Purpose of checklist

Governmental agencies use this checklist to help determine whether the environmental impacts of your
proposal are significant. This information is also helpful to determine if available avoidance, minimization, or
compensatory mitigation measures will address the probable significant impacts or if an environmental impact
statement will be prepared to further analyze the proposal.

Instructions for applicants

This environmental checklist asks you to describe some basic information about your proposal. Please answer
each question accurately and carefully, to the best of your knowledge. You may need to consult with an agency
specialist or private consultant for some questions. You may use “not applicable” or “does not apply” only
when you can explain why it does not apply and not when the answer is unknown. You may also attach or
incorporate by reference additional studies reports. Complete and accurate answers to these questions often
avoid delays with the SEPA process as well as later in the decision-making process.

The checklist questions apply to all parts of your proposal, even if you plan to do them over a period of time or
on different parcels of land. Attach any additional information that will help describe your proposal or its
environmental effects. The agency to which you submit this checklist may ask you to explain your answers or
provide additional information reasonably related to determining if there may be significant adverse impact.

Instructions for lead agencies

Please adjust the format of this template as needed. Additional information may be necessary to evaluate the
existing environment, all interrelated aspects of the proposal and an analysis of adverse impacts. The checklist
is considered the first but not necessarily the only source of information needed to make an adequate threshold
determination. Once a threshold determination is made, the lead agency is responsible for the completeness
and accuracy of the checklist and other supporting documents.

Use of checklist for nonproject proposals

For nonproject proposals (such as ordinances, regulations, plans and programs), complete the applicable parts
of sections A and B, plus the Supplemental Sheet for Nonproject Actions (Part D). Please completely answer all
guestions that apply and note that the words "project," "applicant," and "property or site" should be read as
"proposal," "proponent," and "affected geographic area," respectively. The lead agency may exclude (for non-
projects) questions in “Part B: Environmental Elements” that do not contribute meaningfully to the analysis of
the proposal.
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A.Background

Find help answering background questions?

1.

Name of proposed project, if applicable:
Snohomish Regional Fire and Rescue Fire Station 32
Name of applicant:

Snohomish Regional Fire and Rescue (SRFR)

. Address and phone number of applicant and contact person:

Contact Person: Ron Rasmussen

Email: ron.rasmussen@srfr.org

Address: 163 Village Court, Monroe, WA 98272
Phone: (360) 794-7666

Date checklist prepared:

September 10, 2025

. Agency requesting checklist:

City of Monroe, Washington

Proposed timing of schedule (including phasing, if applicable):

Design:
30% Design — August 2025
60% Design — October 2025
75% Design — February 2026
100% Design — April 2026

Permitting:
Land Use Submission — September 2025

Building Permit Submission — February 2026

Construction:
May 2026 — July 2027

Do you have any plans for future additions, expansion, or further activity related to or
connected with this proposal? If yes, explain.

The proponent does not have plans for future additions, expansions or other activity beyond
the proposed activities presented in this checklist at this time.

L https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-A-Background
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8.

10.

11.

List any environmental information you know about that has been prepared, or will be
prepared, directly related to this proposal.

The following environmental information has been prepared for the proposed project:

= Geotechnical Engineering Report completed by Otto Rosenau and
Associates, Inc., dated April 29, 2025

= Aquatic Resources Report completed by Haley & Aldrich, Inc. (Haley &
Aldrich), dated February 2025

= Technical Memorandum prepared by Heffron Transportation Inc.
(Heffron), dated August 7, 2025

The documents listed above are provided in Attachment A.

Do you know whether applications are pending for governmental approvals of other
proposals directly affecting the property covered by your proposal? If yes, explain.

No other applications for governmental approval for the proposed project are known or
pending at this time.

List any government approvals or permits that will be needed for your proposal, if known.

At this time, it is anticipated that the following government approvals or permits will be
needed for the proposed project:

= SEPA Determination;

= Land-Use Application;

= City of Monroe Drainage Easement Relocation;
=  City of Monroe Building Permit;

= City of Monroe Public Works Permit; and

= (City of Monroe Trade Permits, including Mechanical, Electrical and
Plumbing.

Give brief, complete description of your proposal, including the proposed uses and the size
of the project and site. There are several questions later in this checklist that ask you to
describe certain aspects of your proposal. You do not need to repeat those answers on this
page. (Lead agencies may modify this form to include additional specific information on
project description.)

The site is currently undeveloped with no structures; however, the site has been previously
disturbed with stormwater rerouting efforts and associated clearing and regrading activities.
The site currently has a compacted gravel and soil surface over a large portion of the lot. A
wetland exists in the north corner of the site with a 50-foot required setback. There is also a
stormwater ditch, which runs northwest to southeast. The proposed project would include
the construction of a new, single-story building for the SRFR Fire Station 32 and associated
access, parking areas, and landscaping.
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12. Location of the proposal. Give sufficient information for a person to understand the precise
location of your proposed project, including a street address, if any, and section, township,
and range, if known. If a proposal would occur over a range of area, provide the range or
boundaries of the site(s). Provide a legal description, site plan, vicinity map, and
topographic map, if reasonably available. While you should submit any plans required by
the agency, you are not required to duplicate maps or detailed plans submitted with any
permit applications related to this checklist.

The proposed project would be located at 19959 Oaks Street, on the East side of the City of
Monroe in Snohomish County, Washington (Parcel Number 27070600200300). The legal
description of the project location is within the northwest quarter of Section 6, Township 27
North, Range 7 East within the Willamette Principal Meridian.

B.Environmental Elements
1. Earth

Find help answering earth questions?

a. General description of the site:

The project site consists of a single parcel with a combined size of approximately
2.16 acres. The larger portion of the parcel is located at the northeast corner of Woods
Creek Road and Oaks Street and is approximately 2.02 acres in area; this is the proposed
location for SRFR Fire Station 32. The smaller portion of the parcel is located about
500 feet to the southeast and is about 0.14 acres; this is not being considered for
development as part of this project, but may be used for landscaping/beautification
purposes. Please see the Site Plans in Attachment B for additional details.

Circle or highlight one: Flat, rolling, hilly, steep slopes, mountainous, other:

b. What is the steepest slope on the site (approximate percent slope)?

The proposed project site is gently sloped from west to east and from south to north.
The site grades along the west property line range from about elevation 77 to 78 feet
(referenced to the North American Vertical Datum of 1988 [NAVD 88]) from the
intersection of Woods Creek Road and Oaks Street to the northwest property corner.
The roadway embankment for Woods Creek Road is approximately 5 feet in height near
the northwest corner of the property and rapidly tapers downward in height from the
northwest property corner. The site grades along the south property line range from
about 77 feet in elevation at the southwest property corner to about 72 feet in
elevation at the southeast property corner. The Natural Resources Conservation Service
(NRCS) Web Soil Survey (WSS) application website provided the following soil slope
percentages in the area (see Attachment C):

e Alderwood-Everett gravelly sandy loams, 25 to 70 percent slopes

e Everett very gravelly sandy loam, zero to 8 percent slopes

2 https://ecology.wa.gov/regulations-permits/sepa/environmental-review/sepa-guidance/sepa-checklist-
guidance/sepa-checklist-section-b-environmental-elements/environmental-elements-earth
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C.

What general types of soils are found on the site (for example, clay, sand, gravel, peat,
muck)? If you know the classification of agricultural soils, specify them, and note any
agricultural land of long-term commercial significance and whether the proposal results
in removing any of these soils.

The table below describes the representative soils in the area according to the NRCS
interpretive soil map.

Table 1: NRCS Soil Map

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

4 Alderwood-Everett gravelly 5.8 17.3%
sandy loams, 25 to 70
percent slopes

7 Bellingham silty clay loam 7.2 21.6%

17 Everett very gravelly sandy 4.4 13.1%
loam, 0 to 8 percent slopes

55 Puget silty clay loam 10.5 31.5%

66 Sultan silt loam 55 16.5%

Totals for Area of Interest 33.5 100.0%

Are there surface indications or history of unstable soils in the immediate vicinity? If so,
describe.

The State of Washington Department of Natural Resources (DNR) has identified the
project site as having a high liquefaction susceptibility.

Describe the purpose, type, total area, and approximate quantities and total affected
area of any filling, excavation, and grading proposed. Indicate source of fill.

Excavation for the proposed project would be limited to what is needed to install
foundations and utilities. Most of the earthwork will consist of approximately 1,500 cubic
yards of import fill. Unsuitable soils would be exported from the site and replaced with
imported structural fill. Other imported materials include pavement base rock, utility
bedding, and topsoil. Fill placed beneath buildings and pavements shall be obtained from
an approved source and shall be structural fill, consisting of good quality, free-draining
granular soil, free of organics and other deleterious material.

Could erosion occur because of clearing, construction, or use? If so, generally describe.

Erosion, because of the proposed utility installation activities, may take place during peak
rain events. A stormwater erosion and sediment control management plan will be
developed with the proper best management plans (BMPs) in accordance with the
Washington State Department of Ecology’s (Ecology’s) Stormwater Management Manual
for Western Washington?.

3 Ecology, 2024. Stormwater Management Manual for Western Washington. Publication No. 24-10-013, July,
https://fortress.wa.gov/ecy/ezshare/wq/SWMMs/2024SWMMWW/2024 SWMMWW.htm.
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g. About what percent of the site will be covered with impervious surfaces after project
construction (for example, asphalt or buildings)?

The site is currently undeveloped and consists of approximately 31.8 percent of
impervious surfaces. Approximately 34.9 percent of the proposed project site would be
covered with impervious surfaces.

h. Proposed measures to reduce or control erosion, or other impacts to the earth, if any.

A stormwater erosion and sediment control management plan would be developed with
the proper BMPs in accordance with Ecology’s Stormwater Management Manual for
Western Washington® and Snohomish County Development Standards. BMPs would
generally include, but not be limited to: swales, filter fence, construction entrances, inlet
protection, and tree protection.

2. Air

Find help answering air questions?*

a. What types of emissions to the air would result from the proposal during construction,
operation, and maintenance when the project is completed? If any, generally describe
and give approximate quantities if known.

Emissions from the temporary proposed project construction activities would generally
come from automobile/construction equipment and from potential dust generated from
the construction activities. These emissions would be temporary and end following
project completion. Primary emission generations, following the proposed project
completion, are anticipated to come from automobile exhaust from employees’ personal
vehicles and fire engines.

Following construction, the facility would incorporate a 230 kilowatt (KW), 208Y/120V,
three-phase, four-wire diesel generator that would provide backup power to support the
proposed structure, excluding the elevator. The generator would have a diesel base tank
sized for 72-hour run time at full load and only be used in the case of a power outage. The
Puget Sound Clean Air Agency does not permit emergency generators and considers them
exempt so long as they remain “emergency in nature” and are operated less than
500 hours per year.

b. Are there any off-site sources of emissions or odor that may affect your proposal? If so,
generally describe.

As of November 20, 2023, Snohomish County (the county in which the proposed project
site is located) is not in non-attainment status for the criteria pollutants. Snohomish
County has maintained its non-attainment status since 1995 based on the U.S.
Environmental Protection Agency (EPA) Green Book database. No other off-site emissions
or odors are expected to impact the proposed Project.

4 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-Air
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c. Proposed measures to reduce or control emissions or other impacts to air, if any:
Measures to reduce or control emissions from the proposed project are not required or
anticipated other than standard equipment emission control features.

3. Water

Find help answering water questions®

a. Surface:
Find help answering surface water questions®

1. Is there any surface water body on or in the immediate vicinity of the site (including
year-round and seasonal streams, saltwater, lakes, ponds, wetlands)? If yes,
describe type and provide names. If appropriate, state what stream or river it flows
into.

The Draft Aquatic Resources Assessment provided by Haley & Aldrich dated
February 2025 states that there is a 0.084-acre wetland present within the 2.16-acre
property boundary. The wetland is classified as palustrine emergent (PEM) and is
located within the Eastern Puget Riverine Lowlands (2b) level IV ecoregion. There is
also a stormwater ditch, approximately 400 feet long, with a 30-foot easement along
the northeastern border that collects additional stormwater from streets and
parking lots before discharging into Woods Creek. There is liquefiable soil on site and
an aquifer identified approximately 18 feet below grade that runs north to south.

2. Will the project require any work over, in, or adjacent to (within 200 feet) the
described waters? If yes, please describe and attach available plans.

Yes, the proposed project would occur within 200 feet of the wetland and stream
mentioned above and would be required to comply with all applicable setback
requirements and buffer zones from the water bodies.

3. Estimate the amount of fill and dredge material that would be placed in or removed
from surface water or wetlands and indicate the area of the site that would be
affected. Indicate the source of fill material.

No dredging of material or filling of the wetlands or streams would occur as part of
the proposed project.

4. Will the proposal require surface water withdrawals or diversions? Give a general
description, purpose, and approximate quantities if known.

The proposed project would not require surface water withdrawals or diversions.

5 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-3-Water

6 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-3-Water/Environmental-
elements-Surface-water
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5. Does the proposal lie within a 100-year floodplain? If so, note location on the site
plan.

The Federal Emergency Management Agency (FEMA) Flood Maps indicate that the
proposed project site is not located within a 100-year flood plain (see FEMA Map in
Attachment D).

6. Does the proposal involve any discharges of waste materials to surface waters? If
so, describe the type of waste and anticipated volume of discharge.

The proposed project does not involve the discharge of waste materials into surface
waters.

b. Ground:
Find help answering ground water questions’

1. Will groundwater be withdrawn from a well for drinking water or other purposes?
If so, give a general description of the well, proposed uses and approximate
quantities withdrawn from the well. Will water be discharged to groundwater? Give
a general description, purpose, and approximate quantities if known.

No groundwater would be withdrawn from drinking water wells or other purposes for
the proposed project. Connections to city-supplied water service is part of the
proposed project design.

2. Describe waste material that will be discharged into the ground from septic tanks
or other sources, if any (domestic sewage; industrial, containing the following
chemicals...; agricultural; etc.). Describe the general size of the system, the number
of such systems, the number of houses to be served (if applicable), or the number
of animals or humans the system(s) are expected to serve.

Not applicable to the proposed project; no waste materials would be discharged
below the ground surface as part of the proposed project actions. The proposed
project would connect to the existing sewer and water mains along Oaks Street and
Woods Creek Road, respectively.

c. Water Runoff (including stormwater):

1. Describe the source of runoff (including storm water) and method of collection and
disposal, if any (include quantities, if known). Where will this water flow? Will this
water flow into other waters? If so, describe.

During the proposed construction phase, stormwater runoff could occur during
precipitation events; however, proper stormwater BMPs would be incorporated to
properly manage/control potential runoff. Following project completion, the source
of runoff for the proposed project will be stormwater runoff from building rooftops,
concrete walks, asphalt pavement, and landscaped areas. Stormwater would be

7 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-3-Water/Environmental-
elements-Groundwater
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collected by roof drains and catch basins and flow through water quality treatment
and detention systems before discharging to the drainage ditch in the eastern corner
or the property.

2. Could waste materials enter ground or surface waters? If so, generally describe.

Waste materials are not expected to be produced from the proposed project. In the
event that waste materials are produced from the proposed action, it would be
properly captured, controlled, and disposed of offsite in accordance with applicable
regulations to prevent these materials from impacting groundwater.

3. Does the proposal alter or otherwise affect drainage patterns in the vicinity of the
site? If so, describe.

Construction of the proposed Fire Station may disrupt existing stormwater patterns
at the site. However, proper BMPs will be implemented during the construction
phase until final grading and associated stormwater management drainages are
completed in accordance with applicable regulations.

d. Proposed measures to reduce or control surface, ground, and runoff water, and
drainage pattern impacts, if any:

During the construction phase of the proposed project, temporary erosion control
measures, ongoing maintenance, soil stabilization and other BMPs will be implemented
to help reduce and control impacts from the proposed project. The proposed Project
includes implementing permanent measures to reduce and control runoff from the
completed project. The proposed permanent measures would generally include catch
basins, underground conveyance pipe and water quality treatment as needed and
appropriate. Stormwater would be managed per the City of Monroe and other State
regulatory Standards.

4. Plants

Find help answering plants questions

a. Check the types of vegetation found on the site:
O deciduous tree: alder, maple, aspen, other
[ evergreen tree: fir, cedar, pine, other
shrubs
grass
[ pasture
[ crop or grain
[ orchards, vineyards, or other permanent crops
[ wet soil plants: cattail, buttercup, bullrush, skunk cabbage, other
[ water plants: water lily, eelgrass, milfoil, other

[ other types of vegetation
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b. What kind and amount of vegetation will be removed or altered?

The site is currently undeveloped and overgrown with Himalayan blackberry (Rubus
armeniacus) and reed canary grass (Phalaris arundinacea). Soft Rush (juncus effusus),
western lady fern (athrium cyclosorum), and geyer’s willow (salix lutea) are also present.
The project area would be cleared and grubbed of vegetation and would be landscaped
to meet code and jurisdictional requirements. A wetland buffer and storm ditch condition
assumes 18,700 square feet of overall parcel area to remain as unimproved.

List threatened and endangered species known to be on or near the site.

Based on the DNR Wetlands of High Conservation Map, no rare plants and nonvascular
species of high conservation value occur on or in the vicinity of the proposed site.
Additionally, according to the Washington State Department of Fish and Wildlife (WDFW)
Priority Habitats and Species (PHS) database, no habitats or species or associated habitat
features occur on or in the vicinity of the proposed project site (see Attachment E).

Proposed landscaping, use of native plants, or other measures to preserve or enhance
vegetation on the site, if any.

The completed proposed project would incorporate landscaping with trees, grasses, and
other plantings at strategic locations around the proposed Fire Station, parking areas, and
along street and property lines. The plantings would be designed and installed in
accordance with and be maintained per the Monroe Municipal Code (MMC) 22.46
(Landscaping Standards). See Attachment F for the full Landscaping concept of design.
The existing vegetation within the wetland and its buffer will be preserved and maintain
compliance with critical area protection.

List all noxious weeds and invasive species known to be on or near the site.

Himalayan blackberry (Rubus armeniacus) and reed canary grass (Phalaris arundinacea)
are found in the area adjacent to the stormwater ditch.

5. Animals
Find help answering animal questions®

List any birds and other animals that have been observed on or near the site or are
known to be on or near the site.

Examples include:

e Birds: hawk, heron, eagle, songbirds, other:

Birds typical of suburban environments, such as crows, jays, finch, sparrows, etc.,
are likely to be seen on or near the site.

e Mammals: deer, bear, elk, beaver, other:

Small mammals typical of suburban environments, such as rodents/squirrels,
raccoons, as well as small deer, are likely to be seen on or near the site.

8 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-5-Animals
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e Fish: bass, salmon, trout, herring, shellfish, other:

No fish have been observed at the site. The DNR Water Courses map indicated a
type F (fish-bearing) stream was located running from the northernmost part of
the property through the southern boundary of the property. No stream was
found in this location according to the Haley & Aldrich’s Aquatic Resources Report,
dated February 2025, and WDFW confirmed that this is a non-fish bearing
stormwater drainage, with no current or historical connection to a surface water
body.

b. List any threatened and endangered species known to be on or near the site.

The project has no known Threatened or Endangered (T&E) species or associated
habitats for species known to occur on the proposed site. An Information for Planning
and Consultation (IPaC) resource list from U.S. Fish and Wildlife Service (USFWS) was
generated for the project area. Marbled Murrelet (Brachyramphus marmoratus),
Yellow-billed Cuckoo (Coccyzuz americanus), Northwestern Pond Turtle (Actinemys
marmorata), Bull Trout (Salvelinus confluentus), Monarch Butterfly (Danaus Plexippus),
and Suckley’s Cuckoo Bumble Bee (Bombus cuckleyi) are potentially affected by
activities in this area. However, the special status areas mapped by USFWS do not
overlap with the critical habitat for listed species above (see Attachment E).

c. Is the site part of a migration route? If so, explain.

The proposed project site is located within Snohomish County. Snohomish County is
within the Pacific Flyway for migratory birds. Migrating species of geese and ducks can be
found in lakes, ponds, wetlands, and waterways of the general area. However, the
proposed project site is located within a commercial use zone and used for parking and
trailer storage and does not serve as a suitable habitat for migratory birds.

d. Proposed measures to preserve or enhance wildlife, if any.

The existing vegetation within the wetland and its buffer will be preserved and maintain
compliance with critical area protection.

e. List any invasive animal species known to be on or near the site.
No invasive species were identified on or near the proposed project site.

6. Energy and natural resources
Find help answering energy and natural resource questions?®

a. What kinds of energy (electric, natural gas, oil, wood stove, solar) will be used to meet
the completed project's energy needs? Describe whether it will be used for heating,
manufacturing, etc.

The proposed completed project is anticipated to use the following energy sources:

Electric: Power and lighting

% https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-6-Energy-natural-resou

SEPA Environmental checklist September 2025 Page 11
(WAC 197-11-960)


https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-6-Energy-natural-resou

Natural gas: Heating

Diesel fuel: Powering of emergency backup generator

Would your project affect the potential use of solar energy by adjacent properties? If
so, generally describe.

The proposed project is not anticipated to adversely affect the potential use of solar
energy by the adjacent properties. The proposed project is a single-story building
bounded on three sides by city right-of-way (ROW) and setbacks from the property line
to the northeast. Therefore, the proposed project would not create shade or shadows on
existing or potential future structures.

What kinds of energy conservation features are included in the plans of this proposal?
List other proposed measures to reduce or control energy impacts, if any.

Installation of lighting, heating, and ventilation equipment for the proposed project would
be completed in accordance with the Washington State energy code requirements.

7. Environmental health

Health Find help with answering environmental health questions®

a. Are there any environmental health hazards, including exposure to toxic chemicals, risk

of fire and explosion, spill, or hazardous waste, that could occur because of this
proposal? If so, describe.

The proposed project is not expected to pose environmental health hazards beyond
typical construction activities, and emergency fire station operations.

1. Describe any known or possible contamination at the site from present or past uses.

The Washington State Department of Ecology Toxics Cleanup Database, What’s in my
Neighborhood, website/database was accessed for the proposed project site on
August 18, 2025. Based on the database, no known or possible contamination was
found at the proposed project site (see Attachment G).

2. Describe existing hazardous chemicals/conditions that might affect project
development and design. This includes underground hazardous liquid and gas
transmission pipelines located within the project area and in the vicinity.

Based on the database search referenced above (Section 7.a.1.) no facilities were
identified with existing hazardous conditions within the immediate vicinity of the
proposed project boundary.

10 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-7-Environmental-health

SEPA Environmental checklist September 2025 Page 12
(WAC 197-11-960)


https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-7-Environmental-health

3. Describe any toxic or hazardous chemicals that might be stored, used, or produced
during the project's development or construction, or at any time during the
operating life of the project.

Materials currently stored and expected to be stored at the Fire Station include:
e Small amounts of regular house cleaners;

e 3 gallons of Simple Green;
e Two 5-gallon cans of mixed fuels for small motors;
e 550-gallon exterior diesel tank for generator; and

e 50-gallon drum of diesel exhaust fluid (DEF) fuel.

Appropriate secondary containment measures will be in place for all stored
materials, including fuels, cleaning supplies, and the exterior diesel tank. Spill kits
will be maintained on site and readily accessible to ensure that any accidental
releases can be contained and cleaned up promptly. These precautions will minimize
potential environmental, or health risks associated with storage and use of these
materials.

4. Describe special emergency services that might be required.
Special emergency services are not expected for the proposed project.
5. Proposed measures to reduce or control environmental health hazards, if any.

The proposed project would maintain a safe working environment during
construction to mitigate environmental health hazards as encountered/needed with
worker safety managed by the construction contractor.

b. Noise

1. What types of noise exist in the area which may affect your project (for example:
traffic, equipment, operation, other)?

The proposed project is located within an urban environment and the anticipated
noise is not expected to have an impact on the proposed project action.

2. What types and levels of noise would be created by or associated with the project
on a short-term or a long-term basis (for example: traffic, construction, operation,
other)? Indicate what hours noise would come from the site)?

During the construction phase, the proposed project would generate temporary
construction noise primarily from heavy machinery and would minimally add to the
existing/current traffic noise levels. The noise generated from the proposed
construction would be short-term/temporary and end following construction. During
site operation, noise levels in the general area would occasionally increase with the
use of emergency sirens where they did not exist previously.

SEPA Environmental checklist September 2025 Page 13
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3. Proposed measures to reduce or control noise impacts, if any:

To limit noise impacts to neighboring properties of the proposed project site,
construction activities would be conducted during normal business hours
(approximately 7:00 a.m. to 6:00 p.m.). The increase of short-lived, temporary noise
levels for emergency purposes would not be expected to create significant impacts to
the area.

8. Land and shoreline use
Find help answering land and shoreline use questions!?!

a.

What is the current use of the site and adjacent properties? Will the proposal affect
current land uses on nearby or adjacent properties? If so, describe.

The existing site is currently undeveloped and used as parking and storage space for
vehicles and trailers and is categorized as a General Commercial Zone.

Has the project site been used as working farmlands or working forest lands? If so,
describe. How much agricultural or forest land of long-term commercial significance will
be converted to other uses because of the proposal, if any? If resource lands have not
been designated, how many acres in farmland or forest land tax status will be converted
to nonfarm or nonforest use?

Not applicable to the proposed project; no agricultural or forest land would be lost as part
of the proposed project.

1. Will the proposal affect or be affected by surrounding working farm or forest
land normal business operations, such as oversize equipment access, the
application of pesticides, tilling, and harvesting? If so, how?

The proposed project is not anticipated to impact farm or forest business
operations.

Describe any structures on the site.
The site is currently undeveloped with no buildings or impervious surfaces.
Will any structures be demolished? If so, what?

The proposed project does not involve demolition as there are no existing structures on
the site.

What is the current zoning classification of the site?

The site is currently zoned for Commercial/Mixed use.

What is the current comprehensive plan designation of the site?

Based on the Monroe 2044 Comprehensive Plan, Development Concept Map, the
proposed project site is designated as Commercial/Mixed use (see Attachment H).

11 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-8-Land-shoreline-use
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g. If applicable, what is the current shoreline master program designation of the site?

Not applicable to the proposed project. The Shoreline Master Program (SMP) includes
policies and regulations for the use and development of the shoreline, which is defined
as areas within 200 feet of the ordinary high-water mark. The stormwater ditch found on
the eastern property edge is part of the City of Monroe’s stormwater system and not
subject to the SMP.

h. Has any part of the site been classified as a critical area by the city or county? If so,
specify.

The proposed project site has been classified as a Category IV Wetland, Class D soils with
moderate-high liquefaction, Critical Aquifer Recharge Area. The wetland and its buffer
would be preserved and maintain in compliance with the City of Monroe’s Critical Areas
Ordinance. The Critical Aquifer Recharge Area will be protected through the planned
stormwater controls and connection to the City of Monroe sewer system.

i. Approximately how many people would reside or work in the completed project?

The proposed completed project is expected to employ approximately eight people that
would work at the site on a regular basis.

j.- Approximately how many people would the completed project displace?

Not applicable to the proposed project, as the proposed completed Project would not
displace people. The site is currently undeveloped.

k. Proposed measures to avoid or reduce displacement impacts, if any.

The proposed project will not displace people; therefore, no measures to avoid or reduce
displacement impacts are proposed.

I. Proposed measures to ensure the proposal is compatible with existing and projected
land uses and plans, if any.

The proposed project would be implemented in accordance with the City of Monroe Land
Use requirements and the Monroe 2044 Comprehensive Plan.

m. Proposed measures to reduce or control impacts to agricultural and forest lands of long-
term commercial significance, if any:

Not applicable to the proposed project. No agricultural or forest land would be lost as
part of the proposed project; therefore, no measures to reduce or control impacts to
agricultural and forest lands are proposed.
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9. Housing

Find help answering housing guestions?

a. Approximately how many units would be provided, if any? Indicate whether high,
middle, or low-income housing.

Not applicable to the proposed project; the proposed completed project would be used
as the new SRFR Fire Station 32. The proposed project will not provide long-term housing.
b. Approximately how many units, if any, would be eliminated? Indicate whether high,
middle, or low-income housing.
Not applicable to the proposed project. The proposed project site was not previously used
for housing; therefore, the proposed project activities would not remove housing.
c. Proposed measures to reduce or control housing impacts, if any:

Not applicable to the proposed project. The proposed project site was not previously used
for housing; therefore, no measures to reduce or control housing impacts are proposed.

10.Aesthetics

Find help answering aesthetics questions3

a. What is the tallest height of any proposed structure(s), not including antennas; what is
the principal exterior building material(s) proposed?

The proposed project would have a maximum height of 35 feet and six inches above
ground surface with metal wall paneling for the exterior.
b. What views in the immediate vicinity would be altered or obstructed?

No proprietary or significant views are anticipated to be obstructed by the proposed
project.

c. Proposed measures to reduce or control aesthetic impacts, if any:
The proposed project would be designed with architectural features and materials in
compliance with City of Monroe Design Standards.

11.Light and glare

Find help answering light and glare questions*

a. What type of light or glare will the proposal produce? What time of day would it mainly
occur?

The proposed project is designed with typical parking lot lighting. Exterior lighting would
generally be located on building walls or under soffits. Pole lights will be used for
parking areas. Exterior fixtures would have sharp cutoff optics to reduce light pollution
and would be controlled by an astronomic time clock to be on during prescribed hours

12 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-9-Housing

13 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-10-Aesthetics

4 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-11-Light-glare
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between dusk and dawn. Selected exterior fixtures would be controlled by occupancy
sensors as well. These fixtures would be on at reduced output normally and then
increase to full output upon detection of occupancy.

b. Could light or glare from the finished project be a safety hazard or interfere with views?

The proposed project is not expected to produce glare that would create a safety hazard
or interfere with views. The proposed project will comply with applicable City of Monroe
Design Standards.

c. What existing off-site sources of light or glare may affect your proposal?

No off-site sources were identified that would affect the proposed project beyond those
identified in response 11.a. above.

d. Proposed measures to reduce or control light and glare impacts, if any:

No light or glare impacts were identified for the proposed project; therefore, no measures
to reduce or control light and glare are proposed beyond those identified in
response 11.a. above.

12.Recreation
Find help answering recreation questions

a. What designated and informal recreational opportunities are in the immediate vicinity?

No recreational opportunities were identified within 1,000 feet of the proposed project
site.

b. Would the proposed project displace any existing recreational uses? If so, describe.

The proposed project is not expected to displace or affect existing recreational
opportunities within the area of the project boundary.

C. Proposed measures to reduce or control impacts on recreation, including recreation
opportunities to be provided by the project or applicant, if any:

The proposed project is not expected to affect recreation activities in the area; therefore,
no measures to reduce or control impacts on recreation are proposed.

13.Historic and cultural preservation
Find help answering historic and cultural preservation questions®®

a. Are there any buildings, structures, or sites, located on or near the site that are over 45
years old listed in or eligible for listing in national, state, or local preservation registers?
If so, specifically describe.

The proposed project site does not contain structures. Additionally, the Department of
Archaeology and Historic Preservation (DAHP) Washington Information System for
Architectural and Archeological Records Database (WISAARD) was queried, and the
search found no buildings nearby the proposed project site listed on national, state, or
local preservation registers (see Attachment |).

15 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-13-Historic-cultural-p
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b. Are there any landmarks, features, or other evidence of Indian or historic use or

occupation? This may include human burials or old cemeteries. Are there any material
evidence, artifacts, or areas of cultural importance on or near the site? Please list any
professional studies conducted at the site to identify such resources.

There are no known landmarks features or other evidence of Indian or historic use and/or
occupation at the proposed project site. The WISAARD mapping tool was used to search
the vicinity of the project area for places or objects of interest located at the proposed
and did not identify any places or objects of interest in the vicinity of the proposed project
site.

Describe the methods used to assess the potential impacts to cultural and historic
resources on or near the project site. Examples include consultation with tribes and the
department of archeology and historic preservation, archaeological surveys, historic
maps, GIS data, etc.

The project is located within Monroe, Washington, which is part of the Stillaguamish Tribe
of Indians. No professional studies could be located for the proposed project site or
surrounding properties. However, as stated above under the response to 13.a. and b., the
WISAARD mapping tool was used to search the vicinity of the project area for places or
objects of interest located at the proposed project site. The mapping tool indicated that
the proposed project site and areas located in the immediate vicinity have low to
moderately low risk for inadvertent discoveries.

Proposed measures to avoid, minimize, or compensate for loss, changes to, and
disturbance to resources. Please include plans for the above and any permits that may
be required.

An inadvertent discovery protocol would be included in the contractor requirements. If
suspected historic or cultural artifacts, or objects of suspected archaeological value are
discovered  during site excavation, grading, or other form of site
development/construction, all work on site shall immediately stop and Snohomish County
will notify DAHP and complete the standard DAHP inadvertent discovery protocol form.

14. Transportation
Find help with answering transportation questions®

a.

Identify public streets and highways serving the site or affected geographic area and
describe proposed access to the existing street system. Show on site plans, if any.

The proposed project is bordered by two public roads: Oaks Street to the south of the Site
is classified as a Collector Roadway and requires 64 feet of ROW, and Woods Creek Road
to the west and is classified as a Minor Arterial Roadway, which requires 80 feet of ROW
(see Attachment B for full Site Plans).

16 https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-B-Environmental-elements/Environmental-elements-14-Transportation
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b. Is the site or affected geographic area currently served by public transit? If so, generally
describe. If not, what is the approximate distance to the nearest transit stop?

The closest City of Monroe public transit bus route is approximately 0.15 miles southwest
of the site. The proposed project site is not currently served by public transit.

c. Will the proposal require any new or improvements to existing roads, streets,
pedestrian, bicycle, or state transportation facilities, not including driveways? If so,
generally describe (indicate whether public or private).

The proposed project is expected to include full frontage improvements, including
widened pavement, new curb and gutter, new planting strip, and a new sidewalk are
assumed along the length of Oaks Street. There is an existing curb and sidewalk along
Woods Creek Road, and no improvements or ROW work would be a part of the proposed
project.

d. Will the project or proposal use (or occur in the immediate vicinity of) water, rail, or air
transportation? If so, generally describe.

The proposed project does not require the use of, nor would it occur in, the immediate
vicinity of water, rail, or air transportation systems.

e. How many vehicular trips per day would be generated by the completed project or
proposal? If known, indicate when peak volumes would occur and what percentage of
the volume would be trucks (such as commercial and nonpassenger vehicles). What
data or transportation models were used to make these estimates?

There will be approximately 14 vehicle trips associated with shift change for a crew of
seven between 7:00 a.m. and 8:00 a.m. Vehicle trips are based on the Technical
Memorandum prepared by Heffron.

f. Will the proposal interfere with, affect, or be affected by the movement of agricultural
and forest products on roads or streets in the area? If so, generally describe.

The proposed project is not anticipated to interfere with, affect, or be affected by the
movement of agricultural and forest products on roads or streets in the area.

g. Proposed measures to reduce or control transportation impacts, if any:

Not applicable to the proposed project (see response to 14.a. through f. above).
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15.Public services

Find help answering public service questions’

a. Would the project result in an increased need for public services (for example: fire
protection, police protection, public transit, health care, schools, other)? If so, generally
describe.

The proposed completed project would provide an updated SRFR Fire Station for
Snohomish County. The proposed project would not require increased need for public
services.

b. Proposed measures to reduce or control direct impacts on public services, if any.
Not applicable to the proposed project (see response to 15.a. above).

16.Utilities

Find help answering utilities questionsi8

a. Circle utilities currently available at the site: electricity, natural gas, water, refuse
service, telephone, sanitary sewer, septic system, other:

Connection point to electricity, natural gas, water, refuse service, telephone, and sanitary
sewer are available at the proposed project site.

b. Describe the utilities that are proposed for the project, the utility providing the service,
and the general construction activities on the site or in the immediate vicinity which
might be needed.

The proposed project anticipates using electricity, natural gas, refuse service, telephone,
water, and sanitary sewer utilities. Sewer and gas utilities will tie into the existing utility
mains along Oaks Street. The following services will be provided by:

e Gas and Power: Snohomish County Public Utility Service

e Water and Sewer: City of Monroe

e Telephone: Comcast

e Refuse Removal: Waste Management

17 https://ecology.wa.gov/regulations-permits/sepa/environmental-review/sepa-guidance/sepa-checklist-
guidance/sepa-checklist-section-b-environmental-elements/environmental-elements-15-public-services
18 https://ecology.wa.gov/regulations-permits/sepa/environmental-review/sepa-guidance/sepa-checklist-
guidance/sepa-checklist-section-b-environmental-elements/environmental-elements-16-utilities
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C.Signature

Find help about who should sign??

The above answers are true and complete to the best of my knowledge. | understand that the
lead agency is relying on them to make its decision.

X

Name of signee:

Position and agency/organization:

Date submitted:

% https://ecology.wa.gov/Regulations-Permits/SEPA/Environmental-review/SEPA-guidance/SEPA-checklist-
guidance/SEPA-Checklist-Section-C-Signature
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GEOTECHNICAL ENGINEERING REPORT

PROPOSED FIRE STATION # 32
19959 OAKS STREET
MONROE, WASHINGTON
SNOHOMISH COUNTY PARCEL
#27070600200300

PREPARED FOR
SNOHOMISH COUNTY REGIONAL FIRE &
RESCUE
c/o OAC SERVICES, INC.

BY:
OTTO ROSENAU & ASSOCIATES, INC.
ORA JoB NO. 24-0267, REPORT NoO. 1

OTTO ROSENAU & ASSOCIATES, INC.

Geotechnical Engineering, Construction Inspection & Materials Testing



OTTO ROSENAU & ASSOCIATES, INC.

Geotechnical Engineering, Construction Inspection & Materials Testing

6747 M. L. King Way South, Seattle, Washington 98118-3216 USA
Tel: (206) 725-4600 o Toll Free: (888) OTTO-4-US e Fax: (206) 723-2221
WBE W2F5913684 « WABO Registered Agency e Website: www.ottorosenau.com

April 29, 2025

Snohomish Regional Fire & Rescue
c/o OAC Services, Inc.

2200 1st Avenue S

Seattle, WA 98134

Re: GEOTECHNICAL ENGINEERING REPORT
PROPOSED FIRE STATION # 32
19959 OAKS STREET
MONROE, WASHINGTON
SNOHOMISH COUNTY PARCEL # 27070600200300

ORA Project Number: 24-0267

Dear Mr. Bailey (OAC Services),

We are pleased to provide this for the proposed Fire Station # 32 located at 19959 Oaks Street in Monroe,
Washington. Based on our findings from the subsurface explorations and our analyses, we anticipate
that the site can be satisfactorily developed, but that the presence of shallow groundwater, potentially
liquefiable soils, and near-surface, highly compressible soils will require mitigation of those conditions to
be performed. Based on discussions with the design team and contractors, we understand that the
preferred mitigation option is to perform ground improvement at the location of the proposed fire station
to stabilize the soils and allow for the use of the conventional spread foundation elements. Additional
explorations were completed at the site to support this design approach.

It is our opinion that the construction of the proposed new fire station will not have any adverse impact
on the adjacent properties, provided that the recommendations as presented in this report are
implemented in their entirety and under the supervision of an ORA representative during construction.

If you have any questions or if we may be of additional service, please contact us.

Sincerely,

Digitally signed by

Anthony G Coyne

Date: 2025.04.29

17:00:37 -07'00

Anthony Coyne, P.E. Scott Hoobler, PE
Senior Geotechnical Engineer Geotechnical Engineer
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GEOTECHNICAL ENGINEERING REPORT
PROPOSED FIRE STATION # 32
19959 OAKS STREET
MONROE, WASHINGTON
SNOHOMISH COUNTY PARCEL # 27070600200300

PREPARED FOR
SNOHOMISH COUNTY REGIONAL FIRE & RESCUE
C/O OAC SERVICES, INC.

BY OTTO ROSENAU & ASSOCIATES, INC.

APRIL 29, 2025

1. INTRODUCTION

This report presents the results of our geotechnical engineering services for the proposed Fire Station #
32 at 19959 Oaks Street in Monroe, Washington (Snohomish County Parcel # 27070600200300). The
approximate location of the site is shown in Figure 1, Vicinity Map.

2. PROJECT DESCRIPTION

Snohomish County Regional Fire & Rescue is considering constructing a new fire station at a currently
undeveloped lot in Monroe, Washington. The preliminary information provided to us indicates that the fire
station will be about 7,500 square feet in size and will be located on the western side of the parcel. We
further understand that the fire station will be set back about 50 feet south of a potential wetland that is
located close to the north property line at the west side of the site.

The associated site improvements will likely include secure firefighter parking, separate visitor parking,
and maneuvering space for emergency vehicles returning to the fire station with drive-thru bays. An
exterior emergency generator will also likely be included as part of the project.



Otto Rosenau & Associates, Incorporated
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3. SCOPE OF SERVICES

ORA previously completed a preliminary site evaluation for this site and completed three borings (B-1
through B-3) using hollow-stem auger equipment to a maximum depth of 21.5 feet and two cone
penetration tests (CPT-1 and CPT-2) to a maximum depth of 42 feet to evaluate the soil and groundwater
conditions at the site in May 2024. Four additional explorations (B-4 through B-7) were completed using
sonic drilling equipment on March 26 and 27, 2025, to depths ranging from 16.5 to 40 feet below the
existing site grade. Groundwater level monitoring devices and data logging equipment were also installed
at borings B-4 through B-7 to record the groundwater level and pressure data through time. The
approximate locations of the completed borings, CPTs, and the ReMi geophysical investigation
completed for this study are shown in Figure 2, Site Plan.

The scope of geotechnical engineering services for this study is to develop and provide the following
information:
e A summary of the observed soil and groundwater conditions,
e An evaluation of the existing site conditions,
e Areview of available geologic information,
e Completion of a geophysical evaluation using a geophysical survey (ReMi) to determine the
measured shear-wave velocity sounding of the underlying soils,
e Evaluation of potential seismic hazards, including liquefaction, lateral spreading caused by
liquefaction, and surface rupture.
e Suitable foundation systems with estimated settlements,
e Lateral earth pressures and friction coefficients,
e Recommendations for temporary cut slopes,
¢ Influence of groundwater on the proposed development, and
e Site preparation and earthwork.

4. SURFACE CONDITIONS

The project site is located on the east side of the City of Monroe in the Snohomish River / Skykomish
River valleys. The project site consists of a single non-contiguous parcel with a combined size of
approximately 2.16 acres. The larger portion of the parcel is located at the northeast corner of Woods
Creek Road and Oaks Street, is approximately 2.02 acres in area, and is being considered for the location
of Fire Station #32. The smaller detached portion of the parcel is located about 500 feet to the southeast,
is about 0.14 acres in area, and is not being considered for development as part of this project.

The larger portion of the parcel being considered for development is roughly triangular and is located at
the northeast corner of the intersection of Woods Creek Road and Oaks Street. A drainage ditch is
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located along the northeast boundary of the parcel. The drainage ditch coincides with a mapped
unclassified stream as described in the City of Monroe’s Stream and Wetlands 11 x 17 inventory map.
The unclassified stream drains to Woods Creek, which is located to the southeast of the site. Woods
Creek drains to the Skykomish River, which is located to the south of the site. An unclassified wetland is
located immediately northeast of the project site. The adjacent parcels located to the northeast and east
of the subject property appear to be agricultural fields. A Snohomish County PUD power switching station
is located on the west side of Woods Creek Road to the west of the site. An undeveloped wooded area
is located on the west side of Woods Creek Road immediately north of the site. A commercial strip mall
is located on the south side of Oaks Street to the south of the subject property.

The maijority of the parcel gently slopes from west to east and from south to north. The site grades along
the west property line range from about Elevation 77 to 78 feet (NAVD 88) from the intersection of Woods
Creek Road and Oaks Street to the northwest property corner. The roadway embankment for Woods
Creek Road is approximately 5 feet in height near the northwest corner of the property and rapidly tapers
downward in height from the northwest property corner. The site grades along the south property line
range from about Elevation 77 feet at the southwest property corner to about Elevation 72 feet at the
southeast property corner.

Gravel surfacing has been placed across much of the site to facilitate the site’s historical use as a parking
area for trucks and trailers and as a storage yard for construction equipment and materials. The northeast
side of the property appears to have been built up with up to 4 to 5 feet of fill to create an embankment
along the northeast property line.

5. SITE CHARACTERIZATION

We reviewed the “Geologic Map of the Monroe 7.5-minute Quadrangle, King and Snohomish Counties,
Washington (November 2011). The near-surface soils at the site are mapped as Alluvium (Qa), which
typically consists of normally consolidated, river-deposited silts, clays, sands, and gravels. Deposits of
Olympia beds Snoqualmie and Skykomish provenance (Qco), appear to underlie the near-surface
Alluvium. Olympia Beds, Snoqualmie and Skykomish River provenance (Qco) are nonglacial deposits
that generally consist of dense cohesionless sands, gravels, cobbles, and very stiff to hard silts and clays.

The project site is mapped by the Washington Department of Natural Resources (DNR) as having
Moderate to High Liquefaction Susceptibility. Please see Figure 4 titled “Liquefaction Susceptibility” for
an excerpt.
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6. SUBSURFACE CONDITIONS

The subsurface soil and groundwater conditions were evaluated by completing 7 borings, 2 cone
penetration tests (CPTs), and a ReMi geophysical evaluation at the site. The locations of the completed
explorations are shown in the Site Plan, Figure 2.

Borings B-1, B-2, and B-3 were completed on May 21, 2024, to depths of 21.5 feet, 16.5 feet, and 16.5
feet, respectively. A pressurized, confined aquifer (artesian aquifer) was encountered during drilling at a
depth of about 21 feet at boring B-1. Groundwater was observed to flow up from the boring hole onto the
adjacent ground surface, and the hole was abandoned and sealed with difficulty. Borings B-2 and B-3
were drilled to a shallower depth to reduce the risk of penetrating into the artesian aquifer and the
associated difficulty with sealing the hole after completion of drilling.

Borings B-4 through B-7 were completed on March 26 and 27, 2025, to a depth of 40 feet for boring B-4
and a depth of 16.5 feet for borings B-5 through B-7 using Sonic Drilling techniques on a track rig provided
by Holt Services, Inc. The Sonic Drilling method utilizes a full-length pipe casing that is advanced using
a high-frequency oscillating motion and rotation of the pipe casing while the boring is advanced. This
allowed us to penetrate the confined aquifer at boring B-4 and to set a vibrating wire groundwater
pressure monitoring device to determine the amount of groundwater pressure in the confined aquifer. 2-
inch diameter standpipe piezometers were installed in borings B-5 through B-7. Groundwater pressure
monitoring devices were also installed at borings B-5 through B-7 to evaluate the groundwater level
fluctuations of the near-surface, unconfined aquifer. The groundwater pressure monitoring devices were
connected to data logging equipment to record groundwater pressure variation through time. Plots of
groundwater pressure in the confined aquifer at B-4 and plots of groundwater levels below the existing
site grade are presented in Appendix G.

CPT testing was performed at two locations, CPT-1 and CPT-2 on May 28, 2024, to evaluate the soil and
groundwater conditions at greater depths than could be accomplished by using conventional hollow stem
auger drilling methods. Pore water dissipation testing was performed at both CPT locations. CPT-1 was
completed as a Seismic CPT, which allowed shear wave velocity measurements to be collected as the
CPT was advanced to assist in site characterization of the underlying soils for seismic design purposes.
CPT-1 and CPT-2 were completed to depths of about 42 feet and 34.5 feet below the existing site grade,
respectively, before encountering dense to very dense soils where refusal of the equipment was met and
could not be advanced to greater depths. The CPT logs are presented in Appendix A.
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Photo at Boring B-1 after withdrawal of the auger and before sealing off the boring hole on May 21, 2024. Please
note the artesian groundwater flowing from the unsealed boring hole onto the adjacent ground surface.
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Photo taken while drilling at Boring B-4 using Sonic Drilling technique on March 26, 2025.

Photo of CPT rig set up at the location of CPT-01 on May 28, 2024.
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In general, the soils encountered at the site can be divided into three soil units — Fill, Alluvium, and
Olympia beds, Snoqualmie and Skykomish River provenance. The following is a description of the
characteristics of each soil unit encountered.

6.1 FILL MATERIALS

2 to 3.5 feet of undocumented, near-surface fill was encountered below the existing ground surface at
each exploration location. We anticipate that the fill is likely up to 5 feet thick at the embankment along
the northeast property line. The fill materials generally consisted of loose to medium dense sands with
varying amounts of silt, gravel, and cobbles. The fill materials were generally in a moist to wet condition.

6.2 ALLUVIUM

Alluvium was present below the encountered upper fill materials and appeared to extend to a depth of
about 23 to 26 feet below the existing site grade. The alluvium consisted of interbedded silts, clays,
sands, gravels, and some peat. The silts and clays were observed to have a soft to medium stiff
consistency. The sands and gravels varied in fines content and were observed to be in a loose to dense
consistency.

6.3 OLYMPIA BEDS, SNOQUALMIE AND SKYKOMISH RIVER PROVENANCE

Based on the findings from the CPTs, we interpreted that the dense to very dense sands and gravels
encountered below the Alluvium at depths of 23 to 26 feet below the site grade to be Olympia Beds,
Snoqualmie and Skykomish River provenance (Qco). These deposits are Pleistocene age, nonglacial
deposits that generally consist of dense cohesionless sands, gravels, cobbles, and very stiff to hard silts
and clays.

6.4 GROUNDWATER CONDITION

Groundwater was observed during drilling of the explorations at a depth of about 6 feet below the existing
site grade in the near-surface unconfined aquifer at the site. The groundwater pressure monitoring
devices and standpipe piezometers that were installed at borings B-5 through B-7 in March and April
2025 indicate that the depth to groundwater varies between 4.5 to 7 feet below the existing site grade.

A pressurized, confined aquifer (artesian aquifer) was observed to be present at a depth of about 21 feet
below the existing site grade while drilling at boring B-1 in May 2024. The confined aquifer was sufficiently
pressurized to allow the groundwater to reach the ground surface and flow out of the drilled hole. Boring
B-4, which was completed within 25 feet of boring B-1 in March 2025, did not encounter artesian
groundwater flow to the ground surface at a depth of 20 feet, but did at a depth of 25 feet, groundwater
was observed to be at the ground surface with minimal flow from the boring when the casing was at a
depth of 30 feet. Due to the use of a continuous steel pipe casing during sonic drilling of boring B-4, we
infer that the top of the confined aquifer is likely between depths of 21 and 25 feet, or that the thickness
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of the confining silt/clay layer had become sufficiently thin during drilling at those depths to allow the
pressurized water from the confined aquifer to break through the remaining silt/clay layer. A groundwater
pressure monitoring device was installed at a depth of 30 feet and has shown that the groundwater
pressure within the confined aquifer is equal to about a 30-foot of head of water during the month of April
2025.

Based on our observations of the monitored groundwater levels at borings B-5 through B-7 in the near-
surface unconfined aquifer depth to groundwater decreases with decreasing amounts of precipitation.
Similarly, we observed that the groundwater pressure at boring B-4 within the confined aquifer decreased
slightly with decreasing amounts of precipitation. We anticipate that groundwater levels will fluctuate
with precipitation and season and may affect the construction of the new fire station with regard to the
recommended maximum depth of ground improvement and excavations for utilities and stormwater
detention facilities.

7. LABORATORY TESTING

We completed grain size analyses and Atterberg Limit determinations on multiple samples and moisture
content determinations on each sample collected from our borings. The result of the moisture content
determinations is presented on the boring logs on pages A-4 to A-11 of Appendix A. The results of the
grain size analyses and Atterberg Limit determinations are presented in Appendix B.

8. DISCUSSION

The engineering recommendations and advice presented in this report have been made in accordance
with generally accepted geotechnical engineering practices in the area and are based on our
understanding of the geology of the area and our experience with similar projects. Project conditions and
design details often change during the design and revision process. In addition, subsurface conditions
do not always match those that are anticipated. Therefore, if discrepancies are noticed, the geotechnical
engineer should be contacted for review and possible revision of the recommendations presented.

9. CONCLUSIONS AND RECOMMENDATIONS

9.1 GENERAL

Based on our findings from the subsurface explorations and our analyses, we anticipate that the site can
be developed as a new fire station, but the presence of potentially liquefiable soils and the compressible
silt, clay and peat soils located beneath the site will require mitigation due to the risk of post-construction
settlement and liquefaction-induced settlement. There is also a risk of significant lateral movement during
a design-level seismic event due to liquefaction-induced lateral spread, which could affect the structure
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and the ground surface at the site. See the recommendations for the deep foundation systems in the
“Foundation Systems” section of this report for specific details.

9.2 SEISMIC CONSIDERATIONS

9.2.1 Seismic Setting

The project site is in the seismically active Puget Sound region. The seismicity of the area is derived from
three primary sources.

e The Cascadia Subduction Zone (CSZ) — The CSZ is in the Pacific Ocean approximately 50 miles
west coast of Washington State, where a deep trough has formed as the oceanic Juan de Fuca
plate is being subducted beneath the North American continental plate. Earthquakes as great as
magnitude 9 are capable of being generated at the CSZ. The last earthquake along the CSZ was
an estimated M9 event in 1700 CE.

o The Benioff Zone — This seismic source is located deep beneath the North American Plate, where
the oceanic Juan de Fuca plate is steeply diving into the Earth’s mantle as it is being subducted.
Earthquakes in the Benioff Zone are relatively frequent, with an estimated maximum magnitude
of about 7. The M6.8 Nisqually earthquake in 2001 was a Benioff Zone event.

¢ Shallow crustal faults — There are several shallow crustal faults in the Puget Sound area, including
the Seattle Fault Zone, the Tacoma Fault Zone, and the South Whidbey Fault Zone. These faults
are all thrust faults, more generally called reverse faults, and are caused by compression of the
crust in our region. These faults are also expected to be capable of generating an earthquake
with a maximum of about magnitude 7. The most recent evidence of seismic deformation along
the South Whidbey Fault zone occurred about 2,700 years ago.

9.2.2 Seismic Design Parameters

The seismic design of structures in the City of Monroe is governed by the requirements of the International
Building Code (IBC). We understand that the project will be permitted under the provisions of the 2021
IBC and ASCE/SEI 7-16. These documents require that the soils underlying the site be assigned a Site
Class based on the conditions that are present. A Refraction Microtremor (ReMi) survey was performed
along the northeast side of the site on August 13, 2024, by Global Geophysics of Redmond, WA. The
results of the ReMi geophysical survey indicate that a measured average characteristic site shear-wave
velocity in the upper 100 feet of the soil profile below the ground surface, V100, is 828 feet per second.
Based on the measured average shear wave velocity of the underlying soils, we recommend that the site
soils be categorized as Site Class D for design purposes. The completed ReMi survey provided a shear
wave velocity profile that extended to a depth of 200 feet below the site. The ReMi survey report prepared
by Global Geophysics is included in Appendix C. Our subsurface investigations and preliminary analyses
indicate that potentially liquefiable soils underlie the site, and as a result, a Site Class F could be
assigned, which would require a site response analysis to be performed in accordance with Section 21.1
of ASCE 7. However, Section 20.3.1 of ASCE/SEI 7-16 states the following:
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However, Section 20.3.1 of ASCE/SEI 7-16 states the following:

“Where any of the following conditions are satisfied, the site shall be classified as Site Class F

and a site response analysis in accordance with Section 21.1 shall be performed.

1. Soil profile that includes soils vulnerable to potential failure or collapse under seismic

loading, such as liquefiable soils, quick and highly sensitive clays, and collapsible, weakly
cemented soils.
EXCEPTION: For structures that have fundamental periods of vibration equal to, or less
than 0.5 s, site response analysis is not required to determine spectral accelerations for
liquefiable soils. Rather, for the purpose of determining spectral accelerations only, a site
class is permitted to be determined in accordance with Section 20.2 and the corresponding
response spectrum determined from Section 11.4.

We anticipate that the fundamental period of the proposed fire station structure will not exceed 0.5
seconds. As a result, a site response analysis may not be required for this project and the Site Class can
be determined based on the criteria listed in Section 20.3 of ASCE/SEI 7-16, which permits Site Class to
be determined by the Vs, or Shear Wave Velocity Profile method for the top 100 feet of the soil profile
that underlies the site. Based on the results of the shear wave velocity profile from the ReMi survey
(geophysical survey), the average shear wave velocity of 828 feet per second was measured in the upper
100 feet of the soil profile that underlies the site, which corresponds to Site Class D conditions based on
our review. If the fundamental period of the proposed fire station structure exceeds 0.5 seconds, a site
response analysis will be required, and we can provide a proposal to provide that information upon
request. No additional subsurface information will be required to perform a site response analysis.

Risk-targeted Maximum Considered Earthquake (MCER) ground motion response accelerations for this
are based on the maps in the IBC (Figures 1613.2.1(1) and 1613.2.1(2)) for 0.2-second and 1-second
spectral response accelerations on a bedrock site. The values for Ss and S+ are spectral accelerations
(SRA) for a maximum considered earthquake event with a 2,475-year return period, or a 2 percent
probability of exceedance in 50 years.

The seismic design values for use in the preliminary analyses in this report were obtained from the ASCE
7 Hazard Tool web tool. Please see the ASCE Hazard Tool Report on page D-1 of Appendix D. The input
parameters used with this utility were the latitude and longitude for the project site (47.860741° N,
121.964541° W). The following table presents recommended values from the ASCE/SEI 7-16 “Minimum
Design Loads for Buildings and Other Structures” for seismic design:
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SEISMIC DESIGN PARAMETERS
Risk Category v
Site Soil Class D
PGAwm 0.544
Ss, g 1.144
S, g 0.402
Sws, g 1.193
Sw1, g N/A
Sos, g 0.795
Sor, g N/A

9.2.3 Liquefaction Hazard Evaluation

The State of Washington Department of Natural Resources (DNR) has identified the project site as having
a high liquefaction susceptibility. As a result, an evaluation of the potential impact of the liquefaction
hazard must be performed.

Liguefaction may be defined as the sudden loss of strength of soil as the soil is subjected to rapid cyclic
loading, such as during an earthquake. The mechanism that allows this to occur is that excess pore water
pressures are generated between the soil particles. This excess pore water pressure reduces the
frictional contact between the soil particles and reduces the shear strength of the soil. If the earthquake
is of large magnitude and duration, the soil can begin to behave more like a liquid than a solid and
“liquefy”. For liquefaction to occur, several conditions must typically be present, these include the
following:

e Saturated soil.

e Fine to medium sand matrix containing less than about 10 percent fines (soil that can pass a
No. 200 sieve.

e Very loose to medium dense soil conditions. This is usually defined as soils that have N-values
of 15 or less.

Based on the findings from the explorations completed at the project site, the site appears to be underlain
by alluvium that consists of potentially liquefiable, interbedded, very loose to medium dense sands and
gravels and soft to medium stiff silts. Groundwater levels appear to be approximately 6 feet below the
existing site grade.

