










4.0 SUBSURFACE INVESTIGATION

The subsurface investigation for this project was conducted on March 1st and 2nd , 2012, by drilling ten

exploratory borings at the approximate locations shown on Figure 1, Locations of Exploratory Borings. Five of those

borings (S1 through S5) were drilled within the proposed building area and were extended into bedrock. The

remaining borings were drilled to 10 feet deep for pavement design purposes. Drilling was conducted using a truck

mounted D-50 drill-rig equipped with 4% inch inside diameter hollow-stem augers and 4 inch outside diameter solid

stem augers. The borings were logged by a Geocal representative.

Subsurface soils were obtained using 2 inch ID California liner samplers and 1% inch ID split-spoon

(Standard Penetration Tester) samplers. The samplers were driven into the various strata with blows from a 140

pound hammer, similar to ASTM D1586 test standard. Penetration resistance values, when properly evaluated,

indicate the relative consistency or density of the soils, or bedrock hardness. Drive samples were taken at

approximately five foot intervals. Bulk samples of auger cuttings were collected from about the upper 1foot to 5 feet

of each boring. Logs of the conditions encountered are shown on Figure 2and description of the materials

encountered and symbols used are presented on Figure 3.

5.0 SUBSURFACE CONDITIONS

In general, the structural borings (Borings S1 through S5) encountered 5feet to 15 feet of artificial fill,

consisting of variable clay with sand and gravel, to silty or clayey sand that was stiff to very stiff or medium dense to

dense, with fine to coarse grained sand and low plasticity fines. Below artificial fill, the borings encountered mixed

natural sand that was silty to clayey with some gravel in parts, over natural medium to high plasticity sandy clays and

clayey sands. The natural clays were stiff to very stiff, whereas the sands were dense. The soils were moist and

ranged from brown or dark brown for the fill to light brown or brown for the natural soils. Claystone bedrock was

encountered from about 10 feet to 28 feet below the ground surface at the north and south ends of the site,

respectively, and ranged from approximate elevations 5,327 to 5,336. Bedrock was mostly hard to very hard, moist,

olive gray to reddish brown, and high plasticity. The upper 1to 4 feet of claystone bedrock was weathered in a

number of the borings. Ground water was not encountered in the borings during drilling. However, three structural

borings (Borings S3 through S5), were left open for a follow up water level check three days after drilling, and ground
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water was measured in Boring S3 at adepth of 38 feet. Ground water levels can be expected to fluctuate with

varying seasonal and weather conditions.

The borings drilled for pavement design purposes (Borings P1 through P5) were extended to a total depth of

10 feet. Borings P3 through P5, encountered between 5 inches to 8 inches of asphalt pavement overlying a thin (2 to

3 inch) section of aggregate base course. In general, the borings encountered about 1foot to 3 feet of artificial fill

under the pavement section or at the surface. The artificial fill was generally comprised of sandy clay with some

gravel that was stiff to very stiff, moist, with low plasticity and was light brown to brown. Below the artificial fill were

natural clay soils which extended to total depth explored, 10 feet. The clay was sandy, very stiff with isolated soft

areas, moist, low to medium plasticity, and light brown. Borings drilled in West 10th Avenue and Sheridan Boulevard

were backfilled with a mix of pea-gravel and sand and compacted by the weight of the drill rig, then patched with 8

inches of compacted cold mix asphalt. All other holes were backfilled with compacted auger cuttings.

The conditions encountered in the exploratory borings were generally consistent with those described in the

Rocksol preliminary report and from borings conducted by Geocal for the West Corridor geotechnical study for the

Sheridan Bridge.

6.0 LABORATORY TESTING

Laboratory tests conducted on soil and bedrock samples consisted of natural moisture and density,

Atterberg Limits, swell-compression, gradation, moisture-density relationship, unconfined compressive strength and,

water-soluble sulfate concentrations. The results of the laboratory testing are shown on Figures 4 through 19 with a

summary on Table 1.

Swell-Consolidation Tests: Swell-compression tests (ASTM 04546) were conducted on samples of the

sandy clay soils and claystone bedrock to evaluate compressibility or swell characteristics under loading and wetting.

