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1.0

PURPOSE AND SCOPE

This report contains the results of a soil and foundation exploration conducted for the proposed
stage roof replacement for the Red Rocks Amphitheater in Denver, Colorado. A subsurface exploration
was conducted to obtain information on soil, bedrock, and groundwater conditions. Soil samples were
visually classified, and selected samples were tested in the laboratory to evaluate strength, classification,
and other pertinent engineering properties. The results of the field and laboratory testing programs were
evaluated to develop geotechnical recommendations for the proposed roof replacement.
This report has been prepared to summarize the data obtained and to present our conclusions and
recommendations based on the proposed construction and the subsurface conditions encountered. Design
parameters and a discussion of geotechnical engineering considerations related to construction of the
proposed structure are included. Environmental considerations related to the occurrence or potential
occurrence of hazardous materials are beyond the scope of this study. Our services were provided in
general accordance with our subcontract agreement with SEH Inc., dated November 11, 2019.

2.0

PROPOSED CONSTRUCTION

Based on the information provided by SEH, Inc. the proposed construction will consist of a new
roof structure over the existing Red Rocks Amphitheater stage. The roof structure will be built up of steel
trusses and will have a maximum width of approximately 120 feet and a maximum depth of approximately
70 feet. The roof will be supported by 4 new columns with a maximum factored load of approximately 800
kips at the west columns, the east columns are expected to be more lightly loaded.
We understand that construction impacts to the basement level are intended to be minimized,
however, some minor removal and replacement of walls near the planned column locations is expected. If
the proposed construction is significantly different from that described, we should be notified to re-evaluate
the recommendations contained in this report.
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3.0

SITE CONDITIONS AND GEOLOGY

Red Rocks Amphitheater is situated within the Hogback Belt of the Colorado Front Range, in an
area of steeply tilted, sedimentary bedrock just north of the town of Morrison. The area is characterized by
erratic topography due to the differential weathering of the uplifted and steeply east-dipping (approximately
45 degrees) sedimentary bedrock outcrops. Land use in the surrounding area is generally recreational,
consisting of mainly hiking trails, roadways, parking lots, and several park structures including the Red
Rocks Amphitheater and stage. The borings were drilled from the basement level below the existing stage.
The basement consists of many small rooms and narrow corridors with low ceilings (less than
approximately 9 feet).
Published geological mapping assigns the overlying soils in the project area to deposits of
Cretaceous age alluvium and colluvium. These soils consist of interbedded, slightly laminated deposits of
poorly-graded sand and clay. Published geological mapping does not indicate the presence of artificial fills
on the site, however, artificial fills associated with the construction of the Amphitheater and stage are
known to exist onsite. Bedrock is assigned to the Fountain Formation, consisting of a maroon arkosic thickbedded coarse-grained sandstone and conglomerate containing thin layers of dark-maroon micaceous silty
fine-grained sandstone that are more abundant in lower part. It has extremely poor sorting (no uniform
grain size) and is often layered. The unit is rich in quartz and K-spar with primarily silica cement
(occasionally some hematite cement) which makes this unit very hard, abrasive, and relatively high
strength. This formation is characterized by festooned and torrential cross-bedding. The conglomerate
element contains cobbles to about 10 inches in diameter. The formation overall is about 1,650 feet thick.
Groundwater is indicated to be in the range of 20 feet to 25 feet and is interpreted as flowing eastward
parallel to the dip of the exposed bedrock.
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4.0

SUBSURFACE EXPLORATION

The subsurface exploration was conducted on December 19, 2019 and consisted of drilling four
exploratory borings at the approximate locations shown on Figure 1, Locations of Exploratory Borings. The
borings were drilled to depths of approximately 13½ feet to 26 feet below the basement level. Due to
restricted access to the basement level with low overhead clearance and narrow corridors, a conventional
drill rig could not be used. The borings were drilled with a custom-made, miniature drill-rig equipped with 3inch inside diameter solid-stem augers. Prior to drilling, the basement floor slab was cored at each boring
location using a 4-inch diameter core barrel and the cores were grouted back in place after drilling. The
drill rig and core drill were powered by a generator which was operated outdoors. A photograph of the drill
rig is shown below in Figure A.