We completed a liquefaction analysis using the subsurface information collected from CPT-1 and CPT-2
which was completed at the site. The liquefaction analysis was completed in general accordance with
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“Seed’s Simplified Procedure” with the suggested modifications proposed by Seed, Youd, et al. in
“Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF
Workshop on Evaluation of Liquefaction Resistance of Soils” (Journal of Geotechnical and
Geoenvironmental Engineering — October 2001). The analyses were completed using a ground
acceleration equal to 0.54 g and a 7.1 magnitude event (free field condition). The ground acceleration
used in the analysis is the site-modified PGAwm from the ASCE 7 Hazard Tool report for a 2,475-year
event and assuming Site Class D conditions. The magnitude of the seismic event used in the analysis
was the mode value for a 2,475-year event assuming Site Class D from the USGS Unified Hazard Tool
Deaggregation, which is included in Appendix D. The analyses were performed using the CLiqg version
3.5.3.10 software published by GeoLogismiki.

Based on the results of our analyses, the risk of liquefaction at the project during a strong design-level
seismic event is moderate to high. The results are presented in Appendix E, and a summary of the
estimated liquefaction-induced settlements based on each CPT exploration is as follows:

Estimated
Liquefaction-Induced
CPT Location Settlement
CPT-1 ~ 1.3 inches
CPT-2 ~ 2.8 inches

When liquefaction occurs at a site, it typically does not result in widespread, uniform settlement. Instead,
liquefaction-induced settlement tends to occur across non-uniform areas with varying amounts of
settlement being observed. Varying amounts of settlement under the foundation elements of a structure
can result in differential settlement. Differential settlement of soils under a foundation tends to induce
more damage than uniform settlement if the foundation system is not designed to be able to resist
differential settlement.

Based on the observed subsurface soil and groundwater conditions encountered at the site and our
understanding of the geologic conditions present at the site, it is our opinion that the potential for the
occurrence of liquefaction at the project site is moderate to high during an IBC design level seismic event.

Based on a review of known faults on the USGS Interactive Quaternary Faults Database, we observed
that the project site is located about 2.6 miles northeast of the nearest trace of the South Whidbey Fault
Zone (Fault ID # 572). The South Whidbey Fault Zone is a northwest-southeast trending reverse fault
and is described as a Class A fault with an estimated slip rate of between 0.2 and 1.0 mm/yr.
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Other inferred faults are described as being closer to the site in the Geologic Map of the Monroe
Quadrangle, however, these faults are not well studied, and it is not clear if they have been active in the
last 10,000 years. Only the mapped faults described in the USGS Interactive Quaternary Faults Database
were considered in our evaluation of seismic hazards at this site.

9.2.4 Surface Rupture Hazard Evaluation

Surface rupture can occur during large seismic events on faults where the ground surface ruptures due
to the movement of the fault. Given that the site is located about 2.6 miles away from the nearest known
trace of the South Whidbey Fault Zone, it is our opinion that the risk of surface rupture at the project site
is relatively low during the design life of the proposed fire station.

9.2.5 Lateral Spread Hazard Evaluation

Lateral spread can occur during strong seismic events when large blocks of non-liquefied surface soils
and underlying liquefied soils move horizontally downslope at gently sloping locations or move towards
a free face, such as along a shoreline or riverbank. A 5-foot-tall free face is present near the northeast
property line, which corresponds with the location of a drainage ditch on the project site. The CPT-based
CLiq liquefaction software used to perform the liquefaction analyses estimated that up to 1 to 2.5 feet of
lateral spread was possible at the site during a design-level seismic event (Magnitude = 7.1, Site-Modified
Peak Ground Acceleration, PGAw = 0.54g) using the methodology presented by Bartlett and Youd (1995)
and is based on the soil profile at our CPT-1 and CPT-2 explorations. Calculated values of lateral spread
are based on regression analyses of historically observed seismically induced lateral spread events
around the world under many different seismic conditions. The actual values of possible lateral spread
should be considered to likely range from 50% to 200% of the calculated values.

We understand that the proposed ground improvement will strengthen the existing subsurface soils at
the footprint of the proposed fire station and make them resistant to liquefaction and lateral spreading.
We recommend that the zone of ground improvement extend beyond the footprint of the soil to reduce
the risk of having any lateral spreading or slope failures in unimproved areas that could potentially
undermine foundation elements. This is most important along the north side of the future fire station,
where the free face of the open ditch is closest.

9.3 FOUNDATION SYSTEMS

9.3.1 Fire Station and Critical Ancillary Structure Foundations

We understand that a ground improvement contractor will be preparing a geotechnical design and
drawings that will specify the details of the ground improvement. The ground improvement contractor will
provide the allowable bearing capacity value that the new fire station's conventional spread foundation
elements that bear on improved soil may be designed for. We also recommend that critical ancillary



Otto Rosenau & Associates, Incorporated

Geotechnical Engineering, Construction Inspection & Materials Testing

Fire Station # 32 — Monroe, WA
ORA Project No.: 24-0267
April 29, 2025

Page 14 of 26

structures, such as emergency generators, and site retaining walls greater than 4 feet in height be
supported on improved soil.

Based on discussions with the ground improvement contractor, we understand that the proposed soil
improvement will stabilize the potentially liquefiable and compressible soils at the location of the fire
station by mixing the existing soil in place with Portland cement to strengthen the soil and eliminate the
potential for collapse due to liquefaction and the risk of post-construction settlement related to the
presence of peat at that location.

We recommend that all new foundation elements be embedded at a minimum of 18 inches below the
final grade for frost protection.

9.3.2 Stormwater Detention Vault Foundation

Onsite infiltration of stormwater is not feasible at the project site due to the relatively shallow depth to
groundwater and the presence of relatively impermeable near-surface silt and clay soils that underlie the
site. As a result, we anticipate that a stormwater detention system will be needed for the project. The
configuration and location of the detention system were not known at the time of issuance of this report.
Compressible silts, clays are present to depths of 6 to 9 feet across the site. Potentially liquefiable soils
are present below the near-surface compressible silt and clay soils. Observed groundwater levels at
depths across the site ranging from about 4.5 to 7 feet below the existing site grades during early spring
2025.

We recommend that foundations for the new stormwater detention vault not bear directly on the
compressible silt and clay soils or on potentially liquefiable soils for foundation support. The use of
conventional foundation elements with overexcavations and structural backfill at the foundation and slab
location may be a suitable alternative, but will need to be evaluated for feasibility by ORA once the
configuration of the detention vault is determined. If the stormwater detention system were to be built
using conventional foundation elements and slabs that bear on a zone of structural fill, an allowable
bearing capacity on the order of 750 to 1,000 psf would likely be specified and post-construction
settlement due to the underlying compressible silts and clays would likely be on the order of one to two
inches. Furthermore, the detention vault would still be vulnerable to liquefaction-induced settlement and
lateral spreading as described in Section 9.2 of this report.

We anticipate that an overexcavation and structural backfill would likely consist of 2- to 4-inch quarry
spalls that extend at least two feet in depth below the bottom of the foundation elevation would be required
to provide a stable base for foundation construction. The width of the overexcavation would additionally
need to extend laterally an amount equal to the overexcavation depth beyond the edges of the footings.
A nonwoven geotextile fabric such as Tencate Mirafi 140N, or an approved equivalent, would need to
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fully surround the quarry spall backfill. This method would also require that the groundwater in this
location be drawn down to at least 2 feet below the bottom of the excavation depth. The excavated
material would likely not be suitable for reuse as structural fill around the perimeter of the stormwater
vault, and imported granular backfill around the stormwater vault would be required.

A more resilient foundation alternative that would perform better during seismic events would be to
provide ground improvement at this location, as is proposed for the fire station. If this method were
utilized, the ground improvement contractor would provide recommendations for the allowable bearing
capacity of new foundation elements that bear on improved soil.

9.3.3 Site Retaining Wall Foundations (less than 4-foot wall height)

Lightly loaded site retaining walls that have a wall height of 4 feet or less (measured from the top of the
wall to the bottom of the foundation) do not require deep foundation elements or ground improvement for
foundation support. The site retaining walls may be supported on a 12-inch deep overexcavation that is
backfilled with a zone of imported Crushed Surfacing Top Course (CSTC). The width of the
overexcavation would additionally need to extend laterally one foot beyond the edges of the footings. We
recommend that an allowable bearing capacity of 1,500 psf be used for the design of retaining wall
foundation elements that are supported as described above. The base of the overexcavation should be
prepared per the recommendations presented in Section 9.6.1 Foundation and Slab Subgrade
Preparation of this report.

Site retaining walls designed in this manner are still vulnerable to liquefaction-induced settlement and
post-construction settlement due to the presence of highly compressible soils, but we understand that it
is likely more cost-effective to remove and replace any poorly performing low retaining walls than to
provide deep foundation support or ground improvement at those locations.

9.4 CONCRETE SLABS-ON-GRADE

We recommend that the concrete slabs on grade in the fire station be supported on a zone of ground-
improved soil. We further recommend that a 6-inch-thick, free-draining, clean, crushed gravel base be
provided as a capillary break. A robust vapor retarder, such as 10-mil polyethylene sheeting, shall be
included beneath the slab to minimize the transmission of moisture through the concrete floor. A
minimum, two-inch-thick layer of clean sand with less than 3 percent fines may be placed on top of the
polyethylene sheeting to protect the sheeting and to enhance the curing of the concrete slabs. The sand
must not be saturated at the time of concrete placement in order to enhance concrete curing. If slabs—
on-grade are being planned for heated areas, a more robust vapor barrier should be utilized since the
conditioned air in the heated areas will tend to draw moisture from the near-surface groundwater that is
present beneath the site. ORA can provide recommendations for vapor barriers upon request.
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Lightly loaded concrete slabs on grade at exterior or non-critical locations around the fire station may be

conventionally supported on a zone of structural fill consisting of crushed surfacing top course that is at
least 6 inches in thickness.

9.5 BELOW-GRADE WALLS AND RETAINING WALLS

The below-grade foundation walls for this project must be designed as retaining walls. Lateral earth
pressures for the design of permanent retaining walls and temporary shoring walls with no hydrostatic
pressures or other surcharge loads may be calculated using the following equivalent fluid densities in
pounds per cubic foot (pcf):

Level Back Slope Condition Active (unrestrained):
Compacted granular soils or native soils against wall 35 pcf.

Level Back Slope Condition Active (restrained):

Compacted granular soils or native soils against wall 55 pcf.
Passive:
Embedded Portions of Foundation Elements 270 pcf.

Hydrostatic Pressure on the portion of foundations below
the groundwater table (triangular pressure distribution) 62.4 pcf

No factor of safety has been applied to the active pressure values listed above. A factor of safety of about
1.5 has been applied to the passive pressure value listed above. The geotechnical engineer should be
contacted to determine appropriate lateral earth pressures for situations not described above.

Seismic earth pressures were estimated using the Mononobe-Okabe pseudo-static method. We
recommend that seismic earth pressures be estimated using a rectangular pressure distribution equal to
15H, where H is the height of the retained soil behind the wall and applied to permanent retaining
structures.

A total soil unit weight of 125 pounds per cubic foot should be used in the design of any permanent below-
grade wall, retaining structures, or temporary shoring walls.

Passive resistance should be evaluated using an equivalent fluid pressure of 270 pounds per cubic foot
(pcf) where foundation elements are cast on structural fill and backfilled on both sides with structural fill
compacted to at least 95 percent of maximum dry density (MDD). This value of passive pressure includes
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a factor of safety of 1.5. An allowable coefficient of friction between footings and bearing soils of 0.35

may be used to resist lateral foundation loads. This value includes a factor of safety of about 1.5.

9.6 PAVEMENT DESIGN

We recommend that a California Bearing Ratio (CBR) of 10 and a Modulus of Subgrade Reaction (k) of
150 pounds per cubic inch (pci) be used to model the existing subgrade conditions for the design of rigid
and flexible pavements. We anticipate that the traffic on new asphalt pavements around the proposed
Fire Station will consist of light passenger vehicles, and heavier emergency vehicles with occasional
delivery trucks.

We recommend that the driveways and aprons leading to the vehicle bays and other traffic lanes for
heavy emergency vehicles utilize a Heavy-Duty pavement section. The parking areas for light vehicles
can utilize a lighter Standard-Duty pavement section. The following minimum acceptable pavement
sections are recommended:

e Heavy-Duty Asphalt Concrete Pavement Areas: 4 inches of Hot Mix Asphalt (HMA) Class %"
over 8 inches of Crushed Surfacing Base Course (CSBC).

e Heavy-Duty Portland Concrete Cement Pavement Areas: 10 inches of Portland Concrete
Cement pavement over 6 inches of Crushed Surfacing Base Course (CSBC).

e Standard-Duty Asphalt Concrete Pavement Areas: 3 inches of HMA Class %" over 6 inches
of Crushed Surfacing Base Course (CSBC).

The HMA Class 2" shall meet the requirements of “Section 5-04 Hot Mix Asphalt” of the 2025 edition of
the WSDOT Standard Specifications for Road, Bridge, and Municipal Construction. Asphalt Treated
Base (ATB) may be substituted for the crushed rock and shall meet the requirements of WSDOT Local
Agency General Provisions (GSP) 4-06 Asphalt Treated Base” and WSDOT Standard Specification 9-
03.6(3). HMA should be compacted to at least 91 percent of the maximum density as determined by the
WSDOT FOP for AASHTO T 209 (rice density). ATB should be compacted to at least 80 percent of the
maximum density as determined by the WSDOT FOP for AASHTO T 209 (rice density).

We further recommend the following precautions be taken during the placement of asphalt during adverse
weather conditions:

¢ HMA should not be placed in the rain.

e All final lifts of HMA must be placed when the air temperature is 45 degrees and rising.

e ATB should not be placed when the air temperature is below 35 degrees.

¢ HMA should not be placed on frozen or ice-coated ground or subgrade.



Otto Rosenau & Associates, Incorporated

Geotechnical Engineering, Construction Inspection & Materials Testing

Fire Station # 32 — Monroe, WA
ORA Project No.: 24-0267
April 29, 2025

Page 18 of 26

9.7 EARTHWORK
The recommendations presented in this report are predicated on the fulfillment of the following earthwork
recommendations.

9.7.1 Foundation and Slab Subgrade Preparation

All concrete slabs, undocumented fill, organic debris, and old topsoil must be removed from all foundation
element locations and future slab-on-grade areas. If construction activities are to be performed during
periods of wet weather, we recommend that the exposed foundation subgrade soils be protected with 4
to 6 inches of thoroughly compacted 1-1/4 inch minus crushed rock, quarry spalls, controlled density fill
(CDF), or a rat slab of structural concrete. The exposed subgrade soil conditions should be verified by a
representative of ORA to ensure that the soils are adequately prepared to provide the required support.
Concrete slab-on-grade areas at interior locations in the fire station should be supported on at least 12
inches of structural fill.

Overexcavations to replace unsuitable soils present at the design bottom of foundation elevation may be
backfilled with structural concrete, lean concrete, or Controlled Low Strength Material (CLSM) at locations
where foundation elements have an allowable bearing capacity of 1,500 psf. The most commonly used
CLSM in the Puget Sound area is typically referred to as Controlled Density Fill (CDF). Granular structural
fill may also be used to backfill overexcavations at these locations. The overexcavations where granular
backfill is used must be extended laterally a distance equal to the depth of the overexcavation beyond
the edges of all future foundation elements. All granular structural fill for overexcavations must be
backfilled as described in the Earthwork section of this report.

If construction activities are to be performed during periods of wet weather, we recommend that the
exposed foundation subgrade soils be protected with 4 to 6 inches of thoroughly compacted 1-1/4 inch
minus crushed rock, quarry spalls, controlled density fill (CDF), or a rat slab of structural concrete.

9.7.2 Pavement Subgrade Preparation

Following the removal of the existing pavements, any underlying existing organic soils, woody debris,
uncontrolled fill, and any other deleterious materials shall be removed. The exposed subgrade surface
should then be thoroughly compacted to a firm and unyielding condition. A thorough proof roll of the
exposed subgrade soils should then be performed using a fully loaded, single-unit dump truck to identify
areas of soft subgrade soils. The proof roll shall be withessed by an ORA geotechnical engineer or his
representative. Areas of soft subgrade soil shall be removed and replaced with structural fill. The extent
and depth of the overexcavations of unsuitable soils shall be determined by the ORA geotechnical
engineer or his representative. All overexcavations shall be backfilled with structural fill consisting of
Crushed Surfacing Base Course (CSBC).
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If the areas of unsuitable soil are extensive or deep (greater than about 18 inches), the use of one of the
following measures may be considered to limit the depths of overexcavation:

¢ Woven geotextile fabrics,

o Geogrids, or

e Using coarser backfill such as quarry spalls at the base of overexcavations with base course
crushed rock at the upper portion of the overexcavation backfill.

ORA can provide suitable recommendations to address the remediation of areas with extensive or deep
unsuitable subgrade soils once the extent is determined in the field.

The near-surface soils at the site are moisture-sensitive and easily disturbed during periods of wet
weather. Pavement construction activities should take place during the drier summer months if possible
to minimize the risk of subgrade disturbance during periods of wet weather.

9.7.3 Wet Weather Grading Considerations
The soils at the site are moisture-sensitive, and disturbance of these soils should be assumed to be a
certainty during periods of wet weather and wetter times of the year if left exposed to the weather. Mass
grading activities during extended periods of wet weather, and during the wet season (October 31st
through March 31st) may not be possible without incurring significant expenses related to overexcavation
and replacement of loose, wet soils, and re-working of previously graded areas. We recommend that the
following measures be implemented during periods of wet weather.
¢ Protect exposed foundation subgrade soils with 4 to 6 inches of thoroughly compacted 1-1/4 inch
minus crushed rock, quarry spalls, controlled density fill (CDF), or a rat slab of structural concrete.
e The earthwork contractor should shape and compact areas being worked on to shed water and
prevent the creation of low areas that would allow water to accumulate and result in degradation
of underlying and/or previously prepared soils.
e Construction traffic should be limited to defined routes or quarry spall-protected haul roads to
minimize widespread disturbance.
o Cover stockpiled materials that are to be used as structural fill with securely fastened plastic
sheeting.
e Use approved, imported sand and gravel materials as structural fill with low fines content.

9.7.4 Structural Fill — Material, Placement and Compaction

Suitable onsite sandy soils or imported, granular aggregates may be used as structural fill. Soils
consisting of clay, silt, peat, or containing deleterious matter are generally not suitable for use as
structural fill. All structural fill material and any onsite sandy soils should be evaluated and approved by
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ORA before use as structural fill. During periods of wet weather, it is unlikely that the onsite soils will be
suitable for use as structural fill. Any imported granular aggregates should contain less than 5 percent
fines during periods of wet weather.

All fill and backfill materials used as structural fill should be placed in relatively horizontal loose lifts, not
exceeding 10 inches in thickness, and compacted to at least 95 percent of the maximum dry density
(MDD) as determined by the modified Proctor test (ASTM D1557). If manually operated equipment such
as a jumping jack compactor is used, the thickness of each loose lift should be no greater than 6 inches.
Light vibratory plate compactors are not suitable for the compaction of structural fill.

Structural fill should be compacted to 95 percent of MDD should additionally be moisture-conditioned to
within three (3) percent of optimum moisture. Structural fill to be compacted to 90 percent of MDD should
be moisture-conditioned to within six (6) percent of optimum moisture content. Placement of frozen soils
or placement of soils on frozen ground should not be attempted.

The following table summarizes our recommendations for fill material and compaction requirements for
various types of aggregates.

Intended Use Specification Compaction Requirements
Structural fill below | Crushed Surfacing Top Course | Each lift must be compacted to 95 percent
foundation elements | (WSDOT 9-03.9(3)), and suitable | of MDD per ASTM D1557 test procedure.
onsite sandy gravel soils during
extended periods of dry weather
Fill behind below- Gravel Backfill for Walls (WSDOT | Fill placed within 5 feet of below-grade

grade walls (outside | 9-03.12(2)) walls or retaining walls shall be
of the zone of wall compacted with manually operated
drainage material) compaction equipment. Fill placed at

depths greater than 2 feet below finish
subgrade elevation compacted to 90
percent of MDD. Fill placed at depths
within 2 feet of finish subgrade elevation
must be compacted to 95 percent of MDD
if the area will be supporting pavements

or roadway.
Fill behind below- Gravel Backfill for Drains | No compaction until at least 18 inches of
grade walls at (WSDOT 9-03.12(4)) cover is present above the perforated
the zone of wall drain pipe. Each subsequent 12-inch lift

drainage material
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Intended Use Specification Compaction Requirements
is lightly compacted using manual
compaction equipment.
Capillary break Clean, 3/4-inch crushed rock Each lift must be compacted to a firm and
Material below slabs- unyielding condition over the firm
on-grade subgrade soils.

9.7.5 Temporary Excavations
9.7.5.1 EXCAVATIONS FOR THE PROPOSED FIRE STATION

We anticipate that maximum excavation depths for the proposed fire station will be on the order of 3 to 4
feet. We recommend that the inclination of temporary cut slopes be no greater than 1.5H:1V (horizontal
to vertical) in the near-surface soils. However, the temporary cut slope inclinations will likely need to be
flattened to 3H:1V or flatter during wetter times of the year or during extended periods of heavy
precipitation when depths to groundwater will likely be on the order of 4.5 feet below the existing site
grade. We recommend that water in the excavations be routed by ditches to gravel-filled, temporary
sumps that will allow the water to be collected and discharged to discharge locations. We anticipate that
the collected water will need to be detained to allow sedimentation to occur and to be treated, as needed,
onsite in temporary storage tanks.

9.7.5.2 TEMPORARY EXCAVATIONS FOR THE PROPOSED STORMWATER DETENTION VAULT

We understand that a stormwater detention vault will likely be needed for the project. We anticipate that
a detention vault would likely require excavation depths ranging from 5 to 10 feet in depth. The measured
depths to groundwater have been observed to range from about 4.5 feet to 7 feet in early Spring 2025.
As a result, the excavation for a stormwater detention vault would likely require a robust dewatering
system. We anticipate that dewatering well points will need to be installed around the outside of the
excavation by a dewatering contractor to draw down the water to a level at least 2 feet below the design
base of the excavation level to provide stability of the base of the excavation. Given that a wetland is
located immediately to the north of the project site there is likely a steady source of surface water to that
area and groundwater dewatering volumes could easily reach 100 to 300 gallons per minute (gpm) as
dewatering initially begins depending on the depth and size of the excavation, and would likely stabilize
to lower levels as dewatering continues. It would be imperative that the dewatering wells do not penetrate
the underlying pressurized, confined aquifer. We recommend that an experienced dewatering contractor
be retained to design and maintain the dewatering system for the project. The collected water from the
dewatering system will need to be stored, treated, and discharged in accordance with local and state
requirements.

We anticipate that any permanent detention vault would need to be designed to resist buoyancy forces.
Buoyancy forces will increase with a greater depth of embedment below the groundwater table.
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Resistance to buoyancy forces can be achieved by ensuring the self-weight of the empty detention
system is greater than the buoyancy forces that are acting on it, or by providing anchors into the ground
below it that provide sufficient resistance to the upward forces acting on the detention system. The
upward buoyancy force exerted on an object is equal to the weight of the displaced volume of fluid. The
proposed configuration of the detention is currently unknown. ORA can provide assistance in estimating
buoyancy forces and other design parameters such as the design of sheet pile walls and detention vault
hold-down anchors, as needed.

9.7.5.3 TEMPORARY EXCAVATION CONSTRUCTION MONITORING
An ORA representative should periodically evaluate the exposed soil conditions during construction to
verify that the recommended temporary cut slope inclinations are appropriate for the conditions being
encountered. In addition, the configuration for temporary cut slope inclinations may need to be modified
during construction if site conditions change.

All temporary cut slopes and excavations must comply with the provisions of the Washington
Administrative Code (WAC) Chapter 296-155, Part N, “Excavation, Trenching and Shoring.” The
contractor performing the work has the primary responsibility for the protection of workers and adjacent
improvements.

9.7.6 Erosion and Sedimentation Control
The migration of sediments from the site must be controlled in accordance with City of Monroe
requirements. We recommend that the following minimum erosion control measures be employed at the
site:
e Provide silt fencing around the construction area to delineate the construction limits. No
construction or soil disturbance should take place outside of the construction limits.
e Stockpiled soil at the site should be kept to a minimum. Any stockpiled soils should be covered
with carefully secured plastic sheeting.
e Catch basin socks should be installed in nearby catch basins located downhill from the work area
that could be impacted by construction activities.
¢ All sediment and soil should be removed from adjacent pavements at the end of each day of
construction activities.
¢ Periodic inspection of the adequacy and condition of the installed erosion control measures by a
geotechnical engineer or an experienced representative assigned by the geotechnical engineer.

Additional erosion control measures may be required as construction progresses.
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9.8 DRAINAGE

9.8.1 Dewatering

Based on our review of the proposed development and the relatively shallow depth of groundwater
encountered in our explorations (4.5 feet below the existing site grade), groundwater may be encountered
during the construction of the new fire station and installation of buried utilities. The shallowest depth to
groundwater will likely be during the wet season and following periods of extended precipitation. If
groundwater or seepage is encountered during construction, we anticipate that dewatering could be
satisfactorily completed by routing water through ditches to a low spot or sump in the excavation. We
recommend that the sump depths be set to the lower groundwater level to at least 2 feet below the base
of the excavation elevation. If this proves to be insufficient, a dewatering system designed by an
experienced dewatering contractor may be required.

Runoff water and groundwater collected in temporary excavations should be removed as soon as
possible for storage and treatment before being discharged to a location approved by the City of Monroe
and in accordance with local and state requirements.

9.8.2 Foundation Wall and Retaining Wall Drainage

Good drainage is considered critical to the performance of earth-supported structures such as
foundations and retaining walls. Adequate drainage must be provided behind foundation walls and
retaining walls for this project. We recommend that perimeter drains be installed near the base of all
foundations. Foundation drains should, at a minimum, consist of a 4-inch diameter, perforated or slotted
SDR 35, or Schedule 40 PVC pipe. The foundation drains should be surrounded by at least 6 inches of
drainage material such as %" clean crushed rock. A 24-inch wide zone of free-draining, clean, crushed
gravel should be placed at the back of all foundation walls, below-grade walls, and retaining structures
to within 12 inches of the final grade. A nonwoven geotextile fabric filter fabric such as Mirafi 140N, or
an approved equivalent, should fully surround the zone of free-draining gravel. In addition, an appropriate
spray-applied, or roller-applied damp proofing or waterproofing membrane should be applied directly to
the exterior side of all below-grade walls, the tops of footings, and along the sides to provide a continuous
membrane.

9.8.3 Surface Drainage

Good surface drainage is an integral part of the performance of earth-supported structures such as
foundations, retaining walls, and pavements. Therefore, construction grades and final site grades should
be designed to prevent water from entering the foundations or gravel drains behind any retaining walls
or from ponding on or next to pavements. Where pavement does notimmediately abut structures, slopes,
with an outfall of at least three (3) percent for a minimum distance of five (5) feet from exterior footings,
should be provided. These slopes should be capped with relatively impervious soils to prevent infiltration
of water into the foundation soils.
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10. REPORT LIMITATIONS

The recommendations presented in this report are for the exclusive use of Snohomish Regional Fire and
Rescue and other members of the design team for the proposed Fire Station #32 site at 19959 Oaks
Street in Monroe, Washington. The recommendations are based on completed subsurface explorations
and analyses. The recommendations of this report are not transferable to any other site. If there are any
revisions to the plans, or if deviations from the subsurface conditions noted in this report are encountered
during construction, Otto Rosenau & Associates, Inc. (ORA) should be notified immediately to determine
whether changes to the design recommendations are required.
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BORING LOG NOTES

These notes and boring logs are intended for use with this geotechnical report for the
purposes and project described therein. The boring logs depict ORA’s interpretation of
subsurface conditions at the location of the boring on the date noted. Subsurface
conditions may vary, and groundwater levels may change because of seasonal or
numerous other factors. Accordingly, the boring logs should not be made a part of
construction plans or be used to define construction conditions.

The approximate locations of the borings are shown on the Site Plan. The borings were
located in the field by measuring from existing site features.

“Boring Size” refers the diameter and type of auger used. “HSA” denotes hollow-stem
auger. “SSA” denotes solid-stem auger. “BA” denotes bucket auger.

“Sample Number and Type” refers to the sampling method and equipment used during
exploration where:

e “SS” indicates split-spoon sampler with 1-3/8” inside diameter and 2” outside
diameter.

“‘N-Values” refer to the Standard Penetration Test which records number of blows from a
140-pound hammer falling 30 inches required to advance a standard sampler eighteen
inches. The blow counts required to drive the sampler through each 6-inch interval is
recorded. The number of blows to drive the sampler for the last 12 inches of driving are
added together and is considered to be the N-Value. The N-Value is presented in
parentheses on the boring logs. The actual blow count values for each 6-inch interval is
also presented. If the sample is driven less than 6 inches for a given interval, the actual
distance driven is recorded.

“Moisture Content (MC)” refers to the moisture content of the soil expressed in percent
by weight of dry sample as determined in the laboratory.

“‘Grain Size (GS)” refers to a grain size distribution analysis completed in general
accordance with the ASTM D422 test procedure.

‘Fines” is an estimate of the portion of a soil sample passing a No. 200 sieve as
determined using the ASTM D422 test procedure.

“Atterberg Limits (AL)” refers to a determination of the liquid and plastic limits of a
cohesive soil using the ASTM D 4318 test procedure.

“Dry Density (DD)“ refers to an estimate of the dry density of a soil sample collected
using a Shelby thin-wall sampling tube.
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“Description and USCS Classification” refer to the materials encountered in the boring.
The descriptions and classifications are generally based on visual examination in the
field and laboratory. Where noted, laboratory tests were performed to determine the soll
classification. The terms and symbols used in the boring logs are in general accordance
with the Unified Soil Classification System. Laboratory tests are performed in general
accordance with applicable procedures described by the American Society for Testing
and Materials.

“W” Indicates location of groundwater at the time noted.

TERMS for RELATIVE DENSITY of NON-COHESIVE SOIL

Term Standard Penetration Resistance “N”
Very Loose 4 or less

Loose 510 10

Medium Dense 11 to 30

Dense 31 to 50

Very Dense Over 50 blows/foot

TERMS for RELATIVE CONSISTENCY of COHESIVE SOIL

Term Unconfined Compressive Strength
Very Soft 0 to 0.25 tons/square-foot (tsf)
Soft 0.25 to 0.50 tsf

Medium Stiff 0.50 to 1.00 tsf

Stiff 1.00 to 2.00 tsf

Very Stiff 2.00 to 4.00 tsf

Hard Over 4.00 tsf

DEFINITION of MATERIAL by DIAMETER of PARTICLE

Boulder 8-inches+

Cobble 3 to 8 inches

Gravel 3 inches to 5mm
Coarse Sand 5mm to 0.6mm
Medium Sand 0.6mm to 0.2mm
Fine Sand 0.2mm to 0.074mm
Silt 0.074mm to 0.005mm
Clay less than 0.005mm
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SOIL CLASSIFICATION CHART

LETTER DESCRIPTIONS
CLEAN GW WELL-GRADED GRAVELS, GRAVEL -
GRAVEL GRAVELS SAND MIXTURES, LITTLE OR NO FINES
AND
RAVELLY
G SOILS POORLY-GRADED GRAVELS, GRAVEL
(LITTLE OR NO FINES) GP - SAND MIXTURES, LITTLE OR NO
FINES
COARSE
GRAINED MORE THAN 507 GRAVELS WITH GM SILTY GRAVELS, GRAVEL - SAND -
50% SILT MIXTURES
SOILS OF COARSE FINES
FRACTION
RETAINED ON NO.
WELL-GRADED SANDS, GRAVELLY
SAND CLEAN SANDS SwW SANDS, LITTLE OR NO FINES
MORE THAN 50% AND
OF MATERIAL IS SANDY
S Ve Sz SOILS POORLY-GRADED SANDS, GRAVELLY
200 SIEVE SIZE g :
(LITTLE OR NO FINES) SP SAND, LITTLE OR NO FINES
SANDS WITH
MORE THAN 50% FINES SM SILTY SANDS, SAND - SILT MIXTURES
OF COARSE
FRACTION
PASSING ON NO. 4 2 $G A
SIEVE (MORE THAN 12% FINES) & SC L —a\NDS, SAND - CLAY
INORGANIC SILTS AND VERY FINE
ML SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY
SILTS INORGANIC CLAYS OF LOW TO
FINE AND LIQUID LIMIT CL MEDIUM PLASTICITY, GRAVELLY
GRAINED LESS THAN 50 CLAYS, SANDY CLAYS, SILTY CLAYS,
CLAYS LEAN CLAYS
SOILS VIIIIIAIIIAIITS
- — — 1 oL ORGANIC SILTS AND ORGANIC SILTY
- — — — 1 CLAYS OF LOW PLASTICITY
MORE THAN 50% INORGANIC SILTS, MICACEOUS OR
OF MATERIAL IS MH DIATOMACEOUS FINE SAND OR SILTY
SMALLER THAN SOILS
NO. 200 SIEVE
SIZE
SILTS //
D R CH | pEsgeunsorne
CLAYS
L AANNANNANAN]
b ANANANNANNNAN]
IAANAANIIN OH ORGANIC CLAYS OF MEDIUM TO HIGH
AT PLASTICITY, ORGANIC SILTS
b ANANANNANNNAN]
L AANNANNANAN]
NIZNTZENUN PEAT, HUMUS, SWAMP SOILS WITH
HIGHLY ORGANIC SOILS PT HIGH ORGANIC CONTENTS

NOTE: FINES ARE MATERIALS PASSING THE NO. 200 SIEVE.

COARSE GRAINED SOILS RECEIVE DUAL SYMBOLS IF THEY CONTAIN BETWEEN 5% AND 12% FINES.

FINE GRAINED SOILS RECEIVE DUAL SYMBOLS IF THEIR LIMITS PLOT LEFT OF THE "A" LINE WITH A PLASTICITY INDEX (P1) OF 4% TO 7%.
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Otto Rosenau & Associates, Inc.
6747 Martin Luther King Jr Way South
Seattle, WA 98118

Telephone: (206) 725-4600

CLIENT _Snohomish Regional Fire & Rescue

BORING NUMBER B-1

PAGE 1 OF 1

PROJECT NAME Fire Station 32 Site Evaluation

PROJECT NUMBER _24-0267

PROJECT LOCATION 19959 Oaks St, Monroe, WA

DATE STARTED _5/21/24

DRILLING CONTRACTOR _Geologic Drill Partners, Inc.

COMPLETED _5/21/24

GROUND ELEVATION _75 ft NAVD 88 HOLE SIZE _8-inch diameter
GROUND WATER LEVELS:

DRILLING METHOD _Track Rig Mounted Hollow Stem Auger

V. AT TIME OF DRILLING _10.00 ft / Elev 65.00 ft

LOGGED BY _Scott Hoobler, PE CHECKED BY _Scott Hoobler, PE ¥ AT END OF DRILLING _0.00 ft / Elev 75.00 ft

\

NOTES _SPT sampler, 140-pound automatic hammer, 30-inch drop AFTER DRILLING ---
g 14 ;\i [ym . |O
T FW | x| =ES =
E| po w | o a9
LE| o= > | 5% TESTS - (@) MATERIAL DESCRIPTION
W S | 0 | mo> ®w (g3
=z o oz S |
< L ~
%) 74
0 \ 4
- y SM [ SILTY SAND, (SM) brown, moist, medium dense, some gravel, (Fill)
| | . 73.0
i ﬂ SPT! 69 32%;4 MC=63% | ML SILT, (ML) dark brown, moist, medium stiff, (Alluvium)
5
| | sg‘r 100 0@53 MC = 40% SILT, (ML) dark grayish brown, moist, medium stiff, (Alluvium) 69.0
SILTY SAND, (SM) dark grayish brown, moist, loose, (Alluvium)
C Y[SPT 00| 223 MC = 50% SILTY SAND, (SM) dark grayish b ist, | Alluvi
3 ) o , (SM) dark grayish brown, moist, loose, (Alluvium) 66.5
| POORLY GRADED SAND WITH SILT, (SP-SM) dark grayish brown, fine
to medium grained, moist, loose, some wood debris, (Alluvium)
10
| 1[50T] 100 222;3 MC = 36% POORLY GRADED SAND WITH SILT, (SP-SM) dark grayish brown, fine
to medium grained, wet, loose, some wood debris, (Alluvium)
- H{Y|sPT 2-6-9 MC = 22%
5 83 ('1 E;) Fines = 6% POORLY GRADED SAND WITH SILT, (SP-SM) dark grayish brown, fine
| GS to medium grained, wet, medium dense, (Alluvium)
15
| |1[SET] 100 2@;6 MC = 25% POORLY GRADED SAND WITH SILT, (SP-SM) dark grayish brown, fine
to medium grained, wet, loose, (Alluvium) (Drilling mud added at D = 15'
to prevent heave)
] “Ai]1s0 57.0
20
SPT 0-0-2 ML SILT, (ML) dark grayish brown, wet, soft, (Alluvium)
| 7 | 100 (2) MC = 28% 21.0 54.0
SM [-]:-]:]21.5 SILTY SAND, (SM) dark grayish brown, moist, very loose, (Alluvium) 53.5

(Artesian groundwater encountered at about D = 21', water flowed from
boring hole onto adjacent ground surface, boring abandoned and sealed)

Bottom of borehole at 21.5 feet.
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Otto Rosenau & Associates, Inc.
6747 Martin Luther King Jr Way South
Seattle, WA 98118

Telephone: (206) 725-4600

CLIENT _Snohomish Regional Fire & Rescue

BORING NUMBER B-2

PAGE 1 OF 1

PROJECT NAME Fire Station 32 Site Evaluation

PROJECT NUMBER _24-0267

PROJECT LOCATION 19959 Oaks St, Monroe, WA

DATE STARTED _5/21/24 COMPLETED _5/21/24
DRILLING CONTRACTOR _Geologic Drill Partners, Inc.

GROUND ELEVATION _76 ft NAVD 88 HOLE SIZE _8-inch diameter
GROUND WATER LEVELS:

DRILLING METHOD _Track Rig Mounted Hollow Stem Auger

AT TIME OF DRILLING _---

LOGGED BY _Scott Hoobler, PE
NOTES SPT sampler, 140-pound automatic hammer, 30-inch drop

CHECKED BY _Scott Hoobler, PE

¥ AT END OF DRILLING _10.00 ft / Elev 66.00 ft
Y 0.25hrs AFTER DRILLING _7.50 ft / Elev 68.50 ft

o X
> my [®)
r | FF | x| 2258 % |F
Fel wd | O] 323 G |28
LHE| 4= > | Yo« TESTS & <9 MATERIAL DESCRIPTION
o as (@] m O > © -
=z o oz S |
< L ~
] 4
0
B B SILTY SAND, (SM) brown, moist, medium dense, some gravel, (Fill)
i ] S':T 67 16('119?;'6 MC = 35% SILTY SAND, (SM) brown, moist, medium dense, some gravel, (Fill) 72.5
| SILT, (ML) dark grayish brown, moist, medium stiff, (Alluvium)
5
| 1[55T] 100 5(“;53 MC = 44% | ML SILT, (ML) dark grayish brown, moist, medium stiff, iron oxide staining,
(Alluvium)
| N |7.0 69.0
S I A
B 1Y |SPT 1-1-2 — 240 . . .
3 | 39 3) MC = 34% SILTY SAND, (SM) grayish brown, moist to wet, very loose, (Alluvium)
10 A 4
| | SET 100 1251 MC =35% SILTY SAND, (SM) grayish brown, wet, very loose, some wood debris,
: (Alluvium)
| N 12.0 64.0
B 1Y |SPT 4-8-11 = 400 ) .
5 100 (19) MC = 40% POORLY GRADED SAND WITH SILT, (SP-SM) gray, fine to medium
| grained, wet, medium dense, (Alluvium)
15
| 1[5ET] 100 5('126)8 MC = 14% ih POORLY GRADED SAND WITH SILT, (SP-SM) gray, fine to medium
tl16.5  grained, wet, medium dense, (Alluvium) 59.5

Bottom of borehole at 16.5 feet.

A-5




GENERAL BH / TP / WELL - GINT STD US.GDT - 4/15/25 14:06 - C:\USERS\ANTHONY.COYNE\ONEDRIVE - OTTO ROSENAU\GEOTECH\GINT\PROJECTS\FIRE STATION 32 MONROE.GPJ

Otto Rosenau & Associates, Inc.
6747 Martin Luther King Jr Way South
Seattle, WA 98118
Telephone: (206) 725-4600

CLIENT _Snohomish Regional Fire & Rescue

BORING NUMBER B-3

PAGE 1 OF 1

PROJECT NAME Fire Station 32 Site Evaluation

PROJECT NUMBER _24-0267
DATE STARTED _5/21/24

DRILLING CONTRACTOR _Geologic Drill Partners, Inc.
DRILLING METHOD _Track Rig Mounted Hollow Stem Auger
LOGGED BY _Scott Hoobler, PE

PROJECT LOCATION 19959 Oaks St, Monroe, WA

COMPLETED _5/21/24

GROUND ELEVATION _74 ft NAVD 88 HOLE SIZE _8-inch diameter

GROUND WATER LEVELS:

AT TIME OF DRILLING _---

CHECKED BY _Scott Hoobler, PE ¥ AT END OF DRILLING _10.00 ft / Elev 64.00 ft

NOTES _SPT sampler, 140-pound automatic hammer, 30-inch drop AFTER DRILLING ---
g 14 ;\i [ym . |O
T FW | x| =ES "\
E| po w | o a9
LE | IS > | 95< TESTS . | <O MATERIAL DESCRIPTION
= a5 | 0| mo> w =
=z o oz S |
< L ~
%) 74
0
i ] SM SILTY SAND, (SM) brown, moist, medium dense, some gravel, (Fill)
| | 72.0
- Y|SPT| 67 | 534 MC=21% | ML SILT, (ML) light grayish b ist, medium stiff, iron oxide staini
1 ) o » (ML) light grayish brown, moist, medium stiff, iron oxide staining,
| (Alluvium)
5
SPT1 400 | 222 MC = 32% SILT, (ML) light grayish b ist, soft, iron oxide staining, (Alluvi
B | 2 4) o || |60 , (ML) light grayish brown, moist, soft, iron oxide staining, (Alluvium)  68.0
" SILTY SAND, (SM) grayish brown, moist, very loose, trace wood debris,
| 1 (Alluvium)
~ 1Y[SPT 00| %24 MC = 27% SILTY SAND, (SM) grayish b ist, very | Alluvi
3 ®) o -]8.5 , (SM) grayish brown, moist, very loose, (Alluvium) 65.5
| . POORLY GRADED SAND WITH SILT, (SP-SM) gray, fine to medium
grained, moist, very loose to loose, (Alluvium)
10 A 4
| 1[50T] 100 5('185)7 MC = 19% POORLY GRADED SAND WITH SILT, (SP-SM) gray, fine to medium
grained, wet, medium dense, (Alluvium)
- 1Y|SPT|100| 575 MC = 13% i POORLY GRADED SAND WITH SILT, (SP-SM fine to medi
5 (12) o 113.5 ( | ILT, (SP-SM) gray, fine to medium 60.5
| - \ grained, wet, medium dense, (Alluvium)
SILTY SAND, (SM) gray, wet, medium dense, (Alluvium)
15
SPT1 400 | 1-2:2 MC = 27% SILTY SAND, (SM t, very loose to | Alluvi
B | 6 4) o & , (SM) gray, wet, very loose to loose, (Alluvium)
b16.5 57.5

Bottom of borehole at 16.5 feet.
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Otto Rosenau & Associates, Inc. WELL NUMBER B-4

6747 Martin Luther King Jr Way South PAGE 1 OF 2
Seattle, WA 98118
Telephone: (206) 725-4600

CLIENT _Snohomish Regional Fire & Rescue PROJECT NAME _Fire Station 32 Site Evaluation

PROJECT NUMBER _24-0267 PROJECT LOCATION 19959 Oaks St, Monroe, WA

DATE STARTED _3/26/25 COMPLETED _3/26/25 GROUND ELEVATION 76 ft NAVD 88 HOLE SIZE _6-inch diameter
DRILLING CONTRACTOR _Holt Services, Inc. GROUND WATER LEVELS:

DRILLING METHOD Terra Sonic 150 CC Track Sonic Rig - 6" Casing/4" Core AT TIME OF DRILLING ---

LOGGED BY _Anthony Coyne, PE CHECKED BY _Anthony Coyne, PE !AT END OF DRILLING 0.50 ft/ Elev 75.50 ft

NOTES SPT sampler, 140-pound automatic hammer, 30-inch drop Y 220hrs AFTER DRILLING 0.00 ft / Elev 76.00 ft
g 14 ;\i [ym 0
F_ | FW B33 3 lZTo
aEZ| Ys > 9 5< TESTS © & (e} MATERIAL DESCRIPTION WELL DIAGRAM
&) a5 | Q| mg> ® 2
=4 8 oz O |g
c</() 14 Casing Top Elev: 0 (ft)
0 N4 Casing Type: VWP
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° ¥y WELL GRADED GRAVEL WITH SILT AND
.' ~ SAND, (GW-GM) brown, moist to wet,
] CC;-}VI\\;I- o medium dense to dense, and cobbles, (Fill) l«Cement and
° bentonite
B 7] * 25 735 grouted hole
B N ~<\WA DOE
Well Tag #
BQM 956
i ] GB MC = 46% MH ELASTIC SILT, (MH) blueish gray, moist to
5 1 wet, soft to medium stiff, Grab sample taken
MC = 60% from cored material
) O RE 1251 s VH ELASTIC SILT, (MH) blueish gray, moist to
AL wet, soft to medium stiff, high plasticity, with
’ wood debris
] 68.5
i _§'EE GB MC = 18% (SP-SM) Grab sample taken from cored
10 3 material
MC = 24%
D (e 22‘262 Fines = 11% POORLY GRADED SAND WITH SILT,
, GS (SP-SM) blueish gray, fine to medium
grained, wet, loose, with wood debris
i ] Grades to fine Sand with Silt from 12 ft to 13
ft
i ] Grades to fine to medium Sand with Silt from
| 13 ftto 14 ft
Grades to fine Sand with Silt at 14 ft
15
POORLY GRADED SAND WITH SILT,
SPT| ;g | 77-8 MC = 20% (SP-SM) blueish gray, fine grained, wet,
E 7 & (19 o loose, with wood debris
| RARKAAY 50.0
SILT, (ML) blueish gray, wet, soft to medium
stiff, low plasticity
- — ML
| | 19.0 57.0
20
MC = 30%
| 1| SET 100 2@;1 R cL- LEAN CLAY, SILTY, (CL-ML) blueish gray,
AL ML wet, very soft to soft
25

(Continued Next Page)
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Otto Rosenau & Associates, Inc.

WELL NUMBER B-4

\

with no groundwater flow from casing with ti
of casing at 40 feet.

Groundwater observed at ground surface /
p)

6747 Martin Luther King Jr Way South PAGE 2 OF 2
Seattle, WA 98118
Telephone: (206) 725-4600
CLIENT _Snohomish Regional Fire & Rescue PROJECT NAME Fire Station 32 Site Evaluation
PROJECT NUMBER 24-0267 PROJECT LOCATION 19959 Oaks St, Monroe, WA
g 14 ;\i [ym . |O
E_| DB | 5|33 3 To
aE| Ys > | 95< TESTS © & (@) MATERIAL DESCRIPTION WELL DIAGRAM
= a5 | 0 | mo> “ |z
=z o oz S |
< L ~
%) 74
25
GB MC =27% CL- LEAN CLAY, SILTY, (CL-ML) blueish gray,
| 7 ML wet, very soft to soft, Grab sample taken
265 from cored material 495
] GP- o] (GP-GM) Artesian groundwater pressure
GM [e.2d7 observed between 21.5 feet and 25 feet.
B N oso]of Moderate artesian flow at ground surface
ICCH with casing tip at 25 feet. No SPT sampling —
30 SO attempted for remainder of boring. Cored <w&;§|tlng
on material was highly disturbed from 25 to 30 Piezometer
B | 000 1+Lp]31.0 feet and appeared to consist of fine gravel 45.0 (VWP)
NN and medium to coarse sand. .
Lo . . W . grouted.ln
B _ AN (Tip of vibrating wire piezometer installed at place with
GB MC = 50% RV depth Of 30 feet) cement and
| i 8 “[33.0 PEAT, (PT) dark brown, moist, stiff, Grab 43.0 bentonite, Tip
\ sample taken from cored material at D =230 ft
| U} GB MC = 29% ML SILT, (ML) blueish gray, moist, medium stiff
9 to stiff, low plasticity, with peat, and wood
35 debris, Grab sample taken from cored
material ~<«Cement and
bentonite
B i grouted hole
B _§'EE GB MC = 30% ML SILT, (ML) blueish gray, moist, medium stiff
10 to stiff, low plasticity, some peat, Grab
40 20.0 sample taken from cored material 36.0

Bottom of borehole at 40.0 feet.
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Otto Rosenau & Associates, Inc.

6747 Martin Luther King Jr Way South
Seattle, WA 98118

Telephone: (206) 725-4600

CLIENT _Snohomish Regional Fire & Rescue

WELL NUMBER B-5

PROJECT NAME Fire Station 32 Site Evaluation

PROJECT NUMBER _24-0267

PAGE 1 OF 1

PROJECT LOCATION 19959 Oaks St, Monroe, WA

DATE STARTED _3/27/25
DRILLING CONTRACTOR _Holt Services, Inc.
DRILLING METHOD Terra Sonic 150 CC Track Sonic Rig - 6" Casing/4" Core AT TIME OF DRILLING ---

LOGGED BY _Anthony Coyne, PE

COMPLETED _3/27/25

GROUND ELEVATION _75 ft NAVD 88 HOLE SIZE

GROUND WATER LEVELS:

NOTES SPT sampler, 140-pound automatic hammer, 30-inch drop

6-inch diameter

CHECKED BY _Anthony Coyne, PE Y AT END OF DRILLING _6.27 ft / Elev 68.73 ft

Y 195hrs AFTER DRILLING 6.62 ft / Elev 68.38 ft

GENERAL BH / TP / WELL - GINT STD US.GDT - 4/15/25 14:06 - C:\USERS\ANTHONY.COYNE\ONEDRIVE - OTTO ROSENAU\GEOTECH\GINT\PROJECTS\FIRE STATION 32 MONROE.GPJ

\ medium dense

Bottom of borehole at 16.5 feet.

o X
> m NS
t | FO g | =25 S |Eo
aE| Ys > | 95< TESTS © & o MATERIAL DESCRIPTION WELL DIAGRAM
= as | o| po=> w =
=z | Q oz 2 |o
c</() 14 Casing Top Elev: 74.6 (ft)
0 Casing Type: 2" PVC Pipe
° WELL GRADED GRAVEL WITH SILT AND . | =Steel Flush
.' SAND, (GW-GM) brown, moist, medium y Mor]ument
B 7] 3 dense to dense, (Fill) setin
o concrete
- - 2.0 : . WA DOE
SILT, (ML) dark brown, moist, medium stiff Well Tag #
B | to stiff, with sand, gravel, and organics, (Fill) BQM 957
Beptonite
B _ 4.0 Chips
5 .
D 22‘262 MC = 36% SILT, (ML) gray, moist to wet, soft to T Soldpie
Y medium stiff, trace organics, iron oxide Sand Filter
\ 4 staining
i 67.5
B | POORLY GRADED SAND WITH SILT,
(SP-SM) blueish gray, fine to medium
grained, wet, loose, (increasing coarseness
N with depth) 65.5
10
D e 1251 MC = 16% WELL GRADED SAND WITH SILT, ;
(SW-SM) blueish gray, fine to coarse o <s| .
o2 ; otted pipe
| 120  9rained, wet, loose 63.0 | with 12/20
SILT, (ML) gray, wet, soft to medium stiff Sand Filter
] 14.5 60.5
15 :
MC = 24%
| 1[55T] 100 6('185)5 Fines = 6% POORLY GRADED SAND WITH SILT, SE
, GS (SP-SM) gray, fine to medium grained, wet, 585/ = «Ca
- <Cap 4
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Otto Rosenau & Associates, Inc.
6747 Martin Luther King Jr Way South
Seattle, WA 98118

Telephone: (206) 725-4600

CLIENT _Snohomish Regional Fire & Rescue

WELL NUMBER B-6

PAGE 1 OF 1

PROJECT NAME _Fire Station 32 Site Evaluation

PROJECT NUMBER _24-0267

PROJECT LOCATION 19959 Oaks St, Monroe, WA

DATE STARTED _3/27/25 COMPLETED _3/27/25
DRILLING CONTRACTOR _Holt Services, Inc.

GROUND ELEVATION _76 ft NAVD 88 HOLE SIZE _6-inch diameter

GROUND WATER LEVELS:

DRILLING METHOD Terra Sonic 150 CC Track Sonic Rig - 6" Casing/4" Core AT TIME OF DRILLING ---

LOGGED BY _Anthony Coyne, PE
NOTES SPT sampler, 140-pound automatic hammer, 30-inch drop

CHECKED BY _Anthony Coyne, PE Y AT END OF DRILLING _5.11 ft / Elev 70.89 ft

Y 188hrs AFTER DRILLING 5.13 ft / Elev 70.87 ft

wo| R
> my .| O
T | Fh|g | =ES S |Eo
ag| Wwe | ¥ | 95¢ TESTS 0120 MATERIAL DESCRIPTION WELL DIAGRAM
= a5 | 0| mo> w =
=z | Q oz 2 |o
by hd Casing Top Elev: 75.66 (it)
0 Casing Type: 2" PVC Pipe
%03 A 2-inch thick grass sod zone 58] |r=Steel Flush
| ] SILTY SAND WITH GRAVEL, (SM) light Monument
X brown, moist to wet, loose to medium dense, setin
U2 Fill) concrete
| ke (Fi WA DOE
J WELL GRADED GRAVEL WITH SILT AND Well Tag #
GW- 3 SAND, (GW-GM) brown, wet, loose to BQM 958
- GM Py 8],  medium dense, (Fil Bentonite
| oL ORGANIC SOIL, (OL) dark brown, moist to Chips
wet, medium stiff
5 .
MC = 59% Yy
-- = '~‘ . .
L L5 e | T EZ% | wH ELASTIC SILT, (MH) blueish gray, moist to o pibe
AL wet, medium stiff, with organics, iron oxide Sand Filter
’ staining
| 67.0
B SILTY SAND, (SM) blueish gray, moist to
10 i wet, loose to medium dense, (decreasing 66.0
= \_fines content with depth)
| |1[55T] 100 22%5 MC = 20% POORLY GRADED SAND WITH SILT, P =
SM f3%E \ (SP-SM) gray, fine to medium grained, moist 27 laslotted pipe
i } ::: £ to wet, loose to medium dense o | with 12/20
beoqdk Sand Filter
15 3R
MC = 14% KX
| 1[55T] 100 5;387'5’ Fines=5%  |SW-[ WELL GRADED SAND WITH SILT, ;
, GS SM |2e1tl 465  (SW-SM) gray, wet, medium dense 59.5 i <Ca
: <Cap

Bottom of borehole at 16.5 feet.
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Otto Rosenau & Associates, Inc.

6747 Martin Luther King Jr Way South
Seattle, WA 98118

Telephone: (206) 725-4600

CLIENT _Snohomish Regional Fire & Rescue

WELL NUMBER B-7

PROJECT NAME Fire Station 32 Site Evaluation

PROJECT NUMBER _24-0267
DATE STARTED _3/27/25

DRILLING CONTRACTOR _Holt Services, Inc.
DRILLING METHOD _Terra Sonic 150 CC Track Sonic Rig - 6" Casing/4" Core AT TIME OF DRILLING _---

LOGGED BY _Anthony Coyne, PE

PAGE 1 OF 1

PROJECT LOCATION 19959 Oaks St, Monroe, WA

COMPLETED _3/27/25

GROUND WATER LEVELS:

NOTES SPT sampler, 140-pound automatic hammer, 30-inch drop

GROUND ELEVATION _76 ft NAVD 88 HOLE SIZE _6-inch diameter

CHECKED BY _Anthony Coyne, PE Y AT END OF DRILLING _4.82 ft / Elev 71.18 ft

Y 188hrs AFTER DRILLING 5.19 ft / Elev 70.81 ft

Bottom of borehole at 16.5 feet.
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= asS | 0| go> “ g3
=z | Q oz 2 |o
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0 Casing Type: 2" PVC Pipe
PR\ SILTY GRAVEL WITH SAND, (GM) brown, T |[=Steel Flush
| GM {’30 1.0 moist, (Fill) 75.00 /| Monument
SILT, (ML) dark brown black, moist, medium setin ;
| stiff to stiff, with organics, (Fill) \CAC;RCB%?E
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B i BQM 959
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A 4
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| o 1l]12.0 64.0 “| with 12/20
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SW- [2?
I SM [
15 j:Z *Li115.0 61.0
I SET 100 6('16‘;)8 MC = 20% ML SILT, (ML) blueish gray, wet, non plastic v
16.5 59.5 leCap _|
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PRESENTATION OF SITE
INVESTIGATION RESULTS

Prospective Fire Station, Monroe, WA

Prepared for:
Otto Rosenau & Associates, Inc.

ConeTec Job No: 24-59-27735
Project Start Date: 2024-05-28
Project End Date: 2024-05-28
Release Date: 2024-05-31

Report Prepared by:
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1237 S Director Street, Seattle, WA 98108
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ABOUT THIS REPORT

The enclosed report presents the results of the site investigation program conducted by ConeTec, Inc.
for Otto Rosenau & Associates, Inc..

Please note that this report, which also includes all accompanying data, are subject to the 3 Party Disclaimer and Client
Disclaimer that follow in the ‘Limitations’ section of this report. Please refer to the list of attached documents following the
text of this report. A site map, test summaries, and test plots are all included in the body of the report.

Client Otto Rosenau & Associates, Inc.

Project Prospective Fire Station, Monroe, WA

ConeTec Project Number  24-59-27735

Test Types CPTu/SCPTu
Additional Comments None
Contents

The following listed below are included in the body of this report:

- Site Map
- Limitations and Closure
- Project Information

- Report Appendices

CONETEC
]
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SITE MAP

All locations are approximate unless otherwise stated in the body of the report.

ConeTec Job Number: 24-59-27735
Client: Otto Rosenau & Associates, Inc.
Project: Prospective Fire Station, Monroe, WA

Date: 2024-05-31

A-14
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LIMITATIONS

3rd Party Disclaimer

The “Report” refers to this report titled: Prospective Fire Station, Monroe, WA

The Report was prepared by ConeTec for: Otto Rosenau & Associates, Inc.

