
.63
.25

.52
.46
.57

.61
.46
A7

A-31

Average

.52
.51
.58

.60
.55
.69

.58
.48
.70

.51
.49
.54

.56
.48
.68

.52
l49
.57



.25
.28
.22

.25
.30
.21

.30
.32
.42

.28
.45

.18
21
a7

.40
.29
.52

.30
.34
.26

.23
.35
.16

.24
.26
.23

.32
.37
.29

21
.22
.20

.34
.29
.39

TABLE A-II1-2 (Continued)

.27
.35
21

.22
.24
.22

.26
‘45
16

.37
.44
.31

.26
.22
.20

.46
.27
.73

.40
.50
l32

.22
.30
.16

.23
.40
.16

.24
.50
12

.18
.20
.18

.29
31
.26

.25
.36
.18

.35
.37
.32

43
.38
.48

.32
.24
42

21
.28
.16

.33
.25
.41

.32
.42
24

.26
.24
.27

.28
.29
.27

.35
.42
.10

.24
.21
.27

.25
.39
.16

.26
.37
.19

.28
.29
.27

.30
.34
.26

.34
.27
A1

.24
.22
.28

.28
.21
l38

.28
.34
.23

.23
.30
J7

.34
.27
41

.29
.27
.30

.24
.22
.19

.40
.27
.57

A-32

Average

.29
.09
.93

.26
.08
.89

.30
.09

.33
.09

.22
.056
.83

.34
0N
1.71



A-33

TABLE A-III-2 (Continued)

Unit 1 Average
K4L x 4

Ry 7 .2 9 6 .21 .29 .24 o4 .21
R, .22 .28 .21 24 30 .33 .27 .08 .067
s 6 7 a2 a5 .25 22 g .72
KAR x 4

Ry .18 .26 .19 28 .24 .19 .26 .28 .23
R, .32 .24 28 26 .25 .48 .27 .33 .076
2 n .28 13 .30 .23 .08 .24 .20 .79
KSL x 4

Ry .20 24 21 23 6 .24 2 . .22
R, .26 .25 32 38 3 .26 .23 .3 .077
¥ 6 .23 3 5 .o o3 .21 .15 .67
K5R x 4

Ry .30 .26 .25 30 .33 .3 .27 .o .29
R, .24 26 31 35 29 28 .30 .35 .074
2

I .38 .27 .21 .25 .37 .45 .25 .13 1.16



A-34
TABLE A-III-3

IMPULSE INDEX DATA -PULLMAN AREA

*

Unit 2 Average
AL x 4 0°  45°  90°  135°  180°  225°  270° 3150

Ry, .48 40 .35 .31 27 .19 .27 30 .32
R, .64 .35 69 .56 .53 .32 .48 .5 128
3 .43 .18 .8 .41 a5 .16 .86
AR x ¢4

Ry .50 .29 .31 36 .8 .20 .3 . .34
R, .70 76 .81 48 .64 .37 .53 .51 .136
1 3 9 28 22 N a7 23 .83
A2l x 4

Ry .48 4 31 33 30 .44 .37 a0 .39
R, .71 .55 .44 51 63 .65 .54 .5 142
33 .35 23 .30 .4 s 26 .30 1.10
AZR x 4

Ri 37 2 300 27 4 a6 3 3 .36
R, 60 61 75 54 722 88 68 s 165
Y N T AN P 24 16 .5 .79
A3L x 4

Ry 36 24 32 28 30 .28 .3 3 .31
R, .66 .84 64 74 38 54 g0 .5 147
12 200 22 .16 Y 23 14 a7 26 .75
A3R x 4

Ry w38 36 45 28 2 a1 ag 3 .38
Ry 6033 74 67 56 .62 .48 6o 144
“ 20 38 .28 2 o 28 .48 .16 .M

-

Note: The x4 gain position of the instrument increases the gain of channel 2
by a factor of 4. Hence, to normalize the data, the resulting Ry reading must
be divided by 4 and the Impulse Index multiplied by 4. This normalization has
been performed only in the "average" readings in these tables.



A-35

TABLE A-II1-3 (Continued)

Unit 2 Average
AdL |
Ry .35 .26 .3 .22 .30 .41 .3 .91 .32
R, .67 .45 46 .69 .46 .70 .52 .53 140
8 6 .26 .08 .20 .4 24 a8 19
AS5L x 4
Ry .32 .30 .30 .26 .29 .38 .3 .31 .32
Ry .73 42 59 47 46 .45 .53 .68 133
a5 200 a5 a5 .20 . o .16 .81
ASR x 4
R, 39 37 28 23 .33 39 36 32 33
R, .50 .42 30 .46 .48 .39 .43 .66 114
¥ .3 .27 2 .23 39 g .16 1.06
A6L x 4
Ry 30 27 30 36 .22 37 26 35 30
R, 40 40 52 42 57 .75 50 g6 132
23 9 7 .30 .08 18 4 8 .74
A6R x 4
Ry 43 2 a1 3 .35 .32 .37 a0 .37
R, .78 .78 52, 45 45 48 .35 .53 136
N N R T .38 .30 1.07
A7L x 4
Ry .35 .30 28 .30 .48 .31 .40 .33 .34
R, .49 .30 47 40 54 33 60 53 114
2

.24 .30 17 .23 .42 .29 .26 .20 1.06



Unit 2
A7R x 4

R] .31
R, .58
12 17
A8SL x 4

Ry .34
R, .82
12 .18
ABR x 4

Ry .30
R, .53
12 .16
A9 x 4

R, .32
R, .55
12 .18
AR x 4

Ry .33
R, .53
12 .20
AlOL x 4
Ry .36
R, .39
12 .32

.37
.74
.20

.35
.50
.24

.33
.46
.23

.37
70
.20

27
.37
.20

.32
.60
A7

TABLE A-111-3 (Continued)

.32
.45
.23

.32
.46
.23

.24
.30
.20

.26
A
.18

.38
.67
.22

.36
.56
.23

.40
.53
.31

.34
.59
.20

.38
.45
.31

.35
.66
.18

.36
.46
.29
.44

.53
.36

.35
.43
.30

.34
.52
.23

.39
.52
.28

.38
.56
.25

.26
.35
.19

.45
.48
142

.35
.43
.27

.40
.48
.32

.26
.30
.22

.31
.59
.16

.32
.60
.17

.31
47
.20

.45
.50
.39

27
.38
13

.29
.47
a7

.30
.46
.18

.28
.33
.23

.39
.69
22

.29
.61
.13

41
.52
.31

.32
.39
.26

.40
.45
.34

.30
.41
21

.53
.70
.39

A-36

Average

.36
.133

.35
.133
.92

.31
.107
.92

.34
137
.84

.31
116
.86

.40
.138
1.16



Unit 2
AlOR x 4
Ry .41
R, .62
12 .26
BIL x 4

R, .26
R, .56
12 12
BIR x 4

Ry .24
R, .42
12 .14
B2L x 4-
R? ‘34
Ry .40
12 .09
B3L x 4

Ry .23
R, a4
12 12
B3R x 4

Ry .20
R, 25
12 17

.30
47
.18

.32
.48
.21

.32
.56
.18

.19
.32
.09

.20
4

.20
.34
L

TABLE A-III-3 (Continued)

.35
.61
.19

.24
.35
7

.25
.29
21

.24
.45
.18

.13
.29
.06

.16
.34
.07

.27
.38
.20

.38
13

.20
.23
.16

.20
.33
14

.18
.31
.10

21
.27
.16

.32
A1

.29
.56
.16

27
.47
.14

.20
.50
.15

17
L3
.10

21
.30
14

.35
.59
.20

.33
.42
.25

.22
.51
.09

.22
.33
.23

17
.46
.06

.20
.38
.10

.29
.70
.12

.22
.44
.10

.30
.35
.28

.22
.33
.08

.27
.36
.20

.28
.25
.30

24
.20
27

.28
.44
18

.24
.32
.16

.24
.40
.08

.21
.40
.10

.23
.38
.14

A-37

Average

.32
124
.83

.27
113
.66

.26
.099
.66

.23
.096
.52

020
.093
42

21
.078
.60



A-38

TABLE A-I11-3 (Continued)

Unit 2 Average
B4L x 4

Ry .23 14 19 23 28 .27 .24 .4 .24
R, .44 35 41 44 33 43 a1 47 .103
2 6 .8 .3 23 1 4 12 .58
B4R x 4

Ry .18 24 6 4 21 200 4 19 .18
Rp 31 44 35 26 2 30 23 .30 Log
00 a3 .8 .08 .0 1 08 .10 .40
B5L x 4

Ry .29 2 20 7 25 23 15 g6 .24
R, 63 .37 27 40 2 a2 36 g .103
N N A A R T 06 .15 .56
B5R x 4

Ry w2 8 7 a1 2 a8 30 a0 .21
R w28 .30 27 32 50 20 .43 s .095
6 0 0 a3 og 16 .20 .05 .49
B6L x 4