Figure A: General view of the mini drill-rig used.
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Soil and bedrock samples were obtained from the exploratory borings using either a nominal 1⅜
inch inside diameter Standard Penetration Test (SPT) sampler or a 2 inch inside diameter modified
California sampler. The samplers were driven into the various strata with blows from a 70-pound hammer
falling 30 inches, generally similar to the ASTM D1586 and ASTM D3550 test standards, respectively. The
blow counts recorded while drilling were reduced by one half to calculate an equivalent SPT blow count
with a 140-pound hammer, the adjusted blow counts are shown on the boring logs. Penetration resistance
values, when properly evaluated, provide an indication of the relative density or consistency of the soils or
relative hardness of bedrock. Drive samples were obtained at approximately 5-foot intervals and bulk
samples of auger cuttings were collected from the upper 9 feet of each boring.
After drilling, the borings were backfilled with compacted auger cuttings and make-up sand and
gravel. The floor slab core was grouted back in place after backfilling the holes. A representative of
Geocal, Inc. logged the borings and collected the soil and bedrock samples. Soil and bedrock samples
were transported to our laboratory for review by our project engineer and selected samples were
programmed for laboratory testing.
Logs of the subsurface conditions encountered, including depths at which samples were collected
and penetration resistance values, are shown on Figure 2, Fence Diagram of Exploratory Borings.
Descriptions of the materials encountered and notes regarding the symbols used on the logs are presented
on Figure 3, Legend and Notes for Exploratory Borings. Individual boring logs are provided in Appendix A.

5.0

SUBSURFACE CONDITIONS

The following paragraphs provide a generalized description of the subsurface conditions
encountered in the exploratory borings. For additional information, refer to the individual Boring Logs in
Appendix A.
The borings were drilled from the basement level and encountered approximately 4¼ inches to 6
inches of concrete at the surface. Artificial fill material was encountered below the concrete floor slab
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which consisted of variable silty sand to clayey sand with gravel that was loose to dense and extended to
depths ranging from 6 feet to 10 feet below the basement level. Natural sands and clays were encountered
below the artificial fill and extended to bedrock in all four borings. The natural sands were silty to clayey,
loose to medium dense and contained variable amounts of fine gravel. In Boring 3 natural clays were
encountered below the fill; the clay was soft to very stiff, low plasticity, and sandy with little gravel.
Sandstone bedrock was encountered below the natural soils at depth of approximately 13½ feet to
15 feet in Borings 1 through 3, and at a depth of approximately 24 feet in Boring 4. In Borings 1 through 3,
the auger reached practical refusal at the bedrock surface and drive samples were taken with no sample
recovery. However at Boring 4, approximately 2 feet of bedrock penetration was achieved with the auger
and one sample collected prior to reaching refusal.
Groundwater was encountered at approximately 14 feet in Borings 4 while drilling but was not
encountered in the other borings. Groundwater can be expected to fluctuate with varying seasonal and
weather conditions.

6.0

LABORATORY TESTING

Laboratory tests conducted on selected soil samples consisted of gradation, Atterberg limits (liquid
and plastic limits), swell-compression and unconfined compressive strength. The test results are shown on
Figures 4 through 7 and are summarized in Table 1. Chemical test results are summarized in Table 2.
Gradation and Atterberg Limits: Soil samples were classified in accordance with the Unified Soil
Classification System (USCS). The classification system is based on the Liquid Limit (ASTM D423), Plastic
Limit (ASTM D424) and grain size distribution (ASTM D422). These parameters provide qualitative
information on the suitability of the soils for use in civil engineering projects. Gradation and Atterberg limits
test results are shown on Figures 4 and 5.
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The combined gradation and Atterberg limits test results indicate that the majority of the onsite
soils tested classified as clayey sand (SC) to clayey sand with gravel or silty sand (SM). One sample
tested classified as sandy lean clay (CL). AASHTO soil classifications ranged from A-1-b to A-6 with Group
Indices from 0 to 11.
Swell-Compression Test: One swell-compression test (ASTM D 4546) was conducted on a
sample of natural clayey sand to evaluate compressibility or swell characteristics under loading and
wetting. The sample was placed in an odometer ring between porous discs and an initial pressure of 1,000
pounds per square foot (psf) was applied. After stabilization, the sample was submerged and the percent
volume change measured. Incremental loading was then applied and the volume change monitored until
deformation practically ceased under each load. The test results are shown on Figure 6 and indicate that
the sample tested exhibited slight compression under the applied surcharge loading and wetting and
moderate compressibility under increased loading.
Unconfined Compressive Strength: One test was conducted on a sample of clayey sand with
gravel to measure the compressive strength of samples under axial loading without lateral confinement.
The sample was prepared by cutting the ends of the sample parallel to each other and at right angles to the
longitudinal axis of the sample. Load was applied continuously and without shock to produce a constant
rate of deformation so that failure occurred within 5 minutes of loading. The test is useful in evaluating
strength, end bearing, and elastic properties such as for lateral load capacities for deep foundations.
The test results show an unconfined compressive strength of 4,490 psf, which indicates moderate
strength for the sample tested. The sample tested had a dry unit weight of 119 pounds per cubic foot (pcf)
and a natural moisture content of 12.5%.
Water-Soluble Sulfate: The water-soluble sulfate test is a measurement of the potential degree of
sulfate attack on concrete exposed to the onsite soils and bedrock. Sulfate expansion problems are typical
of soils with a sulfate concentration in excess of 0.10%. The levels of water-soluble sulfates measured on
samples of onsite soils were 0.0282% to 0.0600%. These concentrations represent a negligible degree of
attack for concrete exposed to the onsite soils and bedrock. Based on Table 4.3.1 of the American
Concrete Institute (ACI) 318-05 Requirements of Concrete Exposed to Sulfate Bearing Solutions, the
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potential sulfate exposure indicates that Type I/II cement may be used for concrete exposed to the onsite
soils and bedrock.
Buried Metal Corrosion: Laboratory electrical resistivity, water soluble chloride, and pH tests
were conducted on selected samples collected and the results are summarized in Table 2. These test
results may be used to help evaluate the general corrosive potential to buried metal in the project area. In
general, laboratory resistivity values were 3,200 ohm-cm and 4,900 ohm-cm, measured chloride contents
were 0.0600 and 0.0282, and the pH values were 8.0 and 8.2. Based on the laboratory test results, Table
1 of CDOT’s Pipe Material Selection Guide indicates that a Corrosion Resistance (CR) Level 1 exists at this
site.