The samples were placed in an odometer ring between porous discs and light surcharge load was applied. After

stabilization, the samples were submerged and the percent volume change was measured. Subsequent loads were

applied and the change monitored until deformation practically ceased under each load. The swell-compression test

results are shown on Figures 4 through 8. The results indicate that the natural soil samples tested had low to

moderately high swell potential under light load and wetting, and moderate compressibility under increased loading.
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Water-Soluble Sulfates: The water-soluble sulfate test is a measurement of the potential degree of sulfate

attack on concrete exposed to the onsite soils. Sulfate solutions react with tricalcium aluminate hydrate, anormal

constituent of Portland Cement concrete, forming calcium sulfo-aluminate hydrate with an accompanying expansion

in volume. Sulfate expansion problems are typical of soils with asulfate concentration in excess of 0.10%. The

levels of water soluble sulfates contained in samples of soils tested were 0.01 %to 0.03%, indicating negligible to low

level of potential sulfate attack on concrete exposed to the onsite soil. Based on Table 4.3.1 of the American

Concrete Institute (ACI) 318-05 "Requirements of Concrete Exposed to Sulfate Bearing Solutions", the potential

sulfate exposure indicates that Type 1/11 cement should be considered for concrete exposed to the onsite soils.

7.0 FOUNDATION RECOMMENDATIONS

7.1 Drilled Shafts

Based on the proposed construction and the subsurface conditions encountered, adrilled shaft foundation is

recommended for support of the parking garage structure. The following design and construction recommendations

should be observed.

1. Drilled shafts should be designed for a maximum allowable end bearing pressure of 35,000 psf and side
shear of 3,500 psf for that portion of shaft in unweathered claystone bedrock. For drilled shafts that extend
below an elevation of 5,320 feet and meet the minimum bedrock penetration and minimum length
requirements, a maximum allowable end bearing pressure of 45,000 psf and side shear capacity of 4,500
psf may be used for design. An allowable side shear value of 3,000 psf, plus the weight of drilled shaft, may
be assumed for uplift resistance.

2. Due to potential weathering, the upper three feet of bedrock penetration should be neglected for side shear
resistance.

3. Settlement of properly constructed drilled shafts is expected to be %inch or less.

4. Drilled shafts should be designed for a minimum dead load pressure of 10,000 psf, based on the shaft cross
section area only. If the minimum dead load requirement cannot be achieved, then the shaft length should
be extended beyond the minimum bedrock penetration to make up the dead load deficit. This can be
accomplished by assuming the uplift resistance value given above acts in the direction to resist uplift.

5. Some variation in the bedrock surface should be anticipated. Drilled shafts should penetrate at least 8 feet
into competent bedrock and have a minimum length of 12 feet. These are geotechnical parameters.
Greater penetration depths may be needed based on the structural requirements.
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6. Drilled shafts should be designed with additional reinforcement over their full length to resist an unfactored
net tensile force from expansive soils/bedrock of 20 kips. The net tensile force is from expansive bedrock in
the upper 8 feet of shaft length which represents the estimated zone of influence for the expansive
materials. The tensile force is for a one foot diameter shaft, and is applied along the circumference of the
shaft along the upper 8 feet of bedrock penetration due to expansion of the bedrock. The value should be
corrected for other shaft diameters. The tensile force may be reduced by the dead load on each shaft.

7. The minimum spacing requirements between drilled shafts should be 3 diameters from center to center. At
this spacing, no reduction in axial design parameters is required. Drilled shafts grouped less than 3
diameters center to center should be studied on an individual basis to evaluate the appropriate reduction in
axial capacity. Lateral capacity parameters are provided in Section 7.2.

8. Drilled shaft holes should be properly cleaned prior to placement of reinforcing steel or concrete. A
maximum length to diameter ratio of 25 is recommended to facilitate cleaning and observation of the shaft
hole.

9. Concrete utilized in the drilled shafts should be a fluid mix with sufficient slump so it will fill the voids
between reinforcing steel and the shaft hole. Concrete with a slump in the range of 5 inches to 7 inches is
recommended.

10. The presence of water and some isolated granular soils encountered in the exploratory borings indicates
that casing may be required to reduce water infiltration and to help control caving in some of the shafts. In
some cases, the requirements for casing can sometimes be reduced by placing concrete immediately upon
cleaning and observing the pier hole. If water cannot be removed prior to placement of concrete, then
concrete should be placed using an approved tremie method. In no case should concrete be placed
through more than 2 inches of water and only after the hole has been well cleaned and approved.