R 3 200 200 26 21 .20 g .22
Rp 3231 4 28 26 46 .3 3 .078
Y J6 6 4 26 100 .M .13 .64
B6R x 4

T L LA 7 B S PO .20
o 32 38 37 % a3 3 g .087
0 .08 .08 16 23 M 0 .49



A-39

TABLE A-1II-3 (Continued)

Unit 2 . Average
B7L x 4
Ry .20 .25 .20 .8 .21 .7 .32 .24 .22
R, .35 .50 .24 .35 .46 .35 .38 .33 .093
12 .3 .8 .09 .10 .08 .25 .17 .56
B7R x 4
Ry .24 .27 .21 .25 .26 .33 .25 .24 .26
R, .45 .39 .34 .31 .61 .43 .41 .48 107
P g2 200 a4 200 .1 .24 5 .2 .64
B8L x 1
Ry .49 46 .33 .58 .45 462
R, .27 22 .22 .26 .27 .248
12 g4 91 49 129 .73 852
BER x 1
Ry .24 .16 .26 .38 .33 .32 .30 .30 .29
R, .24 .20 .05 .14 a4 4 4 .22 17
24 3 . .91 .70 .60 .52 .38 .49
BIL x 1
Ry .51 28 .27 .35 .40 362
R, .24 20 18 .20 .22 .208
1 1.08 70 .37 .57 .64 .672
BOR x 1
R, .40 .37 .33 .42 .29 .30 .28 .22 .33
R, .17 .14 18 .20 .22 6 .12 .5 17
2

I .84 .86 .55 .84 .36 .50 .54 .28 .60



Unit 2
BTOL x 1
Ry .47
R, .30
12 .72
BIOR x 1
Ry .28
R, .14
12 .51
B11L x 1
Ry .37
R, 20
12 .64
B1IR x 1
Ry .36
R, .24
12 .48
B12L x 1
Ry .30
R, .24
1 .34
CIL x 4

Ry .32
R, .48
12 .21

l27
.15
.44

.28
.19
.36

.30
21
.40

.58
.21
.60

.31
.57
.18

TABLE A-III-3 (Continued)

.30
.15
.54

.18
.16
.18

.26
.18
.36

.44
.20
.90

.31
.55
‘]4

.33
.18
.55

.24
.24
.24

.39
A2
.27

.29
.16
.46

.28
.60
.18

.58
A7
.98

.38
.19
.66

.25
.37
17

.18
.13
.20

41
.18
.81

.33
45
A2

.35
.21
.51

.23
.20
.25

.23
.22
.22

.31
.09
.88

.37
.23
.55

.24
.40
A2

.27
.24
.30

.26
.22
.28

.45
.14
.45

.33
.20
.50

.31
.16
.53

.23
.42
.23

.30
.25
.33

.34
.27
.42

.30
.21
.40

.14
.1
.15

.21
.15
.25

.31
.50
.13

A-40

Average

.394
.234
.768

.30
.19
.46

.29
.22
.46

.28
.16
.53

.36
.19
.68

.26
.124
.66



.27

13

.23
.46
1

.28
.45
17

.37
.48
.30

.49
.30

.33
.33
.33

.34
.56
.20

.25
.32
.19

.26
41
A7

.63
.56
.66

.36
.54
24

.43
.25
.70

TABLE A-III-3 (Continued)

.32
.52
.20

23
.39
.13

.26
.30
.23

.49
.58
.40

.33
.35
.30

.35
.25
47

.35
.37
.32

.31
.56
17

.43
31
.56

.42
I46
.38

.36
.46
.28
l45

.29
.65

.38
.52
.27

.36
.38
.32

.28
.48
.16

.48
.48
.48

.30
.37
.24

.37
.28
.46

.32
.60
17

.28
.37
.22

.32
.45
.23

.48
.58
.38

.33
.34
.32

41
.25
.61

.26
.46
.14

.32
O32
.32

.31
.38
.25

.38
.66
.23

.34
.47
.26

.40
.43
.36

.27
42
17

.26
.42
A7

.31
.33
.29

.44
.65
.30

.40
.40
.40

.40
l42
.36

A-41

Average

.31
125
.80

.28
101
.82

.31

.097

.46
.139

.35
.107

.39
.078



A-42

TABLE A-III-3 (Continued)

Unit 2 Average
CaR x 4 '
Ry .38 .38 .32 .56 .22 .22 .50 .45 .38
R, .14 .20 .23 .22 .42 .30 .26 .24 063
12 95 .70 .42 143 02 .5 .88 .76 2.71
C5L x 4
Ry .37 .44 48 .36 .40 .27 .30 .40 .38
R, .40 .36 .46 .40 .40 .27 .33 .33 .092
2 33 .50 .49 .32 .40 .27 .27 .45 1.52
C5R x 4
Ry .42 .40 .45 43 .34 .51 .30 .32 .40
R, .38 .40 .30 .3 .34 .32 .26 .30 081
44 40 .60 .53 .34 .78 .34 . 1.89
C6L x 4
Ry .44 .35 47 .35 .35 .35 .35 .42 .39
R, .29 .35 .33 .35 .35 .42 .36 .35 088
° 62 .35 .64 .35 .3 28 .34 .48 1.71
C6R x &
Ry, .25 .30 .26 .3 .29 .44 .25 .23 130
R, 34 30 38 % .32 40 30 40 09
a8 .30 a8 .30 .25 .47 .1 1 1.0
DIL x 4
Ry .37 .25 .30 .22 .3 .44 .26 .33 .31
R, .36 .44 .36 .40 .53 52 .36 .30 102
2

.36 .14 .24 .12 .22 .37 .19 .34 .937



.42
.50
.34

.29
.33
.24

.28
.56
.14

.36
.48

.35
.48
.25

.38
.40
.35

.28
.44
.18

.23
.35
.15

.29
.56
.15

.36
.35
.36

.35
.48
.26

.27
.23
031

TABLE A-II1I-3 (Continued)

.39
.50
.30

.19
.51
.06

.28
.52

.35
.42
.28

.53
.40
.66

.3]
.24
.38

.43
.40
.45

.33
A
.26

.33
.49
.22

.45
.35
.54

.36
.43
.30

.35
.34
.36

.28
.44
.18

.20
.46
.09

.32
.40
.26

.33
.44
.25

.36
.51
.26

.32
.25
.38

.33
.30
.36

.37
.43
.3

.35
.35
.35

.32
.36
.28

.48
.52
.44

.28
.35
22

.27
.35
.21

.31
.58
.16

.26
.30
.23

.45
.37
.52

.46
.46
.46

.38
.96
.25

.24
.26
.21

.25
.48
12

.30
.38
.24

42
.27
.60

.52
.38
.68

.38
.44
.31

A-43

Average

.330
.100
1.115

271
LM
.695

.301
11
.870

. 389
.091
1.655

.426
114
1.655

.334
.088
1.28



.30
.36
.25

.27

.27

27

.30

.30

.41
.34
.47

.35
l46
.26

.46
.23
.86

.38
.26
.52

.31
17
.50

.30
.31
.29

TABLE A-I1I-3 (Continued)

.36
.44
.29

.32
.44
.23

.42
A7
.90

.30
27
.32

.40
.20
077

.37
.28
.48

.39
.39
.39

.28
.35
.23

.43

31

.30
.26
.32

.39
.27
.52

.24
.20
.25

.41
A4
.38

.35
.38
31

.56
.18
742

.25
.30
.20

.33
.25
.40

.28
.32
.24

.49
.50
.46

.36
.37
.35

.36
.30
.42

.30
.30
.30

.30
.23
.36

.37
.25
.52

.55
.65
.45

.40
.42
.38

.36
0]6
.72

.40
27
.55

.41
.20
.75

.35
.24
.48

.43
.65
.28

.26
42
.16

.63
.]8
.205

.29
.25
‘32

.29
.23
.34

.29
.19
I39

A-44

Average

.418
.118
1.485

.328
11
1.025

415
.052
4.764

. 326
.069
1.505

. 338
.057
1,955

.313
.065
1.475



.36
17
.67

21
.87

.35
.19
.61

.20
.16
.23

.27
.27
27

17
.22
.14

.23
.21
.25

.22
.28
17

.43
.30
.59

.31
.28
.33

.13
.18
.]0

22
21
.22

TABLE A-I1I-3 (Continued)

.19
.26
.14

.34
.20
.50

.28
.30
.25

.26
.32
.20

.14
.21
.09

.25
.24
.25

.29
27
.30

.25
14
.36

.30
.37
.25

.31
A7
.51

.39
.30
.47

.24
21
.26

.31
.34
.28

.24
.28
.20

.24
.24
.24

.30
.25
.35

.29
.34
.24

.18
.29
1

.25
.25
.25

.56
.31
.90

.32
.23
.42

031
.22
.40

21
.18
.22

.15
.20
-1

.24
.22
.26

.29
.36
.22

.15
.20
.10

.16
.22
.12

.20
.18
21

.14
.16
12

.23
.23
.23

.30
.46
.]8

.35
.30
.38

.30
.32
27

.24
.28
.18

.28
.20
.36

A-45

Average

.263
.061
1.190

.33
.28
.43

.30
27
.36

.27
.24
.30

.23
.24
.22

.20
.22
.20



Unit 2
F3R x 1

.37
.33
A1

.25
.23
.26

.28
.25
.30

.26
.16
.36

.30
.16
.51

.14
.19
.]0

.32
.20
.44

.28
.23
.30

.41
.24
|62

.27
.12
.48

TABLE A-III-3 (Continued)