7.0

FOUNDATION RECOMMENDATIONS

The new roof structure is expected to be supported by 4 columns extending through the stage and
the below-stage basement level. Shallow and deep foundation types were considered for support of the
new stage roof structure.
Based on the As-Constructed Drawings for the Stage Rehabilitation project dated March 15, 1989,
the existing stage roof is supported by 6 columns on spread footings. The spread footings are bearing on
the undisturbed natural soils or engineered fill material and range in size from approximately 3’-0” by 5’-0”
to 6’-0” by 6’-0” and were designed for a maximum allowable soil bearing pressure of 3,500 psf. Based on
the subsurface conditions encountered in the exploratory borings, spread footings are feasible, however,
based on the expected loading and bearing pressure for the onsite soils, spread footings would be
excessively large, resulting in a significant disturbance to the basement structure. Therefore, a spread
footing alternative was not considered desirable for this project.
To help minimize the extent of the excavation for new foundations, a deep foundation system
bearing on the underlying bedrock is recommended. Due to limited construction access to the basement
level below the stage, drilled shafts or driven pile foundations likely are not feasible, however,
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recommendations for drilled shaft foundations are provided in Section 7.2 of this report as an alternative to
micropiles. Micropile drill rigs can be relatively compact allowing micropiles to be installed in areas with
restricted access and building interiors with low headroom, such as the basement level below the stage.
Additionally, micropiles can be installed with minimal noise and vibrations which could be potentially
detrimental to the existing stage structure.

7.1

MICROPILES
Micropiles are a high capacity, small diameter (generally less than 12 inches) deep foundation

system that are drilled in-place with a sacrificial bit and grouted. Micropiles generally consist of high
strength grout, steel casing and/or a steel reinforcing bar, and provide resistance to axial loads through skin
friction. Frictional resistance is a function of the construction method used and may be increased through
pressurized secondary grouting methods. Micropiles have been used for underpinning existing foundations
and compact, lightweight equipment exists for installing micropiles in constrained spaces. Usually,
micropiles are designed and installed by a specialized, design-build contractor.
The following recommendations should be considered for preliminary/conceptual design. Final
design and installation should be performed by an experienced design-build micropile contractor.
1)

Micropiles should be supported by the underlying sandstone bedrock. The bond strength between
the micropile and surrounding soil/bedrock is dependent on the consistency, gradation, and
instillation methods, however, for preliminary design an ultimate grout-to-ground bond strength of
75 pounds per square inch (psi) may be used for the sandstone bedrock, for both compression and
uplift. Side shear capacity from the overburden soils and end bearing should not be considered for
design.

2)

Micropiles should penetrate a minimum of 6 feet into competent bedrock, however, greater
penetration depths may be needed based on the structural requirements. Micropiles should have a
minimum diameter of 6 inches.

3)

The minimum spacing requirements between micropiles should be 3 diameters from center to
center or 30 inches, whichever is greater. At this spacing, no reduction in the axial design capacity
is required. Micropiles grouped less than 3 diameters center to center should be considered on an
individual basis to evaluate the appropriate reduction in capacity. Lateral capacity parameters are
provided in Section 7.3 of this report.

