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GEOTECHNICAL REPORT
CHESAPEAKE AND OHIO NATIONAL PARK
PAVEMENT REHABILITATION
MONTGOMERY COUNTY, MARYLAND

INTRODUCTION

The project consists of pavement rehabilitation of approximately 1.15 miles of
MacArthur Boulevard (extending from Falls Road to the west), rehabilitation of the northern
parking area for the Chesapeake and Ohio National Park, the construction of a 4-foot widening
along portions of MacArthur Boulevard (to be renamed Great Falls Entrance Road), the removal
of the southern parking area, and the construction of a Portland cement concrete (PCC) roadway

between traffic circle and the existing PCC boat yard driveway. The project area is defined on
Figure 1 in Appendix A.

The purposes of this study are to characterize subsurface conditions and develop
recommendations for earthwork, PCC, and bituminous concrete pavements. The field
investigation included non-destructive testing to determine material properties of the pavement
layers, destructive testihg to determine the thickness of each pavement layer, a subsurface

investigation to characterize the subgrade and laboratory testing of selected soil samples.

Project Description

Currently, the section of MacArthur Boulevard under investigation consists of
two-lane bituminous concrete paved surfaces without paved shoulders. Most, but not all of the

project alignment is bordered by drainage ditches. Information regarding the as-built pavement

sections was not available for our use.
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The park entrance consists of a traffic circle with four access ramps leading to two
parking areas. The two-tiered northern parking area sections are vertically offset by
approximately 8 to 9 feet and measure about 1,350 feet by 55 feet. A 20-foot wide circular end
road and one 20-foot wide ramp connect the sections. The two-tiered southern parking area
sections are vertically offset by approximately 5 feet and are connected at the southern end bya
20-foot wide roadway. Within the southern parking area, the western section measures

approximately 35 feet wide and 150 feet long and the eastern section measures about 55 feet

wide by 175 feet long.

Geologic Setting

The site is located in the Piedmont Plateau physiographic province. Published
geologic literature indicates that the site is underlain by two facies of the Wissahickon
Formation, Upper Pelitic Schist and Metagraywacke. Upper Pelitic Schist underlies the parking
area and the western portion of the roadway. It is comprised of schist with sporadic thin beds of

quartzite. Metagraywacke underlies the remainder of the roadway and consists of interbedded
metagraywacke and schist.

Site Conditions

Surface materials for the proj'ect area consist of thick layers of fill and saprolite,
containing clay, silt, sand and angular quartz and rock fragments. Grades within the parking area
gradually decrease from north to south, with a high at elevation 187 to a low at elevation 171.
Centerline grades along the 1.15-mile section of MacArthur Boulevard gradually decrease from

Elevation 388 at its intersection with Falls Road to Elevation 175 at the parking area.

Cut and fill slopes border MacArthur Boulevard, as required to make grade. The
parking areas are bordered on the east by up-sloping hillsides of varying gradients, and to the

west, the grade decreases to the elevation of the canal, which runs parallel to the parking lots.
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PROCEDURE AND RESULTS

Subsurface Investigation

The subsurface investigation consisted of 28 borings drilled to depths ranging
from 2.5 to 15 feet. Froehling and Robertson, Inc., performed the borings under the direction of
an on-site URS Geotechnical Engineer. The borings were advanced with hollow stem augers and
sampling, using a manually operated safety hammer, was conducted on intervals in general

conformance with AASHTO T-206 “Standard Method of Test for Penetration Test and Split-
Barrel Sampling of Soils.”

Field logs were prepared by the on-site URS Engineer. The logs include the
thickness of the pavement and base material, Standard Penetration Test (SPT) values, sample
recovery lengths, visual soil claésiﬁcations, ground water and cave-in depth information, and an
interpretation of the probable subsurface conditions between sampling intervals. At the
completion of exploration, selected samples were tested in Froehling and Robertson’s laboratory
for determination of moisture content, grain-size distribution, Atterberg limits, modified Proctor

moisture-density relationship and California Bearing Ratio.

Boring locations and elevations were determined by a URS survey. A boring

location plém is included as Figure 2, in Appendix A, along with the boring logs. The laboratory
test results are included in Appendix B.

Non-Destructive Testing Investigation

The Non-Destructive Test (NDT) investigation consisted of 56 tests performed in
the parking areas and along the roadway by Roy D. McQueen & Associates under the field
supervision of a URS Geotechnical Engineer. NDT locations were set at 250-foot intervals for
both the parking areas and roadway. Along the roadway, the tests were completed alternating

approximately 5 feet on either side of the centerline. Within the parking areas, tests were

Chesapeake and Ohio Nalional Park Geolechnical Report
Pavement Rehabilitation February 2006



completed at the approximate centerline. Non-destructive testing was conducted in general
conformance with ASTM D 4695, “Standard Guide for General Pavement Deflection
Measurements.” All tests were conducted in an impulse mode; i.e., with a Falling Weight

Deflectometer (FWD) using a dynamic force targeted at 10,000 pounds.

The purpose of the NDT is to determine the in-situ structural properties of the
pavement system, including the surface, base course, and subgrade, for use in the structural
analysis and design of the pavement. The dynamic loading system used for the NDT was
designed to generate a dynamic load on the pavement surface and simultaneously measure the
resultant vertical response of the pavement system. The NDT proéedure consists of a weight
falling on a load plate placed on the pavement surface and recording the resulting “deflection
basin” by measuring the vertical displacemeht at the center of the machine’s loading plate and at

8, 12, 24, 36, 48 and 60-inch distances from the center of the plate.

The deflection basin data, together with thickness data of the various pavement
courses, obtained from pavement drilling, is processed, using closed form solutions contained in
the AASHTO Design Guide, to determine the elastic moduli (E-value) of the subgrade for
bituminous concrete pavements and Modulus of Subgrade Reaction (k) of PCC pavements. The

AASHTO closed form solution also resulted in computation of the elastic modulus.

In addition to the deflection basins, the Impulse Stiffness Modulus (ISM) is also
determined. The ISM is defined as the dynamic force divided by the pavement deflection at the
center of the deflection basin. The ISM is a measure of the overall support condition from all
influencing pavement and subgrade layers, and is used td identity limits of zones with similar
pavement support. The pavements within each zone are then divided into areas according to

pavement type and estimated traffic for structural analysis.
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Pavement Condition Survey

In December 2004, a URS team consisting of two engineers conducted a
Pavement Condition Survey (PCS) recording the distresses observed on randomly selected
sample units over a period of two days. Prior to performing a PCS, the network of pavements
must be subdivided into more manageable units. Therefore, the network is divided into branches.
Each branch, an easily identifiable portion of the roadway system, that has a distinct function, is
then divided into smaller units called sections based upon age, cbnstruction history and/or traffic.
Each section is then divided into sample units for the performance of the PCS. A sampling plan,
based upon a statistical sampling procedure, which reduces the number of sarriple units to be
inspected within a section without a significant loss of accuracy, is used to select the number of
sample units required to be inspected. During the inspection, the tj,fpes of distress, the severity
level (low, medium, high), and the density (percentage of the sample unit that each distress type
occupies) are recorded on a pavement condition survey sheet. The project network was divided

into three branches for the purpose of the investigation. The three branches were defined as such:

* MacArthur Boulevard
e North Parking Area
* South Parking Area, Traffic Circle and Access Ramps

Each branch was subdivided into sample units, approximately 5,000 square feet in

area for the parking areas and approximately 4,000 square feet for the roadway. The PCS was

performed to:
e determine the type, quantity and severity of the distresses present;
* aid in the assessment of the structural integrity of the pavement section
and the operational condition of the pavement surface; and
* aid in the design of the required pavement overlay thickness.
Chesapeake and Qhic National Park Geotechnical Report
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The distresses recorded were those recognized and described in ASTM D 6433-
03, “Standard Practice for Roads and Parking Lots.” During the inspection, all visible distresses

were measured and recorded on Sample Unit Data Sheets, included in Appendix B.

The Pavement Condition Index (PCI), as determined from the PCS performed in
accordance with ASTM D 6433-03, is calculated from the distresses observed during the
pavement inspection. The PCl is a numerical rating ranging from 0, a failed pavement, to 100, a
pavement in perfect condition, which is indicative of the operational condition, or serviceability,
of the existing pavement based on a visual survey of distress type, quantity and severity. For
flexible pavements, 19 distress types, both load related and environmental/climate related, are
considered when determining the PCI. Each type of distress reduces the PCI depending upon the
quantity and severity of the particular distress. The PCI for each sample unit inspected is then
calculated by converting the type quantity and severity of the individual distresses to numerical
deduct values, which are weighted and summed. The total sum of deduct values is corrected
based upon the number of distresses observed. The corrected deduct value is subtracted from 100
resulting in the PCI for the particular sample unit. The PCI of an entire éection is the average of
the PCI’s for all sample units inspected in that section. Based upon the PCL, a characterization of
the pavement condition by a single number ranging from 0 to 100, the Pavement Condition
Rating (PCR), a qualitative description of the pavement condition correspdnding to a range of

PCI’s, is assigned to the section.

If maintenance and repair (M&R) is applied to the appropriate distresses during
the early stages of deterioration, that is, when the PCI is above the “critical PCI” at which
deterioration is believed to accelerate, it is believed that the life expectancy of the pavement can
be increased and that repairs are much less costly than if M&R is delayed. The “critical PCI”

value is generally considered to be approximately 65.
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Subsurface Conditions

The borings indicate that the existing pavement section in the north parking area
consists of 4 to 5 inches of bituminous concrete underlain by 1 to 4 inches of granular base. The
borings within the remainder of the parking area and traffic circle indicate that the pavement
section consists of 1 to 2 inches of bituminous concrete, underlain by 7 to 8 inches of Portland
cement concrete, underlain by 3 to 4 inches of granular base. The roadway borings indicate a
pavement section consisting of 8 to 10 inches of bituminous concrete, underlain by 2 to 12

inches of granular base. The data is summarized in Tables 1, 2, and 3, below.

TABLE 1

SUMMARY OF BITUMINOUS AND BASE COURSE
THICKNESSES FOR NORTH PARKING AREA

Thickness of Thickness of
Boring Bituminous Aggregate
Designation Pavement Base
(Inches) (Inches)

P-3 4 2

P-4 4 3

P-5 5 1

P-6 5 4

P-7 5 3

P-8 4 3

P-9 4 3

P-10 4 2
Chesapeake and Ohio National Park Geotechnical Report
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TABLE 2

SUMMARY OF PORTLAND CEMENT, BITUMINOUS AND BASE COURSE
THICKNESSES FOR TRAFFIC CIRCLE AND SOUTH PARKING AREA

Thickness of Thickness of Thickness of
. . Portland
Boring Bituminous Aggregate
. i Cement
Designation | Pavement Base
(Inches) Concrete (Inches)
{(Inches)
P-1 2 8 4
P-2 2 7 3
R-1 1 8 3
R-2 2 8 3
R-3 2 8 3
TABLE 3

SUMMARY OF BITUMINOUS AND BASE
COURSE THICKNESSES FOR ROADWAY

Thickness of Thickness of
Boring Bituminous "Aggregate
Designation Pavement Base
(Inches) {Inches)
R-5 9 4
R-6 9 3
R-7 8 : 12
R-8 : 8 5
R-10 10 8
R-11 9 2
R-12 10 2
R-13 8 2
R-14 9 2
R-15 8 2

Site grades appear to be mostly in cut below original ground surface. However,
fill was identified by the on-site Geotechnical Engineer in five of the 28 borings, The fill
thicknesses range from 2.5 feet to 5.5 feet and consist of loose to medium dense, medium to fine-

grained silty sand (SM), loose to dense, coarse to fine-grained silty sand (SM), and very stiff

i
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clayey silt with sand (ML). The penetration resistance of the fill ranges from 9 to 30 blows per
foot.

The fill is underlain by natural residual soils consisting of very loose to very
dense silty sand (SM), medium stiff to hard lean clay with sand (CL) and medium stiff to very
stiff sandy silt (ML). Atterberg Limit tests indicate the silt and clay possess slight to medium
plasticity (PI = 3 to 16). Moisture contents for the natural soils generally range from 10% to
22%, which is judged to be at or above optimum moisture content for compaction. The
penetration resistance of the natural soil ranges from 2 to over 50 blows per foot, but generally

varies between 10 and 25 blows per foot.

The nine bulk soil samples were obtained and subject to moisture-density
relationship and California Bearing Ratio (CBR) tests. For the CL-ML soils, maximum dry
densities range from 117 to 125 pef, optimum contents range from 10.5 to 13.7 percent, and
soaked CBR values range from 3 to 13. For the SM-ML soils, maximum dry densities range
from 122 to 137 pef, optimum motsture contents range from 6.9 to 13.1. pércent, and CBR values

- range from 2 to 15.

The borings were checked for groundwater immediately following the completion
of each boring and, where possibie, after 24 hours. In general, borings caved in about 3 to 6 feet

above bottom depth and were dry.

ANALYSIS
Pavement Rehabilitation

The structural capacity of the existing pavement is estimated by visual survey of
pavement distress and NDT, as described in the Pavement Condition Survey section. The
structural overlay thickness required is based on the pavement structural deficiency approach, in

which the required overlay is the difference between the structural capacity required for future

Chesapeake and Ohio National Park Geotechnical Report
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traffic and the present capacity of the existing pavement. The structural capacity of a pavement,
per the AASHTO Guide for Design of Pavement Siructures, 1993, is expressed in terms of a
Structural Number (SN), which is the summation of the product of the layer coefficient and
thickness of individual layers for a flexible pavement, and Slab Thickness, D, for rigid pavement.
For flexible pavement, the SN is dependent on the level of traffic service, in terms of Total 18-
kip Equivalent Single Axle Loads (ESAL), the Effective Roadbed Soil Resilient Modulus, Mr,
the tolerable Serviceability Loss, the reliability and the overall standard deviation of the data. For
rigid pavement, D is dependent on the level of traffic service, in terms of Total 18-kip Equivalent
Single Axle Loads (ESAL), the Effective Modulus of Subgrade Reaction, k, the Modulus of
Rupture of concrete, the Load Transfer Coefficient of the joint, the Drainage Coefficient, the

tolerable Serviceability Loss, the reliability and the overall standard deviation of the data.

The primary measure of serviceability is the Present Serviceability Index (PSI),
which ranges from 0 (impossible road) to 5 (perfect road). The terminal serviceability index (py),
or the lowest index that will be tolerated before rehabilitation, is 2.0 for roadways with lesser
traffic volumes. The difference between the initial serviceability (p) and the p, is the design
serviceability loss, which will determine the SN of the pavement section before rehabilitation is
required. Composite -pavements, consisting. of PCC pavement with a bituminous concrete

ovérlay, will be evaluated based on an equivalent slab thickness.

In the overlay design for bituminous concrete pavement, the effective structural
number, SNeg of the existing pavement can be determined by pavement thickness, and the
effective elastic modulu.s, Ep, of all pavement layers above the subgrade. The required SN of the
pavement is determined by the required future traffic. The required overlay thickness is then
computed by dividing the difference in the structural numbers, SN — SN, by the layer
coefficient for new bituminous concrete. In the overlay design for PCC pavement, the effective

slab thickness of the existing pavement, Degy, will be compared to the slab thickness Dy, required
for future traffic.

