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HOQUE
& ASS 0 C I ATE S Consulting Geotechnical, Materials and Environmental Engineers

July 1, 2002

Mr. John H. Morrison, P.E.
President, Morrison Maierle, Inc.
120 North 44th Street, Suite 410
Phoenix, Arizona 85034

Subject: Geotechnical Exploration Report for Proposed Bridge
Located at the Arizona Biltmore Golf Course and Arizona Canal in
Phoenix, Arizona

Dear Mr. Morrison:

Hoque & Associates, Inc. (HA) has completed a geotechnical exploration program
for the proposed bridge located at the Arizona Biltmore Golf Course and the Arizona
Canal in Phoenix, Arizona (subject site). Mr. John H. Morrison, P.E., President of
Morrison Maierle authorized the work, Inc. in response to HA's proposal dated April
25, 2002. This report includes an introduction, scope of work and purpose, field
methods and laboratory tests, foundation recommendations and recommendations
for earthwork construction procedures. The body of the report contains all design
and construction parameters in bold or italics, where appropriate.

Based on the results of our field exploration and laboratory tests, HA believes that
the soil at the site will support the proposed development. The foundation for the
proposed bridge may consist of shallow spread footing foundation established on
undisturbed cemented light brown clayey gravel with sand encountered four to five
feet below the top of the canal bank. Alternatively deep foundations consisting of
drilled caissons designed as recommended in the body of the report and supported
on undisturbed native soil encountered at a depth of 17 feet below the surface is
also considered to be viable. Detailed recommendations for foundations and
earthworks are provided in the body of this report. All foundation and earthwork
construction should comply with the recommendations herein.

HA is available to discuss our recommendations with you during the design stage
and development of the earthwork specifications. If you require any assistance for
this project or require additional studies or foundation analyses, we would be happy
to be of service. The body of the report contains all the parameters required for
foundation design and quality control and quality assurance testing requirements for
construction materials.

1797 W. University Drive • Suite 167 • Tempe, Arizona 85281·3253
Tel, 480-921-1368 • Fax, 480-921-0194 • e-mail, HoqueEng@aol.com



HA appreciates the opportunity to work on your project. If you have any questions,
or if we can be of any further assistance, please contact us at (480) 921-1368.

Sincerely
Hoque & Associates, Inc.

Michael Staten, E.!.T.
Project Manager



Executive Summary of Geotechnical Design Criteria

Hoque & Associates, Inc. (HA) has completed a geotechnical exploration program
for the proposed Biltmore Golf Course maintenance bridge located at the Arizona
Biltmore Golf Course and the Arizona Canal in Phoenix, Arizona (subject site). Mr.
John H. Morrison, P.E., President of Morrison Maierle authorized the work, Inc. in
response to HA's proposal dated April 25, 2002. The following is a summary
containing some pertinent information and design criteria for the proposed
development:

A. On-site soils are brown clayey gravel with sand (GC), medium plasticity, medium
swell potential and low collapse potential.

B.

C.

Spread Footing Foundation:

Drilled Shaft Foundation:

Bearing Pressure = 5,000 psf
Minimum width = 16"
Minimum depth = 5'

Minimum Depth = 17 feet
Minimum Diameter = 36 inches

D. Compaction Requirements:

1. Native soils under foundations: 95% of max dry density
-2% to +4% of OMC

2. Native soils under slabs/sidewalks: 95% of max dry density
-3% to +3% of OMC

3.

4.

5.

ABC:

Non-expansive import soils:

Trench Backfill around
Pipes and Utilities

95% of max dry density
-3% to +3% of OMC

95% of max dry density
-3% to +3% of OMC

90% of max dry density
-3% to +3% of OMC
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Hoque & Associates. Inc. Geotechnical Exploration Report
Project No. 02043 Arizona Biltmore Bn'dge, Phoenix, Arizona

1.0 INTRODUCTION

1.1 General

Hoque & Associates, Inc. (HA) has completed a geotechnical exploration
program for the proposed Biltmore golf course bridge located at the Arizona
Biltmore Golf Course and the Arizona Canal in Phoenix, Arizona (subject site).
Mr. John H. Morrison, P.E., President of Morrison Maierle, Inc. authorized this
work in response to HA's proposal dated April 25, 2002. The geotechnical
exploration program completed for this site consisted of drilling two (2) test
borings to depths of 17 and 25 feet below the existing site grade within the
development area; collection of soil samples; field logging of the test borings;
laboratory testing consisting of two (2) plasticity indices, two (2) sieve analyses,
one (1) Proctor, and one (1) remolded swell; engineering analyses; and,
preparation of this geotechnical report.

1.2 Purpose and Scope of Work

The purpose of this geotechnical exploration program was to characterize the
site surface and subsurface conditions and evaluate their suitability to support
the proposed structure. To fulfill this purpose, HA has completed the following
scope of work:

• Review of the project background information provided to us by Morrison
Maierle, Inc.;

• A site reconnaissance to document the site conditions that could
influence the construction and performance of the proposed development;

• Drilling of test borings at the site utilizing a truck mounted CME- 75 drill
rig utilizing an 8-inch diameter continuous flight hollow stem augers. The
borings extended to 17 and 25 feet below the surrounding grade;

• Laboratory tests consisting of two plasticity indices, two sieve analyses,
one Proctor, and one remolded swell;

• Engineering analyses for foundations, settlement; and,
• Prepared this report.

HA's scope of services did not include assessing or identifying the presence of
contaminants at the site.

1.3 Project Background

Project information for the proposed project was provided by Mr. Brian Bartle,
E.I.T. of Morrison Maierle, Inc. (Client). The project site is located at the Arizona
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Biltmore Golf Course at the Arizona Canal in Phoenix, Arizona. HA received
limited structural and construction information for this project through the Client
The site will house a 20 to 30 feet long single span bridge for maintenance
vehicles. The proposed bridge is assumed to be constructed of concrete.
Structural loads are not known, however, based on our past experience, HA
assumes that the bridge download may be limited to 300 kips and these may be
some horizontal load from abutment and the bridge itself.
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2.0 SITE CONDITIONS

2.1 Surface Conditions

On June 16, 2002 an engineer from HA was at the site during drilling operations
to monitor the drilling and collect soil samples. At this time, HA also observed
and documented site conditions that could influence the construction and the
performance of the structures. Brief descriptions of the site conditions are
presented below.