4)

Portland cement grout utilized in the micropiles should have a minimum 28-day unconfined
compressive strength of 4,000 psi. Drill cuttings should be flushed from the hole prior to grouting.
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5)

Due to the presence of groundwater and potentially caving granular soils, steel pipe casing is
expected to be needed while drilling to help stabilize the drill holes through the overburden soils.
Depending on the final micropile design requirements, the steel casing may be extracted (partially
or fully) after grouting or remain in place as a permanent micropile component. Permanent steel
casing should have a minimum yield strength of 50 ksi.

6)

Reinforcing core steel bars should have continuous threading and have a minimum yield strength
of 60 kips per square inch (ksi). At least one bar per micropile should be used. Reinforcing steel
bars may be solid or hollow; hollow steel bars may facilitate installation by providing an avenue to
grout through the bar during installation. Bar centralizers should be used to maintain cover around
reinforcing steel bars.

7)

The micropile Contractor should have equipment capable of working in confined spaces with low
overhead clearance and capable of penetrating the overburden soils and bedrock. The Contractor
should be experienced working in similar conditions.

8)

Pile verification testing and proof testing should be conducted in accordance with the guidelines in
Chapter 7 of the FHWA Micropile Design and Construction Reference Manual, Publication No.
FHWA-NHI-05-039, and dated December 2005.

9)

Installation of micropiles should be observed by a representative of Geocal to confirm bedrock
penetration, placement of reinforcing steel, removal of cuttings and grout placement.

7.2

DRILLED SHAFTS (CAISSONS)
A drilled shaft foundation supported by the underlying bedrock is feasible from a geotechnical

consideration, however, installation of drilled shafts installation may require significant disturbance of the
basement structure. Also, granular soils encountered in the borings are susceptible to caving and indicate
that that casing and slurry may be needed to control caving and groundwater. Based on our past
experience in the area, the sandstone bedrock is expected to have high strength and may require
specialized drilling equipment to obtain the design penetration. The contractor should be familiar working
with these subsurface conditions.
The design and construction criteria presented below should be observed for a drilled shaft
foundation system.
1)

Drilled shafts should be installed to bear in the underlying sandstone bedrock and be designed for
the following Allowable values in pounds per square foot (psf):
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Maximum Allowable End
Bearing Pressure (psf)
40,000

Allowable Side Shear (psf)
4,000

Allowable Side Shear
for Uplift (psf)
2,000

The above end bearing and side shear capacities are for foundation support provided by
competent sandstone bedrock. Any weathered bedrock encountered during construction at the
bedrock surface should not be counted as competent. Drilled shafts will likely require the use of
mud slurry during installation, which could leave the soils at the final concrete/soil interface coated
with mud. Therefore, potential side shear capacity from the overburden soils should not be relied
upon during design.
2)

Drilled shafts should penetrate a minimum of 6 feet into competent sandstone bedrock for the
allowable values given above to be valid. These are geotechnical parameters. Greater
penetration depths may be needed based on the structural requirements.

3)

Settlement of properly constructed drilled shafts is expected to be ½ inch or less.

4)

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 7.3 of
this report.

5)

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.

6)

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 8 inches is recommended.

7)

The presence of groundwater in the exploratory borings and the presence of granular soils with
potential for caving indicates that casing and/or mud slurry methods will likely be needed to reduce
water infiltration and to help control caving. If water cannot be removed, or if it is impractical to
remove the water prior to placement of concrete, then concrete should be placed using an
approved tremie method. Concrete placement should occur after the hole has been well cleaned.
In no case should concrete be placed through more than 2 inches of water.

8)

A sufficient head of concrete should be maintained inside the casing during casing removal to help
prevent voids being formed in the concrete. The concrete level should not be allowed to rise
during 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 shafts. Tests may include sonic echo tests or other tests.

9)

Cross hole sonic logging is recommended for drilled shafts 3 feet in diameter or greater.
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10)

Bedrock penetration should be measured down from the bottom of the casing or top of competent
bedrock, whichever is the lower elevation and as determined by a qualified observer.

11)

Concrete should be placed in drilled shafts the same day they are drilled. The presence of water
and/or caving soils will likely require the concrete to be placed immediately after the drilled shaft
hole is completed. Failure to place concrete the day of drilling will result in bedrock degradation
and a requirement for additional penetration. The amount of additional penetration will be a
function of how long the hole is left open and whether or not water accumulates during the inactive
period. If the drilled shaft is left open overnight, this office should be contacted for evaluation of
additional penetration requirements.

