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SUMMARY

The Standard Penetration Test (SPT) is currently the most popular and eonomica means
to obtain subsurface information.  Although grest effort has been put into standardizing the SPT
procedure, variability is inherent in present procedures. The standard penetration resstance is, in
fact, conventiondly measured using different kinds of hammers, drill rig types, drill rod lengths,
drill rod types, hammer blow rates different energy ddivery sysems with different degrees of
efficiency, different borehole fluids, and different kinds of sampling tubes. Thus the test is
peformed by different equipment and testing procedures as well as different operators.
Consequently, the condstency of the SPT N vaues is questioned, i.e, the ability of the test to
reproduce blow counts using different rig sysems under the same Ste/soil conditions. The direct
impact of this incondstency on geotechnicd design qudity and cost has sparked sgnificant
research on the factors that affect the N values.

Research has shown that the most Sgnificant factor affecting the measured N vaues is
the amount of energy delivered to the drill rods. Fied testing indicated that the energy ddivered
to the rods during an SPT test can vary from 30 to 90% of the theoreticd maximum, depending
on the type of hammer sysem used. In order to reduce the dgnificant variability of the SPT N
vaue due to the large variation in energy delivered, it has been recommended that the N vaue be
standardized to a specific energy leve through the use of correction factors,

The purpose of this research is to summarize dl available correction factors and, with the
guidance of a limited field testing program, determine the most gppropriate correction factor for
use by the Maryland State Highway Adminigtration (MD SHA).

In the fidd testing, SPT energy trandfer measurements were made using an SPT Anayzer

manufactured by Pile Dynamic, Inc. for 3 SPT hammer systems, one donut, one safety, and one



automatic hammer.  All tests were peformed under fidd conditions with norma operating
procedures. The tests were performed in three borings a the same location so that smilar soil
conditions would be encountered, and hence the effect of different soil types on the measured
enargy was diminated. Unfortunately, the method of drilling was not the same in dl three
borings, one boring used hollow stem auger and the other two used casing and drilling fluid.

The anaysis of the fidd data showed that both the safety hammer and the automatic
hammer have an energy efficiency that lies within the range of Smilar hammers tested by other
researchers, whereas the donut hammer showed a much higher efficiency than was expected. It
was a0 found that the range of published correction factor vaues is so wide that the published
vaues would not be acceptable for use in design. It is thus concluded that correction factors
should be determined from actua energy measurements of each driller-rig-hammer system. A
chart is included in the report to correct the N vaue determined in the field to Nso, as well as
recommendations regarding an enegy measurement program  for immediate and future

implementation.
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CHAPTER |
Introduction
11  General Overview

The Standard Penetration Test, known as the SPT, is commonly used by Maryland SHA
in its subsurface invedtigations for foundation and geotechnical desgns. It is one of the most
broadly used tests world-wide to characterize in-Stu soil drength.  While other in-gtu tests are
avalable, CPT, CPTU and dilatometer to mention a few, only the SPT test enables the drill crew
to retrieve soil samples. The SPT test is made by dropping a free-fdling hammer weighing 140
Ib onto the drill rods from a height of 30 inches to achieve the penetration of a sandard sample
tube 18 inches into the soil. The number of blows required to penetrate each 6inch increment is
recorded and the number of blows required to penetrate the last foot is summed together and
recorded as the N vadue. The first 6 inches of penetration tends to reflect disturbed materid
remaning in the hole from the removd of the drill and insertion of the sampler, therefore the
blows corresponding to the firsd 6 inches of penetration are recorded but are not ordinarily
included in the N value.

One advantage of the SPT tedts is that the drillers can collect samples for further
classficaion and laboratory testing. Another advantage of this smple and economica test is the
ggnificant body of research that has been done to corrdate empiricaly the SPT N vaues with
geotechnica design parameters such as soil densty, consggtency, friction angles, undrained shear
grength, Young's modulus, shear modulus, settlement of shadlow and deep foundations in sand,
bearing capacity vaues, and to provide an index of soil liquefaction resstance. Thus the N vaue
saves money by reducing laboratory teding.  Unfortunately, the SPT test is anything but

standard.
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The SPT ted, is subject to a large number of variables that affect the results of the test.
There are numerous factors permitted by ASTM that effect the N value. Some of these factors
include the drill stem length and cross section, the type of anvil, the blow rate, the technique of
the operator, the dignment of the hammer, the use of liners or bore hole fluid and the type of
hammer. Of dl of the documented variables the hammer type is the most influencid due to the
vaiability in energy ddivered to the drill rods. Researchers have shown that energy transfer
efficiency can be between 30% to 90% depending on the type of hammer used. Thus, different
drill rig hammer sysems give different N vaues for the same ste. It has been found that an
inverse raionship exids between the N measured and the efficiency of the hammer. These
findings and the recognition of the direct impact of this incongstency on geotechnica design
qudity and cogt were the initid motivation for the body of research into the SPT energy
measurements and in the development of correction factors to reduce the variability in N vaues.

1.2  Objective of the Study

The objective of the study is to determine the most gppropriate correction factors for the
SPT N vaues to be used by MD SHA engineers. MD SHA engineers will have the benefit of
being sure that the SPT data used is representative of actua subsurface conditions, regardless of
the type of equipment used in performing the test.

The study is comprised of three tasks Task 1 is a literature review. In this task a
summary of the available correction factors is provided. The second task is field testing. In this
task a limited testing program to measure the energy ddivered by different types of hammers for
three MD SHA hammers was under taken. The fidd data was used for comparison with

published measured data  And findly task 3 is the presentation of the andysis d the data and
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recommendations for how to correct the SPT N vaues and what are the most appropriate
correction factors.
1.3  Organization of the Report

This report is divided into six chapters. Chapter 1l presents the review of the literature
that includes previous testing as well as available correction factors. Chapter 111 discusses the
energy measuring system used in this sudy. Chapter IV presents the fidd testing program.
Chapter V discusses the anadlyss of the data, and findly, Chapter VI is the concluson and

recommendations developed from the research program.
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CHAPTER 11
Review of Literature

2.1 History of SPT

Two very thorough trestments of the history of SPT testing have been published. Broms
and Hodin (1988) discuss the history of soil penetration testing from ancient times through the
1980's. The University of Florida report by Davidson, Maultsby and Spoor (1999), details the
higory of SPT tesing and the ASTM dandardization of SPT tesing from the beginning of the
20" century through the present. According to this report the earliest credits for the SPT are
attributed to Mohr and dso to Terzaghi. Hvorsolv credits Mohr for developing the test in 1927
and the SPT Working Party credits Terzaghi for the SPT. Readers should see Davidson,
Maultsby and Spoor (1999) and the Broms and Flodin (1988) reports for more information on
the higory.
2.2 ProceduresAffecting the“N” Values

The number of blows required to drive a plit spoon sampler a distance of 12 inches after
an initid peneration of 6 inches is referred to as an “N” vaue or SPT “N” value. There are
many factors that can affect the N vdue. These factors include the hammer type, drill length and
type of anvil, blow rate, etc. In addition, the N vaues are influenced by operationd pocedures
asillustrated in Table 2.1, produced from NAVFAC DM 7.1, 1982.
2.3  Main Factor Affectingthe“N” values

Schmertmann (1978) and Kovacs and Sdomone (1982) identify the most sgnificant
factor affecting the measured N vaue as the amount of energy dedivered to the drill rods. They
indicated that the energy ddivered to the rods during an SPT test can vary from about 30% to

80% of the theoretica maximum.
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Table 2.1 Procedures That May Effect The Measured “N” Vaues (from NAVFAC, 1982)

Inadequate cleaning of the
borehole

Not segting the sampler
spoon on undisturbed
materia

Driving of the sample
spoon above the bottom of
the casing

Falureto maintain
aufficient hydrogtetic head
in boring

Attitude of operators

Overdrive sampler

Sampler plugged by grave

Pugged casing

Overwashing ahead of
casng

Drilling method

SPT isonly patidly madein origind soil. Sudge may be
trapped in the sampler and compressad as the sampler is driven,
increasing the blow count. (This may dso prevent sample
recovery.)

Incorrect N-vaues obtained.

N-values are increased in sands and reduced in cohesive soils.

The water table in the borehole must be at least equd to the
piezometric leve in the sand, otherwise the sand at the bottom of
the borehole may be transformed into aloose state.

Blow counts for the same soil using the samerig can vary,
depending on who is operating the rig, and perhaps the mood of
the operator and time of drilling.

Higher blow counts usudly result from overdriven sampler.

Higher blow counts result when gravel plugs sampler, resistance
of loose sand could be highly overestimated.

High N-vaues may be recorded for loose sand when sampling
below groundwater table. Hydrostatic pressure causes sand to
rise and plug casing.

Low blow count may result for dense sand since sand is
loosened by overwashing.

Drilling technique (e.g., cased holes vs. mud stabilized holes)
may reult in different N-vaues for the same soil.
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Table 2.1 Continued

Freefdl of the drive
weight is not attained

Not using correct weight
Weight does not strike the
drive cgp concentricaly
Not usng aguiderod

Not using agood tip on the
sampling spoon

Use of drill rods heavier
than standard

Not recording blow counts
and penetration accurately

Incorrect drilling
procedures
Using drill holesthat are

too large

Inadequate supervison

Improper logging of soils

Using too large a pump

Using more than 1.5 turns of rope around the drum and/or using
wire cable will regtrict thefdl of the drive weight.

Driller frequently supplies drive hammers with weights varying
from the standard by as much as 10 Ibs.

Impact energy is reduced, increasing N-vaues.

Incorrect N-va ue obtained.

If the tip is damaged and reduces the opening or increases the
end area the N-vaue can be increased.

With heavier rods more energy is absorbed by the rods causing
an increase in the blow count.

Incorrect N-vaues obtained.

The SPT was origindly developed from wash boring techniques.
Drilling procedures that serioudy disturb the soil will affect the
N-vaue, eg. drilling with cable tool equipment.

Holes greater than 4 in. in diameter are not recommended. Use
of larger diameters may result in decreases in the blow count.

Frequently a sampler will be impeded by gravel or cobbles
causng a sudden increase in blow count; thisis not recognized
by an inexperienced observer. (Accurate recording of drilling,
sampling, and depth is aways required.)

Not describing the sample correctly.

Too high apump capacity will loosen the soil at the base of the
hole causing a decrease in blow count.
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In order to reduce the dgnificant variability of the SPT N vaue due to the large variation
in energy ddivered, it has been recommended that the N vadue be standardized to a specific
energy levd. This dandardization can only be achieved by determining the energy trander
efficiency of the SPT sysem. Energy trander efficiency is defined as the trandferred energy to
the drill rod divided by 350 ft. Ibs (nomind energy of SPT hamme).

24  SPT Hammer System

An SPT hammer sysem is comprised of the hammer itsdf, the mechaniam that lifts and
drops the hammer, (the anvil, dem and anvil or drive-head) and the operator. Two shapes of
hammers are in common use;, the safety hammer and the donut hammer. The safety hammer,
which is reaively long and therefore has a corresponding smdl diameter. The safety hammer,
has an internd griking ram that greetly reduces the risk of injuries. The donut hammer is short
in length and therefore larger in diameter than the safety hammer. The longer safety hammers
are more efficient in tranderring energy into the rods than the more squat donut hammers.  In an
energy cdibration study by Kovacs et a. (1983), the mean energy ratio deivered by a safety
hammer was found to be about 60%, whereas the mean energy ratio for a donut hammer was
about 45%.

The common practice in performing the SPT is to raise the hammer 30 in. by means of a
rope wrapped around a rotating pulley and then throw the rope smartly to dissociate it from the
pulley, in this way letting the hammer fdl onto the anvil fastened to the top of the drill sem.
Since the rope is rardly completely dissociated from the pulley, the actud energy ddivered using
this technique depends on the skill of the operator, smoothness of cathead (amount of rust) and
very much on the number of times the rope is origindly wrapped around the pulley. Kovacs et

a. (1982) recommended that two turns of the rope around the pulley $would be used to minimize
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the importance of the number of turns and operators characterigtics as variables of the ddivered
energy.

To diminate the variability of the energy ddivered to the hammer tha rises usng the
rope and pulley technique, an autometic trip hammer has been introduced. A mechanica system
rases the hammer and a tripping device releasss it from a 30 inches height. It has been found
that these systems dso do not ddiver the theoretica free-fdl energy to the drilling rods, probably
because of the energy losses associated with the anvil system at the top of the drill sem. In the
United States, the two most common SPT hammer systems are the safety hammer with cathead
and rope mechanism and the autométic trip hammer system.

25  Recent Energy Measurements

Recently, severa projects were undertaken to measure the transferred energy in SPT
testing. These were in the states of Washington, Oregon, Minnesota, Maryland and Florida.
251 Stateof Washington

The Sedttle branch of ASCE volunteered b sudy the energy transfer efficiency of locd
drill rig hammer systems in 1995, as presented by Lamb (1997). Washington DOT supplied
ther drill rigs and the teding was peaformed by GRL & Associates with the Pile Driving
Anadyzer. Safety hammers, cathead and rope systems dedivered 51% to 75% energy and the
Centrd Mine Equipment (CME) automatic hammers delivered an average of 77%.

25.2 Stateof Oregon

In 1994, energy transfer measurements in SPT were conducted by GRL for drill rigs

operated by the Oregon Department of Transportation. Tests were conducted at 5 stes, in 10 test

holes where nine Oregon DOT rigs were tested.
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The efficiency vaues obtained by GRL using the measured force and velocity was as
follows. For test holes with rope and cathead operation the average efficiencies ranged from
61% to 65%. Resllts for the automaic hammers manufactured by CME vyidded average
efficiencies of 78% to 82%. Additiondly, two Mobile automatic hammers were tested. These
hammers, one a hydraulicdly powered trip hammer averaged 62% efficiency and the other, a
gpooling winch safety hammer system averaged 48% efficiency.

253 Stateof Minnesota

As presented by Lamb (1997) Minnesota DOT, first noticed the variability of N vaues
produced by their state rigs on a project in which two rigs with different hammer sysems were
sampling in smilar soil conditions.  They found that the N vaues resulting from one rig were
consgently higher than the N vaues measured by the other. They decided to measure the
energy ddivered in each rig using the PFile Driving Andyzer and a specidly instrumented rod.
Effort was made to conduct 8 tests for each of their 4 hammer systems and measure the energy of
each rig in different soil types. The study presents a discusson of the issues to be addressed in
the improvement in SPT protocol. Minnesota used N rods in their sudy so those results are
presented here.  The energy transfer for the cathead rope system ranged from 61% to 75% with
an average of 67 %. The CME automatic had a range of 76% to 94% with an average energy
transfer of 80%.

254 Tedsin Maryland

GRL, in 1999, performed energy measurements during SPT testing for Potomac Crossing
Consultants using three drilling rigs that were used one a a time to advance a single bore hole by
rotary drilling. All three rigs used a safely hammer with manud lifting mechanism (cathead-

rope) during SPT testing. For Rig B24, the transferred efficiencies were found to be between
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62% and 78% with an overdl average corresponding to 72% efficiency. For Rig B57T, the
trandferred efficiencies ranged between 54% and 71% with an average of 62%, and for Rig
B57A, the range was 59% to 68% with an average of 63% efficiency. The difference in
efficiency between dl three safety hammers could be attributed to the use of different rod cross-
sectiond areas between the different rigs.
255 Stateof Florida

Davidson, Maultsby and Spoor (1999) at the Universty of FHorida presented a study that
consgted of determining the energy trandfer of 58 drill rig hammer systems with the intention of
identifying and assessing the effect of drill rig variables on energy transfer. The report published
from this study contains a comprehensve hisory of the development of ASTM standards for
SPT tedting. The report aso provides a very thorough invedtigetion of the varidbles that
influence the SPT N vadue and provides a discusson of the issues that must be addressed in
upcoming improvements of SPT testing protocol. Of the 58 drill rig systems tested in Forida, 43
were consultant-owned and 15 belonged to FDOT. Because of the private ownership of the drill
rigs it was not possible to disrupt production schedules and therefore it was not possible to have
the borings located in one ste.  Florida found their average energy transfer in the safety hammers
with the AWJ rods to be 68.1% with a sandard deviation of 9.8. The average energy transfer for
automatic hammers with the AWJ rods was 83.2% with a standard deviation of 6.8. However,
the average energy trandfer of the safety lammer on the Mobile drill was 43.8% with a standard
deviation of 3.1. There were 3 tests conducted with the Mobile Drill and al a depths less than

24 fedt.
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256 Summary

Davidson et a. (1999), in a summary of energy efficiencies as predicted by a number d
researchers, indicated that the energy trandfer ratio for safety hammers with cathead and rope
hoisting mechanism can vary consderably. The range of reported vaues is from 30% to 96%.
For automatic trip hammers, the range is smdler, with alow of 60% and a high of 90%.
26  Sandard Energy

There ae severd publications recommending that a standard energy ratio should be
adopted for SPT investigations in order to dlow reproducible and condstent blow counts among
different drill rigs a the same dte, regardiess of the detals used in performing the ted.
Furthermore, since higtoricaly the SPT correlations have been developed usng data obtained in
the United States and in other countries, the use of an energy ratio will render data obtained in
different countries compatible  Fird, the theoreticad free fal energy of an SPT hammer is

determined. Thisenergy is

where Ey, isthe driving energy (theoretica free fdl energy)
m is the hammer mass
w isthe weight of the hammer

and  vistheveocity
snce Vv=,/2gh

where h isthe height of fdl

then E, zilV2gh:Wh
29
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thus, a 140 Ib ram raised 30 inches (2.5 ft) above an impact surface will have a potentid energy
of

E, =140 2.5=3501b.ft.
The ratio between the actud energy delivered to the sample, (measured energy delivered to the
drill rods) to the theoreticd free fdl energy, yidds the energy transfer efficiency or the rod
energy ratio in thefield:

R = actual driving energy

i.e.,
freefdl energy

where ER is the energy trandfer efficiency or rod energy ratio. It was found that the ER: ranged
from 30% to 90%. With such a wide range in energy ratio it has been suggested that the SPT be
sandardized to some energy ratio referred to as the sandard energy ratio. The standard energy
can be smilarly defined as

_ actual driving energy

E
R free fdl energy

By noting that the larger the energy rdtio, the lower the blow count, and assuming that the energy
ratio times the blow count should be a congtant for any soil then:
ER, XN, = ER, xN_
where Nj isthe SPT N vaue obtained in the field
Ng isthe SPT N vaue for the sandard energy

ER,
Thus, Ny =N x—

ERy
The past 25 years have seen the advent of more and more efficient hammers.  As dated
previoudy, efficiency is defined as the percentage of the theoreticd free-fdl energy resulting

from the impact of the 140 pounds dropping 30 inches. The outcome of the use of these efficient
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hammers has been N vaues that are as much as 50% lower than would be measured with
hammers made with older desgns This difference in efficiency is one explanation why many
have found different N vaues resulting from two different drill rig hammer systems a the same
dgte.  This difference in N vaues is a concern since empirica corrdations between N ad
geotechnical design parameters were developed from N vaues that corresponded to less efficient
hammers. The quedtion then arises as to wha would have been the efficiency of the drill rig
systems used in the empirical dudies. In other words, what value can we adopt & this point as
an efficiency that is representative of the mgority of hammer sysems before the advent of the
safety and automatic trip hammers? Kovacs (1983) initidly suggested that 55% be adopted as
the efficdency & which mogt drill rig sysems operated at the time that empiricd corrdations
were made. Seed (1985) suggested instead that 60% be used since it is associated with the safety
hammer, the most commonly used SPT hammer in the United States and Bowles (1996) has
recommended 70% be used. These estimates are the bass for the proposed correction factors for
hammer types. It is recommended herein to use 60% as the sandard energy ratio because it will
greatly minimize fidd data corrections gnce it is asociated with the safety hammer, that was
and 4ill is, the most commonly used SPT hammer in the United Statess The adoption of this
gdandard energy requires the SPT N vaues obtained usng any hammer to be corrected. The
correction is done in accordance with the equation:
N = N, ¥ER; /60)
where:
Neo = SPT N value corrected to 60% of the theoretica free fal hammer energy
Nt = SPT N vaue obtained in the field

ER: = rod energy ratio for hammer used in the investigation (measured)
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2.7  Correction Factors

As stated above, there are numerous factors other than hammer type that are permitted by
ASTM D 1586-99 and that affect the N value. Correction factors have been proposed by various
authors to account for factors such as the drill sem length and type, the type of anvil, the blow
rate, the use of liners or bore hole fluid and the type of hammer.