The Report is confidential and may not be distributed to or relied upon by any third parties without
the express written consent of ConeTec. Any third parties gaining access to the Report do not acquire any rights as a
result of such access. Any use which a third party makes of the Report, or any reliance on or decisions made based
on it, are the responsibility of such third parties. ConeTec accepts no responsibility for loss, damage and/or
expense, if any, suffered by any third parties as a result of decisions made, or actions taken or not taken, which
are in any way based on, or related to, the Report or any portion(s) thereof.

Client Disclaimer

ConeTec was retained by: Otto Rosenau & Associates, Inc.
The “Report” refers to this report titled: Prospective Fire Station, Monroe, WA

ConeTec was retained to collect and provide the raw data (“Data”) which is included in the Report.

ConeTec has collected and reported the Data in accordance with current industry standards. No other warranty, express
or implied, with respect to the Data is made by ConeTec. In order to properly understand the Data included in the Report,
reference must be made to the documents accompanying and other sources referenced in the Report in their entirety.
Other than the Data, the contents of the Report (including any Interpretations) should not be relied upon in any fashion
without independent verification and ConeTec is in no way responsible for any loss, damage or expense resulting from
the use of, and/or reliance on, such material by any party.

Closure

Thank you for the opportunity to work on this project. The equipment used as well the field procedures followed,
all complied with current accepted best practice standards.

Report prepared by: MH JM

CONETEC
]
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PROJECT INFORMATION

Description

Deployment System

Test Type

C02-023 CPT Truck Rig

Twin mounted cylinders

CPTu/SCPTu

Coordinates

Test Type

Collection Method

EPSG Number

CPTu/SCPTu

Consumer Grade GPS

4326 (WGS84 / LatLong)

Piezocones Used for this Project

Cross Sleeve Tip Sleeve Pore Pressure
Cone Description Cone | sectional Area | Area | Capacity | Capacity Capacity
Number
(cm?) (cm?) (bar) (bar) (bar)
EC855:T1500F15U35 855 15 225 1500 15 35

Cone Penetration Test (CPTu)

Depth reference

Depths are referenced to the existing ground surface at the time of each test.

Tip and sleeve data offset

0.1 Meters. This has been accounted for in the CPT data files.

A-16
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Calculated Geotechnical Parameters

Additional information

The Normalized Soil Behaviour Type Chart based on Qi (SBT Qi) (Robertson, 2009)
was used to classify the soil for this project. A detailed set of calculated CPTu
parameters have been generated and are provided in Excel format files in the release
folder. The CPTu parameter calculations are based on values of corrected tip
resistance (qt) sleeve friction (fs) and pore pressure (u2).

Effective stresses are calculated based on unit weights that have been assigned to
the individual soil behaviour type zones and the assumed equilibrium pore pressure
profile.

Soils were classified as either drained or undrained based on the Qi Normalized Soil
Behaviour Type Chart (Robertson, 2009). Calculations for both drained and
undrained parameters were included for materials that classified as silt mixtures
(zone 4).

]
CONETEC
]
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REPORT APPENDICES

The appendices listed below are included in the report:

e Cone Penetration Test (CPTu) Summary and Standard CPTu Plots
e Advanced Cone Penetration Test Plots

e Soil Behavior Type (SBT) Scatter Plots

e Pore Pressure Dissipation Test (PPDT) Summary and PPDT Plots
¢ Seismic Cone Penetration Test (SCPTu) Tabular Results

e SCPTu Plots

e SCPTu Velocity Wave Traces

¢ Supplementary Documents and Materials

CONETEC
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Cone Penetration Test (CPTu) Summary and Standard
CPTu Plots

CONETEC
]
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Job No:
Client:
Project:
Start Date:
End Date:

24-59-27735

Otto Rosenau & Associates, Inc.

Prospective Fire Station, Monroe, WA

2024-05-28
2024-05-28

CONE PENETRATION TEST SUMMARY

Assumed Phreatic Final —r Refer to
) . Cone Area 1 Seismic — A2 i
Sounding ID File Name Date Cone 5. Surface Depth Intervals Latitude Longitude’ Notation
(e (ft) (ft) Number
CPT-01 24-59-27735_SP01 2024-05-28 855:T1500F15U35 15 6.2 41.99 12 47.86088 -121.96446
CPT-02 24-59-27735_CP02 2024-05-28 855:T1500F 15U35 15 6.2 34.53 47.86070 -121.96387 3
Totals 2 Soundings 76.52 ft 12
1.

3. The assumed phreatic surface was based on the shallowest pore pressure dissipation test performed in the adjacent sounding (CPT-01).

Sheet 1 of 1
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The assumed phreatic surface was based off the shallowest pore pressure dissipation tests performed within or nearest the sounding. Hydrostatic conditions were assumed for the calculated parameters.
2. The coordinates were collected using consumer grade GPS. EPSG number: 4326 (WGS84 / LatLong).




Depth (feet)

. Job No: 24-59-27735
Otto Rosenau & Associates Date: 2024-05-28 08:54

Site: Prospective Fire Station, Monroe, WA

Sounding: CPT-01

Cone: 855:T1500F15U35
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Max Depth: 12.800 m / 41.99 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

Overplot Item: O Ueq O Assumed Ueq

File: 24-59-27735_SP01.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 47.86088 Long: -121.96446

<] Dissipation, Ueq achieved #-Rifsipation, Ueq not achieved <] Dissipation, Ueq assumed
The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Hydrostatic Line




Depth (feet)

Otto Rosenau & Associates Date: 2024-05-28 10:21

Job No: 24-59-27735 Sounding: CPT-02
Cone: 855:T1500F15U35

Site: Prospective Fire Station, Monroe, WA
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File: 24-59-27735_CP02.COR
Unit Wt: SBTQtn (PKR2009)

<] Dissipation, Ueq achieved #-RRsipation, Ueq not achieved <] Dissipation, Ueq assumed
The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

SBT: Robertson, 2009 and 2010

Coords: Lat: 47.86069 Long: -121.96387

Hydrostatic Line




Advanced Cone Penetration Test Plots with Ic, Su(Nkt),
Phi, and N1(60)ic
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Depth (feet)

Job No: 24-59-27735 Sounding: CPT-01
Otto Rosenau & Associates Date: 2024-05-28 08:54 Cone: 855:T1500F15U35
Site: Prospective Fire Station, Monroe, WA
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Hydrostatic Line

The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.




Depth (feet)

Job No: 24-59-27735 Sounding: CPT-02
Otto Rosenau & Associates Date: 2024-05-28 10:21 Cone: 855:T1500F15U35
Site: Prospective Fire Station, Monroe, WA
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The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.




Soil Behavior Type (SBT) Scatter Plots
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Job No: 24-59-27735 Sounding: CPT-01
Otto Rosenau & Associates Date: 2024-05-28 08:54 Cone: 855:T1500F15U35

Site: Prospective Fire Station, Monroe, WA

Modified SBTn (PKR 2016)

Qtn Chart (PKR 2009) Standard SBT Chart (UBC 1986)
1000 1000

qt (bar)

'8.10 1.0 10.0 0.0 2.0 4.0 6.0 8.0 0. 1.0
Fr (%) Rf(%) Fr (%)
Depth Ranges Legend Legend Legend
O >0.0to 5.0t M sensitive, Fine Grained M Sensitive Fines [l CCS (Cont. sensitive clay like)
© >5.0t0 10.0 ft M Organic Soils M Organic Soil [l CC (Cont. clay like)
@ >10.0t0o 15.0ft M clays M clay I TC (Cont. transitional)
O >15.0t020.0t M silt Mixtures M Silty Clay SC (Cont. sand like)
@ >20.0t025.0 ft 1" Sand Mixtures M Clayey Silt [ CD (Dil. clay like)
© >25.0t030.0ft [ sands W silt TD (Dil. transitional)
@ >30.0t035.0ft ' Gravelly Sand to Sand [ sandy Silt SD (Dil. sand like)
© >35.0t040.0ft _ Stiff Sand to Clayey Sand _'Silty Sand/Sand
@ >40.0t045.0ft I Very Stiff Fine Grained ["'sand
O >45.01t050.0 ft ' Gravelly Sand
O >50.0ft Stiff Fine Grained
[ Cemented Sand
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Job No: 24-59-27735

Otto Rosenau & Associates Date: 2024-05-28 10:21

Site: Prospective Fire Station, Monroe, WA

Sounding: CPT-02
Cone: 855:T1500F15U35

Qtn Chart (PKR 2009)
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© >35.0t040.0 ft
@ >40.0t045.0 ft
O >45.01050.0 ft
O >50.01t
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1000

Modified SBTn (PKR 2016)

Qtn

1.0
Fr(%)

Legend
[l CCS (Cont. sensitive clay like)
I CC (Cont. clay like)
I TC (Cont. transitional)
SC (Cont. sand like)
[ CD (Dil. clay like)
TD (Dil. transitional)
SD (Dil. sand like)




Pore Pressure Dissipation Test (PPDT) Summary and
PPDT Plots
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Job No: 24-59-27735

Client: Otto Rosenau & Associates, Inc.
Project: Prospective Fire Station, Monroe, WA
Start Date: 2024-05-28
End Date: 2024-05-28
CPTu PORE PRESSURE DISSIPATION SUMMARY
Estimated
i ; Cone Area | Duration Test Equilibrium Pore et Refer to
Sounding ID File Name 2 Depth Phreatic Surface Notation
(cm?) (s) () Pressure U, (ft) Number
(ft)
CPT-01 24-59-27735_SP01 15 490 16.40 10.2 6.2
Totals 8 min
Sheet 1 of 1
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Job No: 24-59-27735 Sounding: CPT-01

Otto Rosenau &Associates Date: 2024-05-28 08:54 Cone: 855:T1500F15U35 Area=15cm?

Site: Prospective Fire Station, Monroe, WA

20
10
E i
= i
(%]
N
D_ -
o
[e] ]
o
-10
-20
0
Trace Summary:

150

Filename: 24-59-27735_SP01.PPR3
Depth: 5.000 m/ 16.404 ft
Duration: 490.0 s

300 450 600
Time (s)
u Min: -10.8ft WT: 1.888m/6.194 ft
u Max: 10.4 ft Ueq: 10.2 ft
u Final: 10.4 ft
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Seismic Cone Penetration Test (SCPTu) Tabular Results
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Job No: 24-59-27735

Client: Otto Rosenau & Associates, Inc.
—— Project: Prospective Fire Station, Monroe, WA

Sounding ID: CPT-01

Date: 2024-05-28

Seismic Source: Beam

Seismic Offset (ft): 1.74

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip Geophone Ray Ray Path Travel Time Interval
Depth Depth Path Difference Interval Velocity
(ft) (ft) (ft) (ft) (ms) (ft/s)

6.56 5.91 6.16

9.84 9.19 9.35 3.19 7.59 421
13.12 12.47 12.59 3.24 9.12 355
16.40 15.75 15.84 3.26 4.34 750
19.69 19.03 19.11 3.26 4.90 666
22.97 22.31 22.38 3.27 5.98 547
26.25 25.59 25.65 3.27 7.56 433
29.53 28.87 28.92 3.27 3.92 835
32.87 32.22 32.27 3.34 3.73 895
36.09 35.43 35.48 3.21 3.40 945
39.63 38.98 39.02 3.54 3.17 1118
42.00 41.34 41.38 2.36 3.30 716

Shegt_ §3of 1



SCPTu Test Plots
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Depth (feet)

Job No: 24-59-27735

Oftto Rosenau & Associates Date: 2024-05-28 08:54

Site: Prospective Fire Station, Monroe, WA

Sounding: CPT-01
Cone: 855:T1500F15U35
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Coords: Lat: 47.86088 Long: -121.96446

<] Dissipation, Ueq achieved #-BFsipation, Ueq not achieved <] Dissipation, Ueq assumed
The reported coordinates were acquired from consumer grade GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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SCPTu Velocity Wave Traces
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DEPTH (ft)
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Job No: 24-59-27735
Filter: BP 0 - 200 Hz

Client: Otto Rosenau & Associates, Inc.

Date: 2024-05-28

Project: Prospective Fire Station, Monroe, WA

Cone: 855:T1500F15U35

Analysis: Shear Wave

Sounding: CPT-01
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Supplementary Documents and Materials
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Methodology Statements and Data File Formats
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METHODOLOGY STATEMENTS

CONE PENETRATION TEST (CPTu) - eSeries

Cone penetration tests (CPTu) are conducted using an integrated electronic piezocone penetrometer and
data acquisition system manufactured by Adara Systems Ltd., a subsidiary of ConeTec.

ConeTec’s piezocone penetrometers are compression type designs in which the tip and friction sleeve load cells are
independent and have separate load capacities. The piezocones use strain gauged load cells for tip and sleeve friction and
a strain gauged diaphragm type transducer for recording pore pressure. The piezocones also have a platinum resistive
temperature device (RTD) for monitoring the temperature of the sensors, an accelerometer type dual axis inclinometer and
two geophone sensors for recording seismic signals. All signals are amplified and measured with minimum sixteen-bit
resolution down hole within the cone body, and the signals are sent to the surface using a high bandwidth, error corrected
digital interface through a shielded cable.

ConeTec penetrometers are manufactured with various tip, friction and pore pressure capacities in both 10 cm? and 15 cm?
tip base area configurations in order to maximize signal resolution for various soil conditions. The specific piezocone used
for each test is described in the CPT summary table. The 15 cm? penetrometers do not require friction reducers as they
have a diameter larger than the deployment rods. The 10 cm? piezocones use a friction reducer consisting of a rod adapter
extension behind the main cone body with an enlarged cross sectional area (typically 44 millimeters diameter over a length
of 32 millimeters with tapered leading and trailing edges) located at a distance of 585 millimeters above the cone tip.

The penetrometers are designed with equal end area friction sleeves, a net end area ratio of 0.8 and cone tips with a 60
degree apex angle.

All ConeTec piezocones can record pore pressure at various locations. Unless otherwise noted, the pore pressure filter is
located directly behind the cone tip in the “u,” position (ASTM Type 2). The filter is six millimeters thick, made of porous
plastic (polyethylene) having an average pore size of 125 microns (90-160 microns). The function of the filter is to allow
rapid movements of extremely small volumes of water needed to activate the pressure transducer while preventing soil
ingress or blockage.

The piezocone penetrometers are manufactured with dimensions, tolerances and sensor characteristics that are in general
accordance with the current ASTM D5778 standard. ConeTec’s calibration criteria also meets or exceeds those of the
current ASTM D5778 standard. An illustration of the piezocone penetrometer is presented in Figure CPTu.
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Cone tip (q, (u, position)

Figure CPTu. Piezocone Penetrometer (15 cm?)

The ConeTec data acquisition system consists of a Windows based computer, signal interface box, and power supply. The
signal interface combines depth increment signals, seismic trigger signals and the downhole digital data. This combined
data is then sent to the Windows based computer for collection and presentation. The data is recorded at fixed depth
increments using a depth encoder that is either portable or integrated into the rig. The typical recording interval is 2.5
centimeters; custom recording intervals are possible.

The system displays the CPTu data in real time and records the following parameters to a storage media during penetration:
* Depth
* Uncorrected tip resistance (q,)
* Sleeve friction (f,)
* Dynamic pore pressure (u)
« Additional sensors such as resistivity, passive gamma, ultra violet induced fluorescence, if applicable

All testing is performed in accordance to ConeTec’'s CPTu operating procedures which are in general accordance with the
current ASTM D5778 standard.
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Prior to the start of a CPTu sounding a suitable cone is selected, the cone and data acquisition system are powered on, the
pore pressure system is saturated with silicone oil and the baseline readings are recorded with the cone hanging freely in
a vertical position.

The CPTu is conducted at a steady rate of two centimeters per second, within acceptable tolerances. Typically one meter
length rods with an outer diameter of 1.5 inches are added to advance the cone to the sounding termination depth. After
cone retraction final baselines are recorded.

Additional information pertaining to ConeTec’s cone penetration testing procedures:

* Each filter is saturated in silicone oil under vacuum pressure prior to use

* Baseline readings are compared to previous readings

* Soundings are terminated at the client’s target depth or at a depth where an obstruction is encountered, excessive
rod flex occurs, excessive inclination occurs, equipment damage is likely to take place, or a dangerous working
environment arises

+ Differences between initial and final baselines are calculated to ensure zero load offsets have not occurred and to
ensure compliance with ASTM standards

The interpretation of piezocone data for this report is based on the corrected tip resistance (q,), sleeve friction (f.) and pore
water pressure (u). The interpretation of soil type is based on the correlations developed by Robertson, P.K., 2010. The
Soil Behavior Type (SBT) classification chart developed by Robertson, P.K., 2010 is presented in Figure SBT. It should be
noted that it is not always possible to accurately identify a soil behavior type based on these parameters. In these situations,
experience, judgment and an assessment of other parameters may be used to infer soil behavior type.

Non-normalized Classification Chart - Robertson 2010

0.1 1 10
o . f.
Friction Ratio, Rf Tst x 100%
Figure SBT. Non-Normalized Soil Behavior Type Classification Chart (SBT)
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The recorded tip resistance (q.) is the total force acting on the piezocone tip divided by its base area. The tip resistance is
corrected for pore pressure effects and termed corrected tip resistance (q,) according to the following expression presented
in Robertson et al. (1986):

where: q, is the corrected tip resistance
q, is the recorded tip resistance
u, is the recorded dynamic pore pressure behind the tip (u, position)
a is the Net Area Ratio for the piezocone (0.8 for ConeTec probes)

The sleeve friction (f,) is the frictional force on the sleeve divided by its surface area. As all ConeTec piezocones have equal
end area friction sleeves, pore pressure corrections to the sleeve data are not required.

The dynamic pore pressure (u) is a measure of the pore pressures generated during cone penetration. To record equilibrium
pore pressure, the penetration must be stopped to allow the dynamic pore pressures to stabilize. The rate at which this
occurs is predominantly a function of the permeability of the soil and the diameter of the cone.

The friction ratio (Rf) is a calculated parameter. It is defined as the ratio of sleeve friction to the tip resistance expressed as
a percentage. Generally, saturated cohesive soils have low tip resistance, high friction ratios and generate large excess
pore water pressures. Cohesionless soils have higher tip resistances, lower friction ratios and do not generate significant
excess pore water pressure.

For additional information on CPTu interpretations and calculated geotechnical parameters, refer to Robertson et al. (1986),
Lunne et al. (1997), Robertson (2009), Mayne (2013, 2014) and Mayne and Peuchen (2012).
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PORE PRESSURE DISSIPATION TEST

The cone penetration test is halted at specific depths to carry out pore pressure dissipation (PPD) tests,
shown in Figure PPD-1. For each dissipation test the cone and rods are decoupled from the rig and the data
acquisition system measures and records the variation of the pore pressure (u) with time (t).

Figure PPD-1. Pore pressure dissipation test setup

Pore pressure dissipation data can be interpreted to provide estimates of ground water conditions, permeability, consolidation
characteristics and soil behavior.

The typical shapes of dissipation curves shown in Figure PPD-2 are very useful in assessing soil type, drainage, in situ pore
pressure and soil properties. A flat curve that stabilizes quickly is typical of a freely draining sand. Undrained soils such
as clays will typically show positive excess pore pressure and have long dissipation times. Dilative soils will often exhibit
dynamic pore pressures below equilibrium that then rise over time. Overconsolidated fine-grained soils will often exhibit an
initial dilatory response where there is an initial rise in pore pressure before reaching a peak and dissipating.

Dissipation in Sand Ideal Dissipation in NC Clay Dissipation in Dense Sand, Dilative Typical Initial Dilative Response
Qilt and Haavilv AC Clav

uine urme ume ume

Figure PPD-2. Pore pressure dissipation curve examples

In order to interpret the equilibrium pore pressure (ueq) and the apparent phreatic surface, the pore pressure should be
monitored until such time as there is no variation in pore pressure with time as shown for each curve in Figure PPD-2.

]
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SEISMIC CONE PENETRATION TEST (SCPTu) - eSeries

Shear wave velocity (Vs) testing is performed in conjunction with the piezocone penetration test (SCPTu) in
order to collect interval velocities. For some projects seismic compression wave velocity (Vp) testing is also
performed.

ConeTec’s piezocone penetrometers are manufactured with one horizontally active geophone (28 hertz) and one
vertically active geophone (28 hertz). Both geophones are rigidly mounted in the body of the cone penetrometer, 0.2
meters behind the cone tip. The vertically mounted geophone is more sensitive to compression waves.

Shear waves are typically generated by using an impact hammer horizontally striking a beam that is held in place by a
normal load. In some instances, an auger source or an imbedded impulsive source may be used for both shear waves and
compression waves. The hammer and beam act as a contact trigger that initiates the recording of the seismic wave traces.
For impulsive devices an accelerometer trigger may be used. The traces are recorded in the memory of the cone using a
fast analog to digital converter. The seismic trace is then transmitted digitally uphole to a Windows based computer through
a signal interface box for recording and analysis. An illustration of the shear wave testing configuration is presented in
Figure SCPTu-1.

Figure SCPTu-1. lllustration of the SCPTu system

All testing is performed in accordance to ConeTec’s SCPTu operating procedures which are in general accordance with the
current ASTM D5778 and ASTM D7400 standards.

Prior to the start of a SCPTu sounding, the procedures described in the Cone Penetration Test section are followed. In
addition, the active axis of the geophone is aligned parallel to the beam (or source) and the horizontal offset between the
cone and the source is measured and recorded.

Prior to recording seismic waves at each test depth, cone penetration is stopped and the rods are decoupled from the rig
to avoid transmission of rig energy down the rods. Typically, five wave traces for each orientation are recorded for quality
control and uncertainty analysis purposes. After reviewing wave traces for consistency the cone is pushed to the next test
depth (typically one meter intervals or as requested by the client). Figure SCPTu-2 presents an illustration of a SCPTu test.

 —————
For additional information on seismic cone penetration testing refer to Robertson et al. (1986). CONETEC
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Figure SCPTu-2. lllustration of a seismic cone penetration test

For the determination of interval travel times the wave traces from all depths are displayed in analysis software.
The results of the interval picks are supplied in the relevant appendix of this report. Standard practice for ConeTec
is to record five wave traces for each source direction at each test depth. Outlier impacts are identified in the field
and the impacts are repeated. For the final wave trace profile, the traces are stacked in the time domain to display
a single average trace.

Calculation of the interval velocities are performed by visually picking a common feature (e.g. the first characteristic peak,
trough, or crossover) on all of the recorded wave sets and taking the difference in ray path divided by the time difference
between subsequent features. Ray path is defined as the straight line distance from the seismic source to the geophone,
accounting for beam offset, source depth and geophone offset from the cone tip.

In some cases, usually for shear wave velocity testing, more than one characteristic marker may be used. If there is an
overlap between different sets of characteristic markers, then the average time value for those sets of interval times
is applied to the determination of velocity.

Ideally, all depths are used for the determination of the velocity profile. However, an interval may be skipped if there
is some ambiguity or quality concern with a particular depth, resulting in a larger interval.

Tabular velocity results and SCPTu plots are presented in the relevant appendix.
For all SCPTu soundings that have achieved a depth of at least 100 feet (30 meters), the average shear wave velocity to

a depth of 100 feet {vs) has been calculated and provided for all applicable soundings using the following equation
presented in ASCE (2010).
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where: “vg = average shear wave velocity ft/s (m/s)

dj the thickness of any layer between 0 and 100 ft (30 m)
vsi = the shear wave velocity in ft/s (m/s)

Y. d; = the total thickness of all layers between 0 and 100 ft (30 m)

Average shear wave velocity, vg is also referenced to Vs100 or Vs30.

The layer travel times refers to the travel times propagating in the vertical direction, not the measured travel times
from an offset source.
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CONE PENETRATION DIGITAL
FILE FORMATS - eSeries

CPT Data Files (COR Extension)

ConeTec CPT data files are stored in ASCII text files that are readable by almost any text editor. ConeTec file names start
with the job number (which includes the two digit year number) an underscore as a separating character, followed by two
letters based on the type of test and the sounding ID. The last character position is reserved for an identifier letter (such as
b, ¢, d etc) used to uniquely distinguish multiple soundings at the same location. The CPT sounding file has the extension
COR. As an example, for job number 21-02-00001 the first CPT sounding will have file name 21-02-00001_CP01.COR

The sounding (COR) file consists of the following components:
1. Two lines of header information
2. Data records
3. End of data marker
4. Units information

Header Lines

Line 1: Columns 1-6 may be blank or may indicate the version number of the recording software
Columns 7-21 contain the sounding Date and Time (Date is MM:DD:YY)
Columns 23-38 contain the sounding Operator
Columns 51-100 contain extended Job Location information

Line 2: Columns 1-16 contain the Job Location
Columns 17-32 contain the Cone ID
Columns 33-47 contain the sounding number
Columns 51-100 may contain extended sounding ID information

Data Records
The data records contain 4 or more columns of data in floating point format. A comma and spaces separate each data item:
Column 1: Sounding Depth (meters)
Column 2: Tip (q,), recorded in units selected by the operator
Column 3: Sleeve (f), recorded in units selected by the operator
Column 4: Dynamic pore pressure (u), recorded in units selected by the operator
Column 5: Empty or may contain other requested data such as Gamma, Resistivity or UVIF data

End of Data Marker
After the last line of data there is a line containing an ASCII 26 (CTL-Z) character (small rectangular shaped character)
followed by a newline (carriage return / line feed). This is used to mark the end of data.
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Units Information

The last section of the file contains information about the units that were selected for the sounding. A separator bar makes
up the first line. The second line contains the type of units used for depth, q_, f, and u. The third line contains the conversion
values required for ConeTec'’s software to convert the recorded data to an internal set of base units (bar for q_, bar for f_ and
meters for u). Additional lines intended for internal ConeTec use may appear following the conversion values.

CPT Data Files (XLS Extension)

Excel format files of ConeTec CPT data are also generated from corresponding COR files. The XLS files have the same
base file name as the COR file with a -BSC suffix. The information in the file is presented in table format and contains
additional information about the sounding such as coordinate information, and tip net area ratio.

The BSCI suffix is given to XLS files which are enhanced versions of the BSC files and include the same data records in
addition to inclination data collected for each sounding.

CPT Dissipation Files (XLS Extension)

Pore pressure dissipation files are provided in Excel format and contain each dissipation trace that exceeds a minimum
duration (selected during post-processing) formatted column wise within the spreadsheet. The first column (Column A)
contains the time in seconds and the second column (Column B) contains the time in minutes. Subsequent columns contain
the dissipation trace data. The columns extend to the longest trace of the data set.

Detailed header information is provided at the top of the worksheet. The test depth in meters and feet, the number of points
in the trace and the particular units are all presented at the top of each trace column.

CPT Dissipation files have the same naming convention as the CPT sounding files with a “~PPD” suffix.

Data Records

Each file will contain dissipation traces that exceed a minimum duration (selected during post-processing) in a particular
column. The dissipation pore pressure values are typically recorded at varying time intervals throughout the trace; rapidly
to start and increasing as the duration of the test lengthens. The test depth in meters and feet, the number of points in the
trace and the trace number are identified at the top of each trace column.

Cone Type Designations

Cone ID Cone Description Tip Cross Tip Capacity Sleeve Area Sleeve Pore Pressure
P Sect. Area (cm?) (bar) (cm?)** Capacity (bar) Capacity (bar)
EC### A15T1500F15U35 15 1500 225 15 35
EC##i# A15T375F10U35 15 375 225 10 35
EC### A10T1000F10U35 10 1000 150 10 35
#iH# refers to the Cone ID number
**Quter Cylindrical Area I
CONETEC
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Description of Methods for Calculated CPT
Geotechnical Parameters
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CALCULATED CPT GEOTECHNICAL PARAMETERS

A Detailed Description of the Methods Used in
ConeTec’s CPT Geotechnical Parameter
Calculation and Plotting Software

Revision SZW-Rev 18

Revised February 10, 2023
Prepared by Jim Greig, M.A.Sc, P.Eng (BC, AB, ON)

Limitations

The geotechnical parameter output was prepared specifically for the site and project named in the accompanying
report subject to objectives, site conditions and criteria provided to ConeTec by the client. The output may not
be relied upon by any other party or for any other site without the express written permission of ConeTec Group
(ConeTec) or any of its affiliates. For this project, ConeTec has provided site investigation services, prepared
factual data reporting and produced geotechnical parameter calculations consistent with current best practices.
No other warranty, expressed or implied, is made.

To understand the calculations that have been performed and to be able to reproduce the calculated parameters
the user is directed to the basic descriptions for the methods in this document and the detailed descriptions and
their associated limitations and appropriateness in the technical references cited for each parameter.

BETTER INFORMATION, BETTER DECISIONS
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ConeTec’s Calculated CPT Geotechnical Parameters as of February 10, 2023.

ConeTec’s CPT parameter calculation and plotting routine provides a tabular output of geotechnical parameters
based on current published CPT correlations and is subject to change to reflect the current state of practice.
Due to drainage conditions and the basic assumptions and limitations of the correlations, not all geotechnical
parameters provided are considered applicable for all soil types. The results are presented only as a guide for
geotechnical use and should be carefully examined for consideration in any geotechnical design. Reference to
current literature is strongly recommended. ConeTec does not warranty the correctness or the applicability of any
of the geotechnical parameters calculated by the program and does not assume liability for any use of the results in
any design or review. For verification purposes we recommend that representative hand calculations be done for
any parameter that is critical for design purposes. The end user of the parameter output should also be fully aware
of the techniques and the limitations of any method used by the program. The purpose of this document is to inform
the user as to which methods were used and to direct the end user to the appropriate technical papers and/or
publications for further reference.

The geotechnical parameter output was prepared specifically for the site and project named in the accompanying
report subject to objectives, site conditions and criteria provided to ConeTec by the client. The output may not be
relied upon by any other party or for any other site without the express written permission of ConeTec Group
(ConeTec) or any of its affiliates.

The CPT calculations are based on values of tip resistance, sleeve friction and pore pressures considered at each data
point or averaged over a user specified layer thickness (e.g., 0.20 m). Note that g is the tip resistance corrected for
pore pressure effects and qcis the recorded tip resistance. The corrected tip resistance (corrected using uz pore
pressure values) is used for all calculations. Since all ConeTec cones have equal end area friction sleeves pore
pressure corrections to sleeve friction, fs, are not performed.

Corrected tip resistance: q,=q.+(1-a) - u, (consistent units are required)

where: g, is the corrected tip resistance
g, is the recorded tip resistance
u, is the recorded dynamic pore pressure from behind the tip (u2 position)

a is the Net Area Ratio for the cone (typically 0.80 for ConeTec cones)

The total stress calculations are based on soil unit weight values that have been assigned to the Soil Behavior Type
(SBT) zones, from a user defined unit weight profile, by using a single uniform value throughout the profile, through
unit weight estimation techniques described in various technical papers or from a combination of these methods.
The parameter output files indicate the method(s) used.

Effective vertical overburden stresses are calculated using the total stress and equilibrium pore pressure (ueq Or Uo)
values derived from an assumed hydrostatic distribution of pore pressures below the water table or from a user
defined equilibrium pore pressure profile (typically obtained from CPT dissipation tests) or a combination of the two.
For over water projects the stress effects of the column of water above the mudline are taken into account as is the
appropriate unit weight of water. How this is done depends on where the instruments are zeroed (i.e. on deck or at
the mudline). The parameter output files indicate the method(s) used.

A majority of parameter calculations are derived from or driven by results based on material types as determined
by the various soil behavior type charts depicted in Figures 1 through 6. The parameter output files indicate the
method(s) used.

The Soil Behavior Type classification chart shown in Figure 1 is the classic non-normalized SBT Chart developed at

the University of British Columbia and reported in Robertson, Campanella, Gillespie and Greig (1986). Figure 2 shows
the original normalized (linear method) SBTn chart developed by Robertson (1990). The Bq classification charts
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shown in Figures 3a and 3b incorporate pore pressures into the SBT classification and are based on the methods
described in Robertson (1990). Many of these charts have been summarized in Lunne, Robertson and Powell (1997).
The Jefferies and Davies SBT chart shown in Figure 3c is based on the techniques discussed in Jefferies and Davies
(1993) which introduced the concept of the Soil Behavior Type Index parameter, lc. Take note that the Ic parameter
developed by Robertson and Fear (1995) and Robertson and Wride (1998) is similar in concept but uses a slightly
different calculation method than that defined by Jefferies and Davies (1993) as the latter incorporates pore pressure
in their technique through the use of the Bq parameter. The normalized Qtn SBT chart shown in Figure 4 is based
on the work by Robertson (2009) utilizing a variable stress ratio exponent, n, for normalization based on a slightly
modified redefinition and iterative approach for Ic. The boundary curves drawn on the chart are based on the work
described in Robertson (2010).

Figure 5 shows a revised 1986 SBT Chart presented to CPT’10 by Robertson (2010b). Itis known as the Updated non-
normalized Soil Behavior Chart (also referred to as the Rev SBT Chart (PKR2010) in our output files). This chart was
produced to be more in line with all post-1986 Robertson charts having the same 9 soil type zones, a logio axis for
friction ratio, Rs in this case, and a unitless tip resistance axis.

Figure 6 shows a revised behavior based chart by Robertson (2016) depicting contractive-dilative zones. Asthe zones
represent material behavior rather than soil gradation ConeTec has chosen a set of zone colors that are less likely to
be confused with material type colors from previous SBT charts. These colors differ from those used by Dr.
Robertson. A green palette was selected for the dilative (desirable) side of the chart and a red palette for the
contractive side of the chart.

1000
Zone qt/N  Soil Behavior Type
1 m 2 sensitive fine grained
kor 2 m 1 organic material
- 3 m 1 clay
= 4 ®m 15 silty clay to clay
g 100 5 m 2 clayey silt to silty clay
~ 6 m 25 sandy silt to clayey silt
g’ 7 ®m 3 silty sand to sandy silt
= 8 4 sand to silty sand
8 9 m 5 sand
8 10 6 gravelly sand to sand
o 11 1 very stiff fine grained *
S 10 12 m 2 sand to clayey sand *
O * overconsolidated or cemented

Rf = (%) -100%

2 3 4 5 6
Friction Ratio (%), Rf

Figure 1. Non-normalized Soil Behavior Type Classification Chart (SBT)
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1000
Zone Normalized Soil Behavior Type
O
Gl o 1 n sensitive fine grained
' b> 2 [ | organic material
& 8 | | clay to silty clay
100 4 || clayey silt to silty clay
8 5 L silty sand to sandy silt
£ 6 [] clean sands to silty sands
@ 7 L] gravelly sand to sand
@ 8 ™ very stiff sand to clayey sand
14 9 very stiff fine grained
2
8 -
- 10
[0]
N
©
£
]
z
1
0.1 1 10
Normalized Friction Ratio f—s x 100%
dt - Ovo

Figure 2. Normalized Soil Behavior Type Classification Chart (SBTn)

Hq

Figure 3a. Alternate Soil Behavior Type Chart (SBT Bq): gt - Bq
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Hq
Figure 3b. Alternate Soil Behavior Type Charts (SBT Bgn): Q:-Bq

Q-

10.0

0.10 1.0 10.0

Figure 3c. Alternate Soil Behavior Type Charts: Q(1-Bg) - Fr
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Zone Normalized Soil Behavior Type

sensitive fine grained
organic material
clay to silty clay
clayey silt to silty clay
silty sand to sandy silt
clean sands to silty sands
gravelly sand to sand
very stiff sand to clayey sand
very stiff fine grained

Qtn
o o

OCoO~NO U WN =

0.10 1.0 10.0
Fr (%)

Figure 4. Normalized Soil Behavior Type Chart using Qi (SBT Qtn)

Figure 5. Non-normalized Soil Behavior Type Chart (2010)

A-56



Calculated CPT Geotechnical Parameters — Revision SZW-Rev 18 Page6 | 19

Figure 6. Modified SBTn Behavior Based Chart

Details regarding the geotechnical parameter calculations are provided in Tables 1a and 1b. The appropriate
references cited are listed in Table 2. Non-liquefaction specific parameters are detailed in Table 1a and liquefaction
specific parameters are detailed in Table 1b.

Where methods are based on charts or techniques that are too complex to describe in this summary, we recommend
that the user refer to the cited material. Specific limitations for each method are described in the cited material.

Where the results of a calculation/correlation are deemed ‘invalid’ the value will be represented by the text strings
“-9999”, “-9999.0”, the value 0.0 (Zero) or an empty cell. Invalid results will occur because of (and not limited to)
one or a combination of:

1. Invalid or undefined CPT data (e.g., drilled out section or data gap).

2.  Where the calculation method is inappropriate, for example, drained parameters in a material behaving in
an undrained manner (and vice versa).

3. Where input values are beyond the range of the referenced charts or specified limitations of the
correlation method.

4. Where pre-requisite or intermediate parameter calculations are invalid.

The parameters selected for output from the program are often specific to a particular project. As such, not all of
the calculated parameters listed in Tables 1and 1a may be included in the output files delivered with this report.

The output files are typically provided in Microsoft Excel XLS, XLSX or CSV format. The ConeTec software has several

options for output depending on the number or types of calculated parameters desired or those specifically
contracted for by the client. Each output file is named using the original file base name (from the .COR file) followed
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by a three or four character indicator of the output set selected (e.g. BSC, TBL, NLI, NL2, IFl, IFI2, IFI3) and possibly
followed by an operator selected suffix identifying the characteristics of the particular calculation run.

Table 1a. CPT Parameter Calculation Methods — Non liquefaction Parameters
Reference Notes: CK* - Common Knowledge, U* - Unpublished

e Description Equation Ref
Parameter
Mid Layer Depth
+ A *
Depth (where calculations are done at each point then Mid Layer [Depth (Layer Top) + Depth (Layer Bottom)]/ 2.0 oK
Depth = Recorded Depth)
Elevation of Mid Layer is based on the sounding collar elevation Elevation = Collar Elevation — Depth CK*
supplied by the client or through a site survey
Elevation
In Sweden a variation of elevation is used where the elevation InverseElevation = Collar Elevation + Depth N/A
increases with depth. We refer to this as inverse elevation.
Avggc = li
Avg qc Averaged recorded tip value (qc) i = & CK*
n=1 when calculations are done at each point
Averaged corrected tip (q:) where: L
@=q+1-a)u Avgqt=—=34,
i=1
Avg at Averaged q: is not calculated using the average q. and averaged WQLUF" calculations are done at each point !
u values. Averaged q: is based on the average of the g: values
calculated at each data point.
Averaged sleeve friction (fs) 1
A =— R
Avg fs vefs n ;ﬁ CK*
No pore pressure corrections are applied to fs. n=1 when calculations are done at each point
Averaged friction ratio (R¢) where friction ratio is defined as: AvgRf =100% - M
Avg Rf R. = 100% fs ’ Avgqt CK*
s qt not an average of individual Rsvalues
1
- Avgu = —Zu
Avg u Averaged dynamic pore pressure (u) n CK*
n=1 when calculations are done at each point
1 T
Ave Res Averaged Resistivity (this data is not always available since itis a AvgRes = ;ZReszstzvzty‘ CK*
& specialized test requiring an additional module) > . )
n=1 when calculations are done at each point
Averaged UVIF.ultra—vllolet.erduced fI.uo.rescence (th|§ 'data is AvgUVIF = lZUV]F
Avg UVIF not always available since it is a specialized test requiring an ng ! CK*
additional module) n=1 when calculations are done at each point
. . . AvgTemp = liT emperature,
Avg Temp Averaged Temperature (this data is not always available) ng i CK*
n=1 when calculations are done at each point
1
Ave Gamma Averaged Gamma Counts (this data is not always available since AvgGamma = ;Z Gamma, CK*
& it is a specialized test requiring an additional module) = )
n=1 when calculations are done at each point
Soil Behavior Type as defined by Robertson et al 1986 .
SBT (often referred to as Robertson and Campanella, 1986) See Figure 1 L5
Normalized Soil Behavior Type as defined by Robertson 1990 )
SBTn See Figure 2 2,5

(linear normalization using Qt, now referred to as Qt1)
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Calculated

Description
Parameter P

Equation

Ref

Non-normalized Soil Behavior type based on non-normalized tip

SBT-B
g resistance and the B, parameter

See Figure 3a

1,25

Normalized Soil Behavior type based on normalized tip

SBT-Bgn
q resistance (Qt, now called Qu) and the Bq parameter

See Figure 3b

2,5

SBT-JandD Soil Behavior Type as defined by Jeffries and Davies

See Figure 3c

Soil Behavior Type as defined by Robertson (2009) using a
SBT Qtn variable stress ratio exponent for normalization based on

lc (PKR 2009)

See Figure 4

15

This is a revised version of the simple 1986 non-normalized SBT
Modified Non- chart (presented at CPT ’10). The revised version has been
normalized SBT reduced from 12 zones to 9 zones to be similar to the

Chart normalized Robertson charts. Other updates include a
dimensionless tip resistance normalized to atmospheric
SBT (PKR2010) pressure, gt/Pa, on the vertical axis and a log scale for non-
normalized friction ratio, R¢, along the horizontal axis.

See Figure 5

33

Modified SBTn chart as defined by Robertson (2016) indicating
Modified SBTn zones of contractive/dilative behavior. Note that ConeTec
(contractive displays the chart with colors different from Robertson.
/dilative) ConeTec’s colors were chosen to avoid confusion with soil type
descriptions.

See Figure 6

30

Unit Weight of soil determined from one of the following user
selectable options:

1) uniform value

2) value assigned to each SBT zone

3) value assigned to each SBTn zone

4) value assigned to SBTn zone as determined from Robertson
and Wride (1998) based on qc1n

5) values assigned to SBT Qtn zones

6) values based on Robertson updated non-normalized Soil
Behavior Type Chart (2010b)

6) Mayne fs (sleeve friction) method

7) Robertson and Cabal 2010 method

8) user supplied unit weight profile

Unit Wt.

The last option may co-exist with any of the other options.

See references

3,5,15,
21, 24,
29,33
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Calculated

Description
Parameter P

Equation

Ref

Total vertical overburden stress at Mid Layer Depth

A layer is defined as the averaging interval specified by the user
where depths are reported at their respective mid-layer depth.

For data calculated at each point layers are defined using the
recorded depth as the mid-point of the layer. Thus, a layer
starts half-way between the previous depth and the current
depth unless this is the first point in which case the layer start is
at zero depth. The layer bottom is half-way from the current

TStress depth to the next depth unless it is the last data point.

Ov Defining layers affects how stresses are calculated since the unit
weight attributed to a data point is used throughout the entire
layer. This means that to calculate the stresses the total stress
at the top and bottom of a layer are required. The stress at mid
layer is determined by adding the incremental stress from the
layer top to the mid-layer depth. The stress at the layer bottom
becomes the stress at the top of the subsequent layer. Stresses
are NOT calculated from mid-point to mid-point.

For over-water work the total stress due to the column of water
above the mud line is taken into account where appropriate.

TStress =
27.h

where yis layer unit weight
hiis layer thickness

CK*

EStress

’

Ov Effective vertical overburden stress at mid-layer depth.

o/ =ov- Ueq

CK*

following user selectable options:

1) hydrostatic below the water table
2) user supplied profile
3) combination of those above

water table to the first defined pointed is used.

summaries.

Equilibrium pore pressures are determined from one of the

When a user supplied profile is used/provided a linear
interpolation is performed between equilibrium pore pressures
Equil u defined at specific depths. If the profile values start below the

Ueg OF Ug water table then a linear transition from zero pressure at the

Equilibrium pore pressures may come from dissipation tests,
adjacent piezometers or other sources. Occasionally, an extra
equilibrium point (“assumed value”) will be provided in the
profile that does not come from a recorded value to smooth out
any abrupt changes or to deal with material interfaces. These
“assumed” values will be indicated on our plots and in tabular

For the hydrostatic option:

u,=v,-(D-D,)
where Ueq is equilibrium pore pressure
Yw is the unit weight of water
D is the current depth
Dwt is the depth to the water table

CK*

Ko Coefficient of earth pressure at rest, Ko.

Ko = (1 —sin®’) OCR %

17

Overburden stress correction factor

Co used for (N1)soand older CPT parameters.

Cn= (Pu/Uv’)D'E

where 0.0 < C, < 2.0 (user adjustable, typically
ranging from 1.7 to 2.0)
Paq is atmospheric pressure (100 kPa)

4,12

A-60




Calculated CPT Geotechnical Parameters — Revision SZW-Rev 18 Page 10 | 19
Calculated L .
Parameter Description Equation Ref
Cq=1.8/[0.8+(C./Ps)]
where 0.0<C;<2.0 (user adjustable)
P, is atmospheric pressure (100 kPa)
Cq Overburden stress normalizing factor. . . 3,12
Robertson and Wride define Cgq to be the same as
Cp. The Olson definition above is used in the
program.
SPT N value at 60% energy calculated from q¢/N ratios assigned
Nso to each SBT zone. This method has abrupt N value changes at See Figure 1 5
zone boundaries.
(N1)s0 SPT Neo value corrected for overburden pressure. (N1)so = Cn » Neo 4
) (9¢/Pa)/ Neo = 8.5 (1 — 1/4.6) 3,5
Neol SPT Neo values based on the I parameter, as defined by (e/Pa)/ Neo = 10 (1:1268-0.28171c 15 31
6ole Robertson and Wride 1998 (3), or by Robertson 2009 (15). . . ’
P, being atmospheric pressure
SPT Neo value corrected for overburden pressure (using Neo Ic). 2) (NaJsole= Co + (Neol) 4
(N1)s0lc User has 3 options 2) gein/ (N1)solc = 8.5 (1 —1/4.6) 5
P ' 3) (Qu)/ (Nz)solc = 10 (1-1268-02817Ic) 15,31
Su Undrained shear strength based on gz Su= qt—o, 15
or Sy (Nkt) Sy factor Ny is user selectable. Nu ’
>u Undrained shear strength based U, —u
or Sy (New) ndrained s .ears rength based on pore pressure Sy =2 e 15
Su factor Nau is user selectable. N
or Sy (Nay) au
Relative Density determined from one of the following user
selectable options:
b 1) Ticino Sand See reference (methods 1 through 4) 5
r 2) Hokksund Sand Jamiolkowski et al (2003) reference 14
3) Schmertmann (1978)
4) Jamiolkowski (1985) - All Sands
5) Jamiolkowski et al (2003) (various compressibilities, Ko)
Friction Angle determined from one of the following user
selectable options (methods 1 through 4 are for sands and
method 5 is for silts and clays):
PHI 1) Campanella and Robertson . 5
[0} 2) Durgunoglu and Mitchel See appropriate reference 5
3) Janbu 5
4) Kulhawy and Mayne 11
5) NTH method (clays and silts) 23
_ Au
qt
DeIAta/U/qt Differential pore pressure ratio 39
du/qt (older parameter used before By was established) where: Au=u—u .
u/qt e

and u = dynamic pore pressure
Ueq = equilibrium pore pressure
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Calculated

Parameter Description Equation Ref
A
Bg = "
qt—o,
Bq Pore pressure parameter where: Au=u—u,, 1,2,5
and u = dynamic pore pressure
Ueq = equilibrium pore pressure
Net gt Net tlp resistance . qt—o. 36
or gtNet (used in many subsequent correlations)
Effective tip resistance
georgE or g (using the dynamic pore pressure uz and not equilibrium pore q: — U, 36
pressure)
qt—u,
geNorm Normalized effective tip resistance I 36
O,
Normalized q: for Soil Behavior Type classification as defined by
Q: Robertson (1990) using a linear stress normalization. Note this qt-o, 25
or Norm: Qt is different from Q. This parameter was renamed to Qu in Ot =—— 15’
or Qu Robertson, 2009. Without normalization limits this parameter (o
calculates to very high unrealistic values at low stresses.
Fr Normalized Friction Ratio for Soil Behavior Type classification as Fr=100% - S5 55
or Norm: Fr defined by Robertson (1990) qt—o, !
Q-(1-Bq)
Q(1-Bg) Q(l—I.Sl?) gr.ouplng as suggested byIJefferles and QaV|es for their 0-(1—Bg)+1 67,
Q(1-Bg) + 1 classification chart and the establishment of their I parameter. 34
-Bq h
Later papers added the +1 term to the equation. where Bq is defined as above and Q is the same as
the normalized tip resistance, Qu, defined above
- 7)0.5
e Normalized tip resistance, qci, using a fixed stress ratio Ge1 = g1+ (Pa/OV) . 2
exponent, n (this method has stress units) where: Pa = atmospheric pressure
- 710.5
qe1 (0.5) Normalized tip resistance, qci, using a fixed stress ratio 9ci (0.5)= (y/Pa) - (Pa/ 0Y) ) 5
exponent, n (this method is unit-less) where: Pa = atmospheric pressure
(Cn) Normalized tip resistance, qc1, based on Cy (Cn)=Cy * 5 12
Qe {En (this method has stress units) Gea(©n)=En = Gt !
Normalized tip resistance, qc1, based on Cq -
At (Co) (this method has stress units) Ge1 (€q)= Ca ™ qe (some papers use dc) > 12
normalized tip resistance, gcin, using a variable stress ratio Gein = (Gt / Po)(Po/ OV)"
Jcin exponent, n (where n=0.0, 0.70, or 1.0) where: P, =atm. Pressure and n varies as 3

(this method is unit-less)

described below
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Calculated L .
Parameter Description Equation Ref
lc = [(3.47 — log10Q)? + (log1o Fr + 1.22)? |°5
Where: qgt—o, | P. !
Q:[—j[_v
P, \o.
o oo, [afr)
Soil Behavior Type Index as defined by Robertson and Wride e = P, o
| (1997, 1998) for estimating grain size characteristics and
or providing smooth gradational changes across the SBTn chart. depending on the iteration in determining . 34
lc (RW1998) Ic(RW1998) is different from that of Jefferies and Davies (7) And Fr is in percent
and is different from Ic(PKR2009). P, = atmospheric pressure
n has the following distinct values:
0.5,0.75and 1.0
and is determined in an iterative manner based on
the resulting I. in each iteration
Note that NCEER replaced 0.75 with 0.70 10
Soil Behavior Type Index, Ic (PKR 2009) is based on a variable
I, (PKR 2009) stress ratio exponent n, which itself is based on I (PKR 2009). Ic (PKR 2009) = 15
¢ An iterative calculation is required to determine Ic (PKR 2009) [(3.47 = l0g10Qun)? + (1.22 + logaoF:)’]°®
and its corresponding n (PKR 2009).
Stress ratio exponent n, based on I (PKR 2009).
n (PKR 2009) An iterative calculation is required to determine n (PKR 2009) n (PKR 2009) = 0.381 (Ic) + 0.05 (ov’/Ps) — 0.15 15
and its corresponding I (PKR 2009).
Normalized tip resistance using a variable stress ratio exponent Qun = [(qgt - 6v)/Pa)(Pe/T)"
Qin (PKR 2009) based on Ic (PKR 2009) and n (PKR 2009). An iterative where P = atmospheric pressure (100 kPa) 15
calculation is required to determine Qg, (PKR 2009). n = stress ratio exponent described above
FC=1.75(1c3%) - 3.7
4 FC=100 for I > 3.5
0
FC Apparent fines content (%) FC=0 forl.<1.26 3
FC=5%if1.64<I.<2.6 AND F<0.5
le<1.31 Zone =17
This parameter is the Soil Behavior Type zone based on the I 1.31<lc<2.05 Zone =6
lc Zone parameter (valid for zones 2 through 7 on SBTn or SBT Qtn 2.05<1:<2.60 Zone=5 3
¢ charts) 2.60<1:<2.95 Zone=4
295<1.<3.60 Zone=3
lc>3.60 Zone =2
The contractive / dilative boundary on Robertson’s Modified CD=70=(Qwn—11)(1+0.06F)"
D SBTn (contractive/dilative) Chart shown in Figure 6 above. The 30

boundary is marked as CD = 70 on the chart in the relevant
paper. Similar to the Qin cs = 70 line in Figure 4.

lower bound of CD = 60:
CD =60 = (Qun —9.5) (1 + 0.06F)"7
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Calculated L .
Parameter Description Equation Ref
Hyberbolic fit defining the boundary between SBT soil types
proposed by Schneider as a better fit than the I. circles. Is = 32
ls represents the boundary for most sand like soils. Is = 22 Is = 100 (Qin + 10) / (70 + Qn Fr) 30
represents the upper boundary for most clay like soils. The
region between =22 and Ig=32 is the “transitional soil” zone.
The state parameter index, {, is defined as the difference
between the current void ratio, e, and the critical void ratio, e..
Positive - contractive soil
State Param Negative ¢ - dilative soil
or State L .
This is based on the work by Been and Jefferies (1985) and See reference 6,8
Parameter . .
Plewes, Davies and Jefferies (1992)
ory
This method uses mean normal stresses based on a uniform
value of Ko or a calculated Ko using methods described
elsewhere in this document
Yield stress is calculated using the following methods All stresses in kPa
) . o 19
1) General method 1) gp’= 0.33:(qg:— 0v)™ (Gatm/100)*™
Yield Stress D — 0.28
’ m= D
% 1+(1,/2.65)*
2) 1%t order approximation using g:Net (clays) 2) 0y’ =0.33(q:— 0v) 20
3) 1% order approximation using Auz (clays) 3) 0y’ = 0.54- (Auz)  Auz=uz—uo 20
4) 1%t order approximation using ge (clays) 4) 0, = 0.60 - (Ge— u2) 20
5) Based on Vs 5) o, = (Vs/4.59)+47 18
Over Consolidation Ratio based on
OCR
1) Schmertmann (1978) method involving a plot 1) requires a user defined value for NC Su/P.’ ratio 9
OCR(J51978) plot of Su/Gy /( Su/G\)nc and OCR
YSR(Mayne2014) | 2) based on Yield stresses described above 2 through 5) based on yield stresses ;g
YSR (qtNet) 3) approximate version based on qgtNet 20
YSR (deltaU) 4) approximate version based on Au 20
YSR (ge) 5) approximate version based on effective tip, ge 18
YSR (Vs) 6) approximate version based on shear wave velocity, Vsando,’ | 6) YSR (Vs) =0,(Vs) /o' 3
OCR (PKR2015) 7) based on Qt 7) OCR =0.25-(Qt)*?*
Intermediate parameter for calculating Young’s Modulus, E, in
sands. Itis the Y axis of the reference chart.
Es/qt Based on Figure 5.59 in the reference 5,37

Note that Figured 5.59 from reference 5, Lunne, Robertson and
Powell, (LRP) has an error. The X axis values are too high by a
factor of 10. The plot is based on Baldi's (not Bellotti as cited in
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Calculated L .
Parameter Description Equation Ref
LRP) original Figure 3 where the X axis is:
e, (both in kPa) with a range of 200 to 3000.
o
Figure 5.59 from LRP shows a dimensionless form of the
equation, qc1, displaying the same range of values.
. ) . _(49c\ (Pa 05
Figure 5.59’s X axis uses q.; = (Z) (U—];)
The two expressions are not the same: they differ by a factor
of @. With P, taken to be 100 kPa the factor is 1/10.
Substituting typical values of 200 bar (20000 kPa) for gc and 225
kPa for 0, one gets: 20000 / 15 = 1333.33 for Bellotti’s axis and
(200/1)(100/225)%° = 200 * (10/15) = 133.3 for LRP’s axis (noting
that Pa = 1 bar) showing a factor of 10 difference.
Young’'s Modulus based on the work done in Italy. There are
three types of sands considered in this technique. The user Mean normal stress is evaluated from:
selects the appropriate type for the site from:
1
(A 4 !
a) OC Sands Im =3 (0, + o1+ on)
Esor E,S b) Aged NC Sands
Young's ¢) Recent NC Sands where o= vertical effective stress >
Modulus E

Each sand type has a family of curves that depend on mean
normal stress. The program calculates mean normal stress and
linearly interpolates between the two extremes provided in the
Es/q: chart. Es is evaluated for an axial strain of 0.1%.

on’= horizontal effective stress

and on= Ko + o,/ with K, assumed to be 0.5

Delta U/TStress

Au where: A, —
= Au=u-u,

Differential pore pressure ratio with respect to total stress = 39
Au /oy Oy
Delta U/EStress,
P Value, Differential pore pressure ratio with respect to effective stress.
Excess Pore Key parameter (P, Normalized Pore Pressure Parameter, Excess _Au where: py =y U,
. N K . K = 25, 25a
Pressure Ratio Pore Pressure Ratio) in the Winckler et. al. static liquefaction o
method.
Au/oy
Su/EStress Undrained shear strength ratio with respect to vertical effective =Su (Nw)/ o/
overburden stress using the S, (Nx) method 9,23
Su/ovl
Recorded shear wave velocities (not estimated).
Vs or Vs The shear wave velocities are typically collected over 1 m depth recorded data
intervals. Each data point over the relevant depth range is 27
assigned the same V; value.
Recorded compression wave (or P wave) velocities (not
Vp or V, estimated). The P wave velocities are typically collected over 1 recorded data 27

m depth intervals. Each data point over the relevant depth
range is assigned the same V value.
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Parameter Description Equation Ref
The average shear wave velocity of the near surface materials to _ total thickness of all layers to 30 m
a depth of 30 m (100 ft). It is based on the sum of all travel $30 — 5 ( layer thickness )
Vs30 times through all layers in the top 30m (100 ft). layer shear wave velocity 38
Vs100 )
V100 is the same calculation as Vs except down to a depth of Vo = total thickness of all layers to 30 m
100 feet. s30 ¥ (layer travel times)
Gmax Gmax determined from SCPT shear wave velocities (not Gmax = pV&2
estimated values). Note that seismic data (Vs) is collected over | Where p is the mass density of the soil determined
set depth intervals (typically 1 meter). Each data point overthe | from the estimated unit weights at each test depth 57
test segment is assigned the same Vs value. Since soil density
changes with depth, slightly different Gmax values may be
calculated over the test depth interval.
Net tip resistance ratio with respect to the small strain modulus =(qt- ov)/ Gmax
Gmax determined from SCPT shear wave velocities (not
atNet/Gmax estimated values) ( where Grax = pVs” 15558'
and p is the mass density of the soil determined
from the estimated unit weights at each test depth
qult A site specific and client specific parameter for estimating the Qi = CraneWalkFactor - S, u*
limiting stress for “crane walk” accessibility
Where: CraneWalkFactor is client provided
Estimated Go Estimated value for small strain shear modulus o= 0.0188[10(055c+ L68)](q; - 6y) 15
Estimated Ezs Estimated value for Young’s Modulus, E, at a 25% working load Ezs = O (qtNet) 1s
where Qe = 0.015[10(0-55/c+1,68)]
For1.0<1.<£3.27:
ksst Estimated soil permeability derived from Soil Behavior Type k = 10(0:952-3049)  jn /s
(SBT) Chart I values. 35
For3.27<Ic<4.0:
k = 10(-4.52—1.37Ici in m/s
Constrained Modulus based on
1) Robertson, M 1) Robertson 32
M or D’ M = awm (qt - o)
Constrained . X
Modulus Ic > 2.2 (fine grained)
am=Qt whenQt< 14
oam=14 whenQt>14
Ic < 2.2 (coarse grained)
o =0.0188 [10(0:55/c + 1.68))
D’ =ap (gt - o) 23

2) Mayne, D’

where ap=5
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Table 1b. CPT Parameter Calculation Methods — Liquefaction Parameters

Calculated L .
Parameter Description Equation Ref
Kspror Ks Equivalent clean sand factor for (N1)60 Kser =1 +((0.75/30) « (FC-5)) 10
Kepr Kept=1.0for I <1.64
) ) Kept = f(lc) for I > 1.64 (see reference)
or Equivalent clean sand correction for g i 4 3 5 3,10
c=—U. ¢+ o, <~ . “+ . c— .
K. (RW1998) K. 0.403 I* +5.581 13— 21.6312 + 33.75 1. — 17.88
Kc=1.0forl.<1.64
K¢ (PKR 2010) | Clean sand equivalent factor to be applied to Qtn Kc=-0.403 I* +5.581 I — 21.6312 + 33.75 . — 17.88 16
forl.>1.64
1) (Nz)socslc = e + B((N1)solc) 10
2) (N1)socslc = Kser * ((N1)solc) 10
3) (qetnes)/ (N1)socsle = 8.5 (1 — 1/4.6) 5
s Clean sand equivalent SPT (N1)eolc. User has 3 options.
(Nr)aoele g (Nako P FC < 5%: @=0, 6=10
FC 235% a=50, 6=1.2
5% < FC<35% a=exp[1.76 — (190/FC?)]
8 =[0.99 + (FC*/1000)]
Octncs Clean sand equivalent gcin Gecines = Qein « Kept 3
PKR Clean sand equivalent for Qi described above
Qt;’ésl(o - Qun being the normalized tip resistance based on a variable Qines = Qn - Kc(PKR 2016) 16
) stress exponent as defined by Robertson (2009)
Suflig) =0.03 +0.0143(q.
Su(Lig)/ESv - (ges)
or Liquefied shear strength ratio as defined by Olson and Stark Ov 13
Su(Lig)/av’
Note: 0’ and s’ are synonymous
Su(ngz/ESv syl
s,(Liq)/ov Liquefied shear strength ratio as defined by Robertson (2010) o/ 16
(PUKR 2018) Based on a function involving Qn,cs
Su (Liq) Liquefied shear strength derived from the liquefied shear S (L' ) _ . Su (LiQ) 16
(PKR 2010) strength ratio and effective overburden stress ulblq) = 0y s
’ - -4 4.79
Cont/Dilat Tip | Contractive / Dilative gc1 Boundary based on (N1)so (O-V.)bw"d‘"y 9.58x 10 [(IYI.)ED ) 13
gc1is calculated from specified q:(MPa)/N ratio
Gcines < 50:
CRR75 = 0.833 [qcincs/1000] + 0.05
CRR Cyclic Resistance Ratio (for Magnitude 7.5) 50 < Geaes< 160- 10
CRR75 = 93 [qcincs/1000]° + 0.08
Kg or Kg Small strain Stiffness Ratio Factor, Kg (Gmax/atl/[9c1n ™) 26
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Calculated

Parameter Description Equation Ref
Ko* = (G 0.75

Kg* Revised Kg factor extended to fine grained soils (Robertson). ¢ =(Go /'qn)(Qtn) . . 30
where qn is the net tip resistance = qt -oy

SP Distance State Parameter Distance, Winckler static liquefaction method Perpendlcu|ar distance on Qtn chart from plotted 25
point to state parameter W =-0.05 curve

URS NP Fr N.ormalized frictipn ratio point on W =-0.05 curve used in SP 25

distance calculation
URS NP Qe Normalized tip resistance (Qin) point on W =-0.05 curve used in 25

SP Distance calculation
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14 Strength of Sands from CPT and DMT”, Soil Behaviour and Soft Ground Construction, ASCE, GSP NO.
119, 201-238.