Chesapeake and Qhio National Park Geotechnical Repart
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DISCUSSION

Pavement Condition

MacArthur Boulevard

The pavement section in this area is 8 to 10 inches of asphalt on 2 to 12 inches of
aggregate base. Predominant pavement distresses include low to medium severity of
roadway/weathering in general and alligator cracking occurring near the edge or centerline of the
roadway. Other distresses include longitudinal and random cracking. The PCI of the samples
range from 28 to 73, typically 40 to 55, with an average of 51. The overall rating, PCR, of the

pavement section, based on the average PCI, is Poor.
Traffic Circle and Connector to the Northern Parking Lots

The pavement section in this area is a composite of bituminous concrete overlay
on existing PCC pavement. Predominant pavement distresses include medium to high severity
joint reflection cracking. Other distresses include low to medium severity block cracking,
longitudinal, and transverse cracking. The PCI of the samples range from 47 to 67, with an

average of 55. The overall rating, PCR, of the pavement section, based on the average PCI, is

Poor.
Northern Parking Lot

The pavement section in this area is 4 to 5 inches of asphalt on 1 to 4 inches of
aggregate base. Predominant pavement distresses include low to high severity
raveling/weathering and block cracking. Other distresses include longitudinal, transverse, and
random cracking. The PCI of the samples range from 13 to 81, typically 50 to 70, with an

average of 56. The overall rating, PCR, of the pavement section, based on the average PCI, is

Fair.
Chesapeake and Ohio National Park Geotechnical Report
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The overall condition rating of the pavement sections is poor to fair, and the
overall average PCI of the pavement sections are 51 to 56, all below the “critical” PCI of 65,
indicative of the need for rehabilitation. The predominant distresses, such as raveling, block
cracking, and transverse cracking are weather and age related, the structural integrity of most of
the pavement section appears to be adequate. In these areas, rerno.ving the surficial layers and
replacing with bituminous concrete, sufficient to accommodate future traffic, should be
satisfactory. Distresses that are load related, such as alligator cracking (also known as fatigue
cracking), usually indicate the structural failure of the pavement. In these areas full depth

reconstruction or repaving of the area may be required, as described herein.

Traffic Data for Pavement Design

Obtaining traffic data, by a traffic count survey, is not in the scope of work. The
assumed traffic, equating to an average daily traffic (ADT) of 153, is as follows:

TABLE 4
ASSUMED TRAFFIC
_ Movement Movement/
Vehicle Type of Axle . Load, Ibs. Frequency Repetitions per
of Vehicle Year

Front - Single 2,000 or less :

Passenger Car 150/Day 54,750
Rear - Single 2,000 or less

. Front - Single 8,000 :

Light Truck Rear - Single 24,000 10/Week 520
Front - Single 10,000 About 4/Day

Bus (Tour) . for 4 Months, 500
Rear - Single 20,000 Then 2/Month

Heavy Front - Single 21,000 10/Year, 5

Maintenance Truck . Repetitions 50

(Snow Plow) Rear - Single 23,000 Each Operation

Heavy Front - Single 17,000

Maintenance Truck Less Than Once 10

. Rear - Tandem 17,000 a Month

(Fire Truck)
Front - Single 6,000

Tractor Trailer Mid - Tandem 24,000 1 Per Week 50
Rear - Tandem 24,000

TOTAL 55,800
Chesapeake and Ohio Naticnal Park _ Geotechnical Report
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Subgrade Evaluation

The structural capacity of the pavement section is evaluated based on NDT, as
described previously. The reduced data developed by Roy McQueen and Associates based upon
DARWIN Version 2.0 are included in Appendix C. The strength of the subgrade is defined in
terms of subgrade resilient modulus, Mr. The Mr, determined by NDT, ranges from 2,764 to
3,166 psi. The modulus of subgrade reaction, k, used in the evaluation of the PCC pavement in
the vicinity of the traffic circle, is estimated to be 82 pci by NDT. The strength of the subgrade is
also evaluated by the laboratory CBR test, which can be empirically correlated with Mr and k
values. Laboratory CBR test results range from 2 to 15, typically 3 to 5. In general, the strength
of the subgrade from the NDT and laboratory CBR’s appear to be comparable. In comparison of
CBR and NDT derived data, we have deferred to the NDT measurements for design based upon

the larger data set, as well as the more direct back-calculation of field conditions afforded by the
NDT.

Pavement Distresses

The visual ‘pavement condition survey revealed a general absence of routine
maintenance, such as crack sealing or surface treatment. Weathering and raveling of the
bituminous concrete pavement surface is common. Predominant distresses include block
cracking, which is weather related, and alligator cracking, which commonly is considered load
related. Alligator cracking along the edge of the roadway pavement was noted. This is probably

due to the absence of pavement shoulders, which would provide lateral constraint of the

pavement.

Reflection cracks, as observed in the bituminous concrete overlay, occur as the
underlymg PCC pavement expands and contracts along the joints. To reduce the risk of
recurrence, the slab action of the underlying PCC pavement can be minimized by a “crack and
seat” procedure, in which the slab is broken into roughly square pieces, approximately 24 to 42
inches in size, by fracturing equipment. Reflection cracking can be effectively eliminated by

rubbilizing the PCC to 12 or less pieces. Milling of the exiéting asphalt surface prior to the crack

Chesapeake and Ohio National Park Geofechnical Report
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and seat or rubbilization procedure is required. Since the integrity of underlying PCC is
destroyed by this procedure, thicker asphalt overlay will be required. For example, a 3-inch
asphalt overlay will be required for the crack and seat, and 4-inch asphalt overlay will be
required for the rubbilization compared to the 2-inch asphalt overlay required for the existing
undertying PCC pavement, without the crack and seat or rubbilization. In view of the relatively
small area of PCC pavement, the crack and seat procedure, or rubbilization, is not considered
cost effective.. An alternative is to seal the reflection cracks as they occur and maintain the
sealant program to prevent water and debris from entering the pavement structure. An alternate
on the assumption that routine maintenance will not be scheduled on regular seasonal intervals,
is to cut the new bituminous concrete overlay along the underlying PCC pavement joints, and
seal with sealant. This latter alternate, which reduces the required frequency of maintenance, is

preferred based upon our observations.

Drainage

In view of the preponderance of thin, 2 to 3-inch thick, aggregate base below the

'pavement (8 of 10 Parking lot, P-series borings, and 9 of 15 Roadway, R-series borings, see

Tables 1 to 3), a subdrain system to convey trapped water within the pavement base is

recommended, as discussed herein,

Repair of Existing Pavement Distresses Before Overlay

Because of pavement distress and deterioration, due mainly to weathering, it is
recommended that the top 2 inches of the bituminous concrete surface in the entire roadway and

parking lot areas, be removed before installing the overlay. Additional milling or full depth

“bituminous concrete surface removal may be required after revealing the condition of the

remaining underlying pavement. This would primarily be due to remaining evidence of subgrade
failure, such as alligator cracking. We have estimated the limits of a major area of full-depth
removal on Figure 2 in Appendix A, but smaller isolated areas will be encountered throughout,

as referenced in the pavement condition survey in Appendix B. Within milled areas where full--
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depth replacement is not warranted, isolated remaining cracks wider than 1/4-inch should be

sealed before the overlay.

COMMENTS AND RECOMMENDATIONS

Earthwork and Subgrade Preparation

All existing paving materials and utilities should be removed from areas that
require a full depth repair or shoulder additions. Any unpaved areas should likewise be stripped
of vegetation, topsoil and any other organic or deleterious materials. Thereafter, exposed soil
surfaces should be proofrolled with a loaded, tandem-axle dump truck to 18 tons, or similar
heavily loaded rubber tired equipment to 15 tons to detect any soft, yielding or unstable areas.
Areas of visible weakhess should be undercut and replaced with enginéered fill, under moisture-
denstty control, as per Section 204 of the “Standard Specifications for Construction of Roads
and Bridges on Federal Highway Projects " (FP-03).

Based upon conditions revealed in the upper 2 to 4 feet of the profile, we
anticipate subgrade repairs for pavements will be of minor extent and volume. Nevertheless,
where conditions require repair, the depth of undercut below plan finish subgrade should be
limited to 2 feet. If unsuitable conditions extend deeper than 2 feet, the exposed surface should
be stabilized by scarification and recompaction or placement of a layer of woven geotextile over
the excavated surface and béckﬁlling with Base (C) Course Aggregate as defined in FP-03,
Section 703.05. Specifically, when aggregates are placed as fill they should be compacted to the

moisture -density standards stated previously.

The flll should be constructed of suitable soils, meeting the requirements for
select borrow material as stated in FP-03, Section 704.7. Specifically, the fill should be
constructed of granular soils, placed and compacted in lifts, with a maximum loose lift thickness
of 8 inches. General fill construction shall be in accordance with Section 204 of FP-03. Cut and
fill slopes shall be no steeper than 2H:1V. Toe drains and swales at the edge of the roadway

along MacArthur Boulevard are also recommended.

Chasapeake and Chio National Park Geotechnical Report
Pavement Rehabilitation February 2006

-15-



Pavement Construction

Repair gutter and other drainage facilities before repaving.
Existing Pavement

For MacArthur Boulevard and the parking lot areas, mill off the top 2 inches of
bituminous concrete pavement and identify areas that require full depth repair in addition to the
area identified on Figure 2 in Appendix A and areas with alligator cracking on MacArthur
Boulevard. Remaining isolated cracks wider than 1/4-inch should be cleaned and sealed before
installing the overlay. Thickness of the bituminous concrete overlay or full depth replacement
should be such that the final grade will be 2 inches above the original pre-milled surface, i.e., -
mill 2 inches, replace with 4 inches. The new bituminous concrete shall be superpave

performance grade PG 70-22, placed in two 2-inch lifts.

For the traffic circle and connector to the parking lot areas, mill out 2 inches of
the existing bituminous concrete overlay and PCC. Clean and repair any remaining cracks wider
than 1/4-inch or perform a full depth replacement with bituminous material, if necessary, before
replacing with 2 inches of neW bituminous concrete bverlay. Cut the new overlay along the

existing PCC pavement joints and seal with bituminous sealant material.
Pfoposed Widening of MacArthur Boulevard

In areas where the roadway is widened, bituminous concrete pavement of 11
inches with 8 inches of aggregate base is recommended. Geotextile, Type [I-A non-woven per
Section 714, FP-03 is recommended between the aggregate base and subgrade to accommodate

the variably silty and clayey subgrade conditions that will be more highly susceptible to frost

action.
Chesapeake and Ohio National Park Geotechnical Report
Favement Rehabilitation . . _ February 2006
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Portland Cement Concrete Roadway for Proposed Boat Launching Ramp

New concrete pavements shall be 8-inch PCC on 8-inch of aggregate base to

accommodate boat launching trailer and vehicles, as well as construction and other truck

activities.
Proposed Bus Circle/Stand

New pavement for the bus circle/stand shall be 6 inches bituminous concrete on 8
inches of aggregate base. Geotextiles Type IIA, non-woven per Section 714, FP-03 is
recommended between the aggregate base and subgrade to minimize migration of the silty and

clayey subgrade fines into the aggregate base.
Subdrain and Shoulder Section for Roadway Pavement

In view of the thin subbase course underneath the bituminous concrete pavement,
a subdram system installed along the lower edge of the pavement roadway section to drain water
from the pavement base is recommended. Pavement shoulders are also recommended, along the

edge of the roadway section, to enhance the lateral constraint, and thus strengthen the pavement

and facilitate drainage path.

Construction Monitoring

The earthwork and subgrade preparation at this site should be continuously
monitored by knowledgeable testing personnel responsible to the owner. In view of the marginal
soil conditions available for support, it would be desirable to schedule construction activities

during the hot, dry summer months.

Chesapeake and Ohio National Park Geotechnical Report
Pavement Rehabilitation February 2006
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APPENDIX B

TEST DATA



Project Name: Chesapeake and Ohio National Park

Borehole No.: P-1

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/21/04. Date Completed: 12/21/04 Criller; James McCabe
Drilling Company: Froehling and Robértson, inc. Elevation: 171.3 Sheet 1 of 1
North: 486099 Eést: 1241958 : Station: Offset:
o & .
I - © 8 |E Description: 2 Remarks:
Sla) & |&|° -
2" Bituminous Concrete ONQ
1.2 8" Portland Cement Concrete / 4
4" Gravel Base 7
1 858 |12 2 '
Brown, moist, mf SAND, some Clayey Silt % SM
1 2 | s1620 | # ' %
5 %
5.5 %
?
| 3 4-1p-14 | 18” %
] Tan and gray, moist, mf SAND, some Clayey /% SM
- Silt , // .
1 & | 7-18-23 | 12" /é/
10 10 / Boring caved at 6.5' at compietion
Dry at completion
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030 _
Tel; (410)785-7220 Si ,
Fax: (410)785-6818 ignature:




Project Name: Chesapeake and Chio National Park

Borehole No.: P-2

Project Number: 20827492.00000 Location: Montgomery County, Maryland
Date Started: 12/21/04 Date Completed: 12/21/04 Drilier: James McCabe
Drilling Company: Froehling and Robertson, Inc, : Elevation: 175.3 Sheet 1 of 1
North: 486092 East. 1242010 Station: Offset.
| 5 |53 3l
£ | 8 o g | B Description: 2|8 Remarks:
% E z @ o ' [=3 3
m o . m
o 0 © |9 G
1 2" Bituminous Concrete
7" Portland Cement Concrete
3" Gravel Base %
|1 | g | ?/
2 4-7-8 12 Brown, moist, mf SAND, some Clayey Silt % SM
5 %
% VAuger refusal at 7.6'
3 |6-16-50/a" | 18" %
7.6 //
10 4 Boring caved at 5' at completion
Dry at completion
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030 :
Tel: (410)785-7220 . ,
Fax: (410)785-6818 Signature;




Project Name: Chesapeake and Ohio National Park

Borehole No.: P-3

Project Number: 208274952.00000 Location: Montgomery County, Maryland
Date Started: 12/16/04 Date Completed: 12/16/04 Driller: James McCabe
Drilling Company: Froehling and Robertson, Inc. Elevation: 184.8 Sheet 1 of 1
North: 486662 East: 1242285 Station: Offset:
sl 2 o g |8 Description: 2|3 Remarks:
8 £ Z @ = g3
0.5 4" Bituminous Concrete _ SPH
2" Gravel Base /
1 | 101112 | & g
7 Reddish brown, moist, mf SAND, some Silt é SM
1 = 5-8-9 " /%/
5 | /
5.5 7 x//s
/é
| 4-8-10 | 18" %
i * Reddish brown, moist, Silty CLAY with m % cL
Sand . /
1 4 | s1042 {18 %
10 10 % Boring caved at 5.7' at completion
Dry at completion
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030
Tel: (410)785-7220 . ,
Fax: (410)785-5818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: P-4

Project Number: 20827492.00000

Location: Montgomery County, Maryiand

Date Started: 12/17/04

Date Completed: 12/17/04

Driller: James McCabe

Drilling Company: Froehling and Robertson, Inc. Elevation; 178.9 Sheet 1 of 1
North; 486822 East: 1242291 Station: Offset:
£ % |53 gl
£ ] 8 o 3|2 Description: 213 Remarks:
% £ g 1) 3] % o
o | & o = 1® |
0.8 4" Bituminous Concrete SPH
3" Gravel Base /
1 | 1385 |12" Gray, moist, CLAY and SILT, little mf Sand, % cL
g trace Gravel / ML
2.5 ﬁ
1 2 | 81528 |12 %
5 %
Tan and red-brown, moist, mf SAND, some % oM
Clayey Silt /
3 | 12848 | 12° ' %
: I ///
I S0/ 8.9 ) ﬁ Baring caved at 5' at completion
: Dry at completion
10 _]
15 _]

4 North Park Drive, Suite 300
Hunt Valley, MD 23030

Tel: (410)785-7220

Fax: (410)785-6818

Signature:

