Memorandum
To:
From:
Date:
Re:

Planning Commission
Thomas Dansie, Director of Community Development
July 15, 2022
Design / Development Review – Small Hilltop Building at 358 Zion Park Boulevard

Background
In 2020 Luke Wilson applied for a DDR for a new building on a small hill above the paid parking area at
358 Zion Park Boulevard. The Commission reviewed the proposal and expressed concerns regarding
geologic hazards at the site. The applicant worked with geologic hazards experts on addressing those
concerns and presented revised information to the Commission in early 2021. On February 17, 2021 the
Commission denied the DDR application based on geologic hazard and slope stability concerns. At that
time the Town’s ordinance prohibited development that placed people or property at “unreasonable
risk” of natural hazard. The Commission’s denial was based on a finding that the development, as
proposed, placed the structure and its inhabitants at unreasonable risk of hazard from slope failure and
landslide.
The applicant appealed that decision to the Town’s Appeal Authority. The Appeal Authority upheld the
Planning Commission’s denial, finding that there was enough evidence in the record to support the
Commission’s findings and decision.
The Town has subsequently adopted a geologic hazard ordinance. This ordinance bolsters and clarifies
the Town’s standard prohibiting development that places people or property at unreasonable risk of
natural hazard. The geologic hazard ordinance (Chapter 10-15F of the Town Code) requires development
in areas of known geologic risk to submit a thorough analysis and investigation of the specific hazards on
the site. The required geologic hazard analysis must also recommend strategies that will mitigate the
risk.
Pursuant to the requirements of the geologic hazard ordinance the applicant has completed a geologic
hazard investigation for the property. The hazard investigation report, prepared by Landmark
Engineering and Western Geologic Consultants, finds that there is high risk of seismic, rockfall, and
landslide hazards on the proposed development site. As required by the geologic hazard ordinance, the
report contains findings and recommendations intended to mitigate these risks.
The Town’s geohazard consultant (Rick Chesnut, Terracon Consultants) reviewed the applicant’s
geohazard investigation and provided comments to the Commission in April.
In the April Commission meeting the applicant presented the project and also asked the Commission to
continue the review to allow the applicant’s geohazard consultant more time to respond to the Town
consultant’s comments.
Since the April meeting the Town’s consultant (Rick Chesnut, Terracon) and the applicant’s consultant
(John Adnerson, Landmark) have corresponded a number of times regarding the potential hazards on
the site. After detailed analysis and multiple iterations of review Mr. Chesnut has determined the
applicant’s consultant has provided sufficient information and detail, as required by the geologic hazard
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ordinance, to satisfy the requirements for geohazard investigation on the site. He notes the purpose of
this investigation is to allow the Town to make fully informed findings regarding whether or not the
proposed development:
1) places people or property at unreasonable risk of natural hazard (see section 10-15F-9(E)(3)(b)
of the Town Code), and
2) includes mitigation measures that will reduce the risk to life and property to a reasonable and
acceptable level (see section 10-15F-9(E)(3)(c) of the Town Code).
Both the Town’s consultant and the applicant’s consultant have issued summary opinions to help the
Commission make these findings. These summary comments are reproduced below:
John Anderson, Landmark Engineering (applicant’s consultant):
While the site does pose risks and challenges, we do not feel that this site poses an undo risk to
public safety when compared to other recently developed sites in the Town of Springdale. Slopes
with expansive clays are present in many areas of the town, and our analysis indicated that the
slope is stable, and we have proposed mitigation for the expansive clays. The site is not located
on the Balanced Rock landslide; and Western Geologic did not believe that the site moved during
the Balanced Rock slide. Rock fall is not present as a hazard, which is present on many sites in
the canyon, some areas in the canyon have extreme, mitigatable rockfall hazard. Liquefaction
and flood hazard were not present on the site.
Based on our investigation and analysis, it is our opinion that provided the mitigation measures
are properly implemented, the site poses a similar risk to other developed sites within the Town
of Springdale.
Rick Chestnut, Terracon (Town’s consultant):
John,
I think we are both arriving at a similar conclusion. The site comes with risk that cannot be fully
mitigated within the scope of the development. You refer to it as similar risk to other developed
sites in Springdale. I refer to it as above average risk for a residential structure. My description
being more focused on general residential settings. It is agreed that some existing developments
in Springdale are situated in similar risk and some in higher risk. That does not mean it is
automatically appropriate to place new developments at similar risk. I believe the ordinance was
enacted to better manage development risk and provide Springdale a way to enforce a thorough
discovery of those risks so an educated decision can be made as to whether the safety of its
residents is being achieved and the town’s risk is minimized. I appreciate your efforts and those
of Western Geologic in exposing those risks and providing well thought out mitigation
alternatives that can be achieved within the scope of the project.
The design of the proposed building is the same as submitted to the Commission in the February 2021
meeting.
Applicable Ordinances
The Commission should review the following code chapters or sections:
1. Chapter 10-11B: Village Commercial Zone
2. Chapter 10-15F: Geologic Hazards
3. Chapter 10-16: Architectural Standards and Design Guidelines
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Development Standard Analysis
Standard

Requirement

Proposal

Comments

Lot Area

The minimum lot size is
0.5 acres.
Front setbacks must be
30 feet, side setbacks
10 feet, and rear
setbacks 20 feet. 20
feet required from a
private lane (see
10-25-10(D)).

The lot measures 2.1
acres.
The proposed
development meets all
setbacks from property
lines. There is a private
lane running adjacent
to the proposed
development site. The
site plan shows the
building located 20 feet
from the edge of the
private lane.
The proposed building
measures just under
500 square feet.
The building measures
13 feet in height.
The applicant has
shown the location of
outdoor lighting on the
plan, and included
details on the color
temperature and
required 2” recess for
the light source. The
applicant has not
included information
on the total lumen
count for the property,
although that analysis
has been done for
previous development
on the site.
The applicant has
provided a landscape
plan as required by
ordinance. However,
the landscape plan
does not indicate the
total amount of
landscape / natural
open space on the
property. Such an
analysis was provided

In compliance.

Setbacks

Building Size

Building Height
Lighting

Landscaping

Maximum allowed
building size is 5,000
square feet.
Maximum building
height is 26 feet.
Outdoor lighting must
be down directed and
shielded. Outdoor
lighting is only allowed
to illuminate the
entrances of buildings,
outdoor gathering
areas, and walkways.
Maximum lumens per
acre is 60,000.

Must retain 60% of the
lot as natural open
space or landscape,
with at least 30% in
landscape area.
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In compliance.

In compliance.

In compliance.
The Commission should
require an updated
lumen count of all
outdoor lighting on the
site to demonstrate
compliance with the
60,000 lumen per acre
requirement. (Note:
only developable area
is included in the
calculation of the
lumen per acre cap.)

The Commission should
require an updated
analysis of the total
amount of landscape
and natural open space
on the property.

Colors and Materials

Colors must conform to
the color palette
regulations. Building
material must be
compatible with the
surrounding
environment as per
section 10-16-4.

Parking

See section 10-23-4
Parking spaces
required.

with the February 2021
application. However,
that analysis is now out
of date since there is
new development on
the property that was
not included in the Feb
2021 analysis.
The applicant provided
details on colors and
materials
demonstrating
compliance with Town
standards with the Feb
2021 application. The
current application calls
out materials on the
elevation drawings, but
no details or samples of
exterior materials have
been provided with the
new application.
The proposed transient
lodging unit will require
three parking spaces
(one for the unit plus
two employee spaces).
With the previous
application the
applicant verified two
parking spaces will be
provided adjacent to
the proposed structure
for guests. The
employee spaces will
be located in the paid
parking area on the
property. This will
require two of the paid
parking spaces in the
parking lot to be
dedicated for
employees of the
transient lodging
business.
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The Commission should
confirm whether or not
the proposed colors
and materials are the
same as those
proposed with the
February 2021
application.