.26
.21
.30

.19
.23
.15

.33
.33
.33

.27
.23
.30

.34
.38
.30

.28
.22
.31

.33
.33
.33

.30
‘31
.26

.45
.33
.56

15
.18
A3

.43
.29
.60

.23
.14
.32

.48
.24
.88

.]5
.22
.10

.32
.35
.28

.20
.20
.20

.39
.25
.56

.24
.24
.24

.28
.33
.23

.25
.25
.25

.26
.29
.22

.23
.30
17

42
.24
.65

.34
A7
.59

24
.38
.15

.38
.27
.50

.22
ah
.38

.29
.28
.29

.32
.32
.32

.40
.18
.76

.23
.16
.30

.24
.16
.30

.46
.27
71

.15
.12
.18

.41
25
.62

.30
.16
.51

A-46

Average

31
.27
.39

.24
.23
.24

.35
.27
.44

.23
.21
.24

.38
.28
.50

.29
a7
.45



Unit 2
GIR x 1

.33
7
.56

.40
.18
A7

.37
.20
.62

.25
.13
.38

.31
.18
.46

.10
.23

.20
.29
A2

.47
.25
.80

.20
1
.29

.25
.13
3

.32
.16
.57

.25
.10
.46

TABLE A-1I1I-3 (Continued)

.27
.27
.47

.26
.16
.38

.31
.15
.57

.33
.16
.58

.28
14
.47

.30
.16
.49

.25
.18
.30

42
.20
.83

.32
.15
.58

.38
.19
.67

.34
14
.70

.28
.15
.45

.39
.33
.42

.26
.25
.25

.24
.16
.30

.37
.10
.37

.37
.15
.82

.36
.20
.58

42
.26
.58

A7
.21
.93

.25
.19
31

.31
12
.68

.29
14
A7

.34
.23
.48

.37
.25
.51

.36
.23
.52

.34
12
.81

.34
.29
.38

.30
12
.56

.36
A2
.89

A1
.20
.73

.37
.25
.50

.33
.18
.56

.24
.13
.36

.26
.21
.28

.33
.20
.50

A-47

Average

.33
.24
.46

.38
.22
.62

.30
.16
.51

.31
CTG
.60

31
.14
.54

.32
.16
.64



.39
.18
75

.50
.16
.56

.31
ny
.68

.25
.15
.35

.26
12
.48

.29
.16
.44

.26
.23
.28

.35
.}7
.65

.27
15
44

.23
.10
.42

.23
.15
.34

.33
.16
.60

TABLE A-1I1-3 (Continued)

.32
.18
.51

.30
.15
.50

.30
.08
91

.25
A1
.46

21
.18
.23

.30
12
.64

.33
.18
.53

.27
.}3
.48

.28
ay
.57

.30
13
.57

.15
12
.18

.20
.13
.26

.30
.16
.50

.28
.20
.36

.29
-]5
.50

.18
.18
.18

.26
.15
.40

12
.10
A2

.42
.18
.84

.33
A7
.56

.20
.10
.34

.26
.15
A

.37
.18
.66

17
.15
.18

.27
.13
.46

.34
.16
.61

.28
11
.56

.20
.23
.16

.25
14
.39

.15
.06
.28

.39
.14
.94

.45
.20
.90

.40
.]0
.60

.28
17
.42

.35
.18
.60

1
.07
.14

A-48

Average

.34
17
.60

.35
17
.70

.29
1
.70

.24
.15
.37

.26
.15
41

.21
.12
.33



Unit 2

H2R x 1

.30
.]0
.73

.35
.08
.53

.28
.13
.48

.28
.15
.46

.18
.05
.43

.30
.15
X

.25
.13
.40

.23
14
.31

.34
12
.80

.]5
.10
.24

116
.08
.25

.24
12
.38

TABLE A-111-3 (Continued)

.27
.09
.67

.32
.14
.61

.25
.10
A7

.27
.14
.49

A7
0
.23

.28
.13
.52

.30
12
.63

.33
10
.81

.25
A7
.35

.]1
13
.10

.19
.10
.31

.25
.14
.39

31
A3
.62

.25
2
.44

.26
.10
.62

.27
14
.44

.21
10
.40

.28
.13
.54

.25
.22
.29

.28
.10
.60

.27
.10
.64

.23
.16
.30

.18
.08
.33

.12
.08
.16

.28
.13
.52

.35
.08
.53

.28
10
.67

.14
.10
.18

.20
.08
.35

.29
A7
.44

.29
.12
44

21
.10
.35

.32
.15
.58

.20
A7
.23

.24
.10
.43

13
.10
14

A-49

Average

.28
.13
.54

.29
A1
77

.28
.12
.58

.21
14
.31

.19
.09
.34

.24
13
.39



.30
13
.60

A7
.20
.13

.54
.43
.64

.29
.29
.29

.38
.32
.43

.16
.30
.09

.30
.08
.82

.18
.30
1

40
.29
l52

.30
.34
.28

.18
.30
11

.23
.39
.13

TABLE A-II1I-3 (Continued)

21
.10
.36

.24
.14
.35

.21
27
.15

.33
.28
.37

.25
.28
.24

.20
.18
.22

.32
.10
.76

.25
.24
.25

.28
.23
.30

.25
.23
.25

31
.25
.37

.15
.24
.10

.19
.09
.32

.25
.16
.36

.24
.26
21

.34
.30
.38

.30
.25
.33

.21
17
.24

24
1
.44

.20
nE
.33

.30
.30
.30

.25
.Tg
.30

.32
.18
.52

.42
.37
.45

.38
.12
.96

.16
A7
.14

.27
.20
.32

.28
.25
.29

.25
A7
.34

.16
.21
12

.19
.08
.34

.26
.30
.23

47
.28
73

.30
.23
.36

.43
.45
.39

1
11
1

A-50

Average

.27
.10
.58

.21
.20
.24

.34
.28
.40

.29
.26
.32

.30
.28
.34

21
.25
.18



Unit 2
J3R x 1

42
.34
.49

.15
.23
.10

.26
.30
.23

.23
.28
.18

.28
.26
.30

.32
.43
.25

.46
A
.48

.14
21
.09

.43
.46
.38

.24
.28
.20

.24
.24
.24

.34
.28
.38

TABLE A-III-3 {Continued)

.51
.43
.57

.32
.25
.38

.40
.37
42

21
.28
.15

.19
.33
.]0

.31
.27
.35

.19
.28
13

.38
.32
42

.36
44
.28

.24
.26
21

.24
.30
.18

.24
24
.24

.21
27
.16

31
.20
A2

.40
.31
.46

A7
.31
.09

.22
.28
A7

27
27
.27

.20
.20
.20

.20
.20
.20

.16
.23
.10

.20
13
.28

.60
.48
.69

.25
.33
.18

.27
.23
.31

.53
.68
41

.21
.22
.19

.19
.28
.13

.53
.50
.54

.40
.32
.46

.18
.23
.14

.18
.18
.18

A7
.26
12

.51
.60
.42

.25
24
.26

.34
.30
.36

A-51

Average

.31
.30

.31

.28
.28
.28

.30
.32
.27

.25
.30
.21

.32
.33
.31

.31
.08
1.25



Unit 2
KiR x 4

.22
.33
15

.24
.20
.30

03]
.20
.45

.20
1

.22
.27
.18

.]3
.18
.10

.16
.26
.10

.22
.20
.24

24
.31
.18

.18
.25
13

.18
.24
13

.20
.15
.24

TABLE A-11I-3 (Continued)

18
.25
.14

.15
.22
.10

.26
.37
.18

.20
.26
.15

.]6
17
.13

.13
.15
1

.20
15
.27

.23
.25
.21

.21
21
.21

.21
.24
.19

17
.20
.15

.25
.22
.28

.19
.25
14

.26
.23
.28

.21
21
21

.15
.19
.10

.20
.27
13

.13
.18
.09

.25
1
.28

17
.32
.08

.23
.20
.24

1
.21
.05

.15
22
.10

.14
.13
.14

.22
.21
.18

.22
.26
.18

.24
a7
.30

.20
.25
.15

a7
.20
.13

.15
.19
.]2

.18
.16
.19

.25
.22
.27

.27
.23
.28

A7
A7
A7

.25
.28
.22

.16
.16
.16

A-52

Average

.20
.06
.73

.22
.06
.83

.25
.06

A7
.06
.93

.19
.06
.59

.16
.04
.62



Unit 2
KaR x 4

.22
.19
.23

.10
.15
.07

.18
24
.14

.19
24
.15

12
.18
.08

.15
.19
Rl

TABLE A-II11-3 (Continued)