11. If shaft holes are cased, a sufficient head of concrete should be maintained inside the casing during casing
extraction to help reduce the potential for voids being formed in the concrete upon casing removal. The
concrete should not be allowed to rise during the casing removal. If it becomes apparent that voids may
have formed during shaft installation, the contractor should be required to perform non-destructive tests to
evaluate the continuity and integrity of the shaft. Tests may include sonic echo tests or other tests.

12. Bedrock penetration should be measured down from the bottom of the casing or top of competent bedrock,
whichever is the lower elevation.

13. Concrete should be placed in the holes the same day they are drilled and the presence of water will require
that concrete be placed immediately after the shaft hole is completed. Failure to place concrete the day of
drilling will result in degradation of the bedrock capacity and a requirement for additional bedrock
penetration. The amount of additional bedrock penetration will be afunction of how long the hole is left
open and whether or not water accumulates during the inactive period. If holes are drilled into bedrock and
left open over-night, this office should be contacted for additional bedrock penetration requirements.

14. Care should be taken to prevent forming mushroom shapes at the top of the drilled shafts. If caving is
excessive, the contractor should be required to use slurry, sonotube, or other methods to protect the
integrity of the hole.

15. The drilling contractor should mobilize equipment of sufficient size and operating condition to penetrate the
materials and to achieve the required bedrock penetration.

G8oCaI. lin, Soil and Foundation Investigation and Pavement Design
Sheridan Parking Structure

G11.1423.000
Page 7of 21



16. To help reduce potential differential movement between the main structure and elevator pit, we recommend
that the elevator pit also be supported by drilled shafts.

17. Installation of drilled shaft operations should be observed by Geocal personnel on a full-time basis.

7.2 Lateral Capacity Parameters

The following recommended lateral capacity parameters are based on the structural engineer using the

computer program LPILE for lateral load analysis. Data presented below is based on our judgment and the user and

technical manuals for LPILE Plus 4.0.

Lateral Capacity Parameters for
Drilled Shaft Foundation

Total Unit Cohesion Friction
Material

Weight C
angle k-static k-cyclic £50

Type degrees (pci) (pci)
(pcn (psn 8

Onsite sandy
clays to clayey 115 500 0 100 -- 0,010

sand soil
Claystone

120 4,000 0 2,000 600 0.005
Bedrock

EsO =strain at 50% of peak strength

The unit weight of water should be subtracted from the total weight for the submerged or potentially

submerged condition. Bedrock may be modeled as hard clay.

Reductions in lateral capacity for loading perpendicular to the line of shafts will not be required if center to

center spacing of 5 shaft diameters or more between adjacent drilled shafts is maintained. For lateral loads parallel

to the line of shafts, reduction in lateral capacity is necessary at a spacing less than 6diameters. LPILE uses p

multipliers to account for reduced capacity of closely spaced drilled shafts or piles for loading in either direction. Data

presented below are from the 2007 AASHTO LRFD Bridge Design Specifications 4th Edition Manual. Asketch of the

loading and how the rows are referenced is shown.
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P·Multipliers
Drilled Shaft Foundation

p-multiplier for LPILE
Center to Center Row 3 and

Spacing Row 1 Row 2 Higher
38 0.7 0.5 0.35
48 0.85 0.67 0.52
58 1 0.85 0.70

8= Diameter of Shaft

ReI.' Row IDw
1 2 3 ar Hi;ha"

Row RlllI' Roll'
1 1 3 orHigherLU-e +--~

8.0 RETAINING STRUCTURES

Earth pressures against below grade walls are a function of the material type, compaction, moisture,

drainage, and lateral movement. Foundation walls, basement walls, elevator pit walls, and retaining structures that

are laterally supported and can be expected to undergo only aslight amount of deflection should be designed for

lateral earth pressures based on the "at-rest" earth pressure condition. Cantilevered or gravity retaining structures

which rotate and/or deflect sufficiently to mobilize the intemal soil strength of the wall backfill may be designed for the

"active" earth pressure condition.

The onsite soils encountered at the Sheridan Parking Structure site consisted of artificial fill and natural

clayey sands or sandy clays having medium to high plasticity. Fine grained soils (clays and soils with high clay
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content) typically produce excessive earth pressures on walls and are not considered suitable for use as retaining

wall backfill. Therefore the majority of the onsite soils may not be suitable for use as wall backfill.