12)

The drilling contractor should mobilize equipment of sufficient size and operating condition to
penetrate the materials and to achieve the required penetration. This may require the use of
diamond tipped rotary bits and/or core barrels capable of penetrating the high strength sandstone
bedrock.

13)

Care should be taken to prevent forming mushroom shapes at the top of the drilled shafts. The
use of sono-tube of the appropriate shaft diameter and/or mud slurry may be needed at the top.

14)

Installation of drilled shafts should be observed by a representative of Geocal to confirm bedrock
penetration, placement of reinforcing steel, and condition of the bottom and sides of the holes prior
to and during placement of concrete, and extraction of the casing.

7.3

LATERAL CAPACITY PARAMETERS
Micropiles are generally not well suited for supporting high lateral loads and micropiles installed at

a batter may be needed to support lateral loads. The following recommendations for deep foundations are
based on local geotechnical design practices. Values presented below should be considered ultimate and
may be used for lateral loading analyses for deep foundations using the LPILE program.
Soil Type
(p-y Curve Model Type)

Effective
Unit Weight
(pcf)

Cohesion,
C
(psf)

Friction
Angle, 
(degrees)

k
(pci)

E50

120

--

30

25

--

120

--

32

25

--

57

--

32

20

--

120

1,000

--

57

1,000

--

135

8,000

--

Artificial Fill
(Sand, Reese)
Natural Sand Above Water Table
(Sand, Reese)
Natural Sand Below Water Table
(Sand, Reese)
Natural Clay Above Water Table
(Stiff Clay w/o Free Water)
Natural Clay Below Water Table
(Stiff Clay w/o Free Water)
Sandstone/Claystone Bedrock
(Stiff Clay w/o Free Water)
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500 (static)
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0.007
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Reductions in lateral capacity for loading perpendicular to the line of micropiles or shafts will not be
required if center to center spacing of 5 diameters or more between adjacent micropiles/shafts is
maintained. For lateral loads parallel to the line of micropiles/shafts, reduction in lateral capacity is
necessary at spacing less than 5 diameters. LPILE uses p-multipliers to account for reduced capacity of
closely spaced drilled shafts for loading in either direction. Data presented below are from the 2017
AASHTO LRFD Bridge Design Specifications 8th Edition Manual. A sketch of the loading and how the rows
are referenced is also shown.
P-Multipliers for Micropile or Drilled Shaft Foundations
p-multiplier for LPILE
Center to Center
Row 3 and
Row 1
Row 2
Higher
Spacing
3B
0.80
0.40
0.30
5B
1.00
0.85
0.70
B= Diameter of Shaft or Micropile

8.0

SLAB-ON-GRADE RECOMMENDATIONS

Minor removal and replacement of the basement floor slab is expected to facilitate the installation of
the new engineered foundations for support of the roof structure. Prior to concrete placement, the onsite

Soil and Foundation Exploration
Red Rocks Stage Roof Replacement (G19.1910.000)

Page 12 of 16

soils should be uniformly scarified 8 inches, moisture conditioned to within 2 percent of optimum, and
compacted to at least 95% of the maximum standard Proctor density (ASTM D698). Areas of soft or loose
soils, or unsuitable old fill encountered in the base of the excavation should be removed and replaced with
new engineered fill. New fill should be granular and non-expansive and be placed in uniform lifts not
exceeding 8 inches, moisture conditioned to near optimum moisture content and compacted to the same
specification.
Slabs-on-grade should be separated from bearing walls and columns with expansion joints which
allow for unrestrained vertical movement. Floor slab control joints should be used to reduce damage due to
shrinkage cracking. Joint spacing should be determined by the slab thickness and anticipated loading.
The requirements for slab reinforcement should be established by the designer based on experience and
intended slab use.

9.0

SEISMIC DESIGN PARAMETERS

The project site is located at approximately Latitude 39.66525°N, and Longitude -105.20493°W.
The borings conducted by Geocal indicate that the on-site soils underlying the basement level generally
consist of a layer of artificial fill (predominantly sand), overlying natural sands and clays. Sandstone
bedrock was encountered at approximately 13½ feet to 24 feet below the basement level. Based on the
amount of overburden soils present, the Seismic Site Class C “Very Dense Soil and Soft Rock” should be
used for design. Based on the ASCE 7-10 (American Society of Civil Engineers) Standard, the following
factors may be utilized for design:
Spectral Acceleration Coefficient at 0.2 Second Period (SS)
Spectral Acceleration Coefficient at 1.0 Second Period (S1)
Site Factor (Fa)
Site Factor (Fv)
Modified Spectral Acceleration Coefficient at 0.2 Second Period (SMS)
Modified Spectral Acceleration Coefficient at 1.0 Second Period (SM1)
Design Spectral Acceleration Coefficient at 0.2 Second Period (SDS)
Design Spectral Acceleration Coefficient at 1.0 Second Period (SD1)
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10.0 SITE GRADING AND EXCAVATIONS