Inspected By: Jason Kotova




Project Name: Chesapeake and Ohio National Park

Borehole No.: P-5

Project Number: 20827492.00000

| Location: Montgomery County, Maryland

Date Started: 12/16/04

Date Completed: 12/16/04

Driller: James McCabe

Drilling Company: Froehling and Rebertson, Inc. Elevaiion: 187.0 Sheet 1 of 1
North: 486889 East: 1242411 ) Station: Offset:
o o | o =
2| 3 g% - s |8
£ | 2 o 3 i Description: =8 Remarks:
& | E 2 | 2|3 g2
o (/7] i O
0.5 5" Bituminous Concrete sSp
1" Gravel Bage P
3 M. 4
Tan, moist, GRAVEL, little cf Sand, fittle Silt P GM
1 | 10-2312 | 1" 2 p 1 1C
/7
1 2 | s114a |18 %
S Reddish brown, moist, Silty CLAY, some mf / oL
: Sand % .
3 5-7-10 | 8" %
| 8 Q
1 4 6-11-13 | 18° Reddish brown, moist, mf SAND, some / SM
Clayey Silt /
10 10 /ﬁ Boring caved at 4.7' at completion
Dry at completion
15 _]

4 North Park Drive, Suite 300
Hunt Valley, MD 21030
Tel: (410)785-7220

Fax: (410)785-6818 | Signature:

inspected By: Jason Kotova




Project Name: Chesapeake and Ohio National Park

Borehole No.: P-6

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/17/04

Date Completed: 12/17/04

Drilier: James McCabe

1 sheet 1 of 1

Drilling Company: Froehling and Robertson, Inc. Elevation: 182.0
North: 487067 East: 1242441 Station: Offset:
. o Ll &

s 2 |E|8 S .
£18| 9 |§|¢ Description: |8 Remarks:
18| & |&}o 5|7

0.8 5" Bituminous Concrete SPH
. 4" Gravel Base
. Tan, moist, Silty CLAY, some cf Sand, little % oL
11 7-14-11 110 2 Gravel %
?
% Auger refusal at 6.0°
1, a1t | 16" Red-brown, moist, Silty CLAY with mf Sand % cL
; %
. 8 /’é ‘Boring caved at 4’ at completion
Dry at completion
10
15

4 North Park Drive, Suite 300 -
Hunt Valley, MD 21030
Tel: (410)785-7220

Fax: (410)785-6818

Inspected By: Jason Kotova

Signature:




Project Name: Chesapeake and Ohic National Park

Borehole No.: P-7

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started; 12/16/04

Date Completed: 12/16/04

Driller: James McCabe

Drilling Company: Froehling and Robertsen, Inc. Elevation: 186.3 Sheet 1 of 1
North: 487180 East: 1242521 Station: - Offset:
S i e .. N-J
12 8 |§|8 o gl
£ | 2 © g |e Description: 2183 Remarks:
[= R E ; L (o !
& T B Z |6 ' @ | =
] @ b ]
0.7 5" Bituminous Concrete sPH
3" Gravel Base /
1 3-4-4 8" Tan, moist, Silty CLAY with mf Sand % cL
25 7
1o | ss7 |1a Red-brown, moist, Silty CLAY with mf Sand % oL
' 55 %
?
13 | e7e |6 Z
i Red-brown, moist, mf SAND with Clayey Silt g SM
I 4 g9-{1-16 | 12" é
10 10 ///‘2 Boring caved at &' at completion
Dry at completion
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova

Hunt Valley, MD 21030
Tek (410)785-7220

Fax: (410)785-6818 Signature:




Project Name: Chesapeake and Chio National Park

Borehole No.: P-8

Project Number. 20827452.00000

Location: Montgomery County, Maryiand

Date Started: 12/16/04

Date Completed: 12/16/04

Driller; James McCabe

Drilling Company: Froehling and Robertson, Inc. - : Elevation: 177.9 Sheet 1 of 1
North: 487274 East: 1242472 Station: Offset:.
AL | g4
£ | 2 O g B Description: £18 Remarks:
Sl E| 2 |85 5|8
0.6 4" Biturmninous Concrete sPH
3" Gravel Base /
1 4-7-8 12 Brown, moist, Clayey SILT, some Sand, little / ML
- | Gravel (Fill /
25 //
1 = 334 | 14" %
5 | /
Red-brown and tan, moist, Sitty CLAY, some / cL
Sand %
| 3 | ss7 |1+ %
] 8 ///y’
IR PP Tan, moist, mf SAND with Clayey Silt % SM
10 10 /é Boring caved at 6' at completion
Dry at completion
15 _
L

4 North Park Drive, Suite 300
Hunt Valley, MD 21030
Tel: (410)785-7220

Fax: (410)785-6818 Signature:

Inspected By: Jason Kotova




Project Name: Chesapeake and Ohio National Park

Borehole No.: P-9

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/16/04

Date Completed: 12/16/04

1 Drilier: James McCabe

- Drilling Company: Froehling and Robertson, in¢. Elevation: 186.3 Sheet 1 of 1
North: 487446 East: 1242689 Station:’ Offset:
£ % |58 L
£ | 2 o |.3|g Description: |8 Remarks;
& E z B | m 215
o o & r|w gl
0.6 4" Bituninous Concrete SP
W 3" Gravel Base /
| 36-10 | 18" %
] Reddish tan, moist, Sitty CLAY, little mf Sand Z oL
1 2 | san |16 %
5 : /
5.5 7
7/
1 3 36-12 | 14" Tan, moist, Silty CLAY, some f Sand Z cL
1 8 /A
1 a 16-50/5° | 11* Tan, moist, mf SAND, some Clayey Silt // SM 7
: 24 /2 Boring caved at 7' at completion
10 Dry at complefion
15

4 North Park Drive, Suite 300
Hunt Valley, MD 21030

Tel: (410)785-7220

Fax: ‘(410y785-6818

Inspected By: Jason Kotova

Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: P-10

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/16/04 Date Completed: 12/16/04 Driller; .Jal"hes McCabe
Drilling Company: Froehling and Rabertson, tnc. Elevation: 174.8 Sheet 1 of 1
North: 487636 East: 1242652 Station: Offsat:
% |53 3|4
g ¢ |g|2 Description: 2|8 Remarks:
8la] & |£|3 5|7
05 4" Bituminous Concrete SPH
2" Gravel Base /
A I Tan, moist, mf SAND, little Silt (Fill % sM
25 //x/’
1, ars |12 Gray, moist, Clayey SILT, some f Sand % |
5 /
5.5 /
?
| 3 369 |10 Brown:tan, moist, mf SAND, some Silt, little % SM
: -Gravel / o
i 8 %7
7
i B Gray and tan, moist, micaceous, mf SAND, / SM
4 41521-50/37 10 o7 some Clayey Silt //
10 : Gz Boring caved at 6.5 at completion
] Dry at completion
16 _]

4 North-Park Drive, Suite 300
Hunt Valley, MD 21030
Tel: {410)785-7220

Fax: (410)785-5818 Signature:

Inspected By: Jason Kotova




Project Name: Chesapeake and Ohio National Park

Borehole No.: P-11

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/16/04

Date Completed: 12/16/04

Driller: James McCabe

Drilling Company: Froehling and Rabertson, Inc. Elevation: 178.7 Sheet 1 of 1
North: 487796 East: 1242801 Station: Offset:
£\ 5 |§|% gl a
£1s < g |g Description: £| % Remarks:
8| & 2 g |0 i > :
] 0.3 4" Topsoil 3” AroPs
| 366 | 6 /
Tan, moist, mf SAND, some Clayey Silt % )
] 2 - %%
7
i Tan and brown, moist, Clayey SILT with mf % ML
2 465 | 18" Sand /
5 %
55 /
y
_ / Auger refusal at 8.5'
1 3 | 81244 | 10° _ /
T Tan, moist, micaceous, mf SAND, some / SM
Clayey Silt %
188 % Boring caved at 6.6° at completion
| Dry at completion -
10 _|
15 |

4 North Park Drive, Suite 300
Hunt Valley, MD 21030
Tel: {(410)785-7220

Fax: (410)785-6818 Signature:

Inspected By: Jason Kotova




Project Name: Chesapeake and Ohio National Park

Borehole No.: R-1

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/20/04

Date Completed: 12/20/04

Driller: James McCabe

Drilling Company: Froehling and Robertson, Inc. Elevation: 172.6 Sheet 1 of 1
North: 486283 East: 1242044 Station: Offset:
2| 5 |58 2 g
£ 2 © 3| B Description: £18 Remarks:
@ £ & Q@ 1>
o b57] @ & W &
1" Bituminous Concrete
1 8" Porfland Cement Concrete >
3" Gravel Base %
1| 298 |10 /
Brown, moist, Clayey SILT, some mf Sand, / ML
race Gravel (Fiil) /
7
1 2 | 5116 |14 %
5 %
1 3 2-5-5 3 Gray, moist, micaceous, mf SAND, some Silt Z SM
1 4 |2-15.5014"| & _ %
10 _| 5.8 ﬁ Boring caved at 7' at completion
Dry at completion
-
15 _]

4 North Park Drive, Suite300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030
Tel (410)785-7220 . .
Fax: (410)785-6818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: R-2

Project Number. 20827492.00000 Location: Montgomery County, Maryland
Date Started: 12/20/04 Date Completed: 12/20/04 Driller: James McCabe
Drilling Company: Froehling and Robertson, l_nc. Elevation: 175.4 Sheet 1 of 1
North: 486174 East: 1242158 Station: Offset:
£ 5 |58 gy
.. (1] y = . . . .
£ | 2 o g |8 Description: 2|3 Remarks:
B |k 5 | 2|3 - g | '-
w m | @
2" Bituminous Concrete
1.1 B" Portland Cemment Concrete
\ 3" Gravel Base o
1 7-6-3 6" /
i Brown, moist, cf SAND, some Silt {Fill) / SM
7
2 3-10-18 | 12 Tan, moist, mf SAND, some Clayey Silt %/ SM
5 : /
55 %%
g///
3 [4-12-5014"| € %
| Orange-tan, moist, cf SAND, some Silt, trace // SM
Gravet %
| 4 2013 2 8.8 /A Boring caved at €' at compistion
] Dry at compietion
10 _|
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030 i
Tel: (410)785-7220 i )
Fax: (410)785-6818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.;: R-3

Project Number: 20827482.00000

Location: Montgomery County, Maryland

Date Started: 12/21/04

Date Completed: 12/21/04

Driller: James McCabe

Driliing Company: Froehling and Robertson, Inc. Elevation: 175.8 Sheet 1 of 1
North: 488377 East: 1242214 Station: Offset:
g E 513 ' Ci
AN © = . H . .
£ |2 °© | 8|8 Description: 218 Remarks:
o E Z o= . =
1 2" Bituminous Concrete
- 8" Portland Cement Concrete L. -
N\ 3" Gravel Base 7%
1 8-9-6 6" ' / :
7 Orange-tan, moist, mf SAND with Clayey Silt % SM
] 3 .
.
2 | 30.50/5" | 5 / _ Auger refusal at 5.5
Brown, moist, mf SAND, liitie Silt, littie Gravei % gM Boring caved at 5.5 at completion
5 | / Dry at completion
5.5 %% '
10
115

4 North Park Drive, Suite 300
Hunt Valley, MD 21030

Tel: (410)785-7220

Fax: (410)785-6818

Inspected By: Jason Kotova

Signature;




Project Name: Chesapeake and Ohio National Park

Borehole No.: R-4

Project Number: 20827482.00000

Location: Montgomery County, Maryland

Date Started: 12/17/04 Date Completed: 12/17/04 Driller: James McCabe
Dritling Company: Froehling and Robertson, [nc. Elevation: 185.5 Sheet 1 of 1
North: 486180 | East: 1242510 Station: ' Offset:
= .. =2
20 & |58 e -
18| ¢ |&8|B Description: 215 Remarks:
s8] & |2 517 |
0.4 5" Tapsoil oPs
1 5.7-5 | 10 /%
Brown, maist, mf SAND, some Silt % SM
] 2 ' ?f
?
1 2 | 102625 |12 , %
5 : Tan, moist, micaceous, mf SAND, some Sitt % SM
% Auger refusal at 7.6
1 3 | 131512 |14 % '
76 , %/

10

16 |

21{)

Boring caved at 5' at completion
Dry at completion

4 Morth Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030
: Tel: (410)785-7220 . )
' Fax: (410)785-6818. Signature:




Project Name: Chesapeake and Chio National Park

Borehole No.: R-5

Project Number: 20827492.00000 Location: Montgomery County, Maryland
Date Started: 12/17/04 Date Completed: 12/17/04 Driller; James McCabe
Drilling Company: Froehling and Robertson, Inc. Elevation: 194.6 Sheeat 1 of 1
North: 486252 East: 1242858 Station: Offset:
£ 3 |5z &1y
£ 12 o g |8 -Description: 2|3 Remarks:
[ E 3 g = B>
=] V7] o & o
9" Bituminous Concrete SPH
1.1 4" Gravel Base
1 | 2097 | & %
Tan, moist, Clayey SILT, some mf Sand, trace % ML
1 : Gravel /
2 878 |12 /
5.5 : /
?
] 3 344 | AT Orange-tan, moist, micaceous, mf SAND, % SM
some Clayey Silt /
_ : - )
}//?‘
1 . 12-12-12 | 8" Tan, moist, micaceous, mf SAND, some % SM
Clayey Silt /
10 10 . Z Boring caved at 5.5' at completion
’ Dry at completion
15 |

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030
Tel: (410)785-7220

Fax: (410)785-6818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: R-6

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/17/04 Date Compileted: 12/17/04 Dritler: James McCabe
Drilling Company: Froehling and Robertson, Inc. Elevation: 220.4 Sheet 1 of 1
North: 486164 East: 1243349 Station: Offset:
G i o o
121 8 188 o §lg |
2] & o g |E Description: £ 83 Remarks:
g1 E & | & |38 g |-
W ] a
9" Bituminous Concrete SPH '
! 3" Gravel Base _—
1 1 1066 | 5 %
1 2 643 |7 ?
Orange-tan, moist, micaceous, mf SAND, / SM
some Silt %
| 3 1-1-1 ™ %
1 4 222 |10 Z _
10 10 ' 4 Boring caved at 6' at completion
Dry at completion
16 _|

4 North Park Drive, Suite 300
Hunt Valley, MD 21030
Tel: (410)785-7220

Fax: (410)785-6818 Signature:

Inspected By: Jason Kotova




Project Name. Chesapeake and Ohio National Park

Borehole No.: R-7

Project Number. 20827482.00000 Location: Montgomery County, Maryland
Date Started: 12/17/04 Date Completed: 12/17/04 Driller: James McCabe
Drilling Company: Froehling and Robertson, Inc. Ejevation: 249.5 Sheet 1 of 1
North: 486063 East: 1243757 Station: Offset:
= o
2| 3 | 5|8 B R
L. © L . g . .
sle| ¢ |88 Description: 218 Remarks:
s1a| & |£]° | §|°

8" Bituminous Concrete
12" Gravel Base

1.7

SPH Auger refusal at 2.5'

1 18-32-40 | 10"
25 Brown, moist, mf SAND, some Clayey Silt

10

15 _|

Boring caved at 2' at complefion
Dry at completion

. 4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
. Hunt Valley, MD 21030
m Tel: (410)785-7220 . .
Fax: {410)785-6818 Signature:




Project Name: Chesapeake and Ohio Naticnal Park

Borehole No.: R-8

Project Number, 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/17/04

Date Completed: 12/17/04

Driiler; James McCabe

Drilling Company: Froehling and Robertsen, Inc. Elevation: 276.7 Sheet 1 of 1
North: 486025 East: 1244232 Station: Offset:
£ % |58 E
£ 8 < g |8 Description: 2|8 Remarks:
sla] 38 [¢|® 5|7 |
8" Bituminous Concrete SPH
. 11 5" Gravel Base r .
1 [18-18-50/07 7" /”
Orange-tan, moist, mf SAND, some Clayey / SM
Silt, little Gravel /
J 3 : %
4 2 | 195050 | 8" _ %/
Tan, moist, mf SAND, little Silt / SM
5 | _ /
5.5 7
y 7
3 5055 | 5 %
Tan, moist, mf SAND, little Silt, little Gravel ? SM
] 4 19-50/4" | 10" . %
3.3 % Boring caved at 5' at completion
‘ Dry at completion
10 ]
15 _]