The following ultimate earth pressure coefficients are recommended for the imported granular material and

onsite soils. The following values assume backfill placement and compaction to at least 95% of the maximum

standard Proctor density at moisture contents within 2% of optimum.

Material or location
Imported Granular Soils
Onsite Soils

Active
(Ka)
0.28
0.70

At·Rest
(Ko)

0.44
0.83

Passive
(Kp )

3.54
1.42

1T- Unit
Weight (pct)

130
125

Friction Angle
(eb), degrees

34
10

Imported granular soils should meet the following gradation:

Sieve Size Percent Passing
2 inch 100
NO.4 30-100
No. 50 10-60
No. 200 5 - 20

For building wall backfill, the backfill should be capped with onsite relatively impervious clays in the upper

three feet to help reduce the infiltration of surface water.

Lateral wall movements or rotation of at least 0.5% of the wall height is typically required to develop the full

active case, whereas lateral movement of at least 1%of the wall height is normally required to establish the full

passive case assuming granular backfill. Suitable factors of safety should therefore be applied to the above ultimate

values to limit strain needed to reach ultimate strength, particularly with passive resistance where large strains are

needed to mobilize full resistance. Equivalent fluid unit weights should be taken as follows:

Above ground water:
Below ground water:

where:

Yeq
Yeq
yT
Ka,o,p

=

=
=

yT X Ka,o,p

(YT - 62.4) x Ka,o,p

soil total unit weight
appropriate earth pressure coefficient

The above parameters are for a horizontal backfill and no surcharge loading. Foundation and retaining

structures should be designed for appropriate surcharge pressures such as from traffic, upsloped backfill, water

buildup behind the wall, or other extemalloadings that will increase the lateral pressure on the wall. An under-drain

should be provided to prevent hydrostatic pressure buildup unless the wall is designed to accommodate the

additional pressure. Care should be taken not to over compact the backfill or use large equipment adjacent to the
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wall which could cause excessive lateral loading. Retaining walls and other major structures should be supported by

drilled shafts as described in Section 7.0, Foundation Recommendations.

9.0 Seismic Design Parameters

Due to the presence of relatively shallow bedrock that is hard and generally expected to increase in

hardness with depth, the Site Class can be increased to a C(dense/very stiff soil- soft rock). Utilizing 2009

International Building Code requirements, the following site factors may be utilized for design:

Site Class
Ss, Site Class B (0.2 Second Period)
S1, Site Class B(1.0 Second Period)

SMs, Site Class C (0.2 Second Period)
SM1, Site Class C (1.0 Second Period)
SOs, Site Class C (0.2 Second Period)
SOl, Site Class C (1.0 Second Period)

Fa
Fv

C
0.224 g
0.057 g
0.269 g
0.098 g
0.179 g
0.065 g

1.2
1.7

We have included printouts of the USGS seismic design parameter determination program in Appendix A.

10.0 Slab-on-Grade Construction

The onsite soils and bedrock encountered in the proposed parking structure area are expected to have high

expansive potential when the materials are subjected to light load and wetting. The materials expected to be

exposed at the bottom of the excavation for the lower parKing level (near elevation 5331 feet) are expansive

claystone bedrock and clays. The claystone has the potential to have high volume change characteristics depending

on the depth of wetting that occurs, and very high swell pressures. The amount of dead load pressure imposed by

the slab to the bedrock will not be sufficient to resist the uplift pressure generated when the bedrock becomes wet

and expands. Slab differential and total movements could be many inches.
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On this site, slab-on-grade construction carries high risk that the amount of slab total and differential

movement caused by expansion of the bedrock will be unacceptable. Apositive way to reduce the risk of slab

movement is to construct astructurally supported floor over a well-ventilated crawl space. Astructural floor system is

therefore recommended.

However, if the high risk of distress resulting from floor slab movement is recognized and acceptable to the

owner, then slab-on-grade construction may be considered in lieu of a structural floor. The following

recommendations are provided for slab-on-grade construction.

1) Floor slabs should be supported by at least 3 feet of relatively impervious, non-expansive structural fill.
Relatively impervious non-expansive structural fill material should meet the following specification:

30% to 60% passing the No. 200 sieve
Liquid Limit of 20 or less
Plasticity Index of 10 or less

The majority of the on-site soils are not expected to meet the above specification and the material will have
to be imported. New imported structural fill should be placed in uniform lifts, moisture conditioned to within
2% of optimum moisture, and compacted to at least 95% of the maximum Proctor density as defined by
ASTM D698.