The standard blow count Nsp can be computed from the measured N from the following
generd equation (excluding the overburden corrections):

Ngo = N X, X0, 20, 0, X, X,

where ;= energy correction factor

np = rod length correction factor

ng = liner correction factor

ns = borehole diameter correction factor

ns = anvil correction factor

ne = blow count frequency correction factor
By far the most important correction to be made to N; is for the energy delivered to the drill rods.
The energy ddlivered from the hammer depends on the way the hammer is lifted and released,

and on the design of the hammer. The correction factor is defined as n. For a standard energy

of 60% then
correction factor = average transfered energy raio
60
: ER
l.e, n=—-
60

where ER: isthe average energy ratio determined in the fied.
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It has been shown that when the length of the drill rod is less than 10ft, a condderable
amount of energy is reflected back in the rod reducing the energy avaladle for driving the
sampling tube into the ground, thus it is recommended that the N vaues should be corrected for

short lengths of rods. The correction factor for length is .

The ASTM sampler that is used in the United States tas a 1-3/8 in. 1.D. shoe and a barrel
that can be fitted with liners to provide a congtant 1.D. of :3/8 in. However the barrd is often
used without liners. In this case the 1.D. is 1:1/2 in. and there is less friction developed insde the
sampling tube, which in turn reduces the measured N vaues. It has been shown that the use of
the ASTM sampler without the liner leads to 10% to 30% lower N vaues. It was aso shown that
the effect is smaler for looser sands and larger for denser sands. It is thus recommended that the
measured N values should be corrected for the use of the liner. The correction factor is .

SPT N vaues are corrected if they are made in boreholes larger than 4.5 inches. When

boreholes are larger than 4.5 inches, measured N vaues are lower than they would be for a

smdler diameter hole. The correction factor is .

When the hammer fals during the SPT testing, it dricks an anvil atached to the drill rod
gem. The awil can vary in shgpe, Sze and weight. The amount of energy transferred to the drill
rods depends on the weight of the anvil. The correction factor is .

Ancther correction r, is for blow count frequency that gpplies for sands below the water
table. The correction factors are tabulated in Table 22 and 2.3. In Table 2.2 the correction

factors are organized by parameter. In Table 2.3 the correction factors are organized by author.
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Table 2.2 Correction Factors by Parameter

Robertson & | Seed (1984) Per McGregor | Bowles | Skempton
Length of Drill Rod Wride (1997) | and Duncan (1998) (1996) | (1986)
Length over 30 m (+100 ft) Lessthan 1 1 1 1
'10—-30m (30-100 ft) 1 1 1 1
‘6—10m (20-30 ft) 0.95 1 0.95 0.95
‘4—6m (1320 ft) 0.85 1 0.85 0.85
‘3-4m (10-13 ft) 0.75 1 0.75 0.75
‘0-3m (0-10 ft) - 0.75 0.75 0.75
Corrections for Blow Rate (CBF) Decourt, 1990 per McGregor and Duncan (1998)
Frequency of Hammer
Blows Bdf
Lessthan 20 10-20 blows/minute 0.95
Greater than 20 10-20 blows/minute 1.05
Tokimatsu (1988) Per McGregor and
A Duncan (1998) Skempton (1986)
Small (4.4 1bs) 0.85 07-038
Large (26.5 1bs) 0.7 06-0.7
Safety 5.5 Ibs 09 07-08
Bore Hole Diameter Robertson & Wride (1997) | Bowles (1996) Skempton (1986)
Pamameter N4
60— 120 mm 1 1 1
150 mm 1.05 1.05 1.05
200 mm 115 115 115
Sampler Robertson & Wride (1997) | Bowles (1996) Skempton (1986)
No linear 11-13 1 12
With liner: loose sand 1 0.9 1
With liner: densesand, clay | 1 0.8 1
Seed (1984) per McGregor | Robertson &
Hammer Type and Duncan (1998) Wride (1997) Bowles (1996)
nl* =
Automatic 167 08-15 114-143
Pulley Safety Hammer 1 07-12 1-114
Donut 0.75 05-10 0.64

* where nl1 = (Er/70) example for ER = 80% — 100% nl1=1.14-1.43

2-13




Table 2.3 Correction Factors by Author

Corrections proposed by Robertson and Wide (1997)

Factor Variable Correction
Energy Ratio Trip or Automatic Hammer 0.8-15
Rope and Pulley Safety Hammer 07-12
Donut Hammer 05-10
Rod Length (meters) Length over 30 m (200 ft) Lessthan 1
'10-30m (30100 ft) 1
‘6—10m (20-30 ft) 0.95
‘4-6m (13-20ft) 0.85
‘3—4m (10-13ft) 0.75
Sampler Without liner 11-13
With liner: dense sand, Clay 1
With liner: loose sand 1
Bore Hold Diameter '60—120 mm (25-45in) 1
‘150 mm 6in) 1.05
‘200 mm (8in) 115
Corrections proposed by Bowles (1996)
Factor Variable Term Correction
Energy Ratio Trip or Automatic Hammer nl 114 - 1.42*
Rope and Pulley Safety Hammer 1-1.14*
Rope and Pulley Donut Hammer 0.64*
Rod Length (meters) Length
"10 m+ (100 ft+) 1
‘6—10m (20— 30 ft) 0.95
‘4—6m (13- 20ft) 0.85
‘0—4m (10-13ft) 0.75
Sampler Without liner 1
With liner: dense sand, Clay 0.8
With liner: loose sand 0.9
Bore Hole Diameter "60 — 120 mm (25-4.5in) 1
‘150 mm 6®in) 105
‘200 mm (8in) 115

* where n1=(Er/70) example for ER = 80% — 100% n1=1.14 —1.43

2-14




Table 2.3 Continued

Corrections proposed by Skempton (1986)

Factor Variable Correction
Energy Ratio Trip or Automatic Hammer None listed
Rope and Pulley Safety Hammer 0.9
Donut Hammer 0.75
Rod Length Length over 10 m (over 30 ft) 1
‘6—10m (20-30ft) 0.95
‘4—6m (13-20ft) 0.85
‘3—4m (10-13ft) 0.75
Sampler Without liner 1.2
With liner: dense sand, Clay 10
With liner: loose sand 1.0
Bore Hole Diameter '60— 120 mm (25-45in) 1
‘150 mm 6in) 105
‘200 mm 8in) 115
Anvil Sze Smdl 0.6-0.7
Large 0.7-08
Corrections proposed by Seed (1984) per McGregor and Duncan (1998)
Factor Variable Correction
Energy Ratio Trip or Automatic Hammer 1.67
Rope and Pulley Safety Hammer 1
Donut Hammer 0.75
Rod Length (meters) Over 10 m (+30ft) 1
‘6—10m (20-30ft) 1
‘4—6m (13-20ft) 1
‘3—4m (10 — 13 ft) 1
‘0-3m (0-10ft) 0.75
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CHAPTER 111
Energy Measuring System

To messure the energy trangmitted from the hammer to the drill string, some form of
indrumented equipment is required. The equipment should have drain gauges for obtaining
force measurements and accelerometers for obtaining velocity data The equipment should be
cgpable of recording and displaying the veocity and force waveforms as well as cdculating
energy vaues using both the F? and FV methods.
31  SPT Analyzer

The SPT andyzer used in this research is manufactured by File Dynamics, Inc. (PDI) and
was purchased by the MD DOT. The andyzer conssted of an instrumented 2-foot long AWJ
drill rod section, a hand-held unit to read and store data and the necessary wiring to connect the
gauges on the ingrumented rod to the hand-held unit and the software for use in evauding the
data It was possble to monitor, with some difficulty, the results during the operation such that
defective gauges could be detected.
3.1.1 Rod and Sensors

The two foot rod sze AWJ is the same Sze as the drill dring used in the State of
Mayland. Foil drain gauges (350 ohm) glued directly onto the rod in a wheatstone bridge
configuration measure drain, which is converted to force using the cross-sectiond area and
modulus of dadticity of the rod. Two piezoresistant accderometers are housed in a rigid
auminnm block that is mounted to the rod. The acceeration measured by the accelerometer is
integrated to obtain velocity. The indrumented rod is affixed to the top of the drill gring just

below the anvil during testing.
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3.1.2 Hand-hed Unit

The unit has an LCD touch-screen for entering rod area and length, descriptions and
names, and user comments. The programmed screens dlow for data control and review. When
the test is in progress, the beginning of the hammer blow triggers the anayzer to begin recording
data The andog data from the gauges are digitized at 20 kHz for a period of 100 milliseconds.
These data are continuoudy displayed on the screen as the force wave (from the train gauges)
and the velocity wave (from the integrd of the data from the accderometers). The trace of the
velocity wave is scaded such that it is proportiond to the force wave; it is scded at the force scde
divided by the impedance, Z. Four channds of data are recorded for each blow: 2 force and 2
velocity. The data are saved for a user-sdected blow frequency in the memory of the unit. Raw
data and energy-related quantities are sorted in the memory until downloaded into a computer
usng PDI software. After analyzing the data, the data were plotted using Excdl.
3.2  Energy Measurement Methods

Two methods can be used to caculate maximum transferred energy to the drill rods. The
firdg method, uses the integration of the product of the force and veocity record over time
(Force-Vdocity Method) and is referred to as EFV. For this method the transferred energy is
determined by:

EFV = ¢F(t)V (t)ot
where: F =theforceat timet
V =theveocity a timet

The integration begins a impact (time the energy trandfer begins) and ends a the time a which

energy transferred to the rod reaches a maximum vaue (i.e., integration over the entire force and
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veocity record). This method is theoreticaly sound and requires no correction factors (Abou
matar and Goble 1997).
The second method calculates transferred energy to the drill rod using the square of the

force record (F*> Method) referred to as EF2 and is as follows:
EF2=(c/ EA)[F (t)*dt

Where: ¢ = stress wave propagation speed in the drill rod

E = modulus of dasticity of the drill rod

A = cross sectiona area of the drill rod

F =theforce at timet
The integration begins at the time of impact and ends at the time of the firs occurrence of a zero
force after impact. The force squared method is described in ASTM D4633-86 and requires the
use of three correction constants. These constants correct for the distance between the anvil and
the measurement device, the rod length and the ratio of the actua to the theoretical time at which
the force a the rod top becomes equa to zero. There is uncertainty associated with the use of
these correction congants.  Furthermore, the third correction is only vdid for actud times of
occurrence of zero force greater than 90% and less than 120% of the theoretica time calculated
by 2L/c, where L equals the rod length and c is the wave speed in the sted rods. If this is not the
case, the EF2 method can not be used to evauate energy. In redity, due to changes in
impedance with different rod cross-section changes, presence of collars and adaptors in the drill
gring connector conditions, etc; reflections will occur before the firss compresson wave reaches
the end of the sampler. The result of this is that the time of zero force may fdl outsde the limit

and thus the method is frequently invdid for SPT teting. The firsd method, the force veocity
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method is unaffected by changes in cross-sectional area and is based on measured vaues. This

method is believed to be exact and is the method used in this project.
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CHAPTER IV
Field Testing Program
4.1  Testing Location

The testing was conducted a the intersection of Canine Road and Route 32 in Fort
Meade, Maryland. The ste was chosen for the convenience of the production schedule of the
State Highway Adminidration. A tota of three borings were used in this study. Three different
hammers were used in peforming the SPT test. The locations of the first two borings B4 and
B-4-1 were gpproximately 15 feet apat and the third boring B-4-2 was drilled 5 feet further
Northeast from the second. Figure. 4.1 shows a ste location map and Fig. 4.2 shows a dte plane
with the location of the borings marked. Appendix A shows the boring logs.

The borings were drilled as close as possble so that he dratigraphy encountered by the
borings would not be different. This was found to be the case, as indicated by the dte profile
shownin Fig. 4.3.

4.2  Testing Procedure and Equipment Used

An attempt was made to drill each boring to 100 feet, however, refusal was reached at 79
feet and drilling was terminated. Samples were taken every 5 feet as is standard practice for
SHA. The andyzer recorded each blow. Care was exercised to verify the qudity of the readings
before proceeding to the next 5 foot depth. Only the blows for the last two 6 inch increments
were used in the analyss since these blows correspond to the N vaue. The drill rigs considered
for this report are a CME ATV Rig modd 550 mounted with an automatic hammer from 1987, a
Mobile Drill B-61 from 1987 with a safety pin hammer, and a Sprague and Henwood 140 pound
donut hammer. The rope used was in good condition. No liner was used in the split spoon

sampler.
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The drill sems were comprised of AWJtype rods. All drilling equipment was the property of
the Maryland State Highway Adminigration.

The safety hammer uses a rotating cathead around which the operator wraps a rope 1%
times around for a counter clockwise rotating cathead and 2% times for a clockwise rotating
hammer and pulls to rase the hammer 30 inches. The operator then smartly disassociates the
rope from the pulley to enable the hammer to fdl with minima friction. The hammer rides a
ghaft encdlosed within a housng so that there is no risk of the hammer fdling off the mount,
hence the name safety hammer.

The automatic hammer is a trip hammer, sometimes cadled a monkey trip. The reease
mechaniam is a tripping mechaniam that diminates the operator technique as a parameter. The
avil onthisdrill rigissmdl.

Table 4.2 summarizes the information regarding the type of drill rigs and hammers used

in the fidd teting program.

Table 4.2 Drill Rigs and Hammers Tested

Boring . . - Condition Drill
Drill RigT H T Y Drill Method
NUMmber riller ig Type ammer Type ear rilling 0 of Rope Stem
B-4 Al CMEATV550 |  Automatic 1087 HOEL\OL\J,; ;tem AWJ
B-41 | Linwood | MobileB61 Sfety Pin 1087 | €& ”gFﬁ‘JidD”'“”g New | AWJ
Sprague and . -
B-4-2 Linwood Mobile B61 Henwood 1987 Casi ngFﬁji an lling New AWJ
Donut




CHAPTER YV
Data Analysis

51 Data Quality Assessment

Data were downloaded onto a laptop computer and were evaluated for quality and
adjusted or excluded as appropriate. Data were reviewed usng the PDI program. Each blow
from each SPT sample was reviewed and evduated. The data were evauated to ensure that al
gauges were recording in phase and that al gppeared to be returning reasonable readings. The
velocity and force curves needed to be shifted to pesk smultaneoudy just beyond the time of
impact. Furthermore, it was necessary to check the qudity of the data snce a number of possble
events can adversdy effect the quaity. One such event is circuit overloading. Loose bolts
attaching the accelerometers to the instrumented rod is another. In our experience, accelerometer
1 frequently provided unussble data that had to be excluded. We relied on just accelerometer 2
for haf of the results. Included here are sample plots of blows to illustrate the use of the plots in
data qudity assessment. The completed test data are presented in APPENDIX B, that includes
the time, blow number, EF2, maximum force in the drill rod, maximum veocity of the rod,
maximum displacement of the rod, etc.

As an example of good data, Fig 5.1 presents a typical hammer blow as presented by the
PDI program. The figure shows a single blow (blow No. 19) by the safety hammer a a depth of
45 ft. As shown in the figure, both forces and both veocities overlgp thus dl gauges were
working right. In Fig. 5.2 for the same blow, the upper part shows both the force and veocity
wave trace together. The data shows good proportionality of the force and veocity from the
initid impect to the time 2L/c. Another good data is for blow No. 50 by the safety hammer a a

depth of 74.5 ft. Agan Figs 5.3 and 5.4 show good correations between the force and velocity.
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Fig. 5.1 Blow No. 19 (F1, F2 and V1, V2)

5-2




Maryland State Hwy

Pile Driving Analyzer ®

MD 32

B-4-1

F (SU] ——
¥ (24.1) —

Adq F34

F1 [50) =—
F2 (50) —

PROJECT: MD 32
PILE NAME: B-4-1

OPERATOR: LINWOOD
FILE: B-4-1-2 w1
3/31/2001 10:14:58 AM
Blow Nurmber 19

k
DESCR: COLS OF BRIDGE; SAFETY ;MOBILE BGEMX 0.272 k-ft
k

LE 9.00

AR 1.16 in~2
EM 30000 ksi

SP 0.492 ki3
WS 16807.7 iis
EASC 2.1 ksec/it
2uc 1.10 ms

Ic 0.00 (]

wr 4.50 e

CsSx 23

-3 kesi
DMY 0.52

in

ETR 77.8(
EFZ 0.1B1 k-fit
EPM 44,0 bpm
RAT 1.4(]
OFN 0.331In
VMY 14.1 /s

Z

Sensors

F3: F1 219.73 (1)

F4: F2 218.87 (1)

A3; Al 395 mv/S000g's (1)
Ad4: AZ 415 mv/5000g's (1)
CLIP: OK

F3/F4: OK 1.00

Va4 OK 1.00

Version 2001.085

Fig. 5.2 Blow No. 19 (Force and Ve ocity)

5-3




Maryland State Hwy

Pile Driving Analyzer ®

MD 32

B-4-1

F1 {30) =—
F2 (50) —

R34 FI4

VI {&4.1 ——
Ve (24,17 ==

3 A g
PROJECT: MD 32 CSX  16.8 ksi
PILE NAME: B-4-1 DMX 0.42 in
DESCR: COLS OF BRIDGE: SAFETY :MOBILE BEEMX 0,232 k-t
OPERATOR: LINWOOD ETR 66.1 (%}
FILE: B-4-1-2 w01 EF2 0.204 k-ft
4712001 8:57:38 AM BPM  46.1 bpm
Blow Mumber 50,232 RAT 0.9(]
DFN  0.03 in
VMX 12,6 fis
LE 82.00 fr
AR 1,16 in~2 Sensors
EM 30000 ksi Fi: F1219.73 (1)
sP 0.492 &/ft3 F4: F2 218.87 (1)
WS 16B07.7 I’ A3 A1 395 mv/5000g's (1)
EA/C 2.1 ksec/ft Ad: A2 415 mv/5000g's (1)
il - 9.80 ms CLIP: QK
i 0.00 ] F3/Fa: OK 1.05
LP 74.50 ft VIV OK 054

Version 2001.085
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Fig. 5.4 Blow No. 50 (Force and Velocity)
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Figure 5.5 shows blow number 21 that was delivered by the automatic hammer a a depth of 40 ft
below ground surface. It can be seen from the plot that the velocity in gauge 1 does not correlate
to the velocity in gauge 2. However, the velocity in gauge 2 correlates with the force, thus the
velocity in gauge 1 is not used and the veocity in gauge 2 is used. This case occurred when one
of the two mounted accel erometer gauges mafunctioning.