4 North Park Drive, Suite 300
Hunt Valley, MD 21030

Tel: {410)785-7220

Fax: {410)785-6818

inspected By: Jason Kotova

Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: R-9

Project Number; 20827492.00000

Location: Montgomery County, Marytand

Date Started: 12/17/04

| Date Completed: 12/17/04

Driller; James McCabe

Driiling Company: Froehling and Robertson, inc. . _ Elevation: 280.4 Sheet 1 of 1
North: 485559 East: 1244410 Station: Offset;
2 S g3 gl g
£ | s o 5 |8 Description: 2|8 -Remarks:
[ g g [} o % ] .
[ I3 & LKW 6 .
11 57.8 | 12" : ’///'//’
Orange-tan, moist, mf SAND, little Silt / SM
?
1 2 | 31042 {18 %
Orange-tan, moist, micaceous, mf SAND with / SM
5 Clayey Silt /% _
K 81212 | O 7 ////
Orange-tan, moist, micaceous, mf SAND, littie % SM.
. Silt /
4 | o7 |14 - %
10 10 //5 Boring caved at 5' at completion
Dry at completion
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova

Hunt Valley, MD 21030
Tel: (410)785-7220 -

Fax (410)785-6818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: SWM-1

Project Number: 20827492.00000 Location: Montgomery County, Maryland
Date Started: 12/17/04 Date Completed: 12/17/04 Driller: James McCabe .
Driliing Company: Froehling and Robertson, Inc. Elevation; 177 Sheet 1 of 1
North: 487054 . East: 1242323 Station: Offset:
; 2 - o
Ele| ¢ |8|E Description: 218 Remarks:
d | & g g |@ g >
04 5" Topsoil . Jrops
11| s |10 7 .
_
1 2 4-4-4 8" %
5 %
Tan, moist, Silty CLAY, some mf Sand % cL
1| 3 7-10-11 | ©" %
1 4 | g1313 | 18" %
10 % '
J 12 %//
Gray and tan, moist, micaceous, mf SAND, % SM
1 5 bisasosd 7 some Silt, little Gravel %
15 14.7 /é Baring caved at 8.5' at completion
_ Dry at completion

. 4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
m Hunt Valley, MD 21030
, Tel: (410)785-7220 , .
Fax: (410)785-6818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: SWM-2

Project Number: 20827492.00000

Location: Montgomery County, Maryland

Date Started: 12/17/04 Date Completed: 12/17/04 Drilier. James McCabe
Drilling Company: Froehling and Robertson, inc. Elevation: 173.2 Sheet 1 of 1
North: 486623 East: 1242134 Station: Offset:
< E g |8 g @
£1 2 o g8 Description: 2|8 Remarks:
& E Z | & al 3
o | & &@ @ o &
0.5 6" Topsoil - o
1 259 | 10" Z
Tan, moist, mf SAND, some Clayey Silt, some % SM
Gravei {Fiii) %
2 559 | 0 %
; %
3 2-49 | 16" ' ' %
T Tan, moist, Silty CLAY, little mf Sand, trace / cL
Gravel %
] 4 | eas20 |1E é
1.0 10 /’4 “Boring caved at 5' at completion
Dry at completion
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030
Tel: (410)785-7220

Fax: (410)785-6818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: R-10

Project Number: 20827482.00000

Location: Montgomery County, Maryland

Date Started: 12/17/04

Date Completed: 12/17/04

Driller; "James McCabe

Drilling Company: Froehling and Robertson, Inc. Elevation; 301.8 Sheet 1 of 1
North: 484962 East: 1244617 Station: Offset:
AN gl 4
|2 © g |8 Description: 2|8 Remarks:
@ g g [} % % ]
Q » @ = ]
10" Bituminous Concrete
_ 15 8" Gravel Base
|1 1 22.28-8 | 10°
Orange-tan, moist, Clayey SILT, some mf MH
- . Sand, trace Gravel
2 5-6-5 8 .
5
55 -
//////
] 3 333 |12 Orange-tan, moist; mf SAND, Some Clayey //4 SM |
' St //
1 . 233 | 18" Orange-tan, moist, Clayey SILT with f Sand % ML
10 10 % Boring caved at 7' at completion
Dry at completion
15

4 North Park Drive, Suite-300
Hunt Valley, MD 21030

Tel: (410)785-7220

Fax: (410)785-6818

Inspected By: Jason Kotova

Signature:




Project Name: Chesapeake and Ohio Nationa! Park

Borehole No.: R-11

Project Number. 20827492 00000

Location: Montgomery County, Maryland

Date Started: 12/17/04

Date Completed: 12/17/04

Driller: James McCabe

Drilling Company: Froehling and Robertson, Inc. Elevation: 326.5 Sheet 1 of 1
North: 484547 East 1244559 Station: Offset:
1% |5s i
£l 2 o 3 |¢e Description: 2|3 Remarks:
b7y g a @ @ % =
(=] [ o o 0 (3
0.9 9" Bituminous Cancrete
) 2" Gravel Base PP IR~
11 5-10-11 | 12" %
1 2 | 124241 [ 12 | %
5 %
Orange-tan, moist, mf SAND, some Clayey // SM
Silt, trace Gravel : %
| 3 | 1&i7a7 | 10" %
1 4 j112128 12 %
10 10 A Boring caved at 5' at completion
Dry at completion
15 _|

4 North Park Drive, Suite 300
Hunt Valley, MD 21030

Tel: (410)785-7220

Fax: (410)785-6818

Inspected By: Jason Kotova

Signature:




Project Name: Chesapeake and Chio National Park

Borehole No.: R-12

Project Number: 20827492 00000

Location: Montgomery County, Maryland

Date Started; 12/20/04

Date Completed: 12/20/04

Driller: James McCabe

Drilling Company: Froehling and Robertson, Inc. Elevation: 349.8 Sheet 1 of 1
North: 484079 East: 1244864 Station: Offset:
g = % =3
|z 2 |88 L 2|4
£1{ 3 S | 3|8 Description: 218 Remarks:
g1k 3 lz2|s 8| >
o 7] o ' 0]
10" Bituminous Concrete SPH
1 2" Gravel Base
| 454 | 1" ' %
_
J é
1 2 | 11-12.22 | 107 _ %
Reddish tan and tan, moist, mf SAND, with / SM
5 Clayey Silt, trace Gravel %
| 3 | 678 |12 %
] 8 ///é
?
1. 20-156 | 12" Tan, moist, cf SAND, some Silt, litlle Gravel % SM
10 10 /}é Boring caved at 6.5 at completicn
: Dry at compietion .
15 _|

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova

Hunt Valley, MD 21030
Tel: {(410)785-7220
Fax: {410}785-6818

Signature:




Project Name: Chesapeake and Chio National Park

Borehoie No.: R-13

Project Number, 20827492.00000 Location: Montgomery County, Maryland
Date Started: 12/20/04 Date Completed: 12/20/04 Driller: James McCabe
Driliing Company: Froehling and Robertson, Inc. Elevation: 236.1 Sheet 1 of 1
North: 484108 East: 1245335 Station: Offset:
£ 0% |58 - 3la
£ | 2 o g 18 Description: 2|8 Remarks:
@ = Z o | @ a3
Il 3 & oo ]
0.8 8" Bituminous Concrete
2" Gravel Base i
1 4-16-24 | 8" %
] Tan, moist, cf SAND, some Gravel, some Silt % M
(Fill) /
1 - 1486 | & %
5 /
5.5 ; %
] 3 3-4-6 10" é
] Reddish tan, moist, mf SAND, some Clayey /% SM
: Silt %
14 669 | 14" %
10 19 % Boring caved at 5.5' at completion
Dry at completion
15 ]

4 North Park Drive, Suite 300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030
Tel: (410)785-7220 . o
Fax: (410)785-6818 Signature:




Project Name: Chesapeake and Chio National Park

Borehole No.: R-14

Project Number, 20827492.00000 Location: Montgomery County, Maryland
Date Started: 12/20/04 Date Completéd: 12/20/04 Driller; James McCabe
Drifling Company: Froehling and Robertson, Inc. Elevation: 341.5 Sheet 1 of 1
North: 484294 East: 1245711 Station: Offset:
£ § 5|8 g @
£| 2 ! 218 Description: 2|8 Remarks:
oy E z ® | ® g1 > o
o [}g o xr |w : 6
0.9 9" Bituminous Concrete SPH
- 2" Gravel Base A
11 4-34 10° %
1 2 245 |12' %
5 ' %
Reddish tan, moist mf SAND with Clayey Silt %/ sM
| 3 4-5-6 16" Z
1 4 368 | 18" %
10 10 //ﬁ Boring caved at 6' at completion
Dry at completion
15 _]

4 North Park Drive, Suite300 | Inspected By: Jason Kotova
Hunt Valley, MD 21030 ’ :
Tel (410)785-7220 . .
Fax: {410)785-6818 Signature:




Project Name: Chesapeake and Ohio National Park

Borehole No.: R-15

-| Project Number: 20827492.00000 Location: Montgomery County, Maryland
Date Started: .1 2/20/04 Date Compieted: 12/20/04 Driller; James McCabe
Dritling Company: Froehling and Robertson, inc. ' | Efevation: 374.2 Sheet 1 of 1
North: 484195 East: 1246238 Station: Offset: .
s i - [=
- 2 5|8 . | a .
£l g o g |8 Description: £ |8 Remarks:
o E z 2 la 8| 3
o] & o x o o
08 8" Biturninous Concrete
N 2" Gravel Base L
1 1 15-14-15 | 10" %
1 2 | 1241010 ] 0 %
5 %
Tan, moist, mf SAND, with Silt % SM
1 3 458 g é
1 4 | seo |t %
10 10 % Boring caved at 5.5' at completion
Dry at completion
15 _|

4 Nerth Park Drive, Suite 300 | tnspected By: Jason Kotova
Hunt Valley, MD 21030
Tel: (410)785-7220 s -
Fax: (410)785-6818 ignature:
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60 @ //
50
P /
. /
7 e
. pd
T30 . .
Yy oo /
| .
X « &y
10
CLML @
% 20 50 _ 80 100
LIQUID LIMIT ‘
Boring No. Depth tL PL Pl Classification
® P3 at 90 31 21 10 0.0 .
@ P-4 at 1.0 29 22 7 SILTY CLAY with SAND (CL-ML) {A-4}
A P-5 at 40 35 21 14 0.0 B
x P-6 at 40 32 19 13 0:8
® P-7 at 40 37 22 15 0.0
o P-8 al 40 34 18 16 0.0
O P8 at 10 B 22 14 0.0
A P10 at 40 30 27 3 O.{}
® P11 at 40 3¢ 27 12 0.0
® R-10 at 9.0 55 51 4 0.0
SINCE

US ATTERBERG LIMITS F68-152D.GPI F&ARGDT I/I£/05

1881

FROEHLING & ROBERTSON, INC.
GEOTECHNICAL - ENVIRONMENTAL + MATERIALS
' ENGINEERS - LABORATORIES
"OVER ONE HUNDRED YEARS OF SERVICE"

ATTERBERG LIMITS' RESULTS

Report No.: F68-152D

Client; URS Corp
Project: C&O Canal
-Location: Gaithersburg, Maryland

Date: January 2005




U.S. SIEVE OPENING IN INCHES I

U.§. SIEVE NUMBERS !

HYDROMETER

6 4 3 215 Tom Vg 3 4 6 510,18 50 30 44 80 gy 100,,,200
100 T T T i |£1L5||1-
95 ; : 94
90 f
85
80
s
o
. 65
5 :
§ 60 :
> 55 :
[41] :
5 :
Y 50 :
o 5
L 45 :
i :
S a0 ;
w :
a H
35 ;
30
25 :
20
15 LH
10}
5 :
0 E :
160 10 1 0.1 0.01 0.001
GRAIN SIZE {N MILLIMETERS
EL :
COBBLES GRAV SAND SILT OR CLAY
coarse | fine coarsel medium ] fine
Boring No, Depth Classification LL PL | P Cc Cu
® P-4 at 1.0 SILTY CLAY with SAND (CL-ML) 29 22 7
at '
at
at
at .
- Boring No. Depth D100 D60 D30 D10 %Gravel | %Sand % Silt | %Clay
sleo| P-4 at 1.0 12.7 1.8 17.0 81.3
é at
o at
= at
o at
" P GRAIN SIZE DISTRIBUTION
. ~ FROEHLING & ROBERTSON, INC. Report No.. F68-1520
o GEOTECHNIGAL - ENVIRONMENTAL « MATERIALS Client: URS Cor
z ENGINEERS + LABORATORIES e P
3 : “OVER ONE HUNDRED YEARS OF SERVICE® Project: C&0 Canal
3 ® Location: Gaithersburg, Maryland
g 1B61 Date: January 2005




U.5. SIEVE OPENING IN INCHES |

64321.51 12 3 4 6

U.5. SIEVE NUMBERS |
10 1416 5p 30 45 50 g 1°°1402°°

HYDROMETER

Srunyj|

34
0T T T T 07T ||;|?B

95

90

851+

7\

\

80

75

70

o
(3

[1]
[=]

b4
o

Y
o

£
i~

PERCENT FINER BY WEIGHT
oy
=]

L
(L]

173
L=

n
n

20

15

10

100 10 i

GRAIN SIZE IN MILLIMETERS

0.1 _ o 0.001

COBBLES GRAVEL

SAND

coarse | fine coarse l

medium

| SILT OR CLAY

fine

Boring No. Depth

Classification LL

PL Pl Cc | Cu

®| P-5Bulk at 2.5 0

at

at

at

at

Boring No. Depth D100 D&0

D30

D10 %Gravel | %Sand %Silt %Clay

®| P-5Bulk at 25 9.52

0.6 236 75.8

at

at

at

at

FROEHLING & ROBERTSON, INC.
GEOTECHNICAL - ENVIRONMENTAL » MATERJALS

ENGINEERS - LABORATORIES -

"OVER ONE HUNDRED YEARS OF SERVICE"

GRAIN SIZE DISTRIBUTION

Report No.: FB8-152D

Client; URS Corp

Project: C&C Canal

Location: Gaithersburg, Maryland

Date: January 2005




US GRAIN SIZE Fé8-132D.GPJ] FAR GDT 1/18/05

U.S. SIEVE OPENING IN INCHES I U.5. SIEVE NUMBERS | HYDROMETER
6 *+3 2 Taw Y2 3 4 8 510 4416 50 30 0 50 o 100,200
100 |;K\.|‘;1|;—1|||1571'
% : : 1“‘"\.\.‘ : .
90 s :
80 \
75
70
— 65
T
% 80
5 %
& sol
z®
L
| T
3
g4
w
"N .
35
30
25
20
15
10
5
] B : N
100 10 K] 0.1 0.01 0.001
GRAIN SIZE iN MILLIMETERS
RAVEL SAND
COBBLES G - SILT GR CLAY
coarse I fine coarse| medium ] fine
Boring No. Depth Classification LL PL Pl Cc Cu
®| P-8Bulk at 25 0
at
at
at
at
Boring No. Depth D100 D60 D3¢ D10 %Gravel | %Sand %Silt %Clay
®| P-8 Bulk at 2.5 38.1 6.1 21.3 72.6
at
at
at
at
GRAIN SIZE DISTRIBUTION
FROEHLING & ROBERTSON, INC. Report No.: F68-152D
GEOTECHNICAL + ENVIRONMENTAL » MATERIALS fant: i
ENGINEERS » LABORATORIES Client: URS Corp
*OVER ONE HUNDRED YEARS OF SERVICE" Project: C&Q Canal
Location: Gaithersburg, Maryland
Date: January 2005




PERCENT FINER BY WEIGHT

U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS

11'23

4 & 5104416 5530 ,

| HYDROMETER

100

8 43 245 Vay
T TTTT T T

I~

o 50 50 100140200

IR

95

90

e + :

=

85

B0

75

70

65

60

55

50

45

40

35

30

25

20

15

10

100 70

GRAIN SIZE IN MILLIMETERS

1

Q.1 ) 0.01 0.001

'COBBLES

GRAVEL

SAND

coarse ' fine coarse l

medium I

SILT OR CLAY

fine

Boring No.