Robertson, P.K., 2009, “Interpretation of cone penetration tests — a unified approach”, Canadian Geotechnical

5 Journal, 46: 1337-1355.

16 Robertson, P.K., 2010a, “Evaluation of Flow Liquefaction and Liquefied Strength Using the Cone Penetration
Test”, Journal of Geotechnical and Geoenvironmental Engineering, ASCE, June 2010.

17 Mayne, P.W. and Kulhawy, F.H., 1982, "Ko-OCR Relationships in Soil", Journal of the Geotechnical Engineering

Division, ASCE, Vol. 108, GT6, pp. 851-872.

Mayne, P.W., Robertson P.K. and Lunne T., 1998, “Clay stress history evaluated from seismic piezocone tests”,
18 Proceedings of the First International Conference on Site Characterization — ISC '98, Atlanta
Georgia, Volume 2, 1113-1118.
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No. Reference

Mayne, P.W., 2014, “Generalized CPT Method for Evaluating Yield Stress in Soils”, Geocharacterization for

19 Modeling and Sustainability (GSP 235: Proc. GeoCongress 2014, Atlanta, GA), ASCE, Reston, Virginia:
1336-1346.
20 Mayne, P.W., 2015, “Geocharacterization by In-Situ Testing”, Continuing Education Course, Vancouver, BC,
January 6-8, 2015.
Robertson, P.K. and Fear, C.E., 1995, “Liquefaction of sands and its evaluation”, Proceedings of the First
21 International Conference on Earthquake Engineering, Keynote Lecture IS Tokyo ‘95, Tokyo Japan,
1995.
Mayne, P.W., Peuchen, J. and Boumeester, D., 2010, “Soil unit weight estimation from CPTs”, Proceeding of
22 the 2" International Symposium on Cone Penetration Testing (CPT ’10), Vol 2, Huntington Beach,
California; Omnipress: 169-176.
23 Mayne, P.W., 2007, “NCHRP Synthesis 368 on Cone Penetration Test”, Transportation Research Board,

National Academies Press, Washington, D.C., 118 pages.

Mayne, P.W., 2014, “Interpretation of geotechnical parameters from seismic piezocone tests.”, Key note
24 address #2, proceedings, 3™ International Symposium on Cone Penetration Testing (CPT’14, Las
Vegas), ISSMGE Technical Committee TC102.

Winckler, Christina, Davidson, Richard, Yenne, Lisa, Pilz, Jorgen, 2014, “CPTu-Based State Characterization of

2 Tailings Liquefaction Susceptibility”, Tailings and Mine Waste, 2014.

254 Winckler, Christina, Davidson, Richard, Yenne, Lisa, Pilz, Jorgen, 2014, “CPTu-Based State Characterization of
Tailings Liquefaction Susceptibility”, Powerpoint presentation, Tailings and Mine Waste, 2014.

2% Schneider, J.A. and Moss, R.E.S., 2011, “Linking cyclic stress and cyclic strain based methods for assessment of
cyclic liquefaction triggering in sands”, Geotechnique Letters 1, 31-36.

27 Rice, A., 1984, “The Seismic Cone Penetrometer”, M.A.Sc. thesis submitted to the University of British

Columbia, Dept. of Civil Engineering, Vancouver, BC, Canada.

Gillespie, D.G., 1990, “Evaluating Shear Wave Velocity and Pore Pressure Data from the Seismic Cone
28 Penetration Test”, Ph.D. thesis submitted to the University of British Columbia, Dept. of Civil
Engineering, Vancouver, BC, Canada.

29 Robertson, P.K and Cabal, K.L., 2010, “Estimating soil unit weight from CPT”, Proceedings of the 2"
International Symposium on Cone Penetration Testing (CPT '10), Huntington Beach, California.

30 Robertson, P.K., 2016, “Cone penetration test (CPT)-based soil behaviour type (SBT) classification system —an
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31 Robertson, P.K., 2012, “Interpretation of in-situ tests — some insights”, Mitchell Lecture, ISC’4, Recife, Brazil.

32 Robertson, P.K., Cabal, K.L. 2015, “Guide to Cone Penetration Testing for Geotechnical Engineering”, 6"

Edition.
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Symposium on Cone Penetration Testing (CPT '10), Huntington Beach, California.

34 Been, K., Romero, S., Obermeyer, J. and Hebeler, G., 2012, “Determining in situ state of sand and silt tailings
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35 Robertson, P.K., 2010, “Estimating in-situ soil permeability from CPT & CPTu”, Proceedings of the 2
International Symposium on Cone Penetration Testing (CPT '10), Huntington Beach, California.
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ConeTec Group
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Adara Systems Ltd.

201-8327 Eastlake Drive, Burnaby, BC, Canada V5A4W2

CERTIFICATE OF CALIBRATION

Calibration Information

Tel: 1-604-273-6013

Cone Serial Number
Date

Technician Performing
Calibration

Calibration Approved By

EC855
2024-02-08
Richard Chen

Vishrut Khunt

Model A15T1500 F15 U35

Signature

Signature

Lab Condition
Lab Temperature
Lab Humidity

As Found  As Left
N/A 23°C
N/A 29% |Reason for Calibration |Repair |

Tip Stress Limit
Friction Stress Limit
Pressure Limit
X-Inclinometer Limit
Y-Inclinometer Limit

Cone Information

1500  bar
15 bar
35 bar
30 degrees
30 degrees

Tip End Area
Friction Surface Area

15 cm?

225 cm?

RTD Location

Pressure Carrier

Geophone

XandZ

Temperature Range

-20°Cto 60°C

Baseline Summary:

(For Reference Only)

Channel Units As Found As Left
Tip bar -0.001 0.503
Sleeve bar 0.000 -0.012
Pressure bar 0.037 1.012
X-Inclinometer degrees -0.675 0.000
Y-Inclinometer degrees 1.925 0.000
Temperature °C 24.574 22.279
Classified in accordance with ISO 22476-1:2012 Class 1
Classified in accordance with I1SO 22476-1:2012 Class 2
Calibrated in general accordance with the ASTM D5778-20 and D7400-08 standards
Calibrated with Adara calibration procedure EC_CPTCAL-2.2
Collective uncertainty of the measurement standards conforms to a test uncertainty ratio (TUR) of 3:1
for tip and sleeve measurement and 4:1 for pressure measurement with a confidence level k=2

Page 1/6 EC855_04
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Adara Systems Ltd.

201-8327 Eastlake Drive, Burnaby, BC, Canada V5A4W2

Tel: 1-604-273-6013

Cone Output vs Reference Stress/Pressure Plots

Tip Output vs Reference Stress

A-73
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Adara Systems Ltd.

201-8327 Eastlake Drive, Burnaby, BC, Canada V5A4W2

Tel: 1-604-273-6013

Calibration Results

Tip Calibration

A-74

As Found As Left
Max. Non Linearity N/A N/A Max. Non Linearity 0.08% PASS
Calibration Error N/A N/A Calibration Error 0.10% PASS
Sleeve Calibration

As Found As Left
Max. Non Linearity N/A N/A Max. Non Linearity 0.05% PASS
Calibration Error N/A N/A Calibration Error 0.14% PASS
Pressure Calibration

As Found As Left
Max. Non Linearity N/A N/A Max. Non Linearity 0.02% PASS
Calibration Error N/A N/A Calibration Error 0.18% PASS
X-Inclinometer Calibration

As Found As Left
Max. Non Linearity N/A N/A Max. Non Linearity -0.37% PASS
Calibration Error N/A N/A Calibration Error 0.75% PASS
Y-Inclinometer Calibration

As Found As Left
Max. Non Linearity N/A N/A Max. Non Linearity -0.25% PASS
Calibration Error N/A N/A Calibration Error 0.50% PASS
Seismic Calibration

As Found As Left
Trigger Delay Error | N/A N/A Trigger Delay Error 0.01% PASS
Temperature Calibration
Full Scale Error | 0.18% PASS |

Channel Cold Room Hot Units
Ref_Temp 4.8 22.1 42.7 °C
Tip -2.473 -0.197 2.769 bar
Sleeve 0.012 -0.016 -0.038 bar
Pressure 1.042 1.057 1.054 bar
Temperature 4.941 21.927 42.790 °C
Tip Temperature Coefficient 0.138 bar/°C PASS
Sleeve Temperature Coefficient -0.001 bar/°C PASS
Pressure Temperature Coefficient 0.000 bar/°C PASS
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Adara Systems Ltd.
201-8327 Eastlake Drive, Burnaby, BC, Canada V5A4W2
Tel: 1-604-273-6013

Testing Equipment Details

Testing Machines Model Number Serial Calibration
Number Number
Tip Load Cell Precision P-10289 100490 2025-09-18
Sleeve Load Cell Precision P-10868 100579 2025-10-01
Digital Loadcell Indicator 4215 62140 100490 2024-07-18
Fluke Reference Pressure Monitor |RPM4 A10Ms 3910 100835 2024-12-12
Tektronix Function Generator AFG3021B C030955 100751 2024-10-20
Thermometer THS-222-555 D23255834 100410 2024-07-11
Thermometer THS-222-555 D23255829 100410 2024-07-11
Thermometer THS-222-555 D20345575 100565 2024-07-14
Page 4/6 EC855_04
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Adara Systems Ltd.

201-8327 Eastlake Drive, Burnaby, BC, Canada V5A4W2

Tel: 1-604-273-6013

Adara Error Definitions

Zero load error — ¥ 0% Load 100%

(non return to zero
per test)

k o
" "

Range

Figure 1: Definition of Calibration Terms for Load Cell and Transducers (Adapted from [1])

Actual Sensitivity

The slope of the best fit line through all data points starting at zero load.

Slope Error

The error in the best fit line compared to the ideal linear
calibration in % .
Slope Error = (Best Fit Slope - Ideal Slope) / Ideal Slope

Maximum Non Linearity

This value represents the maximum error (absolute value) relative
to the best fit line considering each calibration point starting at
loads greater than approximately 10% of FSO.

The reported errors are a percent error of FSO.

Adara's Pass/Fail criteria is 0.5% of FSO (ASTM is 0.5% of FSO at
loads > 20% FSO).

Calibration Error

This value represents the maximum error (absolute value) in the
recorded load value as compared to the actual load value for each
calibration point for loads greater than approximately 10% of FSO.
Adara's Pass/Fail criteria for the tip and sleeve is 0.5% of MO and
1.0% of MO for the pore pressure (ASTM for the tip and sleeve is
1.5% and 1.0% of MO respectively at loads greater than 20% of
FSO)

Temperature Check Passing Criteria

A-76

Tip Temperature Coefficient <0.200 bar/°C
Sleeve Temperature Coefficient <0.005 bar/°C
Pressure Temperature Coefficient <0.0196 bar/°C
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Adara Systems Ltd.
201-8327 Eastlake Drive, Burnaby, BC, Canada V5A4W2
Tel: 1-604-273-6013

ASTM D5778-20 Annex A Summary [1]

A1.4 Force Transducer Calibration Requirements

A1.4.1 states the following limits:

Non Linearity Tip
Sleeve

Calibration Error Tip
Sleeve

A1.5 Pressure Transducer Calibrations

A1.5.1 limits:
Non Linearity Pore Pressure
Calibration Error Pore Pressure

<+0.5% of FSO
< +1.0% of FSO

< +1.5% of MO at loads > 20% FSO
<+1.0% of MO at loads > 20% FSO

< +1.0% of FSO

not specified

ISO 22476 -1:2012 Summary [2]

Section 5.2 states the following allowable minimum accuracy

Class 1 Cone Resistance
Sleeve Friction
Pore Pressure

Class 2 Cone Resistance
Sleeve Friction

Pore Pressure

Note: ISO Compliance is based on low end calibration only.

35 kPa or 5%
5 kPa or 10%
10 kPa or 2%

100 kPa or 5%
15 kPa or 15%
25 kPa or 3%

References

[1] ASTM D5778-20. "Standard Test Method for Electronic Friction Cone and Piezocone Penetration Testing of

Soils". ASTM, West Conshohocken, PA, USA.

[2] 1SO 22476-1:2012. "Geotechnical investigation and testing - Field Testing - Part 1: Electrical cone and

piezocone penetration test". ISO, Geneva, Switzerland.

ASTM D7400-08. "Standard Test Methods for Downhole Seismic Testing". ASTM, West Conshohocken, PA,

USA.
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Particle Size Distribution Report

ASTM D422 & D1140
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Location: B-1, S-5, Depth: 12.5' - 14'

Sample Number: 1530
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Project:
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Particle Size Distribution Report
ASTM D422 & D1140
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o, +3" % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt \ Clay
0 0 17 33 35 10 5
Test Results (ASTM D422 & D1140) Material Description
Sieve Size | . Spec.” Outof | Pct. ORA sample ID: 1801-3 well-graded sand with silt and
] or (%) (%) Spec. .of gravel
Diam. (mm.) (%) Fines
2 100
11/4 100
1 100 Atterberg Limits
3/4 100 PL= LL= Pl=
51//82 188 Coefficients
38 96 Dgp= 6.1498 Dgs= 5.1321 Dgp= 2.6113
1/4 9] Dgo= 2.0165 D3p= 0.9505 D15= 0.4255
D1p= 0.2446 Cy= 10.68 Cq= 141
#4 83
#8 56 Classification
#10 50 USCS= SW-SM AASHTO= A-1-a
#40 15
#100 8 Test Remarks
#200 54 Test equipment ID: Set 5
Was sample soaked? Not required
As received MC: 13.5%

¥ (no specification provided)

Location: B-6, S-3, Depth: 15.0' - 16.5'
Sample Number: 1801-3 Sample Date: 3/26/2025

or ASTM C136, Percent Finer than No. 200: ASTM D1140 or ASTM C117, Hydrometer: ASTM D422. NOTE: Simple acceptance/rejectoin decision rule was utilized

This report applies to the items tested or reported and is the exclusive property of Otto Rosenau & Associates, Inc. Reproduction of this report, except in full,
without written permission from our firm is strictly prohibited. Classification: ASTM D2488, Natural Moisture: ASTM D2216, Sieve Analysis: ASTM D422
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Tested By: Andy Duong Checked By: Anthony Coyne, P.E.
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This report applies to the items tested or reported and is the exclusive property of Otto Rosenau & Associates, Inc. Reproduction of this report, exceptin full,
without written permission from our firm is strictly prohibited. Classification: ASTM D2488, Natural Moisture: ASTM D2216, Sieve Analysis: ASTM D422

LIQUID AND PLASTIC LIMITS TEST REPORT

Project: Fire Station 32 - Monroe

19959 Oaks Street, Monroe
Location: B-4, S-1, Depth: 4.0'-4.5'
Sample Number: 1801-5

46.2%

or ASTM C136, Percent Finer than No. 200: ASTM D1140 or ASTM C117, Hydrometer: ASTM D422. NOTE: Simple acceptance/rejectoin decision rule was utilized
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This report applies to the items tested or reported and is the exclusive property of Otto Rosenau & Associates, Inc. Reproduction of this report, exceptin full,
without written permission from our firm is strictly prohibited. Classification: ASTM D2488, Natural Moisture: ASTM D2216, Sieve Analysis: ASTM D422

LIQUID AND PLASTIC LIMITS TEST REPORT

19959 Oaks Street, Monroe
Location: B-4, S-6, Depth: 20.0'-21.5'
Sample Number: 1801-6

or ASTM C136, Percent Finer than No. 200: ASTM D1140 or ASTM C117, Hydrometer: ASTM D422. NOTE: Simple acceptance/rejectoin decision rule was utilized
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LIQUID AND PLASTIC LIMITS TEST REPORT

19959 Oaks Street, Monroe
Location: B-4, S-6, Depth: 5.0'-6.5'
Sample Number: 1801-6

or ASTM C136, Percent Finer than No. 200: ASTM D1140 or ASTM C117, Hydrometer: ASTM D422. NOTE: Simple acceptance/rejectoin decision rule was utilized
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APPENDIX C

RESULTS OF GEOPHYSICAL (REMI) SURVEY

Report for REMI Survey at a proposed fire station in Monroe, WA by Global Geophysics (2024)



Global Geophysics

P.O. Box 2229 Tel: 425-890-4321
Redmond, WA 98073-2229 Fax: 206-5820-0838
August 15, 2024 Our ref: 114-0813.000

Otto Rosenau & Associates, Inc.

Geotechnical Engineering, Construction Inspection & Materials Testing
6747 M.L. King Way South

Seattle, WA 98118

Attention: Mr. Anthony Covne

RE: REPORT FOR REFRACTION MICROTREMOR SURVEY AT A
PROPOSED FIRE STATION IN MONROE, WA

Dear Mr. Coyne:

Global Geophysics LLC. conducted a refraction microtremor (ReMi) survey at proposed fire
station in Monroe, WA on August 13, 2024. The objective of the survey was to provide
Vs100.

GEOPHYSICAL METHODS AND FIELD PROCEDURES

Refraction microtremor was used for this project. The following paragraphs describe the
method and field procedure.

Refraction Microtremor

The refraction microtremor (ReMi) method determines variations in surface wave velocities
with increasing distances and wavelengths. The data from these measurements are used to
model the shear wave velocities of the subsurface. This information can then be used to infer
rock/soil types, stratigraphy and soil conditions.

The ReMi survey requires a seismic source, to generate surface-waves, and at least 24
geophones, to measure the ground response at increasing distances from the source. Surface
waves are a special type of seismic wave whose propagation is confined to the near surface
medium. The depth of subsurface penetration of a surface-wave is directly proportional to its
wavelength. In a non-homogeneous medium, surface-waves are dispersive, i.e. each
wavelength has a characteristic velocity stemming from subsurface heterogeneities. The
relationship between surface-wave velocity and wavelength is used to calculate the shear-
wave velocity of the medium with increasing depth.

Global Geophysics

C-1



Otto Rosenau & Associates, Inc. August 15, 2024
Mr. Anthony Coyne 2 114-0813.000

The seismic source can be either active or passive, depending on the application and location
of the survey. Examples of active sources include explosives, weight-drops, and vibrating
pads. Examples of passive sources are drill rigs, road traffic, micro-tremors, and water-wave
action (in near-shore environments). Geophone measures the arrival time of the various
components of the surface wave-train traveling from the seismic source.

The surface-wave velocity with respect to frequency (called the ‘dispersion curve’) is
determined by measuring the delay time in wave propagation between the geophones. The
dispersion curve is then matched to a theoretical dispersion curve using an iterative forward-
modeling procedure. The result is a profile of shear-wave velocity versus depth. This shear
wave profile can be with used other parameters such as density, to estimate the dynamic
shear modulus of the medium as a function of depth.

The ReMi survey was conducted using one Geometrics Geode 24-channel digital

seismograph. The 24 geophones were placed at 10 ft spacing and the seismic energy source
was the traffic vibration. The signal was detected by the geophones and recorded in a

computer for further processing.

RESULTS

The data were collected along 1 transect. The approximate line location is shown below.

Global Geophysics
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Otto Rosenau & Associates, Inc. August 15, 2024
Mr. Anthony Coyne 3 114-0813.000

The 1D Vs100 models are shown below:
e Vs30=828.2 ft/s

Global Geophysics
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Otto Rosenau & Associates, Inc. August 15, 2024
Mr. Anthony Coyne 4 114-0813.000

The dispersion curve is shown below:

Frequency (Hz)

Dispersion curve - 100001 .dat-100020.dat

Depth(ft) S-wave velocity(ft/s)

0 586

7 498
15 611
25 723
35 821
47 960
59 1069
73 1195
88 1230
104 1258
121 1315
139 1328
158 1342
179 1358
200 1358

Global Geophysics
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Otto Rosenau & Associates, Inc. August 15, 2024
Mr. Anthony Coyne 5 114-0813.000

LIMITATION OF GEOPHYSICAL METHODS

Global geophysics services are conducted in a manner consistent with the level of care and
skill ordinarily exercised by other members of the geophysical community currently
practicing under similar conditions subject to the time limits and financial and physical
constraints applicable to the services. ReMi is a remote sensing geophysical method that may
not detect all subsurface conditions due to the limitations of the methods, soil conditions, size
of the features and their depths.

Sincerely,

Global Geophysics

John Liu, Ph.D., R.G.
Principal Geophysicist

Global Geophysics
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APPENDIX D
SEISMIC DESIGN CRITERIA

ASCE 7-16 Hazards REPOIt .....cceeeeeeiiiieiieee e cciitieee e ececireee e e e -

USGS Deaggregation .....uceeee ettt eee v -



ASCE Hazards Report

Address: Standard: ASCE/SEI 7-16  Latitude: 47.860741
No Address at This Location Risk Category: IV Longitude: -121.964541
Soil Class: D - Stiff Sail Elevation: 73.714946994705 ft (NAVD
88)
https://ascehazardtool.org/ Page 1 of 3 Wed Oct 23 2024

D-1




Seismic

Site Soil Class:
Results:

Ss :
Sy
Fa:
F, :
Sws
SM1
Sos

Ground motion hazard analysis may be required. See ASCE/SEI 7-16 Section 11.4.8.

Data Accessed:
Date Source:

https://ascehazardtool.org/

D - Stiff Soil

1.144
0.402
1.042
N/A

1.193
N/A

0.795

C,:

Wed Oct 23 2024
USGS Seismic Design Maps

Page 2 of 3

D-2

N/A

6
0.49
0.544
1.11
1.5
1.329

Wed Oct 23 2024



The ASCE Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of any
kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; or
has been extrapolated from maps incorporated in the ASCE standard. While ASCE has made every effort to use data obtained from reliable
sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, currency, or
quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, affiliation,
relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such
professionals in interpreting and applying the contents of this Tool or the ASCE standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors,
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data
provided by the ASCE Hazard Tool.

https://ascehazardtool.org/ Page 3 of 3 Wed Oct 23 2024
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U.S. Geological Survey - Earthquake Hazards Program

Unified Hazard Tool

Please do not use this tool to obtain ground motion parameter values for the design code
reference documents covered by the U.S. Seismic Design Maps web tools (e.g., the
International Building Code and the ASCE 7 or 41 Standard). The values returned by the two
applications are not identical.

Please also see the new USGS Earthquake Hazard Toolbox for access to the most recent NSHMs

for the conterminous U.S. and Hawaii.

~ Input
Edition Spectral Period
Dynamic: Conterminous U.S. 2014 (u... Peak Ground Acceleration
Latitude Time Horizon
Decimal degrees Return period in years
47.860741 2475
Longitude
Decimal degrees, negative values for western longitudes
-121.964541
Site Class

259 m/s (Site class D)

D-4



Hazard Curve

Hazard Curves Uniform Hazard Response Spectrum
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~ Deaggregation

Component
Total
W e=(-~..-2.5)
We=(-25.-2)
) We=[-2..-1.5)
N M e=[15.-1)
e=[1.-0.5)

15

% Contribution to Hazard
5 10
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Summary statistics for, Deaggregation: Total

Deaggregation targets Recovered targets
Return period: 2475 yrs Return period: 2626.882 yrs
Exceedance rate: 0.0004040404 yr™' Exceedance rate: 0.00038067946 yr~'

PGA ground motion: 0.62125637 g

Totals Mean (over all sources)
Binned: 100 % m: 7.01
Residual: 0% r: 49.53 km
Trace: 0.33% €: l4lo
Mode (largest m-r bin) Mode (largest m-r-g bin)
m: 7.11 m: 7.1
r: 67.93 km r: 67.3 km
€: 1.290 €: 1.240
Contribution: 10.55% Contribution: 7.82 %
Discretization Epsilon keys
r: min=0.0, max=1000.0, A=20.0 km €0: [-©..-2.5)
m: min=4.4, max=9.4,A=0.2 €l: [-2.5..-2.0)
€ min=-3.0,max=3.0,A=050 €2: [-2.0..-1.5)
€3: [-1.5..-1.0)
€4: [-1.0..-0.5)
€5: [-0.5..0.0)
€6: [0.0..0.5)
€7: [0.5..1.0)
€8: [1.0..1.5)
€9: [1.5..2.0)

€10: [2.0..2.5)
€11: [2.5.. 4]
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Deaggregation Contributors

Source Set L, Source

pacnwdeep.2014.in
pacnwdeep.2014.in

Geologic Model Partial Rupture
Southern Whidbey Island North Alt2
Southern Whidbey Island Middle Alt2
Southern Whidbey Island North
Southern Whidbey Island South Alt2
Southern Whidbey Island Middle

puget_2014.ch.in
PointSourceFixedStrike: -122.000, 47.900
PointSourceFixedStrike: -121.900, 47.900

puget_2014.gr.in
PointSourceFixedStrike: -122.000, 47.900
PointSourceFixedStrike: -121.900, 47.900

sub0_ch_bot.in
Cascadia Megathrust - whole CSZ Characteristic

Geologic Model Full Rupture

Southern Whidbey Island North Alt2

Southern Whidbey Island North
WUSmap_2014_fixSm.ch.in (opt)
sub0_ch_mid.in

Cascadia Megathrust - whole CSZ Characteristic
WUSmap_2014_fixSm.gr.in (opt)
puget_2014_M8.in
pacnwdeep_Mmax75.2014.in
WUSmap_2014_adSm.ch.in (opt)
WUSmap_2014_adSm.gr.in (opt)

pacnwdeep_Mmax75.2014.in

Type

Slab

Slab

Fault

Grid

Grid

Interface

Fault

Grid

Interface

Grid
Grid
Slab
Grid
Grid

Slab

9.31
12.98
9.23
15.98
13.05

6.28
6.52

6.28
6.52

120.35

8.62
7.50

150.77

6.99
7.00
6.97
7.01
6.98

5.86
65197

5.86
5.92

9.13

.47
7.37

8.94

0.65
1.04
0.71
1.35
1.07

1.10
111

1.10
1.11

1.54

0.36
0.28

1.97

lon

122.001°W
122.017°W
122.052°W
122.214°W
122.099°W

122.000°W
121.900°W

122.000°W
121.900°W

123.509°W

122.001°W
122.052°W

123.916°W

lat

47.766°N
47.716°N
47.811°N
47.818°N
47.780°N

47.900°N
47.900°N

47.900°N
47.900°N

47.780°N

47.766°N
47.811°N

47.709°N

az

194.52
193.75
229.49
255.86
228.37

328.81
47.77

328.81
47.77

266.14

194.52
229.49

264.12

%

16.78

16.04

9.83
3.51
1.98
1.59
1.15
1.03

8.29
1.22
1.09

7.32
1.22
1.09

6.75
6.75

5.45

1.46

1.34

3.89

3.53

3.53

3.09

2.36

2.08

1.78

1.42

1.40



APPENDIX E

LIQUEFACTION ANALYSIS

Combined Liquefaction Analysis Results for CPT-1 and CPT-2
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Otto Rosenau & Associates, Inc
Geotechnical Engineers

6747 Martin Luther King Jr Way S, Seattle, WA
www.ottorosenau.com

LIQUEFACTION ANALYSIS REPORT

Project title : Fire Station #32 - Site Evaluation Location : 19959 Oaks St, Monroe, WA
CPT file : CPT-1
Input parameters and analysis data

Analysis method: Robertson (2009)  G.W.T. (in-situ): 4.00 ft Use fill: No Clay like behavior
Fines correction method: Robertson (2009)  G.W.T. (earthq.): 4.00 ft Fill height: N/A applied: All soils
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,;:  7.10 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.54 Unit weight calculation: Based on SBT K, applied: No MSF method: Method based
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

CPT basic interpretation plots
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0 200 400 60C 0 2 4 6 10 200 400 2 3 012345678 91011 12131415161718
qt (tsf) Rf (%) u (psi) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A SBTI "
Fines correction method: Robertson (2009) Average results interval: Transition detect. applied:  No -4
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No [l 1 Sensitive fine grained [l 4. Clayey silt to silty [ 7. Gravely sand to sand
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils . -
Peak ground accelerationu:' 0.54 Use fill: No Limit depth applied: No . 2. Organic rnatenal . 5. Silty sand to sandy sitt . B Very Stlﬁ sand to
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A [ 3. Clay tosilty clay [ 6. Clean sand tositty sand [[] 9. Very stif fine grained
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

CPT basic interpretation plots (normalized)

Norm. con RﬁsQﬁFance Norm. f"ﬁ&ﬂ_ % J1at'° Nom. pore p[)rifs0 H:e ratio
4 4o T 4
5 r 5 5
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7 / 7 " 7
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0 50 100 150 20( 0 2 4 6 8 10 0.2 0 02 04 06 08 1
Qtn Fr (%) Bq
Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A

Norm. Soil Behaviour Type
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2}
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[ae)
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Sand & silty san
ol ?glﬁy(ﬁg\‘l
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& silty dla
Fi"é.’ft% L

silty sa}ld

sit

silty saf
sty san

4

2 3
Ic (Robertson 1990)

SBTn (Robertson 1990)

SBTn legend
. 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
. 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to

I 3. Clay tositty clay O 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

Liquefaction analysis overall plots (intermediate results)

Total cone resi fﬁnce SBTn ﬂf’éur Norm. cone gﬁfc(sjh?nce Grain char. factor Corrected norm sene JTemstanm
— T — ¥
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42 42 u R 42 u T T |
0 200 400 60C 1 2 3 50 01 2 3 456 78 910 0 50 100 150 20(
qt (tsf) Ic (Robertson 1990) Kc Qtn,cs
Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A
4
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This software is licensed to: Otto Rosenau & Associates, Inc. CPT name: CPT-1

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction potential Vertical settlements Lateral displacements
0 0 0
2 2 2
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Dry: 0.00 (in
4 . : T o R TR, B W Wet: 1.26 Emi o
0 0.2 0.4 0.6 0 0.5 1 1.5 2 0 5 10 15 20 0 0.5 1 0 5 10
CRR & CSR Factor of safety LPI Settlement (in) Displacement (in)
Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: Robertson (2009)  Depth to water table (erthq.): 4.00 ft Fill weight: N/A [l Almost certain it will liquefy [l Very high risk
Fines correction method: Robertson (2009)  Average results interval: 3 Transition detect. applied: ~ No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No . y " " .
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT  Clay like behavior applied: Al soils O qu-..lefactu?n and no lig. are equally likely [ Low risk
Peak ground acceleration:  0.54 Use fill: No Limit depth applied: No [0 unlike to liquefy
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: Otto Rosenau & Associates, Inc. CPT name: CPT-1

Liquefaction analysis summary plots
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Normalized friction ratio (%) Qtn,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

Check for strength loss plots (Robertson (2010))
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Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthq.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009)  Average results interval: Transition detect. applied: ~ No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A

Depth (ft)

SBTn

Liquefied Su/Sig'v
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data ::

Point ID Depth

(ft)

1 0.08

2 0.16

3 0.25

4 0.33

5 0.41

6 0.49

7 0.57

8 0.66

9 0.74
10 0.82
11 0.90
12 0.98
13 1.07
14 1.15
15 1.23
16 1.31
17 1.39
18 1.48
19 1.56
20 1.64
21 1.72
22 1.80
23 1.89
24 1.97
25 2.05
26 213
27 2.21
28 2.30
29 2.38
30 2.46
31 2.54
32 2.62
33 2.71
34 2.79
35 2.87
36 2.95
37 3.03
38 3.12
39 3.20
40 3.28
41 3.36
42 3.44
43 3.53
44 3.61
45 3.69
46 3.77
47 3.85
48 3.94

Qe
(tsf)
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
39.58
40.57
30.01
18.67
16.41
13.76
12.37
12.33

fs
(tsf)
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
0.55
0.67
0.70
0.69
0.73
0.70
0.55
0.56

u
(tsf)
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
-8888.00
4.70
-3.52
11.01
-2.70
3.40
14.50
39.73
42.58

Fines content
(%)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

21.03
18.64
24.07
32.68
41.59
44.75
46.35
46.35

Unit weight
(pcf)

120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
120.90
111.67
115.77
115.78
115.22
114.53
113.73
112.90
112.33
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

Depth
(ft)
4.02
4.10
4.18
4.27
4.35
4.43
4.51
4.59
4.68
4.76
4.84
4.92
5.00
5.09
5.17
5.25
5.33
5.41
5.50
5.58
5.66
5.74
5.82
5.91
5.99
6.07
6.15
6.23
6.32
6.40
6.48
6.56
6.64
6.73
6.81
6.89
6.97
7.05
7.14
7.22
7.30
7.38
7.46
7.55
7.63
7.71
7.79
7.87

Qe

(tsf)
12.31
11.93
10.86
9.19
8.41
8.33
8.52
8.59
8.82
8.83
9.12
9.10
9.16
9.48
10.02
10.31
9.58
8.74
8.34
8.28
8.19
8.34
8.34
7.96
7.49
6.96
6.30
6.16
6.19
5.74
5.55
5.42
5.15
5.06
4.79
4.67
4.58
4.15
4.18
3.99
3.65
3.53
3.42
3.50
3.59
3.70
3.75
3.89

fs
(tsf)
0.58
0.61
0.62
0.63
0.63
0.60
0.54
0.52
0.54
0.57
0.58
0.60
0.63
0.62
0.60
0.56
0.54
0.51
0.47
0.44
0.41
0.38
0.40
0.42
0.42
0.43
0.44
0.42
0.35
0.32
0.29
0.27
0.26
0.25
0.23
0.22
0.21
0.19
0.17
0.14
0.12
0.09
0.07
0.06
0.05
0.04
0.04
0.04

u
(tsf)
29.68
8.59
-2.62
-0.17
4.05
10.29
10.37
7.11
5.51
4.55
3.91
2.34
0.17
1.20
3.12
2.56
1.30
0.59
2.46
4.09
5.47
8.38
10.04
13.66
14.69
5.59
2.02
2.74
4.69
7.11
10.37
13.52
12.80
11.45
11.21
16.22
19.57
23.44
20.29
19.15
26.45
36.23
39.60
41.78
45.26
41.92
43.08
44.89

Fines content
(%)
47.78
50.57
55.28
60.50
64.04
63.88
62.16
60.67
60.72
60.71
61.12
61.43
61.39
59.95
57.45
56.36
57.24
59.19
60.02
59.43
58.01
57.26
57.68
59.55
62.63
66.76
70.49
71.29
70.47
69.20
69.23
69.21
69.51
70.52
70.82
70.92
71.26
71.15
70.94
70.03
68.43
65.92
61.65
57.76
54.50
52.34
50.22
49.26

Unit weight
(pcf)

112.52
112.62
112.58
112.36
112.06
111.63
111.17
110.92
111.08
111.40
111.70
111.98
112.18
112.24
112.05
111.70
111.20
110.61
110.00
109.40
108.91
108.73
108.80
108.93
108.91
108.80
108.66
108.13
107.33
106.32
105.58
104.96
104.47
103.96
103.47
102.98
102.41
101.69
100.63
99.49

98.06

96.44

94.60

93.01

91.86

91.14

90.40

89.98
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

Depth
(ft)
7.96
8.04
8.12
8.20
8.28
8.37
8.45
8.53
8.61
8.69
8.78
8.86
8.94
9.02
9.10
9.19
9.27
9.35
9.43
9.51
9.60
9.68
9.76
9.84
9.92
10.01
10.09
10.17
10.25
10.33
10.42
10.50
10.58
10.66
10.74
10.83
10.91
10.99
11.07
11.15
11.24
11.32
11.40
11.48
11.56
11.65
11.73
11.81

Qe
(tsf)
3.82
3.94
4.07
4.11
4.10
3.95
3.84
3.70
3.73
3.78
3.94
4.12
4.18
4.26
4.33
4.56
4.85
5.46
6.39
8.40
7.83
7.26
5.85
5.20
4.26
4.11
4.00
4.06
4.21
4.34
4.38
4.33
4.50
4.82
5.57
6.47
7.51
7.57
7.08
6.45
6.46

10.03
11.96
13.80
23.36
46.19
59.77
67.66

fs
(tsf)
0.04
0.04
0.05
0.05
0.04
0.04
0.04
0.04
0.03
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.06
0.07
0.11
0.15
0.24
0.26
0.26
0.22
0.17
0.12
0.09
0.10
0.10
0.10
0.10
0.10
0.11
0.13
0.14
0.16
0.17
0.15
0.16
0.18
0.32
0.36
0.32
0.37
0.37
0.35
0.29
0.22

u
(tsf)
41.47
36.13
43.03
41.91
34.37
37.27
43.27
48.33
49.51
52.63
52.20
48.69
45.95
46.14
46.01
48.57
50.93
49.41
56.81
54.20
43.44
7.64
1.75
5.35
35.88
41.74
46.21
50.35
55.17
50.76
41.91
47.37
50.29
54.58
56.34
51.26
44.50
22.98
8.83
11.30
36.60
57.55
26.79
-6.40
-12.39
-7.82
-12.38
-15.51

Fines content
(%)
49.03
49.91
49.88
49.64
49.30
49.41
49.33
48.98
48.38
47.70
47.00
46.33
45.94
45.80
45.93
45.89
45.29
44.63
42.37
44,53
48.24
56.56
63.18
67.91
67.22
64.20
60.85
58.88
57.85
57.25
57.32
57.72
57.41
55.54
52.66
49.04
46.63
46.79
49.87
56.49
54.06
48.01
41.45
32.40
19.67
11.78
7.39
5.00

Unit weight
(pcf)

90.00
90.87
91.42
91.50
90.85
90.39
89.92
89.58
89.32
89.44
89.71
89.83
90.01
90.23
91.09
92.21
93.71
96.04
98.84
102.23
104.24
105.03
104.41
103.02
101.06
98.84
97.35
96.91
97.08
97.09
97.11
97.53
98.31
99.36
100.45
101.44
101.70
101.78
101.81
103.92
106.24
107.82
108.68
109.46
111.00
111.49
111.03
110.02

CLiqg v.3.5.3.15 - CPT Liquefaction Assessment Software - Report created on: 4/17/2025, 1:53:31 PM

10

Project file: C:\Users\anthony.coyne\OneDrive - Otto Rosenau\Geotech\F\Fire Station 32 Monr_24-0267\Liquefaction Analysis\Fire Station 32 - CPT Liq 2025-04-16.clq

E-11



This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

Depth

(ft)

11.89
11.98
12.06
12.14
12.22
12.30
12.39
12.47
12.55
12.63
12,71
12.80
12.88
12.96
13.04
13.12
13.21
13.29
13.37
13.45
13.53
13.62
13.70
13.78
13.86
13.94
14.03
14.11
14.19
14.27
14.35
14.44
14.52
14.60
14.68
14.76
14.85
14.93
15.01
15.09
15.17
15.26
15.34
15.42
15.50
15.58
15.67
15.75

Qe
(tsf)

68.60

68.84

74.87

88.53

98.26

110.13
117.55
122.11
128.16
133.53
141.32
151.25
163.88
175.73
186.24
194.73
191.01
187.30
187.45
186.89
185.08
186.69
183.32
181.68
176.40
172.21
166.57
161.08
155.98
153.18
155.25
154.20
153.46
155.18
154.71
150.60
148.41
141.25
137.11
133.64
128.55
128.27
128.76
131.69
130.45
124.77
119.45
114.05

fs
(tsf)
0.21
0.23
0.30
0.35
0.33
0.27
0.22
0.24
0.24
0.28
0.30
0.28
0.18
0.17
0.17
0.20
0.23
0.20
0.20
0.13
0.16
0.15
0.11
0.11
0.10
0.13
0.14
0.27
0.30
0.35
0.34
0.31
0.30
0.27
0.20
0.14
0.14
0.11
0.11
0.12
0.15
0.13
0.22
0.26
0.33
0.36
0.25
0.27

u
(tsf)
-16.05
-14.94
-12.40
-10.02
-11.38
-17.16
-18.72
-19.57
-19.49
-18.46
-15.80
-15.28
-16.82
-17.90
-18.99
-19.77
-3.46
-9.88
-7.49
-6.64
-7.62
-7.46
-6.91
-5.41
-5.11
-4.39
2.08
-1.97
-2.20
-2.17
1.59
3.28
-7.39
-5.24
-11.14
-12.97
-8.58
-9.31
-8.05
-6.25
-4.95
-4.73
-6.43
-4.62
-8.53
-8.97
-7.10
-1.58

Fines content
(%)
4.87
4.94
4.69
4.01
2.92
1.92
1.28
0.93
0.84
0.69
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.18
0.36
0.40
0.32
0.21
0.04
0.00
0.00
0.00
0.00
0.00
0.06
0.19
0.45
0.65
1.08
1.45
1.64
1.79
1.88

Unit weight
(pcf)

109.49
110.45
111.93
113.00
113.06
112,15
111.52
111.33
112.07
112.70
113.21
112.47
111.35
110.06
110.55
111.29
111.70
111.61
110.40
109.78
108.96
108.53
107.55
106.38
106.94
107.41
110.23
112.08
113.93
114.41
114.48
114.10
113.57
112.65
110.99
109.19
107.56
106.89
106.30
107.02
107.27
108.92
110.44
112.62
113.76
113.59
112.98
111.97
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

Depth

(ft)

15.83
15.91
15.99
16.08
16.16
16.24
16.32
16.40
16.49
16.57
16.65
16.73
16.81
16.90
16.98
17.06
17.14
17.22
17.31
17.39
17.47
17.55
17.63
17.72
17.80
17.88
17.96
18.04
18.13
18.21
18.29
18.37
18.45
18.54
18.62
18.70
18.78
18.86
18.95
19.03
19.11
19.19
19.27
19.36
19.44
19.52
19.60
19.69

Qe
(tsf)
106.91
107.33
109.63
115.43
125.53
143.44
166.62
182.12
184.20
194.91
190.72
185.68
185.53
193.32
195.99
187.29
184.99
174.55
145.51
113.25
81.83
60.02
36.73
30.23
20.64
13.74
21.36
34.33
47.78
91.23
131.58
139.44
134.03
125.82
119.20
116.32
116.99
116.44
111.29
107.21
105.05
99.05
89.06
78.67
65.23
57.20
60.70
49.16

fs
(tsf)
0.26
0.34
0.29
0.20
0.20
0.17
0.14
0.14
0.12
0.17
0.22
0.18
0.20
0.52
0.28
0.21
0.25
0.18
0.30
0.53
0.76
1.05
1.03
0.98
0.95
0.82
0.80
0.72
0.74
0.89
0.93
0.84
0.75
0.61
0.68
0.79
0.83
0.73
0.73
0.84
0.95
0.98
1.12
1.11
0.60
0.44
0.29
0.38

u
(tsf)
-2.01
1.23
1.21
-1.85
5.47
7.46
6.75
7.75
9.13
6.47
5.74
6.88
11.62
-2.25
-4.96
-4.90
-3.85
-3.57
-6.76
0.77
5.39
8.84
7.89
10.40
9.14
91.82
189.00
163.62
17.15
-3.86
-8.55
-13.96
-16.22
-18.13
-18.74
-18.46
-17.29
-14.41
-10.97
-14.73
-15.55
-15.68
-16.98
-18.00
-19.04
-19.61
-19.68
-20.56

Fines content
(%)
2.38
2.53
2.19
1.48
0.67
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
4.01
8.88
15.55

22.87
31.46
38.66
40.84
32.66
23.37
14.50
8.78
5.66
4.35
3.94
4.14
4.67
5.37
5.56
5.59
5.91
6.76
7.73
9.06
10.68
11.81
12.18
10.62
10.93
13.95

Unit weight
(pcf)

112.71
112.82
112.35
111.10
109.88
109.38
108.72
108.11
108.82
110.12
110.90
111.21
114.22
115.04
115.12
112.80
111.64
112.42
114.41
117.19
119.30
119.86
119.57
118.42
117.19
116.44
116.35
116.96
118.41
120.07
121.07
120.96
119.93
119.26
119.29
119.99
120.12
119.88
119.83
120.42
121.02
121.57
121.70
120.44
118.09
114.37
112.83
112.12
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

Depth

(ft)

19.77
19.85
19.93
20.01
20.10
20.18
20.26
20.34
20.42
20.51
20.59
20.67
20.75
20.83
20.92
21.00
21.08
21.16
21.24
21.33
21.41
21.49
21.57
21.65
21.74
21.82
21.90
21.98
22.06
22.15
22.23
22.31
22.39
22.47
22.56
22.64
22.72
22.80
22.88
22.97
23.05
23.13
23.21
23.29
23.38
23.46
23.54
23.62

Qe
(tsf)
25.61
18.51
12.96
10.43
8.70
8.41
8.88
13.06
19.28
16.33
12.75
10.48
8.21
7.01
6.68
6.71
6.73
6.46
6.30
6.31
6.12
6.06
6.06
6.00
6.25
6.48
6.94
6.99
6.73
6.26
5.94
5.67
5.64
5.70
5.79
5.95
6.00
6.35
7.30
7.62
8.36
7.54
7.35
7.35
7.51
7.26
7.21
7.21

fs
(tsf)
0.41
0.41
0.36
0.37
0.31
0.21
0.19
0.19
0.28
0.28
0.25
0.24
0.25
0.23
0.15
0.09
0.07
0.08
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.06
0.09
0.12
0.13
0.13
0.14
0.15
0.11
0.07
0.07
0.07
0.07
0.07

u
(tsf)
-10.96
-8.40
3.39
25.01
40.43
73.79
91.00
104.61
115.38
-11.80
-13.26
-10.42
-6.33
26.45
62.86
75.65
65.63
66.04
80.65
79.46
82.89
95.42
97.77
100.81
100.58
100.76
97.12
85.46
96.94
103.18
102.33
99.38
110.16
113.42
112.38
110.85
117.18
119.93
122.03
99.29
78.88
93.58
99.23
107.15
104.20
98.55
104.82
109.58

Fines content
(%)
21.65
33.59
42.43
49.97
52.14
49.63
41.25
33.62
31.54
33.49
40.35
48.10
55.04
57.92
53.90
48.32
45.71
45.61
45.94
45.97
45.94
45.84
45.52
45.15
44.50
43.31
42.56
42.34
43.11
44.22
45.64
46.48
46.74
46.47
45.83
46.60
47.71
48.01
47.30
45.96
46.74
46.39
45.24
42.06
40.69
40.69
41.12
42.24

Unit weight
(pcf)

111.92
110.62
109.63
108.38
106.98
105.26
104.31
105.81
107.03
107.48
106.56
105.77
105.10
103.76
101.51
98.66
96.75
96.24
96.15
96.01
95.90
95.80
95.71
95.74
95.82
95.99
96.00
96.02
95.86
95.67
95.34
95.21
95.24
95.42
95.35
96.28
97.76
99.56
100.46
100.94
101.21
100.72
99.39
97.33
96.17
95.94
95.99
95.92
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

Depth

(ft)

23.70
23.79
23.87
23.95
24.03
24.11
24.20
24.28
24.36
24.44
24.52
24.61
24.69
24.77
24.85
24.93
25.02
25.10
25.18
25.26
25.34
25.43
25.51
25.59
25.67
25.75
25.84
25.92
26.00
26.08
26.16
26.25
26.33
26.41
26.49
26.57
26.66
26.74
26.82
26.90
26.98
27.07
27.15
27.23
27.31
27.40
27.48
27.56

Qe
(tsf)
6.48
6.31
6.11
5.98
5.70
5.61
5.63
5.69
5.78
5.93
6.19
6.74
7.18
6.89
6.92
7.00
9.73

14.76

18.20
56.16
151.60
233.35
277.42
306.32
325.92
331.10
356.25
355.00
365.44
342.74
333.24
325.33
316.82
308.31
299.10
301.84
301.12
311.95
279.63
293.84
285.05
290.75
289.58
290.39
287.85
273.16
274.92
276.39

fs
(tsf)
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.06
0.06
0.07
0.08
0.08
0.08
0.10
0.25
0.28
0.49
0.56
0.79
0.78
0.78
1.16
0.96
1.79
1.33
1.64
2.56
2.22
1.87
1.52
1.14
0.82
0.44
1.09
1.27
1.55
1.06
1.17
141
1.46
0.80
0.65
0.44
0.44
0.50
0.58
0.52

u
(tsf)
97.67
120.47
126.54
129.96
131.64
133.71
134.67
135.03
135.20
135.91
136.74
141.97
136.62
124.81
141.97
142.53
154.60
121.60
69.49
135.09
29.79
25.03
27.04
28.91
18.01
14.50
21.33
22.62
14.37
30.87
32.99
12.91
16.45
27.97
20.95
39.14
22.86
38.59
26.62
36.77
20.88
28.22
30.86
22.54
16.11
20.70
23.32
41.89

Fines content
(%)
43.26
44.48
44.44
44.89
45.27
45.37
45.31
45.00
44,81
44.68
43.97
43.02
42.65
43.58
49.70
50.12
48.15
43.25
27.20
11.01
3.78
1.12
0.01
0.18
0.00
0.12
0.40
0.69
0.90
0.46
0.06
0.00
0.00
0.00
0.00
0.28
0.18
0.25
0.21
0.70
0.35
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Unit weight
(pcf)

95.85

95.69

95.58

95.32

95.05

94.70

94.67

94.65

94.88

95.39

96.11

96.79

97.05

97.86

101.53
104.50
108.50
111.02
115.08
118.35
120.67
122.71
123.68
126.13
126.60
127.85
129.02
130.19
130.42
129.12
127.46
125.47
122.68
122.46
123.70
126.12
126.10
125.85
125.57
126.26
125.59
123.88
120.72
119.17
118.38
119.04
119.38
120.75
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384

Depth
(ft)
27.64
27.72
27.81
27.89
27.97
28.05
28.13
28.22
28.30
28.38
28.46
28.54
28.63
28.71
28.79
28.87
28.95
29.04
29.12
29.20
29.28
29.36
29.45
29.53
29.61
29.69
29.77
29.86
29.94
30.02
30.10
30.18
30.27
30.35
30.43
30.51
30.59
30.68
30.76
30.84
30.92
31.00
31.09
31.17
31.25
31.33
31.41
31.50

Qe
(tsf)
275.95
266.16
278.63
278.68
280.21
278.56
278.45
277.94
267.78
264.29
269.11
272.82
259.10
259.98
259.05
246.91
274.61
261.52
279.48
262.89
243.05
231.47
240.97
244.23
273.27
295.75
312.16
328.41
353.22
355.78
385.23
401.50
387.28
406.82
409.75
425.58
442.07
440.47
505.64
508.15
474.63
476.76
498.27
491.19
545.28
545.28
551.36
565.16

fs
(tsf)
0.83
0.90
0.59
0.44
0.71
0.48
0.48
0.61
0.31
0.71
1.15
1.30
1.53
1.21
0.76
0.85
1.16
1.84
2.23
1.95
0.87
0.83
0.46
0.54
0.59
1.30
1.63
1.90
2.46
2.28
2.68
2.91
2.08
2.21
1.81
1.37
2.67
4.30
4.35
4.95
3.81
3.81
3.64
2.90
1.51
2.48
3.02
1.13

u
(tsf)
36.94
16.23
21.39
29.24
32.18
22.70
28.47
24.36
27.59
30.56
36.18
27.26
28.96
14.80
9.06
28.44
27.48
19.92
28.73
7.73
29.70
46.03
37.58
31.10
30.86
27.59
36.84
30.61
20.74
19.49
31.43
32.40
33.23
28.16
17.98
27.21
14.48
19.35
19.95
28.54
36.11
32.70
34.88
30.85
28.40
28.40
28.67
33.78

Fines content
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.47
1.20
1.34
1.00
0.50
0.34
1.27
2.07
2.78
2.25
1.54
0.27
0.00
0.00
0.00
0.28
0.84
1.17
1.25
1.30
1.22
0.94
0.60
0.04
0.00
0.00
0.56
1.33
1.79
1.46
1.42
1.03
0.63
0.00
0.00
0.00
0.00
0.00

Unit weight
(pcf)

121.84
122.07
120.73
120.03
119.56
119.75
119.28
118.38
119.46
121.54
124.32
125.97
126.06
124.96
123.37
123.26
125.67
128.01
129.01
127.68
125.14
121.22
119.99
119.13
122.41
125.31
127.77
129.48
130.35
131.29
131.83
131.70
131.28
130.09
129.26
129.93
132.58
134.96
136.41
136.20
135.85
135.03
134.44
132.70
131.64
131.86
131.49
131.18
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

Depth
(ft)
31.58
31.66
31.74
31.82
31.91
31.99
32.07
32.15
32.23
32.32
32.40
32.48
32.56
32.64
32.73
32.81
32.89
32.97
33.05
33.14
33.22
33.30
33.38
33.46
33.55
33.63
33.71
33.79
33.87
33.96
34.04
34.12
34.20
34.28
34.37
34.45
34.53
34.61
34.69
34.78
34.86
34.94
35.02
35.10
35.19
35.27
35.35
35.43

Qe
(tsf)
509.23
514.74
574.35
439.03
453.57
430.24
474.51
520.36
566.90
551.77
612.21
508.13
432.16
380.36
373.59
366.82
439.93
423.25
406.57
512.00
551.95
551.95
547.01
542.08
454.43
403.38
439.03
372.03
380.22
393.74
384.20
412.52
433.82
473.50
477.85
422.22
331.93
331.93
302.62
274.30
275.12
273.67
284.16
272.60
273.66
268.56
273.03
279.14

fs
(tsf)
2.25
3.37
2.68
2.41
1.18
5.63
4.54
4.09
4.39
5.02
3.96
3.20
5.71
3.37
2.29
1.21
1.48
1.48
2.79
4.12
5.44
5.39
6.79
7.25
4.74
6.30
4.36
3.93
4.20
4.60
4.88
3.78
3.26
2.75
2.23
2.19
3.19
3.75
3.59
3.59
3.27
1.57
2.43
2.77
1.85
0.94
0.42
0.69

u
(tsf)
34.05
20.63
32.79
17.34
30.79
24.84
2.45
26.70
10.64
34.05
38.29
44.50
28.70
22.02
14.44
27.48
31.34
36.93
35.98
35.38
36.28
36.28
35.37
11.57
23.41
30.56
32.28
34.78
28.40
38.23
1.86
30.22
25.87
11.86
1.40
11.22
21.52
21.52
26.50
29.10
29.96
28.26
27.55
20.69
-0.23
18.07
29.39
38.02

Fines content
(%)
0.00
0.00
0.00
0.00
0.91
1.56
2.23
1.16
0.98
0.59
0.46
1.16
2.15
2.67
0.99
0.00
0.00
0.00
0.52
1.40
1.55
2.16
2.71
3.05
3.78
3.52
3.82
3.17
3.62
3.93
3.51
2.68
1.27
0.32
0.00
0.81
2.50
4.29
5.13
5.56
4.69
3.80
3.48
3.69
2.77
0.81
0.00
0.00

Unit weight
(pcf)