52  DataReduction

After each hammer blow within a sample was reviewed, bad daa from circuit
overloading, loose connections or faulty accderometers were diminated.  Only the hammer
blows contributing to the SPT N vaue were used in the anayss.

Data reduction included cdculaling the energy trandfer raios for dl hammers and
matching the standardized N vaues obtained by the three hammers to check for convergence.
To caculate the energy trandfer ratio, the trandferred energy is divided by the potentid energy of
the hammer beforeitsfall.

The energy trander retio is then plotted versus L, the rod length, which is the distance
from the mid point between the two gauges to the tip of the sampler. Figures 5.6, 5.7 and 5.8
show the energy trandfer ratio as a function of drill rod length for the automatic, safety and donut
hammers, respectively.

The tesing found that the energy trandfer from the automatic hammer was the highest of
dl hammes. The automaic hammer was found to provide a range of transferred energy
efficiencies from 77.18% to 89.36% with an average of 81.41%. The average standard deviation
was 3.95. As shown in Fig. 5.6, a moderate relationship between rod length and energy transfer

is gpparent where energy transfer increases with increased rod length. The values obtained for
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the efficency fdl within the range of vaues reported by other researchers, which would dso
indicate that the hammer is performing properly.

As was expected, the safety hammer was less efficient than the automatic hammer. The
safety hammer was found to provide a range of transferred energy efficiency from 51.5% to
93.0% with an average of 70.2%. The average standard deviatiion was 853. Agan the vaues
obtained for the efficiency fdl within the range of vaues reported by other researchers, which
would adso indicate that the hammer is performing properly.

For the donut hammer, the results were not as expected. The donut hammer was found to
provide a range of tranderred energy efficiencies from 51.0% to 73.6% with an average of
63.5%. The average standard deviation was 4.3. Most previous research indicated an average
efficiency of 45% for the donut hammer. Thus, our donut hammer was much more efficient than
was expected.

Matching the standardized N vaues was done by applying both field correction vaues as
well as published correction vaues to the N vaue by each hammer and caculating the standard
deviations of the three hammers & each drata The standard deviations for the matching of N
gandardized for dl three-hammer types were O to 7 for the top sandy drata.  The results for the
clayey slt drata were not as good. The tests below 40 feet encountered refusal. In the end, only
6 points were available for comparison, not enough for any generd conclusion.

53  Correction Factors Based on Field Data

From the fiedd determination of the energy trandfer for each SPT system, we can now

determine the correction factor. Since it has been recommended that N values be standardized to

Ngo, the correction factors will be determined from:

ER,
=N. x—

N 60 f 60
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For the donut hammer, the factor will be %:1.06, for the safety hammer will be

% =1.17 , and for the automatic hammer will be % =1.36.
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CHAPTER VI
Conclusons And Recommendations
6.1  Conclusons

The Standard Penetration Test (SPT) is currently the most popular and economica means
of obtaning subsurface information.  Although great effort has been put into standardizing the
SPT procedure (ASTM D 1586), variability is inherent in present procedures. The standard
penetration resstance is, in fact, conventionally measured usng different kinds of hammers, drill
rig types, drill rod lengths, drill rod types, hammer blow rates, different energy ddivery sysems
with different degrees of efficiency, different borehole fluids, and different kinds of sampling
tubes. Consequently, the consstency of the SPT N vaues is questioned, i.e, the ability of the
test to reproduce blow counts using different drill rig systems under the same site/soil conditions.

In order to reduce the sgnificant variability associated with the SPT N vaue, it was
recommended that N values be standardized to Nsp. This standardization was to be achieved by
correcting the measured field N vaues by the ratio of that SPT system's energy transfer to the
dandard 60% energy of a free fal hammer.  This requires knowing the performance
characterigtics of the SPT system.

In this research, SPT energy measurements were made using the File Dynamic, Inc.
manufactured SPT Andyzer for 3 SPT hamme sysems, one donut, one safety, and one
automatic hammer.  All tests were performed under fidd conditions with the norma operating
procedure. The tests were performed in three borings a the same location so that smilar soil
conditions would be encountered, and the effect of different soil types on the measured energy

would be diminated.
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The following teble (Table 6.1) shows the average measured trandferred energy

efficiencies, the appropriate correction factors based on average trandferred energy efficiency of

60% for each hammer system, as well asthe range of published correction factor vaues.

Table 6.1 Trandferred Energy Efficiency and Correction Factors

Hammer System Donut Safety Automatic
Average efficiency 63.5% 70.2% 81.4%
Correction factor 1.06 1.17 1.36
Range of published 05-1.0 07-12 0.8—1.67
vaues

As mentioned before, the donut hammer showed a much higher efficiency than was
expected, thus its correction factor is higher than the range of published vaues. Both the safety
and automatic hammer correction factors fal within the range of published vaues.

The ASTM gandard for the performance of the SPT dlows for a variety of equipment to
be used. There are severd types of hammers in use and more types of lifting and dropping
mechanisms, thus the same type of hammer could be operated differently. In addition, there are
different types of drill rigs In the literature review we found drill rigs manufactured by different
manufacturers such as the Centrd Mine Equipment Company (CME), Diedrich, Mobile, Acker,
BK and Faling. Thus the combination of hammer type and drill rig type results in a matrix of
systems. These systems introduce different amounts of energy per blow into the drill rod.

This explains the wide range of published correction factors. The effect of this wide
range on the N vaues is very pronounced. For example, the N vaues using an automatic
hammer could be multiplied by 0.8, i.e, reduced by 20% or multiplied by 1.67, i.e, increased by
67%, i.e, arange of 87%. Such a wide range in vaues is not aceptable in desgn. Hence, the

correction factor for each drill rig should be determined from actud energy measurements.
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Following the determination of the energy a figure such as Fig. 6.1 can then be used to determine
Neo from knowledge of the blow count in the fidd N.
6.2  Recommendations
6.2.1 For Immediate Action
Most of the corrections to the SPT N vaue are somewhat minor, however, the corrections
for the use of different hammer systems have a large impact. For this reason we recommend
that:
The State measure the transferred energy efficiency of the driller-rig-hammer sysem and
determine a correction factor that is based on a sandard energy ratio of 60% (rig
cdibration for both equipment and operator is highly recommended).
Energy measurements should be done on a periodic bass that will act to verify that the
rigs are functioning properly and that the effect of the wear and tear on the equipment is
being considered.
The energy measurements should dso be undetaken under different environmenta
conditions, such as different weether conditions and a different times of day so that
operator fatigue can be considered.
Tedting should be accomplished in saverd borings in varying soil conditions so that the
effect of type of soil on energy measurements can be determined.
6.2.2 FutureAction
Minnesota DOT has decided to standardize their SPT data by cdibrating their hammer
sysdems so that each would provide an average transferred energy efficiency of 60% by
modifying weight or groke. As an example, Lamb (2000) replaced the 140 Ib weight with a

custommade 100 Ib one to reduce the energy trandfer in a new Mobile sdf-compensating auto

6-3



Correct Blow Count for 60% energy Nso

60

50

40

30

20

10

10

20 30 40
Blow count in fidd Ns

50

60
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hammer from 90% to a ratio of 63% to 69%.

The decison to follow this direction has certain

advantages and disadvantages. The table below (Table 6.2) from Lamb (1997) is reproduced and

presented for MSHA discussion and decision.

Table 6.2 Optionsfor Correcting Blow Counts (Lamb 1997)

Options of Standardizing .
Blow Counts to Ngo Advantages Disavantages
) dataon find boring log is Creates extra office work
showing corrected N vaues correct
on find boring logs
Provide correction factor on No changes to equipment, Puts respongbility of
boring logs and let users simple changeto find boring correcting N vaues on boring
adjust N vaues log log users
Cdlibrate hammer sygemsin No chanaes to boring | Not in compliance with
field to provide average fidd datagld firdl bor? olg current ASTM standard,
trandferred energy efficiency datais correct nglog change in equipment
of 60% necessary

It should dso be noted here, that a technical working group composed of severd dates

geotechnicd engineers and headed by Chris Dumas, FHWA, is currently discussng this issue

and will provide input to State Highways for thelr condderation.

The purpose is to devise a

means to determine N values that are consstent, repeatable and not rig dependent.
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APPENDIX A

Field Boring L ogs



i";‘ﬂ-“"‘ﬁ STATE HIGHWAY ADMINISTRATION
OF MARYLAND
GEOTECHNICAL EXPLORATIONS DIVISION
FOUNDATIONS BORING LOG
No. _uf Borings
Contract No. AABBEBZ1 Boring Me. B=4
Shest 1 of
Description Interchange at MD Rte. 32 and Canine Road
Station 731426 73' B/L Constr. MD 32 W.B.R. Hammer Drop 30 IN.
Drive Hammer —— LA,
Surface Elevaton 148,64 Date Startad 03/09/01 Spoon Hammer 140 LB,
S Aucer Size 3 3/8 IN.
WATER TABLE Date Completad 03/12/01 Spoon Size 2 IN.
Depth Below Driller A. Arnold Size of Core - M.
Surfacs Time Dats Rig Type CME 550 Size of Bit —— IM.
19' Water 0 Hr.l03/12/01 Rig No. 5680311 Core Barrel Type  --
27" Water 24 Hr.|03/14/01 Auger Depth 74!

DEPTH SPOON CASING
IN MATERIAL CLASSIFICATION SAMPLE RECOVERY REMARKS DEPTH BLOWS
FEEET 1= B BLOWS DEPTH PER FOOT
0.0° Damp Loos Brown Sand i 1-2 a.0 1 |

Trace of Silt, Trace 3 1.5 187 2 2 |
of Gravel (FILL) Gring moved dus k1 i
4.0 utilities 4 i
4.0 Damp medium dense b=10 | 4.0 *Original Station 5
9.0! Brown Sand and Gravel a 11 5.5 18" 731+35 B3+ [
9.0 Damp Medium Dense 3=5 a.00 7
White Sand 3 7 10, 5¢ 12" B
4-8 |14.0' E
19.0°' 4 g 18 B 16" 10
19.0' § Wet Medium Dense 3-8 1%,.0° 11
Varicolored Sand 5 5] 20, 5! 18" 12 I
4=7 24.0" 13 |
25.0' & Fi 25.51 16" 14
25.0' § Damp Stiff to Hard 3-10 j29.0° 15
Gray Siltc 7 12 Fe. 5" 18" 16
12-16 |34.0° 17
359.0' 8 26 5. 5! lan 18
39.0' § Wet Medium Dense To 8=-10 | 39.0" 19
Very Dense Varicolored 9 a AQL 5! ig" 20
Sand 7‘25 44.':" iRunning sand 21
10 35 45.5" 16" 7' In Auger 22
10-34 | 49.0" 23
11 50 50.5" 15" | 24
20=-20 | 54.0° 25
59.0" 12 31 55.5" 18" 26
59.0' ! Wet Very Densze White 13 27-30 59'0: *g"fn;:lngugzgd 2;
864.0' | sand Trace Df Gravel - EG 60.0 10 29
64.0' § Wet Very Hard Gray Silt 5-30 [64'Q"
69.0" ¥ + 14 4 |e4r10 | 10v 30
f69.0' | wet Very Dense Gray 50 69 'O *Running Sand 31
sand, Trace Of Silt, 15 5 915" an 7' In Augsr 32
Trace Of Gravel 50 74'0v 33
16 3 743" an 34
35
7413n 36
37
g

A=1



SHA 73.0-45 STATE HIGHWAY ADMINISTRATION
&ras2000 OF MARYLAND
GEOTECHNICAL EXPLORATIONS DIVISION
FOUNDATIONS BORING LOG
No. __of ___ 3orings
Contract Ma. ARGBEERZ] Boring Mo. B=d=1
Shest 1 of
Description MD 32 and Canine Road Annalizer
Station 731426 78' ¢ B/L Constr. MD 32 W.B.R. Hammer Drop 30 [N,
Drive Hammer - LA
Surface Elevation 148.64 Date Started 03/31/01 Spoon Hammer 140 LE.
Casing Auger Size_ 9 /R IM.
WATER TABLE Date Campleted Spoon Size 2 IN,
Depth Below Crriller Size of Core = IM.
Surfaca Time Date Rig Type B-61 Size of Bit - IN.
Rig No, SGB0OZL16 Core Barrel Type =
Auger Depth -
T oerrn SPOON ROCK CORE CASING |
1 mw MATERIAL CLASSIFICATION [ sampLe RECOVERY REMARKS DEPTH | BLOWS |
1 reer NO. BLOWS DEFTH el PER FOOT
0.0 Damp, Brown Silty Sand 1Y Frusg !
4.0 { Sraval 2 ] JOINT |
4.0 Damp Dense Brown Sand - 12 4.0! 3 | Io
9.0' | and Gravel it Mot S 3 59.0' &
G0 Damp Medium Dense _ 6 g.0! " 5 .
Tan Fine Sand =1 Lo 12 & :
7 14.0° s 3
i - 9-10 | 15.5! gu 8
i 6 |19.0' 9
j2:\\.5-' 2 7-9 1 a3p. s8¢ Low 10
23.5" ] Damp Very Stiff To i 7] 24,01 11 |
] Hard Varicolored Clavey 10=-15 ! 255! L 12
! silt . 6-13 | 29.0' 13
Trace OF Fine Sand 27 | 30.35° 140 14
18 34.0° | 15
39.0° 2 27-30 | 35.5" 14" 16
39.0' | Moist Medium Dense To 14 39.0° 17
Very Dense Orange Brown B 10=10 | 40,.5'" 1an 18
To Varicolored Sand _ 14 4g1gm 19
59.0' § Trace Of Silt ?5'?{5' 505" 14" 20
59.0' § Damp Very Hard 1 59'a" 21
Varicolored Silt & 34-59‘@' 603" 10" 22
25 Garon 23
72.0' - 30-35 | 65,5°" LL" 24
72.0' ¥ very Dense Sand And o s6/,, ?4:':':: fl 2
ey 2 T4 2 26
27
[74.17 28
|29
30
31
32 ]
33
34
35
36
37
38




SHA 73.0-46 STATE HIGHWAY ADMINISTRATION
&ras-2000 OF MARYLAND
GEOTECHNICAL EXPLORATIONS DIVISION (DONUT HAMMER)
FOUNDATIONS BORING LOG
Nog. __of Barings
Contract Mo. AMGEER21 Boring Na. F=-4-2
Shesat 1 of 1
Cescription MD Interchange at MD Rte. 32 and Canine Road
Stagon 731426 83' Lt. B/L MD 32 W.B.R. Hammer Drep 30 M.
Drive Hammer o LB.
Surface Elevation 148 Date Started 04/20/01 Spoon Hammer 140 LB,
amlee Auger Size_ 2 3/8 IN.
WATER TABLE Date Completed 04/20/01 Spoon Size 2 IN.
Deoth Below Criller L. Clarke Size of Core = IM.
Surfaca Time Date Rig Type B-61 Size of Bit s IN.
Ll 08 Hrgl 04/20/01 Rig No. SG80216 Core Barrel Type _ --
Caved # 10° Auger Deoth a0 0t
DEPTH SPOOM ROCK CORE i CASING :
N MATERIAL CLASSIFICATIOMN [ saMPLE RECOVERY REMARKS DEPTH | BLOWS |
FEET NO. BLOWS DEFTH % PER FOOT
4,0' | Damp Medium Dense 17 4.0' L '
aro! Sand and Gravel §=-11 5,3 Ll |2
8.0 Damp Medium Dense 8 a.0! 3
Fine Sand 12-11 110.5" 10 a i
J 6 14.0" 5 !
20.5' 10-11 115.5° 1g" 6 |
20.5'% Wet Medium Dense 5 19.0° 7 i
Brown Sand, Some Gravel =7 Japn g9 15m |8 |
] |
25.51 10 f
25.5" § Damp Very Stiff To 4 240 11 G
Hard Light Gray Silt Z=l0d 25 81 14" 12 —
Wo Fine Sand To Trace g 29.0" 13 |
of Fine Sand 24-136 10, 5" lav 14 I
16 34.0° 15
309.0°" 24-35 | 35.5°' 17n 16
39.0" mp Very Hard Light 2350 3grgm 17
ray Some Brown Fine 35-704p 4013} 16 I8
andy 5ilt 19
40Q''3nm 20
21
22
23
24
5
26
27
28
29
30
2t
32 |
i 33
34
35
36
37
38




APPENDIX B

Field Energy M easurements



Automatic Hammer MD Rte. 32 at Canine Road Boring

CME 550
1.16 inches\2 Area
0.492083 kipsfest"3  Specific Weight Dengity
16807.7 feet/sscond  Wave Speed
29999.6 ks Elagtic Modulus
Strain Gage Cdlibration Factors
F3 F1 219.73
F4 F2 218.87
Accderometer Cdibration Factors
A3 Al 395
A4 A2 415
PJ MD 32
PN B-4
PD COLS OF BRIDGE; SHA DRILL RIG 80311; CME 550
OoP Al
Stand
Average
Depth N ETR y De
Feet (%)
5 21 77.18 2.06
11 14 77.35 1.22
15 16 78.61 3.45
20 15 78.14 2.31
25 14 81.01 2.01
31 19 87.08 1.36
41 18 89.36 1.39
46 61 79.37 2.25
52 84 79.87 1.37
61.5 27-50/6" 83.04 0.73
71 50/5" 83.02 1.55
76 50/3" 85.03 2.86
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ETR
(%)
73.8
80.3
75.8
77
75.5
79.1
754
79.6
82.9
75.9
75.5
76.6
77.1
76.7
76
77.5
75.3
774
76.5
78.2

EF2
kip- feet
0.203
0.208
0.203
0.203
0.205
0.207
0.203
0.207
0.206

0.2

0.204
0.201
0.202
0.205
0.201
0.201
0.2

0.203
0.199
0.201

Automatic Hammer
CME 550
CME 550 Automatic Hammer
1.16 inches®2 Area
81 feet Length
Kips/fest
0.492083 "3 Specific Weight Dendty
kips/
16807.7 feet"3 Wave Speed
feet/
29999.6 second Elagtic Modulus
Strain Gage Calibration Factors
F3 F1 220
F4 F2 219
Acceerometer Cdlibration Factors
A3 Al 395
A4 A2 415
PJ MD 32
PN B-4
PD COLSOF BRIDGE; SHA DRILL RIG 80311; CME 550
OoP Al
@50+ =2
Dae Time LP Penetration N SL
Feet in
3/9/01 10:36:35 5 12 21 7
3/9/01 10:36:36 5 12 21 8
3/9/01 10:36:37 5 12 21 9
3/9/01 10:36:39 5 12 21 10
3/9/01 10:36:40 5 12 21 11
3/9/01 10:36:41 5 12 21 12
3/9/01 10:36:42 5 12 21 13
3/9/01 10:36:43 5 12 21 14
3/9/01 10:36:44 5 12 21 15
3/9/01 10:36:45 5 12 21 16
3/9/01 10:36:46 5.5 18 21 17
3/9/01 10:36:48 6 18 21 18
3/9/01 10:36:49 6 18 21 19
3/9/01 10:36:50 6 18 21 20
3/9/01 10:36:51 6 18 21 21
3/9/01 10:36:52 6 18 21 22
3/9/01 10:36:53 6 18 21 23
3/9/01 10:36:54 6 18 21 24
3/9/01 10:36:55 6 18 21 25
3/9/01 10:36:56 6 18 21 26
3/9/01 10:36:58 6 18 21 27
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78.7

0.202

VMX
feet/second

16.6
15.9
15.5
15.8
15.7
16.1
16.8
16
15.1
16
16.4
15.9
15.3
15.8
15.8
16.5
15.8
16.2
15.7
15.6
15.3

FMX
Kips
27
26
27
27
27
26
27
27
27
26
27
26
26
27
27
26
26
26
27
25
26

MD

Rte.