Depth Classification

LL PL Pl | Cc | Cu

®| P- 9 Bulk at

25

at

at

at

at

oring No.

Depth D100 D60

D30

D190 %Gravel | %Sand %Silt %Clay

P- 9 Bulk at

2.5 12,7

1.0 18.9 781

2D.GPJ F&R GDT 1/18/05

at

at

at

at

FROEHLING & ROBERTSON, INC.

ENGINEERS « LABORATORIES
"OVER ONE HUNDRED YEARS OF SERVICE"

F&R GEOTECHNICAL - ENVIRONMENTAL « MATERIALS

Client:
Project:

Date:

GRAIN SIZE DISTRIBUTION

Report No.: F68-152D

URS Corp
C&0 Canal

Location: Gaithersburg, Maryland

January 2005




HYDROMETER

U.8. SIEVE OPEMING IN INCHES ! U.§. SIEVE NUMBERS t
6 43 215 Tau W2 3 4 6 5104418 55 30 4550 gy 100,200
100 :;||:M~L&||ui;1||g
9 : : ; -
90 : il euy
85 ; w’\ Z
0 EmI z
75
701
\ E
. 65 \H
X :
9 a0 :
> 55
§ s0
£
L
& 45
=z
3]
& 40
]
frR
35
30
25
20
15
10
5
0 ) N i
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
AVEL
COBBLES CRAVE _SAND SILT OR CLAY
coarse | fine coarse] medium I fine
Boring No. Depth Classification LL PL Pl Cc Cu
®| R- 1 Bulk at 2.5 0
at
at
at
at
Boring No. Depth D1g0 D60 D30 D10 %Gravel | %Sand %Silt %Clay
sl
Sle] R-1Bulk at 2.5 12.7 341 32,7 64.2
B at
% al
= at
&
8 at
3 PG GRAIN SIZE DISTRIBUTION
FROEHLING & ROBERTSON, INC. Report No.: E68-152D
E F&R GEOTECHNICAL + ENVIRONMENTAL + MATERIALS Client: URS Cor
- ENGINEERS « LABORATORIES . P
4 QO "OVER ONE HUNDRED YEARS OF SERVICE" Project: C&0 Canal
S s - Location: Gaithersburg, Maryland
@ 1881 Date: January 2006




1.8, SIEVE OPENING [N INCHES

6 43 2

15 g Wy 3

U.S. SIEVE NUMBERS

10 4416

20 30 40 P gp

100

f
200

HYDROMETER

100

[

8
N

TTTT 17

140
I N

95

it

20

85

a0

75

70

65

60

55

50

45

40

PERCENT FINER BY WEIGHT

35

30

25

20

15

10

10

GRAIN SIZE IN MILLIMETERS

1

0.1

0.01

COBBLES

GRAVEL

SAND

comme ]

fine

coarse !

medium I

fine

SILT OR CLAY

Boring No.

Depth

Classification

LL

PL

Pl

Cc

Cu

®| R-5Bulk at

2.5

0

at

at

at

at

Boring No.

Depth

D100

Dé&0

D30

210

*%Gravel

%Sand

%Silt

%Clay

®| R-5Bulk at

2.5

25.4

3.7

326

63.8

GRAIN SIZE F68-152D.GPJ FER.GDT 1/18/035

at

at

FROEHLING & ROBERTSON, INC.
GEOTECHNICAL - ENVIRONMENTAL + MATERIALS
ENGINEERS » LABORATORIES
"OVER ONE HUNDRED YEARS OF SERVICE™

GRAIN SIZE DISTRIBUTION

Client:
Project:
Location:
Date:

Report No.:

“F68-152D
URS Comp

C&0 Canal
Gaithersburg, Maryland

January 2005




PERCENT FINER BY WEIGHT

U.S. SIEVE OPENING IN INCHES |

U8, SIEVE NUMBERS
8 4

3 245 Tay V2yp 3 4 6 104,16 55 30 4 50 45 100,,,200

HYDROMETER

100

| [i; Iy g 5||

85

T

80

85

80

75

70

85

60

55

50

45

40

35

30

25

20

15

10

100 10 . 1
GRAIN SIZE IN MILLIMETERS

0.1

0.1

0.001

COBBLES

GRAVEL SAND

coarse ’ fine coarsel medium | - fine

SULT CR CLAY

Boring No.

Depth Classification

LL

PL

PI

Cc Cu

®| R-8Bulkat

25 0

at

at

at

at

Boring No.

Depth D100 Deo D30 D10

%Gravel | %Sand

%Silt

%Clay

R- 8 Bufk at

25 18.1 0.643

11

58.3

-30.6

US ORAIN SIZE F63-152D.GPJ FEAR.GDT 1/18/03

at

at

at

at

GRAIN SIZE DISTRIBUTION

FROEHLING & ROBERTSON, INC. Report No.:
GEOTEGHNICAL « ENVIRONMENTAL » MATERIALS- Client:
ENGINEERS + LABORATORIES ke
"OVER ONE HUNDRED YEARS OF SERVICE" | Project:
Location:

Date:

F68-152D
URS Corp
C&O Canal

Gaithersburg, Maryland

January 2005
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COMPACTION TEST REPORT

Project: C&O Canal

¢ Location: R-1 Bulk

COMPACTION TEST REPORT
l! FROEHLING & ROBERTSON, INC.
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Test specification: ASTM D 1557-91 Procedure A Modified
Elev/ . Classlfication ) Na.lt. Sp.G. I.L. PI % > % <
Depth Uscs _ AASHTO Moist. No.4 No.200
| ML 18.2 2.65 3.1 64.2
TEST RESULTS MATERIAL DESCRIPTION
| Maximum dry density = 124.5 pef Brown, Fine sandy silt, trace gravel
Optimum moisture = 10.5 %
Profect No. F63-152D  Client: URS Corporation Remarks:

Plate
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| Test specification: ASTM D 1557-91 Procedure A Modified
| Elev/ Classification Ni-l'l. Sp.G. L PI . % > %<
1 Depth : USCS AASHTO Moist. No4 No.200
CL 18.7 2.65 b 758
TEST RESULTS MATERIAL DESCRIPTION

Optimum moisture = 12.2 %

Project No. F68-152D  Client: URS Corporation Remarks:
Project: C&O Canal

e Location: P-5

COMPACTION TEST REPORT

| FROEHLING & ROBERTSON, INC.
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CALIFORNIA BEARING RATIO OF LABORATORY-COMPACTED SOILS (ASTM D1883)
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Project: _ C&0O Canal
Project No: URS .
Sample Location: P-5 _ _
CBR at 95% of maximum dry density: 13.0 CBR Values based on penetrations at 0.1"
Maximum Dry Density, (pcf): 121.9
Sample Number: - : Bulk No. 1

Soil Description: Brown Silty clay with sand trace gravel
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Test specification: ASTM D 1557-91 Procedure A Modified
Elev/ Classlfication Nat. %> % <
Sp.G. LL '
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CL 204 2.65 6.1 72.6
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 118.2 pcf
Optimum moisture = 12.6 %
Project No. F68-152D  Cllent: URS Corporation Remarks:

Project: C&O Canal

o Location: P-8

COMPACTION TEST REPORT ._
N FROEHLING & ROBERTSON, INC. Plate
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CALIFORNIA BEARING RATIO OF LABORATORY-COMPACTED SOILS ({ASTM D1883) _

Dry Density versus CBR
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Project: C&O Canal
Project No: ‘ URS
~ Sample Location: P-8
CBR at 95% of maximum dry density: 6.0 CBR Values based on penetrations at 0.1
Maximum Dry Density, (pcf): 118.2
Sample Number: - Bulk No. 1

Soil Description: Brown Silty clay with sand trace gravel
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Test speciﬁwtion: ASTM D 1557-91 Procedure A Modified
Elev/ Classification Nat. % > % <
G. i
Depth USCS AASHTO Moist | °PC LL P No4 | No.200
CL 212 2.70 1 791
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 116.6 pcf

Reddish brown very silty clay, with sand trace

gravel
Optimum moisture = 13.7 %
Fject No. F68-152D  Client: URS Corporation Remarks:
Project: C&O Canal
e Location: P-9 Bulk
COMPACTION TEST REPORT
FROEHLING & ROBERTSON, INC. Plate
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CALIFORNIA BEARING RATIO OF LABORATORY-COMPACTED SOILS (ASTM D1883)

Dry Density versus CBR
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Project: ' C&QO Canal
‘Project No: _ URS
“ Sample Location: - P-9
CBR at 95% of maximum dry density: 12.5 CBR Values based on penetratlons at0.1"
Maximum Dry Density, (pcf) 116.6
~ Sample Nurmber: - Bulk No. 1

Soil Description: Brown Silty clay with sand trace gravel
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Test specification. ASTM D 1557-91 Procedure A Modified
Elev/ Classification Nat. % > % <
Sp.G. LL Pl
Depth USCS AASHTO Molst. | P No.4 No.200
CL 216 2.65 . 37 63.8
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 117.4 pef
Optimum moisture = 11.6 %

Brown Very Silty clay with sand trace gravel

Project No. F68-152D
Project: C&O Canal

e Location: R-5

Client: URS Corporation

Remarks:

COMPACTION TEST REPORT

FROEHLING & ROBERTSON, INC.
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CALIFORNIA BEARING RATIO OF LABORATORY-COMPACTED SOILS (ASTM D1883)
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Project: ' C&0O Canal
Project No: : ’ URS
Sample Location: R-5 ' .
CBR at 85% of maximum dry density: 3.1 -CBR Values based on penetrations at 0.1"
Maximum Dry Density, (pef): 117.4 :
Sample Number: : Bulk No. 1

Soil Description: _ Brown Silty clay with sand trace gravel
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Test specification: ASTM D 1557-91 Procedure A Modified
/] Classificatl Nat. > % <
Elev ication Sp.G. n Pl % %
Depth USCS AASHTO Moist. No.4 No.200
SM 58 2.70 37 30.6

Maximum dry density = 137.4 pcf
Optimum moisture = 6.9 %

TEST RESULTS MATERIAL DESCRIPTION
' Olive green, Very silty sand trace gravel

Project No. Fé8-152D  Cllent: URS Corporation Remarks:
Project: C&O Canal

e Locatlon: R-3 Bulk

COMPACTION TEST REPORT
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CALIFORNIA BEARING RATIO OF LABORATORY-COMPACTED SOILS (ASTM D1883)

Soil Description:

Dry Density versus CBR
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Project: 'C&0 Canal
. Project No: URS
Sample Location: _ R-8 : _
CBR at 95% of maximum dry density: 15.0 CBR Values based on penetrations at 0.1"
Maximurn Dry Density, (pcf): 137.4
Sample Number: o Bulk No. 1

Brown Very silty sand little gravel
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Test specification: ASTM D 1557-91 Procedure A Modified
Elev/ Classificati Nat. > 9% <
ev, 7 assification a Sp.G. LL Pl % %
Depth USCSs AASHTO Moist. No.4 No.200
ML-SM 18.7 2.85 6.1 517
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry den siﬁr = 121.9 pef Brown Silt and fine sand trace gravel
Optimum moisture = 13.1 %
Project No. F68-152D  Ciient: URS Corporation Remarks:
Project: C&O Canal
» Location: R-10
COMPACTION TEST REPORT
Plate

FROEHLING & ROBERTSON, INC.
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CALIFORNIA BEARING RATIO OF LABORATORY-COMPACTED SOILS (ASTM D1883)

Dry Density versus CBR.
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Dry Denslty, pcf .
Project: | C80 Canal
. Project No: URS
Sample Location: R-10
CBR at 95% of maximum dry density: 4.6 CBR Values based on penetrations at 0.1"
Maximum Dry Density, (pcf): 121.9
Sample Number: : " BulkNo.1

Soil Description: : Brown Silt and fine Sand, trace gravel




- Project:
Client:
Project No:

SINCE

tam

C&O Canal
URS
F68-152D

Location:
Dry density

Sample No:

Bulk No. 1
R-10
113.6

Stress, ps|

140.00 +

20.00 +

10 Blows

180.00

160.00 +

120.00 +
100.00 +
80.00 +
60.00 +

40.00 ¢

0.00
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Project:

Client:

C&0O Canal
URS
Froject No: F68-152D

SINCE

teb

Dry Density(pch

118.6

Stress, psi

250.00
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200.00 +

100.00 4

50.00

0.00

0.0G0
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Pensetration, in.
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COMPACTION TEST REPORT
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Water content, %
Test specification: ASTM D 1557-91 Procedure A Modified
C catl t. > 9
Elev/ lassification _ Na Sp.G. " Pl % % <
Depth Uscs AASHTO Molist. No.4 No.200
SM-ML 12 2.65 24 436
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 127.9 pef
Optimum moisture =9.5 %

Brown Fine sand and silt, trace gravel

Project No. F68-152D  Client: URS Corporation
Project: C&O Canal

e Location: R-12

COMPACTION TEST REPORT

FROEHLING & ROBERTSON, INC.

Remarks:

Plate




SINCE

CALIFORNIA BEARING RATIO OF LABORATORY-COMPACTED SOILS (ASTM D1883)

Dry Density versus CBR
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; Dry Density, pcf '
~ Project: C&0 Canal
Project No: Co URS
Sample Location: R-12 '
CBR at 95% of maximum dry density: 3.3 CBR Values based on penetrations at 0.1"
Maximum Dry Density, (pcf): 127.9
Sample Number: o * Bulk No. 1

Soil Description: Brown Silt and fine sand trace grave!

+ . . . .
' . ' . 1.




Project:
Client:
Project No:

C&0O Canal
URS
F68-152D

Sample No: Bulk No. 1
Location: R-12
Dry density 115.2

- 100.00 4

Stress, psi

120.00
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40.00 +
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Penetration, in.




Project  C&O Canal
Clientt  URS
Project No: F68-152D

YINCE

®
1881

Dry Density(pcf)

126.1

350.00

Strass. psl

0.60

65 Blows

300.00 +
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200.00 +

150.00 +

50.00 +

0.000

0.300
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Flexible Pavement
Condition Survey Data Sheet for Sample Unit _
Project Cﬁ?&#ﬁf’z and W}io NA!TW&[ Zrk Date /2/ /?/94‘
Branch Wiy | section sample Unit # /0
. > _
Surveyed By JAson L/e'f?m { wak Leunt 4 Area of Sample . 98D k ¢
Distress Types v ,
1. Alligator Cracking Sketch: |
2. Bleeding
3. Block Cracking Sta.
4. Bumps and Sags
5. Corrugation
6. Depression
7. Edge Cracking
B. Joint Reflection Cracking
8. Lane/Shoulder Drop Off
10. Long. & Trans. Cracking
11. Patching & Util Cut Patching
12. Polished Aggregate
13. Potholes N
14. Railroad Crossing
15. Rutting 1. 2 a 4 5 8 7 a s 1
16. Shoving
. 17. Slippage Cracking
18. Swell
19. Weathering/Raveling
Existing Distress Types f
g5l L 7 L BXU M | 2uxf M | Z6%5" L
Xy L M Uyl L :
21'%15 L
hxG L
s & L 50 7% /475 /80
52 |wM {4 75 - 37
@ 1 H
PCI Calculation
Distress Type Severity | Density % Deduct Value
PCt = 100 - CDV =
Rating = é;
Deduct Total
Corrected Deduct Value (CDV)




Flexible Pavement
Condition Survey Data Sheet for Sampie Unit

Project /Measfuake pnd Do Nafiamal Jark Date /Z//4/04
Branch fmﬂmy Section ' Sampie Unit /5
Surveyed B d L olova, 4 ~NOK - [2un i Area of Sample . 4990 lkz

' Distress Types

1. Alligator Cracking Sketch:

2. Bleeding

3. Block Cracking _ Sta.

4. Bumps and Sags

5. Corrugation 5

6. Depression

7. Edge Cracking

8. Joint Reflection Cracking

9. Lane/Shoulder Drop Off

10. Long. & Trans. Cracking

—_
—

. Patching & Util Cut Patching
. Polished Aggregate

. Potholes

Railroad Crossing _
. Rutting 1 2. 3 4 5 8 7 8 s 10
. Shoving ' ' '

. Slippage Cracking

. Swell ) ' " - o
.- Weathering/Raveting L ' 4&'@42‘5 dzIﬁ '

—
[

—
(53]

—
>

[ G S Y
O 00~ 3®»

!