In compliance. Staff
recommends a
condition that requires
the applicant to
dedicate two spaces in
the paid parking lot for
employees of the
transient lodging
business.

Other Issues
Geologic Hazard
As discussed above, the site is in an area of high geologic hazard. The Town’s geologic hazard ordinance
applies to development on this site. The Commission should determine whether the standards of the
geologic hazard ordinance have been satisfied. The Commission should pay particular attention to the
following standards:
●

10-15F-9(B) and (C): The applicant is responsible to implement all mitigation measures
recommended in the geologic hazard investigation. The Town may establish additional
requirements to mitigate hazards. These requirements could include limitation on buildable
areas, limitation on the amount of slope disturbance, and requirement that final grading plans
be stamped by a licensed engineering geologist and geotechnical engineer.

●

10-15F-9(E): This section outlines the standard of review for developments in a geologically
hazardous area. Subsection 3 establishes the following specific criteria for approving any
development in a geologically hazardous area:
○ The proposed land use does not present an unreasonable risk to the health, safety, and
welfare of persons or property, including buildings, storm drains, public streets, culinary
and other water facilities, utilities or critical facilities, whether off-site or on-site, or to
the aesthetics and natural functions of the landscape, such as slopes, streams or other
waterways, drainage, or wildlife habitat, whether off-site or on-site, because of the
presence of geologic hazards or because of modifications to the site due to the proposed
land use.
○ The proposed land use demonstrates that, consistent with the current, regional state of
practice, the identified geologic hazards can be mitigated to a level where the risk to
human life and damage to property are reduced to an acceptable and reasonable level in
a manner which will not violate applicable federal, state, and local statutes, ordinances,
and regulations. Mitigation measures should consider in their design, the intended
aesthetic functions of other governing ordinances, such as the grading ordinance. The
applicant must include with the geologic report, a mitigation plan that defines how the
identified hazards or limitations will be addressed without impacting or adversely
affecting off-site areas. If the report identifies multiple options for mitigation, the Town,
after consulting with its geologic hazard expert, may mandate which of the options must
be implemented. Mitigation measures must be reasonable and practical to implement,
especially if such measures require on-going maintenance by property owners.

●

10-15F-10: The property owner is required to record a notice against the property citing the
geologic hazard investigation and the specific geologic hazards on the property (this is also a
recommendation included in the geologic hazard investigation report).

●

10-15F-13: Applicants that receive approval for development in a geologic hazard area must sign
a hold harmless agreement with the Town.

Terracon, the Town’s geologic hazard consultant, has reviewed the applicant's hazard investigation and
has found it meets the standards of the ordinance in terms of rigor and thoroughness. Terracon further
finds that the mitigation measures proposed in the report will successfully mitigate the majority of the
hazards on the site to an acceptable level. However, Terracon states that there are hazards on the site
that can never be fully mitigated (e.g. mass slope movement associated with a landslide event). Terracon
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states the Town needs to determine if the presence of these unmitigable risks rise to a level of
“unreasonable risk.” If so, section 10-15F-9(E)(3) does not allow the structure to be approved.
Steep Slopes
The applicant has designed the structure such that there will be no disturbance to the existing 30%
slopes surrounding the building site. The proposed building is placed on top of a hill surrounded on three
sides by 30% slopes. The Commission may wish to emphasize the need to prevent all disturbance on and
around the steep slopes. Specifically, the proposed development includes a basement (the basement is
not shown on the floor plans, but an exterior stairway to the basement is shown on the plans and the
geotechnical report references a basement). Staff is concerned that excavation required for the
basement may make it difficult or impossible to preserve the steep slopes around the building area. Staff
previously discussed this concern with the applicant. The applicant is confident that the structure can be
built without disturbance on the 30% slopes. Staff recommends the Commission require extensive
measures to protect the slopes (e.g. construction fencing, frequent grading inspections, etc.)
Transient Lodging
Staff understands the applicant’s intended use of the structure is for transient lodging. The applicant has
been issued a conditional use permit to operate one vacation rental unit above the coffee shop near the
paid parking area. This permit does not allow additional transient lodging on the property. Transient
lodging is no longer allowed as a conditional use in the VC zone – it requires approval of the Transient
Lodging Overlay zone. In order to use the structure for transient lodging the applicant will first need
approval of the Transient Lodging Overlay zone on the property.
Sample Motion Language
The Commission should make specific findings regarding the proposed development and its compliance
with the applicable standards in the ordinance. The Commission may wish to use the following questions
to help guide the formation of findings:
-

-

Does the proposed development comply with the building height, size, design, lighting and other
standards of the VC zone?
Does the proposed development comply with the standards of the grading ordinance,
particularly the prohibition on disturbance of 30% and greater grades?
Does the geologic hazard investigation adequately identify, assess, and propose mitigation for
the natural hazards on the site? Specifically, does the project comply with section 10-15F-9(E)
which prohibits new development which places property or people at unreasonable risk of
natural hazard.
Will the proposed development on the site place people or property at unreasonable risk of
natural hazard?

The Commission may wish to use the following sample motion language in making a motion on this
project:
The Planning Commission Approves/Denies the proposed Design/Development Review for the hilltop
building at 358 Zion Park Boulevard, as shown in the approved plans. The motion is based on the
following findings:
[LIST FINDINGS - These findings should draw extensively from the geologic hazard investigation and
Terracon review and opinion regarding the hazard investigation to support the Commission’s decision
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whether or not the proposed development will place people or property at unreasonable risk of
natural hazard]
If making a motion of approval, staff recommends the following conditions of approval:
1- No development or disturbance (including incidental disturbance during construction) is allowed
on the 30% slopes located around the behind. The applicant must install construction fencing
preventing access and disturbance on the 30% slopes. The Town will not issue a building permit
until the fencing is in place. The fencing must remain in place and undisturbed for the duration
of the construction project. The applicant must notify the Town 24 hours prior to beginning
excavation or grading on the project and allow the Town to be onsite during all grading activities
to monitor the grading activity to ensure there is no disturbance of the 30% slopes.
2- The applicant must follow the recommendations of the geologic hazard investigation and
geotechnical analysis for the site. The applicant is also required to implement all the
recommended mitigation measures in the geologic hazard investigation. A certificate of
occupancy will not be issued for the site until the applicant has provided a certification from a
professional engineer that the mitigation measures in the hazards report have been completed.
3- The applicant must dedicate two of the spaces in the paid parking area for employees of the
transient lodging business.
4- The applicant must provide an updated analysis of all outdoor lighting on the property to ensure
compliance with the lumen cap allowance of section 10-15C-7.
5- The applicant must provide an updated analysis of the total amount of natural open space and
landscape on the property to demonstrate compliance with section 10-18-4(A).
6- The applicant must record a notice of the geologic hazards investigation against the property in
the Washington County Recorder’s office. A building permit will not be issued until the notice is
recorded.
7- The applicant must sign a hold harmless agreement with the Town, holding the Town harmless
from any damages, liability, or claims resulting from geologic hazards on the property. A building
permit will not be issued until the hold harmless agreement has been signed.
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Town of Springdale Mail - Lumen and color temp

Thomas Dansie <tdansie@springdale.utah.gov>

Lumen and color temp
Luke Wilson <ljwilsoninc@gmail.com>
To: Thomas Dansie <tdansie@springdale.utah.gov>