The subject site encompasses the north and south banks of the Arizona Canal
and is located to the north of the Arizona Biltmore Golf Course in phoenix,
Arizona.

The site was observed to consist of engineered fill related to the excavation of
canal and construction of the canal banks. The fill may have extended four to
five feet as evidenced by the grade of the canal banks. A canal maintenance
road is perched on both sides of the canal bank for maintenance of the canal.
Asphalt paving on the south bank and decomposed granite on the surface of the
north bank of the Arizona Canal was observed. Underground fiber optics and
above ground high voltage power transmission lines were observed on or near
the south bank.

An existing bridge structure is located immediately west of the site of the
proposed bridge. The existing bridge is planned to be demolished as it does not
comply with the loading criteria for golf course maintenance vehicle loading.
The maintenance facility is located north of the canal and the golf course is
located south of the canal.

2.2 Field Methods

Information on subsurface conditions was gathered by drilling two (2) borings
located within the proposed structure. The locations of the test borings are
provided in Appendix D. The drilling extended to depths of 17 feet and 25 feet
below the site grade.

The drilling was completed on June 16, 2002. A truck mounted CME 75 drill rig
equipped with eight-inch diameter continuous flight hollow stem augers were
used to complete the drilling. The drilling was monitored and documented by a
representative from HA. HA collected soil samples at selected locations. Bulk
and ring samples were collected from each of the two boreholes. Bulk samples
were collected from the auger cuttings from zero to five feet depth, and from five
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to ten feet depth. Relatively undisturbed samples were collected utilizing ring
lined barrel samplers in accordance with ASTM 03550.

Relatively undisturbed ring samples were collected from near surface soil layers.
The resistance or number of blows required to drive the ring sampler 12 inches
was reduced by a reduction factor of 2/3 as the recorded N-value. These N
values are indicative of the soil's relative density and consistency and are
utilized for foundation recommendations. The soil samples collected during the
drilling operation were secured and transported to HA's laboratory for testing.
For further information regarding soil classification and soil investigation
methods, refer to Appendix C.

2.3 Subsurface Conditions

Detailed information regarding the subsurface conditions is provided in the
boring logs in Appendix D. A brief description of subsurface conditions as
depicted within the two borings are summarized below:

Boring B-1 extended from the surface to a termination depth of 25 feel. The
upper four feet of soil was visually classified as fill soil consisting of clayey
gravel. The soil below the fill primarily consisted of dense to very dense, brown,
damp clayey gravel with sand (GC) soil. A lighter brown hue and increasing
sand was observed from a depth of four to 19 feel. Light to heavy calcite
cementation was encountered from a depth of four feet to the depth of
termination. The soil moisture was low and is considered to be dry. The
borehole was backfilled with auger cuttings.

Boring B-2 extended from the surface to an auger refusal depth of 17 feel. This
boring encountered fill soil consisting of brown clayey gravel with sand. Soil
below the fill and extending to the depth of terminus mainly consisted of dense to
very dense, brown, damp clayey gravel with sand (GC) soil. A lighter brown hue
indicating presence of calcite cementation in the soil and increasing sand was
observed at a depth of 11 feel. Heavily cemented soil was encountered at
depths below 10 feet and auger refusal encountered at a depth of 17 feet. The
auger refusal most likely occurred on heavily cemented sand and gravel type of
sailor on conglomerate type rock. The borehole was backfilled with auger
cullings.

Neither a groundwater table nor a saturated condition was encountered during
our exploration.
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• Two Fines Content (ASTM 01348);
• Two Atterberg Limits (ASTM 04318);
• One Proctor Compaction (ASTM 0698); and
• One Remolded Swell (ASTM 0 4546).

The fines content and Atterberg limits tests indicated that the soils are generally
brown clayey gravel with sand, and medium plasticity. The fines content was
determined to be in the range of 29 to 32 percent. The gravel content was
determined to be in the range of 41 to 55 percent. The plasticity index ranged
from 19 to 24 percent. The in-situ moisture results indicate that the on-site soils
have a moisture content ranging from 4.9 to 5.3 percent.

The standard Proctor compaction test was completed on a composite sample
fabricated by mixing soils from both borings from the surface to a depth of five
feet. The Proctor test indicated a maximum dry unit weight of 114.9 pounds per
cubic foot and a optimum moisture content of 12.0 percent.

One remolded swell was completed on a composite sample fabricated by mixing
soils from both borings from the surface to a depth of five feet below grade,
using 95% of the maximum dry unit weight at 2% below optimal moisture
content. The test indicated low to medium swell potential.

HA did not performed compression or unconfined compression test as the
samples contained too much gravel and caliche nodules making it impossible to
avoid sample disturbance during trimming.

Detailed lab results are given in Appendix 0 with some of the select soil
properties provided below:
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LABORATORY TEST RESULTS SUMMARY

I
I
I

Fines
Content Liquid Plasticity

Boring Depth (% Passing Limit Index Soil
Number (feet) #200 Sieve) (Percent) (percent) Classffication

B-1 0-5 31.8 40 19 GC

B-2 0-5 29.0 52 24 GC
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3.0 FOUNDATIONS AND SLABS-ON-GRADE RECOMMENDATIONS

3.1 Foundations

The results of the field exploration and our experience in the general area
indicate that the on-site brown clayey gravel with sand soils will support the
structures provided that the foundations are constructed as recommended
herein. HA has considered two foundation systems to be viable for this site.
One alternative would be the shallow spread footing established in undisturbed
cemented soils encountered at a depth of five feet below the existing site grade.
Alternately, a drilled shaft established 17 feet below the existing surface grade
may also be considered. In the following two separate paragraphs,
recommendations for these two types of foundations are provided.

Shallow Spread Footing: Shallow footing foundations for this project should be
established at a minimum depth of five feet below the existing site grade on
undisturbed lightly cemented clayey gravel soil. The footing foundation may
be designed for an allowable bearing pressure of 5000 pounds per square
foot (psf). The allowable bearing pressure may be increased by one third for
transient loads such as wind or earthquakes.

All footings should be at least 16 inches wide and should be established 24
inches below the surrounding finished grade. Footings carrying horizontal
loads should be dimensioned in such a way that the resultant force acts at the
kern limit or the middle third of the footing. This will ensure that the footing edge
pressures, under horizontal loads, are not more than twice the pressure at one
edge over the pressure on the other edge, and no tension is developed at any
edge unless designed by the structural engineer.