Existing Distress Types

N 0] D D 10
%ys H 1 17x% M EM | BXOIM | 4xid )
2% i - hx2 # 12 H
dox] M x3d M 52M
X2 H - Axi M -
prs M | 2Bx3 M
Bx) f /
2hx1 L . .
< % L] % . - 25
88 v 204 7] At | & | B
@ | H 222 - 45 17
' PCI Calculation
Distress Type Severity | Density % _ Deduct Value

PCI = 100 - CDV =

Réting = 25

Deduct Total
Corrected Deduct Value (CDV)




Flexible Pavement
Condition Survey Data Sheet for Sample Unit

Project /Measfeake gk Qhis_Natomal Tark

Date /7/)4/04

Branch f@gﬂw Section Sample Unit |5
Surveyed By « j44 4 4m Kglom, 4 Zwok feanq Ly Area of Sample Z,LVDD e
Distress Types
1. Alligator Cracking Sketch:
2. Bieeding
3. Block Cracking Sta.
4. Bumps and Sags
5. Corrugation
6. Depression
7. Edge Cracking
8. Joint Reflection Cracking
9. Lane/Shoulder Drop Off
10. Long. & Trans. Cracking
11. Patching & Util Cut Patching
12. Polished Aggregate
13. Potholes
14. Railroad Crossing
15. Rutting 1 2 3. 4 5 6 7 8 9 10
18. Shoving
17. Slippage Cracking
18. Swell
19. Weathering/Raveling
Existing Distress Types )
D @) %@ '
49x7 L %x2 LT %) M.
#%r3 L bx1t H
| 7291
s
5 & L 475 74 )
o % I m 124 7Y 24’
@ | H 14
PCI Calculation
Distress Type Severity Density % Deduct Value
PCl = 100 - CDV =
Rating = 44'
Deduct Total
Corrected Deduct Value (CDV)




Flexibie Pavement

Condition Survey Data Sheet for Sample Unit

Mﬁmh sk Ohie_Naimal Tark

Date / ZA’4/£74

Branch fpddmy

Section

Sample Unit {8

Surveyed By [Mm Zaf'm 4 L/wak @anq L;

Area of Sample .

Joop 4

O Y
Do~ o Wb O W

W~ DO W N

Distress Types

. Alligator Cracking
. Bleeding

. Block Cracking

. Bumps and Sags
. Corrugation

. Depression

Edge Cracking

. Joint Reflection Cracking
. Lane/Shoulder Drop Off
. Long. & Trans. Cracking
. Patching & Util Cut Patching
. Polished Aggregate

. Potholes

. Railroad Crossing

. Rutting

. Shoving

. Slippage Cracking

. Swell _
. Weathering/Raveling -

Sketch:

Sta.

Existing Distress Types

41x7 L

/o0X3 |

2%x3 |

23

2L
g M
® | H

PCI Calculation

Distress Type

Severity

Density %

Deduct Value

Rating =

Deduct Total

Corrected Deduct Value-(CDV)

PCl = 100 - CDV =

57




Flexible Pavement

Condition Survey Data Sheet for Sample Unit

Project ﬁufbm/ﬁz M Ohis_ Nafomal Jark

Date /2/14/04

Branch Laadvwey Section

Sample Unit W

Surveyed By 5! dgn élom, 4 Kwk feanq Li

Area of Sample .

Lopo H*

Distress Types
. Alligator Cracking
. Bleeding
Block Cracking
Bumps and Sags

Sketch:

Sta,

Corrugation
Depression

Edge Cracking _
Joint Reflection Cracking

® NG o s W N

o

Lane/Shoulder Drop Off -
. Long. & Trans. Cracking

-
<

-l
—

. Patching & Util Cut Patching
. Polished Aggregate

—_
M

—
(2%

. Petholes
. Railroad Crossing

=y
+a

-
on

. Rutting 1 4
Shoving :

Slippage Cracking
. Swell

. Weathering/Raveling

P . S
©® N>

5

6 7

8 10

do. bl A, vt side

Existing Distress Types

D D 6) ) ORI
box2g L 1 efxz L 2BXl L | o L BroZ [ | Zx25
Z)xig L 0% L (% L
LoX1 | 251 L 7 b
gzx1 L | b L
‘7
< & L (50 LiZ5 /1] 102 2
g2 [u |
0 H
PCI Calculation
Distress Type Severity Density % Deduct Value
PCI = 100 - CDV =
Rating = é%
Deduct Total
Corrected Deduct Value (CDV)




Flexible Pavement
Condition Survey Data Sheet for Sample Unit

Project /,%afém/ﬂz ool tg%ﬁ }\/Af‘f'ﬂnmf ?rk Date /2/14/04

Branch Section Sample Unit 74

Survezed By E! d.50m élom 4 }-/Wok ﬁzan# Area of Sample 4£W0 #z

Distress Types

. Alligator Cracking Sketch:
Bleeding

Block Cracking Sta.

Bumps and Sags
. Corrugation ' i
. Depression :
. Edge Cracking

Joint Reflection Cracking
Lane/Shoulder Drop Off
Long. & Trans. Cracking:

. Patching & Utif Cut Patching
. Polished Aggregate

. Potholes

. Railroad Crossing .

15. Rutting - . 1 2 a 4 5 6 7 8 9 10
. Shoving

Slippage Cracking

.. Swell

. Weathering/Raveling

PN DA BN

—
S ©

-tk
[ % JE

—_
W

—
-8

L TS G . . %
© o~ O ;m

Existing Distress Types ,

OREE 0) D ’

7 25x2 | | 44¢Z M

L
24 M vz L} shxig M
%0 L

dgxi e | 27xg

IP;O T 23

n _
e 2 iM 20 24 ' |2
o I'n T | 405
PCI Calculation
Distress Type Severity Density % Deduct Value

PCI = 100 - CDV =

Rating = 7 g9

Deduct Total
Corrected Deduct Value (CDW)




Fiexible Pavement
Condition Survey Data Sheet for Sample Unit

Project /jj{cagémb. ad Db )\_/A;ffﬂnmf ﬁrk Date /2A4_Z04

Branch fmﬂmy Section ‘| Sample Unit '27

Surveyed By JMon Zafr;% ¢ Zb\lak—feaﬂ_éi Area of Sample . 4p00 “[;‘z
' Distress Types i ' O

. Alligator Cracking Sketch:

. Bleeding

. Block Cracking Sta.

. Bumps and Sags

. Corrugation

. Depression

. Edge Cracking

. Joint Reflection Cracking _

Lane/Shoulder Drop Off : - . |

Long. & Trans. Cracking ' - ' '

. Patching & Util Cut Patching

. Polished Aggregate

. Potholes

. Railroad Crossing

15. Rutting 1 2 3 4 5 5 7 B 5 10

. Shoving ' ‘

. Slippage Cracking

. Swell

. Weathering/Raveling

@~ o bW N

—
o w

—
[

—i
(€3]

—t
F.N

N R S e
w0 o~ o,

.-'% ﬂtvahrb{ wrﬁf_‘m 'ﬁfﬁ éé’dﬂ(m

Existing Distress Types.

@ D ™ 1 D - '
15 L 72k05 L | 26x{ H dox 1o (]
1 M 1box 35 M* B
4h L doxig M
(Y
y
5 L} 4o A ‘
58w 100 bin 2o
0 H @b .
PCI Calculation
Distress Type Severity Density % Deduct Value
PCl = 100 - CDV =
"Rating = 29
Deduct Total
Corrected Deduct Value (CDV)




Flexible Pavement
Condition Survey Data Sheet for Sample Unit

Project /}4&65&)& gk ﬁ/n'd ']\'/q;ﬁhm/( ﬁ”/ﬁ

Date /2/)4/04

Branch {padvay

Section

Sample Unit ?D

Surveyed By JJasem Vofow 4 Lok - ﬁeanuq Li

Distress Types

Area of Sample . 4*9001 z

1. Alligator Cracking Sketch:
2. Bleeding
3. Block Cracking Sta,
4. Bumps and Sags
5. Corrugation
6. Depression
7. Edge Cracking
8. Joint Reflection Cracking
9. Lane/Shoulder Drop Off
10. Long. & Trans. Cracking
11. Patching & Util Cut Patching
12. Polished Aggregate
13. Potholes
14. Railroad Crossing <
15. Rutting 1. 2 3 4 5 & 7 2 8 40
16. Shoving '
17. Slippage Cracking
18. Swell _
19. Weathering/Raveling ¥ heAY zM']LmQ_,
: _ Existing Distress Types ,
D) &) (o 1 o QD |
o M 29X M | 28xz M NLL AR
36 M [xo5 H | 45¢2 L 1bx% L
17 M % M 2x 1G] -
1/ x4 M
hxi L _,
22 L '/
X7 L
4 | 4
s 2 L . 5 70 e 74
Sz |ILM A (74 %)
0. ) H AEJ
PCI Calculation
Distress Type Severity Density % Deduct Value
PCl = 100 - CDV =
Rating = ’7/;
Deduct Total
Corrected Deduct Value (CDV)




Fiexible Pavement

Condition Survey Data Sheet for Sample Unit

| Project [Heaspeatn dnd Dhis Mafimad Jark

Date /2/14/p4

Branch fmﬂw Section

Sample Unit 55

Surveyed By /A4 é‘»ﬁ% 4 Lok '@&mqlf
‘ Distress Types v

Alligator Cracking
Bleeding

Block Cracking
Bumps and Sags

Sta.

Area of Sample 409@ #f’z

Sketch:

Corrugation
Depression

Edge Cracking
. Joint Reflection Cracking. =

©PND O AW~

. Lane/Shoulder Drop Off

—
o

. Long. & Trans. Cracking
. Patching & Util Cut Paiching
. Polished Aggregate '

— ek
[ % Q=Y

—_
(7S]

. Potholes
. Railroad Crossing

-
I

_,
o

Rutting L 1
. Shoving ' '
. Slippage Cracking

. Swell

. Weathering/Raveling

A & A
O o~

10

Existing Distress Types

D)

241 b | 4x1 M 222 (£17)

1x05 Y

Zoxd |

Z 1T o

Total

2
10 -

Severjty e

L
M
H

0.9

PCI Calculation

Distress Type Severity Density %

Deduct Value

PGl = 100 - CDV =

44

Rating =

Deduct Total

Correcteq Deduct Value (CDV)




Flexibie Pavement
Condition Survey Data Sheet for Sample Unit

| Project /Acasfeate sk Ohis Nadimal Tark BE Date _/2/i4/04

Branch fm,ﬁwy Section Sample Unit 25

Surveyed By {d,;on ng W, 4 kwok f@anq Li Area of Sample . 4@ FT
Distress Types P

. Alligator Cracking , Sketch:
. Bleeding

. Block Cracking Sta.

Bumps and Sags
Corrugation :
Depression ;
. Edge Cracking

. Joint Reflection Cracking
Lane/Shoulder Drop Off

. Long. & Trans. Cracking

. Patching & Util Cut Patching
. Polished Aggregate

. Pothaoles

. Railroad Crossing

15. Rutting 1 2 3 4 5 6 7 8 s 1w
. Shoving ' ' ' '

. Slippage Cracking

. Swell _

. Weathering/Raveling

e N R W NN N R

—
S ©

—
N

—
(4L ]

—_
o

T N S WY
O 0~ O h

Existing Distress Types

@ 1 0 | @& (D
ZoxXiM | Gxg il b7l /g’ L
. J1y2 L WL
E 13Xt 26 M
5 2 LLl 27 - [07 L 7%
K %' M Y92.5 o B
» [ H - 7 .
PCI Calculation
Distress Type Severity Density % Deduct Value

PCl = 100 - CDV =

Rating = 2 g

Deduct Totat
Corrected Deduct Value (CDV)




Flexible Pavement

Condition Survey Data Sheet for Sample Unit

Project /Measbeake gl Ohis Nadionad Jark

Date /7/i4/pd

Branch faadw

Section

Sample Unit 29

Surveyed By J&éan Ko?‘ém, 4 }fka -fean;l Li

Area of Sample . 4&90

b

Distress Types

. Alligator Cracking

. Bleeding

. Block Cracking

. Bumps and Sags

. Corrugation

. Depression

. Edge Cracking

. Joint Reflection Cracking
. Lane/Shoulder Drop Off
. Long. & Trans. Cracking
. Patching & Util Cut Patching
. Polished Aggregate

. Potholes

. Railroad Crossing

15. Rutting

. Shoving

. Slippage Cracking

. Swell S

. Weathering/Raveling

0~ O ;b WwMN >

O~ bs WN 2O

Sta.

Sketch:

Existing Distre

ss Types

Corrected Deduct Value (CDV)

D) A @) D
M 1541 L Loyt L Z]4 L
17 L 2pxs L | Ayl
2L U |
AU L
38 L
32 M
t L
- W 2 2 27
e g M b/
“ H
PCI Calculation
Distress Type Severity Density % Deduct Value
PCi = 100 - CDV =
Rating = 75
Deduct Total




- ot

Flexible Pavement
Condition Survey Data Sheet for Sample Unit

Project /Measfeate gnd Ohis Natiomal Tark Date /2/)4/04

Branch fadﬁf\my/ 51([{44 Lol"W/ rd‘ Section Sample Unit |

Surveyed By J&ém Kaﬁ]m {' wok- feamf Lr' Area of Sample 4990 104
Distress Types , v P

. Alligator Cracking Sketch:

. Bleeding

. Bleck Cracking Sta.