Wed, May 5, 2021 at 4:25 PM

Hi Tom,
Here is the lighting info. The wall sconces are the same as the coffee shop. They show lumens and color range. The
other outside lighting is just recessed cans, which are 665 lumens per fixture. I’ve done the calculation below:

Project acreage 2.1 acres
Max lumens allowed per acre
Allowed Lumens 2.1 x 30,000

30,000 Lumens
63,000

Existing fixtures 5 x 788
New sconce fixtures 14 x 788
New Can fixtures 20x 665 13,300

3,940
11,032

Total on site

28,272 Lumens

https://mail.google.com/mail/u/0/?ik=0477d81025&view=pt&search=all&permmsgid=msg-f%3A1698958983569148140&simpl=msg-f%3A1698958983…
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May 25, 2022
Rick Chesnut, P.E., P.G.
Terracon Consultants
Subject:

VRBO Project
Springdale Parcel S-102-B-4-A
Springdale, Utah
Landmark Project No.: 21056

Rick,
As you know, we have prepared and issued several reports concerning the proposed VRBO Project located
on the hill to the west side of the listed parcel. Our services have involved our own Professional Engineers
and the outside services of a respected Professional Geologist, Mr. Bill Black of Western Geologic.
Based your review of our reports and analysis, it was stated that “…it is our opinion that our comments
have been reasonably addressed and the investigations completed to date generally address the requirements
of the Springdale Town Code, Section 10-11B-12(A).” You also stated that “… it is our opinion that this
site has above normal risk for an occupied structure. It is the responsibility of the city and owner to review
the risk level and decide if the risks to the planned structure and occupants is acceptable to permit the
planned development.”
It should be noted that the Town of Springdale contains geologic and geotechnical risks beyond those found
in other areas of Washington County, for instance in downtown St. George. We feel that the adoption of
the Geologic Hazards ordinance by the Town of Springdale was an appropriate measure to protect public
safety.
While the site does pose risks and challenges, we do not feel that this site poses an undo risk to public safety
when compared to other recently developed sites in the Town of Springdale. Slopes with expansive clays
are present in many areas of the town, and our analysis indicated that the slope is stable, and we have
proposed mitigation for the expansive clays. The site is not located on the Balanced Rock landslide; and
Western Geologic did not believe that the site moved during the Balanced Rock slide. Rock fall is not
present as a hazard, which is present on many sites in the canyon, some areas in the canyon have extreme,
mitigatable rockfall hazard. Liquefaction and flood hazard were not present on the site.
Based on our investigation and analysis, it is our opinion that provided the mitigation measures are properly
implemented, the site poses a similar risk to other developed sites within the Town of Springdale.
Please let us know if you concur with these conclusions.
LANDMARK TESTING & ENGINEERING

John M. Anderson, P.E.
Project Engineer

Steven Wells, P.E.
Geotechnical Manager

Thomas Dansie <tdansie@springdale.utah.gov>

RE: VBRO
Chesnut, Rick L. <Rick.Chesnut@terracon.com>
To: Thomas Dansie <tdansie@springdale.utah.gov>

Fri, Apr 15, 2022 at 3:59 PM

Tom,

It appears that they have addressed my comments adequately and have provided the analysis required by the city code
to identify risk and mitigate them to the extent possible. If they follow the recommendations given in the recent report(s)
the most of the identified risks can be reduced to a reasonable level but some not eliminated.

The site comes with inherent risks including expansive soils, steep slopes, and proximity to a known landslide. The
mitigation measures presented in the reports provide a reasonable approach to expansive soils and steep slopes around
the site. However, the risk associated with proximity to a known landslide and its potential affects, should it reactivate, as
has occurred in the past, cannot be completely removed at this site. Full mitigation and risk elimination are likely cost
prohibitive. It becomes the responsibility of the city to review the risk level and decide if the risks to the planned structure
and occupants is acceptable.

Let me know if I can be of further assistance.
[Quoted text hidden]

March 30, 2022
Luke Wilson
749 South 900 West
Hurricane, UT 84737
Subject:

2022 Addendum - Updated
Springdale Parcel S-102-B-4-A
Springdale, Utah
Landmark Project No.: 21056

Reference:

Geologic Hazards Evaluation, Parcel S-102-B-4-A, Western Geologic, dated
October 29, 2021
Foundation and Earthwork Opinion, Parcel S-102-B-4-A, Landmark Testing &
Engineering Project No. 21056, dated January 28, 2021

Luke,
As requested, we have completed an additional evaluation of the site of the proposed vacation
rental to be constructed on the listed Parcel. Landmark contracted Western Geologic to perform a
Geologic Hazards Evaluation of the site to direct further analysis of the site and the proposed
development.

1.0

Geologic Hazards Evaluation

Mr. Bill Black, P.G. of Western Geologic performed the Geologic Hazards Evaluation for the site.
Their evaluation indicated 4 geologic hazards present on the site.
1.1

Earthquake Ground Shaking

The Town of Springdale is located within a seismically active area. The Hurricane fault is located
14.5 miles to the west, and is the major source of the seismic hazards in Washington County; but
other faults are located in the area.
The seismic risk can be mitigated by suitable structural and geotechnical design. The report
presents current seismic design values, which should be used in the design of the proposed
structure.
1.2

Landslide and Slope Failures

The exposed slope on the west side of the site is an existing hazard for slope instability. The slope
is hazardous for several reasons:
•
•

The physical properties of the material which forms the slope
The angle of the exposed face of the slope
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Western Geologic determined that it does not appear that the hill where the vacation rental is
proposed to be located, moved during the 1992 earthquake. This earthquake caused the adjacent
Balanced Rock landslide.
Western Geologic recommended several items for Landmark to address:
•
•
•

A deep foundation system will likely be required.
A slope stability study should be constructed on the slope.
Site grading and drainage will require rigorous care to prevent erosion and wetting of the
slope face.

Our slope stability study, and foundation recommendations are included in this report.
1.3

Rockfall

Several potentially hazardous boulders were noted on the slope to the north of the site.
Western Geologic recommended that the area be addressed during construction, and the hazardous
boulders be removed.
1.4

Problem Soil and Rock

The site is located on a hill which has been mapped as having expansive soils and rock.
Western Geologic recommended that the geotechnical investigation should address this hazard.

2.0

Geotechnical Analysis and Conclusions

Based on Western Geologic’s findings, we have performed additional laboratory testing and
analysis of the site.
2.1

Earthquake Ground Shaking

The values listed in Western Geologic’s report should be used in the design of the proposed
vacation rental building.
2.2

Landslide and Slope Failures

2.2.1

Field Investigation

Borings were previously drilled on the vacation rental site and in the parking lot at the base of the
slope. All of the soils encountered in the borings consisted of various medium to high plastic clays
and mudstone bedrock. All of these materials are known to be expansive, therefore, specific testing
to determine if these materials are expensive was not conducted. Groundwater, in either the form
of perched layers, or as a specific water table, was not encountered in any of the explorations in
this area. Groundwater was encountered in the foundation holes drilled for the retail shops at the
east end of the parking lot. This water was perched at the surface of the clay layer.
2.2.2