Footing subgrade should be inspected and reviewed by an experienced
geotechnical engineer knowledgeable of the site soils condition to verify
firmness, and that the subgrade is free of loose and saturated soils, debris,
or other deleterious materials that may affect the performance of the
foundations. Should the subgrade be disturbed during construction, the
disturbed areas should be recompacted or removed as recommended later in
the Earthwork Construction Section of this report.

Drilled Shaft: Deep foundations consisting of drilled caissons on clayey gravel
soils encountered at a depth of 17 feet below the surface could be considered
for this project. Minimum diameter of the drilled shafts should be 36 inches.
Straight and belled bottom shafts could be designed for this site. For straight
shafts, a 17 feet deep, 36 inches diameter drilled shaft should have net capacity
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of 200 kips. If more than one drilled shaft is utilized for one pier, the net capacity
of a single shaft should be reduced according to American Association of State
Highway and Transportation Officials (AASHTO) criteria if a distance of 2.5
times the diameter of the shaft could not be maintained. Alternatively, belled
shafts could be utilized. An allowable end bearing pressure of 12,000 psf should
be utilized for sizing the belled drilled shafts, when the bell is established 17 feet
or more below the existing site grade.

All the drill shafts should be constructed with the following general guidelines:

• Due to the inherent nature of geotechnical exploration, there is
always the possibility that the subsurface conditions are found to be
significantly different than those encountered in the boring locations.
Because of this, the drill shaft contractor may be required to do more
or less work than anticipated. The drilling contractor should be
prepared to adjust his work schedule accordingly.

• All drill shafts must be constructed at the locations and to the
dimensions specified in the plans and specifications.

• All materials such as concrete, rebar, and casing (if required) utilized
should conform to the standard specifications. The concrete must
have a quality of workability suitable for uniform and proper
placement throughout the duration of shaft construction and when
cured must meet the strength and durability requirements. The
concrete slump should be 6 inches plus or minus 1 inch.

• The rebar steel should have the appropriate size and should not be
rusted or dirty. The clear spacing between bars of the rebar cage
shall be at least three times the size of maximum coarse aggregate.
Clear cover of the pier should be 3 inches or more.

• The side and bottom of the piers should be clean and free of loose,
disturbed or otherwise deleterious soils. The contractor shall
remove loose soil from the bottom of the piers, if possible, manually
so that the bearing stratum is free of loose soil.

• If access for personnel to the bottom of the piers is required to clean
or observe the bearing conditions, the shafts must be cased, the
personnel must use harness and emergency pullout cables, and the
shaft diameter must be 30 inches or more. All OSHA and other
applicable safety regulations must be followed.

• If caving occurs, the contractor should use a casing method of
construction, and if there is a danger of surface caving during the
construction, the contractor should implement safety precautions
with regard to the open hole.

• The rebar cages used for the drilled shafts must be completely
assembled prior to placement. The contractor should handle the
rebar cages in a manner so as not to cause damage during
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placement. The rebar cages should be held in position by some
positive method to minimize displacement. When a rebar cage
extends to the full depth in a cased hole, the contractor should
retrieve the casing slowly after filling with fluid concrete. The
downward velocity of the concrete relative to the rebar cage, as
occurred due to the casing pullout, should be kept to a minimum to
prevent settlement of the cage due to penetration into the subgrade
or due to the distortion of the cage.

• Concrete should be placed immediately after the shaft is inspected
and the rebar cage is placed.

• For this site, concrete may be placed by free fall. If a free fall
method is used, caution must be exercised so that the liquid
concrete does not strike the sides of the excavation, or the rebar
cage.

• Vibration of concrete should not be done inside a temporary casing
as it causes the concrete to arch.

• When casing is used, the column of fluid concrete will move
downward as the casing is pulled, and therefore, in some instances,
additional concrete will be required to ensure that the top of the
concrete is at the proper elevation when the casing is completely
extracted.

• The drilled shaft should be vertical, and the axis of the shaft at the
top of the shaft should be within three inches of its plan location.

• The geotechnical engineer should inspect the drilled shafts.

Drilled shafts carrying lateral loads should be designed for the soils lateral earth
pressure of 300 pounds per square foot per foot of length.

3.2 Approach Roadway

The construction type of the approach road of the bridge is not known. If
concrete is utilized, the approach road should be designed for a 'K' value of 200
pounds per cubic inch. If asphalt concrete is utilized for the approach, 3 inches
of asphalt and 6 inches of aggregrate base course should be utilized.

3.3 Settlement

Whenever additional loads are applied to the soils, soils compress and cause
settlement. Total and differential settlement that a structure will undergo
depends on the type of soil or rock, subsurface conditions, type of structures,
amount of loads, duration of loads, and infiltration of free moisture into the
foundation subgrade.
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Based on the subsurface soil conditions, HA estimates that the proposed
foundation may undergo a total settlement of less than 3/4 inch for 5000 psf
bearing pressure. The differential settlement is anticipated to be less than 1/2
inch. Based on the types of soil, these settlements will be completed within a
very short time after the full dead and live loads are applied. The estimated
settlement does not include the effect of saturation of the subgrade soils.

3.4 Lateral Earth Pressures and Design of Retaining Walls

Based on the project information it is HA's understanding that the proposed
structure will include earth retaining walls such as bridge abutment. Earth
pressure behind these walls depends on type and conditions of backfill, slope of
ground surface behind the wall, friction between wall and soil, and ability of the
wall to rotate in response to loading. Based on the site conditions and project
information, the following recommendations for lateral earth pressures and other
parameters required for the design of retaining walls are provided:

• Active earth pressure

• At rest earth pressure
• Passive pressure
• Coefficient of friction

: 30 pounds per square foot
per foot (psf/ft)

: 54 psf/ft
: 300 psf/ft
: 0.33

In addition, if traffic is anticipated within a horizontal distance from the top of wall
equal to one-half the wall height, lateral earth pressure recommended above
should be increased by minimum surcharge acting on the back slope equivalent
to two feet soil. The above-recommended lateral pressure does not include
loads due to seismic events. Should such requirements are felt necessary, HA
recommends that the design team contact HA personnel for lateral earth
pressure under seismic conditions. If free draining material and other system of
removal of water from behind the wall is not incorporated, the design should
include hydrostatic pressure as well.

The above recommendations are based on the presence of soil within the entire
height of walls and for full development of the Rankin triangular wedge behind
the walls.