Automatic
CME 550

3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01

11:01:20
11:01:21
11:01:22
11:01:23
11:01:24
11:01:25
11:01:27
11:01:28
11:01:29
11:01:30
11:01:31
11:01:32
11:01:33
11:01:35
11:16:04
11:16:05
11:16:06
11:16:08
11:16:09
11:16:10
11:16:11
11:16:12
11:16:14
11:16:15
11:16:16
11:16:17
11:16:18
11:16:19
11:16:21
11:16:22
11:31:04
11:31:05
11:31:06
11:31:07
11:31:09
11:31:10
11:31:11
11:31:12
11:31:13
11:31:14
11:31:16
11:31:17
11:31:18
11:31:19
11:47:14
11:47:15

9.5
9.5
9.5
9.5
9.5
9.5
10
10
10
10
10
10
10
10.5
15
15
15
15
15
15
155
16
16
16
16
16
16
16
16
16.5
20
20
20
20
20
20
20
20.5
20.5
20.5
20.5
20.5
20.5
21
24.5
24.5

12
12
12
12
12
18
18
18
18
18
18
18
18
18
12
12
12
12
12
12
12
12
18
18
18
18
18
18
18
18
12
12
12
12
12
12
12
12
18
18
18
18
18
18
12
12

Hammer
14 31
14 32
14 33
14 34
14 35
14 36
14 37
14 38
14 39
14 40
14 4
14 42
14 43
14 44
16 49
16 50
16 51
16 52
16 53
16 54
16 55
16 56
16 57
16 58
16 59
16 60
16 61
16 62
16 63
16 64
15 69
15 70
15 71
15 72
15 73
15 74
15 75
15 76
15 77
15 78
15 79
15 80
15 81
15 82
14 87
14 88

B-3

76.3
80.2
78.1
76.8
77.1
78.1
78.7
77.9
76.8
77

76.7
77.3
75

76.9
81.3
78.2
77.4
76.6
76.6
75.7
75.5
75.6
74.2
78.9
77.6
78.5
81.3
87.3
78.8
84.2
79.6
76.9
81.6
78.8
81

79.6
79.3
79.9
76.5
78.1
78

74.8
73.6
76.2

82

0.25

0.251
0.253
0.25

0.249
0.253
0.251
0.247
0.247
0.246
0.246
0.246
0.241
0.244
0.251
0.246
0.248
0.248
0.245
0.245
0.245
0.248
0.243
0.242
0.247
0.247
0.244
0.248
0.244
0.245
0.266
0.263
0.263
0.265
0.269
0.263
0.263
0.267
0.263
0.265
0.262
0.261
0.26

0.262
0.263
0.259

15.6
15.8
16.1
16

16

16.2
16.1
155
15.7
15.7
158
15.8
16

16.1
15.6
154
16

16.4
16.8
16.8
16.7
16.3
16

158
16.2
15.9
159
16.4
14.6
159
155
154
15

14.2
14.2
14.7
145
14.4
14.2
14.4
14.7
15.1
159
16.2
16.4
16.4

27
27
28
27
27
28
28
27
27
27
27
27
27
28
25
26
26
26
25
25
26
27
25
25
25
26
26
26
26
26
27
25
27
25
27
27
27
26
27
27
25
26
26
26
25
26

MD

Rte.



Automatic
CME 550

3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01
3/9/01

11:47:16
11:47:17
11:47:18
11:47:20
11:47:21
11:47:22
11:47:23
11:47:24
11:47:25
11:47:26
11:47:27
11:47:28
11:57:38
11:57:39
11:57:41
11:57:42
11:57:43
11:57:44
11:57:45
11:57:46
11:57:47
11:57:49
11:57:50
11:57:54
11:57:55
11:57:56
11:57:58
11:57:59
11:58:00
11:58:01
11:58:02
13:50:06
13:50:07
13:50:08
13:50:09
13:50:10
13:50:11
13:50:13
13:50:14
13:50:15
13:50:16
13:50:17
13:50:18
13:50:19
13:50:20
13:50:22

24.5
24.5
24.5
25
255
255
25.5
25.5
255
25.5
25.5
26
30
30
30
30
30
30
30
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
39.5
39.5
39.5
39.5
39.5
39.5
39.5
39.5
39.5
39.5
39.5
40
40
40
40

12
12
12
12
12
18
18
18
18
18
18
18
12
12
12
12
12
12
12
18
18
18
18
18
18
18
18
18
18
18
18
12
12
12
12
12
12
12
12
12
12
18
18
18
18
18

Hammer

14 89

14 90

14 91

14 92

14 93

14 94

14 95

14 96

14 97

14 98

14 99

14 100
19 104
19 105
19 106
19 107
19 108
19 109
19 110
19 111
19 112
19 113
19 114
19 115
19 116
19 117
19 118
19 119
19 120
19 121
19 122
18 185
18 186
18 187
18 188
18 189
18 190
18 191
18 192
18 193
18 194
18 195
18 196
18 197
18 198
18 199

B-4

80.8
78.7
80

79.6
81.1
80.1
81

80.5
81.8
77.8
81

85.7
86.5
89.8
85.5
86.3
86.1
87.3
86.7
88.9
86.3
88.6
85.4
88

84.5
88.3
87.2
87.8
86.6
88.5
86.3
88.4
87.9
90.1
87.3
90.9
88.1
90.3
88.9
90.2
90.9
91.5
88.7
89.6
89.4
88.6

0.254
0.251
0.253
0.252
0.252
0.249
0.251
0.248
0.252
0.247
0.253
0.243
0.279
0.285
0.279
0.282
0.283
0.282
0.284
0.285
0.279
0.284
0.279
0.284
0.278
0.285
0.279
0.285
0.279
0.289
0.28
0.3
0.301
0.304
0.297
0.302
0.307
0.305
0.302
0.306
0.309
0.307
0.301
0.305
0.3
0.303

159
15.9
16.5
16.3
16.4
16.8
17

17.3
17.5
18

18.1
18

15.7
154
15.3
16.3
153
15.6
154
15.7
16.4
16

16

16.4
16.3
174
16.7
18

16.9
18.2
16.8
15.1
15.2
152
15.2
15.6
158
153
15.8
16

158
15.9
16.1
16

16

16

25
25
24
25
24
24
24
24
24
24
23
23
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
28
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28

MD

Rte.



Automatic Hammer MD Rte.
CME 550

3/9/01 13:50:23 40 18 18 200 869 0.296 158 28

3/9/01 13:50:24 40 18 18 201 916 0.314 16 28
3/12/01 9:02:54 445 12 61 211 776 0.3 12.1 26
3/12/01  9:02:55 445 12 61 212 769 0.303 124 25
3/12/01  9:02:56 44.5 12 61 213 76.8 0.298 12.2 27
3/12/01 9:02:57 445 12 61 214 789 0.304 12.5 25
3/12/01 9:02:58 44.5 12 61 215 754 0.302 124 26
3/12/01 9:03:00 445 12 61 216 78 0.303 12.3 26
3/12/01 9:03:01 445 12 61 217 76.6 0.299 124 26
3/12/01 9:03:02 445 12 61 218 78 0.305 12.3 26
3/12/01 9:03:03 445 12 61 219 775 0.3 125 26
3/12/01 9:03:04 445 12 61 220 79 0.31 12.6 25
3/12/01 9:03:05 445 12 61 221 775 0.303 12.6 26
3/12/01 9:03:06 44.5 12 61 222 765 0.298 121 26
3/12/01  9:03:07 445 12 61 223 785 0.3 12.4 25
3/12/01 9:03:08 44.5 12 61 224 754 0.304 12.4 26
3/12/01 9:03:09 445 12 61 225 76.8 0.273 12.3 26
3/12/01 9:03:110 445 12 61 226 787 0.302 12.2 26
3/12/01 9:03:11 445 12 61 227 76.6 0.299 12.2 26
3/12/01 9:03:12 445 12 61 228 76.3 0.304 124 25
3/12/01 9:03:13 445 12 61 229 758 0.297 121 26
3/12/01  9:03:15 445 12 61 230 785 0.303 12.4 25
3/12/01 9:03:16 445 12 61 231 772 0.3 12.5 26
3/12/01 9:03:17 445 12 61 232 787 0.306 12.6 26
3/12/01 9:03:18 445 12 61 233 76.9 0.301 12.5 27
3/12/01 9:03:19 445 12 61 234 798 0.306 12.6 26
3/12/01 9:03:20 45 12 61 235 75 0.298 125 26
3/12/01 9:03:21 45 18 61 236 76.7 0.301 125 26
3/12/01 9:03:22 45 18 61 237 787 0.3 124 27
3/12/01 9:03:23 45 18 61 238 76.3 0.306 125 25
3/12/01 9:03:24 45 18 61 239 801 0.298 12.2 26
3/12/01 9:03:25 45 18 61 240 80.6 0.3 12.4 25
3/12/01 9:03:26 45 18 61 241 789 0.296 12.3 26
3/12/01 9:03:27 45 18 61 242 818 0.273 12 24
3/12/01 9:03:28 45 18 61 243 81 0.27 12 25
3/12/01 9:03:31 45 18 61 245 805 0.293 11.5 25
3/12/01 9:03:32 45 18 61 246 818 0.299 121 24
3/12/01 9:03:33 45 18 61 247 825 0.291 11.7 25
3/12/01 9:03:34 45 18 61 248 82 0.294 121 24
3/12/01 9:03:35 45 18 61 249 822 0.292 12.2 24
3/12/01 9:03:36 45 18 61 250 821 0.295 12 24
3/12/01 9:03:37 45 18 61 251 8038 0.282 11.6 24
3/12/01 9:03:38 45 18 61 252 819 0.294 12.1 26
3/12/01 9:03:39 45 18 61 253 809 0.267 119 25
3/12/01 9:03:40 45 18 61 254 825 0.295 11.9 23
3/12/01 9:03:41 45 18 61 255 811 0.288 12 24
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Automatic Hammer MD Rte.
CME 550

3/12/01 9:03:42 45 18 61 256 811 0.291 12 24
3/12/01 9:03:44 45 18 61 257 813 0.286 12.1 24
3/12/01 9:03:45 45 18 61 258 815 0.293 12 24
3/12/01 9:03:46 45 18 61 259 802 0.285 12 24
3/12/01 9:03:47 45 18 61 260 823 0.291 12.1 25
3/12/01 9:03:48 45 18 61 261 80.7 0.287 11.6 25
3/12/01 9:03:49 45 18 61 262 819 0.291 11.8 24
3/12/01 9:03:50 45 18 61 263 808 0.284 119 25
3/12/01 9:03:51 45 18 61 264 797 0.29 11.9 24
3/12/01 9:03:52 45 18 61 265 80.6 0.285 12 25
3/12/01 9:03:53 45 18 61 266 805 0.289 119 24
3/12/01 9:03:54 45 18 61 267 813 0.286 12.1 24
3/12/01 9:03:55 45 18 61 268 8038 0.292 11.9 26
3/12/01 9:03:56 45.5 18 61 269 816 0.289 121 25
3/12/01  9:03:57 455 18 61 270 837 0.304 12.4 27
3/12/01 9:37:16 495 12 84 277 76 0.272 12.7 26
3/12/01 9:37:18 495 12 84 2/8 781 0.274 12.7 25
3/12/01 9:37:20 495 12 84 219 T1.7 0.274 13 25
3/12/01 9:37:23 495 12 84 280 782 0.27 13.1 24
3/12/01 9:37:25 495 12 84 281 781 0.268 13.7 24
3/12/01 9:37:27 495 12 84 282 795 0.266 13.7 24
3/12/01 9:37:29 495 12 84 283 79 0.27 13.9 24
3/12/01 9:37:32 495 12 84 284 804 0.269 13.9 24
3/12/01 9:37:34 495 12 84 285 793 0.258 139 24
3/12/01 9:37:36 495 12 84 286 788 0.264 134 24
3/12/01 9:37:38 495 12 84 287 808 0.275 134 24
3/12/01 9:37:40 495 12 84 288 796 0.274 13.6 25
3/12/01 9:37:43 495 12 84 289 809 0.277 135 25
3/12/01 9:37:45 495 12 84 290 80 0.271 13.5 24
3/12/01 9:37:47 495 12 84 291 798 0.26 13.6 25
3/12/01 9:37:49 495 18 84 292 80.7 0.271 13.8 25
3/12/01  9:37:52 50.5 18 84 293 809 0.268 13.1 24
3/12/01 9:37:54 50.5 18 84 294 819 0.262 14.2 25
3/12/01 9:37:56 50.5 18 84 295 801 0.275 13.6 24
3/12/01 9:37:58 50.5 18 84 296 805 0.271 13.6 25
3/12/01 9:38:00 50.5 18 84 297 801 0.272 13.3 25
3/12/01 9:38:03 50.5 18 84 298 793 0.259 13.8 25
3/12/01 9:38:05 50.5 18 84 299 803 0.269 13.3 24
3/12/01 9:38:07 50.5 18 84 300 817 0.268 134 24
3/12/01 9:38:09 50.5 18 84 301 801 0.269 13.8 24
3/12/01 9:38:12 505 18 84 302 804 0.253 134 24
3/12/01 9:38:14 50.5 18 84 303 799 0.256 13.5 24
3/12/01 9:38:16 50.5 18 84 304 812 0.255 13.3 24
3/12/01 9:38:18 50.5 18 84 305 827 0.27 135 24
3/12/01  9:38:20 50.5 18 84 306 815 0.264 134 24
3/12/01 9:38:23 50.5 18 84 307 819 0.256 13.7 25
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Automatic Hammer MD Rte.
CME 550

3/12/01 9:38:25 50.5 18 84 308 804 0.266 131 24
3/12/01  9:38:27 50.5 18 84 309 804 0.269 134 25
3/12/01 9:38:29 50.5 18 84 310 T79.7 0.259 13 27
3/12/01 9:38:32 50.5 18 84 311 804 0.266 13.3 26
3/12/01 9:38:34 50.5 18 84 312 815 0.269 13.1 25
3/12/01 9:38:36 50.5 18 84 313 791 0.271 13.1 27
3/12/01 9:38:38 50.5 18 84 314 806 0.27 131 25
3/12/01 9:38:40 50.5 18 84 315 784 0.272 13.8 26
3/12/01 9:38:43 50.5 18 84 316 80 0.269 12.7 27
3/12/01 9:38:45 50.5 18 84 317 791 0.267 13.8 25
3/12/01 9:38:47 50.5 18 84 318 786 0.249 132 25
3/12/01 11:31:43 595 12 27-50/6" 333 83.8 0.258 13.3 22
3/12/01 11:31:45 595 12 27-50/6" 334 83.3 0.254 13 22
3/12/01 11:31:47 595 12 27-50/6" 335 83.9 0.257 12.9 23
3/12/01 11:31:50 59.5 12 27-50/6" 336 82.2 0.262 13.1 24
3/12/01 11:31:52 59.5 12 27-50/6" 337 817 0.253 13.2 22
3/12/01 11:31:54 595 12 27-50/6" 338 84 0.263 12.7 25
3/12/01 11:31:56 59.5 12 27-50/6" 339 82.6 0.259 13 24
3/12/01 11:31:59 59.5 12 27-50/6" 340 82.8 0.258 12.8 24
3/12/01 11:32.01 595 12 27-50/6" 341 83.3 0.256 13 24
3/12/01 11:32:03 59.5 12 27-50/6" 342 83.3 0.256 13.3 24
3/12/01 11:32:06 59.5 12 27-50/6" 343 829 0.26 13.3 23
3/12/01 11:32:08 59.5 12 27-50/6" 344 83.2 0.255 13.6 23
3/12/01 11:32:10 59.5 12 27-50/6" 345 822 0.255 13.6 22
3/12/01 11:32:13 595 12 27-50/6" 346 83.1 0.262 13.5 23
3/12/01 11:32:15 595 12 27-50/6" 347 83.9 0.262 13.9 23
3/12/01 11:32:17 595 12 27-50/6" 348 84.7 0.265 13.8 24
3/12/01 11:32:19 59.5 12 27-50/6" 349 829 0.255 135 24
3/12/01 11:32:22 59.5 12 27-50/6" 350 83.8 0.268 134 26
3/12/01 11:32:24 595 12 27-50/6" 351 822 0.265 135 25
3/12/01 11:32:26 59.5 12 27-50/6" 352 824 0.26 134 25
3/12/01 11:32:29 59.5 12 27-50/6" 353 82.2 0.266 134 25
3/12/01 11:32:31 595 12 27-50/6" 354 829 0.265 13.5 25
3/12/01 11:32:33 595 12 27-50/6" 355 83.2 0.262 13.8 24
3/12/01 11:32:36 59.5 12 27-50/6" 356 82.5 0.264 13.5 25
3/12/01 14:1555 69 5 50/5" 357 845 0.26 13.8 26
3/12/01 14:1557 69 5 50/5" 358 83 0.256 13.7 25
3/12/01 14:16:00 69 5 50/5" 359 858 0.258 13.7 25
3/12/01 14:16:02 69 5 50/5" 360 853 0.26 13.8 24
3/12/01 14:16:04 69 5 50/5" 361 84 0.255 141 23
3/12/01 14:16:07 69 5 50/5" 362 85.7 0.254 14.5 23
3/12/01 14:16:09 69 5 50/5" 363 855 0.251 14.2 23
3/12/01 14:16:11 69 5 50/5" 364 853 0.251 14.3 23
3/12/01 14:16:14 69 5 50/5" 365 83 0.247 13.8 23
3/12/01 14:16:16 69 5 50/5" 366 824 0.247 14.3 22
3/12/01 14:16:18 69 5 50/5" 367 818 0.247 14.3 22
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Automatic Hammer MD Rte.
CME 550