. Bumps and Sags '

. Corrugation

. Depression

. Edge Cracking

. Joint Reflection Cracking

. Lane/Shoulder Drop Off

Long. & Trans. Cracking

. Patching & Util Cut Patching

. Polished Aggregate

. Potholes

Railroad Crossing

. Rutting s 1 2 3 4 5 6 7 PR 10

. Shoving '

. Slippage Cracking

Swell

O 00 1 O b WM

b
o

—_—
N

. . §
> w

D T N . W
© om oo,

. Weathering/Raveling

Existing Distress Types

e 1 I O, D) Ol
Pl 19°L %2 XM 15 H x4 M
42M L - 5 L
Q5L 12" L 13'L
94 f?-"M
1% H b L -
15" H Ip°M 72
19 H 45+2°L
17y
- 7 B |
- Y 42 %7 Z 114
o> [n] Tiz ' /o)
PCI Calculation
Distress Type Severity Density % Deduct Value
PCl = 100 - CDV =
Rating = 45 :
‘Deduct Total
Corrected Deduct Value (CDV)




Flexible Pavement
Condition Survey Data Sheet for Sample Unit

Project [ Meas feake pod Qhis Natimal Fark Date /2/13 /04
Branch f@,jm{/ / ;%rk"nt [o‘t’ P:’/Wﬁf; Section Sample Unit ¥ Z
Surveyed By J&Gm z_e?ﬁm, 6‘ }fu»k.fean#_(,.‘ ‘Area of Sample 4090 z
‘ Distress Types '
1. Alligator Cracking Sketch:
2. Bleeding
3. Block Cracking Sta.
4. Bumps and Sags
5. Corrugation §
6. Depression
7. Edge Cracking
8. Joint Reflection Cracking
9. Lane/Shoulder Drop Off
10. Long. & Trans. Cracking
11. Patching & Util Cut Patching
12. Polished Aggregate -
13. Potholes
14. Railroad Crossing
15. Rutting ' 1 2 s 4 6 7 8 2 10
16. Shoving ' '
17. Slippage Crackin . -
18. Svf;lg ° ; ¥(M¢J¢3, ﬂ'ﬁe‘f‘/‘”) |
19. Weathering/Raveling ' : B
Existing Distress Types
[B)* o 1
27 M XTI
20 i 4'xo05 L
(oM
21" M
2% M
21 4
729 M
75 M
N g
8 3
ez |ILM 710
| H o4 |
PCl Calculation
Distress Type Severity Density % Deduct Value
PCl = 100 - CDV =
Rating = é7
Deduct Total
Corrected Deduct Value {CDV)




Flexible Pavement

Condition Survey Data Sheet for Sample Unit

Project [ Measpeakte _pud Ohis M{;{'?m( Tark

Date /7/14/04

Branch f&dﬂmy/jgfkw }

Surveyed By JMM Zé?" VA

Section

Sample Unit 3

ok - Lwe Li

Distress Types

. Alligator Cracking

. Bleeding

. Block Cracking

. Bumps and Sags
Corrugation

. Depression

. Edge Cracking

Joint Reflection Cracking
. Lane/Shoulder Drop Off
. Long. & Trans. Cracking
. Patching & Util Cut Patching
. Polished Aggregate

. Potholes

. Railroad Crossing

. Rutting

. Shoving

. Slippage Cracking

. Swell

. Weathering/Raveling

0O~ DO AWM .

e o S N S S Y
W M~ D bW O W

Sta.

Area of Sample

bz

Sketch:

Existing Distress Types -

@_,

1

W07 M

wx20 L

~ ]
Y

oA 15 L

2xio L

N
™

N

3““&‘@
B e v e kS

e
™

z2A

S

Total B .
Severity NG
Ii|=ir

£9

{0

PCI Calculation

Distress Type Severity

Density %

-Deduct Value

Deduct Total

Corrected Deduct Value (CDV) .

PCi =

Rating =

100 - CDV =

47




Flexible Pavement ,
Condition Survey Data Sheet for Sample Unit '
Project /f&aeémka ad Qhie Nafonad Tark Date /Z/’i/ﬂff
Branch ndway/Tarlons Lot w/oengnte. | Section ' Sample Unit 4
Surveyed By . Ja.éen &]_:.:FLA, 4 Yok @U{ Ly Area of Sample - 4000 4¥* -
Distress Types
1. Alligator Cracking Sketch:
2. Bleeding
3. Block Cracking Sta.
4, Bumps and Sags [ o .
5. Corrugation ? ; } H /
6. Depression -
7. Edge Cracking ‘ ‘ } \ \ W\
8. Joint Reflection Cracking 1 o S
9. Lane/Shoulder Drop Off : l‘_}f By ) } ( &
10. Long. & Trans. Cracking ] ANY
11. Patching & Util Cut Patching _g:m l : { \ l S
12. Polished Aggregate ;§ ‘ 1 i}
13. Potholes 5 & \ : 1 ( J S
14. Railroad Crossing (
15. Rutting : L R 4 5 5 7 B 9 10
16. Shoving '
17. Slippage Cracking
18. Swell C o .
19. Weathering/Raveling '}%’My feﬁec:f‘m g ¥ e pﬁwé’
Existing Distress Types : -
1T ® 1 & T O B O
2o M o ¥ 12X OM] Rvet L 1 Sx% L 0oxz0 M
2o M M (0x3" 1 ek M
o U 70" M <
2 H Fo” M
2. H
i o M |
o o i
5 2 L '
S 2 M % Zov Zo Bk 9 Zo
n H Zo
PCI Calcutation
Distress Type Severity Density % Deduct Value
PCl = 100 - CDV =
. Rating = ;‘4’
Deduct Total
Corrected Deduct Value (CDV)




Flexible Pavement
Condition Survey Data Sheet for Sample Unit

Project /ﬁuéé&km ﬁ/m’ Nﬂ,‘f'ﬂnﬂ/{ ﬁ»’/ﬁ ‘ - Date /2/13/04{

Branch @Mmy/ﬁybu Lot W/&Mm’}, Section Sample Unit 4

Surveyed By Jasen Bt d Yok - @unq Li | Area of Sample 409’{) } z

Distress Types

Alligator Cracking : Sketch:
Bleeding

Block Cracking Sta.

Bumps and Sags
Corrugation :
Depression
Edge Cracking

Joint Reflection Cracking
Lane/Shoulder Drop Off
Long. & Trans. Cracking
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Neondestructive Testing

Chesapeake & Ohio National Park, Great Falls, MD and Pavement Evaluation Services

SECTION 1.0 INTRODUCTION

During January 2005, Roy D. McQueen & Associates, Ltd. (RDM), under contract to URS
Corporation (URS) performed nondestructive testing (NDT) and pavement evaluation services for
approximately 6,100 feet of the entrance road and two parking lots in Chesapeake & Ohio National
Park (C&0) in Great Fallls, Maryland. The primary objective of this study was to formulate
pavement rehabilitation and/or strengthening requirements to accommodate future traffic demands.

To meet this overall objective, the following multi-phased program of testing and analysis
was implemented to provide an integrated basis for developing the rehabilitation program:

. Measure existing pavement and subgrade strength by NDT.
. - Verify pavement thickness and composition from geotechnical engineering provided
' by URS. ' '

~ s Compute equivalent 18-kip axle loads (ESAL's) from data provided by URS.

. Develop rehabilitation requirements from results of structural and functional
analyses. '

The observations, comments, and recommendations contained in this report have been
prepared for the exclusive use of URS for this project in accordance with generally accepted
engineering practice. No-other warranty is expressed or implied. Performance of any engineering
investigation is subject to many qualifications inherent to the practice of that profession and to
the accuracy of data obtained. Although a reasonable effort was made to interpret data, correctly
depict existing conditions, and identify causes of current problems, variations could exist
between tested locations. Additionally the historical documents provided by others could contain
discrepancies. |

Roy D. McQueen & Associates, Ltd. Page 1 of 12



Nondestructive Testing
Chesapeake & Ohio National Park, Great Falls, MD and Pavement Evaluation Services

SECTION 2.0 METHODS OF ANALYSIS

The technical approach to the pavement investigation study at C&O consisted of the
following basic elements:

. Nondestructive Testing (NDT) - To measure existing pavement and subgrade
strength.

. Geotechnical Engineering - To verify pavement thickness and composition from
borings.

. Traffic Analysis - To compute equivalent 18-kip axle loads.

o Pavement Apalysis - To determine rehabilitétion.needs, utilizing comprehensive
computer analysis.

A brief description of each element is included below with details provided in subsequent
sections.

2.1 Nondestructive Testing

A series of NDTs were performed to quantify the load/deformation properties of the road
pavements. The NDT data were reduced to yield the elastic moduli of pavement layers and
subgrade using closed form solutions detailed in the American Association State Highway and
Transportation Officials (AASHTO) pavement design guide. The test sequences performed, as well
as the Heavy Falling Weight Deflectometer (HWD) used for testing, conformed to Federal
Highway Administration (FHWA) requirements for NDT.

2.2  Geotechnical Engineering

The pavement composition and thickness were evaluated from the boring data provided by
URS. The pavement thickness and composition are used for back-calculation.

Roy D. McQueen & Associates, Ltd. Page 2 of 12



, Nondestructive Testing
Chesapeake & Ohio National Park, Great Falls, MD and Pavement Evaluation Services

2.3  Traffic Analysis

Estimates of current traffic by vehicle type, frequency, and projected growth, were provided
by URS. These data were used to compute equivalent 18-kip axle loads for pavement evaluation
and design.

2.4 Pavement Analysis

The processed NDT data and traffic projections were used in 'comprehcnsive structural
analysis to identify alternatives for rehabilitation using the 1998 Supplement to the 1993 AASHTO

~ design procedures.

Roy D. McQueen & Associates, Ltd. Page 3 of 12



Nondestructive Testing
Chesapeake & Ohio National Park, Great Falls, MD and Pavement Evaluation Services

SECTION 3.0 NONDESTRUCTIVE TESTING

During January 2005, a series of approximately 56 NDTs were conducted on the entrance
road and two parking lots at C&O.

The primary purpose of NDT is to determine the structural properties of pavement systems.
The load response data resulting from the dynamic force simulates the effect of moving vehicle
loads. These data can be used as reliable input for pavement analysis that utilizes both conventional
and elastic theories for pavement design and evaluation. Additional advantages of NDT include:

. Minimal interference with roadway traffic;
. Measurement of in-situ structural response;
. Rapid data acquisition; and

. Low unit testing and data processing costs.

Generally speaking, about 50 NDTs can be performed for a cost approximately equivalent to one
California Bearing Ratio (CBR) test. A primary value of NDT, then, is the ability to economically
evaluate much broader areas of pavement in a short time to better define variability in pavement

strength.

The NDT equipment used for the testing program was designed to generate a dynamic load
on the pavement surface and measure the resultant vertical response of the pavement system,
including subgrade, base courses, and surface layers. The equipment's microcomputer allows rapid
data processing in the field. Thus, NDT results can be directly referenced to field conditions,
improving the reliability and speed of data acquisition.

3.1 NDT Procedures

To provide a meaningful database for evaluation, the following NDT sequence was utilized:

. Deflection Basin
. Impulse Stiffness Modulus

Roy D. McQueen & Associates, Litd. Page 4 of 12



, Nondestructive Testing
Chesapeake & OQhio National Park, Great Falls, MDD and Pavement Evaluation Services

All tests were conducted under an impulse (i.e., Falling Weight Deflectometer type) fofcing

function at a nominal amplitude of 10,000 Ibs. The tests were conducted during daytime hours.

3.1.1 DEFLECTION BASIN

This test method involves measuring deflection at the center of the machine loading plate
and at radial offset distances from center. After pavement thickness and composition is determined,
closed form solutions contained in the AASHTO Design Guide were used to process deflection
basin data to determine the elastic moduli (E-value) of the subgrade for asphalt (AC) pavements
and Modulus of Subgrade Reaction (k) of asphalt overlay (APC) pavements. Deflection basins at
each test point were processed to obtain design inputs for E and k.

The AASHTO closed form solution also resulted in computation of the elastic modulus AC
and Portland cement concrete (PCC) layers for APC pavements. The effective moduli of the
flexible pavements were also computed using standard AASHTO procedures.

3.12 IMPULSE STIFFNESS MODULUS (ISM)

The ISM is defined as dynamic force divided by pavement deflection. As such, it is a
measure of overall support conditions from all influencing pavement and subgrade layers. The ISM
data are used to identify patterns of variability in pavement support conditions.

3.2 Equipment Requirements

Roy D. McQueen & Associates' heavy falling weight deflectometer (HWD) was used for
the testing program. The machine is well capable of exceeding the minimum pavement deflection
referenced in U.S. Departments of Defense (DOD) and Transportation (DOT) publications. The
equipment has a force range of 3,000 lbs. to 55,000 Ibs. and records pavement responses on seven
sensors extending outward from the center of the loading plate.
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3.3 Conventional Testing

Additional investigation was performed by URS to measure existing pavement thickness
and composition.

3.4 Data Analysis

- For this study, the primary purpose of the NDT program was to develop inputs on the
strength of pavement and subgrade layers for structural analysis. For the AASHTO procedure used
for the pavement analysis, the primary strength characterization is the elastic modulus (E) of
pavement layers and subgrade k or E for the APC pavements. The Modulus of Subgrade Reaction
(k) is required for the AASHTO rigid pavement analysis. | '

3.4'._1 IMPULSE STIFFNESS MODULUS (ISM)

Based on the computed ISM, the NDT field data were used to segment the road into
analytical sections, based on the recorded variability in the ISM along the length of the roadway.
Although pavement thicknesses were relatively consistent, the roadway pavement' was segmented .
into several analytical sections, as necessary, based on the ISMs for structural analysis. -

3.42 NDT DATA REDUCTIONS

Standard AASHTO closed-form back-calculation procedures were used to reduce the APC
data to subgrade & and elastic moduli of AC and PCC, and subgradé resilient modulus (M;) and
effective pavement modulus (E). The APC reductions are based on the AREA method. This
method recognizes the unique relationship between normalized area under the deflection basin and
the radius of relative stiffness, £. Once £ is known, subgrade & and pavement moduli are readily
computed. The SHRP outer 5 sensor method for AREA computation was used to eliminate any
effects of compression in the AC layer. For AC pavements, the resilient of subgrade was computed
using the AASHTO equation:

M, = C (0.24P / dir)
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Chesapeake & Ohio National Park, Great Falls, MD and Pavement Evaluation Services
Where:
M = Design subgrade resilient modulus
C = correction factor of 0.33 to correlate back to the AASHTO road test results
P = NDT applied load (ibs.) '
d, = deflection at distance r from center of load (inches)
r = distance from center of load (inches) |

The AASHTO back-calculation results are summarized in Table 1:

Facility Pavement Thickness- M; (psi) & (pci)
Entrance Road - 88" AC 2764
North Parking Lot 44" AC 3166
South Parking Lot 2" AC/8" PCC 82

‘Table 1 - Back-calculation Summary

Based on engineering experience and documented research results, it is believed that the back-
calculated moduli from NDT are a reasonably conservative measure of pavement layer and
subgrade support conditions, suitable for use as inputs for structural analysis.
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SECTION 4.0 TRAFFIC

Traffic data was provided by URS as shown in Table 2:

Truck/Bus Axle Axle Load (Ibs.) EALF “Annual Rep ESAL
Front/Single 8.000 - 0.0343 17.836
Trucks 520
Rear/Single 24,000 : 3.03 1575.6
Front/Single 10,000 0.0877 | 43.85
Buses . 500
Rear/Single 20,000 1.51 | 755
Front/Single 21,000 1.83 91.5
Snow Plow. 50
Rear/Single 23,000 218§ 109
_ Front/Single 17,000 ~0.796 | 7.96
Fire Truck : : - 10 :
: [Rear/Tandem 17,000 0.0608 0.608
Front/Single 6,000 0.01043 : 0.5215
5-Axle Truck  Mid/Tandem| 24.000| - o 0.26 50. 13
Rear/Tandem| 24,000 026 13
Front/Single | - 2,000 0.00018 9.855
Passenger Car on e : 54750 :
Rear/Single 2,000 0.00018 9.855
Total o - 2648
20-Year Design ESAL : | 71281

Table 2 - Traffic

Legend:
EALF
ESAL

i

Equivalent axle load factor

Equivalent single axle load
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SECTION 5.0 DESIGN CONCEPTS

In accordance with the project work scope, the procedures contained in the 1998
~ Supplement to the 1993 AASHTO Guide for the Design of Pavement Structures were employed to
evaluate the expected performance of existing pavements and to design pavement strengthening for -
anticipated future loading conditions.

5.1 AASHTO Design Procedures

AASHTO details separate design procedures for flexible and rigid pavements as described
below.

51.1 AASHTO FLEXIBLE PAVEMENT DESIGN

The effective structural number (SN¢g) of existing pavements was computed for the AC
section of pavement. The effective structural number is a_fncasure of the in-situ structural capacity
of flexible pavemenits.

When NDT is part of the evaluation process, SNeg can be computed from the NDT results. -
This assumes that the structural capacity of the pavement section is a function of its total thickness
and utilizes pavement thickness (D) and effective elastic modulus (E;) of all pavement layers above
the subgrade. The effective structural number is computed from the equation on Page III-102 of the
1993 AASHTO design guide as: '

SN, =0.0045D E,

Ej; can be computed from the center plate NDT deflection, computed M; of the subgrade,
plate radius (a), and total thickness of pavement above the subgrade. E; can either be computed
directly or from charts in the AASHTO Design Guide.