Design should consider the following criteria to determine active, at-rest, and
passive pressure conditions:

• Active pressure: When the top of the wall is free to deflect and the
deflection is equivalent to at least 0.1 to 0.4 percent of the
height of a wall.
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• At rest:

• Passive:
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When the top of the wall is not free to move

When wall moves toward the soil as in the case of
soil in front of a retaining wall and deflection
required is 10 times more than that required
mobilizing active earth pressure.

The above-recommended pressures are valid for rigid retaining walls such as
such as concrete or masonry block walls only. The pressure recommended
above does not include vehicular or other surcharges due to equipment except
as noted and assume that the soil behind the walls is horizontal. It is also
assumed that there will be no ponding of water behind the wall to create
hydrostatic pressures.

Development of passive earth pressure in soil in front of a rigid wall requires an
outward rotation of the wall about its toe and is large compared to other
movement. Therefore, full mobilization of passive pressure is highly unlikely
before frictional force is mobilized. Based on this, HA recommends not
combining the friction and passive resistance to achieve stability against sliding.
If passive pressures and friction are required to be combined, HA recommends
that the passive earth pressure be reduced to half the value recommended
above.

Backfill behind the retaining walls should be clean, free draining granular
materials. The backfill soil should contain less than 5 percent fines
(passing a number 200 sieve). However, laboratory tests will be required to
verify their compliance and determine their suitability as backfill. The drainage
behind the wall should include granular material to intercept and drain the
infiltrating water away from the site.

During placement and compaction of the backfill behind the walls, care
should be exercised so that heavy construction vehicles stay away at least
a distance equal to 0.5H. To minimize risk of creating excess lateral
pressure on the wall, HA recommends that backfill behind the walls be
compacted utilizing light equipment such as a hand-held compactor and
limit the relative density of the backfill to 90 to 95 percent relative density
in relation to standard Proctor compaction test.

3.5 Corrosion and Top Soils

Various metals and other materials corrode when placed on or in contact with
soils. Some materials corrode more rapidly when in contact with certain types of
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soils than when in contact to others. The corrosion is a physical-biochemical
process that converts metals into ions. Before corrosion can takes place, soil
moisture is needed to form solutions of soluble salts. In addition, other factors
such as pH, oxygen concentration (aeration), and activities of organisms
capable of causing oxidation-reduction reaction also effect the corrosion
potential. The corrosion evaluation is commonly based on resistance of soil to
the flow of electrical current (minimum resistivity), total acidity, soil drainage, soil
texture, and some other properties of soils such as sulfate content.

For this site no tests were performed to estimate the corrosion potential.
However, based on our experience, HA recommends that type II cement be
utilized for all concrete and all metal pipes or features that will be in contact with
soil should be protected with anodization or galvanization.

3.6 Surface Drainage

In the dry southwest, if free moisture infiltrates into slabs or foundation
subgrade, distress in these features related to vertical and lateral movement
may be anticipated. Therefore, HA recommends that positive drainage be
provided in the final design. Surface and subsurface drainage of water from
ponding or infiltrating into the existing subsoil in building or structure areas must
be prevented. The design should divert water, especially the roof runoff, away
from where it could infiltrate into the subsoil. All retention basins should be
located away from the building or other structures.

1?
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4.0 EARTHWORK CONSTRUCTION AND ENGINEERING FILL

4.1 Grading and Site Preparation

The site is located within developments such as a canal, an existing bridge, a
power transmission line, several underground utilities and a golf course roadway
with landscaping area. Due to the presence of these features, site grading and
construction of the bridge foundation and abutment may require some
coordination. Based on our past experience site preparation for this structure
may not involve extensive grading except site preparation related to
mobilization, construction of approach road, and installation of foundations for
the bridge abutment.

4.2 Fill Placement and Compaction

Subgrade surfaces receiving fill should be scarified, moisture conditioned and
compacted to at least 95 percent of its standard Proctor maximum density placed
at slightly below or above the optimum moisture content. On-site soil free of
debris or large rock or concrete pieces may be utilized as fill soils. If necessary,
import soils may also be utilized as fill. The swell potential of the compacted
import soil should be less than 1.5 percent when tested under a vertical
pressure of 100 psf in accordance with ASTM D 4546 procedures.

On site, clayey sand and gravel soil recovered from the grading work and free of
oversized and deleterious materials can be utilized as fill. HA recommends that
on site soils beneath approach road should be scarified and moisture
conditioned to a depth of 10 inches and be compacted to 95 percent of
standard Proctor compaction density.

The fill surface should be adequately maintained during construction in order to
achieve acceptable compaction and interlift bonding. The surface should be
sloped properly to prevent ponding and provide drainage of runoff water. If
precipitation is anticipated, HA recommends that the fill surface be made smooth
by rolling with a smooth drum roller.

An experience geotechnical engineer to verify the nature and integrity of the
subsurface soils should inspect all foundation excavation.

If the foundation subgrade is disturbed or saturated, the disturbed or saturated
materials should be recompacted to at least 95 percent of the standard
Proctor maximum dry density or removed and replaced with suitable fill
materials.
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4.3 Quality Assurance and Quality Control Testing

HA recommends that site preparation, subgrade preparation, backfill placement,
re-compaction, and foundation are observed and or tested by a qualified and
experienced representative of the geotechnical engineer. This representative
should at least observe and document the following:

• All deleterious objects are removed from the foundation and slabs;
• Foundations and other subgrade are compacted, firm, and do not

contain deleterious objects;
• All compaction and moisture contents of backfill soils meet the

specified minimum values;
• Footing excavations exposed the soil that was anticipated in the

design and meet the recommended bearing values of 5000 psf;
• Perform on-site density testing in engineered fill or placement of ABC

at every 5000 square feet in building areas and at every 10,000
square feet in other areas; and

• Prepare a final report documenting all on-site activities, test results,
and conclusions.

The prepared fill, foundation excavations, and utility trenches should not be
exposed to the environment as they affect the moisture content and density of
the fill.