3/12/01 14:16:21 69 5 50/5" 368 833 0.249 14.2 22
3/12/01 14:16:23 69 5 50/5" 369 826 0.248 14 22
3/12/01 14:16:25 69 5 50/5" 370 829 0.247 14 22
3/12/01 14:16:28 69 5 50/5" 371 816 0.243 135 22
3/12/01 14:16:30 69 5 50/5" 372 83 0.248 13.7 21
3/12/01 14:16:32 69 5 50/5" 373 829 0.245 13.8 21
3/12/01 14:16:35 69 5 50/5" 374 823 0.246 14.4 22
3/12/01 14:16:37 69 5 50/5" 375 829 0.245 13.6 22
3/12/01 14:16:39 69 5 50/5" 376 81 0.243 13.7 22
3/12/01 14:16:42 69 5 50/5" 377 813 0.248 14.7 22
3/12/01 14:16:44 69 5 50/5" 378 812 0.245 14.4 22
3/12/01 14:16:46 69 5 50/5" 379 816 0.242 14.5 23
3/12/01 14:16:49 69 5 50/5" 380 817 0.247 14.6 23
3/12/01 14:16:51 69 5 50/5" 381 827 0.244 14.8 22
3/12/01 14:16:53 69 5 50/5" 382 805 0.249 14.7 22
3/12/01 14:51:57 74 3 50/3" 383 919 0.294 13.2 28
3/12/01 14:51:59 74 3 50/3" 384 888 0.291 13.2 27
3/12/01 14:52.01 74 3 50/3" 385 89.7 0.287 13.3 27
3/12/01 14:52.05 74 3 50/3" 386 895 0.282 13.5 26
3/12/01 14:52:07 74 3 50/3" 387 90.7 0.283 135 26
3/12/01 14:52:09 74 3 50/3" 388 885 0.281 13.3 26
3/12/01 14:52:11 74 3 50/3" 389 86.4 0.274 13 26
3/12/01 14:52:13 74 3 50/3" 390 86 0.272 12.8 25
3/12/01 14:52:15 74 3 50/3" 391 86.6 0.271 13.3 25
3/12/01 14:52:17 74 3 50/3" 392 843 0.261 12.6 24
3/12/01 14:52:19 74 3 50/3" 393 837 0.269 12.8 26
3/12/01 14:52:21 74 3 50/3" 394 838 0.273 12.9 25
3/12/01 14:52:24 74 3 50/3" 395 825 0.27 124 25
3/12/01 14:52:26 74 3 50/3" 396 825 0.271 12.9 25
3/12/01 14:52:30 74 3 50/3" 398 837 0.27 12.8 26
3/12/01 14:52:32 74 3 50/3" 399 832 0.272 125 25
3/12/01 14:52:34 74 3 50/3" 400 844 0.272 13 26
3/12/01 14:52:36 74 3 50/3" 401 829 0.274 13 27
3/12/01 14:52:38 74 3 50/3" 402 839 0.275 131 27
3/12/01 14:52:42 74 3 50/3" 404 85 0.275 12.8 27
3/12/01 14:52:44 74 3 50/3" 405 844 0.271 12.4 26
3/12/01 14:52:46 74 3 50/3" 406 83.9 0.268 13 26
3/12/01 14:52:48 74 3 50/3" 407 84.2 0.272 12.7 26
3/12/01 14:52:51 74 3 50/3" 408 823 0.266 12.8 25
3/12/01 14:52:53 74 3 50/3" 409 839 0.273 12.8 26
3/12/01 14:52:55 745 3 50/3" 410 831 0.273 131 27
3/12/01 14.52:57 75 3 50/3" 411 79.70 268 13.2 27
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Automatic Hammer MD Rte. 32 at Canine Road
Mobile B61

1.16 inches\2 Area
0.492083  kipsfeet"3  Specific Weight Dendity
16807.7 feet/second  Wave Speed

29999.6 ks Elastic Modulus
Strain Gage Cdlibration Factors
F3 F1 219.73
F4 F2 218.87
Accderometer Cdibration Factors
A3 Al 395
A4 A2 415
PJ MD 32
PN B-4-1
PD COLSOF BRIDGE; SAFETY; MOBILE B61
oP LINWOOD
Depth N Average Stand Dev
ETR
Feet (%)
5 25 78.71 3.78
10 16 74.65 7.08
15 19 70.17 2.55
20 16 73.11 4.25
25 25 72.34 2.36
30 45 77.02 3.92
35 56 74.69 2.54
40 20 72.67 2.39
497 25-50/2" 79.02 7.79
59.7 34-50/3" 59.42 3.79
65 62 60.69 153
73.7 50/2" 70.02 2.74
Totd Ave 70.23 8.53

B-9

B-4-1



Automatic Hammer

MD Rte. 32 at Canine Road

Mobile B61
1.16 inched™2  Area
34 feet Length
Kips/
0.492083 feeti"3 Specific Weight Dendty
feet/

16807.7 second Wave Speed
29999.6 ks Elagtic Modulus
Stran Gage Cdlibration Factors
F3 F1 220
F4 F2 219
Accelerometer Cdlibration Factors
A3 Al 395
A4 A2 415
PJ MD 32
PN B-4-1
PD COLSOF BRIDGE; SAFETY; MOBILE B61
oP LINWOOD

Date Time LP Penetration N SL ETR

Feet in (%)

3/31/01 10:47:45 10 12 16 28 72
3/31/01 10:47:47 10 12 16 29 70.5
3/31/01 10:47:48 10 12 16 30 65.5
3/31/01 10:47:50 10 12 16 31 775
3/31/01 10:47:52 10 12 16 32 71.1
3/31/01 10:47:53 10 12 16 33 73.5
3/31/01 10:47:55 10 12 16 34 735
3/31/01 10:47:57 10 18 16 35 73.5
3/31/01 10:47:58 10.5 18 16 36 73.8
3/31/01 10:48:00 10.5 18 16 37 68.4
3/31/01 10:48:02 105 18 16 38 76
3/31/01 10:48:03 10.5 18 16 39 93.8
3/31/01 10:48:05 105 18 16 40 73.9
3/31/01 10:48:07 105 18 16 41 70.3
3/31/01 10:48:08 10.5 18 16 42 86.5
3/31/01 11:07:26 15 12 19 53 67.1
3/31/01 11:07:28 155 12 19 54 68.7
3/31/01 11:07:30 155 12 19 55 719
3/31/01 11:07:31 155 12 19 56 70
3/31/01 11:07:33 155 12 19 57 66.6
3/31/01 11:07:34 155 12 19 58 70.8
3/31/01 11:07:36 155 12 19 59 717
3/31/01 11:07:38 155 12 19 60 72.4
3/31/01 11:07:39 155 12 19 61 72

B-10

EF2 VMX
kip-feet feet/second

0.215 15
0.215 16.4
0.216 15.9
0.221 15.9
0.223 15.7
0.231 16.2
0.226 15.8
0.231 15.5
0.227 15.1
0.223 14.5
0.236 15.3
0.228 15.2
0.23 14.2
0.227 144
0.218 14.2
0.212 13.2
0.205 12.5
0.216 13.2
0.209 13.1
0.195 12.4
0.211 13.1
0.205 12.7
0.215 13.1
0.213 12.9

B-4-1

FMX
Kips
0.72
0.64
0.12
0.84
0.31
0.23
0.24
-0.11
0.03
-1.03
0.04
1.56
0.33
-0.82
1.37
0.35
0.72
0.59
0.72
0.69
0.62
0.86
0.47
0.67



Automatic Hammer MD Rte. 32 at Canine Road B-4-1
Mobile B61

3/31/01 11:.07:41 16 18 19 62 70.8 0.21 13 0.71
3/31/01 11.07:42 16 18 19 63 65.7 0.205 13.1 0.31
3/31/01 11:.07:44 16 18 19 64 70.1 0.212 13.1 0.54
3/31/01 11:.07:45 16 18 19 65 69.2 0.212 131 0.35
3/31/01 11.07:47 16 18 19 66 71.6 0.216 13.5 0.57
3/31/01 11:.07:49 16 18 19 67 70.7 0.216 134 0.46
3/31/01 11:.07:50 16 18 19 68 76.2 0.218 135 0.63
3/3Y/01 11:.07:52 16 18 19 69 66.6 0.211 132 0.08
3/31/01 11:.07:53 16 18 19 70 68.9 0.202 12.9 0.63
3/31/01 11:.07:55 16 18 19 71 72.3 0.213 135 0.6

3/31/01 11:23:36 195 12 16 78 60 0.221 11.7 -0.25
3/31/01 11:23:38 195 12 16 79 74.8 0.236 13.1 1.28
3/31/01 11:23:39 195 12 16 80 70.3 0.232 12.9 0.97
3/31/01 11:23:41 195 12 16 81 73.2 0.243 13.2 0.96
3/31/01 11:23:42 195 12 16 82 74.6 0.25 13.5 0.99
3/31/01 11:23:44 195 12 16 83 71.3 0.247 12.8 0.55
3/31/01 11:23:45 195 12 16 84 78.7 0.255 13.6 0.91
3/31/01 11:23:47 20 18 16 85 75.6 0.257 13.3 0.58
3/31/01 11:23:49 20 18 16 86 72.2 0.245 13 0.54
3/31/01 11:23:50 20 18 16 87 70.9 0.253 13 0.35
3/31/01 11:23:52 20 18 16 88 75 0.247 12.7 0.86
3/31/01 11:23:53 20 18 16 89 76.5 0.254 13.2 0.6

3/31/01 11:23:55 20 18 16 90 76.3 0.245 13.1 0.79
3/31/01 11:23:57 20 18 16 91 73 0.246 13.3 0.54
3/31/01 11:23:58 20 18 16 92 76.3 0.249 13.5 0.65
3/31/01 11:24:00 20 18 16 93 711 0.242 13.3 0.27
3/31/01 11:45:32 24 12 25 100 711 0.255 12.6 0.73
3/31/01 11:45:34 245 12 25 101 691 0.247 124 0.56
3/31/01 11:45:35 245 12 25 102 69 0.246 12.3 0.54
3/31/01 11:45:37 245 12 25 103 70.7 0.254 125 0.61
3/31/01 11:45:39 245 12 25 104 672 0.242 12.2 0.26
3/31/01 11:45:40 245 12 25 105 69.6 0.245 12.3 0.48
3/31/01 11:45:42 245 12 25 106 708 0.253 12.6 0.27
3/31/01 11:45:43 245 12 25 107 721 0.256 125 0.38
3/31/01 11:45:45 245 12 25 108 718 0.256 12.7 0.21
3/31/01 11:45:46 245 12 25 109 727 0.261 12.5 0.15
3/31/01 11:45:48 245 18 25 110 728 0.262 12.7 -0.04
3/31/01 11:4550 25 18 25 111 724 0.255 12.6 0.13
3/31/01 11:4551 25 18 25 112 724 0.256 12.5 0.01
3/31/01 11:4553 25 18 25 113 696 0.247 124  -0.08
3/31/01 11:4554 25 18 25 114 722 0.253 125 0.17
3/31/01 11:4556 25 18 25 115 734 0.258 124 0.11
3/31/01 11:4557 25 18 25 116 734 0.259 12.6 -0.05
3/31/01 11:4559 25 18 25 117 728 0.259 125 -0.06
3/31/01 11:46:00 25 18 25 118 744 0.265 12.7 0.1

3/31/01 11:46:02 25 18 25 119 76.7 0.267 12.7 0.33
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Automatic Hammer MD Rte. 32 at Canine Road B-4-1
Mobile B61

3/31/01 11:46:03 25 18 25 120 74 0.264 124 0.04
3/31/01 11:46:05 25 18 25 121 744 0.269 12.6 -0.05
3/31/01 11:46:06 25 18 25 122 758 0.274 12.8 0.3

3/31/01 11:46:08 25 18 25 123 764 0.279 12.9 -0.02
3/31/01 11:46:10 25 18 25 124 736 0.266 12.7 0.05
3/31/01 12:15:47 295 12 45 131 731 0.256 12.2 0.51
3/31/01 12:15:48 30 12 45 132 763 0.269 13 0.35
3/31/01 12:1550 30.5 12 45 133 771 0.27 131 0.43
3/31/01 12:15:52 30.5 12 45 134 684 0.242 124 0.07
3/31/01 12:15:53 30.5 12 45 135 80.7 0.259 13.2 0.6

3/31/01 12:15:55 30.5 12 45 136 80.8 0.262 13.3 0.52
3/31/01 12:15:57 30.5 12 45 137 823 0.267 13.3 0.46
3/31/01 12:15:58 30.5 12 45 138 791 0.258 13.1 0.33
3/31/01 12:16:00 30.5 12 45 139 811 0.26 13 0.44
3/31/01 12:16:01 30.5 12 45 140 813 0.262 13.1 0.18
3/31/01 12:16:03 30.5 12 45 141 846 0.272 13.5 0.38
3/31/01 12:16:05 30.5 12 45 142 834 0.267 13.2 0.21
3/31/01 12:16:06 30.5 12 45 143 817 0.265 135 0.3

3/31/01 12:16:08 31 18 45 144 798 0.271 13.1 0.03
3/31/01 12:16:10 31 18 45 145 799 0.268 13 0.05
3/31/01 12:16:11 31 18 45 146 794 0.267 12.7 -0.02
3/31/01 12:16:13 31 18 45 147 769 0.263 12.7 -0.17
3/31/01 12:16:14 31 18 45 148 793 0.271 13 0.03
3/31/01 12:16:16 31 18 45 149 746 0.261 12.7 0.2

3/31/01 12:16:118 31 18 45 150 76.9 0.27 12.9 0.04
3/31/01 12:16:119 31 18 45 151 752 0.259 12.9 0.48
3/31/01 12:16:21 31 18 45 152  73.7 0.258 12.8 -0.17
33101 12:16:23 31 18 45 153 724 0.253 125 -0.1

3/31/01 12:16:24 31 18 45 154 759 0.263 12.7 0.07
3/31/01 12:16:26 31 18 45 155 765 0.261 12.7 -0.23
3/31/01 12:16:28 31 18 45 156 728 0.251 124  -0.04
3/31/01 12:16:29 31 18 45 157 718 0.241 12.3 0.26
3/31/01 12:16:31 31 18 45 158 704 0.242 12.2 -0.06
3/31/01 12:16:33 31 18 45 159 721 0.247 124 0.02
3/31/01 12:16:34 31 18 45 160 77.2 0.258 12.7 -0.01
3/31/01 12:16:36 31 18 45 161 733 0.252 12.5 -0.26
3/31/01 12:16:38 31 18 45 162 749 0.258 12.6 -0.2

33101 12:16:39 31 18 45 163 80.7 0.269 13 0.24
3/31/01 12:16:41 31 18 45 164 76.6 0.262 12.7 -0.11
3/31/01 12:16:43 31 18 45 165 755 0.257 12.6 -0.14
3/31/01 12:41:53 35 12 56 184 76.7 0.25 13.8 0.09
3/31/01 12:41:54 35 12 56 185 739 0.233 13.5 0.2

3/31/01 12:41:55 35 12 56 186 76.1 0.241 13.6 0.3

3/31/01 12:41:57 35 12 56 187 743 0.234 13.6 0.28
3/31/01 12:41:58 35 12 56 188 723 0.233 134  -0.33
3/31/01 12:42.00 35 12 56 189 754 0.23 13.3 0.39
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Automatic Hammer MD Rte. 32 at Canine Road B-4-1
Mobile B61

3/31/01 12:42.01 35 12 56 190 732 0.23 13.3 0.14
3/31/01 12:42.03 35 12 56 191 76 0.237 13.5 0.16
3/31/01 12:42:04 35 12 56 192 749 0.239 13.6 0.04
3/31/01 12:42.05 35 12 56 193 778 0.246 13.7 0.22
3/31/01 12:42:.07 35 12 56 194 753 0.24 13.6 0.18
3/31/01 12:42.08 35 12 56 195 745 0.239 13.6 -0.04
3/31/01 12:42:10 35 12 56 196 724 0.233 135 -0.25
33101 12:42:11 35 12 56 197 712 0.23 134 -01

3/31/01 12:42:12 35 12 56 198 77.2 0.233 13.6 0.51
3/31/01 12:42:14 35 12 56 199 75 0.232 13.3 0.24
3/31/01 12:42:15 35 12 56 200 786 0.244 13.7 0.23
3/31/01 12:42:16 35 12 56 201 791 0.237 13.5 0.53
3/31/01 12:42:18 35 12 56 202 784 0.239 13.5 0.64
3/31/01 12:42:.19 35 12 56 203 789 0.245 13.7 -0.04
3/31/01 12:42:21 35 12 56 204 753 0.235 13.5 0.07
3/31/01 12:42:22 35 12 56 205 80.7 0.243 13.9 0.28
3/31/01 12:42:23 35 12 56 206 75 0.229 134 -0.01
33101 12:42.25 35 12 56 207 79.2 0.236 13.6 0.66
3/31/01 1242:26 35 12 56 208 75.7 0.233 13.5 0.28
3/31/01 12:42:28 35 12 56 209 727 0.23 13.3 -0.14
3/31/01 12:42:29 355 12 56 210 76.5 0.234 13.7 -0.2