Triaxial Shear Testing

Samples of the expansive clays encountered within the hill were collected, and shipped to IGES
in Salt Lake City where consolidated-undrained triaxial shear tests with pore-water pressure
monitoring were conducted. For this test, three samples were tested at confining pressures of 4, 6,
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and 8 ksf. The failure envelope for the material is defined connecting a line tangent to a semicircle
defined by the test results for each of the samples. This line shows the cohesion and internal angle
of friction of the material. Three samples are used to give a good definition of this line.
Unfortunately, Sample S1 of the group, appears to have had different properties than the other two
samples, leading to complications in data reduction.
The 3-point envelope indicated a cohesion of 0 psf, and a friction angle of 15.5 degrees under total
stress conditions. The 2-point correlation, which ignores Sample S1 which indicated different
properties, indicated a cohesion of 1,000 psf and a friction angle of 8 degrees under total stress
conditions. The IGES test results are included as Figure 8.
We have added a shear envelope line based on two points to the IGES report. The 3-point envelope
is shown by the black line, and the 2-point envelope is shown by the red line on the Attached
Figure 9.
2.2.3

Slope Stability Analysis

2.2.3.1 Models
On this site, two major potential slope failure axes exist: a west to east slope down to the parking
lot, and a north to south slope down to Balanced Rock Road. The layers in the west-east slope are
shallower, but the slope is higher; the layers in the north-south slope are steeper, but the slope is
shorter.
To determine the stability of the slope we modeled the two principal failure directions with
Stedwin and Stabl6h. Lines showing the cross-section of the slopes are shown on our Site Map
Figure 1.
The profile of the slopes was determined using the elevation profile feature within Google Earth
and compared to the Lidar data included in the Western Geologic report. The profile of the soil
layers within the slopes were based on onsite photography and aerial imagery.
Soils can be either modeled according to effective stress or total stress conditions. Effective stress
values are based on the soils being saturated with groundwater, which induces buoyancy to the
weights and strength calculations used in the analysis. Typically, effective stress is used for the
analysis of slopes during long-term conditions.
Groundwater within the zone to be evaluated for our slope stability analysis, therefore the models
were based on total stress strengths. Additionally, the clays found on the site have a moderate to
high plasticity. This plasticity makes the clays able to hold large amounts of water, but also makes
it difficult for water to move into or out of the clays. Water, when encountered in the vicinity, sits
on the surface of the clay, with the upper 1 to 2 feet of the clay being wet, and the remaining clay
being dry. Therefore, we have chosen to model the slopes under total stress conditions.
To model the possibility of plumbing, stormwater, or other water sources at the site of the building,
we included a layer of soft, weak clay at the base of the proposed basement pad. The layer was
level at the surface, and had a sloped bottom, with the slope towards the exposed slope face on the
parking lot side.
The models included 6 total layers, all slope towards the parking lot. The material properties of
the clays and claystone were taken from our current laboratory testing, and testing conducted on
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similar materials in the area. The strength and material factors used in the models are shown in
the following Table 1.
Table 1
Layer Number

Material

Unit Weight
(pcf)

Cohesion (psf)

Internal Angle
of Friction

1

Purple Clay

120.0

1000

8.0

2

Wetted Clay

130.0

100

8.0

3

Purple Clay

120.0

1000

8.0

4

Gray Clay

125.0

500

15.0

5

Purple Clay

120.0

1000

8.0

6

Claystone

130.0

3500

15.0

A seismic load equal to one-half of the Peak Ground Acceleration (PGA) was used to model the
design earthquake. The PGA used was taken from the Western Geologic report, and represents an
earthquake with a 2 percent probability of exceedance in 50 years (2,475-year return period), as
required by the building code for structural design of buildings. In the case of this site, the PGA
was 0.297g, and 0.5*PGA is 0.15g horizontal acceleration. Recommendations found in DMG
Special Publication 117 recommends using the Mean Horizontal Acceleration (MHA) equal to the
PGA of an earthquake with a 10 percent probability of exceedance in 50 years (475-year return
period). In this case, the USGS data indicates a PGA of 0.088g. Our model used a horizontal
coefficient of 0.15, which is more conservative than that recommended by DMG 117.
We did not include the influence of the proposed structure, because the building is proposed to be
supported on drilled micropiles. The building will not impose either an area loading, or strip
loading on the surface of the building site. The loads will instead be imposed on the exterior
surface of the micropiles at depth. Design recommendations for controlling the location of the
loading are included in this report.
Industry standards recommend that the Factor of Safety (FS) for slope stability, the percentage
stronger than equilibrium, is 1.4 to 1.5 for the static condition, and 1.0 to 1.1 for the seismic
condition. The higher values indicate a greater resistance to failure, and are recommended for
conditions which require greater safety. Landslides typically, but not always, have a circular
sliding or failure surface. Clays in particular tend to have a circular failure surface. Our computer
model analyzed the slope using the Bishop Circular method.
Subsurface lithology, and observations of similar clay/claystone slopes exposed in the area suggest
that “infinite slope” or block sliding of surface materials is not likely.
The analysis tests many different circles and calculates the FS for each of these circles. The 10
lowest FS circles are then plotted. By analyzing hundreds of potential starting and ending points,
the FS for the slope as a whole can be estimated. By adjusting the starting and ending limits,
various potential failure surfaces can be evaluated, and the most likely failure zone determined.
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2.2.3.2 West to East Slope
Our model indicates that the most likely failure mode for the west-east slope is a deep-seated
failure starting to the west of the building area, near the existing access road, and exiting in the
parking lot to the east of the hill. Deeper failure surfaces are not as likely as they intersect the
harder claystone layers which we found in borings in the parking lot. Shallower failure modes are
possible, if large, thick bands of the clay become fully saturated. Our middle band, the exposed
grey material seen in the hillside, was modeled to be saturated and weak, and indicated a shallower
surface, with a lower FS. However, for this to occur, the entire layer would need to become
sufficiently wetted, which is not likely due to the relatively impermeability of the clays.
Based on our testing and modeling, the Static Factor of Safety for the west-east slope is 1.62. The
Seismic Factory of Safety is 1.15 at 0.15g and 1.31 at 0.088g. Figures 2 through 4 present the
results of the analysis of the west to east slope. Figure 1 includes a red line showing the location
of this line.
2.2.3.3 North to South Slope
For the north to south slope, our model indicates that the most likely failure mode are deep seated
failures, similar to the west to east slope. If the limits of search are artificially limited, a failure
may be forced to occur in the saturated gray clay layer. However, for this to occur, the entire layer
would need to become sufficiently wetted, which is not likely.
Based on our testing and modeling, the Static Factor of Safety for the west-east slope is 2.24. The
Seismic Factory of Safety is 1.71 at 0.15g and 1.89 at 0.088g. Figures 5 through 7 present the
results of the analysis of the west to east slope. Figure 1 includes a blue line showing the location
of this line.
2.2.4

Conclusions

Based on our slope stability study, and a review of the report prepared by Western Geologic,
the slopes currently appear to be stable. The east to west slope, towards the parking lot appears
to the critical slope, with the lower Factors of Safety.
The construction of the proposed building will tend to increase the FS values for the following
reasons:
•

•

•

The basement will require the excavation of approximately 12 feet of soil below the main
level of the building. These soils are all located at the top of the slope, and their weight is
a significant load on the side of the equation which drives the slide towards the bottom.
Removing these soils lowers this load, increasing the FS.
The building will be supported on drilled micropiles. The micropiles transfer the building
load to the piers, and the piers load the soil at a defined depth. The proposed micropile
detail and recommendations will push the loaded portion of the micropiles from the upper
portion of the micropile, to the portion of the micropile below the failure surfaces. This
action will theoretically not impact the FS.
The drilled micropiles will extend through the likely sliding surfaces, effectively pinning
the potentially sliding portion of the slope to the non-sliding portion of the slope, increasing
the FS.
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Water sources on the site (plumbing and stormwater) will be piped to discharge at locations
which will not wet the clays.
Rockfall

Several potentially hazardous boulders were noted on the slope to the north of the site.
Western Geologic recommended that the area be addressed during construction, and the hazardous
boulders be removed.
2.4

Problem Soil and Rock

The site is located on a hill which has been mapped as having expansive soils and rock.
Western Geologic recommended that the geotechnical investigation should address this hazard.