During construction of engineered fill, there is a possibility soil may pump during
the construction process when the moisture content is at or above optimum.
This pumping may adversely affect the construction. When this situation is
encountered, the affected soil should be removed, or scarified and allowed to
lose moisture and recompacted before constructing foundations or slabs. Dry
unprocessed soils should not be mixed with wet soil to bring the soil moisture
within the recommended range. Large sized particles should be wasted or
broken down with the aid of construction equipment. The fill soils should not
contain nesting of gravels or cobbles.
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5.0 CONSTRUCTION CONSIDERATIONS

Excavation at the site should be able to be accomplished using conventional
construction equipment to reach the depth of five feet or less. However, due to
presence of heavily cemented soil below a depth of five feet, specialized
excavation equipment such as a dozer or a drill rig capable of penetrating hard
caliche with consistency like rock may be required. The disturbed soil during
grading should be properly recompacted and the areas should be backfilled with
compacted-engineered fill in compliance with the earthwork construction
procedures recommended herein. Due to possible past usage of the site,
underground features such as pipelines and other obstacles may be
encountered during site grading or excavation. These features should be
identified and completed removed before any structures are built. All the soil
generated from the grading work should be removed and disposed of in an
acceptable manner. Utility trenches or other confined excavation extending
more then 4 feet should conform to the OSHA safety regulations.

HA recommends that all excavation slopes should be maintained at 1.5:1
(horizontal to vertical) or flatter from surface to a depth of five feet and 1:1 below
the five feet depth. If excavation remains open for long lime, to avoid raveling
and spall off or localized caving, HA recommends that all cut slopes are
stabilized with application of shotcrete or gunite or polymer based spray.
Excavated slopes at or near the canal should consider possible liner leakage
and impact of excavation on lining system. If the Owner/Contractor desires to
use steeper slopes, HA should be contacted to evaluate the excavation slope at
the time. The excavation slope gradients are influenced by soil parameters,
slope height, type of equipmenUload applied at the top of the slope and length of
time the slope will be exposed to the environment.

If the excavation is extended close to the canal bank with equipment producing
excessive vibration and shear during operation, HA recommends that care is
exercised so that no preferential flow path for water from the canal is created

15



Hoque & Associates, Inc. Geotechnical Exploration Report
Project No. 02043 Arizona Biltmore Bridge, Phoenix, Arizona

6.0 CONCLUSIONS

Due to the inherent natural variations of the soil stratification and the nature of
geotechnical exploration, there is always a possibility that conditions between
borings may be different from those encountered at the boring locations.
Therefore, HA should observe and document the construction to verify that the
site conditions are as we anticipated during the preparation of this report, and to
modify our recommendations to include the changed conditions, if encountered.

The practice of geotechnical engineering is such that the risks involved in
building an efficient, functional and economical structure cannot be assessed
with confidence until construction begins. Therefore, we recommend that our
input is sought during design and a competent engineer makes engineering
observations during the construction.

This report is not intended for use as a bid document. We provided some
comments and discussed some construction techniques or procedures for the
designer's guideline. HA's intentions are not to develop specifications.
Therefore, this report should not be interpreted to dictate construction
procedures or to relieve the contractor of his responsibility for construction.

Any structures built on soil as foundation subgrade are subject to risks that
cannot be entirely calculated or eliminated. Detrimental hazards such as
settlement, concentrated drainage, fatigue, hydro-compaction and expansive or
collapsible soil movements due to unidentified geologic conditions are not
uncommon. The geotechnical exploration performed with few boreholes, few
laboratory tests and extending to limited depths may not delineate these
hazards. However, risks from these hazards can be reduced by employing
appropriate design professionals, qualified contractors in developing a property
and proper maintenance. The geotechnical borings and laboratory tests only
can identify the risks delineated in those points.

HA would also like to disclose that our recommendations are valid for this
proposed development at the issuance date of this report. Changes in the site
by human activities, changes in codes due to legislative action, or broadening of
knowledge may affect the conclusions and recommendations. Accordingly,
these findings may be invalidated.
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VICJNfTY MAP

BILTMORE GOLF COARSE
Arizona Canal at Arizona Biltmore Golf Coarse

Phoenix, Arizona
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Photo 1: View of Boring B-1

Photo 2: View of Boring B-2

Hoque &Associates, Inc.
Project No. 02043

Geotechnical Exploration Photo Pages
Arizona Biltmore Country Club Bridge, Phoenix, Arizona
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I UNIFIED SOIL CLASSIFICATION SYSTEM

Soils are visually classified by the United Soil Classification System (USCS) on the boring logs
I presented in this report. Grain size analysis and Atterberg limits tests are often performed on

selected samples to aid in classification. The classification system is briefly outlined on this chart.
For a more detailed description of the system, see ""he Unified Soil Classification System" Corps of

I
Engineers, US Army Technical Memorandum No. 3-357 (Revised April 1960) or ASTM Designation:
D2487-66T.

Silty gravels. grovel-sond-silt mixtures.

Well graded grovels, grovel-sand mixtures,
or send-grovel-cobble mixtures.

TYPICAL NAMES

Silty sands, sond-silt miXtures.

Poorly graded gravels, grovel-sand mixtures,
or sond-gravel-cobble mixtures.

Well graded sands. gravelly sands.

Clayey gravels. grovel-sand-clay mixtures.

Poorly 'graded sands, gravelly sands.

Clayey sands, sand-cloy mixtures.

GROUP
SYMBOL

GW

GP

GM

GC

SW

SP

SM

SC
-

ML

MH

CL

CH

200 sieve)

200 sieve)

Umils plot below the ",.." line &:
hatched zone on plasticity chart

Umits plot obove the -A- line &
hatched zone on plasticity chart

Limits plot below the -A- line &
hatched zone on plasticity chart

Umits plot above the -A- line &
hatched zone on plasticity chart

CLEAN SANDS
5% posses No.

CLEAN GRAVELS
5% posses No.

MAJOR DIVISIONS

(Less than

GRAVElS WITH
RNES

(lifore than 12.%
posses No. 200

sieve)

(Less than

SANDS WITH RNES
(lifore thon 12"
posses No. 200

sieve)

~g

~~
a

E:]z
Z m

~ ~
'" ~0.
I ..,
wo
UlU1

'"<co
00
u£

m
m

~

I
~ "Ii ~ SILTS OF LOW PLASTICITY Inorganic silts, non-plastic 0' slightly

c ~ ~ ~ ~ ;'181'"' (liquid Limit Less Then 50) plastic.
.~ 8.~. iii~, "'.h. •f----o;S'"�"'LTS;;;,;'O~F,;-:;H7.I"'Gi'iH-'7;P"LASTT,;ii-IC;,,;;ITY~----+---+-'---:---:---:----------jn Inorganic silts. micaceous or diatomaceous

&l'iii .:J.-i .. Na. ( )Ul co - ~ Liquid Limit More Then 50 silty soils, elastic silts.