3/31/01 12:42:31 355 18 56 211 77 0.228 134 0.68
3/31/01 12:42:32 355 18 56 212 751 0.229 134 0.28
3/31/01 12:42:33 355 18 56 213 781 0.231 134 0.93
3/31/01 12:42:35 355 18 56 214 743 0.231 13.5 0.09
3/31/01 12:42:36 355 18 56 215 736 0.232 13.7 -0.56
3/31/01 12:42:38 355 18 56 216 755 0.232 135 0.52
3/31/01 12:42:39 355 18 56 217 724 0.229 13.3 -0.29
3/31/01 12:42:40 355 18 56 218 74 0.23 13.6 -0.33
3/31/01 12:42:42 355 18 56 219 758 0.23 135 0.14
3/31/01 12:42:43 355 18 56 220 756 0.232 13.6 0.21
3/31/01 12:42:45 355 18 56 221 732 0.227 134  -0.04
3/31/01 12:42:46 355 18 56 222 756 0.231 13.3 0.56
3/31/01 12:42:47 355 18 56 223 72 0.232 134 -0.34
3/31/01 12:42:49 355 18 56 224 709 0.22 13.2 -0.24
3/31/01 12:42:50 355 18 56 225 759 0.234 13.7 0.07
3/31/01 12:42:52 355 18 56 226 735 0.228 13.2 0.05
3/31/01 12:42:53 355 18 56 227 70.7 0.222 131 -0.26
3/31/01 12:42:54 355 18 56 228 72 0.226 13.3 -0.09
3/31/01 12:42:56 355 18 56 229 72 0.223 13.2 -0.23
3/31/01 12:42:57 355 18 56 230 734 0.223 13.3 -0.15
3/31/01 12:42:59 355 18 56 231 744 0.228 13.5 -0.01
3/31/01 12:43:.00 355 18 56 232 719 0.222 13.2 0.01
3/31/01 12:43:01 355 18 56 233 701 0.221 13.2 -0.15
3/31/01 12:43:03 355 18 56 234 753 0.23 13.5 0.2

3/31/01 12:43:04 355 18 56 235 739 0.226 13.2 0.25
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Automatic Hammer MD Rte. 32 at Canine Road B-4-1
Mobile B61

3/31/01 12:43:06 355 18 56 236 709 0.232 135 -0.49
3/31/01 12:43:07 355 18 56 237 708 0.224 13.3 -0.18
3/31/01 1243:09 355 18 56 238 78 0.24 13.8 0.43
3/31/01 12:43:10 355 18 56 239 70.7 0.229 13.3 -0.45
3/31/01 14:21:46 39 12 20 14 75 0.259 14 -0.18
3/31/01 14:21:48 395 12 20 15 711 0.243 13.6 -0.07
3/31/01 14:21:49 395 12 20 16 72.8 0.25 13.8 0.02
3/31/01 14:21:51 395 12 20 17 724 0.251 13.8 -0.26
3/31/01 14:21:52 395 12 20 18 72 0.25 13.6 0.21
3/31/01 14:21:54 395 12 20 19 70.5 0.249 134 -041
3/31/01 14:21:55 395 12 20 20 70.2 0.251 13.7 -0.28
3/31/01 14:21:57 395 12 20 21 69 0.248 13.5 -0.44
3/31/01 14:21:58 395 12 20 22 68.8 0.249 13.6 -0.31
3/31/01 14:22:00 395 12 20 23 70.3 0.249 135 0.15
3/31/01 14:22:.01 395 18 20 24 75.6 0.256 13.7 0.31
3/31/01 14:22:03 40 18 20 25 74.1 0.257 14 0.05
3/31/01 14:22:.05 40 18 20 26 72 0.251 13.7 -0.01
3/31/01 14:22:.06 40 18 20 27 74 0.263 14 -0.44
3/31/01 14:22:08 40 18 20 28 76.4 0.255 13.7 0.57
3/31/01 14:22:09 40 18 20 29 73.8 0.254 13.6 -0.11
3/31/01 14:22:11 40 18 20 30 7.7 0.264 141 0.44
3/31/01 14:22:13 40 18 20 31 71.9 0.249 13.3 0.26
3/31/01 14:22:14 40 18 20 32 73.7 0.256 13.8 0.1
3/31/01 14:22:16 40 18 20 33 72 0.244 13.2 0.33
3/31/01 14:53:15 495 12 25-50/2" 44 82.2 0.262 14.2 0.76
3/31/01 14:53:17 50 12 25-50/2" 45 83.1 0.269 14.7 0.24
3/31/01 14:53:18 50 12 25-50/2" 46 82.9 0.27 151 0.04
3/31/01 14:53:20 50 12 25-50/2" 47 78.5 0.267 14.6 -0.39
3/31/01 14:53:21 50 12 25-50/2" 48 76.7 0.268 15 -1.18
3/31/01 14:53:23 50 12 25-50/2" 49 79.3 0.277 152 -0.72
3/31/01 14:53:24 50 12 25-50/2" 50 75.2 0.272 151 -151
3/31/01 14:53:26 50 12 25-50/2" 51 78.2 0.264 14.7 -0.59
3/31/01 14:53:27 50 12 25-50/2" 52 79.2 0.259 14.5 -0.48
3/31/01 14:53:29 50 12 25-50/2" 53 85.6 0.261 14.4 0.24
3/31/01 14:5330 50 12 25-50/2" 54 89.5 0.269 14.4 0.66
3/31/01 14:53:32 50 12 25-50/2" 55 86.4 0.264 144 0.06
3/31/01 14:53:33 50 12 25-50/2" 56 91.9 0.268 14.4 0.78
3/31/01 14:53:35 50 12 25-50/2" 57 93.3 0.268 14.4 1.13
3/31/01 14:53:36 50 12 25-50/2" 58 83 0.262 14.2 -0.9
3/31/01 14:53:38 50 12 25-50/2" 59 93 0.267 14.2 0.86
3/31/01 14:53:39 50 12 25-50/2" 60 87.5 0.27 14.5 -0.41
3/31/01 14:53:41 50 12 25-50/2" 61 88.6 0.266 14.5 -0.31
3/31/01 14:53:42 50 12 25-50/2" 62 90.7 0.269 145 0.05
3/31/01 14:53:44 50 12 25-50/2" 63 88.7 0.267 144  -0.14
3/31/01 14:53:45 50 12 25-50/2" 64 89.9 0.27 14.7 -0.09
3/31/01 14:53:47 50 12 25-50/2" 65 87.7 0.271 14.6 -0.42
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Automatic Hammer MD Rte. 32 at Canine Road B-4-1
Mobile B61

3/31/01 14:53:48 50 12 25-50/2" 66 92.9 0.274 14.9 -0.32
3/31/01 14:53:50 50 12 25-50/2" 67 91.9 0.27 14.6 -0.13
3/31/01 14:53:52 50 12 25-50/2" 68 90.4 0.27 14.8 -0.37
3/31/01 14:53:53 50.5 14 25-50/2" 69 93.9 0.276 14.9 0.37
3/31/01 14:53:55 50.5 14 25-50/2" 70 84.9 0.269 14.6 -111
3/31/01 14:53:56 50.5 14 25-50/2" 71 88.9 0.257 144  -0.29
3/31/01 14:53:59 50.5 14 25-50/2" 73 82.9 0.257 144  -0.24
3/31/01 14:54:.01 50.5 14 25-50/2" 74 89.2 0.265 14.5 0.79
3/31/01 14:54:02 50.5 14 25-50/2" 75 78.9 0.276 15 -1.26
3/31/01 14:54:03 50.5 14 25-50/2" 76 74.5 0.266 14.9 -1.17
3/31/01 14:54:05 50.5 14 25-50/2" 77 77.6 0.273 15 -1.18
3/31/01 14:54:08 50.5 14 25-50/2" 79 80.1 0.256 14.6 -0.76
3/31/01 14:54:09 50.5 14 25-50/2" 80 83.3 0.26 14.9 -043
3/31/01 14:54:11 505 14 25-50/2" 81 74.4 0.251 13.7 -0.26
3/31/01 14:54:12 50.5 14 25-50/2" 82 68.7 0.251 13.6 -1.36
3/31/01 14:54:14 50.5 14 25-50/2" 83 72.6 0.249 13.2 -0.48
3/31/01 14:54:15 50.5 14 25-50/2" 84 76.2 0.256 134  -0.16
3/31/01 14:54:17 50.5 14 25-50/2" 85 72.1 0.252 132 -0.65
3/31/01 14:54:18 50.5 14 25-50/2" 86 71 0.263 13.7 -1.45
3/31/01 14:54:20 50.5 14 25-50/2" 87 721 0.255 13.8 -0.81
3/31/01 14:54:21 505 14 25-50/2" 88 72.5 0.253 13.7 -0.89
3/31/01 14:54:23 50.5 14 25-50/2" 89 69.1 0.256 13.8 -1.57
3/31/01 14:54:24 50.5 14 25-50/2" 90 75.5 0.257 13.7 -0.35
3/31/01 14:54:26 50.5 14 25-50/2" 91 72.1 0.247 13.8 -0.55
3/31/01 145427 50.5 14 25-50/2" 92 784 0.254 13.5 0.3
3/31/01 14:54:29 50.5 14 25-50/2" 93 724 0.258 13.6 -0.78
3/31/01 14:54:30 50.5 14 25-50/2" 94 4.7 0.258 13.7 -0.44
3/31/01 14:54:31 50.5 14 25-50/2" 95 75.2 0.257 13.8 -04
3/31/01 14:54:33 50.5 14 25-50/2" 96 75.8 0.259 13.9 -04
3/31/01 14:54:34 505 14 25-50/2" 97 71.2 0.242 135 -0.52
3/31/01 14:54:36 50.5 14 25-50/2" 98 724 0.247 134  -0.25
3/31/01 14:54:37 50.5 14 25-50/2" 99 71.8 0.247 13.5 -0.3
3/31/01 14:54:39 50.5 14 25-50/2" 100 82.1 0.259 14.9 -0.61
3/31/01 14:54:40 50.5 14 25-50/2" 101 67.1 0.238 13.3 -0.68
3/31/01 14:54:42 50.5 14 25-50/2" 102 66.3 0.243 13.3 -1.05
3/31/01 14:54:43 50.5 14 25-50/2" 103 71.1 0.238 13.5 -0.11
3/31/01 14:54:44 50.5 14 25-50/2" 104 86.9 0.241 14 1.02
3/31/01 14:54:46 50.5 14 25-50/2" 105 84.1 0.247 141 0.01
3/31/01 14:54:47 50.5 14 25-50/2" 106  80.9 0.249 14.1 -0.08
3/31/01 14:54:49 50.5 14 25-50/2" 107 74.1 0.251 13.6 -0.34
3/31/01 14:54:50 50.5 14 25-50/2" 108 75.3 0.255 14 -0.29
3/31/01 14:54:52 50.5 14 25-50/2" 109 71.6 0.25 134  -0.69
3/31/01 14:54:53 50.5 14 25-50/2" 110 74.1 0.257 14 -0.53
3/31/01 14:54:55 50.5 14 25-50/2" 111 70 0.25 13.2 -0.84
3/31/01 14:54:56 50.5 14 25-50/2" 112 70.3 0.247 13.3 -0.59
3/31/01 14:54:57 50.5 14 25-50/2" 113 71 0.255 13.5 -0.83
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Automatic Hammer MD Rte. 32 at Canine Road B-4-1
Mobile B61

3/31/01 14:54:59 50.5 14 25-50/2" 114 69.1 0.251 13.8 -1.2
3/31/01 14:55:00 50.5 14 25-50/2" 115 73.1 0.256 13.8 -0.76
3/31/01 14:55:02 50.5 14 25-50/2" 116 69.9 0.248 13.7 -0.97
3/31/01 14:55:03 50.5 14 25-50/2" 117 72 0.254 141 -0.92
3/31/01 14:55:05 50.5 14 25-50/2" 118 70.5 0.252 13.7 -0.95
4/1/01  7:44:51 59.5 12 34-50/3" 12 64.8 0.201 11.6 0.75
4/1/01  7:44:52 59.5 12 34-50/3" 13 52.3 0.169 10.7 0.32
4/1/01 7:4454 59.5 12 34-50/3" 14 51.5 0.168 10.9 0.35
4/1/01  7:44:55 59.5 12 34-50/3" 15 57.4 0.19 114 0.15
4/1/01  7:44:57 59.5 12 34-50/3" 16 54.3 0.177 11 0.17
4/1/01  7:44:58 59.5 12 34-50/3" 17 60 0.198 114 0.1
4/1/01 7:45.00 59.5 12 34-50/3" 18 54.6 0.179 11 0.1
4/1/01 7:45.01 59.5 12 34-50/3" 19 59.2 0.195 11.6 0.01
4/1/01  745:.03 59.5 12 34-50/3" 20 57.9 0.188 111 0.1
4/1/01 7:45.04 59.5 12 34-50/3" 21 56 0.184 11 0.07
4/1/01 7:45.05 59.5 12 34-50/3" 22 52.5 0.171 10.6 0.07
4/1/01  7:45.07 59.5 12 34-50/3" 23 63 0.197 11.2 0.57
4/1/01 7:45.08 59.5 12 34-50/3" 24 60.6 0.193 11.2 0.33
4/1/01 7:45:10 59.5 12 34-50/3" 25 70.7 0.206 12.8 0.2
4/1/01 7:45:11 595 12 34-50/3" 26 68 0.202 12.7 0.07
4/1/01 7:45:12 59.5 12 34-50/3" 27 68.5 0.206 12.8 0.1
4/1/01 7:45:14 59.5 12 34-50/3" 28 60.6 0.199 11.7 -0.29
4/1/01 7:45:15 59.5 12 34-50/3" 29 56.8 0.195 11.6 -0.57
4/1/01 7:45:16 59.5 12 34-50/3" 30 65.9 0.199 12.8 -0.05
4/1/01 7:45:18 59.5 12 .34-50/3" 31 54.7 0.186 114  -0.44
4/1/01 7:45:19 59.5 12 34-50/3" 32 57.5 0.193 114  -0.24
4/1/01 7:4521 59.5 12 34-50/3" 33 58.1 0.19 11.3 -0.11
4/1/01 74522 59.5 12 34-50/3" 34 59.1 0.19 114  -0.07
4/1/01 7:45:24 59.5 12 34-50/3" 35 59.4 0.192 11.8 -0.18
4/1/01 7:4525 59.5 12 34-50/3" 36 57.3 0.185 115 -0.12
4/1/01 7:45:26 59.5 12 34-50/3" 37 59.1 0.192 11.8 -0.17
4/1/01 7:45:28 59.5 12 34-50/3" 38 55.4 0.178 11.2 -0.1
4/1/01 7:4529 59.5 12 34-50/3" 39 52.3 0.168 11 -0.08
4/1/01 7:45:30 59.5 12 34-50/3" 40 55.8 0.181 11.2 -0.21
4/1/01 7:45:32 59.5 12 34-50/3" 41 55.4 0.183 11.3 -0.21
4/1/01 7:45:33 59.5 12 34-50/3" 42 56 0.185 11.3 -0.24
4/1/01 7:45:35 59.5 12 34-50/3" 43 57 0.188 115 -0.21
4/1/01 74536 59.5 12 34-50/3" 44 58.6 0.19 115 -0.11
4/1/01 7:45:37 59.5 12 34-50/3" 45 56.2 0.184 114  -0.15
4/1/01 7:45:39 59.5 15 34-50/3" 46 58.6 0.19 116 -0.12
4/1/01 7:45140 60 15 34-50/3" 47 55.8 0.181 11.3 -0.1
4/1/01 7:45:42 60 15 34-50/3" 48 51.5 0.165 10.8 -0.05
4/1/01 7:4543 60 15 34-50/3" 49 58.5 0.192 11.7 -0.25
4/1/01 7:45:44 60 15 34-50/3" 50 54.3 0.175 11 -0.04
4/1/01 7:45:46 60 15 34-50/3" 51 59.2 0.193 11.7 -0.15
4/1/01 7:45:47 60 15 34-50/3" 52 59.4 0.193 11.6 -0.06

B-16



Automatic Hammer

Mobile B61
4/1/01  7:45:48
4/1/01  7:45:50
4/1/01  7:45:51
4/1/01  7:45:53
4/1/01 7:45:54
4/1/01  7:45:55
4/1/01  7:45.57
4/1/01  7:45:58
4/1/01  7:46:00
4/1/01 7:46:.01
4/1/01 7:46:02
4/1/01 7:46:04
4/1/01  7:46.05
4/1/01  7:46.07
4/1/01  7:46:08
4/1/01  7:46.09
4/1/01 7:46:11
4/1/01 7:46:12
4/1/01  7:46:13
4/1/01  7:46:15
4/1/01 7:46:16
4/1/01  7:46:18
4/1/01 7:46:19
4/1/01 7:46:21
4/1/01  7:46:22
4/1/01  7:46:23
4/1/01  7:46:25
4/1/01 7:46:26
4/1/01  7:46:28
4/1/01  7:46:29
4/1/01 7:46:30
4/1/01 7:46:32
4/1/01  7:46:33
4/1/01 7:46:35
4/1/01  7:46:36
4/1/01  7:46:37
4/1/01  7:46:39
4/1/01 7:46:40
4/1/01 7:46:42
4/1/01  7:46:43
4/1/01 7:46:44
4/1/01  7:46:46
4/1/01  7:46:47
4/1/01 8:12:46
4/1/01  8:12:47
4/1/01  8:12:49

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
65
65
65

MD Rte. 32 at Canine Road

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
12
12
12

34-50/3" 53
34-50/3" 54
34-50/3" 55
34-50/3" 56
34-50/3" 57
34-50/3" 58
34-50/3" 59
34-50/3" 60
34-50/3" 61
34-50/3" 62
34-50/3" 63
34-50/3" 64
34-50/3" 65
34-50/3" 66
34-50/3" 67
34-50/3" 68
34-50/3" 69
34-50/3" 70
34-50/3" 71
34-50/3" 72
34-50/3" 73
34-50/3" 74
34-50/3" 75
34-50/3" 76
34-50/3" 77
34-50/3" 78
34-50/3" 79
34-50/3" 80
34-50/3" 81
34-50/3" 82
34-50/3" 83
34-50/3" 84
34-50/3" 85
34-50/3" 86
34-50/3" 87
34-50/3" 88
34-50/3" 89
34-50/3" 90
34-50/3" 91
34-50/3" 92
34-50/3" 93
34-50/3" 94
34-50/3" 95

62 1216

62 122
62 123

B-17

58.1
59.7
57.3
61.8
60.2
60.4
59.8
67.6
65.1
59.9
64
64.4
63.5
62.9
61.5
60
60.6
61.3
60.3
64.7
62.1
62.2
62
63.6
63.6
58
60.3
59
56
60.4
60.4
59.6
58.7
60.2
59
57.9
S57.7
58.2
58.3
62.4
58.8
59.5
56.2
0.3
58.8
60.5

0.19
0.195
0.187
0.201
0.197
0.194
0.192
0.213
0.207
0.19
0.206
0.207
0.206
0.205
0.2
0.196
0.199
0.2
0.196
0.209
0.204
0.199
0.204
0.202
0.207
0.189
0.195
0.19
0.181
0.196
0.197
0.196
0.192
0.195
0.193
0.189
0.188
0.19
0.19
0.208
0.194
0.195
0.185
0.198
0.197
0.198