Next, the required, or design, structural number was computed from the AASHTO
nomograph contained in Figure 3.1 of the 1993 Design Guide.
The design structural number is a function of the following:
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° reliability (95%)

o overall standard deviation (0.45)
. estimated 18-kip axle loads as described in Section 4.0
. effective subgrade resilient modulus from NDT

. Initial Serviceability = 4.2
. Terminal Serviceability = 2.2

The difference between the design and effective structural numbers, relates to the
requirements for strengthening the existing pavement. For asphalt overlay, the required thickness
of the overlay is computed by dividing the difference in the structural numbers (i.e., SN — SNerr) by
the layer coefficient for new asphalt, i.e., ag; = 0.44.

512 AASHTO RIGID PAVEMENT DESIGN'

The structural capacity of a concrete pavement can be estimated by comparing the effective
slab thickness, D, with the slab thickness Dy, required for future traffic. D can be computed by

several methods, including the following based on condition survey results which was used for this
analysis:

Degr= ch * qur-a'= Fa *D

Where:
D

existing slab thickness

i
il

adjustment factors based on joint condition (jc), durability (4,), and fatigue
damage (su)

Desr was computed based on the following factors:

Fjc = 0.9, assuming jdint rehabilitation will be a part of the project

dur 1.0, no sign of durability cracks present

Fra = 0.90, mid-range
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D¢ was computed using the procedures contained in the 1998 Supplement to the 1993 Guide
for rigid pavements for climatic conditions in Great Falls, Maryland area and k from the NDT back-

calculation. Initial and terminal serviceability indexes of 4.2 and 2.2, respectively were used, along
with 95% reliability and 0.45 standard deviation.
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SECTION 6.0 STRUCTURAL ANALYSIS

Using the analytical methodologies described in Section 5.0, the AASHTO procedures were
performed to: _

. Evaluate the structural sufficiency of existing pavements; and |
o Design asphalt overlays for structurally inadequate pavements.

A 20-year design life was assumed for the structural analysis. The rehabilitation options are
summarized in Table 3.

Existing Pavement Rehabilitation
Facility . Thickness Option. k (pei)
Entrance Road 8.8" AC 2" AC overlay
North Parking Lot 44" AC " 3" AC overlay
South Parking Lot 2" AC/8" PCC None 82

Table 3 — Design Output

Based on the traffic, existing pavement thickness and composition provided by URS, the
entrance road and north parking lot are structurally under-strength, therefore, a 2-inch AC overlay is
required.

The south parking lot is structurally adequate and does not require major rehabilitation.
However, a visual condition survey of the functional condition of the pavement is recommended. If
functional repairing is suggested by the survey, the south parking lot may be repaired by milling the
- existing 2-inches of AC, repairing the PCC slabs and placing 2-inches AC.

Roy D. McQueen & Associates, Lid. Page 12 of 12




M3
Date-Time: 162005 7.20:117
Sensors: CHOP  CHOP  CHOP

Weight/spr 4
Location: great falls
Temp: 42
Operator:
Comments circle & south
Forca: . 1Q
1 1 o
2 1 0.128
3 1 0.25
4 1 03
5 1 0.4
6 1. 0425
7 i 0.5
8 1 0.513
9 1 06
10 1 a7
11 1 0.713
12 1 08
13- 1 09
14 1 1

[—R-B-R-N-RoRele Rl

CHOP

parking

11.84
1223
12.18
12.3
10.35
11.84
1.72
1079
11,88
11.87
8.57
12.11
14.84
-10.85

CHOP

00

8.87
888
828
541

16.85°

712
8,16
16.38
562
8.46
19.08
.8.58
641
789

CHOP

CHOP

6.25
7.59
.18
478

18.38
8.57
537
.38
5.52
678
202
883
£.18
7.04

sotrance

52
822
574
3.86

14,31
5N
485
284

47
502
1.57

441

B3

42
5.14
4,84
3,08

11.94
4.84
3.87
2.05
4,34
367
1.2t
506

37
359

3,08
3.88
340

887
378

31
1.54
133
237
0.e7
4.51

4.04

2,19
.07

1.81
7.85

238
117
2.64
1.44
0.84
3.18
217
317

43 Nete:
43 Nole:
43 Note:
43 Note:
43 Nota:
43 Note:
43 Note:
43 Note:
43 Nota:
43 Note:
43 Note:

43 Note:.
43 Note:



C&0 Canal Project

South Parking NDT Fleld Data
NDT Lane Station  Offset Force Displacement Sensors (mlia) Pvmnt
No. Ne. () () (kipa) di1(0) d2{8"  d3{12") d4{24"} d5(36") d6 (48" d7 (60"} Temp(F) Remarks
1 1 [} 4] 11.84 6.87 6.58 6.25 52 4,2 3.08 219 43
2 1 0.125 ¢] 12.23 B.68 . B.O7 7.59 8.22. 5.14 368 3.07 43
3 1 0.25 ¢] 1216 . B8.28 7.68 7.18 578 464 3.49 2,66 43
4 1 03 4] " 123 541 6.11 478 3.88 3.00 238 | 181 43
5 1 0.4 o 10.35% 16.85 17.18 16.38 14.31 11.94 8.57 7.85 43
[} 1 0.425 o 11.84 712 6.87 6.57 571 4.84 3.78 '3 43
7 1 0.5 o 11.72 B.16 5.85 537 4.85 3.87 3.1 -2.38 43
8 1 0.513 o 10.78 16.38 576 3.36 2,64 2.05 1.54 1.17 43
°] 1 0.6 0 11.88 5.92 5.79 5.62 4.7 4.34 3.33 264 43
10 1 07 0 11.87 8.46 7.48 6.79 5.02 3.87 237 144 43
11 1 0.713 o] 8.57 19.08 2,21 2.02 1.57 -1.27 0.97 0.84 43
12 1 08 0 1211 8.58 8.2 8.63 7.32 5.98 4.51 319 43
13 1 0.9 0 11.84 6.41 541 5.18 4.41 37 2.85 217 43
14 1 1 0

10.55 7.80 7.45 7.04 8.13 350 0 404 347 43



M3
Date-Time: 1/6/2005  6:51:38

Sansors: CHOP CHOP

Weight/spr 4 ’

Location:  great falls

Temp: 40

Operator:

Commants

Forge; 10
1 1 0.012
2 1 0.21
3 1 0.4
4 1 086
§ 1 0.8
8 1 1
7 1 1.2
8 1 1.4

11 2 15
10 2 1.4

8 2 1.2
B 2 1
7 2. 08
L] 2 08
5 2 0.4
4 2 .02
3 2 0.1

CHOP

OO0 00000 O 0O DOoOODODOO0O

CHOP

12.48

2.81
9.33
10.33
10.94
8.42
9.72
10.11

10.08°

8.25
8.03
8.42
10.57

123

CHOP

8.05
21.42
23.15
19.38
18.38
3

28.2
261

30.35

‘21,43
30.38
28.47
37.86
35.89
23.55
24,08

7.08°

cHoP

7.84
19.42
2117
14.74

- 28.78
23.83

24.85
17.58
2r.21
27.51

31.88
3347

18.8
20.04
6.69

CHOP

7.47
13.83
18.13
10.61

9.15
20.51
15.04
13.56

187

13.3
18.74
22 11
24.24
24.92
14.83
14.85

6.25

-6.47
4.13

3.83
2,18
6.12
3.89
6.24
8.48
5.88
4.82
10.38
8.41
10.18
8.57
5.49
5.03

*R2pERLERRRRRRRRE



C&o Canal Project

North Parking NDT Fleld Data

NDT Lane Station Offsst Force Displaceament Sensors {mils} . Pvmnt

No. No. {ft) ity {kips) di {0} d2 (8"} d3 {12%) d4(24") db (38") d6 (48" d7 (60") Temp (F) Remarks
1 1 0012 0 12.48 8.05 7.84 7.47 6.47 55 4.28 332 44
2 1 0.21 0 2.81 21.42 19,42 13.83 4.13 1 0.69 D87 44
3. 1 0.4 0 833 23.15 21.47 16.13 594 2.08 08 0.54 a4
4. 1 0.6 i} 10.33 19.38 14,74 10.61 3.93 1.8 1.02 0.79 44
5 1 0.8 ] 10.94 16.36 13.57 415 2.18 0.76 0.72 0.68 44
[} 1 1 4] 8.42 31.73 28.79 20.51 - 6.12 1.28 0.81 Q.77 44
7 1 12 2] 9.72 28.2 23.83 15.04 3.89 0.31 0.24 0.58 44
3 1 1.4 a 10.41 25.31 17.83 13.56 B.24 3.58 1.78 1.22 44
9 2 1.5 3] 8.5 30.35 24.85 18.7 6.46 2.07 1.06 0.78 44
1 2 14 0 10.08 - 21.43 17.58 133 5.89 3.14 1.8 1.19 44
2 2 12 0 8.25 30.28 27.21 - 18,74 4 82 1 0.44 0.25 44
3 2 1 [+] 9.28 2B.47 27.51 22.11 10.38 4.87 2.28 1.44 44
4 2 0.8 [+] 9.03 37.86 31.68 24.24 8.41 3.0t 123 1.086 44
5 2 0.6 [«] 8.42 35.88 33.47 24.82 10.18 ars 1.85 1.29 44
-6 2 0.4 ¢} 10.57 23.55 18.8 14.63 6.57 22 1.8 1.17 44
7 2 0.2 0 9.84 24,08 20.04 14.865 5.49 2.02 1 0.78 44
8 2 0.1 o 123 7.08 .69 6.25 5.03 4.08 311 1 44



M3
Dats-Time  1/8/2005

5:53:38

Sensors: CHOP CHOP

Weight/spr 4
Location: great falls
Tamp: 40
Operator:
Commenta:
Farce: 12
Force: 10
1 1
2 1
3 1
4 1
£ 1
-] 1
T 1
8 1
] 1
10 1
11 1
12 t
14 2
13 2
12 2
11 2
10 2
9 2
8 -2
7 2
8 2
5 2
4 2
3. 2
2 2

£75
525
415
4.25
3.75
325
275
225

R 41

1.25

‘075

0.25
0.04

000000 o0O0o00OOoOQORODDRDDOOQOO

CHOP

12.28

125 -

10,47

123
11.78
11.84
12,72
1277
11.84
12.04
12.82
12.38

11.23

11.16
10.82
9.59
11.25
10.47
9.33
2.03
1218
10.91
10.57
9.45

11.33

GHOP

26.53

4.7

30,03
21.28
16.05
22.80
17.88
17.37
18
18.67
13.24
20,65
22.55
12.61
77
21.45
1562
1618
238
2465
1552
2741
1785
18.49
2384

CHOP

25.11
22,00
26.82
20,09
19,68

193
16,18
15.01
15,08
16.38
11.45
16,18
2151
12.51
16.82
2057
13.88
15.87
23.03
23.08
14,02
26.43
16.62

17.9
22.99

CHOP

21.85
20.36
259

17.25.

13.97
16.23
14.48
13.02
12.85
15.01
10.15
17.15
18.83

1184 -

14.91
17.84
12,18
13.58
20.25
2075
12.58
2287
14.08
1543
20.62

14.18
13.78

1637

10.76
7.88
B.44

10.01
B8.44
8.63

11,46

B

11.52

1242
047

10.02

11.27
782
835

13.37

12.63
8.57

14.04
8.11
9.69

14.41

2.09

-

10,58
8.72
4.18
5.73
8,72
548
5.89
8,682
5.28
7.48
8.28
7,768
6.88
B.78
5.03
488
8.7
78
578
B.&7
4.51
564
10.01

5.67
5.67

83

41
2.08
3.55

4.2
3.39
379
5.99
.7
475
5.32
574
419
e
an
255
527
4.58
a7s
5.08
228
308
8.25

3.8
2.54
3.94
N
1.13
249
272
2.15
257
429
274

32
167
424
273
2,08
2.03
1,23
343
283
2.5
3.15
1.14
172
377

wRey

3 Mate: viw

w
o

Note: entrance gaie

BEEERERER

pgeseesyse



C&O Canal Project
Road NDT Field Data

NDT Lane Station Offset Force Displacement Sensors (mils) Pvmnt
No. No, {ft) [{U] {kips) d1 (0) d2(8") d3{12") d4(24™) d5(36") d6(48™} d7(60") Temp(F} Remarks
1 i 0.5 o 12.26 28.53 25.11 21.85 14.18 2.08 5.67 38 a8
2 1 1 o) 12.5 247 23.0% 20.38 13.78 8.2 5.67 3.54 a8
3 1 1.5 a 10.47 30,03 29.92 25.9 16.37 10.5 6.3 3.94 38
4. 1 2 o 12.3 21,26 20.08 17.25 10.75 8.72 4.1 21 38
s 1 25 hl 11.79 18.05 16.68 13.97 7.86 418 2.08 1.13 . 38
3] 1 3 i} 11.84 22.89 18.3 "16.23 8.44 573 3.55 248 38
7 1 a5 0 12.72 17.88 16.18 14.48 10.01 B.72 4.2 272 k1)
-] 1 4 0 1277 17.37 15.01 13.02 B.44 549 3.39 2.15 28
=1 1 45 0 11.94 18 15.08 12.95 B.63 588 3.79 2.57 38
10 1 5 0 12.04 18.67 16.38 15.01 11.45 ~B62 5.98 4.29 38
11 1 55 0 12.82 13.24 11.45 10.15 7.208 5.28 an 274 a8
12 1 6 0 12.38 20.65 10.18 1715 11.52 7.48 4.75 3.2 38
14 2 - 575 0 11.23 22,55 - 21.51 18.83 12.42 B.28 B3z 3.67 38
13 2 5.25 0 11.16 12.81 12.51 11.84 - B.67 7.75 574 424 k1]
12 2 475 L] 10.62 177 16.82 14.91 - 1002 §.68 419 2.73 3B
1 2 428 0 9.59 21.45 20.57 17.84 11.27 6.76 .78 2068 . 38
10 2 3.75 0 11.25 15.82 1398 12.18 7.92 5.03 311 2.03 38
2] 2 3.25 0 10.47 16.18 15.87 13.59 8.35 488 2.55 1.33 38
8 2 2.75 0 9.33 23.8 23.02 20.25 13,37 a7 5.37 3.43 38
T 2 225 o 9.03 24 65 23.98 2075 12.83 7.8 4.58 2.83 38
[} 2 175 0 12.18 15.52 14.02 - 12.59 8.57 578 3.75 2.65 38
5 o2 125 [+ 10,91 2741 26,43 22 87 14.04 8.67 5.08 ° 315 T 38
4 2 0.75- .0 10.57 17.65 16.62 14.08 8.1 4.51 1228 1.14 38
3 2 025 0 8.45 1849 17.9 15.43 B.69 564 3.09 72 38
2 2 0.04 4] 11.33 23.64 22.99- 20.62 14.41 10.01 6,25 LA - 3B



"Peter Yip" To <Kwok-Leung_Li@urscorp.com>
<pckyip@rdmequeen.com>

01/27/2005 10:33 AM

cc
hce
Subject C&Q Calculated Values

Li,

| have Karen resent the report to you. There is a blank page in the file.

The calcuiated values for the design are as follows:

Entrance Road: SNreq = 3.08, SNeff =2.25

North Parking Lot SNreq = 2.03, SNeff=1.16

Sou’_(h Parking Lot: k=82 psifin, Epcc=2,174,000 psi, S'¢=583 psi, Deff=7.83 in, Df< 7in
Please call if you have any question.”

Peter Yip, P.E.

President -

Roy D. McQueen & Associates, |id.
Tel: (703) 709-2540

Fax: (703) 709-2535

www. rdmequeen.com




	1.pdf
	2.pdf
	3.pdf
	4.pdf