I
"':! a 0 f--=---t---->-;;;:s:;;:-~,:..:,i6:~""iii-;,,;;6'_'_---_+---+--::-_:_-'--_:_-_:_-_:__:__::__:_-~_j
I ~ E 0 "Ii ~ CLAYS OF LOW PLASTICITY Inorganic cloY" of low to modium ploolic;ty. 9",YOI~

~ N ~ ~~! Sf'"' (Liquid Limit Less Than 50) clOY", oondy clOY", silty cloY", leon cloY".
>r~ 0.; <0; .!!,"'j! • f----',~=:__="''''''''''....=_=c----1----t_-------------__i

,
r ~ Z ".~) .. Il " CLAYS OF HIGH PLASTICITY Inorganic cloys of high plosticity, fat ClOYS,

•• -~ (Liquid Limit More Then 50) sandy cloys of high plasticity.

i

I
NOTE:
Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with

I Atterberg limits plotting in the hatched zone on the plasticity chort sholl have duol sYfi)bol. In
Arizona, local streams contain sand, gravel & cobble type material, which are locally known as SGC
or riverrun material. The USCS is not used to divide and symbolize this material.

PLASTICITY CHART

I ~ 40.... ............~~~r..a.~. ..., ; .
J~ 30 : : ', ,., ",i ,',' ....... ··t·· ······f·········!·········f·····.. ·

I 12100 :, C•..L..•....O,•••'••••?L.·.7.,..• ...T'~H~;·;~;····.--;.· .
I <i 0 L'_.....,~i~.~~.~..~.;'A~..~L_Of~'~..O~·L·b_·_..-;.. l'··...,··_···-:..~i.;-..._.....,...~'.::-.'-'''-'J' ;;-"._.,...~:;;:...:-.._..J..

o 10 20 30 40 50 60 70 80 a 100 110

DEFINITIONS OF SOIL FRACTIONS

Above 3 in.
3 in. to No. 4 sieve
3 in. to 3/4 in.
3/4 in. to No. 4 sieve
No. 4 to No. 200
No.4 to No. 10
No. 10 to No. 40
No. 40 to No. 200
Below No. 200 sieve
Smeller then 2 microns
Smeller then 5 microns

I PARTlCLE SIZE RANGESOIL CO..PONENT

Cobbles
Gravel

Coarse grovel
Fine grovel

Sand
Coarse
Medium
Fine

Fines (silt & cloy)
Cloy
Colloid

.........! ........ ·i ....·· .. !...... ··f·· ..··
,

·········1··· ! j .. ··· .. i· .. ·.. ··

LIQUID LIMIT (LL)II!------------------------------'



Subsurface Investigation Methods

Subsurface investigation methods include displacement boring, wash boring,
percussion drilling, rotary drilling, auger boring and continuous sampling. For a
particular site exploration, the preference of the particular method and drilling
equipment are dependent upon various factors. These factors may include
equipment suitability, site accessibility, geological surroundings, environmental
factors and economic considerations.

Displacement Borings

This technique is often used in preliminary exploration where prevalent
subsurface information is required. Displacement borings are simple and most
cost effective for non-caving ground. Without any effort to brace the borehole,
sampling the soil at the desired depth is achieved by inserting samplers in the
closed position, such as cup, piston or split tube samplers to the required depth.

Wash Borings

This procedure is advantageous in that the equipment is relatively inexpensive
and easily transferable. Wash borings entail the insertion of steel casing and
washing out the material to the bottom of the casing or a depth below the steel
casing. A re-circulating fluid that carries the cuttings to the surface accomplishes
this wash. The drill rod and chopping bits that are used in this procedure
alternately raise and drop with slight rotation to anatomize the material within the
casing.

Percussion Drilling

Also known as Churn or Cable Tool Drilling, this method is employed primarily in
the well drilling industry. Due to potential sample disturbance, percussion drilling
is not used extensively in geotechnical inquisitions. For this procedure, raising
and dropping a heavy drill bit and removing the loose soil by bailing creates a
borehole. Generally a traditional sampler is used in place of the drill bit to collect
the sample after the slurry is removed.



Rotary Drilling

This technique is flexible and adaptable which may be used with different
equipment models and sampling apparatus. By advancing a cased or uncased
borehole by rapid rotation and pressure, grinded material or cuttings are created
at the bottom of the borehole. The removal of these cuttings are achieved by
pumping air, water or drilling mud from a reservoir on the surface through the drill
rods to the bottom of the borehole. After obtaining the desired depth, a sampling
mechanism is used.

Auger Boring

This method is popular because it is quick and economical in conducting
subsurface investigations. Most often, augers are mounted on large rigs for rapid
mobility. However, augers can be on track-mounted equipment as well. This
type of boring is subdivided into three categories depending on the type of
equipment used. These are construction augers, solid flight augers and hollow
stem augers. Construction augers are usually large in diameter and primarily
used for shallow inspection of soil. Although not designed for sampling,
construction augers can be used for bulk sampling. Solid flight augers,
sometimes called continuous flight augers are the most expedient of the augers
in obtaining a borehole. Samples are obtained from auger flights. An
improvement to the continuous auger is the hollow stem auger. A center plug
that is removed from the auger permits sampling tools to be used in the borehole
without the removal of the auger.

Continuous Sampling

This type of sampling may provide more infallible and detailed information about
subsurface conditions than any other sampling. This reliability is enhanced
because continuous sampling utilizes a variance of sampling tools and test
boring procedures.
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Soil Sampling Methods

Split-Spoon

The most common method for obtaining representative samples are done with
the split-spoon. Associated with the Standard Penetration Test (SPT), split
spoon sampling is acquired immediately beneath the borehole near the ground
surface.

Ring Sampling

Ring sampling consists of using six rings that are driven beneath the borehole to
obtain an undisturbed sample. This type of representation is used in the
laboratory to obtain parameters for foundation analysis.

Bulk Sampling

Bulk sampling is performed when an undisturbed specimen is not required. This
type of sampling is less time consuming and thus more cost efficient, and is
desirable when a Proctor, gradation or plastic index is needed.