The project is anticipated to have minor excavation cut depths less than about 3 feet or 5 feet deep
to facilitate the installation of foundations for support of the new roof structure. Excavation of the onsite
materials should be possible with conventional heavy-duty equipment. Due to space constraints in the
basement level, light weight construction equipment or manual excavations should be suitable. Existing
vegetation, debris, and any other deleterious materials should be stripped and removed from all proposed
building, and fill areas. Exposed surfaces should be free of mounds and depressions which could prevent
uniform compaction. New fill should be moisture conditioned to within 2 percent of optimum moisture
content and compacted to the following percentages of the maximum standard Proctor density (ASTM
D698).
Soil Use
Engineered Fill for Foundations
Exterior Flatwork Areas
Landscaping Areas
Exterior Building Backfill
Interior Slabs
Utility Trench Backfill (Building Interior)
Utility Trench Backfill (Under Landscaping)
Utility Trench Backfill (Under Flatwork)

Minimum Compaction Requirements
98%
95%
85%
90%
95%
98%
85%
95%

New fill used in the building area should be granular and non-expansive, meeting the following
specification.
No. 200 sieve
Liquid Limit
Plasticity Index

< 30%
< 30
< 10

Construction Excavations: Sloped construction excavations should conform to applicable OSHA
regulations, and the contractor should assume responsibility for excavations that are safe for workers.
Excavations are particularly susceptible to localized instabilities if seepage is encountered, and the
contractor should be aware of excavation stability, and safety for workers. The onsite sands are expected
to flow when subjected to hydrostatic pressure such as from groundwater. If encountered, groundwater
flow rates into excavations is expected to be high.
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The proximity of the existing foundations to the proposed construction should be carefully
considered, so that construction of the proposed roof structure does not adversely affect the existing
building foundation. Excavation for the planned structure next to the existing structure will need to be
braced such that virtually no (lateral or vertical) movement is caused to the existing building. Migration of
the bearing soils supporting the existing structure should not be allowed. If needed, shoring, sheeting, and
bracing systems should be designed by a professional engineer registered in the State of Colorado. Once
the final planed excavation depth is established, the office should be advised for further evaluation of
precautions that may need to be taken to protect the existing structures.
Dewatering: Groundwater was encountered in the overburden soils during our field work at an
approximate elevation of 6,320 feet, but groundwater may be higher or lower at the time of construction.
Groundwater flow rates into the excavations could be significant. For excavation base and slope stability,
the groundwater level should also be lower than the maximum sub-excavation depth needed to establish
suitable bearing conditions. This requirement should be evaluated by the excavation contractor. The
contractor should be prepared to dewater excavations that are expected to approach the groundwater level.

11.0 LIMITATIONS

This report has been prepared in accordance with generally accepted geotechnical engineering
practices used in this area and has been prepared for design purposes. The conclusions and
recommendations submitted in this report are based upon the data obtained from the borings drilled at the
approximate locations shown on Figure 1. The nature and extent of variations between the exploratory
borings may not become evident until excavation is performed. If during construction, subsurface
conditions appear to be different from those described herein, this office should be advised at once so reevaluation of the recommendations may be made.
Geocal’s professional services were performed using the degree of care and skill ordinarily
exercised, under similar circumstances, by reputable geotechnical engineers practicing in this or similar
localities at the time this report was prepared in this area. No warranty expressed or implied is made. This
Soil and Foundation Exploration
Red Rocks Stage Roof Replacement (G19.1910.000)
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report is not a bidding document. Any contractor reviewing this report must draw his or her own
conclusions regarding site conditions and specific construction techniques to be used on this project.
Geocal is not responsible for the interpretation of the site surface and subsurface conditions by others that
are not consistent with the contents of this report.
Explorations into the occurrence or potential occurrence of hazardous materials, or other
environmental assessments that may be applicable to the site are beyond the scope of services
represented by this report. On-site observation of excavations and foundation bearing strata and testing of
geotechnical materials by a representative of this office is recommended.
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TABLE 2
SUMMARY OF LABORATORY CHEMICAL TEST RESULTS
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APPENDIX
INDIVIDUAL LOGS OF EXPLORATORY BORINGS

BORING NUMBER 1

7290 South Fraser Street
Centennial, CO 80110
Telephone: (303) 337-0338
Fax:
CLIENT SEH Inc.

PROJECT NAME Red Rocks Amphitheatre Roof Replacement

PROJECT NUMBER G19.1910.000

PROJECT LOCATION Morrison, CO
COMPLETED 12/19/19

DRILLING CONTRACTOR Unlimited Access Drilling
DRILLING METHOD SSA

HOLE SIZE 3 inches

LOGGED BY Terrence Reid

CHECKED BY Walter Zitz, P.E.