131.51
133.04
133.06
130.76
133.33
134.92
136.71
136.27
136.65
136.71
135.95
136.17
135.43
134.61
130.79
128.55
127.34
129.78
132.68
135.74
137.28
137.28
137.28
137.28
137.28
137.05
136.49
135.30
135.35
135.90
135.74
135.04
133.77
132.63
131.60
131.77
132.80
133.55
133.67
133.18
131.53
130.48
129.95
130.24
128.45
124.43
121.16
122.58
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

Depth

(ft)

35.52
35.60
35.68
35.76
35.84
35.93
36.01
36.09
36.17
36.25
36.34
36.42
36.50
36.58
36.66
36.75
36.83
36.91
36.99
37.07
37.16
37.24
37.32
37.40
37.48
37.57
37.65
37.73
37.81
37.89
37.98
38.06
38.14
38.22
38.30
38.39
38.47
38.55
38.63
38.71
38.80
38.88
38.96
39.04
39.12
39.21
39.29
39.37

Qe
(tsf)
297.59
284.47
273.50
299.91
349.35
371.16
416.19
435.62
411.36
380.38
393.80
393.80
347.65
346.92
310.15
358.14
362.35
419.91
400.95
278.20
401.93
419.15
489.16
338.29
320.17
292.98
341.79
397.44
357.67
424.07
434.61
520.01
239.87
260.18
287.80
202.21
171.67
135.24
122.81
106.87
106.87
97.17
95.56
96.19
93.28
92.05
89.66
87.56

fs
(tsf)
1.34
141
1.47
1.79
3.32
3.29
3.30
3.30
5.18
3.05
5.35
2.51
2.92
3.00
3.83
5.27
4.47
3.67
3.30
2.92
3.13
4.86
4.16
3.73
3.83
6.41
6.64
7.59
8.22
8.86
9.86
6.73
6.22
5.71
6.43
5.94
5.94
5.86
5.19
4.69
4.09
3.68
3.38
3.26
3.09
3.06
3.20
3.91

u
(tsf)
32.79
37.13
32.74
36.59
35.34
37.42
36.20
25.36
14.27
5.89
19.42
19.42
-0.72
25.20
33.43
34.74
36.30
42.05
25.97
-7.98
41.52
41.63
41.76
39.57
39.68
40.40
40.77
38.20
40.76
35.21
32.81
43.81
28.16
34.33
37.05
33.35
80.66
126.21
225.59
415.18
415.18
446.58
201.13
136.65
196.76
283.59
262.87
422.43

Fines content
(%)
0.66
1.35
1.69
2.47
2.71
2.57
1.97
2.51
2.65
3.82
2.82
3.01
2.23
3.63
4.73
5.27
4.16
2.98
2.92
2.79
3.41
241
3.08
3.40
6.41
7.73
8.28
8.17
8.00
8.32
6.37
7.26
7.71
11.20
11.83
14.03
18.59

21.57
24.04
24.09
24.22
23.90
24.09
23.98
23.78
24.12
25.44
26.17

Unit weight
(pcf)

125.09
126.57
127.32
130.01
132.04
133.51
133.67
135.02
134.79
135.90
134.26
134.10
132.21
133.08
134.69
135.56
135.72
134.65
133.40
132.95
134.12
135.34
135.57
134.75
135.58
136.97
137.28
137.28
137.28
137.28
137.28
137.28
137.28
137.12
136.89
136.68
135.81
135.10
134.18
133.15
132.15
131.23
130.55
130.05
129.79
129.70
130.30
130.75
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Field input data :: (continued)

Point ID

481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512

Depth
(ft)
39.45
39.53
39.62
39.70
39.78
39.86
39.94
40.03
40.11
40.19
40.27
40.35
40.44
40.52
40.60
40.68
40.76
40.85
40.93
41.01
41.09
41.17
41.26
41.34
41.42
41.50
41.58
41.67
41.75
41.83
41.91
41.99

Abbreviations

Depth:

qct

fs:

u:

Fines content:
Unit weight:

Qe
(tsf)
90.14
111.57
164.09
210.46
212.88
192.59
161.65
138.71
125.79
105.25
95.39
98.87
108.29
125.03
123.56
109.89
92.91
90.21
91.82
98.25
97.67
96.99
89.72
84.82
85.22
101.44
117.15
124.42
130.13
535.63
550.55
616.17

fs
(tsf)
3.69
3.67
3.60
3.27
2.94
3.08
3.56
3.26
3.49
3.64
3.63
3.60
3.16
3.08
3.13
3.18
3.31
3.42
3.09
2.92
2.81
2.85
2.92
2.86
2.65
6.36
7.73
9.16
0.00
0.00
0.00
0.00

u
(tsf)
494.74
456.94
303.68
-0.57
-7.54
-9.63
-10.03
-7.63
13.68
145.79
529.95
478.50
399.49
231.25
78.24
83.42
236.55
318.34
331.35
185.18
190.83
140.44
71.93
92.27
223.91
204.20
123.83
58.79
113.80
40.14
68.02
78.54

Fines content
(%)
24.65
19.34
13.90
10.44
9.43
10.93
13.54
16.63
19.52
22.21
23.84
22.79
20.42
18.75
18.96
21.29
23.91
25.04
24.14
22.88
22.37
23.20
24.53
25.24
28.60
30.65
32.72
25.79
6.21
N/A
N/A
N/A

Depth from free surface, at which CPT was performed (ft)

Measured cone resistance (tsf)
Sleeve friction resistance (tsf)

Pore pressure (tsf)

Percentage of fines in soil (%)

Bulk soil unit weight (pcf)

Unit weight
(pcf)

131.26
131.59
131.93
131.83
131.53
131.56
131.45
131.39
131.11
131.12
131.04
130.77
130.55
130.33
130.32
130.28
130.26
130.08
129.82
129.38
129.20
129.11
129.02
128.76
131.39
134.17
136.85
134.70
132.04
87.36

87.36

87.36
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition

1 0.08 0.00 0.00 0.00 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

2 0.16 0.01 0.00 0.01 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

3 0.25 0.01 0.00 0.01 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

4 0.33 0.02 0.00 0.02 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

5 0.41 0.02 0.00 0.02 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

6 0.49 0.03 0.00 0.03 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

7 0.57 0.03 0.00 0.03 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

8 0.66 0.04 0.00 0.04 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No

9 0.74 0.04 0.00 0.04 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
10 0.82 0.05 0.00 0.05 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
11 0.90 0.05 0.00 0.05 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
12 0.98 0.06 0.00 0.06 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
13 1.07 0.06 0.00 0.06 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
14 1.15 0.07 0.00 0.07 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
15 1.23 0.07 0.00 0.07 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
16 1.31 0.08 0.00 0.08 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
17 1.39 0.08 0.00 0.08 1.00 0.351 1.15 0.305 1.00 1.00 2.000 No
18 1.48 0.09 0.00 0.09 1.00 0.350 1.15 0.305 1.00 1.00 2.000 No
19 1.56 0.09 0.00 0.09 1.00 0.350 1.15 0.305 1.00 1.00 2.000 No
20 1.64 0.10 0.00 0.10 1.00 0.350 1.15 0.305 1.00 1.00 2.000 No
21 1.72 0.10 0.00 0.10 1.00 0.350 1.15 0.305 1.00 1.00 2.000 No
22 1.80 0.11 0.00 0.11 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
23 1.89 0.11 0.00 0.11 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
24 1.97 0.12 0.00 0.12 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
25 2.05 0.12 0.00 0.12 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
26 2.13 0.13 0.00 0.13 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
27 2.21 0.13 0.00 0.13 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
28 2.30 0.14 0.00 0.14 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
29 2.38 0.14 0.00 0.14 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
30 2.46 0.15 0.00 0.15 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
31 2.54 0.15 0.00 0.15 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
32 2.62 0.16 0.00 0.16 1.00 0.350 1.15 0.304 1.00 1.00 2.000 No
33 2.71 0.16 0.00 0.16 1.00 0.349 1.15 0.304 1.00 1.00 2.000 No
34 2.79 0.17 0.00 0.17 1.00 0.349 1.15 0.304 1.00 1.00 2.000 No
35 2.87 0.17 0.00 0.17 1.00 0.349 1.15 0.304 1.00 1.00 2.000 No
36 2.95 0.18 0.00 0.18 1.00 0.349 1.15 0.304 1.00 1.00 2.000 No
37 3.03 0.18 0.00 0.18 0.99 0.349 1.15 0.304 1.00 1.00 2.000 No
38 3.12 0.19 0.00 0.19 0.99 0.349 1.15 0.304 1.00 1.00 2.000 No
39 3.20 0.19 0.00 0.19 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
40 3.28 0.20 0.00 0.20 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
41 3.36 0.20 0.00 0.20 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
42 3.44 0.21 0.00 0.21 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
43 3.53 0.21 0.00 0.21 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
44 3.61 0.22 0.00 0.22 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
45 3.69 0.22 0.00 0.22 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
46 3.77 0.23 0.00 0.23 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
47 3.85 0.23 0.00 0.23 0.99 0.349 1.15 0.303 1.00 1.00 2.000 No
48 3.94 0.24 0.00 0.24 0.99 0.348 1.15 0.303 1.00 1.00 2.000 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
49 4.02 0.24 0.00 0.24 0.99 0.349 1.15 0.304 1.00 1.00 0.304 No
50 4.10 0.24 0.00 0.24 0.99 0.353 1.15 0.307 1.00 1.00 0.307 No
51 4.18 0.25 0.01 0.24 0.99 0.356 1.15 0.310 1.00 1.00 0.310 No
52 4.27 0.25 0.01 0.25 0.99 0.360 1.15 0.313 1.00 1.00 0.313 No
53 4.35 0.26 0.01 0.25 0.99 0.363 1.15 0.316 1.00 1.00 0.316 No
54 4.43 0.26 0.01 0.25 0.99 0.367 1.15 0.319 1.00 1.00 0.319 No
55 4.51 0.27 0.02 0.25 0.99 0.370 1.15 0.322 1.00 1.00 0.322 No
56 4.59 0.27 0.02 0.25 0.99 0.373 1.15 0.325 1.00 1.00 0.325 No
57 4.68 0.28 0.02 0.26 0.99 0.376 1.15 0.327 1.00 1.00 0.327 No
58 4.76 0.28 0.02 0.26 0.99 0.380 1.15 0.330 1.00 1.00 0.330 No
59 4.84 0.29 0.03 0.26 0.99 0.383 1.15 0.333 1.00 1.00 0.333 No
60 4.92 0.29 0.03 0.26 0.99 0.386 1.15 0.335 1.00 1.00 0.335 No
61 5.00 0.30 0.03 0.26 0.99 0.389 1.15 0.338 1.00 1.00 0.338 No
62 5.09 0.30 0.03 0.27 0.99 0.392 1.15 0.341 1.00 1.00 0.341 No
63 5.17 0.30 0.04 0.27 0.99 0.395 1.15 0.343 1.00 1.00 0.343 No
64 5.25 0.31 0.04 0.27 0.99 0.397 1.15 0.346 1.00 1.00 0.346 No
65 5.33 0.31 0.04 0.27 0.99 0.400 1.15 0.348 1.00 1.00 0.348 No
66 5.41 0.32 0.04 0.27 0.99 0.403 1.15 0.350 1.00 1.00 0.350 No
67 5.50 0.32 0.05 0.28 0.99 0.406 1.15 0.353 1.00 1.00 0.353 No
68 5.58 0.33 0.05 0.28 0.99 0.409 1.15 0.355 1.00 1.00 0.355 No
69 5.66 0.33 0.05 0.28 0.99 0.411 1.15 0.358 1.00 1.00 0.358 No
70 5.74 0.34 0.05 0.28 0.99 0.414 1.15 0.360 1.00 1.00 0.360 No
71 5.82 0.34 0.06 0.28 0.99 0.416 1.15 0.362 1.00 1.00 0.362 No
72 5.91 0.35 0.06 0.29 0.99 0.419 1.15 0.364 1.00 1.00 0.364 No
73 5.99 0.35 0.06 0.29 0.99 0.422 1.15 0.367 1.00 1.00 0.367 No
74 6.07 0.35 0.06 0.29 0.99 0.424 1.15 0.369 1.00 1.00 0.369 No
75 6.15 0.36 0.07 0.29 0.99 0.427 1.15 0.371 1.00 1.00 0.371 No
76 6.23 0.36 0.07 0.29 0.99 0.429 1.15 0.373 1.00 1.00 0.373 No
77 6.32 0.37 0.07 0.30 0.99 0.431 1.15 0.375 1.00 1.00 0.375 No
78 6.40 0.37 0.07 0.30 0.99 0.434 1.15 0.377 1.00 1.00 0.377 No
79 6.48 0.38 0.08 0.30 0.99 0.436 1.15 0.379 1.00 1.00 0.379 No
80 6.56 0.38 0.08 0.30 0.99 0.438 1.15 0.381 1.00 1.00 0.381 No
81 6.64 0.38 0.08 0.30 0.99 0.441 1.15 0.383 1.00 1.00 0.383 No
82 6.73 0.39 0.09 0.30 0.99 0.443 1.15 0.385 1.00 1.00 0.385 No
83 6.81 0.39 0.09 0.31 0.99 0.445 1.15 0.387 1.00 1.00 0.387 No
84 6.89 0.40 0.09 0.31 0.99 0.448 1.15 0.389 1.00 1.00 0.389 No
85 6.97 0.40 0.09 0.31 0.99 0.450 1.15 0.391 1.00 1.00 0.391 No
86 7.05 0.41 0.10 0.31 0.99 0.452 1.15 0.393 1.00 1.00 0.393 No
87 7.14 0.41 0.10 0.31 0.99 0.454 1.15 0.395 1.00 1.00 0.395 No
88 7.22 0.41 0.10 0.31 0.99 0.457 1.15 0.397 1.00 1.00 0.397 No
89 7.30 0.42 0.10 0.31 0.99 0.459 1.15 0.399 1.00 1.00 0.399 No
90 7.38 0.42 0.11 0.32 0.98 0.461 1.15 0.401 1.00 1.00 0.401 No
91 7.46 0.43 0.11 0.32 0.98 0.463 1.15 0.403 1.00 1.00 0.403 No
92 7.55 0.43 0.11 0.32 0.98 0.465 1.15 0.405 1.00 1.00 0.405 No
93 7.63 0.43 0.11 0.32 0.98 0.468 1.15 0.407 1.00 1.00 0.407 No
94 7.71 0.44 0.12 0.32 0.98 0.470 1.15 0.408 1.00 1.00 0.408 No
95 7.79 0.44 0.12 0.32 0.98 0.472 1.15 0.410 1.00 1.00 0.410 No
96 7.87 0.44 0.12 0.32 0.98 0.474 1.15 0.412 1.00 1.00 0.412 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition

97 7.96 0.45 0.12 0.32 0.98 0.476 1.15 0.414 1.00 1.00 0.414 No

98 8.04 0.45 0.13 0.33 0.98 0.479 1.15 0.416 1.00 1.00 0.416 No

99 8.12 0.46 0.13 0.33 0.98 0.481 1.15 0.418 1.00 1.00 0.418 No
100 8.20 0.46 0.13 0.33 0.98 0.483 1.15 0.420 1.00 1.00 0.420 No
101 8.28 0.46 0.13 0.33 0.98 0.485 1.15 0.422 1.00 1.00 0.422 No
102 8.37 0.47 0.14 0.33 0.98 0.487 1.15 0.423 1.00 1.00 0.423 No
103 8.45 0.47 0.14 0.33 0.98 0.489 1.15 0.425 1.00 1.00 0.425 No
104 8.53 0.47 0.14 0.33 0.98 0.491 1.15 0.427 1.00 1.00 0.427 No
105 8.61 0.48 0.14 0.33 0.98 0.493 1.15 0.429 1.00 1.00 0.429 No
106 8.69 0.48 0.15 0.34 0.98 0.495 1.15 0.431 1.00 1.00 0.431 No
107 8.78 0.49 0.15 0.34 0.98 0.497 1.15 0.432 1.00 1.00 0.432 No
108 8.86 0.49 0.15 0.34 0.98 0.499 1.15 0.434 1.00 1.00 0.434 No
109 8.94 0.49 0.15 0.34 0.98 0.501 1.15 0.436 1.00 1.00 0.436 No
110 9.02 0.50 0.16 0.34 0.98 0.503 1.15 0.438 1.00 1.00 0.438 No
111 9.10 0.50 0.16 0.34 0.98 0.505 1.15 0.439 1.00 1.00 0.439 No
112 9.19 0.50 0.16 0.34 0.98 0.507 1.15 0.441 1.00 1.00 0.441 No
113 9.27 0.51 0.16 0.34 0.98 0.509 1.15 0.443 1.00 1.00 0.443 No
114 9.35 0.51 0.17 0.34 0.98 0.511 1.15 0.444 1.00 1.00 0.444 No
115 9.43 0.52 0.17 0.35 0.98 0.513 1.15 0.446 1.00 1.00 0.446 No
116 9.51 0.52 0.17 0.35 0.98 0.514 1.15 0.447 1.00 1.00 0.447 No
117 9.60 0.52 0.17 0.35 0.98 0.516 1.15 0.448 1.00 1.00 0.448 No
118 9.68 0.53 0.18 0.35 0.98 0.517 1.15 0.450 1.00 1.00 0.450 No
119 9.76 0.53 0.18 0.35 0.98 0.519 1.15 0.451 1.00 1.00 0.451 No
120 9.84 0.54 0.18 0.35 0.98 0.521 1.15 0.453 1.00 1.00 0.453 No
121 9.92 0.54 0.18 0.36 0.98 0.522 1.15 0.454 1.00 1.00 0.454 No
122 10.01 0.55 0.19 0.36 0.98 0.524 1.15 0.455 1.00 1.00 0.455 No
123 10.09 0.55 0.19 0.36 0.98 0.525 1.15 0.457 1.00 1.00 0.457 No
124 10.17 0.55 0.19 0.36 0.98 0.527 1.15 0.458 1.00 1.00 0.458 No
125 10.25 0.56 0.20 0.36 0.98 0.529 1.15 0.460 1.00 1.00 0.460 No
126 10.33 0.56 0.20 0.36 0.98 0.530 1.15 0.461 1.00 1.00 0.461 No
127 10.42 0.57 0.20 0.36 0.98 0.532 1.15 0.462 1.00 1.00 0.462 No
128 10.50 0.57 0.20 0.37 0.98 0.533 1.15 0.464 1.00 1.00 0.464 No
129 10.58 0.57 0.21 0.37 0.98 0.535 1.15 0.465 1.00 1.00 0.465 No
130 10.66 0.58 0.21 0.37 0.98 0.536 1.15 0.466 1.00 1.00 0.466 No
131 10.74 0.58 0.21 0.37 0.98 0.538 1.15 0.468 1.00 1.00 0.468 No
132 10.83 0.59 0.21 0.37 0.98 0.539 1.15 0.469 1.00 1.00 0.469 No
133 10.91 0.59 0.22 0.37 0.98 0.541 1.15 0.470 1.00 1.00 0.470 No
134 10.99 0.59 0.22 0.38 0.98 0.542 1.15 0.471 1.00 1.00 0.471 No
135 11.07 0.60 0.22 0.38 0.98 0.543 1.15 0.472 1.00 1.00 0.472 No
136 11.15 0.60 0.22 0.38 0.98 0.545 1.15 0.474 1.00 1.00 0.474 No
137 11.24 0.61 0.23 0.38 0.98 0.546 1.15 0.475 1.00 1.00 0.475 No
138 11.32 0.61 0.23 0.38 0.98 0.547 1.15 0.476 1.00 1.00 0.476 No
139 11.40 0.62 0.23 0.38 0.98 0.548 1.15 0.477 1.00 1.00 0.477 No
140 11.48 0.62 0.23 0.39 0.98 0.550 1.15 0.478 1.00 1.00 0.478 No
141 11.56 0.62 0.24 0.39 0.98 0.551 1.15 0.479 1.00 1.00 0.479 No
142 11.65 0.63 0.24 0.39 0.98 0.552 1.15 0.480 1.00 1.00 0.480 No
143 11.73 0.63 0.24 0.39 0.98 0.553 1.15 0.481 1.00 1.00 0.481 No
144 11.81 0.64 0.24 0.39 0.98 0.554 1.15 0.482 1.00 1.00 0.482 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
145 11.89 0.64 0.25 0.40 0.98 0.555 1.15 0.482 1.00 1.00 0.482 No
146 11.98 0.65 0.25 0.40 0.97 0.556 1.15 0.483 1.00 1.00 0.483 No
147 12.06 0.65 0.25 0.40 0.97 0.557 1.15 0.484 1.00 1.00 0.484 No
148 12.14 0.66 0.25 0.40 0.97 0.558 1.15 0.485 1.00 1.00 0.485 No
149 12.22 0.66 0.26 0.40 0.97 0.559 1.15 0.486 1.00 1.00 0.486 No
150 12.30 0.67 0.26 0.41 0.97 0.560 1.15 0.487 1.00 1.00 0.487 No
151 12.39 0.67 0.26 0.41 0.97 0.561 1.15 0.488 1.00 1.00 0.488 No
152 12.47 0.67 0.26 0.41 0.97 0.562 1.15 0.488 1.00 1.00 0.488 No
153 12.55 0.68 0.27 0.41 0.97 0.563 1.15 0.489 1.00 1.00 0.489 No
154 12.63 0.68 0.27 0.41 0.97 0.564 1.15 0.490 1.00 1.00 0.490 No
155 12.71 0.69 0.27 0.42 0.97 0.565 1.15 0.491 1.00 1.00 0.491 No
156 12.80 0.69 0.27 0.42 0.97 0.565 1.15 0.492 1.00 1.00 0.492 No
157 12.88 0.70 0.28 0.42 0.97 0.566 1.15 0.492 1.00 1.00 0.492 No
158 12.96 0.70 0.28 0.42 0.97 0.567 1.15 0.493 1.00 1.00 0.493 No
159 13.04 0.71 0.28 0.42 0.97 0.568 1.15 0.494 1.00 1.00 0.494 No
160 13.12 0.71 0.28 0.43 0.97 0.569 1.15 0.495 1.00 1.00 0.495 No
161 13.21 0.72 0.29 0.43 0.97 0.570 1.15 0.496 1.00 1.00 0.496 No
162 13.29 0.72 0.29 0.43 0.97 0.571 1.15 0.496 1.00 1.00 0.496 No
163 13.37 0.73 0.29 0.43 0.97 0.572 1.15 0.497 1.00 1.00 0.497 No
164 13.45 0.73 0.29 0.43 0.97 0.573 1.15 0.498 1.00 1.00 0.498 No
165 13.53 0.73 0.30 0.44 0.97 0.573 1.15 0.499 1.00 1.00 0.499 No
166 13.62 0.74 0.30 0.44 0.97 0.574 1.15 0.499 1.00 1.00 0.499 No
167 13.70 0.74 0.30 0.44 0.97 0.575 1.15 0.500 1.00 1.00 0.500 No
168 13.78 0.75 0.31 0.44 0.97 0.576 1.15 0.501 1.00 1.00 0.501 No
169 13.86 0.75 0.31 0.44 0.97 0.577 1.15 0.502 1.00 1.00 0.502 No
170 13.94 0.76 0.31 0.45 0.97 0.578 1.15 0.502 1.00 1.00 0.502 No
171 14.03 0.76 0.31 0.45 0.97 0.579 1.15 0.503 1.00 1.00 0.503 No
172 14.11 0.77 0.32 0.45 0.97 0.579 1.15 0.504 1.00 1.00 0.504 No
173 14.19 0.77 0.32 0.45 0.97 0.580 1.15 0.504 1.00 1.00 0.504 No
174 14.27 0.77 0.32 0.45 0.97 0.581 1.15 0.505 1.00 1.00 0.505 No
175 14.35 0.78 0.32 0.46 0.97 0.582 1.15 0.506 1.00 1.00 0.506 No
176 14.44 0.78 0.33 0.46 0.97 0.582 1.15 0.506 1.00 1.00 0.506 No
177 14.52 0.79 0.33 0.46 0.97 0.583 1.15 0.507 1.00 1.00 0.507 No
178 14.60 0.79 0.33 0.46 0.97 0.584 1.15 0.507 1.00 1.00 0.507 No
179 14.68 0.80 0.33 0.46 0.97 0.584 1.15 0.508 1.00 1.00 0.508 No
180 14.76 0.80 0.34 0.47 0.97 0.585 1.15 0.509 1.00 1.00 0.509 No
181 14.85 0.81 0.34 0.47 0.97 0.586 1.15 0.509 1.00 1.00 0.509 No
182 14.93 0.81 0.34 0.47 0.97 0.587 1.15 0.510 1.00 1.00 0.510 No
183 15.01 0.82 0.34 0.47 0.97 0.587 1.15 0.511 1.00 1.00 0.511 No
184 15.09 0.82 0.35 0.47 0.97 0.588 1.15 0.511 1.00 1.00 0.511 No
185 15.17 0.82 0.35 0.48 0.97 0.589 1.15 0.512 1.00 1.00 0.512 No
186 15.26 0.83 0.35 0.48 0.97 0.590 1.15 0.513 1.00 1.00 0.513 No
187 15.34 0.83 0.35 0.48 0.97 0.590 1.15 0.513 1.00 1.00 0.513 No
188 15.42 0.84 0.36 0.48 0.97 0.591 1.15 0.514 1.00 1.00 0.514 No
189 15.50 0.84 0.36 0.48 0.97 0.592 1.15 0.514 1.00 1.00 0.514 No
190 15.58 0.85 0.36 0.49 0.97 0.592 1.15 0.515 1.00 1.00 0.515 No
191 15.67 0.85 0.36 0.49 0.97 0.593 1.15 0.515 1.00 1.00 0.515 No
192 15.75 0.86 0.37 0.49 0.97 0.593 1.15 0.516 1.00 1.00 0.516 No
CLiqg v.3.5.3.15 - CPT Liquefaction Assessment Software - Report created on: 4/17/2025, 1:53:31 PM 22

Project file: C:\Users\anthony.coyne\OneDrive - Otto Rosenau\Geotech\F\Fire Station 32 Monr_24-0267\Liquefaction Analysis\Fire Station 32 - CPT Liq 2025-04-16.clq

E-23



This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
193 15.83 0.86 0.37 0.49 0.97 0.594 1.15 0.516 1.00 1.00 0.516 No
194 15.91 0.87 0.37 0.49 0.97 0.595 1.15 0.517 1.00 1.00 0.517 No
195 15.99 0.87 0.37 0.50 0.97 0.595 1.15 0.517 1.00 1.00 0.517 No
196 16.08 0.87 0.38 0.50 0.97 0.596 1.15 0.518 1.00 1.00 0.518 No
197 16.16 0.88 0.38 0.50 0.97 0.596 1.15 0.518 1.00 1.00 0.518 No
198 16.24 0.88 0.38 0.50 0.97 0.597 1.15 0.519 1.00 1.00 0.519 No
199 16.32 0.89 0.38 0.50 0.97 0.598 1.15 0.520 1.00 1.00 0.520 No
200 16.40 0.89 0.39 0.51 0.97 0.598 1.15 0.520 1.00 1.00 0.520 No
201 16.49 0.90 0.39 0.51 0.97 0.599 1.15 0.521 1.00 1.00 0.521 No
202 16.57 0.90 0.39 0.51 0.97 0.599 1.15 0.521 1.00 1.00 0.521 No
203 16.65 0.91 0.39 0.51 0.96 0.600 1.15 0.522 1.00 1.00 0.522 No
204 16.73 0.91 0.40 0.51 0.96 0.601 1.15 0.522 1.00 1.00 0.522 No
205 16.81 0.92 0.40 0.52 0.96 0.601 1.15 0.523 1.00 1.00 0.523 No
206 16.90 0.92 0.40 0.52 0.96 0.602 1.15 0.523 1.00 1.00 0.523 No
207 16.98 0.92 0.40 0.52 0.96 0.602 1.15 0.523 1.00 1.00 0.523 No
208 17.06 0.93 0.41 0.52 0.96 0.603 1.15 0.524 1.00 1.00 0.524 No
209 17.14 0.93 0.41 0.52 0.96 0.603 1.15 0.524 1.00 1.00 0.524 No
210 17.22 0.94 0.41 0.53 0.96 0.604 1.15 0.525 1.00 1.00 0.525 No
211 17.31 0.94 0.42 0.53 0.96 0.604 1.15 0.525 1.00 1.00 0.525 No
212 17.39 0.95 0.42 0.53 0.96 0.604 1.15 0.525 1.00 1.00 0.525 No
213 17.47 0.95 0.42 0.53 0.96 0.605 1.15 0.526 1.00 1.00 0.526 No
214 17.55 0.96 0.42 0.54 0.96 0.605 1.15 0.526 1.00 1.00 0.526 No
215 17.63 0.96 0.43 0.54 0.96 0.605 1.15 0.526 1.00 1.00 0.526 No
216 17.72 0.97 0.43 0.54 0.96 0.606 1.15 0.527 1.00 1.00 0.527 No
217 17.80 0.97 0.43 0.54 0.96 0.606 1.15 0.527 1.00 1.00 0.527 No
218 17.88 0.98 0.43 0.54 0.96 0.606 1.15 0.527 1.00 1.00 0.527 No
219 17.96 0.98 0.44 0.55 0.96 0.607 1.15 0.528 1.00 1.00 0.528 No
220 18.04 0.99 0.44 0.55 0.96 0.607 1.15 0.528 1.00 1.00 0.528 No
221 18.13 0.99 0.44 0.55 0.96 0.607 1.15 0.528 1.00 1.00 0.528 No
222 18.21 1.00 0.44 0.55 0.96 0.608 1.15 0.528 1.00 1.00 0.528 No
223 18.29 1.00 0.45 0.56 0.96 0.608 1.15 0.529 1.00 1.00 0.529 No
224 18.37 1.01 0.45 0.56 0.96 0.608 1.15 0.529 1.00 1.00 0.529 No
225 18.45 1.01 0.45 0.56 0.96 0.609 1.15 0.529 1.00 1.00 0.529 No
226 18.54 1.02 0.45 0.56 0.96 0.609 1.15 0.529 1.00 1.00 0.529 No
227 18.62 1.02 0.46 0.57 0.96 0.609 1.15 0.530 1.00 1.00 0.530 No
228 18.70 1.03 0.46 0.57 0.96 0.609 1.15 0.530 1.00 1.00 0.530 No
229 18.78 1.03 0.46 0.57 0.96 0.610 1.15 0.530 1.00 1.00 0.530 No
230 18.86 1.04 0.46 0.57 0.96 0.610 1.15 0.530 1.00 1.00 0.530 No
231 18.95 1.04 0.47 0.57 0.96 0.610 1.15 0.530 1.00 1.00 0.530 No
232 19.03 1.05 0.47 0.58 0.96 0.610 1.15 0.531 1.00 1.00 0.531 No
233 19.11 1.05 0.47 0.58 0.96 0.611 1.15 0.531 1.00 1.00 0.531 No
234 19.19 1.06 0.47 0.58 0.96 0.611 1.15 0.531 1.00 1.00 0.531 No
235 19.27 1.06 0.48 0.58 0.96 0.611 1.15 0.531 1.00 1.00 0.531 No
236 19.36 1.07 0.48 0.59 0.96 0.611 1.15 0.531 1.00 1.00 0.531 No
237 19.44 1.07 0.48 0.59 0.96 0.612 1.15 0.532 1.00 1.00 0.532 No
238 19.52 1.08 0.48 0.59 0.96 0.612 1.15 0.532 1.00 1.00 0.532 No
239 19.60 1.08 0.49 0.59 0.96 0.612 1.15 0.532 1.00 1.00 0.532 No
240 19.69 1.08 0.49 0.60 0.96 0.613 1.15 0.533 1.00 1.00 0.533 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
241 19.77 1.09 0.49 0.60 0.96 0.613 1.15 0.533 1.00 1.00 0.533 No
242 19.85 1.09 0.49 0.60 0.96 0.613 1.15 0.533 1.00 1.00 0.533 No
243 19.93 1.10 0.50 0.60 0.96 0.614 1.15 0.534 1.00 1.00 0.534 No
244 20.01 1.10 0.50 0.60 0.96 0.614 1.15 0.534 1.00 1.00 0.534 No
245 20.10 1.11 0.50 0.60 0.96 0.615 1.15 0.534 1.00 1.00 0.534 No
246 20.18 1.11 0.50 0.61 0.96 0.615 1.15 0.535 1.00 1.00 0.535 No
247 20.26 1.12 0.51 0.61 0.96 0.616 1.15 0.535 1.00 1.00 0.535 No
248 20.34 1.12 0.51 0.61 0.96 0.616 1.15 0.536 1.00 1.00 0.536 No
249 20.42 1.12 0.51 0.61 0.96 0.616 1.15 0.536 1.00 1.00 0.536 No
250 20.51 1.13 0.51 0.61 0.96 0.617 1.15 0.536 1.00 1.00 0.536 No
251 20.59 1.13 0.52 0.62 0.96 0.617 1.15 0.537 1.00 1.00 0.537 No
252 20.67 1.14 0.52 0.62 0.96 0.618 1.15 0.537 1.00 1.00 0.537 No
253 20.75 1.14 0.52 0.62 0.95 0.618 1.15 0.537 1.00 1.00 0.537 No
254 20.83 1.15 0.53 0.62 0.95 0.619 1.15 0.538 1.00 1.00 0.538 No
255 20.92 1.15 0.53 0.62 0.95 0.619 1.15 0.538 1.00 1.00 0.538 No
256 21.00 1.15 0.53 0.62 0.95 0.620 1.15 0.539 1.00 1.00 0.539 No
257 21.08 1.16 0.53 0.63 0.95 0.620 1.15 0.539 1.00 1.00 0.539 No
258 21.16 1.16 0.54 0.63 0.95 0.621 1.15 0.540 1.00 1.00 0.540 No
259 21.24 1.17 0.54 0.63 0.95 0.621 1.15 0.540 1.00 1.00 0.540 No
260 21.33 1.17 0.54 0.63 0.95 0.622 1.15 0.541 1.00 1.00 0.541 No
261 21.41 1.17 0.54 0.63 0.95 0.623 1.15 0.541 1.00 1.00 0.541 No
262 21.49 1.18 0.55 0.63 0.95 0.623 1.15 0.542 1.00 1.00 0.542 No
263 21.57 1.18 0.55 0.63 0.95 0.624 1.15 0.542 1.00 1.00 0.542 No
264 21.65 1.19 0.55 0.63 0.95 0.624 1.15 0.543 1.00 1.00 0.543 No
265 21.74 1.19 0.55 0.64 0.95 0.625 1.15 0.543 1.00 1.00 0.543 No
266 21.82 1.19 0.56 0.64 0.95 0.625 1.15 0.544 1.00 1.00 0.544 No
267 21.90 1.20 0.56 0.64 0.95 0.626 1.15 0.544 1.00 1.00 0.544 No
268 21.98 1.20 0.56 0.64 0.95 0.627 1.15 0.545 1.00 1.00 0.545 No
269 22.06 1.21 0.56 0.64 0.95 0.627 1.15 0.545 1.00 1.00 0.545 No
270 22.15 1.21 0.57 0.64 0.95 0.628 1.15 0.546 1.00 1.00 0.546 No
271 22.23 1.21 0.57 0.64 0.95 0.628 1.15 0.546 1.00 1.00 0.546 No
272 22.31 1.22 0.57 0.65 0.95 0.629 1.15 0.547 1.00 1.00 0.547 No
273 22.39 1.22 0.57 0.65 0.95 0.629 1.15 0.547 1.00 1.00 0.547 No
274 22.47 1.22 0.58 0.65 0.95 0.630 1.15 0.548 1.00 1.00 0.548 No
275 22.56 1.23 0.58 0.65 0.95 0.630 1.15 0.548 1.00 1.00 0.548 No
276 22.64 1.23 0.58 0.65 0.95 0.631 1.15 0.548 1.00 1.00 0.548 No
277 22.72 1.24 0.58 0.65 0.95 0.631 1.15 0.549 1.00 1.00 0.549 No
278 22.80 1.24 0.59 0.65 0.95 0.632 1.15 0.549 1.00 1.00 0.549 No
279 22.88 1.24 0.59 0.66 0.95 0.632 1.15 0.550 1.00 1.00 0.550 No
280 22.97 1.25 0.59 0.66 0.95 0.633 1.15 0.550 1.00 1.00 0.550 No
281 23.05 1.25 0.59 0.66 0.95 0.633 1.15 0.550 1.00 1.00 0.550 No
282 23.13 1.26 0.60 0.66 0.95 0.633 1.15 0.551 1.00 1.00 0.551 No
283 23.21 1.26 0.60 0.66 0.95 0.634 1.15 0.551 1.00 1.00 0.551 No
284 23.29 1.27 0.60 0.66 0.95 0.634 1.15 0.551 1.00 1.00 0.551 No
285 23.38 1.27 0.60 0.66 0.95 0.635 1.15 0.552 1.00 1.00 0.552 No
286 23.46 1.27 0.61 0.67 0.95 0.635 1.15 0.552 1.00 1.00 0.552 No
287 23.54 1.28 0.61 0.67 0.95 0.636 1.15 0.553 1.00 1.00 0.553 No
288 23.62 1.28 0.61 0.67 0.95 0.636 1.15 0.553 1.00 1.00 0.553 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
289 23.70 1.29 0.61 0.67 0.95 0.637 1.15 0.554 1.00 1.00 0.554 No
290 23.79 1.29 0.62 0.67 0.95 0.637 1.15 0.554 1.00 1.00 0.554 No
291 23.87 1.29 0.62 0.67 0.95 0.638 1.15 0.554 1.00 1.00 0.554 No
292 23.95 1.30 0.62 0.67 0.95 0.638 1.15 0.555 1.00 1.00 0.555 No
293 24.03 1.30 0.63 0.68 0.95 0.639 1.15 0.555 1.00 1.00 0.555 No
294 24.11 1.30 0.63 0.68 0.94 0.639 1.15 0.556 1.00 1.00 0.556 No
295 24.20 1.31 0.63 0.68 0.94 0.639 1.15 0.556 1.00 1.00 0.556 No
296 24.28 1.31 0.63 0.68 0.94 0.640 1.15 0.556 1.00 1.00 0.556 No
297 24.36 1.32 0.64 0.68 0.94 0.640 1.15 0.557 1.00 1.00 0.557 No
298 24.44 1.32 0.64 0.68 0.94 0.641 1.15 0.557 1.00 1.00 0.557 No
299 24.52 1.32 0.64 0.68 0.94 0.641 1.15 0.558 1.00 1.00 0.558 No
300 24.61 1.33 0.64 0.69 0.94 0.642 1.15 0.558 1.00 1.00 0.558 No
301 24.69 1.33 0.65 0.69 0.94 0.642 1.15 0.558 1.00 1.00 0.558 No
302 24.77 1.34 0.65 0.69 0.94 0.642 1.15 0.559 1.00 1.00 0.559 No
303 24.85 1.34 0.65 0.69 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
304 24.93 1.34 0.65 0.69 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
305 25.02 1.35 0.66 0.69 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
306 25.10 1.35 0.66 0.70 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
307 25.18 1.36 0.66 0.70 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
308 25.26 1.36 0.66 0.70 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
309 25.34 1.37 0.67 0.70 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
310 25.43 1.37 0.67 0.70 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
311 25.51 1.38 0.67 0.71 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
312 25.59 1.38 0.67 0.71 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
313 25.67 1.39 0.68 0.71 0.94 0.643 1.15 0.559 1.00 1.00 0.559 No
314 25.75 1.39 0.68 0.72 0.94 0.642 1.15 0.559 1.00 1.00 0.559 No
315 25.84 1.40 0.68 0.72 0.94 0.642 1.15 0.558 1.00 1.00 0.558 No
316 25.92 1.40 0.68 0.72 0.94 0.642 1.15 0.558 1.00 1.00 0.558 No
317 26.00 1.41 0.69 0.72 0.94 0.642 1.15 0.558 1.00 1.00 0.558 No
318 26.08 1.42 0.69 0.73 0.94 0.642 1.15 0.558 1.00 1.00 0.558 No
319 26.16 1.42 0.69 0.73 0.94 0.641 1.15 0.558 1.00 1.00 0.558 No
320 26.25 1.43 0.69 0.73 0.94 0.641 1.15 0.557 1.00 1.00 0.557 No
321 26.33 1.43 0.70 0.73 0.94 0.641 1.15 0.557 1.00 1.00 0.557 No
322 26.41 1.44 0.70 0.74 0.94 0.641 1.15 0.557 1.00 1.00 0.557 No
323 26.49 1.44 0.70 0.74 0.94 0.641 1.15 0.557 1.00 1.00 0.557 No
324 26.57 1.45 0.70 0.74 0.94 0.641 1.15 0.557 1.00 1.00 0.557 No
325 26.66 1.45 0.71 0.74 0.94 0.640 1.15 0.557 1.00 1.00 0.557 No
326 26.74 1.46 0.71 0.75 0.94 0.640 1.15 0.557 1.00 1.00 0.557 No
327 26.82 1.46 0.71 0.75 0.93 0.640 1.15 0.556 1.00 1.00 0.556 No
328 26.90 1.47 0.71 0.75 0.93 0.640 1.15 0.556 1.00 1.00 0.556 No
329 26.98 1.47 0.72 0.75 0.93 0.640 1.15 0.556 1.00 1.00 0.556 No
330 27.07 1.48 0.72 0.76 0.93 0.639 1.15 0.556 1.00 1.00 0.556 No
331 27.15 1.48 0.72 0.76 0.93 0.639 1.15 0.556 1.00 1.00 0.556 No
332 27.23 1.49 0.72 0.76 0.93 0.639 1.15 0.556 1.00 1.00 0.556 No
333 27.31 1.49 0.73 0.76 0.93 0.639 1.15 0.556 1.00 1.00 0.556 No
334 27.40 1.50 0.73 0.77 0.93 0.639 1.15 0.556 1.00 1.00 0.556 No
335 27.48 1.50 0.73 0.77 0.93 0.639 1.15 0.556 1.00 1.00 0.556 No
336 27.56 1.51 0.74 0.77 0.93 0.639 1.15 0.555 1.00 1.00 0.555 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
337 27.64 1.51 0.74 0.77 0.93 0.639 1.15 0.555 1.00 1.00 0.555 No
338 27.72 1.52 0.74 0.78 0.93 0.639 1.15 0.555 1.00 1.00 0.555 No
339 27.81 1.52 0.74 0.78 0.93 0.639 1.15 0.555 1.00 1.00 0.555 No
340 27.89 1.53 0.75 0.78 0.93 0.638 1.15 0.555 1.00 1.00 0.555 No
341 27.97 1.53 0.75 0.78 0.93 0.638 1.15 0.555 1.00 1.00 0.555 No
342 28.05 1.54 0.75 0.79 0.93 0.638 1.15 0.555 1.00 1.00 0.555 No
343 28.13 1.54 0.75 0.79 0.93 0.638 1.15 0.555 1.00 1.00 0.555 No
344 28.22 1.55 0.76 0.79 0.93 0.638 1.15 0.555 1.00 1.00 0.555 No
345 28.30 1.55 0.76 0.79 0.93 0.638 1.15 0.555 1.00 1.00 0.555 No
346 28.38 1.56 0.76 0.79 0.93 0.638 1.15 0.554 1.00 1.00 0.554 No
347 28.46 1.56 0.76 0.80 0.93 0.637 1.15 0.554 1.00 1.00 0.554 No
348 28.54 1.57 0.77 0.80 0.93 0.637 1.15 0.554 1.00 1.00 0.554 No
349 28.63 1.57 0.77 0.80 0.93 0.637 1.15 0.554 1.00 1.00 0.554 No
350 28.71 1.58 0.77 0.81 0.93 0.637 1.15 0.554 1.00 1.00 0.554 No
351 28.79 1.58 0.77 0.81 0.93 0.637 1.15 0.553 1.00 1.00 0.553 No
352 28.87 1.59 0.78 0.81 0.93 0.636 1.15 0.553 1.00 1.00 0.553 No
353 28.95 1.59 0.78 0.81 0.93 0.636 1.15 0.553 1.00 1.00 0.553 No
354 29.04 1.60 0.78 0.82 0.93 0.636 1.15 0.553 1.00 1.00 0.553 No
355 29.12 1.60 0.78 0.82 0.92 0.636 1.15 0.553 1.00 1.00 0.553 No
356 29.20 1.61 0.79 0.82 0.92 0.635 1.15 0.552 1.00 1.00 0.552 No
357 29.28 1.61 0.79 0.82 0.92 0.635 1.15 0.552 1.00 1.00 0.552 No
358 29.36 1.62 0.79 0.83 0.92 0.635 1.15 0.552 1.00 1.00 0.552 No
359 29.45 1.62 0.79 0.83 0.92 0.635 1.15 0.552 1.00 1.00 0.552 No
360 29.53 1.63 0.80 0.83 0.92 0.635 1.15 0.552 1.00 1.00 0.552 No
361 29.61 1.63 0.80 0.83 0.92 0.634 1.15 0.552 1.00 1.00 0.552 No
362 29.69 1.64 0.80 0.84 0.92 0.634 1.15 0.551 1.00 1.00 0.551 No
363 29.77 1.64 0.80 0.84 0.92 0.634 1.15 0.551 1.00 1.00 0.551 No
364 29.86 1.65 0.81 0.84 0.92 0.634 1.15 0.551 1.00 1.00 0.551 No
365 29.94 1.65 0.81 0.84 0.92 0.633 1.15 0.551 1.00 1.00 0.551 No
366 30.02 1.66 0.81 0.85 0.92 0.633 1.15 0.550 1.00 1.00 0.550 No
367 30.10 1.66 0.81 0.85 0.92 0.633 1.15 0.550 1.00 1.00 0.550 No
368 30.18 1.67 0.82 0.85 0.92 0.632 1.15 0.550 1.00 1.00 0.550 No
369 30.27 1.67 0.82 0.86 0.92 0.632 1.15 0.549 1.00 1.00 0.549 No
370 30.35 1.68 0.82 0.86 0.92 0.632 1.15 0.549 1.00 1.00 0.549 No
371 30.43 1.69 0.82 0.86 0.92 0.631 1.15 0.549 1.00 1.00 0.549 No
372 30.51 1.69 0.83 0.86 0.92 0.631 1.15 0.548 1.00 1.00 0.548 No
373 30.59 1.70 0.83 0.87 0.92 0.631 1.15 0.548 1.00 1.00 0.548 No
374 30.68 1.70 0.83 0.87 0.92 0.630 1.15 0.548 1.00 1.00 0.548 No
375 30.76 1.71 0.83 0.87 0.92 0.630 1.15 0.547 1.00 1.00 0.547 No
376 30.84 1.71 0.84 0.88 0.92 0.629 1.15 0.547 1.00 1.00 0.547 No
377 30.92 1.72 0.84 0.88 0.92 0.629 1.15 0.547 1.00 1.00 0.547 No
378 31.00 1.72 0.84 0.88 0.92 0.628 1.15 0.546 1.00 1.00 0.546 No
379 31.09 1.73 0.85 0.88 0.91 0.628 1.15 0.546 1.00 1.00 0.546 No
380 31.17 1.73 0.85 0.89 0.91 0.628 1.15 0.546 1.00 1.00 0.546 No
381 31.25 1.74 0.85 0.89 0.91 0.627 1.15 0.545 1.00 1.00 0.545 No
382 31.33 1.75 0.85 0.89 0.91 0.627 1.15 0.545 1.00 1.00 0.545 No
383 31.41 1.75 0.86 0.90 0.91 0.627 1.15 0.545 1.00 1.00 0.545 No
384 31.50 1.76 0.86 0.90 0.91 0.626 1.15 0.544 1.00 1.00 0.544 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
385 31.58 1.76 0.86 0.90 0.91 0.626 1.15 0.544 1.00 1.00 0.544 No
386 31.66 1.77 0.86 0.90 0.91 0.625 1.15 0.544 1.00 1.00 0.544 No
387 31.74 1.77 0.87 0.91 0.91 0.625 1.15 0.543 1.00 1.00 0.543 No
388 31.82 1.78 0.87 0.91 0.91 0.625 1.15 0.543 1.00 1.00 0.543 No
389 31.91 1.78 0.87 0.91 0.91 0.624 1.15 0.543 1.00 1.00 0.543 No
390 31.99 1.79 0.87 0.92 0.91 0.624 1.15 0.542 1.00 1.00 0.542 No
391 32.07 1.79 0.88 0.92 0.91 0.623 1.15 0.542 1.00 1.00 0.542 No
392 32.15 1.80 0.88 0.92 0.91 0.623 1.15 0.542 1.00 1.00 0.542 No
393 32.23 1.81 0.88 0.92 0.91 0.623 1.15 0.541 1.00 1.00 0.541 No
394 32.32 1.81 0.88 0.93 0.91 0.622 1.15 0.541 1.00 1.00 0.541 No
395 32.40 1.82 0.89 0.93 0.91 0.622 1.15 0.540 1.00 1.00 0.540 No
396 32.48 1.82 0.89 0.93 0.91 0.621 1.15 0.540 1.00 1.00 0.540 No
397 32.56 1.83 0.89 0.94 0.91 0.621 1.15 0.540 1.00 1.00 0.540 No
398 32.64 1.83 0.89 0.94 0.91 0.620 1.15 0.539 1.00 1.00 0.539 No
399 32.73 1.84 0.90 0.94 0.91 0.620 1.15 0.539 1.00 1.00 0.539 No
400 32.81 1.84 0.90 0.95 0.90 0.620 1.15 0.539 1.00 1.00 0.539 No
401 32.89 1.85 0.90 0.95 0.90 0.619 1.15 0.538 1.00 1.00 0.538 No
402 32.97 1.85 0.90 0.95 0.90 0.619 1.15 0.538 1.00 1.00 0.538 No
403 33.05 1.86 0.91 0.95 0.90 0.618 1.15 0.538 1.00 1.00 0.538 No
404 33.14 1.87 0.91 0.96 0.90 0.618 1.15 0.537 1.00 1.00 0.537 No
405 33.22 1.87 0.91 0.96 0.90 0.618 1.15 0.537 1.00 1.00 0.537 No
406 33.30 1.88 0.91 0.96 0.90 0.617 1.15 0.537 1.00 1.00 0.537 No
407 33.38 1.88 0.92 0.97 0.90 0.617 1.15 0.536 1.00 1.00 0.536 No
408 33.46 1.89 0.92 0.97 0.90 0.616 1.15 0.536 1.00 1.00 0.536 No
409 33.55 1.89 0.92 0.97 0.90 0.616 1.15 0.535 1.00 1.00 0.535 No
410 33.63 1.90 0.92 0.98 0.90 0.615 1.15 0.535 1.00 1.00 0.535 No
411 33.71 1.91 0.93 0.98 0.90 0.615 1.15 0.534 1.00 1.00 0.534 No
412 33.79 1.91 0.93 0.98 0.90 0.614 1.15 0.534 1.00 1.00 0.534 No
413 33.87 1.92 0.93 0.98 0.90 0.614 1.15 0.534 1.00 1.00 0.534 No
414 33.96 1.92 0.93 0.99 0.90 0.613 1.15 0.533 1.00 1.00 0.533 No
415 34.04 1.93 0.94 0.99 0.90 0.613 1.15 0.533 1.00 1.00 0.533 No
416 34.12 1.93 0.94 0.99 0.90 0.612 1.15 0.532 1.00 1.00 0.532 No
417 34.20 1.94 0.94 1.00 0.90 0.612 1.15 0.532 1.00 1.00 0.532 No
418 34.28 1.94 0.94 1.00 0.90 0.612 1.15 0.532 1.00 1.00 0.532 No
419 34.37 1.95 0.95 1.00 0.89 0.611 1.15 0.531 1.00 1.00 0.531 No
420 34.45 1.95 0.95 1.00 0.89 0.611 1.15 0.531 1.00 1.00 0.531 No
421 34.53 1.96 0.95 1.01 0.89 0.610 1.15 0.531 1.00 1.00 0.531 No
422 34.61 1.97 0.96 1.01 0.89 0.610 1.15 0.530 1.00 1.00 0.530 No
423 34.69 1.97 0.96 1.01 0.89 0.609 1.15 0.530 1.00 1.00 0.530 No
424 34.78 1.98 0.96 1.02 0.89 0.609 1.15 0.529 1.00 1.00 0.529 No
425 34.86 1.98 0.96 1.02 0.89 0.609 1.15 0.529 1.00 1.00 0.529 No
426 34,94 1.99 0.97 1.02 0.89 0.608 1.15 0.529 1.00 1.00 0.529 No
427 35.02 1.99 0.97 1.02 0.89 0.608 1.15 0.528 1.00 1.00 0.528 No
428 35.10 2.00 0.97 1.03 0.89 0.607 1.15 0.528 1.00 1.00 0.528 No
429 35.19 2.00 0.97 1.03 0.89 0.607 1.15 0.528 1.00 1.00 0.528 No
430 35.27 2.01 0.98 1.03 0.89 0.607 1.15 0.527 1.00 1.00 0.527 No
431 35.35 2.01 0.98 1.04 0.89 0.606 1.15 0.527 1.00 1.00 0.527 No
432 35.43 2.02 0.98 1.04 0.89 0.606 1.15 0.527 1.00 1.00 0.527 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
433 35.52 2.02 0.98 1.04 0.89 0.606 1.15 0.527 1.00 1.00 0.527 No
434 35.60 2.03 0.99 1.04 0.89 0.605 1.15 0.526 1.00 1.00 0.526 No
435 35.68 2.03 0.99 1.05 0.89 0.605 1.15 0.526 1.00 1.00 0.526 No
436 35.76 2.04 0.99 1.05 0.89 0.604 1.15 0.525 1.00 1.00 0.525 No
437 35.84 2.04 0.99 1.05 0.88 0.604 1.15 0.525 1.00 1.00 0.525 No
438 35.93 2.05 1.00 1.05 0.88 0.604 1.15 0.525 1.00 1.00 0.525 No
439 36.01 2.06 1.00 1.06 0.88 0.603 1.15 0.524 1.00 1.00 0.524 No
440 36.09 2.06 1.00 1.06 0.88 0.603 1.15 0.524 1.00 1.00 0.524 No
441 36.17 2.07 1.00 1.06 0.88 0.602 1.15 0.523 1.00 1.00 0.523 No
442 36.25 2.07 1.01 1.07 0.88 0.602 1.15 0.523 1.00 1.00 0.523 No
443 36.34 2.08 1.01 1.07 0.88 0.601 1.15 0.523 1.00 1.00 0.523 No
444 36.42 2.08 1.01 1.07 0.88 0.601 1.15 0.522 1.00 1.00 0.522 No
445 36.50 2.09 1.01 1.07 0.88 0.600 1.15 0.522 1.00 1.00 0.522 No
446 36.58 2.09 1.02 1.08 0.88 0.600 1.15 0.521 1.00 1.00 0.521 No
447 36.66 2.10 1.02 1.08 0.88 0.599 1.15 0.521 1.00 1.00 0.521 No
448 36.75 2.11 1.02 1.08 0.88 0.599 1.15 0.520 1.00 1.00 0.520 No
449 36.83 2.11 1.02 1.09 0.88 0.598 1.15 0.520 1.00 1.00 0.520 No
450 36.91 2.12 1.03 1.09 0.88 0.598 1.15 0.520 1.00 1.00 0.520 No
451 36.99 2.12 1.03 1.09 0.88 0.597 1.15 0.519 1.00 1.00 0.519 No
452 37.07 2.13 1.03 1.10 0.88 0.597 1.15 0.519 1.00 1.00 0.519 No
453 37.16 2.13 1.03 1.10 0.87 0.596 1.15 0.518 1.00 1.00 0.518 No
454 37.24 2.14 1.04 1.10 0.87 0.596 1.15 0.518 1.00 1.00 0.518 No
455 37.32 2.14 1.04 1.10 0.87 0.595 1.15 0.517 1.00 1.00 0.517 No
456 37.40 2.15 1.04 1.11 0.87 0.595 1.15 0.517 1.00 1.00 0.517 No
457 37.48 2.15 1.04 1.11 0.87 0.594 1.15 0.517 1.00 1.00 0.517 No
458 37.57 2.16 1.05 1.11 0.87 0.594 1.15 0.516 1.00 1.00 0.516 No
459 37.65 2.17 1.05 1.12 0.87 0.593 1.15 0.516 1.00 1.00 0.516 No
460 37.73 2.17 1.05 1.12 0.87 0.593 1.15 0.515 1.00 1.00 0.515 No
461 37.81 2.18 1.05 1.12 0.87 0.592 1.15 0.515 1.00 1.00 0.515 No
462 37.89 2.18 1.06 1.13 0.87 0.591 1.15 0.514 1.00 1.00 0.514 No
463 37.98 2.19 1.06 1.13 0.87 0.591 1.15 0.514 1.00 1.00 0.514 No
464 38.06 2.19 1.06 1.13 0.87 0.590 1.15 0.513 1.00 1.00 0.513 No
465 38.14 2.20 1.07 1.13 0.87 0.590 1.15 0.513 1.00 1.00 0.513 No
466 38.22 2.21 1.07 1.14 0.87 0.589 1.15 0.512 1.00 1.00 0.512 No
467 38.30 2.21 1.07 1.14 0.87 0.589 1.15 0.512 1.00 1.00 0.512 No
468 38.39 2.22 1.07 1.14 0.86 0.588 1.15 0.511 1.00 1.00 0.511 No
469 38.47 2.22 1.08 1.15 0.86 0.588 1.15 0.511 1.00 1.00 0.511 No
470 38.55 2.23 1.08 1.15 0.86 0.587 1.15 0.510 1.00 1.00 0.510 No
471 38.63 2.23 1.08 1.15 0.86 0.587 1.15 0.510 1.00 1.00 0.510 No
472 38.71 2.24 1.08 1.16 0.86 0.586 1.15 0.510 1.00 1.00 0.510 No
473 38.80 2.24 1.09 1.16 0.86 0.586 1.15 0.509 1.00 1.00 0.509 No
474 38.88 2.25 1.09 1.16 0.86 0.585 1.15 0.509 1.00 1.00 0.509 No
475 38.96 2.26 1.09 1.16 0.86 0.585 1.15 0.508 1.00 1.00 0.508 No
476 39.04 2.26 1.09 1.17 0.86 0.584 1.15 0.508 1.00 1.00 0.508 No
477 39.12 2.27 1.10 1.17 0.86 0.584 1.15 0.507 1.00 1.00 0.507 No
478 39.21 2.27 1.10 1.17 0.86 0.583 1.15 0.507 1.00 1.00 0.507 No
479 39.29 2.28 1.10 1.18 0.86 0.583 1.15 0.507 1.00 1.00 0.507 No
480 39.37 2.28 1.10 1.18 0.86 0.582 1.15 0.506 1.00 1.00 0.506 No
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

i1 Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID  Depth o, Up o, ra CSR MSF CSReq Ko User CSR*  Belongs to
(ft) (tsf) (tsf) (tsf) FS transition
481 39.45 2.29 1.11 1.18 0.86 0.582 1.15 0.506 1.00 1.00 0.506 No
482 39.53 2.29 1.11 1.18 0.86 0.581 1.15 0.505 1.00 1.00 0.505 No
483 39.62 2.30 1.11 1.19 0.85 0.581 1.15 0.505 1.00 1.00 0.505 No
484 39.70 2.30 1.11 1.19 0.85 0.580 1.15 0.504 1.00 1.00 0.504 No
485 39.78 2.31 1.12 1.19 0.85 0.580 1.15 0.504 1.00 1.00 0.504 No
486 39.86 2.31 1.12 1.20 0.85 0.579 1.15 0.504 1.00 1.00 0.504 No
487 39.94 2.32 1.12 1.20 0.85 0.579 1.15 0.503 1.00 1.00 0.503 No
488 40.03 2.32 1.12 1.20 0.85 0.578 1.15 0.503 1.00 1.00 0.503 No
489 40.11 2.33 1.13 1.20 0.85 0.578 1.15 0.502 1.00 1.00 0.502 No
490 40.19 2.34 1.13 1.21 0.85 0.577 1.15 0.502 1.00 1.00 0.502 No
491 40.27 2.34 1.13 1.21 0.85 0.577 1.15 0.501 1.00 1.00 0.501 No
492 40.35 2.35 1.13 1.21 0.85 0.576 1.15 0.501 1.00 1.00 0.501 No
493 40.44 2.35 1.14 1.21 0.85 0.576 1.15 0.500 1.00 1.00 0.500 No
494 40.52 2.36 1.14 1.22 0.85 0.575 1.15 0.500 1.00 1.00 0.500 No
495 40.60 2.36 1.14 1.22 0.85 0.575 1.15 0.500 1.00 1.00 0.500 No
496 40.68 2.37 1.14 1.22 0.84 0.574 1.15 0.499 1.00 1.00 0.499 No
497 40.76 2.37 1.15 1.23 0.84 0.574 1.15 0.499 1.00 1.00 0.499 No
498 40.85 2.38 1.15 1.23 0.84 0.573 1.15 0.498 1.00 1.00 0.498 No
499 40.93 2.38 1.15 1.23 0.84 0.573 1.15 0.498 1.00 1.00 0.498 No
500 41.01 2.39 1.15 1.23 0.84 0.572 1.15 0.497 1.00 1.00 0.497 No
501 41.09 2.39 1.16 1.24 0.84 0.572 1.15 0.497 1.00 1.00 0.497 No
502 41.17 2.40 1.16 1.24 0.84 0.571 1.15 0.496 1.00 1.00 0.496 No
503 41.26 2.40 1.16 1.24 0.84 0.570 1.15 0.496 1.00 1.00 0.496 No
504 41.34 2.41 1.16 1.25 0.84 0.570 1.15 0.496 1.00 1.00 0.496 No
505 41.42 2.42 1.17 1.25 0.84 0.569 1.15 0.495 1.00 1.00 0.495 No
506 41.50 2.42 1.17 1.25 0.84 0.569 1.15 0.495 1.00 1.00 0.495 No
507 41.58 2.43 1.17 1.25 0.84 0.568 1.15 0.494 1.00 1.00 0.494 No
508 41.67 2.43 1.18 1.26 0.84 0.568 1.15 0.494 1.00 1.00 0.494 No
509 41.75 2.44 1.18 1.26 0.84 0.567 1.15 0.493 1.00 1.00 0.493 No
510 41.83 2.44 1.18 1.26 0.83 0.567 1.15 0.493 1.00 1.00 2.000 No
511 41.91 2.44 1.18 1.26 0.83 0.567 1.15 0.493 1.00 1.00 2.000 No
512 41.99 2.45 1.19 1.26 0.83 0.567 1.15 0.493 1.00 1.00 2.000 No
Abbreviations
Depth:  Depth from free surface, at which CPT was performed (ft)
oy Total overburden pressure at test point (tsf)
Uo: Water pressure at test point (tsf)
a': Effective overburden pressure based on GWT during earthquake (tsf)
rq: Nonlinear shear mass factor
CSR: Cyclic Stress Ratio
MSF: Magnitude Scaling Factor
CSReq:  CSR adjusted for M=7.5
Kot Effective overburden stress factor
CSR™:  CSR fully adjusted
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID Depth