3.0

Landmark Recommendations

3.1

Grading and Drainage

Proper performance of the proposed development will require moisture control measures.
•
•
•
•
3.2

No landscaping requiring irrigation should be used for this project.
Gutters should be installed on the building, and the downspouts piped to a location outside
of the limits of the slope.
A drainage system should be installed in the area below the grade beams and structural
floor to collect any water which enters this space. The drain should discharge to an area
outside of the limits of the slope.
Site grading should be designed to prevent water from flowing across the exposed slope to
the east of the building area.
Micropile Design Recommendations

We recommend that the proposed building be constructed on drilled micropiles. Based on the
depth to the probable slide plane found during our slope stability study, we recommend that the
micropiles extend a minimum of 50 feet below the proposed grade beam/basement elevation. This
depth is in excess of the required depth to achieve the adequate structural capacity. We anticipate
that as-built ultimate capacities greater than 100-kips can be achieved.
It should be understood that distress of surface elements such as sidewalks, patios, and porches not
established on piles could occur if expansive soils become wet.
Micro-pile design details are presented below.
1.
Micro-piles should be installed a minimum of 50 feet into the clay. A minimum pile
diameter of 8-inches is recommended to allow for insertion of the rebar and sleeve and to
allow adequate grout cover. However, smaller pile diameter piles are acceptable based on
structural engineer design.
2.
The upper 15 feet of the micropiles should be sleeved as a bond-breaker to prevent the
transfer of loads to the upper portion of the soils. This measure is to transfer the building
loads to the portion of the micropile below the slide plane.
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Micropiles should be designed according to the procedures found in the FHWA Micropile
Design and Construction Reference Manual, NHI-06-039.
Micro-piles should be designed for a maximum allowable end bearing pressure of 10,000
psf and an allowable skin friction value of 1,500 psf for the portion of pile extending below
6 feet.
Micropiles should be designed and spaced for a minimum deadload 10.0 kips. A smaller
number of highly loaded micropiles is preferred to a larger number of lightly loaded
micropiles.
Micropiles should be reinforced the full length to resist tension forces in the event of
swelling of adjacent soils. Potential tension forces may be calculated using at least 6 feet
of pile length with a skin friction of 1,500 psf. The minimum percent of steel should be
1% of the grout area. Reinforcement should extend into grade beams and foundation walls.
Laterally loaded micropiles should be at least three diameters apart and may be designed
utilizing the parameters in the following table.
Total
Unit
Weight
(pcf)

ε50
(in/in)

K value
(lb/in^3)

Friction
Angle

Cohesion
(psf)

Unconfined
Compressive
Strength (psf)

Modulus of
Elasticity
(psi)

Fat Clay

125.0

0.07

1,000

n/a

2,000

4,000

2,900

Mudstone

130.0

0.04

2,000

n/a

3,000

6,000

4,300

Soil Type

8.
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Micropiles excavations should be carefully cleaned prior to placing grout. Grout should
be poured into the pile excavations immediately after the excavations are cleaned and
inspected. Pumping or tremie methods of concrete placement are recommended to
minimize segregation of the concrete. The maximum aggregate size should be less than
1/3 of the clearance between rebar ties. Grout with a high slump is recommended.
The grout placed in the micropiles should consist of Type V, neat cement, mixed in a highshear mixer to between 15.3 and 16.2 lbs of cement per gallon of water. Grout should be
checked frequently with a mud balance.
A minimum 8-inch continuous void beneath all grade beams and foundations walls
supported on micropiles is recommended to concentrate dead loads and to minimize
potential uplift pressures. It is imperative that void space be maintained throughout the life
of the structure and backfill adjacent to the grade beams is not allowed to fill the void space.
Micropiles installation should be observed by competent personnel to assure that adequate
bearing is achieved, clean out is performed, and the re-bar is properly placed.
Mushrooming or enlargement at the top of micropiles should be avoided during pile drilling
and subsequent construction operations.
Grout should be continuously poured to the bottom of the grade beams such that
construction joints are not formed.
Ensure that exterior concrete elements are not placed beneath protruding components of
the buildings that may limit free vertical movement of the concrete element. This includes
porches, driveways, and sidewalks that may be poured adjacent to structures.
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Thank you for allowing us to assist you with this project. Please feel free to contact our office is
you have any questions.
LANDMARK TESTING & ENGINEERING

John M. Anderson, P.E.
Project Engineer

Steven Wells, P.E.
Geotechnical Manager

Slope Stability
Section Line

Site Map
Landmark Project No 21056

Figure 1

West to East Slope Stability – Static
Landmark Project No 21056

Figure 2

West to East Slope Stability – Seismic 0.15
Landmark Project No 21056

Figure 3

West to East Slope Stability – Seismic 0.088
Landmark Project No 21056

Figure 4

North to South Slope Stability – Static
Landmark Project No 21056

Figure 5

North to South Slope Stability – Seismic 0.15g
Landmark Project No 21056

Figure 6

North to South Slope Stability – Seismic 0.088g
Landmark Project No 21056

Figure 7

Consolidated Undrained Triaxial Compression Test for Cohesive Soils
(ASTM D4767 )

Project:
No:
Location:
Date:
By:

© IGES 2009, 2021

Landmark Testing & Engineering
M00431-038 (20705)
Balanced Rock
8/25/2021
EH

Boring No.: 1
Sample:
Depth: 63.5-78.0'
Sample Description: Purple clay
Engineering Classification: Not requested
Sample type: Undisturbed-trimmed from thin-wall

Before shear

Initial

Test Number:
Height, H (in)
Diameter, D (in)
Water content, w (%)
Dry unit weight,  d (pcf)
Saturation (%)
Void ratio, e
Mounting
Water content, w (%)
Dry unit weight,  d (pcf)
Saturationa (%)
Void ratio, e
Area, A eoc (in2)
Area method
B
t 50 (min)
Back pressure (psf)
Strain rate (%/min)
Time to failure (min)
Strain at failure, f (%)
Filter paper correction
Membrane correction
Assumed specific gravity 2.70

a

S1
5.423
2.394
16.8
102.8
71.1
0.64
Wet
24.3
103.9
100.0
0.62
4.48
A
0.95
20.49
7632
0.0167
898.2
15.00
No
Yes

S2
5.260
2.384
23.9
88.0
70.5
0.91
Wet
30.2
89.8
100.0
0.88
4.54
A
0.95
184.33
4748
0.0167
898.2
15.00
No
Yes

S3
5.698
2.372
18.0
97.9
67.4
0.72
Wet
27.1
96.6
100.0
0.74
4.63
A
0.95
13.32
8348
0.0167
215.9
3.61
No
Yes

Saturation set to 100% for phase calculations

Summary of strength parameters at peak deviator stress
c (psf)
0
Total stress
 (deg) 15.5
c' (psf) 1925
Effective stress
 ' (deg) 4.0
Comments:
It was noted that test specimen S1 was more competent than specimens S2 and S3. Discretion should
be used in the interpretation and application of test results.