Appendix D

Boring Location Diagram
And

Boring Logs



I
N

,...---- EXISTING FOOT AND
GOLF CART BRIDGE

I- co·-I
1/ B-1 ®-.l..-

c' ARIZONA CANAL

CAMINO ACEQUIA

ARIZONA BILTMORE
COUNTRY CLUB

Not to SCale

1797 west University Drive, Suite 167
Tempe, Arizona 85281
Tel: (480) 921-1368

Hoque &Associates, Inc.
Geotechnical, Environmenta1 & Matenat Engineers

Arizona Canal and Arizona Biltmore Golf Coarse
Phoenix, Arizona

EH

Dale of Boring:

IoP~roje::::;ct"'NO::-:-.:-~06~/1:!!;41O~2 BORING LOeAliON MAP
Ir

D
;;:;ra:::wn;;-;:;;By;:-:__----'O~20~4~3 BILTMORE GOLF COARSE BRIDGE

Checked By:



KEY TO SYMBOLS
Symbol Description

Strata symbols

Clayey gravel with sand

Clayey sand with gravel

Misc. Symbols

Boring continues

N-value of penetration test

Soil Samplers

Bulk sample taken
from a in. auger

Ring sampler

Standard penetration test

Notes:

1. Exploratory borings were drilled on 6/14/02 using a
a-inch diameter continuous flight power auger.

2. No free water was encountered at the t~e of drilling or
when re-checked the following day.

3. These logs are subject to the l~itations,.... ~" "'".
conclusions, and
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PROJECT NO.: -"02~04~3"-__

DATE: "'6"'1"'14"'/0"'2'- _

ELEVATION: ---'nJ""a'--- _

LOGGED BY: ....:M"'C""S'--__
BORING NO. B-1

BORING LOG

File: Arizona Bilunore 00 eo....

PROJECT: Arizona Biltmore GolrCourse Bridge

CLIENT: Morrison Maiene, Inc.
If----------------j LOCATION: Arizona Biltmore G.CJArizona Canal

DRILLER: Geomechanics Southwest, Inc.

DRILLING METHOD: -"C:.::m"'e--"'7"'S-'Sc.""'R:.::ota=ry"'H:.::SA= _

""""'",'" DEPTH TO - WATER> INITIAL: ¥ noneencoontered AFTER 24 HOURS: ~

: 40/50-4" :

"

• :d>1r~";""'--l

Description

moderate to heavy cementation

Fill consisting of brown clayey gravel with sand (GC); damp, medium dense.
Gravels are angular to subangular.

o

15

6

(SC) Light brown clayey SAND with gravel; damp, very dense, light to
moderate cementation

18

3

TEST RESULTS
:i ~ Plastic limit I I Liquid Limit
~ ~ Water Content· •

If--+-----------------------------f--+-+-l Penetration - 6.
1-----"');.0_-,,20li..........230li.........:!40li.........2!50"--4-11

]
go

] 12

"g 9

"I

HOQUE
& ASSOCIATES

Figure PAGE 1 of2



01.

PROJECT NO.: -",02",04",3,-__

DATE: -'6"'/1"'4"'/0:::2 _

ELEVATION: -"'01-"-, _

LOGGED BY: --'M"'C"'S'--__
BORING NO. B-1

BORING LOG
PROJECT: Arizona Biltmore GolfCourse Bridge

CLIENT: Morrison Maierle. Inc.
1f--------------1LOCATION: Arizon, Biltmore G.C.lArizon. Canal

DRILLER: Geomechanics Southwest, Inc.

DRILLING METHOD: -"C"'m"'e...;-7-"S-"S'-"."R"'ota:::ry:....;H."S"-A"- ---,=- _
.,..""""'","" DEPTH TO - WATER> INITIAL: ¥ none encountered AFTER 24 HOURS: ~

50,1"
¢.

Description

Boring Tenninated at 25'. Borehole backfilled with cuttings.

(SC) Light brown clayey SAND with gravel; damp, very dense, heavy
cementation

21

24

27

o TEST RESULTS
"ffiSia.iicuiiTiii~===fituidi:J,;;it...J ct. I Plastic Umit I I Liquid Limit
~ ~ Water Content - •

1f-_+- -+._+-+-1Penetration - "
1-~1~0_-"20"-.....:i!30"-....:l:40:!...._50~_-I---l1

.:l
";l

~
':l

~
~
e....
~
=
~

f..
Jl.,
g 30

'"j

•
~
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Figure PAGE 2 of2
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PROJECT NO.: ~02~04=3 _

DATE: --'6"-1"'14"'/0<=2'---- _

ELEVATION: ~nI",a,,--- _

LOGGED BY: ~M"C",S,--__
BORING NO. B-2

BORING LOG

File: Ari7..ona Biltmore Golf Coarse Bri

PROJECT: Arizona Biltmore Golf Course Bridge

CLIENT: Morrison Maierle, Inc.

�1---------------1 LOCATION: Arizona Biltmore G.C.lArizona Canal

DRILLER: Geomechanics Southwest, Inc.

DRILLING METHOD: -"C"'m':e=-7c:5-O.8'-"-"R"'o"'tary=H"'S"'A"- ,-_--::-:==-~===_-------
D&ePrinl.ed: 7/1102 DEPTH TO - WATER> INITIAL: ¥ none encountered AFTER 24 HOURS: ~

:1

.:6,' .

lS·•

Description

Auger refusal at 17'. Borehole backfiUed with cuttings.

(SC) Light brown clayey SAND with gravel; damp, very dense, heavy
cementation

Fill consisting ofbrown clayey gravel with sand (GC); damp, medium dense,
light cementation. Gravels are angnlar to subangnlar.

o

Ii' TEST RESULTS
:5 ~ Plastic Limit I I liqUid Limit

~ ~ Water Content· •

11--+------------------------------+--+-+-1 Penetration - 6.
1--!.1J!.O_~20!L.._"30!L.......:±40!L......250!L.._l_l1

HOQUE
& ASSOCIATES

Figure PAGE 1 of 1
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Lab Results
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GRADATION & PI HOQUE &ASSOCIATES
1797 W. University Dr., Ste. 167
Tempe, Arizona 85281
Tel: 480-921-1368
Fax: 480-921-0194

Client: Morrison Maierle, Inc. HA Project No. : 02043
Project : Arizona Biltmore Golf Coarse Bridge HA Lab No.: 02L1050
Location: Arizona Canal and Arizona Biltmore Date Received : 6/14/02

