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1. INTRODUCTION

PURPOSE AND SCOPE OF WORK

This report is to present the results of a slope stability analysis for the proposed rock
faced cut slopes adjacent a future park near the intersection of 1000 East and 900 East
streets in Clearfield, Utah. The purpose of this analysis was to assess the stability of the
proposed slope.

- The scope of work completed for this analysis included site reconnaissance, data
gathering, laboratory work, engineering analysis, and the preparation of this report. All
recommendations contained herein are subject to the limitations shown in the
“Limitations” section of this report.

PROJECT DESCRIPTION

The project consists of construction of rockeries to facilitate final grade for a park to be
- constructed in association with the Chelemes Farms Subdivision, in Clearfield, Utah.
The rockeries are be constructed according the detail included as plate G-1 in Appendix
A. The maximum rockery will consist of three (3) tiers. Each tier will have a maximum
exposed height of 6’-0". A 3:1 terrace is proposed between the tiers. The width of the
proposed terrace is 6’-0". All faces of rockeries will be laid back at a minimum slope of 1
horizontal to 2 vertical. According to a plan, labeled DRWG. No. 11a, prepared by Great
Basin Engineering North, dated 5 September, 20086, the rockery is to be constructed to
facilitate grade between a 5 foot sidewalk and a detention pond. The side slopes of the
detention pond are to be 3:1. The rockery does not extend laterally into the side slopes
of the detention basin.

2. ENGINEERING ANALYSIS

Slope/W software, a module of GeoStudio 2004, was used to perform the slope stability
analysis. A sample of the onsite materials was obtained and classified as SP-SM, Poorly
Graded Sand with Silt according to the Unified Soils Classification System. No indication
of groundwater was observed while collecting this sample. A portion of this sample was
remolded to 100% of the maximum dry density and 100% of the natural moisture. The
soil strength parameters were integrated into a model of the proposed slope according to
the results of direct shear testing (ASTM 3080-04) performed on the aforementioned
remolded samples. The date of this testing was August 12, 2008. Parameters used for
the soils in this analysis were 94.2 pcf for unit weight, 37.2° and 280 psf, for friction
angle and apparent cohesion respectively. See appendix for lab results. In as much as
the rockery is to be located adjacent a detention pond, the slope was modeled assuming
the pond was completely full to emulate the worst case. A model of the slope using
these strength parameters is presented in Figure 1.
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Figure 1 — Slope Model

Region 1 is comprised wholly of Material 1 as indicated in the figure. Regions 2, 3, and 4
are to be comprised of material 2. The piezometric surface is modeled by the blue line.



2.1 STATIC ANALYSIS

An analysis after the Morgenstern-Price Method was specified to determine the factor of
safety for this slope. The failure surface entry and exit range was specified as shown in
red on Figure 1. The results of the static analysis are presented in Figure 2. The factor of
safety for the critical circle was calculated to be 2.2. The critical circle is represented in
Dark Green. The center of the potential failure circle is shown in the upper right corner of
Figure 2 with its associated calculated factor of safety.
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2.2 PSUEDOSTATIC ANALYSIS

ZUSGS

Table 1 - USGS Earthquake Hazards Estimated Values it R
0 H 0 i
10%PEiIn50 | 3.5%PEiInS50 | 5o pE 50 year
year year
Peak Ground 0.201 0.388 0.0506

Acceleration

The result of the psuedostatic analysis is presented in Figure 3. USGS reports peak
ground acceleration (PGA)=0.388g for this site with a 3.5% probability of exceedance in
50 years, see Table 1. A seismic coefficient of 2PGA=0.194g was specified for this
analysis. (Hynes-Griffen and Franklin 1984) The factor of safety for the critical circle was
calculated to be 1.7. The critical circle is represented in dark green. The center of the
potential failure circle is shown in the upper right corner of the figure with its associated
calculated factor of safety.
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INTERNAL AND EXTERNAL STABILITY ANALYSIS

An analysis of the internal and external stability of each of the tiers was completed
utilizing a limit equilibrium approach based loosely upon the recommendations
presented in the National Concrete and Masonry Association’s Design Manual for
Segmental Retaining Wallls, Second Edition. Calculations can be found in the appendix.
Internal stability calculation was limited to determination of the stone’s capacity to resist
forces that would cause sliding for each course. External stability calculation was limited
to base sliding, overturning, and bearing capacity. All calculated factors of safety exceed
those generally accepted for this type of construction. The factors of safety are

presented in Table 2.

Table 2 — Calculated Internal and External Factors of Safety

_ |Factor of Safety Against Base Sliding FSbs 1.9
© IFactor of Safety Against Overturning FSot 3.4
S-|Factor of Safety Against Bearing Capacity Failure FSbc 174

Minimum Factor of Safety Against Internal Shear Failure FSss 1.8
o Factor of Safety Against Base Sliding FSbs 1.6
5 [Factor of Safety Against Overturning FSot 2.7
g Factor of Safety Against Bearing Capacity Failure FSbc 196

Minimum Factor of Safety Against Internal Shear Failure FSss 1.7
_ Factor of Safety Against Base Sliding FSbs 1.6
“;’ Factor of Safety Against Overturning FSot 3.2
9 |Factor of Safety Against Bearing Capacity Failure FSbc 14.1

Minimum Factor of Safety Against Internal Shear Failure FSss 1.7



3. RECOMMENDATIONS

If a different material is encountered, the material must be tested and the results shown
to meet or exceed the properties of the material tested for this analysis. The swales and
drains must be installed as proposed (See design detail plate G-1.) All drainage,
including irrigation runoff, must be directed away from the rock faced slope. A properly
trained representative of the design engineer shall inspect the construction to ensure
their assumptions are adhered to. Inspections of the rock faced slope construction shall
be performed according to the schedule provided in this report. Final acceptance of the
construction will require certification by the design engineer. The design engineer will not
accept nor certify the construction if the inspection schedule is not adhered to.