115
116
11.6
11.8
116
11.6
115
121
12

115
119
12

119
12

119
11.8
11.8
119
11.7
12.3
12

119
12

121
12.2
117
11.8
11.7
114
11.8
119
11.8
11.8
11.7
119
11.6
11.7
11.7
11.8
121
12

12

11.7
11.3
11.2
11.3

B-4-1

-0.13
-0.1
-0.13
-0.02
-0.1
0.08
0.15
0.31
0.19
0.13
-0.02
0.05
-0.05
-0.08
-0.07
-0.05
-0.08
-0.11
-0.04
-0.02
0.01
0.05
-0.01
0.15
0.04
-0.04
-0.15
-0.07

-0.16
-0.08
-0.16
-0.1
-0.05
-0.09
-0.2
-0.01
-0.23
-0.12
-0.3
-0.23
-0.19
-0.29
0.12
0.04
0.15



Automatic Hammer

Mobile B61
4/1/01 8:12:50
4/1/01 8:12:51
4/1/01 8:12:53
4/1/01 8:12:54
4/1/01 8:12:55
4/1/01  8:12:57
4/1/01 8:12:58
4/1/01 8:12:59
4/1/01 8:13:.01
4/1/01 8:13:.02
4/1/01 8:13:03
4/1/01 8:13.05
4/1/01 8:13.06
4/1/01 8:13:07
4/1/01 8:13:.09
4/1/01 8:13:10
4/1/01 8:13:12
4/1/01 8:13:13
4/1/01 8:13:14
4/1/01 8:13:16
4/1/01 8:13:17
4/1/01 8:13:18
4/1/01 8:13:20
4/1/01 8:13:21
4/1/01 8:13:22
4/1/01 8:13:24
4/1/01 8:13:25
4/1/01 8:13:26
4/1/01 8:13:28
4/1/01 8:13:29
4/1/01 8:13:30
4/1/01 8:13:32
4/1/01 8:13:33
4/1/01 8:13:34
4/1/01 8:13:36
4/1/01 8:13:37
4/1/01 8:13:38
4/1/01 8:13:40
4/1/01 8:13:41
4/1/01 8:13:42
4/1/01 8:13:44
4/1/01 8:13:45
4/1/01 813:47
4/1/01 8:13:48
4/1/01 8:13:49
4/1/01 8:13:50

65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5

MD Rte. 32 at Canine Road

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62

124  60.8
125 612
126  60.6
127 61.2
128 60.7
129 60.5
130 60.8
131 60.2
132 595
133 618
134 623
135 618
136 613
137 628
138 614
139 621
140 621
141 623
142 63.8
143 626
144 63
145 58.6
146 58
14758.2
148 591
149  59.7
150 623
151 57.7
152 59.9
153 614
154 60.6
155 61.6
156 62.1
157 604
158 611
159 56.2
160 611
161 60.9
162 61.7
163 60.9
164 622
165 625
166 62.2
167 614
168 62.1
169 61

B-18

0.203
0.204
0.202
0.205
0.203
0.199
0.205
0.2
0.202
0.204
0.212
0.203
0.209
0.208
0.209
0.203
0.209
0.208
0.218
0.209
0.213
0.196
0.196
0.197
0.201
0.201
0.212
0.196
0.207
0.203
0.205
0.211
0.212
0.205
0.211
0.193
0.207
0.209
0.21
0.208
0.213
0.209
0.211
0.206
0.213
0.206

114
11.2
114
115
114
115
11.7
11.7
115
116
11.8
116
11.6
116
11.7
117
11.8
119
121
115
12

115
115
115
11.7
117
121
11.2
115
11.7
11.7
12

11.8
119
11.8
11.3
119
11.8
11.8
11.8
121
119
12

119
121
119

B-4-1

-0.02
-0.03
0.03
-0.08
0.06
0.04
-0.07
0.01
-0.11
0.06
-0.14
0.04
-0.2
-0.08
-0.16

-0.11
-0.14
-0.29
-0.16
-0.2

-0.22
-0.26
-0.29
-0.25
-0.25
-0.2

-0.24
-0.24
-0.07
-0.21
-0.25
-0.18
-0.24
-0.23
-0.32
-0.13
-0.29
-0.19
-0.24
-0.28
-0.17
-0.29
-0.3

-0.4

-0.42



Automatic Hammer

Mobile B61
4/1/01 8:13:52
4/1/01 8:13:53
4/1/01 8:13:55
4/1/01 8:13:56
4/1/01  8:13:57
4/1/01  8:14:.03
4/1/01 8:14:04
4/1/01 8:14:05
4/1/01  8:14:07
4/1/01 8:14:.08
4/1/01 8:14:09
4/1/01 81411
4/1/01 8:14:12
4/1/01 8:56:38
4/1/01 8:56:39
4/1/01 8:56:40
4/1/01 8:56:41
4/1/01 8:56:42
4/1/01 8:56:44
4/1/01 8:56:45
4/1/01 8:56:46
4/1/01  8:56:47
4/1/01 8:56:48
4/1/01 8:56:50
4/1/01 8:56:51
4/1/01 8:56:52
4/1/01 8:56:53
4/1/01 8:56:54
4/1/01 8:56:56
4/1/01 8.56:57
4/1/01 8:56:58
4/1/01 8:56:59
4/1/01 8:57:00
4/1/01 8:57:02
4/1/01 8:57:03
4/1/01 8:57:04
4/1/01 8:57:05
4/1/01 8:57:07
4/1/01 8:57:08
4/1/01 8:57:09
4/1/01 8:57:10
4/1/01 8:57:12
4/1/01 8:57:13
4/1/01 8:57:14
4/1/01 8:57:15
4/1/01 8:57:16

65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
65.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
745

MD Rte. 32 at Canine Road

18
18
18
18
18
18
18
18
18
18
18
18
18

N

NPNDNNDNPNNNDNPNNNDNNNNDNNDNONNNNDNDNNDNNDNNDNNDNDNDNNDNDDNDNDN

62
62
62
62
62
62
62
62
62
62
62
62
62
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

B-19

61.5
58.5
61.4
58.6
61.8
57.5
60.1
60.7
59.7
59

60.3
58.6
59.7
74.3
70.2
70.4
721
70.6
72.6
715
72.4
69.5
71.7
69.1
69.9
69.3
70.3
70

70.6
70.1
715
734
74.3
72.2
72.1
70

70.9
69.6
71.8
69.2
71.6
71.9
72

71.8
70

70.7

0.212
0.197
0.208
0.198
0.213
0.194
0.201
0.201
0.203
0.199
0.206
0.197
0.204
0.23
0.208
0.202
0.211
0.202
0.208
0.201
0.208
0.199
0.208
0.197
0.201
0.195
0.201
0.2
0.205
0.201
0.206
0.207
0.212
0.204
0.206
0.197
0.204
0.195
0.205
0.193
0.202
0.201
0.203
0.199
0.198
0.197

121
11.8
12.2
11.8
12.2
11.5
119
119
11.8
116
119
11.6
11.8
13.2
13.1
13

13.2
131
13.2
13.2
132
13.1
13.1
131
13

12.9
13

13.3
13.3
13.3
13.3
134
13.2
13.3
13.3
13

13

13

13.3
12.9
132
13.3
13.3
13.3
13

13

B-4-1

-0.5

-0.36
-0.37
-0.41
-0.48
-0.52
-0.37
-0.38
-05

-0.47
-0.44
-0.54
-0.54
-0.25
-0.59
-0.37
-0.47
-0.75
-0.72
-0.04
-0.66
-0.35
-0.66
-0.58
-0.55
-0.48
-0.37
-0.58
-0.53
-0.58
-0.43
-0.32
-04

-0.39
-0.19
-0.3

-0.26

-0.07
-0.03
-0.04

0.12
0.07
0.24
0.13



Automatic Hammer

Mobile B61
4/1/01 8:57:18
4/1/01 8:57:19
4/1/01 8:57:20
4/1/01 857:21
4/1/01 8:57:23
4/1/01 8:57:24
4/1/01 85725
4/1/01 8:57:26
4/1/01  8:57:27
4/1/01 8:57:29
4/1/01 8:57:30
4/1/01 8:57:31
4/1/01 8:57:32
4/1/01 8:57:34
4/1/01 8:57:35
4/1/01 8:57:36
4/1/01 8:57:38

74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5

MD Rte. 32 at Canine Road

NNNDNDNDNDPNNDNDNDNNDNDNNDNDNDDNDDN

50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"
50/2"

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

B-20

67.7
68.5
70.8
66.8
69.7
71.2
73.2
67.6
68.9
68.4
69.6
63.8
62.3
60.3
66.1
66.3
72

0.195
0.194
0.2
0.19
0.2
0.199
0.204
0.187
0.196
0.19
0.199
0.194
0.203
0.203
0.208
0.19
0.204

12.6
13.2
13.2
12.9
13.2
134
13.2
125
13.3
12.7
13

12.3
12.3
125
12.5
12.8
13

B-4-1

0.14

0.1
0.02
0.08
0.13
04
0.2
0.19
0.19
0.01
-0.02
-05
-1.01
-0.25
-0.21
0.22



Automatic Hammer MD Rte. 32 at Canine Road
Donut Hammer
Mobile B61
1.16 inches\2 Area
0.492083 kips/feet"3 Specific Weight Density
16807.7 feet/second  Wave Speed

29999.6 ks Elastic Modulus
Strain Gage Cdlibration Factors
F3 F1 219.73
F4 F2 218.87
Accelerometer Cdibration Factors
A3 Al 400
A4 A2 415
PJ MD 32
PN B-4-2A
PD COLS OF BRIDGE; DONUT; MOBILE B61
oP LINWOOD
Depth N AverageETR | Stdevof ETR
feet (%)
4 19 58.99 3.76
9 23 66.22 5.45
14 23 64.71 2.85
19 12 68.33 4.97
24 17 67.84 3.59
29 60 63.36 2.98
34 59 62.98 4.38
39 50/3" 63.15 2.88
Totd Ave 63.53 4.31

B-21

B-4-2



Automatic Hammer

MD Rte. 32 at Canine Road

SL

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ETR
(%)
59.5
66.6
64.4
64.2
60.6
67.3
62.8
68.6
62.5
57
64.2
56.1
69.8
64.4
62.8
76.5
71.7
64.6
75
68.3
73.6
72.5
71.7

Donut Hammer
Mobile B61
1.16 inches\2 Area
9 feet Length
kips/
0.492083 feet"3 Specific Weight Density
feet/
16807.7 second  Wave Speed
29999.6 ks Elagtic Modulus
Strain Gage Cdlibration Factors
F3 F1 220
F4 F2 219
Accelerometer Cdlibration Factors
A3 Al 400
A4 A2 415
PJ MD 32
PN B-4-2A
PD COLS OF BRIDGE; DONUT; MOBILE B61
oP LINWOOD
Dae Time LP Penetration N
feet in
4/20/01 8:00:17 9.5 12 23
4/20/01 8:00:19 95 12 23
4/20/01 8:00:20 9.5 12 23
4/20/01 8:0021 95 12 23
4/20/01 8:00:23 9.5 12 23
4/20/01 8:00:24 9.5 12 23
4/20/01 8:00:25 9.5 12 23
4/20/01 8:00.27 9.5 12 23
4/20/01 8:00:28 10 12 23
4/20/01 8:00:30 10 12 23
4/20/01 8:00:31 10 12 23
4/20/01 8:00:32 10 12 23
4/20/01 8:00:33 10 18 23
4/20/01 8:00:35 10 18 23
4/20/01 8:00:36 10 18 23
4/20/01 8:00:45 105 18 23
4/20/01 8:00:47 105 18 23
4/20/01 8:00:48 10.5 18 23
4/20/01 8:00:49 105 18 23
4/20/01 8:00:50 10.5 18 23
4/20/01 8:00.52 10.5 18 23
4/20/01 8:00:53 10.5 18 23
4/20/01 8:00:55 105 18 23
4/20/01 8:15:48 15 12 23

76

B-22

2.2

B-4-2
EF2 VMX  FMX DFN
kip-feet feet/second kips inches
0.1 9.9 19 -012
0.2 10.4 21 0.39
0.1 10.7 20 0.14
0.2 115 22 0.29
0.1 10.6 21 0.29
0.2 12.6 24 0.77
0.1 109 19 0.81
0.2 114 23 0.74
0.1 11.2 19 1.18
0.1 11.8 20 14
0.1 11.3 20 1.49
0.1 12.1 19 1.48
0.2 12.9 24 171
0.2 13.2 25 1.7
0.1 11.1 20 1.28
0.2 13.3 25 1.81
0.2 11.8 23 1.44
0.1 111 20 12
0.2 13.3 25 1.79
0.2 12.3 23 1.25
0.2 12.8 25 155
0.2 12.4 23 1.45
0.2 12.7 25 1.52
0.2 11.3 22 1.19



Automatic Hammer MD Rte. 32 at Canine Road B-4-2
Donut Hammer

Mobile B61

4/20/01 8:15:49 15 12 23 8 62.2 0.2 11.2 22 1.18
4/20/01 8:15:50 15 12 23 9 62.2 0.2 111 22 1.23
4/20/01 8:15:52 15 12 23 10 61.1 0.1 10.2 18 1.06
4/20/01 8:15:53 15 12 23 11 68.5 0.2 11.9 25 1.48
4/20/01 8:15:54 15 12 23 12 64 0.2 10.1 20 1.06
4/20/01 8:15:56 15 12 23 13 64.5 0.2 10.2 21 1.12
4/20/01 8:15:57 15 12 23 14 67.8 0.2 11 21 1.15
4/20/01 8:15:59 15 12 23 15 68.3 0.2 11.4 23 1.23
4/20/01 8:16:00 15.5 12 23 16 62.7 0.2 10.2 20 0.98
4/20/01 8:16:01 16 18 23 17 63.2 0.2 10.2 19 0.95
4/20/01 8:16:03 16 18 23 18 66 0.2 10.8 22 1.08
4/20/01 8:16:04 16 18 23 19 66.3 0.2 10.6 21 1.04
4/20/01 8:16:05 16 18 23 20 67.1 0.2 10.2 20 1.17
4/20/01 8:16:06 16 18 23 21 67.3 0.2 11.6 22 1.12
4/20/01 8:16:08 16 18 23 22 64.8 0.2 10.7 22 1.04
4/20/01 8:16:09 16 18 23 23 65.2 0.2 11.9 22 0.99
4/20/01 8:16:10 16 18 23 24 66.3 0.2 10.9 21 0.75
4/20/01 8:16:12 16 18 23 25 60.3 0.1 10.1 20 0.84
4/20/01 8:16:13 16 18 23 26 60.7 0.1 10 19 0.93
4/20/01 8:16:14 16 18 23 27 63.7 0.1 10.5 19 0.99
4/20/01 8:16:16 16 18 23 28 71.3 0.2 11.4 22 1.1
4/20/01 8:16:17 16 18 23 29 62.7 0.1 10.4 18 0.72
4/20/01 8:25:40 20 12 12 6 72.9 0.2 13.2 25 2.29
4/20/01 8:25:41 20 12 12 7 64.3 0.2 11.4 22 1.83
4/20/01 8:25:43 20 12 12 8 58.7 0.2 10.6 18 1.44
4/20/01 8:25:44 20 12 12 9 62.2 0.2 10.5 18 1.37
4/20/01 8:25:46 20 12 12 10 68.9 0.2 12.5 23 1.66
4/20/01 8:25:47 205 18 12 11 73.1 0.2 11.8 23 1.59
4/20/01 8:25:49 20.5 18 12 12 68 0.2 12.5 23 1.69
4/20/01 8:25:50 20.5 18 12 13 76.2 0.2 13 25 1.86
4/20/01 8:25:52 205 18 12 14 70.3 0.2 12.9 24 1.84
4/20/01 8:25:53 205 18 12 15 65.3 0.2 11.6 21 155
4/20/01 8:25:55 205 18 12 16 70 0.2 11.3 21 1.45
4/20/01 8:25:56 20.5 18 12 17 70.1 0.2 11.8 22 1.54
4/20/01 8:35:57 24 12 17 5 64.7 0.2 11.7 16 1.69
4/20/01 8:36:02 245 12 17 6 66.5 0.2 12.7 20 1.79
4/20/01 8:36:03 245 12 17 7 69.7 0.2 12.9 22 1.69
4/20/01 8:36:05 245 12 17 8 62.6 0.2 11.5 19 1.46
4/20/01 8:36:06 24.5 12 17 9 63.3 0.2 11.2 15 1.38
4/20/01 8:36:08 245 12 17 10 70.9 0.2 12.2 20 1.74
4/20/01 8:36:09 245 12 17 11 70.7 0.2 11.1 19 1.66
4/20/01 8:36:11 25 18 17 12 70 0.2 12 20 1.56
4/20/01 8:36:12 25 18 17 13 61.1 0.2 10.5 16 1.17
4/20/01 8:36:13 25 18 17 14 67.3 0.2 11.5 18 1.55
4/20/01 8:36:15 25 18 17 15 67.8 0.2 11.3 18 1.34
4/20/01 8:36:16 25 18 17 16 63.8 0.2 10.7 17 1.25
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Automatic Hammer MD Rte. 32 at Canine Road B-4-2
Donut Hammer