Entered by:___________
Reviewed:___________

1/4
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Consolidated Undrained Triaxial Compression Test for Cohesive Soils
(ASTM D4767 )
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Project: Landmark Testing & Engineering
No: M00431-038 (20705)
Location: Balanced Rock

Boring No.: 1
Sample:
Depth: 63.5-78.0'

Effective stress

Total stress

Test Number:
 3 (psf)
 1 - 3 (psf)
 1 (psf)
q =  1 - 3 )/2 (psf)
p =  1 + 3 )/2 (psf)
 u (psf)
 ' 3 (psf)
 ' 1 - ' 3 (psf)
 ' 1 (psf)
q =  ' 1 - ' 3 )/2 (psf)
p' =  ' 1 + ' 3 )/2 (psf)
 '   ' 
A =  u /    

5000

S1
4000
4950
8949
2475
6475
1437
2563
4950
7513
2475
5038
2.93
0.290

4818

4000

3987

4079

4000

3500
Excess pore pressure, u (psf)

3500
Deviator stress, d (psf)

S3
8005
4818
12823
2409
10414
3987
4017
4818
8835
2409
6426
2.20
0.828

4500

4950

4500

S2
6004
4079
10083
2040
8043
2768
3236
4079
7315
2040
5276
2.26
0.679

3000
2500
2000
1500

2768

2500
2000
1500

1437

1000

S1, 4000 psf

1000

3000

S2, 6004 psf

500

S3, 8005 psf

500

Failure

0

0
0

5
10
Axial strain, a (%)

15

0

5
10
Axial strain, a (%)

15
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Consolidated Undrained Triaxial Compression Test for Cohesive Soils
(ASTM D4767 )
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Project: Landmark Testing & Engineering
No: M00431-038 (20705)
Location: Balanced Rock

Boring No.: 1
Sample:
Depth: 63.5-78.0'

Summary of strength parameters at peak deviator stress
c (psf)
0
Total stress
 (deg) 15.5
c' (psf) 1925
Effective stress
 ' (deg) 4.0

1.0

3.0

0.9

2.8
0.828

0.8

2.93

2.6

0.7

2.4
2.26

0.679

2.2

'1/ '3

A Parameter

0.6

2.20

0.5
0.4

2.0
1.8

S1, 4000 psf
S2, 6004 psf

0.3

1.6

S3, 8005 psf
Failure

0.290

0.2

1.4

0.1

1.2

0.0
0

5
10
Axial strain, a (%)

15

3/4

1.0
0

5
10
Axial strain, a (%)

15
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Project: Landmark Testing & Engineering
No: M00431-038 (20705)
Location: Balanced Rock

Boring No.: 1
Sample:
Depth: 63.5-78.0'

Summary of strength parameters at peak deviator stress
c (psf)
0
Total stress
 (deg) 15.5
c' (psf) 1925
Effective stress
 ' (deg) 4.0
7500
S1, 4000 psf
S2, 6004 psf

Shear stress,  / q (psf)

S3, 8005 psf
Failure

5000

Mohr-Coulomb envelope

2500

0
0

2500

5000
7500
10000
Normal stress, n / p (psf)

12500

15000

Shear stress,  / q (psf)

5000

2500

0
0

2500

5000
7500
Effective normal stress, 'n / p' (psf)

4/4

10000
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1000
8.0
0
22.0
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January 13, 2022
Luke Wilson
749 South 900 West
Hurricane, UT 84737
Subject:

2022 Addendum
Springdale Parcel S-102-B-4-A
Springdale, Utah
Landmark Project No.: 21056

Reference:

Geologic Hazards Evaluation, Parcel S-102-B-4-A, Western Geologic, dated
October 29, 2021
Foundation and Earthwork Opinion, Parcel S-102-B-4-A, Landmark Testing &
Engineering Project No. 21056, dated January 28, 2021

Luke,
As requested, we have completed an additional evaluation of the site of the proposed vacation
rental to be constructed on the listed Parcel. Landmark contracted Western Geologic to perform a
Geologic Hazards Evaluation of the site to direct further analysis of the site and the proposed
development.
Geologic Hazards Evaluation
Mr. Bill Black, P.G. of Western Geologic performed the Geologic Hazards Evaluation for the site.
Their evaluation indicated 4 geologic hazards present on the site.
Earthquake Ground Shaking
The Town of Springdale is located within a seismically active area. The Hurricane fault is located
14.5 miles to the west, and the is major source of the seismic hazards in Washington County; but
other faults are located in the area.
The seismic risk can be mitigated by suitable structural and geotechnical design. The report
presents current seismic design values, which should be used in the design of the proposed
structure.
Landslide and Slope Failures
The exposed slope on the east side of the site is an existing hazard for slope instability. The slope
is hazardous for several reasons: the physical properties of the material which forms the slope and
the angle of the exposed face of the slope are the major components of the risk in this case.
The major finding of Western Geologic is that it does not appear that the hill, where the vacation
rental is proposed to be located, moved during the 1992 earthquake, which caused the adjacent
Balanced Rock landslide.
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Western Geologic recommended several items for Landmark to address:
•
•
•

A deep foundation system will likely be required.
A slope stability study should be constructed on the slope.
Site grading and drainage will require rigorous care to prevent erosion and wetting of the
slope face.

Our slope stability study, and foundation recommendations are included in this report.
Rockfall
Several potentially hazardous boulders were noted on the slope to the north of the site.
Western Geologic recommended that the area be addressed during construction, and the hazardous
boulders be removed.
Problem Soil and Rock
The site is located on a hill which has been mapped as having expansive soils and rock.
Western Geologic recommended that the geotechnical investigation should address this hazard.
Geotechnical Analysis and Conclusions
Based on Western Geologic’s findings, we have preformed additional laboratory testing and
analysis of the site.
Earthquake Ground Shaking
The values listed in Western Geologic’s report should be used in the design of the proposed
vacation rental building.
Landslide and Slope Failures
Based on Western Geologic’s recommendations, we planned and conducted a slope stability
analysis of the site. We modeled the slope with Stedwin and Stabl6h. The line of our slope is
shown on our Site Map Figure 1. The profile of the slope was determined using the elevation
profile feature within Google Earth and compared to the Lidar data included in the Western
Geologic report.. The profile of the soil layers within the slope were based on onsite photography
and aerial imagery.
Samples of the expansive clays encountered within the hill were collected, and shipped to IGES
in Salt Lake City where consolidated-undrained triaxial shear tests with pore-water pressure
monitoring were conducted. Three samples were tested at confining pressures of 4, 6, and 8 ksf.
The failure envelope produced by the three tests will show the cohesion and internal angle of
friction of the material. Three samples are used to give a good correlation. Unfortunately, Sample
S1 of the group, appears to have had different properties than the other two samples, leading to
complications in data reduction.
The 3-point envelope indicated a cohesion of 0 psf, and a friction angle of 15.5 degrees under total
stress conditions. The 2-point correlation indicated a cohesion of 1,000 psf and a friction angle of
8 degrees under total stress conditions. We have added a shear envelope line based on two points
to the IGES report. The 3-point envelope is shown by the black line, and the 2 point envelope is
shown by the red line. The results of the triaxial shear test are included with this report.
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Borings were previously drilled on the vacation rental site and in the parking lot at the base of the
slope. All of the soils encountered in the borings consisted of various medium to high plastic clays
and mudstone bedrock. All of these materials are known to be expansive, therefore, specific testing
to determine if these materials are expensive was not conducted. Groundwater, in either the form
of perched layers, and as a specific water table, was not encountered in any of the explorations in
this area. Groundwater was encountered in the foundation holes drilled for the retail shops at the
east end of the parking lot, but this water was perched at the surface of the clay layer.
Due to the lack of groundwater within the zone to be evaluated for our slope stability analysis, the
model was based on total stress strengths. Effective stress values are based on the soils being
saturated with groundwater, which induces buoyancy to the weights and strength calculations used
in the analysis. Typically, effective stress is used for the analysis of slopes during long-term
conditions. However, due to the lack of natural groundwater, and the impermeability of the clays,
saturation of the clays is not a likely possibly. Therefore, we have chosen to model the slope under
total stress conditions.
To model the possibility of plumbing, stormwater, or other water sources at the site of the building,
we included a layer of soft, weak clay at the base of the proposed basement pad. The layer was
level at the surface, and had a sloped bottom, with the slope towards the exposed slope face on the
parking lot side.
The model included 6 total layers, all of which slope towards the parking lot. The material
properties of the clays and claystone were taken from our current laboratory testing, and testing
conducted in similar materials in the area. The strength and material factors used in the model are
shown in the following Table 1.