(ft)

1 0.08
2 0.16
3 0.25
4 0.33
5 0.41
6 0.49
7 0.57
8 0.66
9 0.74
10 0.82
11 0.90
12 0.98
13 1.07
14 1.15
15 1.23
16 1.31
17 1.39
18 1.48
19 1.56
20 1.64
21 1.72
22 1.80
23 1.89
24 1.97
25 2.05
26 2.13
27 2.21
28 2.30
29 2.38
30 2.46
31 2.54
32 2.62
33 2.71
34 2.79
35 2.87
36 2.95
37 3.03
38 3.12
39 3.20
40 3.28
41 3.36
42 3.44
43 3.53
44 3.61
45 3.69
46 3.77
47 3.85
48 3.94

G
(tsf)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

26.72
36.78
29.77
21.75
16.35
14.45
13.28
12.87

L

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
2.26
2.19
2.34
2.54
2.72
2.78
2.81
2.81

Fr
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.53
1.74
2.32
3.27
4.37
4.63
4.63
4.47

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.72
0.69
0.75
0.83
0.90
0.92
0.93
0.93

Qn

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
50.13
69.13
55.87
40.70
30.49
26.89
24.67
23.89

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.78
1.59
2.09
3.75
4.93
5.59
5.93
5.93

Qtn,cs

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
89.32
109.81
116.82
152.74
150.38
150.26
146.25
141.63

CRRy 5

4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

Depth
(ft)
4.02
4.10
4.18
4.27
4.35
4.43
4,51
4.59
4.68
4.76
4.84
4.92
5.00
5.09
5.17
5.25
5.33
5.41
5.50
5.58
5.66
5.74
5.82
5.91
5.99
6.07
6.15
6.23
6.32
6.40
6.48
6.56
6.64
6.73
6.81
6.89
6.97
7.05
7.14
7.22
7.30
7.38
7.46
7.55
7.63
7.71
7.79
7.87

G
(tsf)
12.58
11.87
10.69
9.49
8.71
8.54
8.61
8.75
8.83
8.99
9.07
9.16
9.26
9.57
9.97
10.00
9.57
8.91
8.48
8.32
8.35
8.40
8.37
8.12
7.63
7.02
6.52
6.26
6.10
5.93
5.72
5.55
5.39
5.17
5.03
4.91
4.75
4.61
441
4.26
4.12
4.02
4.05
4.11
4.22
4.31
4.40
4.44

L

2.83
2.88
2.95
3.03
3.08
3.08
3.05
3.03
3.03
3.03
3.04
3.04
3.04
3.02
2.98
2.97
2.98
3.01
3.02
3.01
2.99
2.98
2.99
3.02
3.06
3.12
3.17
3.18
3.17
3.15
3.15
3.15
3.15
3.17
3.17
3.17
3.18
3.18
3.17
3.16
3.14
3.11
3.05
2.99
2.94
2.91
2.87
2.86

Fr
(%)
4.74
5.20
5.96
6.81
7.34
7.12
6.61
6.25
6.32
6.45
6.64
6.81
6.89
6.65
6.13
5.82
5.78
5.88
5.79
5.48
5.10
4.94
5.02
5.33
5.79
6.40
6.96
6.86
6.38
5.79
5.51
5.29
5.15
5.10
4.97
4.82
4.67
4.43
4.09
3.68
3.18
2.64
2.04
1.60
1.32
1.16
1.02
0.95

n

0.94
0.96
0.99
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.97
0.96
0.95

Qn

23.32
21.98
19.73
17.46
15.98
15.65
15.77
16.03
16.16
16.46
16.60
16.76
16.95
17.53
18.27
18.32
17.49
16.23
15.43
15.11
15.16
15.25
15.17
14.69
13.77
12.61
11.65
11.15
10.84
10.51
10.10
9.77
9.47
9.04
8.76
8.53
8.22
7.94
7.56
7.26
6.99
6.81
6.84
6.96
7.15
7.32
7.49
7.55

Ke

6.24
6.87
7.99
9.30
10.23
10.19
9.73
9.34
9.35
9.35
9.46
9.54
9.53
9.16
8.52
8.26
8.47
8.96
9.17
9.02
8.66
8.48
8.58
9.05
9.85
10.97
12.01
12.24
12.00
11.64
11.65
11.65
11.73
12.02
12.10
12.13
12.23
12.20
12,14
11.88
11.43
10.73
9.60
8.60
7.80
7.29
6.79
6.58

Qtn,cs

145.60
151.08
157.64
162.32
163.41
159.37
153.47
149.78
151.18
153.92
156.97
159.83
161.53
160.47
155.70
151.27
148.19
145.52
141.54
136.40
131.35
129.27
130.22
132.98
135.66
138.26
139.93
136.46
130.06
122.40
117.67
113.82
111.06
108.64
106.03
103.44
100.54
96.87

91.72

86.28

79.89

73.07

65.65

59.83

55.77

53.31

50.89

49.67

CRRy 5

1.112
1.048
0.941
0.833
0.762
0.746
0.752
0.765
0.771
0.785
0.792
0.799
0.809
0.836
0.871
0.874
0.834
0.774
0.736
0.721
0.723
0.727
0.724
0.701
0.657
0.601
0.556
0.532
0.517
0.501
0.482
0.466
0.452
0.431
0.418
0.407
0.392
0.379
0.360
0.346
0.333
0.325
0.326
0.332
0.341
0.349
0.357
0.360

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.92
1.79
1.63
1.50
1.43
1.38
1.33
1.27
1.22
1.18
1.12
1.08
1.05
1.00
0.96
0.91
0.87
0.84
0.81
0.81
0.82
0.84
0.85
0.87
0.87
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

Depth
(ft)
7.96
8.04
8.12
8.20
8.28
8.37
8.45
8.53
8.61
8.69
8.78
8.86
8.94
9.02
9.10
9.19
9.27
9.35
9.43
9.51
9.60
9.68
9.76
9.84
9.92
10.01
10.09
10.17
10.25
10.33
10.42
10.50
10.58
10.66
10.74
10.83
10.91
10.99
11.07
11.15
11.24
11.32
11.40
11.48
11.56
11.65
11.73
11.81

G
(tsf)
4.47
4.52
4.62
4.66
4.59
4.51
4.45
4.43
4.46
4.56
4.68
4.78
4.86
4.92
5.06
5.28
5.67
6.32
7.52
8.28
8.34
7.24
6.17
531
4.92
4.72
4.72
4.82
4.96
5.02
5.02
5.07
5.28
5.74
6.40
7.25
7.75
7.75
7.24
6.94
8.15

10.06
12.30
16.41
27.66
42.95
57.70
65.13

L

2.85
2.87
2.87
2.86
2.86
2.86
2.86
2.85
2.84
2.83
2.82
2.81
2.80
2.80
2.80
2.80
2.79
2.78
2.74
2.77
2.84
2.97
3.07
3.13
3.12
3.08
3.03
3.01
2.99
2.98
2.98
2.99
2.98
2.96
2.91
2.85
2.81
2.81
2.87
2.97
2.93
2.83
2.72
2.54
2.22
1.96
1.76
1.67

Fr
(%)
0.94
1.05
1.10
1.09
1.02
0.99
0.95
0.91
0.87
0.86
0.86
0.85
0.85
0.86
0.93
1.02
1.13
1.33
1.53
2.12
2.77
3.77
4.34
4.46
3.81
3.00
2.45
2.24
2.20
2.16
2.17
2.26
2.38
2.44
2.42
2.32
2.19
2.21
2.45
3.47
3.80
3.51
2.98
2.23
1.35
0.80
0.50
0.37

n

0.95
0.96
0.96
0.96
0.95
0.95
0.95
0.95
0.95
0.94
0.94
0.93
0.93
0.93
0.93
0.93
0.93
0.92
0.91
0.92
0.95
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.98
0.95
0.94
0.94
0.96
1.00
0.99
0.95
0.90
0.84
0.71
0.61
0.54
0.50

Qn

7.60
7.70
7.87
7.95
7.81
7.65
7.52
7.49
7.53
7.70
7.93
8.12
8.26
8.36
8.62
9.03
9.77
10.99
13.25
14.68
14.77
12.68
10.66
9.02
8.28
7.88
7.88
8.06
8.31
8.43
8.42
8.51
8.89
9.75
10.99
12.59
13.54
13.53
12.56
11.97
14.26
17.86
22.09
29.85
51.10
73.73
92.19
100.19

Ke

6.52
6.72
6.72
6.66
6.59
6.61
6.59
6.51
6.38
6.23
6.07
5.93
5.84
5.81
5.84
5.83
5.70
5.56
5.09
5.54
6.35
8.30
10.00
11.28
11.09
10.27
9.39
8.88
8.62
8.47
8.49
8.59
8.51
8.05
7.36
6.52
5.99
6.03
6.71
8.29
7.69
6.29
4.90
3.60
1.67
1.27
1.11
1.00

Qtn,cs

49.60
51.73
52.88
52.94
51.42
50.52
49.55
48.75
48.02
47.97
48.18
48.11
48.25
48.61
50.34
52.65
55.68
61.10
67.44
81.31
93.72
105.29
106.64
101.79
91.80
80.97
74.00
71.61
71.70
71.43
71.54
73.14
75.73
78.55
80.91
82.14
81.11
81.56
84.30
99.20
109.73
112.44
108.35
107.56
85.11
93.93
102.13
100.19

CRR75

0.363
0.367
0.376
0.379
0.372
0.365
0.359
0.357
0.359
0.368
0.378
0.387
0.394
0.399
0.411
0.431
0.466
0.524
0.632
0.700
0.705
0.605
0.509
0.430
0.395
0.376
0.376
0.384
0.397
0.402
0.402
0.406
0.424
0.465
0.524
0.601
0.646
0.645
0.599
0.571
0.680
0.852
1.054
0.196
0.137
0.157
0.179
0.174

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No

FS

0.88
0.88
0.90
0.90
0.88
0.86
0.84
0.84
0.84
0.85
0.88
0.89
0.90
0.91
0.94
0.98
1.05
1.18
1.42
1.57
1.57
1.34
1.13
0.95
0.87
0.83
0.82
0.84
0.86
0.87
0.87
0.88
0.91
1.00
1.12
1.28
1.37
1.37
1.27
1.21
1.43
1.79
2.00
0.41
0.29
0.33
0.37
0.36
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

Depth
(ft)
11.89
11.98
12.06
12.14
12.22
12.30
12.39
12.47
12.55
12.63
12.71
12.80
12.88
12.96
13.04
13.12
13.21
13.29
13.37
13.45
13.53
13.62
13.70
13.78
13.86
13.94
14.03
14.11
14.19
14.27
14.35
14.44
14.52
14.60
14.68
14.76
14.85
14.93
15.01
15.09
15.17
15.26
15.34
15.42
15.50
15.58
15.67
15.75

G
(tsf)
68.14
70.56
77.24
87.06
98.79
108.42
116.33
122.33
127.66
134.08
141.80
151.92
163.38
175.02
185.29
190.46
190.85
188.49
187.10
186.37
186.12
184.93
183.80
180.39
176.69
171.69
166.60
161.20
156.72
154.79
154.22
154.29
154.24
154.34
153.36
151.08
146.61
142.13
137.22
133.01
130.08
128.45
129.50
130.21
128.87
124.78
119.34
113.42

L

1.63
1.63
1.62
1.58
1.51
1.43
1.38
1.35
1.34
1.33
131
1.26
1.20
1.15
1.13
1.12
1.13
1.13
1.13
1.12
1.12
1.12
1.12
1.13
1.13
1.15
1.18
1.23
1.28
1.30
1.30
1.29
1.28
1.26
1.24
1.22
1.22
1.23
1.25
1.27
1.28
1.30
1.32
1.36
1.39
1.41
1.42
1.43

Fr
(%)
0.33
0.35
0.38
0.38
0.32
0.25
0.21
0.19
0.20
0.20
0.20
0.17
0.13
0.10
0.10
0.11
0.11
0.11
0.10
0.09
0.08
0.08
0.07
0.06
0.06
0.07
0.11
0.15
0.20
0.21
0.22
0.20
0.19
0.17
0.14
0.11
0.09
0.09
0.08
0.10
0.10
0.13
0.16
0.21
0.25
0.25
0.25
0.23

n

0.49
0.49
0.49
0.47
0.44
0.41
0.39
0.38
0.38
0.37
0.37
0.35
0.33
0.31
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.31
0.32
0.34
0.36
0.36
0.37
0.36
0.36
0.35
0.34
0.34
0.34
0.34
0.35
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.41
0.42

Qn

103.14
106.73
116.01
128.57
141.87
151.27
159.01
165.09
171.52
179.00
187.70
197.15
207.91
218.70
229.56
235.26
235.78
232.97
230.24
228.82
227.89
226.23
224.57
220.64
216.46
210.96
206.74
202.33
199.66
198.03
197.25
196.49
195.46
194.18
191.20
187.40
181.57
176.30
170.61
165.95
162.71
161.68
163.72
166.31
165.90
161.06
154.29
146.64

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

103.14
106.73
116.01
128.57
141.87
151.27
159.01
165.09
171.52
179.00
187.70
197.15
207.91
218.70
229.56
235.26
235.78
232.97
230.24
228.82
227.89
226.23
224.57
220.64
216.46
210.96
206.74
202.33
199.66
198.03
197.25
196.49
195.46
194.18
191.20
187.40
181.57
176.30
170.61
165.95
162.71
161.68
163.72
166.31
165.90
161.06
154.29
146.64

CRRy 5

0.182
0.193
0.225
0.278
0.346
0.402
0.454
0.498
0.549
0.613
0.695
0.793
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
0.820
0.802
0.794
0.786
0.774
0.761
0.730
0.692
0.637
0.590
0.542
0.505
0.481
0.473
0.488
0.508
0.505
0.469
0.422
0.373

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

FS

0.38
0.40
0.47
0.57
0.71
0.83
0.93
1.02
1.12
1.25
1.42
1.61
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.63
1.59
1.57
1.55
1.53
1.50
1.44
1.36
1.25
1.16
1.06
0.99
0.94
0.92
0.95
0.99
0.98
0.91
0.82
0.72

CLiqg v.3.5.3.15 - CPT Liquefaction Assessment Software - Report created on: 4/17/2025, 1:53:31 PM
Project file: C:\Users\anthony.coyne\OneDrive - Otto Rosenau\Geotech\F\Fire Station 32 Monr_24-0267\Liquefaction Analysis\Fire Station 32 - CPT Liq 2025-04-16.clq

E-34

33



This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

Depth
(ft)
15.83
15.91
15.99
16.08
16.16
16.24
16.32
16.40
16.49
16.57
16.65
16.73
16.81
16.90
16.98
17.06
17.14
17.22
17.31
17.39
17.47
17.55
17.63
17.72
17.80
17.88
17.96
18.04
18.13
18.21
18.29
18.37
18.45
18.54
18.62
18.70
18.78
18.86
18.95
19.03
19.11
19.19
19.27
19.36
19.44
19.52
19.60
19.69

G
(tsf)
109.42
107.96
110.80
116.89
128.19
145.29
164.17
177.76
187.19
190.04
190.52
187.42
188.25
191.63
192.15
189.36
182.22
168.28
144.39
113.53
85.10
59.63
42.45
29.33
22.07
19.97
25.28
36.27
58.63
90.22
120.62
134.83
132.86
126.09
120.18
117.24
116.34
114.70
111.45
107.65
103.55
97.49
88.68
77.40
66.76
60.77
55.40
44.91

L

1.47
1.48
1.45
1.40
1.33
1.25
1.19
1.15
1.13
1.13
1.14
1.15
1.20
1.20
1.20
1.17
1.17
1.23
1.35
1.58
1.83
2.09
2.31
2.52
2.67
2.71
2.54
2.32
2.06
1.83
1.68
1.60
1.57
1.59
1.62
1.66
1.67
1.67
1.69
1.73
1.78
1.84
1.91
1.96
1.97
1.91
1.92
2.04

Fr
(%)
0.27
0.28
0.25
0.20
0.15
0.12
0.09
0.07
0.08
0.09
0.10
0.11
0.16
0.17
0.18
0.13
0.12
0.15
0.23
0.47
0.93
1.62
2.46
3.48
4.35
4.51
3.22
2.14
1.36
0.95
0.74
0.63
0.56
0.54
0.58
0.66
0.68
0.67
0.69
0.79
0.90
1.06
1.22
1.23
1.09
0.75
0.69
0.83

n

0.43
0.44
0.43
0.40
0.38
0.35
0.33
0.31
0.31
0.31
0.31
0.31
0.33
0.33
0.33
0.32
0.32
0.34
0.39
0.48
0.57
0.67
0.76
0.83
0.89
0.91
0.84
0.76
0.66
0.57
0.51
0.49
0.48
0.48
0.49
0.51
0.51
0.51
0.52
0.54
0.56
0.58
0.61
0.62
0.63
0.61
0.61
0.65

Qn

142.77
141.06
143.49
148.73
159.68
177.27
196.71
210.53
220.35
223.60
224.31
220.92
224.34
228.51
228.87
223.21
214.71
200.83
177.82
147.79
117.92
87.67
65.40
47.01
36.21
32.83
40.13
54.95
83.74
122.28
157.44
172.52
168.61
160.11
153.43
150.79
149.68
147.30
143.38
139.58
135.39
128.88
118.68
104.18
89.73
80.25
73.08
60.34

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.19
1.41
1.96
3.15
8.22
4.78
3.74
2.01
1.36
1.18
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.06
1.13
1.19
1.24
1.27
1.28
1.24
1.25
1.34

Qtn,cs

142.77
141.06
143.49
148.73
159.68
177.27
196.71
210.53
220.35
223.60
224.31
220.92
224.34
228.51
228.87
223.21
214.71
200.83
177.82
147.79
140.05
123.30
128.21
147.85
297.51
157.00
149.96
110.66
113.96
144.76
157.44
172.52
168.61
160.11
153.43
150.79
149.68
147.30
143.38
147.32
153.05
153.96
147.72
132.80
115.29
99.76

91.47

80.89

CRR75

0.351
0.341
0.355
0.386
0.459
0.598
0.788
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
0.603
0.380
0.335
0.254
0.276
0.381
3.600
1.566
0.394
0.206
0.218
0.362
0.443
0.558
0.526
0.462
0.416
0.399
0.392
0.377
0.354
0.377
0.413
0.419
0.380
0.298
0.223
0.172
0.151
0.129

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

FS

0.68
0.66
0.69
0.75
0.88
1.15
1.52
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.15
0.72
0.64
0.48
0.52
0.72
2.00
2.00
0.75
0.39
0.41
0.69
0.84
1.05
0.99
0.87
0.79
0.75
0.74
0.71
0.67
0.71
0.78
0.79
0.71
0.56
0.42
0.32
0.28
0.24

CLiqg v.3.5.3.15 - CPT Liquefaction Assessment Software - Report created on: 4/17/2025, 1:53:31 PM
Project file: C:\Users\anthony.coyne\OneDrive - Otto Rosenau\Geotech\F\Fire Station 32 Monr_24-0267\Liquefaction Analysis\Fire Station 32 - CPT Liq 2025-04-16.clq

E-35

34



This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

Depth
(ft)
19.77
19.85
19.93
20.01
20.10
20.18
20.26
20.34
20.42
20.51
20.59
20.67
20.75
20.83
20.92
21.00
21.08
21.16
21.24
21.33
21.41
21.49
21.57
21.65
21.74
21.82
21.90
21.98
22.06
22.15
22.23
22.31
22.39
22.47
22.56
22.64
22.72
22.80
22.88
22.97
23.05
23.13
23.21
23.29
23.38
23.46
23.54
23.62

G
(tsf)
30.90
18.95
14.06
11.03
9.85
9.65
11.41
15.23
17.22
16.55
13.02
10.34
8.61
7.70
7.59
7.69
7.63
7.52
7.44
7.41
7.40
7.40
7.45
7.54
7.69
7.99
8.16
8.23
8.03
7.76
7.42
7.25
7.22
7.32
7.43
7.55
7.77
8.27
8.73
9.20
9.14
9.05
8.85
8.89
8.86
8.80
8.73
8.46

L

2.28
2.56
2.74
2.87
2.90
2.86
2.71
2.56
2.52
2.56
2.70
2.84
2.95
2.99
2.93
2.84
2.80
2.79
2.80
2.80
2.80
2.80
2.79
2.79
2.77
2.75
2.74
2.74
2.75
2.77
2.79
2.81
2.81
2.81
2.80
2.81
2.83
2.83
2.82
2.80
2.81
2.81
2.79
2.73
2.70
2.70
2.71
2.73

Fr
(%)
1.34
2.20
2.93
3.50
3.41
2.77
1.91
1.55
1.54
1.74
2.15
2.70
3.22
3.17
2.39
1.59
1.24
1.18
1.18
1.17
1.16
1.14
1.12
1.10
1.08
1.04
1.01
1.01
1.02
1.05
1.07
1.09
1.11
1.11
1.08
1.19
1.40
1.63
1.70
1.68
1.76
1.67
1.44
1.08
0.93
0.91
0.93
0.96

n

0.75
0.85
0.92
0.97
0.98
0.97
0.91
0.86
0.84
0.85
0.91
0.96
1.00
1.00
1.00
0.96
0.94
0.94
0.95
0.95
0.95
0.95
0.94
0.94
0.94
0.93
0.92
0.92
0.93
0.94
0.95
0.95
0.95
0.95
0.95
0.95
0.96
0.96
0.96
0.95
0.95
0.95
0.94
0.92
0.91
0.91
0.92
0.92

Qtn

43.16
27.44
20.63
16.20
14.33
13.84
16.14
21.37
24.08
23.22
18.37
14.59
12.07
10.56
10.32
10.26
10.05
9.85
9.72
9.65
9.60
9.58
9.61
9.71
9.90
10.28
10.49
10.55
10.26
9.87
9.37
9.11
9.06
9.18
9.30
9.47
9.81
10.55
11.18
11.80
11.71
11.53
11.17
11.08
10.96
10.85
10.74
10.37

Ke

1.84
4.26
5.10
6.74
7.24
6.66
4.87
4.28
3.18
4.20
10.05
6.31
7.93
8.64
7.66
6.36
5.79
5.77
5.84
5.85
5.84
5.82
5.75
5.67
5.53
5.28
5.13
5.09
5.24
5.48
5.78
5.96
6.01
5.96
5.82
5.99
6.23
6.29
6.14
5.85
6.01
5.94
5.69
5.03
4.75
4.75
4.84
5.06

Qtn,cs

79.36
116.91
105.30
109.11
103.74
92.16
78.50
91.35
76.67
97.49
184.62
92.10
95.73
91.22
79.03
65.30
58.20
56.83
56.78
56.40
56.08
55.73
55.28
55.06
54.80
54.33
53.82
53.67
53.78
54.04
54.14
54.30
54.47
54.68
54.09
56.69
61.13
66.41
68.60
68.99
70.45
68.48
63.54
55.74
52.10
51.58
51.95
52.50

CRRy s

0.126
0.229
0.984
0.773
0.683
0.660
0.770
0.151
0.122
0.166
0.599
0.696
0.576
0.503
0.492
0.489
0.479
0.470
0.464
0.460
0.458
0.457
0.458
0.463
0.472
0.491
0.500
0.503
0.489
0.471
0.447
0.435
0.432
0.438
0.443
0.452
0.468
0.503
0.533
0.563
0.559
0.550
0.533
0.529
0.523
0.518
0.512
0.494

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

FS

0.24
0.43
1.84
1.45
1.28
1.23
1.44
0.28
0.23
0.31
1.12
1.30
1.07
0.94
0.91
0.91
0.89
0.87
0.86
0.85
0.85
0.84
0.85
0.85
0.87
0.90
0.92
0.92
0.90
0.86
0.82
0.80
0.79
0.80
0.81
0.82
0.85
0.92
0.97
1.02
1.02
1.00
0.97
0.96
0.95
0.94
0.93
0.89
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

Depth
(ft)
23.70
23.79
23.87
23.95
24.03
24.11
24.20
24.28
24.36
24.44
24.52
24.61
24.69
24.77
24.85
24.93
25.02
25.10
25.18
25.26
25.34
25.43
25.51
25.59
25.67
25.75
25.84
25.92
26.00
26.08
26.16
26.25
26.33
26.41
26.49
26.57
26.66
26.74
26.82
26.90
26.98
27.07
27.15
27.23
27.31
27.40
27.48
27.56

G
(tsf)
8.24
7.95
7.94
7.80
7.66
7.57
7.58
7.64
7.75
7.92
8.28
8.69
8.87
8.93
8.91

10.00
12.51
15.89
31.27
76.44
147.95
221.18
272.75
303.58
321.41
338.01
347.73
359.17
354.72
347.51
334.14
325.43
317.10
308.39
303.51
301.09
305.45
297.99
295.63
286.58
290.29
288.84
290.63
289.61
284.08
278.93
275.24
276.25

L

2.75
2.77
2.77
2.78
2.79
2.79
2.79
2.78
2.78
2.78
2.76
2.75
2.74
2.76
2.86
2.87
2.84
2.75
2.42
1.93
1.56
1.37
1.26
1.28
1.26
1.27
1.30
1.33
1.35
131
1.27
1.21
1.13
1.14
1.19
1.29
1.28
1.29
1.28
1.33
1.29
1.24
1.13
1.10
1.09
1.12
1.13
1.17

Fr
(%)
0.99
1.03
1.01
1.01
1.00
0.97
0.96
0.95
0.96
0.99
1.03
1.05
1.05
1.16
1.93
2.44
3.03
3.03
2.05
0.95
0.53
0.41
0.36
0.43
0.42
0.47
0.53
0.60
0.63
0.54
0.45
0.36
0.25
0.26
0.31
0.43
0.42
0.42
0.41
0.47
0.42
0.34
0.22
0.18
0.16
0.18
0.20
0.23

n

0.93
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.93
0.93
0.93
0.97
0.98
0.96
0.93
0.80
0.62
0.48
0.40
0.36
0.37
0.36
0.37
0.38
0.39
0.40
0.38
0.37
0.35
0.32
0.32
0.34
0.38
0.37
0.37
0.37
0.39
0.38
0.36
0.32
0.30
0.30
0.31
0.32
0.33

Qn

10.05
9.65
9.61
9.38
9.18
9.02
9.02
9.08
9.20
9.42
9.88
10.43
10.64
10.73
10.84
12.38
15.85
20.31
39.53
91.55
168.57
244.78
296.92
331.08
349.06
367.49
379.17
392.70
388.31
377.64
360.51
347.82
334.90
325.86
322.56
323.64
327.48
319.37
316.23
308.02
310.27
306.07
303.68
300.88
294.62
289.94
286.41
288.40

Ke

5.27
5.53
5.52
5.62
5.70
5.72
5.71
5.64
5.60
5.57
5.42
5.22
5.15
5.34
6.68
6.77
6.33
5.27
2.48
1.25
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

52.98
53.36
53.05
52.70
52.30
51.58
51.44
51.19
51.53
52.50
53.59
54.46
54.78
57.29
72.39
83.84
100.30
107.09
97.94
114.76
168.57
244.78
296.92
331.08
349.06
367.49
379.17
392.70
388.31
377.64
360.51
347.82
334.90
325.86
322.56
323.64
327.48
319.37
316.23
308.02
310.27
306.07
303.68
300.88
294.62
289.94
286.41
288.40

CRRy 5

0.479
0.460
0.458
0.448
0.438
0.430
0.430
0.433
0.439
0.450
0.472
0.497
0.508
0.512
0.517
0.591
0.756
0.969
0.167
0.221
0.525
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

FS

0.87
0.83
0.83
0.81
0.79
0.77
0.77
0.78
0.79
0.81
0.85
0.89
0.91
0.92
0.93
1.06
1.35
1.73
0.30
0.39
0.94
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384

Depth
(ft)
27.64
27.72
27.81
27.89
27.97
28.05
28.13
28.22
28.30
28.38
28.46
28.54
28.63
28.71
28.79
28.87
28.95
29.04
29.12
29.20
29.28
29.36
29.45
29.53
29.61
29.69
29.77
29.86
29.94
30.02
30.10
30.18
30.27
30.35
30.43
30.51
30.59
30.68
30.76
30.84
30.92
31.00
31.09
31.17
31.25
31.33
31.41
31.50

G
(tsf)
273.29
273.94
274.81
279.57
279.55
279.48
278.68
275.11
270.40
267.51
269.19
267.45
264.31
259.63
255.57
260.50
261.38
272.23
268.23
262.12
246.20
239.04
239.44
253.30
271.51
294.18
312.56
331.69
346.14
365.08
381.24
391.80
398.98
401.66
414.40
426.09
436.33
462.98
485.08
496.55
486.98
483.72
489.21
512.03
527.67
547.71
554.37
542.38

L

1.21
1.22
1.17
1.14
1.13
1.14
1.13
1.11
1.15
1.22
131
1.37
1.38
1.36
131
1.29
1.38
1.44
1.50
1.46
1.40
1.29
1.25
1.19
1.24
1.29
1.34
1.37
1.38
1.38
1.37
1.35
1.32
1.26
1.21
1.22
131
1.38
1.42
1.39
1.39
1.36
1.32
1.21
1.14
1.12
1.10
1.10

Fr
(%)
0.28
0.28
0.24
0.21
0.20
0.20
0.19
0.17
0.20
0.27
0.39
0.50
0.51
0.45
0.37
0.36
0.49
0.64
0.75
0.65
0.50
0.30
0.26
0.21
0.30
0.40
0.52
0.60
0.64
0.68
0.69
0.65
0.60
0.51
0.44
0.46
0.64
0.82
0.94
0.88
0.86
0.78
0.71
0.53
0.44
0.43
0.40
0.39

n

0.35
0.35
0.33
0.32
0.32
0.32
0.32
0.31
0.33
0.35
0.39
0.41
0.42
0.40
0.39
0.38
0.41
0.44
0.46
0.44
0.42
0.38
0.36
0.34
0.36
0.38
0.40
0.41
0.41
0.42
0.41
0.40
0.39
0.37
0.35
0.35
0.39
0.42
0.43
0.42
0.42
0.41
0.40
0.35
0.33
0.32
0.31
0.31

Qn

286.38
286.95
286.16
289.84
289.15
288.97
287.56
283.18
279.20
277.94
282.07
281.87
278.52
272.38
266.49
270.90
273.84
286.73
283.55
275.59
257.03
246.49
245.78
258.42
278.14
302.44
322.58
342.85
357.61
376.88
392.88
402.44
408.27
408.68
419.33
431.02
444.27
473.33
496.67
506.72
496.11
490.89
494.59
513.19
525.94
544.85
550.07
537.70

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

286.38
286.95
286.16
289.84
289.15
288.97
287.56
283.18
279.20
277.94
282.07
281.87
278.52
272.38
266.49
270.90
273.84
286.73
283.55
275.59
257.03
246.49
245.78
258.42
278.14
302.44
322.58
342.85
357.61
376.88
392.88
402.44
408.27
408.68
419.33
431.02
444,27
473.33
496.67
506.72
496.11
490.89
494.59
513.19
525.94
544.85
550.07
537.70

CRRy 5

4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

Depth
(ft)
31.58
31.66
31.74
31.82
31.91
31.99
32.07
32.15
32.23
32.32
32.40
32.48
32.56
32.64
32.73
32.81
32.89
32.97
33.05
33.14
33.22
33.30
33.38
33.46
33.55
33.63
33.71
33.79
33.87
33.96
34.04
34.12
34.20
34.28
34.37
34.45
34.53
34.61
34.69
34.78
34.86
34.94
35.02
35.10
35.19
35.27
35.35
35.43

G
(tsf)
530.13
533.19
509.71
489.37
441.30
453.05
475.30
520.78
546.69
577.36
557.93
518.03
440.67
395.68
373.89
393.80
410.46
423.75
447.80
490.69
539.15
550.82
547.41
514.85
466.95
432.70
405.29
397.55
382.48
386.38
397.16
410.46
440.27
461.91
457.97
410.83
362.28
322.49
303.32
284.42
274.78
278.06
277.18
277.04
271.79
271.98
273.99
283.73

L

1.13
1.20
1.23
1.16
1.35
1.40
1.46
1.37
1.35
1.32
1.30
1.37
1.45
1.49
1.35
1.22
1.15
1.22
1.31
1.39
1.40
1.45
1.49
1.51
1.56
1.55
1.57
1.52
1.55
1.57
1.55
1.49
1.38
1.29
1.25
1.34
1.48
1.60
1.65
1.67
1.62
1.56
1.54
1.56
1.50
1.34
1.22
1.25

Fr
(%)
0.43
0.52
0.56
0.43
0.70
0.84
1.00
0.84
0.83
0.77
0.73
0.83
0.93
0.96
0.62
0.42
0.34
0.45
0.63
0.84
0.93
1.07
1.19
1.22
1.31
1.19
1.21
1.05
1.11
1.19
1.12
0.97
0.74
0.60
0.52
0.62
0.85
1.10
1.21
1.23
1.03
0.88
0.82
0.85
0.69
0.40
0.25
0.29

n

0.32
0.35
0.36
0.33
0.41
0.43
0.45
0.42
0.41
0.40
0.39
0.42
0.45
0.46
0.41
0.36
0.33
0.36
0.39
0.42
0.43
0.45
0.46
0.47
0.49
0.49
0.49
0.48
0.49
0.50
0.49
0.46
0.42
0.39
0.37
0.41
0.46
0.51
0.52
0.53
0.52
0.49
0.49
0.49
0.47
0.41
0.37
0.37

Qn

526.00
530.55
507.55
484.66
441.08
453.68
476.72
519.38
544.13
572.96
552.57
513.85
437.89
393.13
368.70
385.79
400.50
414.41
439.08
482.16
529.49
541.18
537.81
505.37
458.21
423.59
396.27
387.61
372.62
376.06
385.75
397.60
424.96
444.55
439.88
394.66
348.28
310.05
291.32
272.74
262.85
265.44
264.16
263.72
258.18
257.68
259.10
268.20

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

526.00
530.55
507.55
484.66
441.08
453.68
476.72
519.38
544.13
572.96
552.57
513.85
437.89
393.13
368.70
385.79
400.50
414.41
439.08
482.16
529.49
541.18
537.81
505.37
458.21
423.59
396.27
387.61
372.62
376.06
385.75
397.60
424.96
444.55
439.88
394.66
348.28
310.05
291.32
272.74
262.85
265.44
264.16
263.72
258.18
257.68
259.10
268.20

CRRy 5

4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

Depth
(ft)
35.52
35.60
35.68
35.76
35.84
35.93
36.01
36.09
36.17
36.25
36.34
36.42
36.50
36.58
36.66
36.75
36.83
36.91
36.99
37.07
37.16
37.24
37.32
37.40
37.48
37.57
37.65
37.73
37.81
37.89
37.98
38.06
38.14
38.22
38.30
38.39
38.47
38.55
38.63
38.71
38.80
38.88
38.96
39.04
39.12
39.21
39.29
39.37

G
(tsf)
287.59
285.68
286.47
308.09
340.67
379.43
408.13
421.42
409.34
395.37
389.54
378.60
363.00
335.19
338.85
344.05
380.68
394.90
366.64
360.64
366.79
437.35
416.12
383.12
317.72
318.89
344.64
366.21
393.61
405.97
460.10
398.67
340.53
263.09
250.57
221.28
170.86
145.32
125.32
117.25
109.77
104.97
100.07
97.58
96.80
95.23
94.41
94.78

L

1.32
1.39
1.41
1.47
1.49
1.48
1.44
1.48
1.49
1.57
1.50
1.51
1.46
1.55
1.62
1.65
1.59
1.51
1.51
1.50
1.54
1.47
1.52
1.54
1.72
1.78
1.81
1.80
1.79
1.81
1.71
1.76
1.78
1.93
1.96
2.04
2.19
2.27
2.34
2.34
2.34
2.34
2.34
2.34
2.33
2.34
2.38
2.39

Fr
(%)
0.40
0.50
0.55
0.72
0.83
0.88
0.81
0.94
0.94
1.15
0.94
0.95
0.78
0.98
1.20
1.32
1.18
0.97
0.90
0.87
1.00
0.93
1.03
1.03
1.48
1.78
2.01
2.06
2.10
2.22
1.85
1.92
1.84
2.35
2.43
2.79
3.51
3.96
4.26
4.05
3.86
3.62
3.52
3.40
3.32
3.35
3.68
3.89

n

0.40
0.43
0.44
0.46
0.47
0.46
0.45
0.46
0.47
0.50
0.47
0.48
0.46
0.49
0.52
0.53
0.51
0.48
0.48
0.47
0.49
0.46
0.48
0.49
0.56
0.58
0.59
0.59
0.59
0.59
0.56
0.57
0.58
0.64
0.65
0.68
0.74
0.77
0.80
0.80
0.80
0.80
0.80
0.80
0.79
0.80
0.81
0.82

Qn

271.74
269.74
270.23
290.49
321.02
357.29
383.96
396.01
384.09
370.34
364.44
353.66
338.69
311.98
314.81
319.11
353.00
366.08
339.31
333.35
338.42
403.79
383.31
352.15
290.37
290.62
313.57
332.80
357.33
367.89
417.51
360.52
306.99
235.36
223.50
196.33
150.17
126.83
108.65
101.31
94.52
90.14
85.66
83.32
82.50
80.94
79.96
80.07

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.02
1.13
1.16
1.16
1.15
1.16
1.01
1.10
1.13
1.26
1.28
1.34
1.59
1.83
2.09
2.09
2.11
2.07
2.09
2.08
2.06
2.10
2.25
2.34

Qtn,cs

271.74
269.74
270.23
290.49
321.02
357.29
383.96
396.01
384.09
370.34
364.44
353.66
338.69
311.98
314.81
319.11
353.00
366.08
339.31
333.35
338.42
403.79
383.31
352.15
296.23
328.50
364.11
384.53
409.61
427.88
423.75
395.93
346.71
296.22
285.04
263.73
238.04
232.23
226.81
212.08
199.21
186.71
179.28
173.36
169.78
169.67
180.09
187.55

CRRy 5

4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
0.815
0.685
0.616
0.565
0.535
0.534
0.623
0.694

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.60
1.35
1.21
1.11
1.05
1.05
1.23
1.37
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

it Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID

481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512

Depth
(ft)
39.45
39.53
39.62
39.70
39.78
39.86
39.94
40.03
40.11
40.19
40.27
40.35
40.44
40.52
40.60
40.68
40.76
40.85
40.93
41.01
41.09
41.17
41.26
41.34
41.42
41.50
41.58
41.67
41.75
41.83
41.91
41.99

Abbreviations

Depth:
G:
I
Fr:

n:

Qu:

Ke:
Qtn,cs:
CRR7,5:
FS:

Depth from free surface, at which CPT was performed (ft)

G
(tsf)
103.02
127.96
165.69
197.23
205.23
188.91
164.19
142.03
123.98
112.12
105.38
107.61
116.06
122.36
121.38
110.70
100.73
95.90
97.43
99.31
100.12
96.73
91.97
88.45
92.99
103.92
116.20
125.32
264.42
406.50
568.35
595.38

Total cone resistance

Soil behavior type index

L

2.36
2.21
2.03
1.90
1.86
1.92
2.02
2.13
2.22
2.29
2.33
2.31
2.24
2.19
2.20
2.27
2.34
2.37
2.34
2.31
2.30
2.32
2.35
2.37
2.45
2.50
2.54
2.38
1.70
N/A
N/A
N/A

Normalized friction ratio (%)
Stress exponent

Normalized cone resistance
Cone resistance correction factor due to fines

Fr
(%)
3.73
2.91
2.15
1.68
1.53
1.71
2.04
2.46
2.84
3.26
3.51
3.29
2.88
2.60
2.63
2.96
3.36
3.50
3.31
3.04
2.93
3.03
3.21
3.26
4.37
5.50
6.81
4.58
1.16
0.00
0.00
0.00

Normalized and adjusted cone resistance

Cyclic resistance ratio for M,=7.5
Factor of safety against soil liquefaction

n

0.80
0.75
0.68
0.63
0.61
0.64
0.68
0.72
0.75
0.78
0.80
0.79
0.76
0.74
0.75
0.77
0.80
0.81
0.80
0.79
0.78
0.79
0.81
0.81
0.84
0.86
0.88
0.82
0.56
1.00
1.00
1.00

Qn

87.16
109.20
142.81
171.11
178.20
163.15
140.65
120.58
104.36
93.66
87.55
89.40
96.73
102.18
101.13
91.54
82.65
78.31
79.55
81.12
81.72
78.63
74.38
71.24
74.47
83.04
92.61
100.88
224.57
320.45
448.44
469.48

Ke

2.16
1.64
1.34
1.24
1.21
1.25
1.33
1.46
1.65
1.89
2.06
1.95
1.73
1.60
1.61
1.81
2.07
2.20
2.10
1.96
1.91
2.00
2.14
2.23
2.67
2.97
3.77
2.30
1.00
1.00
1.00
1.00

Qtn,cs

188.03
179.07
191.20
211.86
215.24
204.17
186.52
176.23
172.65
177.34
180.76
174.50
167.16
163.06
162.98
165.25
171.26
172.51
166.94
159.10
155.99
156.92
159.42
158.67
198.85
246.95
349.42
231.58
224.57
320.45
448.44
469.48

CRRy 5

0.698
0.614
0.730
4.000
4.000
4.000
0.683
0.589
0.559
0.599
0.629
0.574
0.514
0.483
0.483
0.500
0.547
0.557
0.513
0.455
0.433
0.439
0.457
0.451
0.811
4.000
4.000
4.000
4.000
4.000
4.000
4.000

Belongs to  Clay-like
trans. layer behaviour

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

FS

1.38
1.22
1.45
2.00
2.00
2.00
1.36
1.17
1.11
1.19
1.26
1.15
1.03
0.97
0.97
1.00
1.10
1.12
1.03
0.91
0.87
0.89
0.92
0.91
1.64
2.00
2.00
2.00
2.00
2.00
2.00
2.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Liquefaction Potential Index calculation data ::

Depth FS F W, d; LPI Depth FS Fu W, d: LPI
(ft) (ft)
0.08 2.00 0.00 0.00 0.00 0.00 0.16 2.00 0.00 0.00 0.00 0.00
0.25 2.00 0.00 0.00 0.00 0.00 0.33 2.00 0.00 0.00 0.00 0.00
0.41 2.00 0.00 0.00 0.00 0.00 0.49 2.00 0.00 0.00 0.00 0.00
0.57 2.00 0.00 0.00 0.00 0.00 0.66 2.00 0.00 0.00 0.00 0.00
0.74 2.00 0.00 0.00 0.00 0.00 0.82 2.00 0.00 0.00 0.00 0.00
0.90 2.00 0.00 0.00 0.00 0.00 0.98 2.00 0.00 0.00 0.00 0.00
1.07 2.00 0.00 0.00 0.00 0.00 1.15 2.00 0.00 0.00 0.00 0.00
1.23 2.00 0.00 0.00 0.00 0.00 1.31 2.00 0.00 0.00 0.00 0.00
1.39 2.00 0.00 0.00 0.00 0.00 1.48 2.00 0.00 0.00 0.00 0.00
1.56 2.00 0.00 0.00 0.00 0.00 1.64 2.00 0.00 0.00 0.00 0.00
1.72 2.00 0.00 0.00 0.00 0.00 1.80 2.00 0.00 0.00 0.00 0.00
1.89 2.00 0.00 0.00 0.00 0.00 1.97 2.00 0.00 0.00 0.00 0.00
2.05 2.00 0.00 0.00 0.00 0.00 2.13 2.00 0.00 0.00 0.00 0.00
2.21 2.00 0.00 0.00 0.00 0.00 2.30 2.00 0.00 0.00 0.00 0.00
2.38 2.00 0.00 0.00 0.00 0.00 2.46 2.00 0.00 0.00 0.00 0.00
2.54 2.00 0.00 0.00 0.00 0.00 2.62 2.00 0.00 0.00 0.00 0.00
2.71 2.00 0.00 0.00 0.00 0.00 2.79 2.00 0.00 0.00 0.00 0.00
2.87 2.00 0.00 0.00 0.00 0.00 2.95 2.00 0.00 0.00 0.00 0.00
3.03 2.00 0.00 0.00 0.00 0.00 3.12 2.00 0.00 0.00 0.00 0.00
3.20 2.00 0.00 0.00 0.00 0.00 3.28 2.00 0.00 0.00 0.00 0.00
3.36 2.00 0.00 0.00 0.08 0.00 3.44 2.00 0.00 0.00 0.08 0.00
3.53 2.00 0.00 0.00 0.08 0.00 3.61 2.00 0.00 0.00 0.08 0.00
3.69 2.00 0.00 0.00 0.08 0.00 3.77 2.00 0.00 0.00 0.08 0.00
3.85 2.00 0.00 0.00 0.08 0.00 3.94 2.00 0.00 0.00 0.08 0.00
4.02 2.00 0.00 0.00 0.08 0.00 4.10 2.00 0.00 0.00 0.08 0.00
4.18 2.00 0.00 0.00 0.08 0.00 4.27 2.00 0.00 0.00 0.08 0.00
4.35 2.00 0.00 0.00 0.08 0.00 4.43 2.00 0.00 0.00 0.08 0.00
4.51 2.00 0.00 0.00 0.08 0.00 4.59 2.00 0.00 0.00 0.08 0.00
4.68 2.00 0.00 0.00 0.08 0.00 4.76 2.00 0.00 0.00 0.08 0.00
4.84 2.00 0.00 0.00 0.08 0.00 4.92 2.00 0.00 0.00 0.08 0.00
5.00 2.00 0.00 0.00 0.08 0.00 5.09 2.00 0.00 0.00 0.08 0.00
5.17 2.00 0.00 0.00 0.08 0.00 5.25 2.00 0.00 0.00 0.08 0.00
5.33 2.00 0.00 0.00 0.08 0.00 5.41 2.00 0.00 0.00 0.08 0.00
5.50 2.00 0.00 0.00 0.08 0.00 5.58 2.00 0.00 0.00 0.08 0.00
5.66 2.00 0.00 0.00 0.08 0.00 5.74 2.00 0.00 0.00 0.08 0.00
5.82 2.00 0.00 0.00 0.08 0.00 5.91 1.92 0.00 0.00 0.08 0.00
5.99 1.79 0.00 0.00 0.08 0.00 6.07 1.63 0.00 0.00 0.08 0.00
6.15 1.50 0.00 0.00 0.08 0.00 6.23 1.43 0.00 0.00 0.08 0.00
6.32 1.38 0.00 0.00 0.08 0.00 6.40 1.33 0.00 0.00 0.08 0.00
6.48 1.27 0.00 0.00 0.08 0.00 6.56 1.22 0.00 0.00 0.08 0.00
6.64 1.18 0.00 0.00 0.08 0.00 6.73 1.12 0.00 0.00 0.08 0.00
6.81 1.08 0.00 0.00 0.08 0.00 6.89 1.05 0.00 0.00 0.08 0.00
6.97 1.00 0.00 0.00 0.08 0.00 7.05 0.96 0.00 0.00 0.08 0.01
7.14 0.91 0.00 0.00 0.08 0.02 7.22 0.87 0.00 0.00 0.08 0.03
7.30 0.84 0.00 0.00 0.08 0.04 7.38 0.81 0.00 0.00 0.08 0.04
7.46 0.81 0.00 0.00 0.08 0.04 7.55 0.82 0.00 0.00 0.08 0.04
7.63 0.84 0.00 0.00 0.08 0.04 7.71 0.85 0.00 0.00 0.08 0.03
7.79 0.87 0.00 0.00 0.08 0.03 7.87 0.87 0.00 0.00 0.08 0.03
CLiqg v.3.5.3.15 - CPT Liquefaction Assessment Software - Report created on: 4/17/2025, 1:53:31 PM 41

Project file: C:\Users\anthony.coyne\OneDrive - Otto Rosenau\Geotech\F\Fire Station 32 Monr_24-0267\Liquefaction Analysis\Fire Station 32 - CPT Liq 2025-04-16.clq

E-42



This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Liquefaction Potential Index calculation data :: (continued)

Depth FS F W, d; LPI Depth FS Fu W, d. LPI
(ft) (ft)
7.96 0.88 0.00 0.00 0.08 0.03 8.04 0.88 0.00 0.00 0.08 0.03
8.12 0.90 0.00 0.00 0.08 0.02 8.20 0.90 0.00 0.00 0.08 0.02
8.28 0.88 0.00 0.00 0.08 0.03 8.37 0.86 0.00 0.00 0.08 0.03
8.45 0.84 0.00 0.00 0.08 0.03 8.53 0.84 0.00 0.00 0.08 0.04
8.61 0.84 0.00 0.00 0.08 0.04 8.69 0.85 0.00 0.00 0.08 0.03
8.78 0.88 0.00 0.00 0.08 0.03 8.86 0.89 0.00 0.00 0.08 0.02
8.94 0.90 0.00 0.00 0.08 0.02 9.02 0.91 0.00 0.00 0.08 0.02
9.10 0.94 0.00 0.00 0.08 0.01 9.19 0.98 0.00 0.00 0.08 0.00
9.27 1.05 0.00 0.00 0.08 0.00 9.35 1.18 0.00 0.00 0.08 0.00
9.43 1.42 0.00 0.00 0.08 0.00 9.51 1.57 0.00 0.00 0.08 0.00
9.60 1.57 0.00 0.00 0.08 0.00 9.68 1.34 0.00 0.00 0.08 0.00
9.76 1.13 0.00 0.00 0.08 0.00 9.84 0.95 0.00 0.00 0.08 0.01
9.92 0.87 0.00 0.00 0.08 0.03 10.01 0.83 0.00 0.00 0.08 0.04
10.09 0.82 0.00 0.00 0.08 0.04 10.17 0.84 0.00 0.00 0.08 0.03
10.25 0.86 0.00 0.00 0.08 0.03 10.33 0.87 0.00 0.00 0.08 0.03
10.42 0.87 0.00 0.00 0.08 0.03 10.50 0.88 0.00 0.00 0.08 0.03
10.58 0.91 0.00 0.00 0.08 0.02 10.66 1.00 0.00 0.00 0.08 0.00
10.74 1.12 0.00 0.00 0.08 0.00 10.83 1.28 0.00 0.00 0.08 0.00
10.91 1.37 0.00 0.00 0.08 0.00 10.99 1.37 0.00 0.00 0.08 0.00
11.07 1.27 0.00 0.00 0.08 0.00 11.15 1.21 0.00 0.00 0.08 0.00
11.24 1.43 0.00 0.00 0.08 0.00 11.32 1.79 0.00 0.00 0.08 0.00
11.40 2.00 0.00 0.00 0.08 0.00 11.48 0.41 0.00 0.00 0.08 0.12
11.56 0.29 0.00 0.00 0.08 0.15 11.65 0.33 0.00 0.00 0.08 0.14
11.73 0.37 0.00 0.00 0.08 0.13 11.81 0.36 0.00 0.00 0.08 0.13
11.89 0.38 0.00 0.00 0.08 0.13 11.98 0.40 0.00 0.00 0.08 0.12
12.06 0.47 0.00 0.00 0.08 0.11 12.14 0.57 0.00 0.00 0.08 0.09
12.22 0.71 0.00 0.00 0.08 0.06 12.30 0.83 0.00 0.00 0.08 0.04
12.39 0.93 0.00 0.00 0.08 0.01 12.47 1.02 0.00 0.00 0.08 0.00
12.55 1.12 0.00 0.00 0.08 0.00 12.63 1.25 0.00 0.00 0.08 0.00
12.71 1.42 0.00 0.00 0.08 0.00 12.80 1.61 0.00 0.00 0.08 0.00
12.88 2.00 0.00 0.00 0.08 0.00 12.96 2.00 0.00 0.00 0.08 0.00
13.04 2.00 0.00 0.00 0.08 0.00 13.12 2.00 0.00 0.00 0.08 0.00
13.21 2.00 0.00 0.00 0.08 0.00 13.29 2.00 0.00 0.00 0.08 0.00
13.37 2.00 0.00 0.00 0.08 0.00 13.45 2.00 0.00 0.00 0.08 0.00
13.53 2.00 0.00 0.00 0.08 0.00 13.62 2.00 0.00 0.00 0.08 0.00
13.70 2.00 0.00 0.00 0.08 0.00 13.78 2.00 0.00 0.00 0.08 0.00
13.86 2.00 0.00 0.00 0.08 0.00 13.94 2.00 0.00 0.00 0.08 0.00
14.03 2.00 0.00 0.00 0.08 0.00 14.11 2.00 0.00 0.00 0.08 0.00
14.19 1.63 0.00 0.00 0.08 0.00 14.27 1.59 0.00 0.00 0.08 0.00
14.35 1.57 0.00 0.00 0.08 0.00 14.44 1.55 0.00 0.00 0.08 0.00
14.52 1.53 0.00 0.00 0.08 0.00 14.60 1.50 0.00 0.00 0.08 0.00
14.68 1.44 0.00 0.00 0.08 0.00 14.76 1.36 0.00 0.00 0.08 0.00
14.85 1.25 0.00 0.00 0.08 0.00 14.93 1.16 0.00 0.00 0.08 0.00
15.01 1.06 0.00 0.00 0.08 0.00 15.09 0.99 0.00 0.00 0.08 0.00
15.17 0.94 0.00 0.00 0.08 0.01 15.26 0.92 0.00 0.00 0.08 0.01
15.34 0.95 0.00 0.00 0.08 0.01 15.42 0.99 0.00 0.00 0.08 0.00
15.50 0.98 0.00 0.00 0.08 0.00 15.58 0.91 0.00 0.00 0.08 0.02
15.67 0.82 0.00 0.00 0.08 0.03 15.75 0.72 0.00 0.00 0.08 0.05
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Liquefaction Potential Index calculation data :: (continued)