16
.25
.10

.10
.16
.07

.18
.18
.18

.22
17
.25

17
.20
13

.15
.15
15

.21
17
.24

12
.16
.08

.16
.16
.16

.18
.43
.07

10
.10
.10

21
.23
.19

.20
.26
.15

1
.20
.05

.19
.23
14

17
.20
14

.18
.40
.08

.26
.34
.19

A-53

Average

.19
.06
.67

A3
.05
.33

.19
.05
.63



A-54

TABLE A-III-4

BENKELMAN BEAM DATA - DISTRICT 1
MAXIMUM DEFLECTION IN INCHES

Site Position

1 2 3 4 5 6 7 8 9 Average
1 .014 .013 .011 .009 ,011 .010 .013 .012 .010 .0114
3 .009 .012 .012 .013 .012 .015 .014 .011 .016 0127
4 .005 .005 .005 .004 005 .007 .005 .005 .005 .0051
6 .020 .014 .02 .01 .014 .017 .016 .013 .O16 .0148
7 .013  .014 .013 .011 .012 .010 .011 .011 .009 .0116
8 ,027 .027 .026 .005 .015 .018 .018 .015 .017 .0187
9 .016 .010 .p08 .008 .007 .008 .012 .012 .OM1 L0111
10 ,019 .017 .019 020 .017 .017 .018 .017 .017 .0179

11 .008 ,007 .008 .00 ,010 .008 .008 .007 .00O8 - ,0081



Unit 2 - Site 1

00
Position 1
R1 .34
R2 .58
G .21
Position 2
R] .57
R2 .86
12 .39
Position 3
R] .24
R2 .61
12 .10
Position 4
R1 A7
R2 .57
12 .06
Position 5
R1 .28
R2 .41
12 .20
Position 6
R2 .74
2

X 4

>1

45°

21
.63
.16

.42
.87
.22

.29
.89
10

.33
.78
.15

.34

.32

.36

.29

>1

90°

.30
.68
.14

.31
.74
.14

.23
.99
.06

.58

.30
.96
.10

.26
.69
1

>1

135°

.42
.49
.35

.35
.76
.16

.35

.22
.70
.08

.19
.79
.05

A7
.88
.04

TABLE A-III-5

180°

.48
.45
.50

.27
.94
.08

.25
.80
.08

.43
.51
.36

.42
.84
.04

.23
J1
.08

225°

.33
.53
.22

.43
71
.26

.33
.72
.16

.32
.70
.16

.24
.76
.08

.27
.48
.08

IMPULSE INDEX DATA - DISTRICT 1 - TRIPOD INTERFACE

270°

.31
I84
.12

.32
.85
.13

.22
71
.07

.35
.60
.22

.28
.60
14

.36
.92
.15

315°

.33
.60
.18

.34
74
.16

.25
.54
13

31
.50
.20

.25
.50
.14

.21
.58
.08

A-55

Average

.24

.19

.10

.176

14

,0925



A-56

TABLE A-1II-5 (Continued)
Unit 2 - Site 1

Position 7 x 4 Average
R, .3 .28 .44 .3 .34 8 17 .23

R, .53 .59 .76 .44 .53 .68 .68 .55

2 26 .0 .22 .25 .23 .05 .05 .10 16

Position 8 x 4

Ry .34 .29 .33 .27 .23 .52 .21 .42
R, .60 .63 .96 .57 .87 .84 52 .60
12 .20 14 12 13 .06 .33 .09 .30 17

Position 9 x 4

Ry .43 39 .37 36 .33 .38 .41 16
R, .75 .73 .80 88 .97 > >1 .54
12 .25 .22 .18 .16 12 .05 .163



A-57

TABLE A-I11I-5 (Continued)

Unit 2 - Site 4

Position 1 x 1 Average
R, 7 .M 6 .27 a3 6 .5 19

R, .0 A3 .20 .8 .07 LIz T L0

2 27 .09 a2 .37 .21 .20 .18 .30 .22

Position 2 x 1

Ry .23 .22 .18 19 1 19 .19 .14
R, .09 L .21 Xl a1 a2 12 14
12 .47 .35 .16 .30 1 .28 .28 14 .26

Position 3 x 1

Ry 17 15 A7 .2 N 10 17 4
R, .16 17 .5 42 R 15 .13
G 18 13 .18 .30 10 .09 18 .15 .16

Position 4 x 1

Ry .32 A7 .18 .28 .16 A7 .18 A7
R, ah .10 .12 13 1 A7 .15 .13
12 .85 .26 .25 .53 .20 A7 .22 .20 .33

Position 5 x 1

Ry 16 .20 14 .24 .21 0 .16 2
R, 12 27 Ry a8 .14 .10 .09 .18
12 .22 .26 .18 .30 29 .10 .26 .08 21

Position 6 x 1
R1 12 .23 .20 .10 .08 .16 .15 .06

R, .14 .26 .10 14 .07 .06 .15 .09
12 .10 .20 .33 .07 .09 .34 .15 .24 .19



A-58

TABLE A-1II-5 (Continued)
Unit 2 - Site 4

Position 7 x 1 . Average
R, .11 .33 .22 6 27 6 L1503

R, 08 L5 a2 a2z .00 9 14 L0

® .14 .66 .3 .20 .62 .13 .15 .15 .30

Position 8 x 1

Ry 7 .22 .20 .18 .10 .18 17 .21
R, EY 19 .10 .10 0 .16 .10 7
12 .22 .25 .35 .30 .10 .21 .26 .24 .24

Position 9 x 1

Ry .10 27 .22 .13 .26 .07 .19 11
R, .16 .20 .18 12 1 .08 .19 .10
2

I .06 .33 .27 .13 .51 .05 .19 .13 21



A-59

TABLE A-1II-5 (Continued)
Unit 2 - Site 3

Position 1 x 1 Average
Ry .10 .21 .37 13 .24 .21 14 .18

Ry .13 A7 .22 .15 .10 1 .15 .14

12 .08 .26 .57 2 .50 .35 .13 .25 .28

Position 2 x 1

Ry 13 .23 .28 RY: 17 .37 28 .15
R, .14 18 .25 .25 .21 20 .32 17
G 11 .29 .31 .06 .14 .64 .26 13 .24

Position 3 x 1

Ry .18 .34 24 .28 .2 17 .24 .46
R, .20 .29 .21 .30 .20 1 21 .26
12 16 .39 .26 .26 .08 .24 .28 .75 .30

Position 4 x 1

Ry 40 .30 .29 .22 .23 .18 .28 .15
R, .20 .40 .31 16 .20 .24 .30 .15
G 74 23 .27 .27 .24 & .21 .15 .29

Position 5 x 1

Ry 22 .5 12 14 13 .16 .36 .16
Ry .30 .19 .21 .32 17 .20 .20 .24
12 17 12 .07 .06 .10 12 .63 .10 17

Position 6 x 1
R.| .32 .29 .32 .15 .19 .31 .15 .52

R, .22 .31 .18 19 .27 .24 .20 .29
12 .44 .27 .53 .25 .10 .40 12 .92 .38



Unit 2 - Site 3

Position 7
R.I .26
RZ .26
G .26
Position 8
R-I .19
R2 .22
12 .16
Position 9
R, .36
R2 04
12 3.24

X 1

X 1

A7
7
A7

.21
.18
.24

.25
.02
3.12

.29
.31
.28

.15
.27
.08

.40
.30
.50

A7
.16
.19

.42
.45
.38

.50
.20
1.25

TABLE A-TII-5 (Continued)

.22
.30
A7

1
.18
.07

27
.34
.23

.37
.24
.54

.10
.14
.08

.37
.25
.51

.36
.31
.41

4
16
1

.28
.42
.20

.18
.25
.12

.20
.28
4

.20
.05
.54

A-60

Average

.27

.16

1.2



A-61

TABLE A-III-5 (Continued)
Unit 2 - Site 6

Position 1 x 1 Average
R, .25 .34 .28 .32 .3% .23 .3 .3

R, .28 12 .3 .24 .27 9 .07 .19

2 22 .80 .23 .42 .47 .26 1.6 .62 .40

Position 2 x 1

Ry .32 30 .26 .30 30 .32 .30 a7
R, .32 .22 28 .29 29 .21 18 .20
12 .32 .40 .28 .31 .32 .45 .47 14 .34

Position 3 x 1

Ry 17 .26 29 .21 26 .38 .35 .28
Ry 18 .16 27 .16 22 .32 .23 .26
G .16 .38 .30 .26 .30 .46 .51 .30 .33

Position 4 x 1

Ry .21 .19 .25 .28 .42 .23 .29 .35
Ry .18 .16 .19 .18 .38 .30 .28 .26
12 .23 .23 .30 47 .46 .18 .30 47 .32