Layer Number

Material

Unit Weight
(pcf)

Cohesion (psf)

Internal Angle
of Friction

1

Purple Clay

120.0

1000

8.0

2

Wetted Clay

130.0

100

8.0

3

Purple Clay

120.0

1000

8.0

4

Gray Clay

125.0

500

15.0

5

Purple Clay

120.0

1000

8.0

6

Claystone

130.0

3500

15.0

A seismic load equal to one-half of the Peak Ground Acceleration (PGA) was used to model the
design earthquake. The PGA used was taken from the Western Geologic report, and represents an
earthquake with a 2 percent probability of exceedance in 50 years (2,475-year return period), as
required by the building code for structural design of buildings. In the case of this site, the PGA
was 0.297g, and 0.5*PGA is 0.15g horizontal acceleration. Recommendations found in DMG
Special Publication 117 recommends using the Mean Horizontal Acceleration (MHA) equal to the
PGA of an earthquake with a 10 percent probability of exceedance in 50 years (475-year return
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period). In this case, the USGS data indicates a PGA of 0.088g. Our model used a horizontal
coefficient of 0.15, which is more conservative than that recommended by DMG 117.
We did not include the influence of the proposed structure, because the building is proposed to be
supported on drilled micropiles. The building will not impose either an area loading, or strip
loading on the surface of the building site. The loads will instead be imposed on the exterior
surface of the micropiles at depth. Design recommendations for controlling the location of the
loading are included in this report.
Industry standards recommend that the Factor of Safety (FS), the percentage stronger than
equilibrium, is 1.4 to 1.5 for the static condition, and 1.0 to 1.1 for the seismic condition. The
higher values indicate a greater resistance to failure, and are recommended for conditions which
require greater safety. Landslides typically, but not always, have a circular sliding or failure
surface. Clays in particular tend to have a circular failure surface. Our computer model analyzed
the slope using the Bishop Circular method.
Subsurface lithology, and observations of similar clay/claystone slopes exposed in the area suggest
that “infinite slope” or block sliding of surface materials is not likely.
The analysis tests many different circles and calculates the FS for each of these circles. The 10
lowest FS circles are then plotted. By analyzing hundreds of potential starting and ending points,
the FS for the slope as a whole can be estimated. By adjusting the starting and ending limits,
various potential failure surfaces can be evaluated, and the most likely failure zone determined.
Our model indicates that the most likely failure mode is a deep-seated failure starting at the rear
of the building area, near the existing access road, and exiting in the parking lot. Deeper failure
surfaces are not as likely as they intersect the harder claystone layers which we found in borings
in the parking lot. Shallower failure modes are possible, if large, thick bands of the clay become
fully saturated. Our middle band, the exposed grey material seen in the hillside, was taken to be
saturated and weak, and indicated a shallower surface, with a lower FS. However, for this to occur,
the entire player would need to become sufficiently wetted, which is not likely.
Based on our testing and modeling, the Static Factor of Safety for the slope is 1.62. The Seismic
Factory of Safety is 1.15 at 0.15g and 1.31 at 0.088g. Based on our slope stability study, and a
review of the report prepared by Western Geologic, the slope currently appears to be stable.
The construction of the proposed building will tend to increase the FS values for the following
reasons:
•

•

The basement will require the excavation of approximately 12 feet of soil below the main
level of the building. These soils are all located at the top of the slope, and their weight is
a significant load on the side of the equation which drives the slide towards the bottom.
Removing these soils lowers this load, increasing the FS.
The building will be supported on drilled micropiles. The micropiles transfer the building
load to the piers, and the piers load the soil at a defined depth. The proposed micropile
detail and recommendations will push the loaded portion of the micropiles from the upper
portion of the micropile, to the portion of the micropile below the failure surfaces. This
action will theoretically not impact the FS.
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The drilled micropiles will extend through the likely sliding surfaces, effectively pinning
the potentially sliding portion of the slope to the non-sliding portion of the slope, increasing
the FS.
Water sources on the site (plumbing and stormwater) will be piped to discharge at locations
which will not wet the clays.

Rockfall
Several potentially hazardous boulders were noted on the slope to the north of the site.
Western Geologic recommended that the area be addressed during construction, and the hazardous
boulders be removed.
Problem Soil and Rock
The site is located on a hill which has been mapped as having expansive soils and rock.
Western Geologic recommended that the geotechnical investigation should address this hazard.
Landmark Recommendations
Grading and Drainage
Proper performance of the proposed development will require moisture control measures.
•
•
•
•

No landscaping requiring irrigation should be used for this project.
Gutters should be installed on the building, and the downspouts piped to a location outside
of the limits of the slope.
A drainage system should be installed in the area below the grade beams and structural
floor to collect any water which enters this space. The drain should discharge to an area
outside of the limits of the slope.
Site grading should be designed to prevent water from flowing across the exposed slope to
the east of the building area.

Micropile Design Recommendations
We recommend that the proposed building be constructed on drilled micropiles. Based on the
depth to the probable slide plane found during our slope stability study, we recommend that the
micropiles extend a minimum of 50 feet below the proposed grade beam/basement elevation. This
depth is in excess of the required depth to achieve the adequate structural capacity. We anticipate
that as-built ultimate capacities greater than 100-kips can be achieved.
It should be understood that distress of surface elements such as sidewalks, patios, and porches not
established on piles could occur if expansive soils become wet.
Micro-pile design details are presented below.
1.
Micro-piles should be installed a minimum of 50 feet into the clay. A minimum pile
diameter of 8-inches is recommended to allow for insertion of the rebar and sleeve and to
allow adequate grout cover. However, smaller pile diameter piles are acceptable based on
structural engineer design.
2.
The upper 15 feet of the micropiles should be sleeved as a bond-breaker to prevent the
transfer of loads to the upper portion of the soils. This measure is to transfer the building
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loads to the portion of the micropile below the slide plane.
Micropiles should be designed according to the procedures found in the FHWA Micropile
Design and Construction Reference Manual, NHI-06-039.
Micro-piles should be designed for a maximum allowable end bearing pressure of 10,000
psf and an allowable skin friction value of 1,500 psf for the portion of pile extending below
6 feet.
Micropiles should be designed and spaced for a minimum deadload 10.0 kips. A smaller
number of highly loaded micropiles is preferred to a larger number of lightly loaded
micropiles.
Micropiles should be reinforced the full length to resist tension forces in the event of
swelling of adjacent soils. Potential tension forces may be calculated using at least 6 feet
of pile length with a skin friction of 1,500 psf. The minimum percent of steel should be
1% of the grout area. Reinforcement should extend into grade beams and foundation walls.
Laterally loaded micropiles should be at least three diameters apart and may be designed
utilizing the parameters in the following table.
Total
Unit
Weight
(pcf)

ε50
(in/in)

K value
(lb/in^3)

Friction
Angle

Cohesion
(psf)