Depth FS F W, d; LPI Depth FS Fu W, d. LPI
(ft) (ft)
15.83 0.68 0.00 0.00 0.08 0.06 15.91 0.66 0.00 0.00 0.08 0.06
15.99 0.69 0.00 0.00 0.08 0.06 16.08 0.75 0.00 0.00 0.08 0.05
16.16 0.88 0.00 0.00 0.08 0.02 16.24 1.15 0.00 0.00 0.08 0.00
16.32 1.52 0.00 0.00 0.08 0.00 16.40 2.00 0.00 0.00 0.08 0.00
16.49 2.00 0.00 0.00 0.08 0.00 16.57 2.00 0.00 0.00 0.08 0.00
16.65 2.00 0.00 0.00 0.08 0.00 16.73 2.00 0.00 0.00 0.08 0.00
16.81 2.00 0.00 0.00 0.08 0.00 16.90 2.00 0.00 0.00 0.08 0.00
16.98 2.00 0.00 0.00 0.08 0.00 17.06 2.00 0.00 0.00 0.08 0.00
17.14 2.00 0.00 0.00 0.08 0.00 17.22 2.00 0.00 0.00 0.08 0.00
17.31 1.15 0.00 0.00 0.08 0.00 17.39 0.72 0.00 0.00 0.08 0.05
17.47 0.64 0.00 0.00 0.08 0.07 17.55 0.48 0.00 0.00 0.08 0.09
17.63 0.52 0.00 0.00 0.08 0.09 17.72 0.72 0.00 0.00 0.08 0.05
17.80 2.00 0.00 0.00 0.08 0.00 17.88 2.00 0.00 0.00 0.08 0.00
17.96 0.75 0.00 0.00 0.08 0.05 18.04 0.39 0.00 0.00 0.08 0.11
18.13 0.41 0.00 0.00 0.08 0.11 18.21 0.69 0.00 0.00 0.08 0.06
18.29 0.84 0.00 0.00 0.08 0.03 18.37 1.05 0.00 0.00 0.08 0.00
18.45 0.99 0.00 0.00 0.08 0.00 18.54 0.87 0.00 0.00 0.08 0.02
18.62 0.79 0.00 0.00 0.08 0.04 18.70 0.75 0.00 0.00 0.08 0.04
18.78 0.74 0.00 0.00 0.08 0.05 18.86 0.71 0.00 0.00 0.08 0.05
18.95 0.67 0.00 0.00 0.08 0.06 19.03 0.71 0.00 0.00 0.08 0.05
19.11 0.78 0.00 0.00 0.08 0.04 19.19 0.79 0.00 0.00 0.08 0.04
19.27 0.71 0.00 0.00 0.08 0.05 19.36 0.56 0.00 0.00 0.08 0.08
19.44 0.42 0.58 0.40 0.08 0.10 19.52 0.32 0.68 0.34 0.08 0.12
19.60 0.28 0.72 0.31 0.08 0.13 19.69 0.24 0.76 0.29 0.08 0.13
19.77 0.24 0.76 0.29 0.08 0.13 19.85 0.43 0.57 0.41 0.08 0.10
19.93 1.84 0.00 0.00 0.08 0.00 20.01 1.45 0.00 0.00 0.08 0.00
20.10 1.28 0.00 0.00 0.08 0.00 20.18 1.23 0.00 0.00 0.08 0.00
20.26 1.44 0.00 0.00 0.08 0.00 20.34 0.28 0.72 0.31 0.08 0.12
20.42 0.23 0.77 0.29 0.08 0.13 20.51 0.31 0.69 0.33 0.08 0.12
20.59 1.12 0.00 0.00 0.08 0.00 20.67 1.30 0.00 0.00 0.08 0.00
20.75 1.07 0.00 0.00 0.08 0.00 20.83 0.94 0.00 0.00 0.08 0.01
20.92 0.91 0.00 0.00 0.08 0.01 21.00 0.91 0.00 0.00 0.08 0.02
21.08 0.89 0.00 0.00 0.08 0.02 21.16 0.87 0.00 0.00 0.08 0.02
21.24 0.86 0.00 0.00 0.08 0.02 21.33 0.85 0.00 0.00 0.08 0.03
21.41 0.85 0.00 0.00 0.08 0.03 21.49 0.84 0.00 0.00 0.08 0.03
21.57 0.85 0.00 0.00 0.08 0.03 21.65 0.85 0.00 0.00 0.08 0.02
21.74 0.87 0.00 0.00 0.08 0.02 21.82 0.90 0.00 0.00 0.08 0.02
21.90 0.92 0.00 0.00 0.08 0.01 21.98 0.92 0.00 0.00 0.08 0.01
22.06 0.90 0.00 0.00 0.08 0.02 22.15 0.86 0.00 0.00 0.08 0.02
22.23 0.82 0.00 0.00 0.08 0.03 22.31 0.80 0.00 0.00 0.08 0.03
22.39 0.79 0.00 0.00 0.08 0.03 22.47 0.80 0.00 0.00 0.08 0.03
22.56 0.81 0.00 0.00 0.08 0.03 22.64 0.82 0.00 0.00 0.08 0.03
22.72 0.85 0.00 0.00 0.08 0.02 22.80 0.92 0.00 0.00 0.08 0.01
22.88 0.97 0.00 0.00 0.08 0.00 22.97 1.02 0.00 0.00 0.08 0.00
23.05 1.02 0.00 0.00 0.08 0.00 23.13 1.00 0.00 0.00 0.08 0.00
23.21 0.97 0.00 0.00 0.08 0.01 23.29 0.96 0.00 0.00 0.08 0.01
23.38 0.95 0.00 0.00 0.08 0.01 23.46 0.94 0.00 0.00 0.08 0.01
23.54 0.93 0.00 0.00 0.08 0.01 23.62 0.89 0.00 0.00 0.08 0.02
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Liquefaction Potential Index calculation data :: (continued)

Depth FS F W, d; LPI Depth FS Fu W, d: LPI
(ft) (ft)
23.70 0.87 0.00 0.00 0.08 0.02 23.79 0.83 0.00 0.00 0.08 0.03
23.87 0.83 0.00 0.00 0.08 0.03 23.95 0.81 0.00 0.00 0.08 0.03
24.03 0.79 0.00 0.00 0.08 0.03 24.11 0.77 0.00 0.00 0.08 0.04
24.20 0.77 0.00 0.00 0.08 0.04 24.28 0.78 0.00 0.00 0.08 0.03
24.36 0.79 0.00 0.00 0.08 0.03 24.44 0.81 0.00 0.00 0.08 0.03
24.52 0.85 0.00 0.00 0.08 0.02 24.61 0.89 0.00 0.00 0.08 0.02
24.69 0.91 0.00 0.00 0.08 0.01 24,77 0.92 0.00 0.00 0.08 0.01
24.85 0.93 0.00 0.00 0.08 0.01 24.93 1.06 0.00 0.00 0.08 0.00
25.02 1.35 0.00 0.00 0.08 0.00 25.10 1.73 0.00 0.00 0.08 0.00
25.18 0.30 0.70 0.32 0.08 0.11 25.26 0.39 0.61 0.38 0.08 0.09
25.34 0.94 0.00 0.00 0.08 0.01 25.43 2.00 0.00 0.00 0.08 0.00
25.51 2.00 0.00 0.00 0.08 0.00 25.59 2.00 0.00 0.00 0.08 0.00
25.67 2.00 0.00 0.00 0.08 0.00 25.75 2.00 0.00 0.00 0.08 0.00
25.84 2.00 0.00 0.00 0.08 0.00 25.92 2.00 0.00 0.00 0.08 0.00
26.00 2.00 0.00 0.00 0.08 0.00 26.08 2.00 0.00 0.00 0.08 0.00
26.16 2.00 0.00 0.00 0.08 0.00 26.25 2.00 0.00 0.00 0.08 0.00
26.33 2.00 0.00 0.00 0.08 0.00 26.41 2.00 0.00 0.00 0.08 0.00
26.49 2.00 0.00 0.00 0.08 0.00 26.57 2.00 0.00 0.00 0.08 0.00
26.66 2.00 0.00 0.00 0.08 0.00 26.74 2.00 0.00 0.00 0.08 0.00
26.82 2.00 0.00 0.00 0.08 0.00 26.90 2.00 0.00 0.00 0.08 0.00
26.98 2.00 0.00 0.00 0.08 0.00 27.07 2.00 0.00 0.00 0.08 0.00
27.15 2.00 0.00 0.00 0.08 0.00 27.23 2.00 0.00 0.00 0.08 0.00
27.31 2.00 0.00 0.00 0.08 0.00 27.40 2.00 0.00 0.00 0.08 0.00
27.48 2.00 0.00 0.00 0.08 0.00 27.56 2.00 0.00 0.00 0.08 0.00
27.64 2.00 0.00 0.00 0.08 0.00 27.72 2.00 0.00 0.00 0.08 0.00
27.81 2.00 0.00 0.00 0.08 0.00 27.89 2.00 0.00 0.00 0.08 0.00
27.97 2.00 0.00 0.00 0.08 0.00 28.05 2.00 0.00 0.00 0.08 0.00
28.13 2.00 0.00 0.00 0.08 0.00 28.22 2.00 0.00 0.00 0.08 0.00
28.30 2.00 0.00 0.00 0.08 0.00 28.38 2.00 0.00 0.00 0.08 0.00
28.46 2.00 0.00 0.00 0.08 0.00 28.54 2.00 0.00 0.00 0.08 0.00
28.63 2.00 0.00 0.00 0.08 0.00 28.71 2.00 0.00 0.00 0.08 0.00
28.79 2.00 0.00 0.00 0.08 0.00 28.87 2.00 0.00 0.00 0.08 0.00
28.95 2.00 0.00 0.00 0.08 0.00 29.04 2.00 0.00 0.00 0.08 0.00
29.12 2.00 0.00 0.00 0.08 0.00 29.20 2.00 0.00 0.00 0.08 0.00
29.28 2.00 0.00 0.00 0.08 0.00 29.36 2.00 0.00 0.00 0.08 0.00
29.45 2.00 0.00 0.00 0.08 0.00 29.53 2.00 0.00 0.00 0.08 0.00
29.61 2.00 0.00 0.00 0.08 0.00 29.69 2.00 0.00 0.00 0.08 0.00
29.77 2.00 0.00 0.00 0.08 0.00 29.86 2.00 0.00 0.00 0.08 0.00
29.94 2.00 0.00 0.00 0.08 0.00 30.02 2.00 0.00 0.00 0.08 0.00
30.10 2.00 0.00 0.00 0.08 0.00 30.18 2.00 0.00 0.00 0.08 0.00
30.27 2.00 0.00 0.00 0.08 0.00 30.35 2.00 0.00 0.00 0.08 0.00
30.43 2.00 0.00 0.00 0.08 0.00 30.51 2.00 0.00 0.00 0.08 0.00
30.59 2.00 0.00 0.00 0.08 0.00 30.68 2.00 0.00 0.00 0.08 0.00
30.76 2.00 0.00 0.00 0.08 0.00 30.84 2.00 0.00 0.00 0.08 0.00
30.92 2.00 0.00 0.00 0.08 0.00 31.00 2.00 0.00 0.00 0.08 0.00
31.09 2.00 0.00 0.00 0.08 0.00 31.17 2.00 0.00 0.00 0.08 0.00
31.25 2.00 0.00 0.00 0.08 0.00 31.33 2.00 0.00 0.00 0.08 0.00
31.41 2.00 0.00 0.00 0.08 0.00 31.50 2.00 0.00 0.00 0.08 0.00
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CPT name: CPT-1

:: Liquefaction Potential Index calculation data :: (continued)

Depth FS F W, d; LPI Depth FS Fu W, d: LPI
(ft) (ft)
31.58 2.00 0.00 0.00 0.08 0.00 31.66 2.00 0.00 0.00 0.08 0.00
31.74 2.00 0.00 0.00 0.08 0.00 31.82 2.00 0.00 0.00 0.08 0.00
31.91 2.00 0.00 0.00 0.08 0.00 31.99 2.00 0.00 0.00 0.08 0.00
32.07 2.00 0.00 0.00 0.08 0.00 32.15 2.00 0.00 0.00 0.08 0.00
32.23 2.00 0.00 0.00 0.08 0.00 32.32 2.00 0.00 0.00 0.08 0.00
32.40 2.00 0.00 0.00 0.08 0.00 32.48 2.00 0.00 0.00 0.08 0.00
32.56 2.00 0.00 0.00 0.08 0.00 32.64 2.00 0.00 0.00 0.08 0.00
32.73 2.00 0.00 0.00 0.08 0.00 32.81 2.00 0.00 0.00 0.08 0.00
32.89 2.00 0.00 0.00 0.08 0.00 32.97 2.00 0.00 0.00 0.08 0.00
33.05 2.00 0.00 0.00 0.08 0.00 33.14 2.00 0.00 0.00 0.08 0.00
33.22 2.00 0.00 0.00 0.08 0.00 33.30 2.00 0.00 0.00 0.08 0.00
33.38 2.00 0.00 0.00 0.08 0.00 33.46 2.00 0.00 0.00 0.08 0.00
33.55 2.00 0.00 0.00 0.08 0.00 33.63 2.00 0.00 0.00 0.08 0.00
33.71 2.00 0.00 0.00 0.08 0.00 33.79 2.00 0.00 0.00 0.08 0.00
33.87 2.00 0.00 0.00 0.08 0.00 33.96 2.00 0.00 0.00 0.08 0.00
34.04 2.00 0.00 0.00 0.08 0.00 34.12 2.00 0.00 0.00 0.08 0.00
34.20 2.00 0.00 0.00 0.08 0.00 34.28 2.00 0.00 0.00 0.08 0.00
34.37 2.00 0.00 0.00 0.08 0.00 34.45 2.00 0.00 0.00 0.08 0.00
34.53 2.00 0.00 0.00 0.08 0.00 34.61 2.00 0.00 0.00 0.08 0.00
34.69 2.00 0.00 0.00 0.08 0.00 34.78 2.00 0.00 0.00 0.08 0.00
34.86 2.00 0.00 0.00 0.08 0.00 34.94 2.00 0.00 0.00 0.08 0.00
35.02 2.00 0.00 0.00 0.08 0.00 35.10 2.00 0.00 0.00 0.08 0.00
35.19 2.00 0.00 0.00 0.08 0.00 35.27 2.00 0.00 0.00 0.08 0.00
35.35 2.00 0.00 0.00 0.08 0.00 35.43 2.00 0.00 0.00 0.08 0.00
35.52 2.00 0.00 0.00 0.08 0.00 35.60 2.00 0.00 0.00 0.08 0.00
35.68 2.00 0.00 0.00 0.08 0.00 35.76 2.00 0.00 0.00 0.08 0.00
35.84 2.00 0.00 0.00 0.08 0.00 35.93 2.00 0.00 0.00 0.08 0.00
36.01 2.00 0.00 0.00 0.08 0.00 36.09 2.00 0.00 0.00 0.08 0.00
36.17 2.00 0.00 0.00 0.08 0.00 36.25 2.00 0.00 0.00 0.08 0.00
36.34 2.00 0.00 0.00 0.08 0.00 36.42 2.00 0.00 0.00 0.08 0.00
36.50 2.00 0.00 0.00 0.08 0.00 36.58 2.00 0.00 0.00 0.08 0.00
36.66 2.00 0.00 0.00 0.08 0.00 36.75 2.00 0.00 0.00 0.08 0.00
36.83 2.00 0.00 0.00 0.08 0.00 36.91 2.00 0.00 0.00 0.08 0.00
36.99 2.00 0.00 0.00 0.08 0.00 37.07 2.00 0.00 0.00 0.08 0.00
37.16 2.00 0.00 0.00 0.08 0.00 37.24 2.00 0.00 0.00 0.08 0.00
37.32 2.00 0.00 0.00 0.08 0.00 37.40 2.00 0.00 0.00 0.08 0.00
37.48 2.00 0.00 0.00 0.08 0.00 37.57 2.00 0.00 0.00 0.08 0.00
37.65 2.00 0.00 0.00 0.08 0.00 37.73 2.00 0.00 0.00 0.08 0.00
37.81 2.00 0.00 0.00 0.08 0.00 37.89 2.00 0.00 0.00 0.08 0.00
37.98 2.00 0.00 0.00 0.08 0.00 38.06 2.00 0.00 0.00 0.08 0.00
38.14 2.00 0.00 0.00 0.08 0.00 38.22 2.00 0.00 0.00 0.08 0.00
38.30 2.00 0.00 0.00 0.08 0.00 38.39 2.00 0.00 0.00 0.08 0.00
38.47 2.00 0.00 0.00 0.08 0.00 38.55 2.00 0.00 0.00 0.08 0.00
38.63 2.00 0.00 0.00 0.08 0.00 38.71 2.00 0.00 0.00 0.08 0.00
38.80 1.60 0.00 0.00 0.08 0.00 38.88 1.35 0.00 0.00 0.08 0.00
38.96 1.21 0.00 0.00 0.08 0.00 39.04 1.11 0.00 0.00 0.08 0.00
39.12 1.05 0.00 0.00 0.08 0.00 39.21 1.05 0.00 0.00 0.08 0.00
39.29 1.23 0.00 0.00 0.08 0.00 39.37 1.37 0.00 0.00 0.08 0.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)
39.45
39.62
39.78
39.94
40.11
40.27
40.44
40.60
40.76
40.93
41.09
41.26
41.42
41.58
41.75
41.91

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low

FS

1.38
1.45
2.00
1.36
1.11
1.26
1.03
0.97
1.10
1.03
0.87
0.92
1.64
2.00
2.00
2.00

F

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

W

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

d;

0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

Abbreviations

FS:  Calculated factor of safety for test point

F: 1-FS

LPI

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00

w,:  Function value of the extend of soil liquefaction according to depth

d,:  Layer thickness (ft)

,:
LPI: Liquefaction potential index value for test point

Depth

(fo)

39.53
39.70
39.86
40.03
40.19
40.35
40.52
40.68
40.85
41.01
41.17
41.34
41.50
41.67
41.83
41.99

FS

1.22
2.00
2.00
1.17
1.19
1.15
0.97
1.00
1.12
0.91
0.89
0.91
2.00
2.00
2.00
2.00

F

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

W

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

d;

0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

LPI

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00

Overall liquefaction potential: 6.23
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

Estimation of post-earthquake settlements

Cone resﬂrﬁﬁanu e SBTn Ealﬁtour . FS Plot . Strain plot . Vertical settlements
4
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qt (tsf) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (in)
Abbreviations
G: Total cone resistance (cone resistance q. corrected for pore water effects)
I Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

: Post-earthquake settlement due to soil liquefaction ::

Depth Qtn,es FS e, (%) DF  Settlement Depth Qtn,cs FS e, (%) DF  Settlement
(ft) (in) (ft) (in)
4.02 145.60 2.00 0.00 1.00 0.00 4.10 151.08 2.00 0.00 1.00 0.00
4.18 157.64 2.00 0.00 1.00 0.00 4.27 162.32 2.00 0.00 1.00 0.00
4.35 163.41 2.00 0.00 1.00 0.00 4.43 159.37 2.00 0.00 1.00 0.00
4.51 153.47 2.00 0.00 1.00 0.00 4.59 149.78 2.00 0.00 1.00 0.00
4.68 151.18 2.00 0.00 1.00 0.00 4.76 153.92 2.00 0.00 1.00 0.00
4.84 156.97 2.00 0.00 1.00 0.00 4.92 159.83 2.00 0.00 1.00 0.00
5.00 161.53 2.00 0.00 1.00 0.00 5.09 160.47 2.00 0.00 1.00 0.00
5.17 155.70 2.00 0.00 1.00 0.00 5.25 151.27 2.00 0.00 1.00 0.00
5.33 148.19 2.00 0.00 1.00 0.00 5.41 145.52 2.00 0.00 1.00 0.00
5.50 141.54 2.00 0.00 1.00 0.00 5.58 136.40 2.00 0.00 1.00 0.00
5.66 131.35 2.00 0.00 1.00 0.00 5.74 129.27 2.00 0.00 1.00 0.00
5.82 130.22 2.00 0.00 1.00 0.00 5.91 132.98 1.92 0.00 1.00 0.00
5.99 135.66 1.79 0.00 1.00 0.00 6.07 138.26 1.63 0.01 1.00 0.00
6.15 139.93 1.50 0.01 1.00 0.00 6.23 136.46 1.43 0.02 1.00 0.00
6.32 130.06 1.38 0.02 1.00 0.00 6.40 122.40 1.33 0.02 1.00 0.00
6.48 117.67 1.27 0.03 1.00 0.00 6.56 113.82 1.22 0.03 1.00 0.00
6.64 111.06 1.18 0.04 1.00 0.00 6.73 108.64 1.12 0.05 1.00 0.00
6.81 106.03 1.08 0.05 1.00 0.00 6.89 103.44 1.05 0.06 1.00 0.00
6.97 100.54 1.00 0.07 1.00 0.00 7.05 96.87 0.96 0.08 1.00 0.00
7.14 91.72 0.91 0.10 1.00 0.00 7.22 86.28 0.87 0.11 1.00 0.00
7.30 79.89 0.84 0.50 1.00 0.00 7.38 73.07 0.81 0.50 1.00 0.00
7.46 65.65 0.81 0.50 1.00 0.00 7.55 59.83 0.82 0.50 1.00 0.00
7.63 55.77 0.84 0.50 1.00 0.00 7.71 53.31 0.85 0.12 1.00 0.00
7.79 50.89 0.87 0.11 1.00 0.00 7.87 49.67 0.87 0.10 1.00 0.00
7.96 49.60 0.88 0.10 1.00 0.00 8.04 51.73 0.88 0.10 1.00 0.00
8.12 52.88 0.90 0.09 1.00 0.00 8.20 52.94 0.90 0.09 1.00 0.00
8.28 51.42 0.88 0.10 1.00 0.00 8.37 50.52 0.86 0.10 1.00 0.00
8.45 49.55 0.84 0.11 1.00 0.00 8.53 48.75 0.84 0.50 1.00 0.00
8.61 48.02 0.84 0.50 1.00 0.00 8.69 47.97 0.85 0.10 1.00 0.00
8.78 48.18 0.88 0.09 1.00 0.00 8.86 48.11 0.89 0.09 1.00 0.00
8.94 48.25 0.90 0.08 1.00 0.00 9.02 48.61 0.91 0.08 1.00 0.00
9.10 50.34 0.94 0.07 1.00 0.00 9.19 52.65 0.98 0.06 1.00 0.00
9.27 55.68 1.05 0.04 1.00 0.00 9.35 61.10 1.18 0.03 1.00 0.00
9.43 67.44 1.42 0.01 1.00 0.00 9.51 81.31 1.57 0.01 1.00 0.00
9.60 93.72 1.57 0.01 1.00 0.00 9.68 105.29 1.34 0.02 1.00 0.00
9.76 106.64 1.13 0.03 1.00 0.00 9.84 101.79 0.95 0.06 1.00 0.00
9.92 91.80 0.87 0.08 1.00 0.00 10.01 80.97 0.83 0.50 1.00 0.00
10.09 74.00 0.82 0.50 1.00 0.00 10.17 71.61 0.84 0.50 1.00 0.00
10.25 71.70 0.86 0.08 1.00 0.00 10.33 71.43 0.87 0.08 1.00 0.00
10.42 71.54 0.87 0.08 1.00 0.00 10.50 73.14 0.88 0.08 1.00 0.00
10.58 75.73 0.91 0.07 1.00 0.00 10.66 78.55 1.00 0.05 1.00 0.00
10.74 80.91 1.12 0.03 1.00 0.00 10.83 82.14 1.28 0.02 1.00 0.00
10.91 81.11 1.37 0.01 1.00 0.00 10.99 81.56 1.37 0.01 1.00 0.00
11.07 84.30 1.27 0.02 1.00 0.00 11.15 99.20 1.21 0.02 1.00 0.00
11.24 109.73 1.43 0.01 1.00 0.00 11.32 112.44 1.79 0.00 1.00 0.00
11.40 108.35 2.00 0.00 1.00 0.00 11.48 107.56 0.41 2.20 1.00 0.02
11.56 85.11 0.29 2.67 1.00 0.03 11.65 93.93 0.33 2.46 1.00 0.02
11.73 102.13 0.37 2.30 1.00 0.02 11.81 100.19 0.36 2.33 1.00 0.02
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,es FS e, (%) DF  Settlement Depth Qtn,cs FS e, (%) DF  Settlement
(ft) (in) (ft) (in)
11.89 103.14 0.38 2.28 1.00 0.02 11.98 106.73 0.40 2.22 1.00 0.02
12.06 116.01 0.47 2.07 1.00 0.02 12.14 128.57 0.57 1.90 1.00 0.02
12.22 141.87 0.71 1.50 1.00 0.01 12.30 151.27 0.83 1.11 1.00 0.01
12.39 159.01 0.93 0.79 1.00 0.01 12.47 165.09 1.02 0.55 1.00 0.01
12.55 171.52 1.12 0.39 1.00 0.00 12.63 179.00 1.25 0.19 1.00 0.00
12.71 187.70 1.42 0.00 1.00 0.00 12.80 197.15 1.61 0.00 1.00 0.00
12.88 207.91 2.00 0.00 1.00 0.00 12.96 218.70 2.00 0.00 1.00 0.00
13.04 229.56 2.00 0.00 1.00 0.00 13.12 235.26 2.00 0.00 1.00 0.00
13.21 235.78 2.00 0.00 1.00 0.00 13.29 232.97 2.00 0.00 1.00 0.00
13.37 230.24 2.00 0.00 1.00 0.00 13.45 228.82 2.00 0.00 1.00 0.00
13.53 227.89 2.00 0.00 1.00 0.00 13.62 226.23 2.00 0.00 1.00 0.00
13.70 224.57 2.00 0.00 1.00 0.00 13.78 220.64 2.00 0.00 1.00 0.00
13.86 216.46 2.00 0.00 1.00 0.00 13.94 210.96 2.00 0.00 1.00 0.00
14.03 206.74 2.00 0.00 1.00 0.00 14.11 202.33 2.00 0.00 1.00 0.00
14.19 199.66 1.63 0.00 1.00 0.00 14.27 198.03 1.59 0.00 1.00 0.00
14.35 197.25 1.57 0.00 1.00 0.00 14.44 196.49 1.55 0.00 1.00 0.00
14.52 195.46 1.53 0.00 1.00 0.00 14.60 194.18 1.50 0.00 1.00 0.00
14.68 191.20 1.44 0.00 1.00 0.00 14.76 187.40 1.36 0.00 1.00 0.00
14.85 181.57 1.25 0.19 1.00 0.00 14.93 176.30 1.16 0.27 1.00 0.00
15.01 170.61 1.06 0.39 1.00 0.00 15.09 165.95 0.99 0.55 1.00 0.01
15.17 162.71 0.94 0.76 1.00 0.01 15.26 161.68 0.92 0.77 1.00 0.01
15.34 163.72 0.95 0.56 1.00 0.01 15.42 166.31 0.99 0.55 1.00 0.01
15.50 165.90 0.98 0.55 1.00 0.01 15.58 161.06 0.91 0.77 1.00 0.01
15.67 154.29 0.82 1.08 1.00 0.01 15.75 146.64 0.72 1.43 1.00 0.01
15.83 142.77 0.68 1.48 1.00 0.01 15.91 141.06 0.66 1.51 1.00 0.01
15.99 143.49 0.69 1.47 1.00 0.01 16.08 148.73 0.75 1.40 1.00 0.01
16.16 159.68 0.88 0.78 1.00 0.01 16.24 177.27 1.15 0.27 1.00 0.00
16.32 196.71 1.52 0.00 1.00 0.00 16.40 210.53 2.00 0.00 1.00 0.00
16.49 220.35 2.00 0.00 1.00 0.00 16.57 223.60 2.00 0.00 1.00 0.00
16.65 224.31 2.00 0.00 1.00 0.00 16.73 220.92 2.00 0.00 1.00 0.00
16.81 224.34 2.00 0.00 1.00 0.00 16.90 228.51 2.00 0.00 1.00 0.00
16.98 228.87 2.00 0.00 1.00 0.00 17.06 223.21 2.00 0.00 1.00 0.00
17.14 214.71 2.00 0.00 1.00 0.00 17.22 200.83 2.00 0.00 1.00 0.00
17.31 177.82 1.15 0.38 1.00 0.00 17.39 147.79 0.72 1.41 1.00 0.01
17.47 140.05 0.64 1.77 1.00 0.02 17.55 123.30 0.48 1.97 1.00 0.02
17.63 128.21 0.52 1.91 1.00 0.02 17.72 147.85 0.72 1.41 1.00 0.01
17.80 297.51 2.00 0.00 1.00 0.00 17.88 157.00 2.00 0.00 1.00 0.00
17.96 149.96 0.75 1.38 1.00 0.01 18.04 110.66 0.39 2.15 1.00 0.02
18.13 113.96 0.41 2.10 1.00 0.02 18.21 144.76 0.69 1.45 1.00 0.01
18.29 157.44 0.84 1.05 1.00 0.01 18.37 172.52 1.05 0.39 1.00 0.00
18.45 168.61 0.99 0.54 1.00 0.01 18.54 160.11 0.87 0.78 1.00 0.01
18.62 153.43 0.79 1.09 1.00 0.01 18.70 150.79 0.75 1.12 1.00 0.01
18.78 149.68 0.74 1.39 1.00 0.01 18.86 147.30 0.71 1.42 1.00 0.01
18.95 143.38 0.67 1.47 1.00 0.01 19.03 147.32 0.71 1.42 1.00 0.01
19.11 153.05 0.78 1.09 1.00 0.01 19.19 153.96 0.79 1.08 1.00 0.01
19.27 147.72 0.71 1.41 1.00 0.01 19.36 132.80 0.56 1.85 1.00 0.02
19.44 115.29 0.42 2.08 1.00 0.02 19.52 99.76 0.32 2.34 1.00 0.02
19.60 91.47 0.28 2.51 1.00 0.02 19.69 80.89 0.24 2.78 1.00 0.03
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,cs FS e, (%) DF  Settlement Depth Qtn,cs FS e, (%) DF  Settlement
(ft) (in) (ft) (in)
19.77 79.36 0.24 2.82 1.00 0.03 19.85 116.91 0.43 2.06 1.00 0.02
19.93 105.30 1.84 0.00 1.00 0.00 20.01 109.11 1.45 0.01 1.00 0.00
20.10 103.74 1.28 0.01 1.00 0.00 20.18 92.16 1.23 0.02 1.00 0.00
20.26 78.50 1.44 0.01 1.00 0.00 20.34 91.35 0.28 2.52 1.00 0.02
20.42 76.67 0.23 2.91 1.00 0.03 20.51 97.49 0.31 2.39 1.00 0.02
20.59 184.62 1.12 0.37 1.00 0.00 20.67 92.10 1.30 0.01 1.00 0.00
20.75 95.73 1.07 0.03 1.00 0.00 20.83 91.22 0.94 0.04 1.00 0.00
20.92 79.03 0.91 0.05 1.00 0.00 21.00 65.30 0.91 0.05 1.00 0.00
21.08 58.20 0.89 0.05 1.00 0.00 21.16 56.83 0.87 0.06 1.00 0.00
21.24 56.78 0.86 0.06 1.00 0.00 21.33 56.40 0.85 0.06 1.00 0.00
21.41 56.08 0.85 0.06 1.00 0.00 21.49 55.73 0.84 0.06 1.00 0.00
21.57 55.28 0.85 0.06 1.00 0.00 21.65 55.06 0.85 0.06 1.00 0.00
21.74 54.80 0.87 0.06 1.00 0.00 21.82 54.33 0.90 0.05 1.00 0.00
21.90 53.82 0.92 0.05 1.00 0.00 21.98 53.67 0.92 0.04 1.00 0.00
22.06 53.78 0.90 0.05 1.00 0.00 22.15 54.04 0.86 0.06 1.00 0.00
22.23 54.14 0.82 0.50 1.00 0.00 22.31 54.30 0.80 0.50 1.00 0.00
22.39 54.47 0.79 0.50 1.00 0.00 22.47 54.68 0.80 0.50 1.00 0.00
22.56 54.09 0.81 0.50 1.00 0.00 22.64 56.69 0.82 0.50 1.00 0.00
22.72 61.13 0.85 0.06 1.00 0.00 22.80 66.41 0.92 0.05 1.00 0.00
22.88 68.60 0.97 0.04 1.00 0.00 22.97 68.99 1.02 0.03 1.00 0.00
23.05 70.45 1.02 0.03 1.00 0.00 23.13 68.48 1.00 0.03 1.00 0.00
23.21 63.54 0.97 0.04 1.00 0.00 23.29 55.74 0.96 0.04 1.00 0.00
23.38 52.10 0.95 0.04 1.00 0.00 23.46 51.58 0.94 0.04 1.00 0.00
23.54 51.95 0.93 0.04 1.00 0.00 23.62 52.50 0.89 0.05 1.00 0.00
23.70 52.98 0.87 0.05 1.00 0.00 23.79 53.36 0.83 0.50 1.00 0.00
23.87 53.05 0.83 0.50 1.00 0.00 23.95 52.70 0.81 0.50 1.00 0.00
24.03 52.30 0.79 0.50 1.00 0.00 24.11 51.58 0.77 0.50 1.00 0.00
24.20 51.44 0.77 0.50 1.00 0.00 24.28 51.19 0.78 0.50 1.00 0.00
24.36 51.53 0.79 0.50 1.00 0.00 24.44 52.50 0.81 0.50 1.00 0.00
24.52 53.59 0.85 0.06 1.00 0.00 24.61 54.46 0.89 0.05 1.00 0.00
24.69 54.78 0.91 0.04 1.00 0.00 24.77 57.29 0.92 0.04 1.00 0.00
24.85 72.39 0.93 0.04 1.00 0.00 24.93 83.84 1.06 0.03 1.00 0.00
25.02 100.30 1.35 0.01 1.00 0.00 25.10 107.09 1.73 0.00 1.00 0.00
25.18 97.94 0.30 2.38 1.00 0.02 25.26 114.76 0.39 2.09 1.00 0.02
25.34 168.57 0.94 0.72 1.00 0.01 25.43 244.78 2.00 0.00 1.00 0.00
25.51 296.92 2.00 0.00 1.00 0.00 25.59 331.08 2.00 0.00 1.00 0.00
25.67 349.06 2.00 0.00 1.00 0.00 25.75 367.49 2.00 0.00 1.00 0.00
25.84 379.17 2.00 0.00 1.00 0.00 25.92 392.70 2.00 0.00 1.00 0.00
26.00 388.31 2.00 0.00 1.00 0.00 26.08 377.64 2.00 0.00 1.00 0.00
26.16 360.51 2.00 0.00 1.00 0.00 26.25 347.82 2.00 0.00 1.00 0.00
26.33 334.90 2.00 0.00 1.00 0.00 26.41 325.86 2.00 0.00 1.00 0.00
26.49 322.56 2.00 0.00 1.00 0.00 26.57 323.64 2.00 0.00 1.00 0.00
26.66 327.48 2.00 0.00 1.00 0.00 26.74 319.37 2.00 0.00 1.00 0.00
26.82 316.23 2.00 0.00 1.00 0.00 26.90 308.02 2.00 0.00 1.00 0.00
26.98 310.27 2.00 0.00 1.00 0.00 27.07 306.07 2.00 0.00 1.00 0.00
27.15 303.68 2.00 0.00 1.00 0.00 27.23 300.88 2.00 0.00 1.00 0.00
27.31 294.62 2.00 0.00 1.00 0.00 27.40 289.94 2.00 0.00 1.00 0.00
27.48 286.41 2.00 0.00 1.00 0.00 27.56 288.40 2.00 0.00 1.00 0.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,cs FS e, (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (in) (ft) (in)
27.64 286.38 2.00 0.00 1.00 0.00 27.72 286.95 2.00 0.00 1.00 0.00
27.81 286.16 2.00 0.00 1.00 0.00 27.89 289.84 2.00 0.00 1.00 0.00
27.97 289.15 2.00 0.00 1.00 0.00 28.05 288.97 2.00 0.00 1.00 0.00
28.13 287.56 2.00 0.00 1.00 0.00 28.22 283.18 2.00 0.00 1.00 0.00
28.30 279.20 2.00 0.00 1.00 0.00 28.38 277.94 2.00 0.00 1.00 0.00
28.46 282.07 2.00 0.00 1.00 0.00 28.54 281.87 2.00 0.00 1.00 0.00
28.63 278.52 2.00 0.00 1.00 0.00 28.71 272.38 2.00 0.00 1.00 0.00
28.79 266.49 2.00 0.00 1.00 0.00 28.87 270.90 2.00 0.00 1.00 0.00
28.95 273.84 2.00 0.00 1.00 0.00 29.04 286.73 2.00 0.00 1.00 0.00
29.12 283.55 2.00 0.00 1.00 0.00 29.20 275.59 2.00 0.00 1.00 0.00
29.28 257.03 2.00 0.00 1.00 0.00 29.36 246.49 2.00 0.00 1.00 0.00
29.45 245.78 2.00 0.00 1.00 0.00 29.53 258.42 2.00 0.00 1.00 0.00
29.61 278.14 2.00 0.00 1.00 0.00 29.69 302.44 2.00 0.00 1.00 0.00
29.77 322.58 2.00 0.00 1.00 0.00 29.86 342.85 2.00 0.00 1.00 0.00
29.94 357.61 2.00 0.00 1.00 0.00 30.02 376.88 2.00 0.00 1.00 0.00
30.10 392.88 2.00 0.00 1.00 0.00 30.18 402.44 2.00 0.00 1.00 0.00
30.27 408.27 2.00 0.00 1.00 0.00 30.35 408.68 2.00 0.00 1.00 0.00
30.43 419.33 2.00 0.00 1.00 0.00 30.51 431.02 2.00 0.00 1.00 0.00
30.59 444.27 2.00 0.00 1.00 0.00 30.68 473.33 2.00 0.00 1.00 0.00
30.76 496.67 2.00 0.00 1.00 0.00 30.84 506.72 2.00 0.00 1.00 0.00
30.92 496.11 2.00 0.00 1.00 0.00 31.00 490.89 2.00 0.00 1.00 0.00
31.09 494.59 2.00 0.00 1.00 0.00 31.17 513.19 2.00 0.00 1.00 0.00
31.25 525.94 2.00 0.00 1.00 0.00 31.33 544.85 2.00 0.00 1.00 0.00
31.41 550.07 2.00 0.00 1.00 0.00 31.50 537.70 2.00 0.00 1.00 0.00
31.58 526.00 2.00 0.00 1.00 0.00 31.66 530.55 2.00 0.00 1.00 0.00
31.74 507.55 2.00 0.00 1.00 0.00 31.82 484.66 2.00 0.00 1.00 0.00
31.91 441.08 2.00 0.00 1.00 0.00 31.99 453.68 2.00 0.00 1.00 0.00
32.07 476.72 2.00 0.00 1.00 0.00 32.15 519.38 2.00 0.00 1.00 0.00
32.23 544.13 2.00 0.00 1.00 0.00 32.32 572.96 2.00 0.00 1.00 0.00
32.40 552.57 2.00 0.00 1.00 0.00 32.48 513.85 2.00 0.00 1.00 0.00
32.56 437.89 2.00 0.00 1.00 0.00 32.64 393.13 2.00 0.00 1.00 0.00
32.73 368.70 2.00 0.00 1.00 0.00 32.81 385.79 2.00 0.00 1.00 0.00
32.89 400.50 2.00 0.00 1.00 0.00 32.97 414.41 2.00 0.00 1.00 0.00
33.05 439.08 2.00 0.00 1.00 0.00 33.14 482.16 2.00 0.00 1.00 0.00
33.22 529.49 2.00 0.00 1.00 0.00 33.30 541.18 2.00 0.00 1.00 0.00
33.38 537.81 2.00 0.00 1.00 0.00 33.46 505.37 2.00 0.00 1.00 0.00
33.55 458.21 2.00 0.00 1.00 0.00 33.63 423.59 2.00 0.00 1.00 0.00
33.71 396.27 2.00 0.00 1.00 0.00 33.79 387.61 2.00 0.00 1.00 0.00
33.87 372.62 2.00 0.00 1.00 0.00 33.96 376.06 2.00 0.00 1.00 0.00
34.04 385.75 2.00 0.00 1.00 0.00 34.12 397.60 2.00 0.00 1.00 0.00
34.20 424.96 2.00 0.00 1.00 0.00 34.28 444.55 2.00 0.00 1.00 0.00
34.37 439.88 2.00 0.00 1.00 0.00 34.45 394.66 2.00 0.00 1.00 0.00
34.53 348.28 2.00 0.00 1.00 0.00 34.61 310.05 2.00 0.00 1.00 0.00
34.69 291.32 2.00 0.00 1.00 0.00 34.78 272.74 2.00 0.00 1.00 0.00
34.86 262.85 2.00 0.00 1.00 0.00 34.94 265.44 2.00 0.00 1.00 0.00
35.02 264.16 2.00 0.00 1.00 0.00 35.10 263.72 2.00 0.00 1.00 0.00
35.19 258.18 2.00 0.00 1.00 0.00 35.27 257.68 2.00 0.00 1.00 0.00
35.35 259.10 2.00 0.00 1.00 0.00 35.43 268.20 2.00 0.00 1.00 0.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
f
35.52
35.68
35.84
36.01
36.17
36.34
36.50
36.66
36.83
36.99
37.16
37.32
37.48
37.65
37.81
37.98
38.14
38.30
38.47
38.63
38.80
38.96
39.12
39.29
39.45
39.62
39.78
39.94
40.11
40.27
40.44
40.60
40.76
40.93
41.09
41.26
41.42
41.58
41.75
41.91

Qtn,cs

271.74
270.23
321.02
383.96
384.09
364.44
338.69
314.81
353.00
339.31
338.42
383.31
296.23
364.11
409.61
423.75
346.71
285.04
238.04
226.81
199.21
179.28
169.78
180.09
188.03
191.20
215.24
186.52
172.65
180.76
167.16
162.98
171.26
166.94
155.99
159.42
198.85
349.42
224.57
448.44

Abbreviations
Equivalent clean sand normalized cone resistance

Qtn,cs:
FS:

Settlement:

Factor of safety against liquefaction
Post-liquefaction volumentric strain
e, depth weighting factor
Calculated settlement

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.60
1.21
1.05
1.23
1.38
1.45
2.00
1.36
1.11
1.26
1.03
0.97
1.10
1.03
0.87
0.92
1.64
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.27
0.39
0.27
0.00
0.00
0.00
0.00
0.39
0.19
0.55
0.56
0.39
0.55
0.81
0.79
0.00
0.00
0.00
0.00

DF

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Settlement
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00

Depth
(ft)
35.60
35.76
35.93
36.09
36.25
36.42
36.58
36.75
36.91
37.07
37.24
37.40
37.57
37.73
37.89
38.06
38.22
38.39
38.55
38.71
38.88
39.04
39.21
39.37
39.53
39.70
39.86
40.03
40.19
40.35
40.52
40.68
40.85
41.01
41.17
41.34
41.50
41.67
41.83
41.99

Qtn,cs

269.74
290.49
357.29
396.01
370.34
353.66
311.98
319.11
366.08
333.35
403.79
352.15
328.50
384.53
427.88
395.93
296.22
263.73
232.23
212.08
186.71
173.36
169.67
187.55
179.07
211.86
204.17
176.23
177.34
174.50
163.06
165.25
172.51
159.10
156.92
158.67
246.95
231.58
320.45
469.48

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.35
1.11
1.05
1.37
1.22
2.00
2.00
1.17
1.19
1.15
0.97
1.00
1.12
0.91
0.89
0.91
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.19
0.39
0.39
0.00
0.27
0.00
0.00
0.27
0.27
0.38
0.56
0.55
0.39
0.79
0.80
0.79
0.00
0.00
0.00
0.00

DF

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Settlement

(in)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00

Total estimated settlement: 1.26
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This software is licensed to: Otto Rosenau & Associates, Inc. CPT name: CPT-1

Estimation of post-earthquake lateral Displacements

Geometric parameters: Level ground (or gently sloping) with free face (L: 70.00 ft - H: 5.00 ft)
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Abbreviations Surface condition
qe: Total cone resistance (cone resistance q. corrected for pore water effects) F.S.: Factor of safety
I.: Soil Behaviour Type Index Ymax: Maximum cyclic shear strain
Qtn,cs: Equivalent clean sand normalized CPT total cone resistance LDI: Lateral displacement index
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Lateral displacement index calculation ::

Depth

(f)

4.02
4.10
4.18
4.27
4.35
4.43
4.51
4.59
4.68
4.76
4.84
4.92
5.00
5.09
5.17
5.25
5.33
5.41
5.50
5.58
5.66
5.74
5.82
5.91
5.99
6.07
6.15
6.23
6.32
6.40
6.48
6.56
6.64
6.73
6.81
6.89
6.97
7.05
7.14
7.22
7.30
7.38
7.46
7.55
7.63
7.71
7.79
7.87

(t%f)
12.58
11.87
10.69
9.49
8.71
8.54
8.61
8.75
8.83
8.99
9.07
9.16
9.26
9.57
9.97
10.00
9.57
8.91
8.48
8.32
8.35
8.40
8.37
8.12
7.63
7.02
6.52
6.26
6.10
5.93
5.72
5.55
5.39
5.17
5.03
4.91
4.75
4.61
441
4.26
4.12
4.02
4.05
4.11
4.22
431
4.40
4.44

Qun

23.32
21.98
19.73
17.46
15.98
15.65
15.77
16.03
16.16
16.46
16.60
16.76
16.95
17.53
18.27
18.32
17.49
16.23
15.43
15.11
15.16
15.25
15.17
14.69
13.77
12.61
11.65
11.15
10.84
10.51
10.10
9.77
9.47
9.04
8.76
8.53
8.22
7.94
7.56
7.26
6.99
6.81
6.84
6.96
7.15
7.32
7.49
7.55

Re
(%)

4.65
5.09
5.82
6.62
7.12
6.90
6.40
6.05
6.12
6.24
6.43
6.60
6.67
6.44
5.95
5.64
5.59
5.67
5.57
5.27
4.90
4.74
4.82
511
5.52
6.08
6.58
6.47
6.00
5.43
5.15
4.92
4.78
4.72
4.58
4.43
4.27
4.04
3.71
3.32
2.86
2.36
1.82
1.44
1.19
1.04
0.92
0.86

Qtn,cs

145.60
151.08
157.64
162.32
163.41
159.37
153.47
149.78
151.18
153.92
156.97
159.83
161.53
160.47
155.70
151.27
148.19
145.52
141.54
136.40
131.35
129.27
130.22
132.98
135.66
138.26
139.93
136.46
130.06
122.40
117.67
113.82
111.06
108.64
106.03
103.44
100.54
96.87

91.72

86.28

79.89

73.07

65.65

59.83

55.77

53.31

50.89

49.67

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.92
1.79
1.63
1.50
1.43
1.38
1.33
1.27
1.22
1.18
1.12
1.08
1.05
1.00
0.96
0.91
0.87
0.84
0.81
0.81
0.82
0.84
0.85
0.87
0.87

Dr

18.95
16.99
13.43
9.40
6.47
5.78
6.05
6.58
6.85
7.45
7.72
8.04
8.42
9.52
10.89
10.99
9.45
6.99
5.31
4.63
4.74
4.93
4.76
3.69
1.56
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Gammamax
(%)
0.05
0.06
0.06
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.06
0.06
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.09
0.12
0.20
0.30
0.38
0.45
0.54
0.67
0.81
0.97
1.24
1.48
1.73
2.12
2.56
3.33
4.12
5.07
5.90
5.88
5.54
4.95
4.52
4.12
4.04

Lat. disp.
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.03
0.04
0.04
0.04
0.04
0.04
0.03
0.03
0.03
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
7.96
8.04
8.12
8.20
8.28
8.37
8.45
8.53
8.61
8.69
8.78
8.86
8.94
9.02
9.10
9.19
9.27
9.35
9.43
9.51
9.60
9.68
9.76
9.84
9.92
10.01
10.09
10.17
10.25
10.33
10.42
10.50
10.58
10.66
10.74
10.83
10.91
10.99
11.07
11.15
11.24
11.32
11.40
11.48
11.56
11.65
11.73
11.81

(t%f)
4.47
4.52
4.62
4.66
4,59
4.51
4.45
4.43
4.46
4.56
4.68
4.78
4.86
4.92
5.06
5.28
5.67
6.32
7.52
8.28
8.34
7.24
6.17
531
4.92
4.72
4.72
4.82
4.9
5.02
5.02
5.07
5.28
5.74
6.40
7.25
7.75
7.75
7.24
6.94
8.15
10.06
12.30
16.41
27.66
42.95
57.70
65.13

Qn

7.60
7.70
7.87
7.95
7.81
7.65
7.52
7.49
7.53
7.70
7.93
8.12
8.26
8.36
8.62
9.03
9.77
10.99
13.25
14.68
14.77
12.68
10.66
9.02
8.28
7.88
7.88
8.06
8.31
8.43
8.42
8.51
8.89
9.75
10.99
12.59
13.54
13.53
12.56
11.97
14.26
17.86
22.09
29.85
51.10
73.73
92.19
100.19

Re
(%)

0.85
0.94
0.99
0.99
0.92
0.89
0.85
0.81
0.78
0.77
0.77
0.76
0.76
0.77
0.84
0.92
1.03
1.22
1.42
1.99
2.59
3.49
3.96
4.00
3.39
2.65
2.16
1.98
1.95
1.92
1.92
2.01
2.12
2.19
2.20
2.13
2.02
2.04
2.25
3.17
3.51
3.29
2.83
2.15
1.32
0.79
0.50
0.37

Qtn, cs

49.60
51.73
52.88
52.94
51.42
50.52
49.55
48.75
48.02
47.97
48.18
48.11
48.25
48.61
50.34
52.65
55.68
61.10
67.44
81.31
93.72
105.29
106.64
101.79
91.80
80.97
74.00
71.61
71.70
71.43
71.54
73.14
75.73
78.55
80.91
82.14
81.11
81.56
84.30
99.20
109.73
112.44
108.35
107.56
85.11
93.93
102.13
100.19

FS

0.88
0.88
0.90
0.90
0.88
0.86
0.84
0.84
0.84
0.85
0.88
0.89
0.90
0.91
0.94
0.98
1.05
1.18
1.42
1.57
1.57
1.34
1.13
0.95
0.87
0.83
0.82
0.84
0.86
0.87
0.87
0.88
0.91
1.00
1.12
1.28
1.37
1.37
1.27
1.21
1.43
1.79
2.00
0.41
0.29
0.33
0.37
0.36

Dr

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.28
3.66
3.87
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.98
0.00
0.00
2.71
10.15
17.16
27.10
44.84
56.94
64.32
67.06

Gammamax
(%)
3.99
3.84
3.50
3.41
3.79
4.28
4.74
4.92
4.88
4.44
3.92
3.57
3.34
3.20
2.80
2.27
1.57
0.89
0.36
0.22
0.21
0.46
1.11
2.56
3.96
5.08
5.16
4.69
4.09
3.87
3.94
3.79
3.10
2.00
1.12
0.58
0.41
0.41
0.61
0.78
0.33
0.11
0.05
51.20
51.20
22.70
22.70
14.50

Lat. disp.
(in)
0.03
0.03
0.03
0.02
0.03
0.03
0.03
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.02
0.03
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.37
0.37
0.16
0.16
0.10
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
11.89
11.98
12.06
12.14
12.22
12.30
12.39
12.47
12.55
12.63
12.71
12.80
12.88
12.96
13.04
13.12
13.21
13.29
13.37
13.45
13.53
13.62
13.70
13.78
13.86
13.94
14.03
14.11
14.19
14.27
14.35
14.44
14.52
14.60
14.68
14.76
14.85
14.93
15.01
15.09
15.17
15.26
15.34
15.42
15.50
15.58
15.67
15.75

G
(tsf)

68.14

70.56

77.24

87.06

98.79

108.42
116.33
122.33
127.66
134.08
141.80
151.92
163.38
175.02
185.29
190.46
190.85
188.49
187.10
186.37
186.12
184.93
183.80
180.39
176.69
171.69
166.60
161.20
156.72
154.79
154.22
154.29
154.24
154.34
153.36
151.08
146.61
142.13
137.22
133.01
130.08
128.45
129.50
130.21
128.87
124.78
119.34
113.42

Qun

103.14
106.73
116.01
128.57
141.87
151.27
159.01
165.09
171.52
179.00
187.70
197.15
207.91
218.70
229.56
235.26
235.78
232.97
230.24
228.82
227.89
226.23
224.57
220.64
216.46
210.96
206.74
202.33
199.66
198.03
197.25
196.49
195.46
194.18
191.20
187.40
181.57
176.30
170.61
165.95
162.71
161.68
163.72
166.31
165.90
161.06
154.29
146.64

Re
(%)

0.32
0.35
0.38
0.38
0.32
0.25
0.21
0.19
0.20
0.20
0.20
0.17
0.13
0.10
0.10
0.10
0.11
0.11
0.10
0.09
0.08
0.07
0.07
0.06
0.06
0.07
0.11
0.15
0.20
0.21
0.22
0.20
0.19
0.17
0.13
0.11
0.09
0.08
0.08
0.09
0.10
0.13
0.16
0.21
0.25
0.25
0.25
0.23

Qtn,cs

103.14
106.73
116.01
128.57
141.87
151.27
159.01
165.09
171.52
179.00
187.70
197.15
207.91
218.70
229.56
235.26
235.78
232.97
230.24
228.82
227.89
226.23
224.57
220.64
216.46
210.96
206.74
202.33
199.66
198.03
197.25
196.49
195.46
194.18
191.20
187.40
181.57
176.30
170.61
165.95
162.71
161.68
163.72
166.31
165.90
161.06
154.29
146.64

FS

0.38
0.40
0.47
0.57
0.71
0.83
0.93
1.02
1.12
1.25
1.42
1.61
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.63
1.59
1.57
1.55
1.53
1.50
1.44
1.36
1.25
1.16
1.06
0.99
0.94
0.92
0.95
0.99
0.98
0.91
0.82
0.72

Dr

68.02
69.15
71.90
75.29
78.54
80.66
82.31
83.55
84.81
86.22
87.78
89.40
91.16
92.83
94.43
95.24
95.31
94.91
94.53
94.32
94.19
93.95
93.70
93.12
92.49
91.64
90.97
90.26
89.82
89.55
89.42
89.29
89.12
88.90
88.39
87.73
86.69
85.72
84.63
83.72
83.07
82.86
83.27
83.79
83.71
82.73
81.31
79.64

Gammamax
(%)
14.50
14.50
14.50
10.28
6.54
4.80
3.74
3.09
2.53
2.18
1.74
1.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.36
1.42
1.45
1.48
1.52
1.57
1.70
1.87
2.18
2.51
2.85
3.31
3.67
3.81
3.57
3.30
3.35
3.92
4.89
6.31

Lat. disp.
(in)
0.10
0.10
0.10
0.07
0.05
0.03
0.03
0.02
0.02
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.02
0.02
0.03
0.03
0.05
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
15.83
15.91
15.99
16.08
16.16
16.24
16.32
16.40
16.49
16.57
16.65
16.73
16.81
16.90
16.98
17.06
17.14
17.22
17.31
17.39
17.47
17.55
17.63
17.72
17.80
17.88
17.96
18.04
18.13
18.21
18.29
18.37
18.45
18.54
18.62
18.70
18.78
18.86
18.95
19.03
19.11
19.19
19.27
19.36
19.44
19.52
19.60
19.69

G
(tsf)

109.42
107.96
110.80
116.89
128.19
145.29
164.17
177.76
187.19
190.04
190.52
187.42
188.25
191.63
192.15
189.36
182.22
168.28
144.39
113.53
85.10
59.63
42.45
29.33
22.07
19.97
25.28
36.27
58.63
90.22
120.62
134.83
132.86
126.09
120.18
117.24
116.34
114.70
111.45
107.65
103.55
97.49
88.68
77.40
66.76
60.77
55.40
44.91

Qun

142.77
141.06
143.49
148.73
159.68
177.27
196.71
210.53
220.35
223.60
224,31
220.92
224.34
228.51
228.87
223.21
214.71
200.83
177.82
147.79
117.92
87.67
65.40
47.01
36.21
32.83
40.13
54.95
83.74
122.28
157.44
172.52
168.61
160.11
153.43
150.79
149.68
147.30
143.38
139.58
135.39
128.88
118.68
104.18
89.73
80.25
73.08
60.34

Re
(%)

0.27
0.28
0.25
0.20
0.15
0.12
0.09
0.07
0.08
0.09
0.10
0.11
0.16
0.17
0.18
0.13
0.12
0.14
0.23
0.47
0.92
1.59
2.41
3.37
4.16
4.29
3.09
2.08
1.34
0.94
0.73
0.62
0.55
0.54
0.58
0.66
0.68
0.67
0.69
0.78
0.89
1.04
1.21
1.22
1.07
0.73
0.67
0.81

Qtn, cs

142.77
141.06
143.49
148.73
159.68
177.27
196.71
210.53
220.35
223.60
22431
220.92
224.34
228.51
228.87
223.21
214.71
200.83
177.82
147.79
140.05
123.30
128.21
147.85
297.51
157.00
149.96
110.66
113.96
144.76
157.44
172.52
168.61
160.11
153.43
150.79
149.68
147.30
143.38
147.32
153.05
153.96
147.72
132.80
115.29
99.76
91.47
80.89

FS

0.68
0.66
0.69
0.75
0.88
1.15
1.52
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.15
0.72
0.64
0.48
0.52
0.72
2.00
2.00
0.75
0.39
0.41
0.69
0.84
1.05
0.99
0.87
0.79
0.75
0.74
0.71
0.67
0.71
0.78
0.79
0.71
0.56
0.42
0.32
0.28
0.24

Dr

78.75
78.35
78.92
80.10
82.45
85.90
89.33
91.57
93.08
93.56
93.66
93.16
93.67
94.28
94.33
93.50
92.22
90.01
86.00
79.89
72.44
62.66
52.98
42.08
33.47
30.24
36.86
47.24
61.14
73.64
81.98
85.00
84.24
82.53
81.13
80.56
80.31
79.78
78.89
78.01
77.00
75.37
72.65
68.35
63.42
59.74
56.65
50.33

Gammamax
(%)
7.20
7.65
7.06
5.94
4.16
2.53
1.54
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.54
6.31
11.72
22.70
34.10
51.20
0.00
0.04
51.20
34.10
22.70
9.54
4.65
2.89
3.26
4.28
5.32
5.81
6.04
6.54
7.46
6.54
5.42
5.26
8.44
14.50
22.70
22.70
22.70
34.10

Lat. disp.
(in)
0.05
0.05
0.05
0.04
0.03
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.05
0.08
0.16
0.24
0.37
0.00
0.00
0.37
0.24
0.16
0.07
0.03
0.02
0.02
0.03
0.04
0.04
0.04
0.05
0.05
0.05
0.04
0.04
0.06
0.10
0.16
0.16
0.16
0.24
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(f)
19.77
19.85
19.93
20.01
20.10
20.18
20.26
20.34
20.42
20.51
20.59
20.67
20.75
20.83
20.92
21.00
21.08
21.16
21.24
21.33
21.41
21.49
21.57
21.65
21.74
21.82
21.90
21.98
22.06
22.15
22.23
22.31
22.39
22.47
22.56
22.64
22.72
22.80
22.88
22.97
23.05
23.13
23.21
23.29
23.38
23.46
23.54
23.62

Ge
(tsf)
30.90
18.95
14.06
11.03
9.85
9.65
11.41
15.23
17.22
16.55
13.02
10.34
8.61
7.70
7.59
7.69
7.63
7.52
7.44
741
7.40
7.40
7.45
7.54
7.69
7.99
8.16
8.23
8.03
7.76
7.42
7.25
7.22
7.32
7.43
7.55
7.77
8.27
8.73
9.20
9.14
9.05
8.85
8.89
8.86
8.80
8.73
8.46

Qn

43.16
27.44
20.63
16.20
14.33
13.84
16.14
21.37
24.08
23.22
18.37
14.59
12.07
10.56
10.32
10.26
10.05
9.85
9.72
9.65
9.60
9.58
9.61
9.71
9.90
10.28
10.49
10.55
10.26
9.87
9.37
9.11
9.06
9.18
9.30
9.47
9.81
10.55
11.18
11.80
11.71
11.53
11.17
11.08
10.96
10.85
10.74
10.37

Re
(%)

1.29
2.08
2.70
3.15
3.02
2.45
1.72
1.44
1.44
1.62
1.97
2.40
2.79
2.70
2.02
1.35
1.05
1.00
1.00
0.99
0.97
0.96
0.94
0.93
0.91
0.89
0.87
0.86
0.87
0.88
0.90
0.91
0.92
0.92
0.90
1.00
1.18
1.38
1.45
1.45
1.52
1.44
1.24
0.93
0.79
0.78
0.79
0.82

Qm,cs

79.36
116.91
105.30
109.11
103.74
92.16
78.50
91.35
76.67
97.49
184.62
92.10
95.73
91.22
79.03
65.30
58.20
56.83
56.78
56.40
56.08
55.73
55.28
55.06
54.80
54.33
53.82
53.67
53.78
54.04
54.14
54.30
54.47
54.68
54.09
56.69
61.13
66.41
68.60
68.99
70.45
68.48
63.54
55.74
52.10
51.58
51.95
52.50

FS

0.24
0.43
1.84
1.45
1.28
1.23
1.44
0.28
0.23
0.31
1.12
1.30
1.07
0.94
0.91
0.91
0.89
0.87
0.86
0.85
0.85
0.84
0.85
0.85
0.87
0.90
0.92
0.92
0.90
0.86
0.82
0.80
0.79
0.80
0.81
0.82
0.85
0.92
0.97
1.02
1.02
1.00
0.97
0.96
0.95
0.94
0.93
0.89

Dr

39.26
24.32
14.91
6.91
2.87
1.72
6.79
16.06
20.01
18.81
11.06
3.46
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Gammamax

(%)

51.20
51.20
0.08
0.29
0.54
0.64
0.30
51.20
51.20
51.20
0.00
0.50
1.30
2.54
2.84
2.94
3.27
3.63
3.89
4.06
4.16
4.23
4.18
3.99
3.64
3.03
2.76
2.69
3.10
3.77
4.88
5.61
5.82
5.46
5.15
4.72
3.98
2.79
2.11
1.61
1.68
1.82
2.14
2.23
2.36
2.49
2.64
3.14

Lat. disp.