Position 5 x 1

R] .14 .34 .25 .26 .34 31 .35 .25
Ry 17 .15 .19 21 .22 .14 .15 14
12 12 .66 .32 .30 .48 .58 .70 .40 .45

Position 6 x 1

Ry .36 .30 .33 .39 .36 40 .27 .24
R, .27 .27 .26 .23 .30 .25 .23 .24
12 .47 .33 .42 .35 .44 .60 .32 .24 .40



Unit 2 - Site 6

Position 7 x 1

Ry .31
R, .23
12 .40
Position 8
Ry .32
R, 17
12 .57
Position 9
R, .32
R, .20
12 a7

x 1

X 1

.15
.15
.15

.32
.23
.43

.31
27
.35

.27
.30
.25

.35
.24
.47

O24
.27
.23

.33
.16
.60

A1
.25
.65

.34
.25
.45

TABLE A~III-5 (Continued)

.32
12
.70

.34
.23
.48

.33
.30
.35

.40
.25
.60

.28
.16
.44

.29
.15
.52

.34
016
.64

.37
.23
.56

.31
.25
.38

31
.20
.46

.23
.28
.20

.27
.23
.31

A-62

Average

.48

.48

.38



A-63

TABLE A-III-5 (Continued)
Unit 2 - Site 7

Position 1 x 1 Average
R, .36 .37 .35 .36 .32 .30 .34 .43

R, .08 .7 .09 .10 .3 .18 .08 .10

1 1.62 .73 1.3 1.29 .66 .45  1.44  1.84  1.17

Position 2 x 1

R, 42 22 268 26 .29 .27 .25 .28
R, 18 a7 a6 .0 .20 .20 .M .10
12 .86 .26 .34 .58 .40 .36 .49 .46 .47

Position 3 x 1}

R, .37 .32 23 .22 38 .31 34 .27
R, 17 08 .14 2 34 4 12 .08
12 7 .94 .33 .74 .94 .65 .85 .72 .74

Position 4 x 1

Ry .37 .57 .33 .33 .38 .30 .32 .26
R2 22 .16 .18 .15 .20 .21 .13 .22
12 .57 2.03 .54 .62 .68 41 .67 .30 .73

Position 5 x 1

R, .23 .23 .22 .25 .46 17 .28 .28
R, .18 .16 13 16 .21 .07 .10 .15
12 .27 .30 .34 .35 .97 .32 .67 .50 .47

Position 6 x 1

R1 .36 .27 .20 .23 .28 .35 .42 .31

R2 A7 11 13 .16 14 21 .10 12

I2 .70 .60 .29 .30 .50 .55 1.76 74 .68



Unit 2 - Site 7

Position 7
R] .37
R2 17
G .74
Position 8
R] .32
R2 .16
12 58
Position 9
R] A2
R2 .16
G Y

X 1

X1

x 1

.39
l]3
A7

27
.08
.66

‘33
.18
.55

.21
.14
.29

.44
.13
.49

.38
11
.31

.31
1
‘75

.38
.13

.40
.08
2.00

TABLE A-III-5 {Continued)

.29
.12
.60

.27
.10
.60

.33
i
77

.31
.14
.60

.39
.19
A2

.35
.13
.80

.44
.18
.94

.38
13
.97

.36
14
.82

.31
.10
.86

.36
.16
74

.30
.20
41

A-64

Average

74

.86

.95



A-865

TABLE A-111-5 {Continued)

Unit 2 - Site 8

Position 1 x 1 Average
R, .3 .3 15 .32 .41 .23 .22 .30

R, 13 .13 .9 .00 .4 200 .20 .28

2 .77 .8t .22 .90 1.8 .25 .24 .36 .59

Position 2 x 1

R, .42 33 .24 .3 .26 .28 .40 .35
R, 16 12 .m 3 LT a4 .22 .19
1 1.00 .76 45 .85 .52 .50 .64 .60 .67

Position 3 x 1

Ry .30 42 A7 .23 .3 A4 .35 .39
R, .14 17 10 .13 .13 .20 .19 .22
12 .55 .92 .26 .35 .63 .86 .57 .64 .60

Position 4 x 1

R, 36 .48 .23 .25 .40 .38 .43 .40
R, .23 .37 .12 .2 22 .26 .26 .24
G 52 .59 .39 30 .72 .53 .68 .62 .54

Position 5 x 1

R, .29 13 .34 .32 .24 12 .39 .14
R, .22 .22 .21 .14 .34 16 .20 A7
12 .36 .08 .49 .66 .18 .10 .67 12 .33

Position 6 x 1

R] .34 .24 .15 .12 .13 27 .31 .20

R .25 .26 .16 .12 .18 .18 .18 16

2
18 .44 .23 14 12 10 .36 .50 .24 27



A-66

TABLE A-III-5 (Continued)
Unit 2 - Site 8

Position 7 x 1 Average
Ry 3 .27 .29 .26 4 26 .28 .36

R, A7 7 a7 .20 a3 .28 2] .30

0 .3 .44 31 5 .27 .28 .42 .29

Position 8 x 1

R, 37 .3 .18 .32 .36 .3 .3 .16
Ry .27 28 .16 .39 .26 .21 24 .2
G .49 .46 .20 27 48 .55 .45 13 .38

Position 9 x ]
R] .23 .35 .36 .29 .37 .37 .29 .48
R2 A7 .18 .23 .16 .24 .25 .25 .22

14 .30 .58 52 .45 52 52 .31 .95 .52



A-67

TABLE A-III-5 (Continued)

Unit 2 - Site 9

Position 1 x 1 Average
R, .48 .40 .20 .33 .29 .27 .31 .6

R, .16 A3 L4 a2 a3 a9 19 .20

2 1.44 1.23 .28 .76 .56 .35 .46 .98 72

Position 2 x 1

Ry .43 55 .26 .43 .47 .44 .38 .28
R, 13 16 .4 .22 a2 a3 .23 .5
12 1.42 1.89 .43 81 1.84  1.49 .58 47 1.2

Position 3 x 1

Ry .38 .19 .24 .34 .43 .33 .40 .36
R, 18 13 .20 .16 .18 .26 14 .27
12 .72 .27 .26 .68 .92 .40 .98 .46 .60

Position 4§ x 1

R1 47 .38 .30 42 A7 .21 .45 .52
R2 1 14 .22 .20 .24 13 .23 .18
12 2.01 .88 .40 .80 2 .31 .80 1.50 .85

Position 5 x 1

Ry .33 71 .28 .35 .36 .41 .29 .30
R, A1 13 .10 Rt 14 12 .08 16
12 .80 3.88 .65 .94 .84 1.40 .81 .50 1.23

Position 6 x 1

R] .42 .23 .18 .24 .40 .36 .24 .20

R, 13 08 .09 .19 .23 .5 4 .15
12 1.35 .48 .31 30 .68 .75 .38 .22 .56



A-68

TABLE A-1I1-5 (Continued)

Unit 2 - Site ¢

Position 7 x 1 Average
R, .30 .38 .46 .28 .27 .27 .2 .30

R, .5 .0 .1 a9 21 .15 a8 3

2 54 1.4 1.92 .39 .33 .44 .36 .57 75

Position 8 x 1

Ry .63 17 .33 .30 .24 .36 .26 .34
R, 5 .08 .22 16 .19 .16 20 7
12 2.65 27 .48 51 .30 .72 .31 .61 .73

Position 9 x 1

Ry .35 .32 .47 .30 .32 .50 .31 .30
R, 14 .20 13 .14 .15 .14 .20 17
2

I .76 .44 1.70 .53 .60 1.78 .44 .50 .85



A-69

TABLE A-I11-5 (Continued)
Unit 2 - Site 10

Position 1 x 1 Average
Ry .24 .27 27 .28 .36 .22 .25 .25

R, 10 .08 .08 07 .07 .10 .10 .10

12 .48 .73 .74 .89 1.85 .42 .56 .52 J7

Position 2 x 1

R] 21 .43 .24 .23 .36 .31 .23 .28
R, 12 14 .06 .08 .13 .10 .10 13
I2 .33 1.32 .63 .50 .93 .85 .45 .53 .69

Position 3 x 1

Ry .37 23 .20 .26 .28 .30 .24 .27
R, 1 04 .08 .13 a8 13 .12 .10
G .99 .82 AT .49 .41 .50 .44 .62 585

Position 4 x 1

R, .43 27 .4 25 .35 .21 19 .26
R, 0 .10 .06 .09 .08 .06 .09 .10
£ 1.85 59 2.8 58 1.53 56 .35 .82 1.14

Position 5 x 1

Ry .25 .27 .22 33 .27 .27 .20 .26
R, 15 1 .07 .07 10 .06 .06 .04
18 .38 .55 55 1.56 .62 .87 50 1.69 .84

Position 6 x 4

R] .33 .29 .24 .30 .41 .25 .26 .20

R, .36 66 .37 69 .46 .26 .32 .34
18 .30 13 .16 .14 .37 .25 .21 11 835



Unit 2 ~ Site 10

Position 7
R1 .24
R2 .2h
12 .23
Position 8
R] .28
R2 41
12 .19
Position 9
R] .25
R2 .42
G T