Phoenix, Arizona Test Reauired :
Material: Clayey Gravel with Sand Gradation
Mat. Source : B-1 (0-5') -200 Wash x
Sampled By: MCS PI x
Sampled Date: 6/14/02 Proctor x
Submitted by : MCS Test Dates: 6/14/02

__----JIASTM 01348 ,---,,-x_IARIZ 201c '--__!AASHTO T-89/90

Sample WeiQht Coarse 1 Fine Factor

+#4 4136.7 Coarse Factor : I 0.009883
-#4 6298.4 Fine Factor : I 0.120848

Total 10435.1

Natural Moisture
WetWT(Q) : 296.20
Dry WT (g): 281.30
% Moisture: 5.3

I
I
I
I

SieveUS/mm WI. Retained %Retained %Passing Specs PLASTICITY INDEX (AASHTO T-89 & 90l
3"[75 Liauid Limit IPlastic Limit

2-112"/62.5

Z'/50 Tare WI. : 11.12 TareWl.: 11.24

1-112"/37.5 WaWl. : 25.67 WetWl. : 20.05
1" 125 DryWl. : 21.44 DrtWt. : " 18.49

3/4" 119 #of Blows 21

1/2"112.5 Bios Factr 0.9808

3/8" 19.5 LL = 40 PL- I 22
1/4" 16.3

No.4 14.75 PLASTICITY INDEX - 19 I
Min #4 59

+#4 Total 4136.7 WBW(Wet): 515.1 BLOWS FACTOR
-#4: Wet 6298.4 WBW(Dry): 489.2 20 0.9758

-#4: Dry 5982 WAW(Dry): 333.6 21 0.9806

Total 10118 Elutration: 155.6 22 0.9855

#812.36 23 0.9903

#1012.00 24 0.9952

#16/1.18 25 1

#3010.60 26 1.0048

#40/ 0.425 27 1.0097

#50/0.30 28 1.0145

#100 I 0.15 29 1.0194

#200 10.075 30 1.0242

-#20010.075 0- 31.8
Total Tested By: AR

Elutration USCS:GC Checked By: MCS



GRADATION & PI HOQUE & ASSOCIATES
1797 W. University Dr., Ste. 167
Tempe, Arizona 85281
Tel: 480-921-1368
Fax: 480-921-0194

Client: Morrison Maierle, Inc. HA Project No. : 02043
Project : Arizona Biltmore Golf Coarse Bridge HA Lab No.: 02L1052
Location: Arizona Canal and Arizona Biltmore Date Received : 6/14/02

Phoenix, Arizona Test Required :
Material: Clayey Gravel with Sand Gradation
Mat. Source : B-2 (0-5') -200 Wash x
Sampled By: MCS PI x
Sampled Date: 6/14/02 Proctor x
Submitted bv : MCS Test Dates: 6/14/02

'--_----'IASTM D1348 _--,x,,--_!ARIZ 201c __----'IAASHTO T-89/90

Sample Weight Coarse / Fine Factor

+#4 5426.2 Coarse Factor : I 0.010178
-#4 4613 Fine Factor : I 0.087239

Total 10039.2

Natural Moisture
WetWT(Q) : 262.70
DryWT (0): 250.50
% Moisture: 4.9

I
I
I
I
I

Sie\e US/mm WI. Retained % Retained O/OPassing Specs PLASTICITY INDEX (AASHTO T-89 & 90)

3"f15 liquid Limit IPlastic Limit
2-112"/62.5

'Z'/5IJ Tarewt. : 11.61 Tarewt. : 11.13

1-112"/37.5 WetWt. : 24.06 Wetwt. : 18.57

1" /25 Drywt. : 19.78 Drtwt. : 16.93

3/4" /19 # of BICfNS 23

112"/12.5 Bios Factr 0.9903

3/8" 19.5 LL = 52 PL= I 28
1/4" /6.3

No.4 14.75 - PLASTICITY INDEX - I 24 I
Min #4 . - 45

+#4 Total 5426.2 WBW(Wet): 538.2 BLOWS FACTOR

-#4: Wet 4613 WBW(Dry): 513.2 20 0.9758

-#4: Dry 4399 WAW(Dry): 384.4 21 0.9806

Total 9825 Elutration: 148.8 22 0.9855

#812.36 23 0.9903

#10/2.00 24 0.9952

#16/1.18 25 1

#30/0.60 26 1.0048

#40/0.425 27 1.0097

#5IJ / 0.30 28 1.0145

#100/0.15 29 1.0194

#20010.075 30 1.0242

-#20010.075 29.0
Total Tested By: AR

Elutration USCS:GC Checked By: MCS



PROCTOR -Hb.QtiE";8/'ASS~IA~S
~.- ~....,.". . - - >:~..:-..;;: ~ ~

1797 W. University Dr., Ste. 167
Tempe, Arizona 85281
Tel: 480-921-1368
Fax: 480-921-0194

Client: Morrison Maierle, Inc. HA Project No. : 02043
Project : Biltmore Golf Coarse Bridge HA Lab No.: 02L1050-52
Location: Arizona Canal, Biltmore Golf Coarse Date Receiv.ed : 6/14/02

Phoenix, Arizona Proctor Type Standard.
Material: Clay with Sand Method D698 A
Mat. Source : B1, B2
Sampled By: MCS
Sampled Date: 6/14/02 Tested Bv: AR
Submitted bv : MCS Test Dates: 6/17/02

Point No 1 2 3 4 5
WM+WS(Q) 6438.7 6515.8 6487.2 6480.0
WW(g) 237.7 2.13.8 211.7 2..17.0
DW(o) 216.2 190.7 184.6 186.9
Moisture (%) 9.9 12.1- 14.7 16.1
WM (a) 4564.0 .

VM(cu; fH 0.0334- .
Rock (%) 47

MOISTURE
DRY DENSITY

9.9
112.5

12.1
114.9

14.7
110.7

16.1
108.9

/ ,
1/ ~.

•.
\ , .

~,
, .. ,

i= 116
u. 115
::l
~ 114
lD
:::!.. 113

1= 112

en 111z
w 110c
~ 109
C 108

o 2 4

COMPACTION CURVE

6 8 10 12

PERCENT MOISTURE

14 16 18

LAB
Max. Dry Density (Ib/cu. ft.)
Opt. Moisture Content (%)

114.9
12

ROCK CORRECTED
Max. Dry Density (Ib/cu. ft.)
Opt. Moisture Content (%)

134.2
6.5