Unconfined
Compressive
Strength (psf)

Modulus of
Elasticity
(psi)

Fat Clay

125.0

0.07

1,000

n/a

2,000

4,000

2,900

Mudstone

130.0

0.04

2,000

n/a

3,000

6,000

4,300

Soil Type

8.
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Micropiles excavations should be carefully cleaned prior to placing grout. Grout should
be poured into the pile excavations immediately after the excavations are cleaned and
inspected. Pumping or tremie methods of concrete placement are recommended to
minimize segregation of the concrete. The maximum aggregate size should be less than
1/3 of the clearance between rebar ties. Grout with a high slump is recommended.
The grout placed in the micropiles should consist of Type V, neat cement, mixed in a highshear mixer to between 15.3 and 16.2 lbs of cement per gallon of water. Grout should be
checked frequently with a mud balance.
A minimum 8-inch continuous void beneath all grade beams and foundations walls
supported on micropiles is recommended to concentrate dead loads and to minimize
potential uplift pressures. It is imperative that void space be maintained throughout the life
of the structure and backfill adjacent to the grade beams is not allowed to fill the void space.
Micropiles installation should be observed by competent personnel to assure that adequate
bearing is achieved, clean out is performed, and the re-bar is properly placed.
Mushrooming or enlargement at the top of micropiles should be avoided during pile drilling
and subsequent construction operations.
Grout should be continuously poured to the bottom of the grade beams such that
construction joints are not formed.
Ensure that exterior concrete elements are not placed beneath protruding components of
the buildings that may limit free vertical movement of the concrete element. This includes
porches, driveways, and sidewalks that may be poured adjacent to structures.
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Springdale, Utah

Thank you for allowing us to assist you with this project. Please feel free to contact our office is
you have any questions.
LANDMARK TESTING & ENGINEERING

John M. Anderson, P.E.
Project Engineer

Steven Wells, P.E.
Geotechnical Manager
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Site Map
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Figure 1

Slope Stability - Static
Landmark Project No 21056

Figure 2

Slope Stability – Seismic 0.15
Landmark Project No 21056

Figure 3

Slope Stability – Seismic 0.088
Landmark Project No 21056

Figure 4

Consolidated Undrained Triaxial Compression Test for Cohesive Soils
(ASTM D4767 )

Project:
No:
Location:
Date:
By:

© IGES 2009, 2021

Landmark Testing & Engineering
M00431-038 (20705)
Balanced Rock
8/25/2021
EH

Boring No.: 1
Sample:
Depth: 63.5-78.0'
Sample Description: Purple clay
Engineering Classification: Not requested
Sample type: Undisturbed-trimmed from thin-wall

Before shear

Initial

Test Number:
Height, H (in)
Diameter, D (in)
Water content, w (%)
Dry unit weight,  d (pcf)
Saturation (%)
Void ratio, e
Mounting
Water content, w (%)
Dry unit weight,  d (pcf)
Saturationa (%)
Void ratio, e
Area, A eoc (in2)
Area method
B
t 50 (min)
Back pressure (psf)
Strain rate (%/min)
Time to failure (min)
Strain at failure, f (%)
Filter paper correction
Membrane correction
Assumed specific gravity 2.70

a

S1
5.423
2.394
16.8
102.8
71.1
0.64
Wet
24.3
103.9
100.0
0.62
4.48
A
0.95
20.49
7632
0.0167
898.2
15.00
No
Yes

S2
5.260
2.384
23.9
88.0
70.5
0.91
Wet
30.2
89.8
100.0
0.88
4.54
A
0.95
184.33
4748
0.0167
898.2
15.00
No
Yes

S3
5.698
2.372
18.0
97.9
67.4
0.72
Wet
27.1
96.6
100.0
0.74
4.63
A
0.95
13.32
8348
0.0167
215.9
3.61
No
Yes

Saturation set to 100% for phase calculations

Summary of strength parameters at peak deviator stress
c (psf)
0
Total stress
 (deg) 15.5
c' (psf) 1925
Effective stress
 ' (deg) 4.0
Comments:
It was noted that test specimen S1 was more competent than specimens S2 and S3. Discretion should
be used in the interpretation and application of test results.

Entered by:___________
Reviewed:___________
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Consolidated Undrained Triaxial Compression Test for Cohesive Soils
(ASTM D4767 )
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Project: Landmark Testing & Engineering
No: M00431-038 (20705)
Location: Balanced Rock

Boring No.: 1
Sample:
Depth: 63.5-78.0'

Effective stress

Total stress

Test Number:
 3 (psf)
 1 - 3 (psf)
 1 (psf)
q =  1 - 3 )/2 (psf)
p =  1 + 3 )/2 (psf)
 u (psf)
 ' 3 (psf)
 ' 1 - ' 3 (psf)
 ' 1 (psf)
q =  ' 1 - ' 3 )/2 (psf)
p' =  ' 1 + ' 3 )/2 (psf)
 '   ' 
A =  u /    

5000

S1
4000
4950
8949
2475
6475
1437
2563
4950
7513
2475
5038
2.93
0.290

4818

4000

3987

4079

4000

3500
Excess pore pressure, u (psf)

3500
Deviator stress, d (psf)

S3
8005
4818
12823
2409
10414
3987
4017
4818
8835
2409
6426
2.20
0.828

4500

4950

4500

S2
6004
4079
10083
2040
8043
2768
3236
4079
7315
2040
5276
2.26
0.679

3000
2500
2000
1500

2768

2500
2000
1500

1437

1000

S1, 4000 psf

1000

3000

S2, 6004 psf

500

S3, 8005 psf

500

Failure

0

0
0

5
10
Axial strain, a (%)

15

0

5
10
Axial strain, a (%)

15
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Consolidated Undrained Triaxial Compression Test for Cohesive Soils
(ASTM D4767 )
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Project: Landmark Testing & Engineering
No: M00431-038 (20705)
Location: Balanced Rock

Boring No.: 1
Sample:
Depth: 63.5-78.0'

Summary of strength parameters at peak deviator stress
c (psf)
0
Total stress
 (deg) 15.5
c' (psf) 1925
Effective stress
 ' (deg) 4.0

1.0

3.0

0.9

2.8
0.828

0.8

2.93

2.6

0.7

2.4
2.26

0.679

2.2

'1/ '3

A Parameter

0.6

2.20

0.5
0.4

2.0
1.8

S1, 4000 psf
S2, 6004 psf

0.3

1.6

S3, 8005 psf
Failure

0.290

0.2

1.4

0.1

1.2

0.0
0

5
10
Axial strain, a (%)

15

3/4

1.0
0

5
10
Axial strain, a (%)

15
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Consolidated Undrained Triaxial Compression Test for Cohesive Soils
(ASTM D4767 )
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Project: Landmark Testing & Engineering
No: M00431-038 (20705)
Location: Balanced Rock

Boring No.: 1
Sample:
Depth: 63.5-78.0'

Summary of strength parameters at peak deviator stress
c (psf)
0
Total stress
 (deg) 15.5
c' (psf) 1925
Effective stress
 ' (deg) 4.0
7500
S1, 4000 psf
S2, 6004 psf

Shear stress,  / q (psf)

S3, 8005 psf
Failure

5000

Mohr-Coulomb envelope

2500

0
0

2500

5000
7500
10000
Normal stress, n / p (psf)

12500

15000

Shear stress,  / q (psf)

5000

2500

0
0

2500

5000
7500
Effective normal stress, 'n / p' (psf)
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10000
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1000
8.0
0
22.0

Adjusted Tri-Axial Shear
Landmark Project No 21056