NORTH

GROUND WATER LEVELS:

EAST

AT TIME OF DRILLING --- Not Encountered
AT END OF DRILLING --- Not Applicable

LIQUID
LIMIT

PLASTIC
LIMIT

PLASTICITY
INDEX

FINES CONTENT
(%)

128

8.0

29

14

15

21

15

MC

100

18-20

119 11.0

30

14

16

29

MC

0

50/1"

CONCRETE with vinyl top coat, 5-1/4 inches thick
FILL, SILTY SAND, very dense, slightly moist, red,
mostly fine sand, few medIum to coarse sand, few
gravel, moderately cemented, moderately stratified,
slightly calcareous
5

33

20-32-45
(77)

GB

SPT
CLAYEY SAND with GRAVEL (SC), stiff, slightly moist,
red, little medium sand, few coarse sand, few fine gravel

BLOW
COUNTS
(N VALUE)
10-12

0

RECOVERY %
(RQD)
75

MATERIAL DESCRIPTION

SAMPLE TYPE
NUMBER
MC

GRAPHIC
LOG

10

DEPTH
(ft)

MOISTURE
CONTENT (%)

ATTERBERG
LIMITS

GB

SANDSTONE BEDROCK [FOUNTAIN FORMATION]

Bottom of boring at 17.1 feet.

% Swell (+) or Consol (-)/
Swell Pressure (psf)

AFTER DRILLING --- Not Applicable
DRY UNIT WT.
(pcf)

NOTES 3' from NE Column

GROUND ELEVATION FLOOR

UNCONFINED COMP.
STRENGTH (psf)

DATE STARTED 12/19/19
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BORING NUMBER 2

7290 South Fraser Street
Centennial, CO 80110
Telephone: (303) 337-0338
Fax:
CLIENT SEH Inc.

PROJECT NAME Red Rocks Amphitheatre Roof Replacement

PROJECT NUMBER G19.1910.000

PROJECT LOCATION Morrison, CO
COMPLETED 12/19/19

DRILLING CONTRACTOR Unlimited Access Drilling
DRILLING METHOD SSA

HOLE SIZE 3 inches

LOGGED BY Terrence Reid

CHECKED BY Walter Zitz, P.E.

NORTH

GROUND WATER LEVELS:

EAST

AT TIME OF DRILLING --- Not Encountered
AT END OF DRILLING --- Not Applicable

SPT

CLAYEY SAND (SC), loose, moist, reddish-brown, mostly
fine sand, trace medium to coarse sand

SPT

SANDSTONE BEDROCK [FOUNTAIN FORMATION]
Bottom of boring at 14.0 feet.

SPT

50/0"

4.7

16

5

15

% Swell (+) or Consol (-)/
Swell Pressure (psf)

2-2-2
(4)

FINES CONTENT
(%)

22

21

GB

GB

10

MOISTURE
CONTENT (%)

6-7-6
(13)

DRY UNIT WT.
(pcf)

56

PLASTICITY
INDEX

5

PLASTIC
LIMIT

CONCRETE with vinyl top coat, 6 inches thick
FILL, SILTY, CLAYEY SAND with GRAVEL, very loose to
medium dense, slightly moist, reddish brown, mostly
fine sand, some clay, some silt, little fine gravel

ATTERBERG
LIMITS
LIQUID
LIMIT

0

UNCONFINED COMP.
STRENGTH (psf)

MATERIAL DESCRIPTION

BLOW
COUNTS
(N VALUE)

AFTER DRILLING --- Not Applicable
RECOVERY %
(RQD)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 4' from SE Column

GROUND ELEVATION FLOOR

SAMPLE TYPE
NUMBER

DATE STARTED 12/19/19
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BORING NUMBER 3

7290 South Fraser Street
Centennial, CO 80110
Telephone: (303) 337-0338
Fax:
CLIENT SEH Inc.

PROJECT NAME Red Rocks Amphitheatre Roof Replacement

PROJECT NUMBER G19.1910.000

PROJECT LOCATION Morrison, CO
COMPLETED 12/19/19

DRILLING CONTRACTOR Unlimited Access Drilling
DRILLING METHOD SSA

HOLE SIZE 3 inches

LOGGED BY Terrence Reid

CHECKED BY Walter Zitz, P.E.