X 4

.24
.40
.15

.2]
.33
.13

.23
.23
.23

.20
.28
.15

.25
.31
.20

.26
.22
.31

21
A7
.25

.24
.23
.25

40
24
.60

TABLE A-III-5 (Continued)

.21
.24
.]9

.30
.30
.30

.26
.31
.23

.22
27
.18

.21
.38
12

.27
.25

.28

21
.18
.24

.20
.38
11

.31
.37
.26

.27
.30
24

.22
.18
.26

.29
.31
.27

A-70

Average

.815

.78

1.17



A-71

TABLE A-I11-5 (Continued)

Unit 2 - Site 11

Position 1 x 4 Average
R] 12 .15 .18 .13 .22 1 .09 1

R2 .36 .35 .23 14 .25 .16 .18 .20

12 .03 .06 .15 A1 A7 .08 .04 .06 .36

Position 2 x 4

R, 17 1 1415 %6 .13 s 10
R, 16 10 .16 .6 .M 15 13 .10
12 19 KR Kt 14 19 RE 16 10 .56

Position 3 x 4

R] 17 A7 .16 .10 .16 A7 .14 A3
R, 15 10 12 13 .15 .19 .18 .13
G .19 .23 .18 .08 .15 .15 .10 .13 .605

Position 4 x 4

Ry .15 .10 .10 .20 12 12 12 13
R, .14 13 13 .19 .16 18 .21 13
12 .16 .07 .08 2] .08 .08 .06 13 435

Position 5 x 4

R] .18 .12 .22 .16 .15 13 1 14
R, .18 .14 .23 A7 .28 .22 .21 .18
12 17 .10 .22 .16 .08 .08 .07 10 .49

Position 6 x 4

R, 17 .15 17 A7 .18 2 .15 17
R, .18 .13 15 .18 21 .16 .15 19
2

I 17 .16 .20 .16 .15 .09 .15 .16 .62



A-72

TABLE A-III-5 (Continued)
Unit 2 - Site 11

Position 7 x 4 Average
S L I 2 [ |- | TS T A |

R, 18 .16 .18 .22 .22 5 .28 L1

> o1 .9 .09 .7 a1 .11 .08 .10 43

Position 8 x 4

Ry 14 11 0 .07 .15 17 14 .16
R, .18 .21 .14 17 a6 17 .21 .24
G 1 .06 .08 .04 .15 17 .16 1 .47

Position 9 x 4

R, .15 15 1 .14 .16 .13 17 L1

R, .16 A9 4 4 .25 19 8 .37
12 14 1 .08 g4 .09 16 .04 .435



IMPULSE INDEX DATA - DISTRICT 1 - HYDROSTATIC INTERFACE

Hydrostatic Unit 1 - Site 1

00
Position 1
R-l .48
R2 .26
12 .84
Position 2
R-I .32
R2 .19
12 51
Position 3
R] .27
R2 22
12 .36
Position 4
R1 .19
R2 2
12 .33
Position 5
R] .37
R2 .26
12 .50
Position 6
R1 .19
R2 .19
12 9

45°

.33
.16
563

.27
.18
.40

.27
a7
A1

.25
A7
.38

.34
21
.55

.25
.20
.31

90°

.33
.22
.50

.25
.30
.22

.27
.14
.50

.21
19
.24

.36
.40
.32

.25
.20
.30

135°

.33
.24
.45

.33
.30
.35

.19
.16
.23

.24
17
034

.35
.22
.56

.25
.22
.27

TABLE A-III-6

180°

.44
.24
.74

.20
14
.28

.24
.19
.31

.25
.14
.43

I29
.20
.42

.25
.15
.40

225°

.38
.31
.45

.23
.16
.33

.26
.18
.37

.21
.20
.23

.33
.22
.51

.23
.20
.27

270°

.34
.22
.50

.22
.18
.26

.25
.19
.33

21
.-|7
.27

.37
.20
.67

.23
.23
.23

315°

43
27
.63

.32
.20
.48

.20
.13
.31

.21
.]9
.22

.29
.22
.37

.21
.22
.20

A-73

Average

.5925

.3538

.3525

. 3050

.4875

2713



A-74

TABLE A-III-6 {Continued)

Hydrostatic Unit 1 - Site 1

Position 7 Average
R, .25 .30 .28 .26 .25 .26 .23 .15

R, .M .25 6 .23 .13 .21 .16 .13

12 45 .37 .45 .30 .49 .31 .33 .19 .3613
Position 8

R, .30 .24 .22 .25 .26 .25 .22 .16

R, .22 6 a7 a7 .20 .23 .6 .7

2 42 3% .27 .39 .3/ .27 .30 .16 .3150
Position 9

Ry .21 a7 a7 22 .4 .23 .23 .8

R, .16 .10 5 .5 .8 .20 .2 .19

2

I .27 .30 .20 .32 .32 .25 .24 .18 .2600



A-75

TABLE A-11I-6 (Continued)

Hydrostatic Unit 1 - Site 3

Position 1 Average

Ry 14 6 a5 a5 6 .16 6 L7

R, .20 .19 .9 a8 19 .8 .18 .20

2 m A5 12 4 a4 5 .15 L6 .1400
“Position 2

Ry .27 .26 .23 .25 .24 .26 .27 .28

R, .27 .25 A7 .25 .24 .22 .2 .25

12 27 27 .31 .27 .24 .33 .3/ .32 .2950

Position 3

Ry, .28 .24 .25 .25 .25 .26 .19 .22

R, .27 .26 .8 .25 .26 .24 .19 .19

12 .30 .23 .22 .25 .25 .27 .19 .26 .2463

Position 4

Ry, .19 .21 .24 .22 .25 .25 .24 .23

R, .23 .22 .30 .23 .26 .30 .30 .28

6 .21 .20 .22 .24 .22 .19 .19 .2038

Position 5

Ry .20 .20 .20 .20 .20 .23 .17 .18

R, .27 .24 .22 .20 .20 .24 .20 .26

%6 .7 a8 .20 .20 .22 15 .14 1775

Position 6

Ry .26 .27 .26 .27 .26 .22 .25 .27

R, .32 .28 .25 .29 .29 .23 .27 .31

2

I .18 .26 .27 .26 .24 .22 .24 .24 .2388



A-76

TABLE A-I1I-6 (Continued)

Hydrostatic Unit 1 - Site 3

Position 7 Average
Ry .29 .27 .29 .31 .34 .29 3%

R, .30 .27 .3 .34 .38 .43 .36 .36

12 28 .26 .26 .27 .30 .20 .33 .28 .2725
Position 8

R, .24 .20 .23 .23 .25 .25 .22 .25

R, .35 .3 .30 .27 .28 .28 .28 .36

2 17 .16 .19 .20 .24 .24 A7 19 .1950
Position 9

Ry .56 .46 .44 .36 .45 .50 .49 .50

R, .26 .25 .51 .39 .45 .46 .61 .25

2

I 1.2 .79 .35 .33 44 .52 .38 .95 .6188



A-77

TABLE A-II1-6 (Continued)
Hydrostatic Unit 1 - Site 4

Position 1 Average
R, Lz a0 1 0 0 Lo

R, .12 .0 .09 10 b 0 .09 LT

2 4 4 a4 a8 a0 a2 a4 a2 11300
Position 2

R, M2 .1 0 a1 a0

R, 2 .08 .09 .09 .0 10 .09 .0

2 4 5 2 a3 a3 a3 a3 .4 .1338
Position 3

Ry .11 2 0 0 00 .1 L0 L0

R, M1 .1 .08 .08 1 .00 .09 .10

2 13 4 a4 2 a0 12 a3 a2 1250
Position 4

Ry A2 1 . L0 1 00 a1 09

R, 1 . .09 00 L0 a1 a1 L0

2 13 oz a4 M a2 .00 a2 .10 75
Position 5

Ry A5 LM 4 1 a3 a3 a3

R, .26 .0 2 .0z a1 .09 .13

30 .19 .18 a4 a5 .5 L6 .3 .1500
Position 6

R, .13 .1 3 a1 a1 a0 0 LT

R, .14 .00 T a2z 00 .09 .10 L0

2

I .12 A3 A7 12 .14 .12 12 15 .1338



A-78

TABLE A-III-6 (Continued)
Hydrostatic Unit 1 - Site 4

Position 7 Average
Ry 3 1 L0 1 a0 L0 b T

R, 12 a3 a2 1 .00 L1000 L1000

CARNR VAN NS § IS ¥ SIS § IS § NS S 11200
Position 8

Ry, 13 a2 00 .08 M a1 a2 a2

R, .14 L1 .09 .09 12 0 2 0

2 a3 a4 a3 .1 a1 a4 a3 5 .1300
Position 9

3 2 | | O £ S L

R, M1 L0 1 1 .00 .09 2
2 gz s a3 a3 a2z s 1263



A-79

TABLE A-TIII-6 (Continued)