(in)

0.37
0.37
0.00
0.00
0.00
0.00
0.00
0.37
0.37
0.37
0.00
0.00
0.01
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.03
0.03
0.04
0.04
0.04
0.04
0.03
0.03
0.02
0.02
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
23.70
23.79
23.87
23.95
24.03
24.11
24.20
24.28
24.36
24.44
24.52
24.61
24.69
24.77
24.85
24.93
25.02
25.10
25.18
25.26
25.34
25.43
25.51
25.59
25.67
25.75
25.84
25.92
26.00
26.08
26.16
26.25
26.33
26.41
26.49
26.57
26.66
26.74
26.82
26.90
26.98
27.07
27.15
27.23
27.31
27.40
27.48
27.56

G
(tsf)

8.24
7.95
7.94
7.80
7.66
7.57
7.58
7.64
7.75
7.92
8.28
8.69
8.87
8.93
8.91
10.00
12.51
15.89
31.27
76.44
147.95
221.18
272.75
303.58
321.41
338.01
347.73
359.17
354.72
347.51
334.14
325.43
317.10
308.39
303.51
301.09
305.45
297.99
295.63
286.58
290.29
288.84
290.63
289.61
284.08
278.93
275.24
276.25

Qun

10.05
9.65
9.61
9.38
9.18
9.02
9.02
9.08
9.20
9.42
9.88
10.43
10.64
10.73
10.84
12.38
15.85
20.31
39.53
91.55
168.57
244.78
296.92
331.08
349.06
367.49
379.17
392.70
388.31
377.64
360.51
347.82
334.90
325.86
322.56
323.64
327.48
319.37
316.23
308.02
310.27
306.07
303.68
300.88
294.62
289.94
286.41
288.40

Re
(%)

0.84
0.86
0.85
0.84
0.83
0.80
0.80
0.79
0.80
0.83
0.86
0.89
0.89
0.99
1.64
2.11
2.70
2.77
1.96
0.93
0.53
0.41
0.35
0.43
0.42
0.47
0.53
0.60
0.63
0.54
0.45
0.36
0.25
0.25
0.31
0.43
0.42
0.42
0.41
0.47
0.42
0.34
0.22
0.18
0.16
0.18
0.19
0.23

Qtn,cs

52.98
53.36
53.05
52.70
52.30
51.58
51.44
51.19
51.53
52.50
53.59
54.46
54.78
57.29
72.39
83.84
100.30
107.09
97.94
114.76
168.57
244.78
296.92
331.08
349.06
367.49
379.17
392.70
388.31
377.64
360.51
347.82
334.90
325.86
322.56
323.64
327.48
319.37
316.23
308.02
310.27
306.07
303.68
300.88
294.62
289.94
286.41
288.40

FS

0.87
0.83
0.83
0.81
0.79
0.77
0.77
0.78
0.79
0.81
0.85
0.89
0.91
0.92
0.93
1.06
1.35
1.73
0.30
0.39
0.94
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Dr

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.21
14.39
36.37
64.09
84.24
96.55
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Gammamax
(%)
3.68
4.50
4.61
5.19
5.81
6.34
6.38
6.20
5.81
5.18
411
3.17
2.88
2.77
2.63
1.36
0.40
0.11
51.20
22.70
3.67
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Lat. disp.
(in)
0.03
0.03
0.03
0.04
0.04
0.05
0.05
0.04
0.04
0.04
0.03
0.02
0.02
0.02
0.02
0.01
0.00
0.00
0.37
0.16
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
27.64
27.72
27.81
27.89
27.97
28.05
28.13
28.22
28.30
28.38
28.46
28.54
28.63
28.71
28.79
28.87
28.95
29.04
29.12
29.20
29.28
29.36
29.45
29.53
29.61
29.69
29.77
29.86
29.94
30.02
30.10
30.18
30.27
30.35
30.43
30.51
30.59
30.68
30.76
30.84
30.92
31.00
31.09
31.17
31.25
31.33
31.41
31.50

G
(tsf)

273.29
273.94
274.81
279.57
279.55
279.48
278.68
275.11
270.40
267.51
269.19
267.45
264.31
259.63
255.57
260.50
261.38
272.23
268.23
262.12
246.20
239.04
239.44
253.30
271.51
294.18
312.56
331.69
346.14
365.08
381.24
391.80
398.98
401.66
414.40
426.09
436.33
462.98
485.08
496.55
486.98
483.72
489.21
512.03
527.67
547.71
554.37
542.38

Qun

286.38
286.95
286.16
289.84
289.15
288.97
287.56
283.18
279.20
277.94
282.07
281.87
278.52
272.38
266.49
270.90
273.84
286.73
283.55
275.59
257.03
246.49
245.78
258.42
278.14
302.44
322.58
342.85
357.61
376.88
392.88
402.44
408.27
408.68
419.33
431.02
444.27
473.33
496.67
506.72
496.11
490.89
494.59
513.19
525.94
544.85
550.07
537.70

Re
(%)

0.27
0.28
0.23
0.21
0.19
0.20
0.19
0.17
0.20
0.27
0.39
0.50
0.51
0.45
0.37
0.35
0.49
0.64
0.75
0.64
0.49
0.30
0.25
0.21
0.30
0.40
0.52
0.60
0.64
0.68
0.69
0.65
0.60
0.51
0.43
0.46
0.64
0.82
0.93
0.88
0.86
0.78
0.71
0.52
0.43
0.43
0.40
0.39

Qtn,cs

286.38
286.95
286.16
289.84
289.15
288.97
287.56
283.18
279.20
277.94
282.07
281.87
278.52
272.38
266.49
270.90
273.84
286.73
283.55
275.59
257.03
246.49
245.78
258.42
278.14
302.44
322.58
342.85
357.61
376.88
392.88
402.44
408.27
408.68
419.33
431.02
444.27
473.33
496.67
506.72
496.11
490.89
494.59
513.19
525.94
544.85
550.07
537.70

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Dr

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.35

99.89

100.00
100.00
100.00
100.00
98.16

96.78

96.68

98.34

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Gammamax
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Lat. disp.
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
31.58
31.66
31.74
31.82
31.91
31.99
32.07
32.15
32.23
32.32
32.40
32.48
32.56
32.64
32.73
32.81
32.89
32.97
33.05
33.14
33.22
33.30
33.38
33.46
33.55
33.63
33.71
33.79
33.87
33.96
34.04
34.12
34.20
34.28
34.37
34.45
34.53
34.61
34.69
34.78
34.86
34.94
35.02
35.10
35.19
35.27
35.35
35.43

G
(tsf)

530.13
533.19
509.71
489.37
441.30
453.05
475.30
520.78
546.69
577.36
557.93
518.03
440.67
395.68
373.89
393.80
410.46
423.75
447.80
490.69
539.15
550.82
547.41
514.85
466.95
432.70
405.29
397.55
382.48
386.38
397.16
410.46
440.27
461.91
457.97
410.83
362.28
322.49
303.32
284.42
274.78
278.06
277.18
277.04
271.79
271.98
273.99
283.73

Qun

526.00
530.55
507.55
484.66
441.08
453.68
476.72
519.38
544.13
572.96
552.57
513.85
437.89
393.13
368.70
385.79
400.50
414.41
439.08
482.16
529.49
541.18
537.81
505.37
458.21
423.59
396.27
387.61
372.62
376.06
385.75
397.60
424.96
444.55
439.88
394.66
348.28
310.05
291.32
272.74
262.85
265.44
264.16
263.72
258.18
257.68
259.10
268.20

Re
(%)

0.42
0.52
0.55
0.43
0.70
0.83
1.00
0.83
0.82
0.77
0.73
0.83
0.93
0.96
0.61
0.42
0.34
0.45
0.62
0.84
0.92
1.07
1.18
1.22
1.31
1.19
1.20
1.05
1.11
1.18
1.11
0.97
0.74
0.60
0.52
0.62
0.84
1.09
1.20
1.22
1.02
0.87
0.81
0.85
0.68
0.39
0.25
0.29

Qtn,cs

526.00
530.55
507.55
484.66
441.08
453.68
476.72
519.38
544.13
572.96
552.57
513.85
437.89
393.13
368.70
385.79
400.50
414.41
439.08
482.16
529.49
541.18
537.81
505.37
458.21
423.59
396.27
387.61
372.62
376.06
385.75
397.60
424.96
444.55
439.88
394.66
348.28
310.05
291.32
272.74
262.85
265.44
264.16
263.72
258.18
257.68
259.10
268.20

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Dr

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
98.90

99.22

99.06

99.01

98.31

98.24

98.42

99.56

Gammamax
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Lat. disp.
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
35.52
35.60
35.68
35.76
35.84
35.93
36.01
36.09
36.17
36.25
36.34
36.42
36.50
36.58
36.66
36.75
36.83
36.91
36.99
37.07
37.16
37.24
37.32
37.40
37.48
37.57
37.65
37.73
37.81
37.89
37.98
38.06
38.14
38.22
38.30
38.39
38.47
38.55
38.63
38.71
38.80
38.88
38.96
39.04
39.12
39.21
39.29
39.37

G
(tsf)

287.59
285.68
286.47
308.09
340.67
379.43
408.13
421.42
409.34
395.37
389.54
378.60
363.00
335.19
338.85
344.05
380.68
394.90
366.64
360.64
366.79
437.35
416.12
383.12
317.72
318.89
344.64
366.21
393.61
405.97
460.10
398.67
340.53
263.09
250.57
221.28
170.86
145.32
125.32
117.25
109.77
104.97
100.07
97.58
96.80
95.23
94.41
94.78

Qun

271.74
269.74
270.23
290.49
321.02
357.29
383.96
396.01
384.09
370.34
364.44
353.66
338.69
311.98
314.81
319.11
353.00
366.08
339.31
333.35
338.42
403.79
383.31
352.15
290.37
290.62
313.57
332.80
357.33
367.89
417.51
360.52
306.99
235.36
223.50
196.33
150.17
126.83
108.65
101.31
94.52
90.14
85.66
83.32
82.50
80.94
79.96
80.07

Re
(%)

0.40
0.49
0.54
0.71
0.82
0.87
0.81
0.93
0.94
1.14
0.93
0.95
0.77
0.97
1.19
1.31
1.17
0.97
0.90
0.86
0.99
0.93
1.02
1.02
1.47
1.76
2.00
2.04
2.09
2.21
1.84
1.91
1.83
2.33
2.41
2.76
3.46
3.90
4.18
3.97
3.78
3.54
3.44
3.32
3.24
3.27
3.59
3.80

Qtn,cs

271.74
269.74
270.23
290.49
321.02
357.29
383.96
396.01
384.09
370.34
364.44
353.66
338.69
311.98
314.81
319.11
353.00
366.08
339.31
333.35
338.42
403.79
383.31
352.15
296.23
328.50
364.11
384.53
409.61
427.88
423.75
395.93
346.71
296.22
285.04
263.73
238.04
232.23
226.81
212.08
199.21
186.71
179.28
173.36
169.78
169.67
180.09
187.55

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.60
1.35
1.21
1.11
1.05
1.05
1.23
1.37

Dr

100.00
99.75
99.81
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
95.25
93.55
89.27
80.42
74.84
69.74
67.43
65.14
63.58
61.89
60.98
60.65
60.02
59.62
59.66

Gammamax
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.82
0.96
1.53
2.24
2.83
2.84
1.43
0.89

Lat. disp.
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.02
0.02
0.02
0.01
0.01

CLiqg v.3.5.3.15 - CPT Liquefaction Assessment Software - Report created on: 4/17/2025, 1:53:31 PM

62

Project file: C:\Users\anthony.coyne\OneDrive - Otto Rosenau\Geotech\F\Fire Station 32 Monr_24-0267\Liquefaction Analysis\Fire Station 32 - CPT Liq 2025-04-16.clq

E-63



This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)
39.45
39.53
39.62
39.70
39.78
39.86
39.94
40.03
40.11
40.19
40.27
40.35
40.44
40.52
40.60
40.68
40.76
40.85
40.93
41.01
41.09
41.17
41.26
41.34
41.42
41.50
41.58
41.67
41.75
41.83
41.91
41.99

G
(tsf)

103.02
127.96
165.69
197.23
205.23
188.91
164.19
142.03
123.98
112.12
105.38
107.61
116.06
122.36
121.38
110.70
100.73
95.90
97.43
99.31
100.12
96.73
91.97
88.45
92.99
103.92
116.20
125.32
264.42
406.50
568.35
595.38

Abbreviations

G:
Qtn:

Re:

Qtn,cs:

FS:

D;:
Gammamax:
Lat. disp.:

Total cone resistance

Qun

87.16
109.20
142.81
171.11
178.20
163.15
140.65
120.58
104.36
93.66
87.55
89.40
96.73
102.18
101.13
91.54
82.65
78.31
79.55
81.12
81.72
78.63
74.38
71.24
74.47
83.04
92.61
100.88
224.57
320.45
448.44
469.48

Re
(%)

3.65
2.86
2.12
1.66
1.51
1.69
2.01
2.42
2.79
3.20
3.44
3.22
2.82
2.55
2.58
2.90
3.28
3.41
3.23
2.96
2.86
2.96
3.13
3.17
4.25
5.37
6.67
4.49
1.15
0.00
0.00
0.00

Qtn,cs

188.03
179.07
191.20
211.86
215.24
204.17
186.52
176.23
172.65
177.34
180.76
174.50
167.16
163.06
162.98
165.25
171.26
172.51
166.94
159.10
155.99
156.92
159.42
158.67
198.85
246.95
349.42
231.58
224.57
320.45
448.44
469.48

FS

1.38
1.22
1.45
2.00
2.00
2.00
1.36
1.17
1.11
1.19
1.26
1.15
1.03
0.97
0.97
1.00
1.10
1.12
1.03
0.91
0.87
0.89
0.92
0.91
1.64
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Dr

62.46
69.91
78.76
84.73
86.07
83.16
78.26
73.18
68.41
64.84
62.61
63.30
65.90
67.71
67.37
64.08
60.71
58.93
59.45
60.10
60.34
59.07
57.23
55.81
57.27
60.87
64.46
67.29
93.70
100.00
100.00
100.00

Gammamax
(%)
0.86
1.82
1.50
0.00
0.00
0.00
1.70
2.02
2.35
1.64
1.31
1.96
2.96
3.53
3.53
3.56
2.38
2.18
3.14
5.33
6.58
6.14
5.15
5.40
0.40
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Lat. disp.
(in)
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.02
0.01
0.01
0.01
0.02
0.03
0.03
0.03
0.02
0.02
0.02
0.04
0.05
0.04
0.04
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total estimated displacement: 11.09

Adjusted cone resistance to an effective overburden stress of 1 atm
Friction ration
Adjusted and corrected cone resistance due to fines
Calculated factor of safety against liquefaction
Calculated relative density

Calculated maximum cyclic shear strain
Lateral displacement
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) ::

Depth
(ft)
0.08
0.16
0.25
0.33
0.41
0.49
0.57
0.66
0.74
0.82
0.90
0.98
1.07
1.15
1.23
1.31
1.39
1.48
1.56
1.64
1.72
1.80
1.89
1.97
2.05
2.13
2.21
2.30
2.38
2.46
2.54
2.62
2.71
2.79
2.87
2.95
3.03
3.12
3.20
3.28
3.36
3.44
3.53
3.61
3.69
3.77
3.85
3.94

(t%f)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
26.72
36.78
29.77
21.75
16.35
14.45
13.28
12.87

Qo

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
50.13
69.13
55.87
40.70
30.49
26.89
24.67
23.89

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.78
1.59
2.09
3.30
4.93
5.59
5.93
5.93

Qtn,cs

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
89.32
109.81
116.82
134.19
150.38
150.26
146.25
141.63

L

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
2.26
2.19
2.34
2.54
2.72
2.78
2.81
2.81

su(liq)/olv Su(peak)/dv

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.73
0.77
0.78
0.83
3.27
3.08
2.40
2.39

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.73
0.77
0.78
0.83
5.19
4.49
4.03
3.83
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
4.02
4.10
4.18
4.27
4.35
4.43
4,51
4.59
4.68
4.76
4.84
4.92
5.00
5.09
5.17
5.25
5.33
5.41
5.50
5.58
5.66
5.74
5.82
5.91
5.99
6.07
6.15
6.23
6.32
6.40
6.48
6.56
6.64
6.73
6.81
6.89
6.97
7.05
7.14
7.22
7.30
7.38
7.46
7.55
7.63
7.71
7.79
7.87

(t%f)
12.58
11.87
10.69
9.49
8.71
8.54
8.61
8.75
8.83
8.99
9.07
9.16
9.26
9.57
9.97
10.00
9.57
8.91
8.48
8.32
8.35
8.40
8.37
8.12
7.63
7.02
6.52
6.26
6.10
5.93
5.72
5.55
5.39
5.17
5.03
4.91
4.75
4.61
441
4.26
4.12
4.02
4.05
4.11
4.22
431
4.40
4.44

Qo

23.32
21.98
19.73
17.46
15.98
15.65
15.77
16.03
16.16
16.46
16.60
16.76
16.95
17.53
18.27
18.32
17.49
16.23
15.43
15.11
15.16
15.25
15.17
14.69
13.77
12.61
11.65
11.15
10.84
10.51
10.10
9.77
9.47
9.04
8.76
8.53
8.22
7.94
7.56
7.26
6.99
6.81
6.84
6.96
7.15
7.32
7.49
7.55

Ke

6.24
6.87
7.99
9.30
10.23
10.19
9.73
9.34
9.35
9.35
9.46
9.54
9.53
9.16
8.52
8.26
8.47
8.96
9.17
9.02
8.66
8.48
8.58
9.05
9.85
10.97
12.01
12.24
12.00
11.64
11.65
11.65
11.73
12.02
12.10
12.13
12.23
12.20
12,14
11.88
11.43
10.73
9.60
8.60
7.80
7.29
6.79
6.58

Qtn,cs

145.60
151.08
157.64
162.32
163.41
159.37
153.47
149.78
151.18
153.92
156.97
159.83
161.53
160.47
155.70
151.27
148.19
145.52
141.54
136.40
131.35
129.27
130.22
132.98
135.66
138.26
139.93
136.46
130.06
122.40
117.67
113.82
111.06
108.64
106.03
103.44
100.54
96.87

91.72

86.28

79.89

73.07

65.65

59.83

55.77

53.31

50.89

49.67

L

2.83
2.88
2.95
3.03
3.08
3.08
3.05
3.03
3.03
3.03
3.04
3.04
3.04
3.02
2.98
2.97
2.98
3.01
3.02
3.01
2.99
2.98
2.99
3.02
3.06
3.12
3.17
3.18
3.17
3.15
3.15
3.15
3.15
3.17
3.17
3.17
3.18
3.18
3.17
3.16
3.14
3.11
3.05
2.99
2.94
291
2.87
2.86

Suig)/0v  Su(peak)/T'v
2.41 3.68
2.53 3.43
2.56 3.06
2.57 2.68
2.54 2.44
2.40 2.37
2.14 2.37
2.04 2.39
2.09 2.39
2.21 241
2.23 241
2.29 2.42
2.39 2.43
2.33 2.49
2.23 2.57
2.07 2.56
1.97 2.43
1.86 2.24
1.70 2.11
1.57 2.05
1.46 2.05
1.36 2.04
1.42 2.02
1.48 1.94
1.45 1.81
1.47 1.65
1.50 1.51
1.45 1.44
1.20 1.39
1.08 1.34
0.98 1.28
0.90 1.23
0.85 1.18
0.81 1.12
0.75 1.08
0.70 1.05
0.67 1.01
0.60 0.97
0.53 0.92
0.44 0.88
0.38 0.84
0.30 0.81
0.22 0.81
0.18 0.82
0.16 0.84
0.14 0.86
0.13 0.88
0.11 0.88
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
7.96
8.04
8.12
8.20
8.28
8.37
8.45
8.53
8.61
8.69
8.78
8.86
8.94
9.02
9.10
9.19
9.27
9.35
9.43
9.51
9.60
9.68
9.76
9.84
9.92
10.01
10.09
10.17
10.25
10.33
10.42
10.50
10.58
10.66
10.74
10.83
10.91
10.99
11.07
11.15
11.24
11.32
11.40
11.48
11.56
11.65
11.73
11.81

(t%f)
4.47
4.52
4.62
4.66
4.59
4.51
4.45
4.43
4.46
4.56
4.68
4.78
4.86
4.92
5.06
5.28
5.67
6.32
7.52
8.28
8.34
7.24
6.17
531
4.92
4.72
4.72
4.82
4.9
5.02
5.02
5.07
5.28
5.74
6.40
7.25
7.75
7.75
7.24
6.94
8.15
10.06
12.30
16.41
27.66
42.95
57.70
65.13

Qo

7.60
7.70
7.87
7.95
7.81
7.65
7.52
7.49
7.53
7.70
7.93
8.12
8.26
8.36
8.62
9.03
9.77
10.99
13.25
14.68
14.77
12.68
10.66
9.02
8.28
7.88
7.88
8.06
8.31
8.43
8.42
8.51
8.89
9.75
10.99
12.59
13.54
13.53
12.56
11.97
14.26
17.86
22.09
29.85
51.10
73.73
92.19
100.19

Ke

6.52
6.72
6.72
6.66
6.59
6.61
6.59
6.51
6.38
6.23
6.07
5.93
5.84
5.81
5.84
5.83
5.70
5.56
5.09
5.54
6.35
8.30
10.00
11.28
11.09
10.27
9.39
8.88
8.62
8.47
8.49
8.59
8.51
8.05
7.36
6.52
5.99
6.03
6.71
8.29
7.69
6.29
4.90
3.25
1.67
1.27
111
1.00

Qtn,cs

49.60
51.73
52.88
52.94
51.42
50.52
49.55
48.75
48.02
47.97
48.18
48.11
48.25
48.61
50.34
52.65
55.68
61.10
67.44
81.31
93.72
105.29
106.64
101.79
91.80
80.97
74.00
71.61
71.70
71.43
71.54
73.14
75.73
78.55
80.91
82.14
81.11
81.56
84.30
99.20
109.73
112.44
108.35
97.03
85.11
93.93
102.13
100.19

L

2.85
2.87
2.87
2.86
2.86
2.86
2.86
2.85
2.84
2.83
2.82
2.81
2.80
2.80
2.80
2.80
2.79
2.78
2.74
2.77
2.84
2.97
3.07
3.13
3.12
3.08
3.03
3.01
2.99
2.98
2.98
2.99
2.98
2.96
291
2.85
2.81
2.81
2.87
2.97
2.93
2.83
2.72
2.54
2.22
1.96
1.76
1.67

su(liq)/olv Su(peak)/dv

0.11
0.13
0.15
0.14
0.13
0.12
0.12
0.11
0.10
0.10
0.11
0.11
0.11
0.11
0.12
0.14
0.17
0.20
0.31
0.42
0.69
0.74
0.72
0.61
0.46
0.33
0.26
0.27
0.27
0.26
0.26
0.27
0.30
0.34
0.38
0.42
0.45
0.39
0.43
0.47
0.84
0.94
0.82
0.76
0.72
0.74
0.75
0.75

0.88
0.89
0.91
0.91
0.90
0.87
0.86
0.85
0.85
0.87
0.89
0.91
0.92
0.93
0.96
1.00
1.08
1.20
1.45
1.59
1.60
1.36
1.14
0.96
0.88
0.83
0.83
0.84
0.87
0.88
0.87
0.88
0.91
1.00
1.12
1.28
1.37
1.36
1.26
1.19
1.42
1.76
2.17
0.76
0.72
0.74
0.75
0.75
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
11.89
11.98
12.06
12.14
12.22
12.30
12.39
12.47
12.55
12.63
12.71
12.80
12.88
12.96
13.04
13.12
13.21
13.29
13.37
13.45
13.53
13.62
13.70
13.78
13.86
13.94
14.03
14.11
14.19
14.27
14.35
14.44
14.52
14.60
14.68
14.76
14.85
14.93
15.01
15.09
15.17
15.26
15.34
15.42
15.50
15.58
15.67
15.75

G
(tsf)

68.14

70.56

77.24

87.06

98.79

108.42
116.33
122.33
127.66
134.08
141.80
151.92
163.38
175.02
185.29
190.46
190.85
188.49
187.10
186.37
186.12
184.93
183.80
180.39
176.69
171.69
166.60
161.20
156.72
154.79
154.22
154.29
154.24
154.34
153.36
151.08
146.61
142.13
137.22
133.01
130.08
128.45
129.50
130.21
128.87
124.78
119.34
113.42

Qo

103.14
106.73
116.01
128.57
141.87
151.27
159.01
165.09
171.52
179.00
187.70
197.15
207.91
218.70
229.56
235.26
235.78
232.97
230.24
228.82
227.89
226.23
224.57
220.64
216.46
210.96
206.74
202.33
199.66
198.03
197.25
196.49
195.46
194.18
191.20
187.40
181.57
176.30
170.61
165.95
162.71
161.68
163.72
166.31
165.90
161.06
154.29
146.64

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

103.14
106.73
116.01
128.57
141.87
151.27
159.01
165.09
171.52
179.00
187.70
197.15
207.91
218.70
229.56
235.26
235.78
232.97
230.24
228.82
227.89
226.23
224.57
220.64
216.46
210.96
206.74
202.33
199.66
198.03
197.25
196.49
195.46
194.18
191.20
187.40
181.57
176.30
170.61
165.95
162.71
161.68
163.72
166.31
165.90
161.06
154.29
146.64

L

1.63
1.63
1.62
1.58
1.51
1.43
1.38
1.35
1.34
1.33
1.31
1.26
1.20
1.15
1.13
1.12
1.13
1.13
1.13
1.12
1.12
1.12
1.12
1.13
1.13
1.15
1.18
1.23
1.28
1.30
1.30
1.29
1.28
1.26
1.24
1.22
1.22
1.23
1.25
1.27
1.28
1.30
1.32
1.36
1.39
141
1.42
1.43

su(liq)/olv Su(peak)/dv

0.75
0.76
0.78
0.80
0.82
0.83
0.84
0.85
0.85
0.86
0.87
0.88
0.90
0.91
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.91
0.91
0.91
0.90
0.90
0.89
0.89
0.89
0.88
0.88
0.88
0.88
0.88
0.88
0.87
0.87
0.86
0.85
0.85
0.84
0.84
0.84
0.85
0.85
0.84
0.83
0.82

0.75
0.76
0.78
0.80
0.82
0.83
0.84
0.85
0.85
0.86
0.87
0.88
0.90
0.91
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.91
0.91
0.91
0.90
0.90
0.89
0.89
0.89
0.88
0.88
0.88
0.88
0.88
0.88
0.87
0.87
0.86
0.85
0.85
0.84
0.84
0.84
0.85
0.85
0.84
0.83
0.82
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
15.83
15.91
15.99
16.08
16.16
16.24
16.32
16.40
16.49
16.57
16.65
16.73
16.81
16.90
16.98
17.06
17.14
17.22
17.31
17.39
17.47
17.55
17.63
17.72
17.80
17.88
17.96
18.04
18.13
18.21
18.29
18.37
18.45
18.54
18.62
18.70
18.78
18.86
18.95
19.03
19.11
19.19
19.27
19.36
19.44
19.52
19.60
19.69

G
(tsf)

109.42
107.96
110.80
116.89
128.19
145.29
164.17
177.76
187.19
190.04
190.52
187.42
188.25
191.63
192.15
189.36
182.22
168.28
144.39
113.53
85.10
59.63
42.45
29.33
22.07
19.97
25.28
36.27
58.63
90.22
120.62
134.83
132.86
126.09
120.18
117.24
116.34
114.70
111.45
107.65
103.55
97.49
88.68
77.40
66.76
60.77
55.40
44.91

Qo

142.77
141.06
143.49
148.73
159.68
177.27
196.71
210.53
220.35
223.60
224.31
220.92
224.34
228.51
228.87
223.21
214.71
200.83
177.82
147.79
117.92
87.67
65.40
47.01
36.21
32.83
40.13
54.95
83.74
122.28
157.44
172.52
168.61
160.11
153.43
150.79
149.68
147.30
143.38
139.58
135.39
128.88
118.68
104.18
89.73
80.25
73.08
60.34

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.19
1.41
1.96
3.10
4.36
4.78
3.29
2.01
1.36
1.18
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.06
1.13
1.19
1.24
1.27
1.28
1.24
1.25
1.34

Qtn,cs

142.77
141.06
143.49
148.73
159.68
177.27
196.71
210.53
220.35
223.60
224.31
220.92
224.34
228.51
228.87
223.21
214.71
200.83
177.82
147.79
140.05
123.30
128.21
145.70
157.81
157.00
132.10
110.66
113.96
144.76
157.44
172.52
168.61
160.11
153.43
150.79
149.68
147.30
143.38
147.32
153.05
153.96
147.72
132.80
115.29
99.76

91.47

80.89

L

1.47
1.48
1.45
1.40
1.33
1.25
1.19
1.15
1.13
1.13
1.14
1.15
1.20
1.20
1.20
1.17
1.17
1.23
1.35
1.58
1.83
2.09
2.31
2.52
2.67
2.71
2.54
2.32
2.06
1.83
1.68
1.60
1.57
1.59
1.62
1.66
1.67
1.67
1.69
1.73
1.78
1.84
1.91
1.96
1.97
1.91
1.92
2.04

su(liq)/olv Su(peak)/dv

0.82
0.81
0.82
0.83
0.84
0.86
0.88
0.90
0.91
0.91
0.91
0.91
0.91
0.92
0.92
0.91
0.90
0.89
0.86
0.82
0.81
0.79
0.80
0.82
1.75
1.51
0.83
0.77
0.77
0.82
0.84
0.86
0.85
0.84
0.83
0.83
0.83
0.82
0.82
0.82
0.83
0.83
0.82
0.80
0.78
0.75
0.73
0.63

0.82
0.81
0.82
0.83
0.84
0.86
0.88
0.90
0.91
0.91
0.91
0.91
0.91
0.92
0.92
0.91
0.90
0.89
0.86
0.82
0.81
0.79
0.80
0.82
2.78
2.49
0.83
0.77
0.77
0.82
0.84
0.86
0.85
0.84
0.83
0.83
0.83
0.82
0.82
0.82
0.83
0.83
0.82
0.80
0.78
0.75
0.73
0.71
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
19.77
19.85
19.93
20.01
20.10
20.18
20.26
20.34
20.42
20.51
20.59
20.67
20.75
20.83
20.92
21.00
21.08
21.16
21.24
21.33
21.41
21.49
21.57
21.65
21.74
21.82
21.90
21.98
22.06
22.15
22.23
22.31
22.39
22.47
22.56
22.64
22.72
22.80
22.88
22.97
23.05
23.13
23.21
23.29
23.38
23.46
23.54
23.62

G
(tsf)

30.90
18.95
14.06
11.03
9.85
9.65
11.41
15.23
17.22
16.55
13.02
10.34
8.61
7.70
7.59
7.69
7.63
7.52
7.44
741
7.40
7.40
7.45
7.54
7.69
7.99
8.16
8.23
8.03
7.76
7.42
7.25
7.22
7.32
743
7.55
7.77
8.27
8.73
9.20
9.14
9.05
8.85
8.89
8.86
8.80
8.73
8.46

Qo

43.16
27.44
20.63
16.20
14.33
13.84
16.14
21.37
24.08
23.22
18.37
14.59
12.07
10.56
10.32
10.26
10.05
9.85
9.72
9.65
9.60
9.58
9.61
9.71
9.90
10.28
10.49
10.55
10.26
9.87
9.37
9.11
9.06
9.18
9.30
9.47
9.81
10.55
11.18
11.80
11.71
11.53
11.17
11.08
10.96
10.85
10.74
10.37

Ke

1.84
3.45
5.10
6.74
7.24
6.66
4.87
3.45
3.11
3.43
4.69
6.31
7.93
8.64
7.66
6.36
5.79
5.77
5.84
5.85
5.84
5.82
5.75
5.67
5.53
5.28
5.13
5.09
5.24
5.48
5.78
5.96
6.01
5.96
5.82
5.99
6.23
6.29
6.14
5.85
6.01
5.94
5.69
5.03
4.75
4.75
4.84
5.06

Qtn,cs

79.36
94.61
105.30
109.11
103.74
92.16
78.50
73.75
74.97
79.64
86.04
92.10
95.73
91.22
79.03
65.30
58.20
56.83
56.78
56.40
56.08
55.73
55.28
55.06
54.80
54.33
53.82
53.67
53.78
54.04
54.14
54.30
54.47
54.68
54.09
56.69
61.13
66.41
68.60
68.99
70.45
68.48
63.54
55.74
52.10
51.58
51.95
52.50

L

2.28
2.56
2.74
2.87
2.90
2.86
2.71
2.56
2.52
2.56
2.70
2.84
2.95
2.99
2.93
2.84
2.80
2.79
2.80
2.80
2.80
2.80
2.79
2.79
2.77
2.75
2.74
2.74
2.75
2.77
2.79
2.81
2.81
2.81
2.80
2.81
2.83
2.83
2.82
2.80
2.81
2.81
2.79
2.73
2.70
2.70
2.71
2.73

su(liq)/olv Su(peak)/dv

0.55
0.78
0.60
0.62
0.51
0.35
0.31
0.73
0.44
0.74
0.40
0.40
0.41
0.36
0.24
0.14
0.12
0.12
0.12
0.12
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.10
0.10
0.10
0.10
0.11
0.10
0.14
0.18
0.20
0.20
0.21
0.22
0.16
0.11
0.10
0.11
0.10
0.10

0.71
0.78
1.54
1.18
1.03
1.01
1.21
0.73
0.70
0.74
1.38
1.06
0.86
0.75
0.74
0.75
0.74
0.72
0.71
0.71
0.71
0.70
0.71
0.71
0.73
0.76
0.78
0.78
0.76
0.73
0.69
0.67
0.66
0.67
0.68
0.69
0.71
0.77
0.82
0.86
0.86
0.84
0.82
0.82
0.82
0.81
0.80
0.77
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
23.70
23.79
23.87
23.95
24.03
24.11
24.20
24.28
24.36
24.44
24.52
24.61
24.69
24.77
24.85
24.93
25.02
25.10
25.18
25.26
25.34
25.43
25.51
25.59
25.67
25.75
25.84
25.92
26.00
26.08
26.16
26.25
26.33
26.41
26.49
26.57
26.66
26.74
26.82
26.90
26.98
27.07
27.15
27.23
27.31
27.40
27.48
27.56

G
(tsf)

8.24
7.95
7.94
7.80
7.66
7.57
7.58
7.64
7.75
7.92
8.28
8.69
8.87
8.93
8.91
10.00
12.51
15.89
31.27
76.44
147.95
221.18
272.75
303.58
321.41
338.01
347.73
359.17
354.72
347.51
334.14
325.43
317.10
308.39
303.51
301.09
305.45
297.99
295.63
286.58
290.29
288.84
290.63
289.61
284.08
278.93
275.24
276.25

Qo

10.05
9.65
9.61
9.38
9.18
9.02
9.02
9.08
9.20
9.42
9.88
10.43
10.64
10.73
10.84
12.38
15.85
20.31
39.53
91.55
168.57
244.78
296.92
331.08
349.06
367.49
379.17
392.70
388.31
377.64
360.51
347.82
334.90
325.86
322.56
323.64
327.48
319.37
316.23
308.02
310.27
306.07
303.68
300.88
294.62
289.94
286.41
288.40

Ke

5.27
5.53
5.52
5.62
5.70
5.72
5.71
5.64
5.60
5.57
5.42
5.22
5.15
5.34
6.68
6.77
6.33
5.27
2.48
1.25
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

52.98
53.36
53.05
52.70
52.30
51.58
51.44
51.19
51.53
52.50
53.59
54.46
54.78
57.29
72.39
83.84
100.30
107.09
97.94
114.76
168.57
244.78
296.92
331.08
349.06
367.49
379.17
392.70
388.31
377.64
360.51
347.82
334.90
325.86
322.56
323.64
327.48
319.37
316.23
308.02
310.27
306.07
303.68
300.88
294.62
289.94
286.41
288.40

L

2.75
2.77
2.77
2.78
2.79
2.79
2.79
2.78
2.78
2.78
2.76
2.75
2.74
2.76
2.86
2.87
2.84
2.75
2.42
1.93
1.56
1.37
1.26
1.28
1.26
1.27
1.30
1.33
1.35
1.31
1.27
1.21
1.13
1.14
1.19
1.29
1.28
1.29
1.28
1.33
1.29
1.24
1.13
1.10
1.09
1.12
1.13
1.17

su(liq)/ Ulv

0.10
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.09
0.09
0.11
0.11
0.12
0.12
0.15
0.37
0.40
0.70
0.74
0.77
0.85
0.93
0.98
1.00
1.01
1.03
1.03
1.04
1.04
1.03
1.02
1.01
1.00
1.00
1.00
1.00
1.00
0.99
0.99
0.98
0.99
0.98
0.98
0.98
0.97
0.97
0.97
0.97

Su(peak)/dv

0.74
0.71
0.71
0.69
0.67
0.66
0.66
0.66
0.67
0.69
0.73
0.77
0.78
0.79
0.78
0.89
1.15
1.49
0.74
0.77
0.85
0.93
0.98
1.00
1.01
1.03
1.03
1.04
1.04
1.03
1.02
1.01
1.00
1.00
1.00
1.00
1.00
0.99
0.99
0.98
0.99
0.98
0.98
0.98
0.97
0.97
0.97
0.97
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
27.64
27.72
27.81
27.89
27.97
28.05
28.13
28.22
28.30
28.38
28.46
28.54
28.63
28.71
28.79
28.87
28.95
29.04
29.12
29.20
29.28
29.36
29.45
29.53
29.61
29.69
29.77
29.86
29.94
30.02
30.10
30.18
30.27
30.35
30.43
30.51
30.59
30.68
30.76
30.84
30.92
31.00
31.09
31.17
31.25
31.33
31.41
31.50

G
(tsf)

273.29
273.94
274.81
279.57
279.55
279.48
278.68
275.11
270.40
267.51
269.19
267.45
264.31
259.63
255.57
260.50
261.38
272.23
268.23
262.12
246.20
239.04
239.44
253.30
271.51
294.18
312.56
331.69
346.14
365.08
381.24
391.80
398.98
401.66
414.40
426.09
436.33
462.98
485.08
496.55
486.98
483.72
489.21
512.03
527.67
547.71
554.37
542.38

Qo

286.38
286.95
286.16
289.84
289.15
288.97
287.56
283.18
279.20
277.94
282.07
281.87
278.52
272.38
266.49
270.90
273.84
286.73
283.55
275.59
257.03
246.49
245.78
258.42
278.14
302.44
322.58
342.85
357.61
376.88
392.88
402.44
408.27
408.68
419.33
431.02
444.27
473.33
496.67
506.72
496.11
490.89
494.59
513.19
525.94
544.85
550.07
537.70

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

286.38
286.95
286.16
289.84
289.15
288.97
287.56
283.18
279.20
277.94
282.07
281.87
278.52
272.38
266.49
270.90
273.84
286.73
283.55
275.59
257.03
246.49
245.78
258.42
278.14
302.44
322.58
342.85
357.61
376.88
392.88
402.44
408.27
408.68
419.33
431.02
444.27
473.33
496.67
506.72
496.11
490.89
494.59
513.19
525.94
544.85
550.07
537.70

L

1.21
1.22
1.17
1.14
1.13
1.14
1.13
111
1.15
1.22
1.31
1.37
1.38
1.36
1.31
1.29
1.38
1.44
1.50
1.46
1.40
1.29
1.25
1.19
1.24
1.29
1.34
1.37
1.38
1.38
1.37
1.35
1.32
1.26
1.21
1.22
1.31
1.38
1.42
1.39
1.39
1.36
1.32
1.21
1.14
1.12
1.10
1.10

su(liq)/olv Su(peak)/dv

0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.95
0.95
0.96
0.97
0.96
0.96
0.94
0.93
0.93
0.94
0.96
0.98
1.00
1.01
1.02
1.03
1.04
1.05
1.05
1.05
1.06
1.07
1.07
1.09
1.10
111
1.10
1.10
1.10
1.11
1.12
1.13
1.13
1.13

0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.95
0.95
0.96
0.97
0.96
0.96
0.94
0.93
0.93
0.94
0.96
0.98
1.00
1.01
1.02
1.03
1.04
1.05
1.05
1.05
1.06
1.07
1.07
1.09
1.10
111
1.10
1.10
1.10
1.11
1.12
1.13
1.13
1.13
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
31.58
31.66
31.74
31.82
31.91
31.99
32.07
32.15
32.23
32.32
32.40
32.48
32.56
32.64
32.73
32.81
32.89
32.97
33.05
33.14
33.22
33.30
33.38
33.46
33.55
33.63
33.71
33.79
33.87
33.96
34.04
34.12
34.20
34.28
34.37
34.45
34.53
34.61
34.69
34,78
34.86
34.94
35.02
35.10
35.19
35.27
35.35
35.43

G
(tsf)

530.13
533.19
509.71
489.37
441.30
453.05
475.30
520.78
546.69
577.36
557.93
518.03
440.67
395.68
373.89
393.80
410.46
423.75
447.80
490.69
539.15
550.82
547.41
514.85
466.95
432.70
405.29
397.55
382.48
386.38
397.16
410.46
440.27
461.91
457.97
410.83
362.28
322.49
303.32
284.42
274.78
278.06
277.18
277.04
271.79
271.98
273.99
283.73

Qo

526.00
530.55
507.55
484.66
441.08
453.68
476.72
519.38
544.13
572.96
552.57
513.85
437.89
393.13
368.70
385.79
400.50
414.41
439.08
482.16
529.49
541.18
537.81
505.37
458.21
423.59
396.27
387.61
372.62
376.06
385.75
397.60
424.96
444.55
439.88
394.66
348.28
310.05
291.32
272.74
262.85
265.44
264.16
263.72
258.18
257.68
259.10
268.20

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Qtn,cs

526.00
530.55
507.55
484.66
441.08
453.68
476.72
519.38
544.13
572.96
552.57
513.85
437.89
393.13
368.70
385.79
400.50
414.41
439.08
482.16
529.49
541.18
537.81
505.37
458.21
423.59
396.27
387.61
372.62
376.06
385.75
397.60
424.96
444.55
439.88
394.66
348.28
310.05
291.32
272.74
262.85
265.44
264.16
263.72
258.18
257.68
259.10
268.20

L

1.13
1.20
1.23
1.16
1.35
1.40
1.46
1.37
1.35
1.32
1.30
1.37
1.45
1.49
1.35
1.22
1.15
1.22
1.31
1.39
1.40
1.45
1.49
1.51
1.56
1.55
1.57
1.52
1.55
1.57
1.55
1.49
1.38
1.29
1.25
1.34
1.48
1.60
1.65
1.67
1.62
1.56
1.54
1.56
1.50
1.34
1.22
1.25

su(liq)/olv Su(peak)/dv

1.12
1.12
1.11
1.10
1.07
1.08
1.09
1.12
1.13
1.14
1.13
111
1.07
1.04
1.03
1.04
1.05
1.06
1.07
1.10
1.12
1.13
1.13
1.11
1.08
1.06
1.05
1.04
1.03
1.03
1.04
1.05
1.06
1.07
1.07
1.04
1.01
0.99
0.97
0.96
0.95
0.95
0.95
0.95
0.94
0.94
0.94
0.95

1.12
1.12
1.11
1.10
1.07
1.08
1.09
1.12
1.13
1.14
1.13
111
1.07
1.04
1.03
1.04
1.05
1.06
1.07
1.10
1.12
1.13
1.13
1.11
1.08
1.06
1.05
1.04
1.03
1.03
1.04
1.05
1.06
1.07
1.07
1.04
1.01
0.99
0.97
0.96
0.95
0.95
0.95
0.95
0.94
0.94
0.94
0.95
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
35.52
35.60
35.68
35.76
35.84
35.93
36.01
36.09
36.17
36.25
36.34
36.42
36.50
36.58
36.66
36.75
36.83
36.91
36.99
37.07
37.16
37.24
37.32
37.40
37.48
37.57
37.65
37.73
37.81
37.89
37.98
38.06
38.14
38.22
38.30
38.39
38.47
38.55
38.63
38.71
38.80
38.88
38.96
39.04
39.12
39.21
39.29
39.37

G
(tsf)

287.59
285.68
286.47
308.09
340.67
379.43
408.13
421.42
409.34
395.37
389.54
378.60
363.00
335.19
338.85
344.05
380.68
394.90
366.64
360.64
366.79
437.35
416.12
383.12
317.72
318.89
344.64
366.21
393.61
405.97
460.10
398.67
340.53
263.09
250.57
221.28
170.86
145.32
125.32
117.25
109.77
104.97
100.07
97.58
96.80
95.23
94.41
94.78

Qo

271.74
269.74
270.23
290.49
321.02
357.29
383.96
396.01
384.09
370.34
364.44
353.66
338.69
311.98
314.81
319.11
353.00
366.08
339.31
333.35
338.42
403.79
383.31
352.15
290.37
290.62
313.57
332.80
357.33
367.89
417.51
360.52
306.99
235.36
223.50
196.33
150.17
126.83
108.65
101.31
94.52
90.14
85.66
83.32
82.50
80.94
79.96
80.07

Ke

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.02
1.13
1.16
1.16
1.15
1.16
1.01
1.10
1.13
1.26
1.28
1.34
1.59
1.83
2.09
2.09
2.11
2.07
2.09
2.08
2.06
2.10
2.25
2.34

Qtn,cs

271.74
269.74
270.23
290.49
321.02
357.29
383.96
396.01
384.09
370.34
364.44
353.66
338.69
311.98
314.81
319.11
353.00
366.08
339.31
333.35
338.42
403.79
383.31
352.15
296.23
328.50
364.11
384.53
409.61
427.88
423.75
395.93
346.71
296.22
285.04
263.73
238.04
232.23
226.81
212.08
199.21
186.71
179.28
173.36
169.78
169.67
180.09
187.55

L

1.32
1.39
1.41
1.47
1.49
1.48
1.44
1.48
1.49
1.57
1.50
1.51
1.46
1.55
1.62
1.65
1.59
1.51
1.51
1.50
1.54
1.47
1.52
1.54
1.72
1.78
1.81
1.80
1.79
1.81
1.71
1.76
1.78
1.93
1.96
2.04
2.19
2.27
2.34
2.34
2.34
2.34
2.34
2.34
2.33
2.34
2.38
2.39

su(liq)/olv Su(peak)/dv

0.95
0.95
0.95
0.97
0.99
1.02
1.04
1.05
1.04
1.03
1.02
1.02
1.01
0.99
0.99
0.99
1.02
1.03
1.01
1.00
1.01
1.05
1.04
1.02
0.97
1.00
1.02
1.04
1.05
1.06
1.06
1.05
1.01
0.97
0.97
0.95
0.92
0.92
0.91
0.90
0.89
0.87
0.86
0.86
0.85
0.85
0.86
0.87

0.95
0.95
0.95
0.97
0.99
1.02
1.04
1.05
1.04
1.03
1.02
1.02
1.01
0.99
0.99
0.99
1.02
1.03
1.01
1.00
1.01
1.05
1.04
1.02
0.97
1.00
1.02
1.04
1.05
1.06
1.06
1.05
1.01
0.97
0.97
0.95
0.92
0.92
0.91
0.90
0.89
0.87
0.86
0.86
0.85
0.85
0.86
0.87
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

:: Strength loss calculation (Robertson (2009) :: (continued)

Depth
(ft)
39.45
39.53
39.62
39.70
39.78
39.86
39.94
40.03
40.11
40.19
40.27
40.35
40.44
40.52
40.60
40.68
40.76
40.85
40.93
41.01
41.09
41.17
41.26
41.34
41.42
41.50
41.58
41.67
41.75
41.83
41.91
41.99

G
(tsf)

103.02
127.96
165.69
197.23
205.23
188.91
164.19
142.03
123.98
112.12
105.38
107.61
116.06
122.36
121.38
110.70
100.73
95.90
97.43
99.31
100.12
96.73
91.97
88.45
92.99
103.92
116.20
125.32
264.42
406.50
568.35
595.38

Abbreviations

Qe
Ke:
Qtn,cs:
I

Su(liq)/dv :
Su(peak)/dv H

Qo

87.16
109.20
142.81
171.11
178.20
163.15
140.65
120.58
104.36
93.66
87.55
89.40
96.73
102.18
101.13
91.54
82.65
78.31
79.55
81.12
81.72
78.63
74.38
71.24
74.47
83.04
92.61
100.88
224.57
320.45
448.44
469.48

Ke

2.16
1.64
1.34
1.24
1.21
1.25
1.33
1.46
1.65
1.89
2.06
1.95
1.73
1.60
1.61
1.81
2.07
2.20
2.10
1.96
1.91
2.00
2.14
2.23
2.67
2.97
3.30
2.30
1.00
1.00
1.00
1.00

Total cone resistance

Cone resistance correction factor due to fines

Qtn,cs

188.03
179.07
191.20
211.86
215.24
204.17
186.52
176.23
172.65
177.34
180.76
174.50
167.16
163.06
162.98
165.25
171.26
172.51
166.94
159.10
155.99
156.92
159.42
158.67
198.85
246.95
305.89
231.58
224.57
320.45
448.44
469.48

L

2.36
2.21
2.03
1.90
1.86
1.92
2.02
2.13
2.22
2.29
2.33
2.31
2.24
2.19
2.20
2.27
2.34
2.37
2.34
2.31
2.30
2.32
2.35
2.37
2.45
2.50
2.54
2.38
1.70
-1.00
-1.00
-1.00

su(liq)/olv Su(peak)/dv

0.87
0.86
0.88
0.90
0.90
0.89
0.87
0.86
0.86
0.86
0.87
0.86
0.85
0.84
0.84
0.85
0.85
0.86
0.85
0.84
0.83
0.84
0.84
0.84
0.89
0.93
1.01
0.92
0.91
0.99
1.08
1.09

Adjusted and corrected cone resistance due to fines

Soil behavior type index
Calculated liquefied undrained strength ratio

Calculated peak undrained strength ratio

0.87
0.86
0.88
0.90
0.90
0.89
0.87
0.86
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-1

Depth (ft)

Aging Calculation Estimation
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This software is licensed to: Otto Rosenau & Associates, Inc. CPT name: CPT-1

Ejecta Severity Estimation

Corrected norm. cone resista SBTn Index Plot FS plot Stresses vs Depth Excess Head Liq. ejecta demand
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Otto Rosenau & Associates, Inc
Geotechnical Engineers

6747 Martin Luther King Jr Way S, Seattle, WA
www.ottorosenau.com

LIQUEFACTION ANALYSIS REPORT

Project title : Fire Station #32 - Site Evaluation Location : 19959 Oaks St, Monroe, WA
CPT file : CPT-2
Input parameters and analysis data

Analysis method: Robertson (2009)  G.W.T. (in-situ): 4.00 ft Use fill: No Clay like behavior
Fines correction method: Robertson (2009)  G.W.T. (earthq.): 4.00 ft Fill height: N/A applied: All soils
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,;:  7.10 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  0.54 Unit weight calculation: Based on SBT K, applied: No MSF method: Method based
Cone resistance Frict:o% Ratio SBTn Plot CRR plot FS Plot
DRILL OQUT DRILL OUT DRILL O 0
44 4 ~
LURILL VU T
6 6 } y
During §{th.
€
8} 8
> L
IO:IE 10 r 4% =
| f 1
12 k 12 E \ =
1 § -_—
14 S e e e L — | [ . —
14
1 16 i
3 = 16
= 187 18 -«= e p— E =
g ] = | RS s Z = | | 2
& 20 204 , o -
B \> --------- - -4 20 -
2 B 22 < ==
f = —
1 — 2 =
24 - ‘ -
\S 24 @ik 241 S R, | == 4 -
26
26 %
. __.s"" i »
30 = ,} 30 L 30
32 32 { 32
34 g_ 34 I?I T T T T T T T 34
0 200 400 0 2 4 6 8 10 1 0.2 0.4 0.€ 0 05 1 1.5 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
M,=7/2, sigma'=1 atm base curve Summary of liquefaction potential
0.8 1 1 1 1 1 1 1 1 1 1 1’000_ 1 1 1 Ll 1 1 1 11 III_
1 Liquefaction 3 7 E
] i + C
0.7 8 ] r
4 c -
] 8 i
B R
: g
0.6 c 100 3
~ - o 7 E
& . @6 & 40 = ] :
n 1 =] T o
O 05 9} T -
— 4 c
x ] 9] 3
o ] a |
- '_ |-
= ]
2 0.4 S
wn -1 - -
§ ] E 10 3 g
) b = ] o
n E © ] I
o 03 £ ] I
S ] S I
> ] 2 . i
0.2
T 1 T T T T T TTT17 T T T T 1T 17717
] 0.1 1 10
0.1 I Normalized friction ratio (%)
] ____.,.--*"""" : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
1 No Liquefadtion N Zone Ay Cyclic liquefaction and strength loss likely depending on loading and grounc
i h geometry
U L L L L UL L WL B L L S Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
Qtnlcs brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-2

CPT basic interpretation plots
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Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A SBTI "
Fines correction method: Robertson (2009) Average results interval: Transition detect. applied:  No BT leg
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils . -
Peak ground acceleration:  0.54 Use fill: No Limit depth applied: No . 2. Organic rnaterlal
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A . 3. Clay to silty clay

[l 1 Sensitive fine grained [l 4. Clayey silt to silty
. 5. Silty sand to sandy silt . B Very stn’f sand to
O 6. Clean sand to silty sand [] 9. Very stiff fine grained

. 7. Gravely sand to sand
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-2

CPT basic interpretation plots (normalized)
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Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A
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SBTn legend
. 1. Sensitive fine grained . 4. Clayey silt to silty . 7. Gravely sand to sand
. 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to

I 3. Clay tositty clay O 6. Clean sand to silty sand [] 9. Very stiff fine grained
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This software is licensed to: Otto Rosenau & Associates, Inc. CPT name: CPT-2

Liquefaction analysis overall plots (intermediate results)
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qt (tsf) Ic (Robertson 1990) Qtn Kc Qtn,cs
Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-2

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction potential Vertical settlements Lateral displacements
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Input parameters and analysis data F.S. color scheme LPI color scheme
Analysis method: Robertson (2009)  Depth to water table (erthq.): 4.00 ft Fill weight: N/A [l Almost certain it will liquefy [l Very high risk
Fines correction method: Robertson (2009)  Average results interval: Transition detect. applied: ~ No . Very likely to liquefy |:| High risk
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No . y " " .
Earthquake magnitude M,,: ~ 7.10 Unit weight calculation: Based on SBT  Clay like behavior applied: Al soils O Liquefaction and no liq. are equally likely [T Low risk
Peak ground acceleration:  0.54 Use fill: No Limit depth applied: No [0 unlike to liquefy
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A . Almost certain it will not liquefy
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This software is licensed to: Otto Rosenau & Associates, Inc. CPT name: CPT-2

Liquefaction analysis summary plots
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Normalized friction ratio (%) Qtn,cs Thickness of surface layer, H1 (m)
Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: 3 Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A
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This software is licensed to: Otto Rosenau & Associates, Inc.

CPT name: CPT-2

Norm. COI‘IeDI'RﬁiIg nce

Check for strength loss plots (Robertson (2010))
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Input parameters and analysis data
Analysis method: Robertson (2009)  Depth to water table (erthqg.): 4.00 ft Fill weight: N/A
Fines correction method: Robertson (2009) Average results interval: Transition detect. applied:  No
Points to test: Based on Ic value  Ic cut-off value: 2.60 K, applied: No
Earthquake magnitude M,: ~ 7.10 Unit weight calculation: Based on SBT Clay like behavior applied: Al soils
Peak ground acceleration: 0.54 Use fill: No Limit depth applied: No
Depth to water table (insitu): 4.00 ft Fill height: N/A Limit depth: N/A
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