Mobile B61

4/20/01 8:36:17 25 18 17 17 69.9 0.2 12.1 20 1.38
4/20/01 8:36:19 25 18 17 18 70.5 0.2 11.8 19 1.16
4/20/01 8:36:20 25 18 17 19 73.6 0.2 12.1 20 155
4/20/01 8:36:22 25 18 17 20 70.8 0.2 11.8 19 1.6
4/20/01 8:36:23 25 18 17 21 70.1 0.2 11.8 19 1.45
4/20/01 8:48:11 30 12 60 10 71 0.2 11 16 1.28
4/20/01 8:48:13 30 12 60 11 64.6 0.2 11.7 17 1.05
4/20/01 8:48:14 30 12 60 12 69.7 0.2 12.3 21 1.23
4/20/01 8:48:16 30 12 60 13 64.3 0.2 12.7 21 0.73
4/20/01 8:48:17 30 12 60 14 61.1 0.2 10.5 16 0.82
4/20/01 8:48:19 30 12 60 15 61.3 0.2 10.1 16 0.78
4/20/01 8:48:20 30 12 60 16 64.9 0.2 11.7 18 0.77
4/20/01 8:48:21 30 12 60 17 61.3 0.2 11.6 17 0.81
4/20/01 8:48:23 30 12 60 18 65.6 0.2 12 18 0.87
4/20/01 8:48:24 30 12 60 19 64.2 0.2 11.9 17 0.83
4/20/01 8:48:25 30 12 60 20 63.8 0.2 11.5 17 0.72
4/20/01 8:48:27 30 12 60 21 60.3 0.2 12.2 18 0.74
4/20/01 8:48:28 30 12 60 22 62.3 0.2 11.2 16 0.76
4/20/01 8:48:29 30 12 60 23 62.3 0.2 11.5 17 0.84
4/20/01 8:48:31 30 12 60 24 60.3 0.2 11.2 18 0.59
4/20/01 848:32 30 12 60 25 65 0.2 12.8 22 0.91
4/20/01 8:48:33 30 12 60 26 66.7 0.2 12.9 22 0.84
4/20/01 8:48:34 30 12 60 27 65.6 0.2 11.2 16 0.86
4/20/01 8:48:36 30 12 60 28 68.1 0.2 12.9 22 0.78
4/20/01 8:48:37 30 12 60 29 61.9 0.2 10.8 15 0.54
4/20/01 8:48:38 30 12 60 30 69.3 0.2 13.3 22 0.74
4/20/01 8:48:40 30 12 60 31 59.9 0.2 10.4 17 0.45
4/20/01 8.48:41 305 12 60 32 70.8 0.2 13.9 23 0.86
4/20/01 8:4842 305 12 60 33 61.9 0.1 11.3 15 0.74
4/20/01 8:48:44 305 18 60 34 60.1 0.2 111 16 0.47
4/20/01 8:48:45 305 18 60 35 60.9 0.2 11.7 16 0.56
4/20/01 8:48:46 30.5 18 60 36 61.2 0.2 11.3 16 0.48
4/20/01 8:48:47 305 18 60 37 60.3 0.2 11 16 0.53
4/20/01 8:48:49 305 18 60 38 67.3 0.2 13.6 22 0.64
4/20/01 8:48:50 30.5 18 60 39 65 0.2 12.6 19 0.61
4/20/01 8:48:51 305 18 60 40 61 0.2 11.7 18 0.57
4/20/01 8:48:53 305 18 60 41 61.1 0.2 11.3 16 0.53
4/20/01 8:48:54 305 18 60 42 61.1 0.2 10.6 16 0.43
4/20/01 8:48:55 305 18 60 43 66.2 0.2 14.4 23 0.66
4/20/01 8:48:56 30.5 18 60 44 63.9 0.2 12.3 17 0.5
4/20/01 8:48:57 305 18 60 45 59.4 0.2 11.4 16 0.5
4/20/01 8:48:59 305 18 60 46 64.1 0.2 12.4 18 0.53
4/20/01 8:49:00 305 18 60 a7 61 0.2 12.3 18 0.55
4/20/01 8:49:01 305 18 60 48 63.7 0.2 12 18 0.55
4/20/01 8:49:02 305 18 60 49 59.7 0.2 12.2 18 0.45
4/20/01 8:49:04 305 18 60 50 64.2 0.2 12.9 19 0.47
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Automatic Hammer MD Rte. 32 at Canine Road B-4-2
Donut Hammer

Mobile B61

4/20/01 8:49:05 305 18 60 51 61.2 0.2 12.3 18 0.5
4/20/01 8:49:06 30.5 18 60 52 59.4 0.2 12 18 0.3
4/20/01 8:49:07 305 18 60 53 62.4 0.2 12.6 18 0.62
4/20/01 8:49:09 305 18 60 54 587 0,2 10.3 17 0.34
4/20/01 8:49:10 305 18 60 55 63.7 0.2 13.9 21 0.48
4/20/01 8:49:11 305 18 60 56 63.8 0.2 12.6 18 0.55
4/20/01 8:49:12 305 18 60 57 60.7 0.2 12.5 18 0.54
4/20/01 8:49:14 305 18 60 58 65.4 0.2 13.1 20 0.5
4/20/01 8:49:15 305 18 60 59 58.1 0.2 10.4 16 0.4
4/20/01 8:49:16 305 18 60 60 62.7 0.2 12.6 19 0.47
4/20/01 8:49:18 305 18 60 61 62 0.2 13 19 0.54
4/20/01 8:49:19 305 18 60 62 64.5 0.2 13.9 22 0.64
4/20/01 8:49:20 305 18 60 63 64.9 0.2 13.7 21 0.55
4/20/01 8:49:21 305 18 60 64 64.5 0.2 13 19 0.53
4/20/01 8:49:23 305 18 60 65 61.1 0.2 13.4 20 0.49
4/20/01 8:49:24 30.5 18 60 66 65.7 0.2 13.8 21 0.45
4/20/01 8:49:25 305 18 60 67 64.9 0.2 13.4 20 0.4
4/20/01 8.49:27 305 18 60 68 67.7 0.2 135 20 0.46
4/20/01 8:49:28 30.5 18 60 69 63.8 0.2 135 20 0.47
4/20/01 9:00:10 35 12 59 17 63.9 0.2 10.5 16 0.72
4/20/01 9:00:11 35 12 59 18 68 0.2 12.6 18 0.61
4/20/01 9:00:13 35 12 59 19 65.8 0.2 11.7 16 0.6
4/20/01 9:00:14 35 12 59 20 60.5 0.2 10.4 15 0.56
4/20/01 9:00:15 35 12 59 21 61.3 0.2 10.4 16 0.55
4/20/01 9:00:17 35 12 59 22 64.8 0.2 10.6 16 0.64
4/20/01 9:00:18 35 12 59 23 65.4 0.2 11.3 16 0.64
4/20/01 9:00:19 35 12 59 24 64.6 0.2 11 15 0.56
4/20/01 9:00:21 35 12 59 25 66.1 0.2 10.7 16 0.41
4/20/01 9:00:22 35 12 59 26 75.2 0.2 14 21 0.6
4/20/01 9:00:24 35 12 59 27 67.8 0.2 11.4 16 0.59
4/20/01 9:00:25 35 12 59 28 76.6 0.2 13.6 20 1.02
4/20/01 9:00:26 35 12 59 29 64.1 0.2 10.2 17 0.48
4/20/01 9:00:28 35 12 59 30 64.4 0.2 10.8 15 0.48
4/20/01 9:00:29 35 12 59 31 69.8 0.2 12.2 17 0.73
4/20/01 9:00:31 35 12 59 32 66 0.2 11.8 17 0.58
4/20/01 9:00:32 35 12 59 33 69.2 0.2 12.1 17 0.7
4/20/01 9:00:33 35 12 59 34 67.4 0.2 13.1 18 0.57
4/20/01 9:00:35 35 12 59 35 67.7 0.2 12.5 18 0.46
4/20/01 9:00:36 35 12 59 36 66.6 0.2 13 18 0.53
4/20/01 9:00:38 35 12 59 37 61.8 0.2 12 15 0.47
4/20/01 9:00:39 35 12 59 38 64.1 0.2 11.8 15 0.44
4/20/01 9:00:45 355 18 59 39 69.6 0.2 13.7 16 0.37
4/20/01 9:00:46 355 18 59 40 64.5 0.2 11.8 16 0.55
4/20/01 9:00:48 355 18 59 41 67.3 0.2 11.3 17 0.55
4/20/01 9:00:49 355 18 59 42 70.6 0.2 13.2 19 0.63
4/20/01 9:00:50 355 18 59 43 62.3 0.2 9.8 15 0.4
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Automatic Hammer MD Rte. 32 at Canine Road B-4-2
Donut Hammer

Mobile B61

4/20/01 9:00:52 355 18 59 44 59.8 0.2 10.2 17 0.33
4/20/01 9:00:53 355 18 59 45 62.9 0.2 10.1 17 0.4
4/20/01 9:00:55 355 18 59 46 64.5 0.2 12.5 20 0.23
4/20/01 9:00:56 35.5 18 59 47 58.1 0.2 9 16 0.25
4/20/01 9:00:57 355 18 59 48 63.3 0.2 9.9 17 0.38
4/20/01 9:00:59 355 18 59 49 59.5 0.2 10.3 18 0.29
4/20/01 9:01:00 355 18 59 50 60.4 0.2 11.1 18 0.33
4/20/01 9:01:02 355 18 59 51 60 0.2 9.5 16 0.29
4/20/01 9:01:03 355 18 59 52 60.1 0.2 9.4 15 0.36
4/20/01 9:01:04 355 18 59 53 59.2 0.2 9.3 16 0.23
4/20/01 9:01:06 355 18 59 54 62.8 0.2 10.6 17 0.45
4/20/01 9:01:07 355 18 59 55 57.7 0.2 9.1 15 0.26
4/20/01 9:01:09 355 18 59 56 60.3 0.2 10.7 18 0.3
4/20/01 9:01:10 355 18 59 57 64.1 0.2 11.8 20 0.35
4/20/01 9:01:11 355 18 59 58 61 0.2 10.5 17 0.32
4/20/01 9:01:13 355 18 59 59 61.3 0.2 10.9 18 0.3
4/20/01 9:01:14 355 18 59 60 61.2 0.2 11.5 19 0.34
4/20/01 9:01:15 355 18 59 61 59.4 0.2 10 16 0.34
4/20/01 9:01:17 355 18 59 62 59.5 0.2 10.2 17 0.34
4/20/01 9:01:18 355 18 59 63 56.7 0.2 9.8 16 0.34
4/20/01 9:01:20 355 18 59 64 60.2 0.2 10.5 17 0.33
4/20/01 9:01:21 355 18 59 65 575 0.2 11.4 18 0.3
4/20/01 9:01:23 355 18 59 66 60.1 0.2 10.6 18 0.35
4/20/01 9:01:24 355 18 59 67 61.4 0.2 12.2 20 0.29
4/20/01 9:01:26 355 18 59 68 57.1 0.2 9.2 15 0.3
4/20/01 9:01:27 355 18 59 69 58.1 0.2 9.5 15 0.24
4/20/01 9:01:28 355 18 59 70 61.3 0.2 10.8 18 0.27
4/20/01 9:01:30 355 18 59 71 59.4 0.2 9.6 15 0.34
4/20/01 9:01:31 355 18 59 72 59.8 0.2 10.6 17 0.23
4/20/01 9:01:33 355 18 59 73 57.8 0.2 9.9 16 0.26
4/20/01 9:01:34 355 18 59 74 59.5 0.2 10.2 16 0.32
4/20/01 9:01:36 355 18 59 75 56.6 0.2 9.9 16 0.25
4/20/01 9:16:43 40 12 35-50/3" 13 61.6 0.2 134 19 0.66
4/20/01 9:16:45 40 12 35-50/3" 14 67.2 0.2 13.4 22 0.4
4/20/01 9:16:46 40 12 35-50/3" 15 61.9 0.2 12.3 16 0.51
4/20/01 9:16:47 40 12  35-50/3" 16 59.3 0.2 10.8 15 0.6
4/20/01 9:16:48 40 12 35-50/3" 17 61.8 0.2 12.2 17 0.66
4/20/01 9:16:49 40 12 35-50/3" 18 65.8 0.2 14 19 0.59
4/20/01 9:16:51 40 12 35-50/3" 19 64.5 0.2 12.8 21 0.54
4/20/01 9:16:52 40 12 35-50/3" 20 64.6 0.2 13.9 20 0.49
4/20/01 9:16:53 40 12 35-50/3" 21 57.4 0.2 12.3 16 0.45
4/20/01 9:16:54 40 12 35-50/3" 22 60.6 0.2 125 16 0.54
4/20/01 9:16:55 40 12 35-50/3" 23 61.9 0.2 14 18 0.49
4/20/01 9:16:57 40 12 35-50/3" 24 60.9 0.2 135 17 0.41
4/20/01 9:16:58 40 12 35-50/3" 25 56.8 0.2 10.9 17 0.36
4/20/01 9:16:59 40 12 35-50/3" 26 60.8 0.2 11.2 16 0.34
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Automatic Hammer MD Rte. 32 at Canine Road B-4-2
Donut Hammer

Mobile B61

4/20/01 9:17:00 40 12 35-50/3" 27 64.9 0.2 13.9 20 0.51
4/20/01 9:17:01 40 12 35-50/3" 28 66.1 0.2 13.8 22 0.36
4/20/01 9:17:02 40 12 35-50/3" 29 67.8 0.2 12.9 19 0.55
4/20/01 9:17:04 40 12 35-50/3" 30 69.4 0.2 13.2 21 0.65
4/20/01 9:17:05 40 12 35-50/3" 31 64.1 0.2 12.1 18 0.43
4/20/01 9:17:06 40 12 35-50/3" 32 62.3 0.2 13.4 17 0.24
4/20/01 9:17:07 40 12 35-50/3" 33 63.2 0.2 13.6 21 0.4
4/20/01 9:17:08 40 12 35-50/3" 34 61.8 0.2 11.5 16 0.52
4/20/01 9:17:10 40 12 35-50/3" 35 64.5 0.2 11.2 16 0.75
4/20/01 9:17:11 40 12 35-50/3" 36 61 0.2 12.3 16 0.38
4/20/01 9:17:12 40 12 35-50/3" 37 61.2 0.2 12.8 19 0.34
4/20/01 9:17:13 40 12 35-50/3" 38 66.9 0.2 13.7 22 0.44
4/20/01 9:17:14 40 12 35-50/3" 39 63.9 0.2 13.1 17 0.34
4/20/01 9:17:16 40 12 35-50/3" 40 65.3 0.2 13.4 17 0.38
4/20/01 9:17:17 40 12 35-50/3" 41 66.2 0.2 13.1 22 0.43
4/20/01 9:17:18 40 12 35-50/3" 42 65.4 0.2 13.6 22 0.33
4/20/01 9:17:19 40 12 35-50/3" 43 63.5 0.2 135 20 0.33
4/20/01 9:17:20 40 12 35-50/3" 44 69.5 0.2 14.1 20 0.37
4/20/01 9:17:22 40 12 35-50/3" 45 69 0.2 13.4 19 0.4
4/20/01 9:17:23 40 12 35-50/3" 46 67.3 0.2 14.3 19 0.39
4/20/01 9:17:24 40 12 35-50/3" 47 65.6 0.2 12.1 19 0.33
4/20/01 9:17:25 405 15 35-50/3" 48 67.6 0.2 145 22 0.37
4/20/01 9:17:26  40.5 15 35-50/3" 49 64 0.2 12.4 18 0.4
4/20/01 9:17:27 405 15 35-50/3" 50 62.5 0.2 13.6 19 0.27
4/20/01 9:17:29 405 15 35-50/3" 51 63 0.2 12 16 0.53
4/20/01 9:17:30 405 15 35-50/3" 52 59.7 0.2 11.6 16 0.37
4/20/01 9:17:31 405 15 35-50/3" 53 64.5 0.2 12 17 0.52
4/20/01 9:17:32 405 15 35-50/3" 54 64.5 0.2 12.2 17 0.62
4/20/01 9:17:33 405 15 35-50/3" 55 66.6 0.2 14.1 20 0.35
4/20/01 9:17:34 405 15 35-50/3" 56 63 0.2 13.8 18 0.35
4/20/01 9:17:35 405 15 35-50/3" 57 66.5 0.2 14.1 20 0.45
4/20/01 9:17:37 405 15 35-50/3" 58 61.1 0.2 12.5 17 0.37
4/20/01 9:17:38 40.5 15 35-50/3" 59 60.4 0.2 125 16 0.3
4/20/01 9:17:39 405 15 35-50/3" 60 59.3 0.2 12.9 17 0.27
4/20/01 9:17:40 405 15 35-50/3" 61 60.1 0.2 12.8 16 0.28
4/20/01 9:17:41 405 15 35-50/3" 62 59 0.2 134 18 0.18
4/20/01 9:17:42 405 15 35-50/3" 63 60.7 0.2 11.3 16 0.43
4/20/01 9:17:44 405 15 35-50/3" 64 62 0.2 13.2 21 0.2
4/20/01 9:17:45 405 15 35-50/3" 65 63.8 0.2 11.9 18 0.46
4/20/01 9:17:46 405 15 35-50/3" 66 59.4 0.2 10.6 16 0.26
4/20/01 9:17:47 405 15 35-50/3" 67 59.6 0.2 13 18 0.22
4/20/01 9:17:48 405 15 35-50/3" 68 62.2 0.2 13.8 19 0.18
4/20/01 9:17:49 405 15 35-50/3" 69 61.9 0.2 12.2 16 0.27
4/20/01 9:17:51 405 15 35-50/3" 70 64 0.2 13.1 19 0.52
4/20/01 9:17:52 405 15 35-50/3" 71 58.1 0.2 13 17 0.11
4/20/01 9:17:53 405 15 35-50/3" 72 62.1 0.2 12 17 0.29
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Automatic Hammer MD Rte. 32 at Canine Road B-4-2
Donut Hammer

Mobile B61

4/20/01 9:17:54 405 15 35-50/3" 73 61.4 0.2 13.3 17 0.17
4/20/01 9:17:55 405 15 35-50/3" 74 60.6 0.2 12.9 16 0.21
4/20/01 9:17:56 40.5 15 35-50/3" 75 60.9 0.2 13.7 20 0.17
4/20/01 9:17:58 40.5 15 35-50/3" 76 67.9 0.2 14.4 20 0.39
4/20/01 9:17:59 405 15 35-50/3" 77 63 0.2 11.6 18 0.43
4/20/01 9:18:00 40.5 15 35-50/3" 78 64.8 0.2 14 20 0.18
4/20/01 9:18:01 405 15 35-50/3" 79 62.8 0.2 13.4 18 0.28
4/20/01 9:18:03 405 15 35-50/3" 80 68.1 0.2 14 20 0.62
4/20/01 9:18:04 405 15 35-50/3" 81 64.7 0.2 12.6 21 0.27
4/20/01 9:18:05 405 15 35-50/3" 82 63.3 0.2 13.3 19 0.25
4/20/01 9:18:06 40.5 15 35-50/3" 83 61.3 0.2 13.2 18 0.27
4/20/01 9:18:07 405 15 35-50/3" 84 60.3 0.2 135 18 0.18
4/20/01 9:18:08 40.5 15 35-50/3" 85 63.1 0.2 125 19 0.64
4/20/01 9:18:10 405 15 35-50/3" 86 60.9 0.2 13 21 0.21
4/20/01 9:18:11 405 15 35-50/3" 87 63.6 0.2 11.2 18 0.56
4/20/01 9:18:12 405 15 35-50/3" 88 62.5 0.2 13.6 21 0.19
4/20/01 9:18:13 405 15 35-50/3" 89 59.7 0.2 13.3 18 0.17
4/20/01 9:18:14 405 15 35-50/3" 90 64.2 0.2 14 19 0.29
4/20/01 9:18:15 405 15 35-50/3" 91 63.3 0.2 13.8 21 0.3
4/20/01 9:18:17 405 15 35-50/3" 92 61.4 0.2 13 16 0.4
4/20/01 9:18:18 405 15 35-50/3" 93 65.3 0.2 12.5 19 0.68
4/20/01 9:18:19 405 15 35-50/3" 94 575 0.2 12.2 16 0.32
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APPENDIX C

Photos From the Field Testing



Fig. 1 Insrumented Rod

Fig. 2 SPT Andyzer
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Fig. 3 Mobile Drill Rig on Ste

Fig. 4 Ingrumented Safety Hammer
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Fig. 6 Ingrumented Rod Detall
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