Hydrostatic Unit 1 - Site 6

Position 1 Average
Ry .61 .53 .47 .49 .60 .59 1 .62

R, .30 .36 .30 .24 .26 .24 .26 .23

G 1.24 .75 .70 .91 1.38 1.45 1.93 1.67 1.25
Position 2

Ry .39 A1 42 .36 .28 .44 .39 .40

Ro .22 .25 .26 .21 .16 .19 .23 .20

12 .66 .63 .66 .59 .47 .94 .63 .76 .6675
Position 3

Ry .37 .36 .36 .36 .31 .40 .40 .39

R, .21 .25 .24 .22 .18 .24 .22 .21

G .63 .50 .52 .58 .52 .64 71 .67 .5963
Position 4

R .26 .38 .30 .32 .32 .33 .34 .29

R, .19 21 .20 .18 .18 7 .18 A7

G .35 .66 .42 .56 .54 .63 .62 .48 .5325
Position 5

Ry 42 .40 .40 .30 .40 .39 42 .33

R2 .25 .32 .29 .28 .27 L2727 22

* e 46 4 2 57 st 62 ag 5513
Position 6 |

R, .57 .52 .50 .55 .56 .48 .49 .54

R, .54 .53 .54 .54 .53 .46 .47 .54

2

I .57 .50 .45 .55 .58 .48 .50 .52 .5188



A-80

TABLE A-II1-6 (Continued)
Hydrostatic Unit 1 - Site 6

Position 7 Average
R, .55 .56 .59 .60 .56 .57 .61 .60

R, .60 .69 .59 .59 .55 .61 .54 .58

1 .49 45 .57 .60 .55 .52 .66 .60 .5550
Position 8

Ry .47 .57 .85 .41 .47 .41 .52 .49

R, .42 .47 .48 .43 .46 .32 .39 .44

“ .52 .66 .60 .39 .48 .50 .66 .52 5413
Position 9

R, .39 .53 .41 .51 .49 .50 .47 .50

R, .39 .46 .47 .42 .40 .42 .46 .43

2

I .39 .59 .36 .59 .57 .57 .46 .57 .5125



A-81

TABLE A-I1I-6 (Continued)

Hydrostatic Unit 1 - Site 7

Position 1 Average
Ry .35 .35 .39 .43 46 41 47 LM

R, .13 .20 .20 .21 .4 6 L5 .18

i g .58 .73 .82 1.51  .9% 1.47 1.29  1.03
Position 2

R, .46 .45 .45 40 .38 .38 .44 .46

R, .16 .19 .23 s 1 a2 s 13

1 1.3 .94 .82 .82 1.31 1.2 1.3 1.63  1.18
Position 3

R, .38 .3 .37 .39 .38 .8 .38 .39

R, .15 a5 .20 .2 .00 00 a3 L5

1> .89 .80 .67 1.27 1.44 1.44 1.1 .93 1.07
Position 4

Ry .3 .33 .33 .3 .29 .3 .3 .29

R, M2 .15 200 .13 L0 a1 L1 .10

1 .92 .67 .53 .92 .70 1.8 .92 .75 .82
Position 5

Ry .35 .3 .34 .3 .29 .34 .3 .34

R, 14 6 7 s 0 1z a2

1 83 .72 .62 .95 .79 .97 .92 .83 8288
Position 6

Ry .33 .28 .26 .26 .3 .35 .35 .35

R, 212 .14 a3 2 a2 0 .10 .10

2

I .80 .53 .52 .56 .86 1.23 1.23 1.23 .87



A-82

TABLE A-III-6 (Continued)
Hydrostatic Unit 1 - Site 7

Position 7 Average
R, .30 .29 .3 .34 .34 .3 .3 .35

R, .13 .15 .21 4 100 .09 .09 L1

° 69 .51 .52 .76 116 1.46 1.4 L1 .92
Position 8

Ry .3 .32 .30 .33 .3 .30 .33 .33

R, .10 .4 16 13 .07 .08 .10 .10

“ 1.6 .67 .53 .78 1.46 .97 .05 .9 .93
Position 9

Ry .25 .26 .34 .34 .32 .3 .31 .34

R, .10 3 5 4 .8 .10 .11 a2

2

I .64 .50 .70 77 1.28 1.23 I7 - .86 .84



A-83

TABLE A-I11-6 (Continued)
Hydrostatic Unit 1 - Site 8

Ry .43 .35 .39 .43 .36 .36 .41 .36

R, .24 .20 .22 .23 a7 9 .22 .20

.1 .60 .69 .77 .72 .64 .73 .62 6850
Position 2

Ry .45 .39 .3 .38 .36 .45 .41 .45

R, .27 .26 .22 .22 .20 .24 .26 .2

o s 52 .2 .60 .81 .63 .74 6463
Position 3

R, .38 .1 43 44 .8 44 a4 .46

R, .23 .25 .24 .25 .24 .26 .26 .28

T S R H Y R NS .6788
Position 4

Ry .25 .22 .23 .28 .25 .28 .30 .29

R, .10 .11 4 a2 0 .07 .10 a0

1° 56 .43 .37 .63 .59 .93 .83 .75 6363
Position 5

Ry .33 .1 a1 40 .30 .37 .43 .36

R, .2t 25 .24 20 T .22 .25 .26

50 .68 .67 .75 . 61 .71 .48 6525
Position 6

Ry .49 .41 40 a0 . 45 .49 .47

R, .32 .26 .26 .25 . 35 .26 .30

2

I 74 .61 .60 .63 5 .54 .85 .69 .6513



Hydrostatic Unit 1 - Site 8

Position 7
R] .38
R2 .30
12 .47
Position 8
R'l 045
R2 .30
12 .66
Position 9
R] .49
R, .30
12 .76

.33
.23
.47

.50
.29
.80

.55
.29
.97

.37
.25
.55

.46
.26
.76

.51
.28

.88

.44
.29
.64

.50
.34
1

.56
.31
.92

.39
.21
.70

.52
.26
.95

.58
.26
1.29

TABLE A-II1I1-6 {(Continued)

.49 .44
.26 .26
.83 71
.38 .48
.2b 26
.54 .80
.54 .60
.27 .31
1.08 i.16

.34
.23
.49

.52
.26
.98

.57
.30

1.08

A-84

Average

.6075

J750

1.02



A-85

TABLE A-II1-6 (Continued)

Hydrostatic Unit 1 - Site 9

Position 1 Average
R1 .45 .39 .39 .50 .45 47 .43 A2

R2 .29 .27 .36 .29 .26 .26 .27 .24

1 67 .41 .40 .81 .76 .80 .64 .70 .6488
Position 2

R] .36 .37 .36 .37 .34 .35 .31 .35

R2 .16 .18 .19 .15 14 .14 .13 .14

I2 .73 74 .63 .83 7 .82 .70 .78 .7500
Position 3

R] .35 .37 .30 .30 .24 .34 .37 .29

R2 .14 .16 .19 .15 11 .12 14 .10

12 .79 .46 .45 .58 .50 .85 .88 v .6525
Position 4

R} .37 .23 .26 .27 .26 .23 .23 .25

R2 .09 .11 1 .10 .09 .07 .08 .09

I2 .70 .46 .58 .68 .70 .65 .57 .64 .6225
Position 5

R] .23 .29 .30 .28 .26 .31 .25 .24

R2 .08 .10 A2 .11 .08 1 .11 .13

1“6 .72 .70 .68 .64 .77 .54 .42 .6288
Position 6

R1 .30 .31 31 .25 .31 .25 .27 .32

R2 15 .16 .19 13 14 .15 .14 .14

2

I .56 .56 47 .48 .70 .40 .46 .70 .5413



A-86

TABLE A-I11-6 {Continued)

Hydrostatic Unit 1 - Site 9

Position 7 Average
Ry .38 .33 .3 .26 .27 .33 .3 .3

R, .20 .21 .22 .8 4 .6 .7 .8

1 .57 .51 .57 .68 .48 .62 .73 .61 .5963
Position 8

Ry, .30 .26 .3% .26 .28 .26 .30 .30

R, .20 .18 .20 7 5 a7 7 .20

.43 .37 .55 .39 .51 .39 .50 .44 L4475
Position 9

Ry .30 .32 .33 .39 .32 .31 .37 .32

R, .16 .21 .21 .2 a5 a5 7 .7

12 .54 .47 .49 .70 .63 .59 74 .56 .5900



A-87

TABLE A-ITI-6 (Continued)