4. INSPECTION SCHEDULE

The contractor shall be responsible for notifying Wilding Engineering within 2 working
days of the events described in the schedule provided to facilitate inspection of the
proposed construction. Events that will trigger inspections are presented in the following
table.

Table 1 — Inspection Schedule
Inspection Triggering Event Description

Engineer shall inspect the placement of the first course of stones. Strict compliance with

First Course Placement the design details will be evaluated. Stone embedment, drain rock, and filter fabric
placement must comply with the design documents. Contractor shall remove and replace,
at their cost, those areas identified not to be in compliance.

Engineer shall inspect the slope upon placement of the middle course of stones. Continued
Middle Course Placement strict compliance with the design details will be evaluated. Batter, height, stone placement,
drain rock, and filter fabric placement must comply with the design documents. Contractor

- shall remove and replace, at their cost, those areas identified not to be in compliance.

Engineer shall inspect the slope upon placement of the final course of stones. Strict
compliance with the design details will be evaluated. Batter, drain rock, and filter fabric
placement must comply with the design documents. Contractor shall remove and replace,
at their cost, those areas identified not to be in compliance. Upon approval, engineer will
provide aletter certifying compliance with the slope design.

Final Course Placement

Notes:

1. Where multiple tiers are planned, the Engineer shall inspect each tier as described above as they proceed. The compliance
letter will be provided upon completion of the entire rock faced slope.

2. Inspection frequency may be increased at the Engineer's discretion if conditions warrant.



5. CONCLUSION

The rockery, as proposed, will be stable under static conditions. In the event of an
earthquake the calculated factor of safety will be reduced significantly. Factors of safety
were found to be 2.2 and 1.7 for global failure planes in static and psuedostatic
conditions, respectively. These factors of safety comply with typically accepted values
for this type of construction. It should be noted that some failure, due to ground shaking,
raveling of the stones, and erosion may be expected in this type of construction in an
earthquake event. Contractor shall be responsible for compliance the inspection
schedule as detailed in this report. A certified letter of compliance will be issued upon
engineer’s approval of the proposed construction.



6. LIMITATIONS AND PROFESSIONAL STATEMENT

The conclusions and recommendations included within this report are based on the
parameters determined by lab testing, our understanding of the project and experience
with similar construction. Variations in the subsurface conditions may not become
evident until additional exploration or excavation is conducted. If the subsurface soil or
groundwater conditions are found to be significantly different than that which is
described in this report, we should be notified so that we can re-evaluate the design and
our recommendations.

We appreciate the opportunity of providing this service for you. If you have any
questions concernipg this report or require additional information or services feel free to
contact us.

David P. Wilding, PE, SE
President



APPENDIX
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Ivory Homes, Chelemes Farms
1000 East and 900 East
Clearfiled, Utah

Project No: 07133

Date: August 12 2008
Drawn By: JDH

Figure: A-1
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Wilding Engineering, Inc.

Consolidated Drained Direct Shear Test (ASTM D3080-04)

8/12/08
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GRAIN SIZE ANALYSIS-- MECHANICAL

Project:
Location of Project:
Location of Sample:

Description of Soil:

Tested by: J. Wright

Chelemes Subdivision-Ivory Homes

Sample No: L8063

Clearfield, Utah

Depth of Sample: 2 ft

Center of slope northeast corner of wall

Date of Testing: July 29, 2008

SP-SM, Poorly Graded Sand with Silt

Soil Sample Size (ASTM D 1140-54)

Grain Size Distribution

100

Wt of wet sample

90

647.20

Wt of dry sample

626.40 89

Percent Content

Gravel: 0
Sand: 90
Fines: 10

100

70

50

30
20

.

40—

HOS———

Percent Finer by Weight (%)

Total G |
100.01

tebitt—t

1.00 0.10

Grain Size (mm)

10.00 0.0

.

Table - U.S. Standard Sieve Analysis

NOTE: % passing = 100 - % retained

USCS Classification: SP-SM, Poorly Graded Sand

Sieve No.|Diam. (mm) Wt retained % retained % passing
3.00 75.00 0.0 100.00
2.00 50.00 0.0 100.00
1.50 37.50 0.0 100.00
1.00 25.00 0.0 100.00
0.75 19.000 0.0 100.00
0.50 12.500 0.0 100.00
0.38 9.500 0.0 100.00

4 4.750 0.0 100.00
10 2.000 0.0 100.00
16 1.180 0.0 100.00
40 0.425 7.4 1.2 98.82
60 0.250 84.6 13.5 86.49
100 0.150 296.4 47.3 52.68
200 0.075 563.0 89.9 10.12
WILDING

with Silt

ENGINEERING, INC

14721 SOUTH HERITAGE CREST WAY
BLUFFDALE, UTALI 84065
(801)553-8112
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