NORTH

GROUND WATER LEVELS:

EAST

AT TIME OF DRILLING --- Not Encountered
AT END OF DRILLING --- Not Applicable

FINES CONTENT
(%)

NP

NP

NP

21

GB
SPT

5

GB

10

SPT 100

2-2-3
(5)

SPT

50/0"

SANDY LEAN CLAY (CL), medium stiff, moist, red, mostly
fine sand, trace medium to coarse sand, trace fine gravel

SANDSTONE BEDROCK [FOUNTAIN FORMATION]
Bottom of boring at 13.5 feet.

5.8

% Swell (+) or Consol (-)/
Swell Pressure (psf)

PLASTICITY
INDEX

MOISTURE
CONTENT (%)

15-30-33
(63)

DRY UNIT WT.
(pcf)

67

PLASTIC
LIMIT

CONCRETE with vinyl top coat, 4-1/4 inches thick
FILL, SILTY SAND, dense to 5' then loose, slightly moist,
red, mostly fine sand, few medium to coarse sand, few
gravel, moderately calcareous

ATTERBERG
LIMITS
LIQUID
LIMIT

0

UNCONFINED COMP.
STRENGTH (psf)

MATERIAL DESCRIPTION

BLOW
COUNTS
(N VALUE)

AFTER DRILLING --- Not Applicable
RECOVERY %
(RQD)

GRAPHIC
LOG

DEPTH
(ft)

NOTES 2' from SW Column

GROUND ELEVATION FLOOR

SAMPLE TYPE
NUMBER

DATE STARTED 12/19/19
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BORING NUMBER 4

7290 South Fraser Street
Centennial, CO 80110
Telephone: (303) 337-0338
Fax:
CLIENT SEH Inc.

PROJECT NAME Red Rocks Amphitheatre Roof Replacement

PROJECT NUMBER G19.1910.000

PROJECT LOCATION Morrison, CO
COMPLETED 12/19/19

DRILLING CONTRACTOR Unlimited Access Drilling
DRILLING METHOD SSA

HOLE SIZE 3 inches

LOGGED BY Terrence Reid

CHECKED BY Walter Zitz, P.E.

GROUND ELEVATION FLOOR

NORTH

GROUND WATER LEVELS:

EAST

FINES CONTENT
(%)
29

108 17.4

39

17

22

62

119 12.5

31

14

17

35

GB

SPT 100

50/4"

SANDY LEAN CLAY (CL), very stiff, moist, reddish brown
with white and gray, little medium to coarse sand, little
coarse gravel, grades coarser with depth

MC

100

25-22

CLAYEY SAND WITH GRAVEL, medium dense, medium
plasticity, moist, reddish brown with white and gray, medium
to coarse sand, coarse gravel

MC

50

14-19

SANDSTONE BEDROCK, hard, moist, red, mostly fine to
medium sand, moderately strong, moderately to highly
weathered [FOUNTAIN FORMATION]
Bottom of boring at 26.0 feet.

MC

100

50/5"

10

MC

50/0"

4490

% Swell (+) or Consol (-)/
Swell Pressure (psf)

PLASTICITY
INDEX
10

MOISTURE
CONTENT (%)

15

DRY UNIT WT.
(pcf)

UNCONFINED COMP.
STRENGTH (psf)

BLOW
COUNTS
(N VALUE)

PLASTIC
LIMIT

SILTY SAND (SM), very dense, slightly moist, reddish
brown with off-white grains, little medium sand, little coarse
sand, few gravel

25

25

GB

SPT 100 6-15-50/3"

5

ATTERBERG
LIMITS
LIQUID
LIMIT

CONCRETE 4-1/4 inches thick
FILL, CLAYEY SAND, very dense, slightly moist, red, few
fine sand, mostly medium sand, few coarse sand, few
fine to coarse subangular gravel, cemented to 3.5'

RECOVERY %
(RQD)

GRAPHIC
LOG

DEPTH
(ft)

MATERIAL DESCRIPTION

0

20

AT END OF DRILLING --- Not Applicable
AFTER DRILLING --- Not Applicable

NOTES At NW Column

15

AT TIME OF DRILLING 14.00 ft

SAMPLE TYPE
NUMBER

DATE STARTED 12/19/19
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