2) Prior to placing new structural fill the bottom of the excavation should be uniformly scarified, moisture
conditioned to within 2% of optimum moisture, and compacted to at least 95% of the maximum Proctor
density as defined by ASTM D698.

3) Bedrock material excavated should be wasted or used in non-structure areas, such as in the detention pond
or in landscaping.

4) Floor slabs should be separated from bearing walls and columns with an expansion joint which allows
unrestrained vertical movement.

5) Interior partitions resting on floor slabs should be provided with aslip joint at the bottom so that if the slabs
move, the movement cannot be transmitted to the upper structure. This detail is also important for
wallboards and doorframes. Aslip joint which will allow at least 4 inches of vertical movement is
recommended. Floor slabs should be provided with control joints to reduce damage due to shrinkage
cracking, and the slabs should be adequately reinforced. Joints should be provided based on the design
and intended slab use.

The precautions outlined above will not prevent movement of the slab-on-grade if the underlying expansive

bedrock or soils are subjected to wetting, but will help reduce the amount of damage if slab heave occurs.
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11.0 Under-drain System

Below grade structures should be provided with an under-drain system which will help prevent the buildup of

hydrostatic pressures. The under-drain system should consist of a perforated PVC pipe surrounded by free draining

granular material placed at the bottom of the wall backfill and sloped at aminimum 1%grade to a suitable gravity

outlet or to a sump with pump to remove the water. Granular material should meet the following gradation.

Sieve Size
1Y2lnch
NO.4
No. 16
No. 50
No. 200

12.0

Percent Passing
100
20-60
10-30
0-10
0-3

Surface Drainage

The following drainage precautions should be observed during construction and maintained at all times after

the facility has been completed:

• Excessive wetting or drying of the building excavation, exterior flatwork and pavement areas should be
avoided.

• The ground surface surrounding the exterior of the parking structure should be sloped to drain away from
the building in all directions. A minimum slope of 6 inches in the first 10 feet for unpaved areas and a
minimum slope of 3 inches in the first 10 feet for paved areas are recommended.

• Roof downspouts and drains should discharge well beyond the limits of building backfill.

• Landscaping that requires excessive watering and lawn sprinkler heads should be located at least 10 feet
from the foundation walls.

• Plastic membranes should not be used to cover the ground surface adjacent to foundation walls.
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13.0 Site Grading

The contractor should remove all existing artificial fill from within the building area to adistance of at least

five (5) feet beyond the planned building limits. If slab-on-grade is proposed, then the bottom of the building

excavation should be sub-excavated at least 3 feet below the bottom of the slab as described in Section 10 Slab-on

Grade Construction. Determination of the extent of the artificial fill should be made by a representative of Geocal.

The sub-excavation should be filled with new structural fill meeting requirements outlined in Section 10. Some sub

excavation of the existing artificial fill may be needed for access drives and paved areas to meet the pavement

subgrade strength requirements and to help reduce the effects of expansive soils.

The project is anticipated to have maximum cuts depths of 23 feet to 25 feet to achieve the first floor level of

the parking structure. Excavation of the onsite materials should be possible with conventional heavy duty excavating

equipment. For shallow excavations, the majority of the material expected to be encountered are clayey sands and

sandy clays, both with variable amounts of gravel. Because of the age and history of the site however, some

construction or other debris may also be included in the old fill. For deeper excavations such as in the building area,

claystone bedrock will likely be intercepted at the bottom. In the building area, the excavated soils are expected to

have medium to high plasticity and the bedrock is expected to have high plasticity. Some of the soils may be suitable

for use in exterior flat-work and pavement areas. However the quantity of re-useable soils is expected to be limited.

Claystone bedrock and/or high plasticity soils should not be used in structure or pavement areas, but may be suitable

for use in constructing the detention pond and/or in landscape areas. Debris and debris ridden soils should be

wasted. During excavation a representative of this firm should be on-site to help identify the suitability of the material

encountered.

Permanent un-retained cuts in the overburden soils or fill slopes up to 5 feet high should be constructed no

steeper than 3:1 horizontal to vertical grade unless evaluated individually. The risk of slope instability will be

significantly increased if seepage is encountered in cuts. Good surface drainage should be provided around

permanent cuts to direct surface runoff away from the slope face. Cut slopes and other stripped areas should be

protected against erosion by vegetation or other methods.