Hydrostatic Unit 1 - Site 10

Position 1 Average
Ry .42 .45 .43 .33 .49 .45 .36 .46
R, .18 .20 .5 .16 .23 .30 .25 .25
1> .89 .91 1.23 .63 .98 .66 .49 .78 .82
Position 2
Ry .29 .30 .39 .30 .30 .38 .50 .29
R, 100 4 4 23 26 .22
1 .75 .59 .88 .72 .72 .60 .88 .37 .7013
Position 3
Ry .46 .37 .40 .36 .40 .44 .34 .28
R, .15 .4 .16 .9 19 .28 .25 L4
e .2 . .59 .8 .74 .45 L5 79
Position 4
Ry .42 .44 .40 .53 .43 .45 .30 .50
R, .21 4 4 a9 19 .23 .23 .20
I .77 138 .99 1.48 .89 .84 .40 1.25  1.00
Position 5
Ry .46 .40 .3 .33 .35 .28 .29 .30
R, .19 18 14 a8 3 9 .22 .22
“ .99 .86 .75 .59 .87 .01 .40 .40 6588
Position 6
Ry .35 .30 .40 .39 .29 .25 .31 .32
R, .22 .5 .7 .6 .18 .18 .33 .23
2

I .93 .55 .86 .90 44 .34 .29 .44 .5438



A-88

TABLE A-111-6 (Continued)
Hydrostatic Unit 1 - Site 10

Position 7 Average
Ry .37 .36 .30 .37 .37 .28 .34 .38

R, .20 .20 12 15 .18 .19 .26 .24

G .65 .63 .70 .84 72 .40 .44 .58 .6200
Position 8

R, .30 .37 .33 .30 .37 .34 .35 .33

R, .16 .18 16 .15 17 .24 .27 .18

1 56 .68 .65 .53 .56 .48 .46 .59 5638
Position 9

R .36 .36 .40 .38 .30 .30 .36 .34

R, .20 18 18 16 .18 .26 .36 .29

2

I .62 .67 .80 .82 .48 .34 .35 .40 .5600



A-89

TABLE A-I1I-6 (Continued)

Hydrostatic Unit 1 - Site 11

Position 1 Average
Ry g8 .5 15 s a5 6 a8 .7

R, . J2 .4 .00 00 .00 120 .0

2 4 20 A7 .24 .25 .26 .28 .28 2400
Position 2

R, .16 .7 .20 .20 .20 .20 .21 .18

R, .08 .11 A4 a5 4 a4 2

. .26 .35 .31 .28 .29 .30 .27 .2975
Position 3

Ry .21 20 .23 .20 .21 .26 .26 .23

R, .10 a3 3 a3 .5 L5 7 .13

1 44 .30 .40 .29 .29 .43 .39 .40 3675
Position 4

Ry 200 .22 200 9 .22 9 .22 .20

R, L1570 .15 3 .9 .1 .18 L4

1 .27 .28 .27 .27 .50 .32 .21 .31 .3100
Position 5

R, 20 .20 .19 .21 a7 .20 a7 .16

R, L1415 5 07 .15 .16 4 .3

1> .27 .27 .24 .56 .20 .26 .22 .20 .2775
Position 6

Ry Jd9 .19 20 .26 .22 .21 .7 .23

R, .07 .11 4 M 2 5 a3 .16

2

I .47 .31 .30 .55 .40 .28 .25 .32 . 3600



Hydrostatic Unit 1 - Site 11

Position 7
R} 17
R2 .14
G .23
Position 8
R] .15
R2 13
12 .18
Position 9
R] .16
R2 .12
12 .22

.22
12
.39

.19
.13
.29

.19
12
.26

.19
.13
.29

.24
13
.30

A7
12
.26

17
.10
.29

.16
.09
.29

.19
.09
.40

TABLE A-111-6 (Continued)

.19
.]3
.28

.19
A1
.29

.19
.14

.26

A7
.16
.19

.19
.14
.26

.21
.16
.26

.20
.18
.24

.19
3
.29

7
.13
.24

.20
14
.28

.16
.10
27

19
.13
.28

A-90

Average

.2738

.2713

.2725



Hydrostatic Unit 1

AlR

1

47
.25
.82

.45
.22
.62

.33
.23
.47

.54
.39
.73

.42
.28
.59

.42
.34
.49

.48
.32
.69

.48
.43
.52

.39
.25
.58

.60
.51
.68

.33
24
.44

.39
.30
.48

TABLE A-III-7
IMPULSE INDEX DATA - PULLMAN AREA

.46
.30
.67

.48
.36
.60

.33
.26
A1

.55
.48
.60

.34
.22
.51

.33
.34
.32

.49
.29
.80

.50
.39
.63

.50
.30
vy

.50
.50
.48

.43
.25
1

.50
.33
73

Average

475
.29
.745

.478
.35
.593

.388
.26
.558

.548
.47
.623

. 380
.248
963

410
.328
.505

A-91



Hydrostatic Unit 1

A4R

1

.40
.25
.60

.39
.28
.53

.40
.25
.60

.52
.38
.67

.62
.38
.94

.59
.37
l88

TABLE A-I11-7 (Continued)

42
.30
.57

.47
.39
.54

.34
.28
.42

.42
.29
.58

77
.46

.60
.42
.82

A1
.23
‘70

.44
.30
.30

.42
.30
.56

.46
.27
73

.56
.33
.89

.60
.36
.95

.30
.21
A4

.49
.35
.35

.35
.23
.50

.52
.34
.75

.63
.35
.13

.62
.66
.56

Average

.383
.248
.578

.448
.33
.58

.378
.206
.52

480
.32

.682

.645
.38
1.062

.603
.452
802

A-92



A-93

TABLE A-III-7 (Continued)

Hydrostatic Unit 1

1 2 3 4 Average

C2R

Ry .94 .83 .85 .69 828
R, .25 .34 .32 .34 312
G 3.53 2.03 2.26 1.40 2.305
coL

Ry .52 51 .48 .54 513
R, .30 .29 31 .30 .30
G .87 .85 71 .93 .84
C3R

R, .82 .87 .74 .96 .848
R, .27 .26 .25 .29 268
G 2.49 2.91 2.19 3.18 2.69
c3L

R, 1.02 .96 1.02 1.02 1.005
R, .46 .43 .44 42 438
18 2.261 2.14 2.37 2.48 2.313
C4R

R, 1.02 1.02 1.02 1.02 1.020
R, .39 45 .37 .34 .388
18 2.67 2.31 2.81 3.06 2.71
caL

Ry 1.00 1.02 .97 1.02 1.003
R, .30 .38 .37 .40 .362

2

1 3.33 - 2.74 2.54 2.60 2.80



A-84

TABLE A-II1-7 {Continued)

Hydrostatic Unit 1

1 2 3 4 Average

C5R

R, 72 .69 .69 .69 698
R, .39 .36 .33 .34 356
G 1.33 1.32 1.44 1.40 1.372
c5L

R, .86 73 .80 .83 805
R, .39 .36 .39 .37 .378
12 1.90 1.48 1.64 1.86 1.72
E2R

R, .63 .69 .62 .68 655
R, .28 .33 .33 .29 .308
12 1.42 1.44 1.16 1.59 1.402
E2L

R, 75 .83 .90 .85 .833
R, .48 .46 .49 .45 47
G 1.17 1.50 1.65 1.61 1.48
E3R

R, 1.1 1.04 1.02 .99 1.040
R, .25 .39 19 .23 266
G 4.93 2.77 5.48 4.26 4.36
E3L

R, .97 .86 .89 .88 .900
R, .70 57 .58 .57 606

2



A-95

TABLE A-11I-7 (Continued)

Hydrostatic Unit 1

1 2 3 4 Average

E4R

R, .98 .78 .92 74 855
R, .29 .40 .29 .28 .316
G 3.31 1.52 2.92 1.9 2.43
E4L

Ry 1.02 1.42 1.32 1.02 1.195
R, 55 .48 .68 .50 552
12 1.89 4.20 2.56 2.08 2.68
ESR

R, .86 .65 .89 .86 815
R, .32 .44 .30 .40 .366
12 2.31 92 2.64 1.85 1.93
E5L

Ry .99 .93 .92 .79 .908
R, .35 .29 .33 .25 .306
G 2.80 2.98 2.56 2.50 2.71
EIR

Ry .69 66 .69 .80 710
R, .30 .28 .29 .32 .298
12 1.59 1.56 1.64 2.00 1.70
EIL

R, .83 .78 1.0 .99 .900
R, .33 .42 .43 .44 406

2

I 2.09 1.45 2.33 2.23 2.02



Hydrostatic Unit 1

E2R

1

.74
.57
.96

.81
.47
.40

.12
.18
.08

15
.14
.16

.10
2
.09

.10
A3
10

TABLE A-III-7 (Continued)

73
.31

.87
.47

.14
.29
.08

.10
A2
.09

A1
.16
.09

.14
.18
1

.62
.35
.10

.47
13

.10
14
.08

1
A2
11

.10
.14
.09

12
.16
.10

.64
.26
.58

.90
.44
.84

12
.16
.09

.10
.13
.09

.08
.13

‘07

L1
.19
.08

Average

.683
.372

.895
.462

.120
.192
.082

15
.128

112

.098
.138
.085

118
.166
.098

A-96



TABLE A-III-7 (Continued)
Hydrostatic Unit 1

1 2 3
5L
Ry A2 11 .09
R, 17 .18 13
G 10 .09 .07

.13
.18
.10

A-97

Average

113
.166
.09