If sloped excavations are used for utility trenches, stockpiled material should be kept at least adistance

equal to the height of the cut away from the top of the excavation. Sloped excavations should conform to applicable

OSHA regulations, and the contractor should assume responsibility for excavations that are safe for workers. Soils
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encountered in the area are classified as Type Cby OSHA requirements. Excavations exceeding 4 feet in depth

should be designed and monitored by the contractor's competent personnel.

Ground water was encountered in the bedrock during our field work, but may be higher or lower at the time

of construction. The contractor should be prepared to dewater excavations that are expected to approach the

groundwater table such as for deep utility trenches. Ground water was encountered during our field work at about

elevation 5,318 feet. The ground water level can be expected to fluctuate and could be higher during construction.

Compaction Recommendations: The following compaction specifications are recommended based on

the percentages of the maximum Standard Proctor Density (ASTM 0698). Fill should be moisture conditioned to

within 2 percent of optimum moisture content.

Soil Use Minimum Compaction Requirements
Bottom of sub-excavated areas
Fill to support building slab-on-grades
Foundation wall backfill (non-structural areas)
Exterior f1atwork subgrade
Utility trenches beneath slabs/pavements
Utility trenches in landscaping and other areas
Detention Pond

95%
95%
95%
95%
95%
90%
95%

Exterior Flatwork Areas: The subgrade for exterior f1atwork (sidewalks and pedestrian areas) should be

scarified a minimum of 12 inches, moisture conditioned to within 2 percent of optimum moisture content, and

compacted to at least 95% of the Maximum Standard Proctor density. New fill should be compacted to the same

specification. Any debris, soft or loose soils, or high plasticity soils should be removed areas and replaced with non

expansive granular soils. Prepared subgrade should be proof-rolled with at least a40,000 pound water or dump

truck prior to placing concrete or other pavement materials. Loose or soft zones identified should be sub-excavated

and replaced with compacted fill, then proof-rolled again.

Storm Water Detention Pond: The soils and bedrock encountered near the detention pond consisted of

sandy clay with gravel, extending to claystone bedrock at adepth of about 9% feet. The bottom of the proposed

pond is expected to be near elevation 5,330 feet. At that elevation, the bottom of the pond and side slopes are

expected to be artificial fill (clays). The artificial fill and underlying claystone bedrock are expected to be relatively

impervious and have very low percolation rates. Embankments constructed of the onsite soils are also expected to

be relatively impervious.
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Slopes for the detention pond should be no steeper than 3: 1horizontal to vertical grade. Material used to

construct the pond slopes may consist of the onsite clays. Prior to placement of new embankment the area should

be prepared by removing vegetation, uniformly scarifying the onsite soil, moisture conditioning to within 2% of

optimum and compacting to at least 95% of the maximum Standard Proctor Density, as defined by ASTM D698.

New fill shall be placed in uniform lifts not exceeding 8 inches thick, moisture conditioned, and compacted to the

same specifications.

14.0 Pavement Design

We understand that new pavements will be constructed for the intersection of Sheridan Boulevard and West

10th Avenue, for West 101h Avenue west of Sheridan, and the access driveway southwest of the structure. Peak hour

traffic counts for 2010, 2013, and 2035 for Sheridan Boulevard and side streets in the project area were obtained

from the traffic study performed by Apex Design for RTD and were provided by the client. Printouts from traffic study

are included in Appendix B.

For the intersection of Sheridan Boulevard and West 10lh Avenue, right turn traffic was neglected and only

through traffic and left turn traffic counts were used in Average Daily Traffic (ADT) calculations. The corresponding

ADTs for Sheridan Boulevard and West 10lh Avenue were added together to obtain a representative ADT value for

the intersection.

For design of the parking structure driveway pavement section, it was assumed that traffic would consist of

passenger vehicles only (i.e. cars, SUVs, pickup trucks). We understand that the peak traffic counts for the AM and

PM hours were estimated to be 272 and 314 for initial year of operation (2013) and that the peak traffic counts for

horizon year (2035) were estimated to be 362 and 419, respectively. Using the average peak hour estimates, we

assumed roughly 80% of the traffic volume per hour for non-peak hours and determined Average Daily Traffic (ADT)

value for the initial year (2013) and the horizon year (2035), summarized in the table on the following page.
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Location (Year)
Parking Structure Driveway (2013)
Parking Structure Driveway (2035)
West 10th Avenue (2013)
West 10th Avenue (2035)
Sheridan &West 10th Ave. Intersection (2013)
Sheridan &West 10th Ave. Intersection (2035)

Average Daily Traffic (ADT)
5,626
7,489
10,800
12,624
69,552
78,000

From the above data and for a 22 year period, we determined annual growths rates of 1.3% for the parking

structure access drive, 0.7% for West 10th Avenue, and 0.5% for the intersection at Sheridan Boulevard and West

1Olh Avenue. It was assumed that construction would be complete and the improvements to West 10lh Avenue,

Sheridan Boulevard and the new driveway will be put into service by 2013. The 20 year Design ADT is the average

ADT over the 20 year design life of the pavement and is used to calculate the 18 kip Equivalent Single Axle Load

(ESAL). The following ADT values were used for the pavement designs, calculations are provided in Appendix B.

Location
Parking Structure Driveway
West 10th Avenue
Sheridan Boulevard

20 yr Design
Average Daily Traffic (ADT)

6,463
11,621
73,353

The distribution of passenger vehicles, single unit and combination unit trucks for Sheridan Boulevard was

obtained from the Colorado Department of Transportation (COOT) website, and is summarized below. The same

truck traffic distribution was assumed for West 10th Avenue.

Cars & Pickups
Single Unit Trucks
Combination Unit Trucks

97%
2%
1%

For Metropolitan Government Pavement Engineers Council (MGPEC) pavement design, combination unit

truck traffic was equally distributed between trash/concrete trucks, RTD and School Busses, and light delivery trucks.

The assumed traffic distribution is summarized in the following table.

Location
Parking Structure Driveway

West 10th Avenue

Vehicle Type
Cars & Pickups

Cars &Pickups
Single Unit Truck
Trash / Concrete Truck
RTD Bus
Light Delivery Truck
School Bus

(% Traffic)
100%

97.00%
2.00%
0.25%
0.25%
0.25%
0.25%
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Pavement Thickness Recommendations: The pavement sections are based on laboratory test results

and Metropolitan Govemment Pavement Engineers Council (MGPEC) design criteria and guidelines. Using the

relevant parameters, MGPEC software calculated the following Portland Cement Concrete Pavement (PCCP) and

Hot Mix Asphalt Pavement (HMAP) sections. Software printouts are in Appendix Balong with the MGPEC Form #9.

Location
Parking Structure Driveway

West 1Olh Avenue

Pavement Type
PCCP doweled &tied
PCCP no reinforcement
HMAP full depth
HMAP Composite (layered)

PCCP doweled &tied
PCCP no reinforcement
HMAP full depth
HMAP Composite (layered)

Thickness (inches)
6.0
6.5
6.5
4.0 inches HMAP over 8 inches CSS

8.5
10.5
11.0 (not recommended)
7.5 inches HMAP over 12 inches CSS

Intersection at Sheridan
Boulevard &West 10th Avenue PCCP doweled &tied

HMAP full depth
HMAP Composite (layered)

Where: CSS is chemically stabilized subgrade

10.5
14.5 (not recommended)
11.0 inches HMA over 12 inches CSS

MGPEC design procedures do not provide specific recommendations for intersection pavement design.

Due to the accelerating and decelerating flow of traffic surrounding intersections, the Colorado Department of

Transportation (CDOT) pavement design manual recommends that an intersection pavement section be extended

300 linear feet away from the intersection, for each roadway carrying two-way traffic.

Hot Mix Asphalt Pavement (HMAP): HMAP materials should consist of a bituminous plant mix composed

of a mixture of aggregate and bituminous material that meets the requirements of ajob-mix formula established by a

qualified engineer. The following grading and binder types are recommended for this project:

Top Lift
Lower Lifts

Grading SX (75) PG 64-22
Grading S(75) PG 64-22

Grading SX (75) PG 64-22 has a finer aggregate gradation and may be used for the top lift. This layer may

help reduce surface water penetration and oxidation of the asphalt surface, which in tum may help reduce long-term

maintenance. Mix design and construction should be performed in accordance with Item 9of the MGPEC, Volume I 

Pavement Design Standards &Construction Specifications.
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