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See attached Project Memorandum / Supplemental Information for responses to items 1 and 2 below. 
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Project Memorandum 
 
Project No:   220234.02   Date: 11.28.2023 

Project Name:  Cannon Beach — City Hall  

Subject:  Conditional Use Application Response Summary 

By:   Leslie Jones 

To:   Planning Commission 
 

SUPPLEMENTAL INFORMATION IN SUPPORT OF THE CONDITIONAL USE 
APPLICATION 

 
1. Description of the proposal.  

The proposed project is the design and construction of a new City Hall and associated site 
improvements on the site of the existing City Hall. Based on the 2018 Building System Analysis 
by Tolovana Architects, the existing City Hall - built as a building supply store and home to City 
Hall since 1969 - has exhausted its useful life and "the building is simply not able to be 
remodeled in an economic manner as compared to constructing a new facility." The existing City 
Hall is proposed to be demolished and a new building constructed in its place to meet current 
building and design standards. 

 
2. Justification for the conditional use request. Explain how the request meets each of the 

following criteria for granting a conditional use. 

a. Explain how a demand exists for the use at the proposed location. Several factors 

which should be considered include: accessibility for users (such as customers and 

employees); availability of similar existing uses; availability of other appropriately zoned 

sites, particularly those not requiring conditional use approval; and the desirability of 

other suitably zoned sites for the use. 

• The existing City Hall has been located on its current site, in the heart of Mid-town, 

since approximately 1969. Based on community feedback, the existing location is both 

familiar and convenient for residents. We propose to maintain the new building in the 

same location on the Gower Street site, as approved by City Council on June 13, 2023. 

The existing Limited Commercial (C1) zone remains an appropriate zone for the 

proposed use as Government Structures are allowed as a conditional use. Properties 

zoned for allowance of government structures outright, (i.e. General Commercial — C2) 

are less centrally located on the east side of Highway 101 and would present increased 

hazard for residents, particularly pedestrians, accessing City services. Moreover, the 

primary office function of the City Hall is similar to, and compatible with, commercial 

structures in the C1 zone.   

b. Explain in what way(s) the proposed use with not create traffic congestion on nearby 

streets or over-burden the following public facilities and services: water, sewer, storm 

drainage, electrical service, fire protection and schools. 

• Site improvements associated with the proposed new building include increasing on-site 

parking capacity. The proposed parking, east of the new building, will serve City Hall staff 

with additional flex space for volunteers and City vehicles. No change is proposed to the 

public parking off Hemlock. All new parking will be designed to meet current City design 

standards. 
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Additionally, while there is no substantive change in the overall building size, the Police 

Department, currently housed inside the City Hall, will be relocated, thereby reducing 

overall traffic congestion and burden on public facilities and services. 

c. Show that the site has an adequate amount of space for any yards, buildings, drives, 

parking, loading and unloading areas, storage facilities, utilities, or other facilities which are 

required by City Ordinances or desired by the applicant. 

• The existing City Hall extends up to 17" into the adjacent properties south of the subject 

site. The proposed new building resolves the potential intrusion onto neighboring 

properties and provides the required twenty-foot buffer between the proposed building 

and adjacent residentially zoned properties. This buffer will be planted and screened per 

City standards with additional consideration given to providing opportunity for community 

involvement in enhanced landscaping efforts. At the north property line, a three-foot buffer 

will be maintained between the new building and the sidewalk, and area is included for 

an entry pedestrian plaza. See the provided site plan for additional site amenities. 

d. Show that the topography, soils, and other physical characteristics of the site are 

appropriate for the use. Potential problems due to weak foundation soils must be shown 

to be eliminated or reduced to the extent necessary for avoiding hazardous situations. 

• The conceptual foundation design is based upon the ground and soil conditions described 

in the attached geotechnical report and is included in current construction cost estimates. 

The building’s structural system will be designed to the highest safety standard under 

current code in order to remain operational following a seismic or wind event. Note that, 

based on the site elevation, a tsunami event remains a potential risk.   

e. Explain in what way an adequate site layout will be used for transportation activities. 

Consideration should be given to the suitability of any access points, on-site drives, 

parking, loading and unloading areas, refuse collection and disposal points, sidewalks, bike 

paths or other transportation facilities required by City Ordinances or desired by the 

applicant. Suitability, in part, should be determined by the potential impact of these 

facilities on safely, traffic flow and control and emergency vehicle movements. 

• The proposed sidewalks and curb cuts alter existing traffic patterns to enhance efficiency 

and safety by separating public and pedestrian access on the west side of the building 

from parking, loading, and refuse collection on the east side of the building. Access for 

emergency vehicles will be maintained and no impact is proposed to the existing 

pedestrian path at the eastern edge of the property.  

In addition to the required standard and accessible parking located east of the building, 

new accessible parallel parking access is proposed along Gower Street near the primary 

building entrance.  

f. Explain how the proposed site and building design will be compatible with the 

surrounding area. 

• The proposed building and site are designed to provide a welcoming orientation and 

increased public gathering space for the community. Specific building elements, such as 

building materials, roof form, and a visual low profile, are highlighted elements of the 

Cannon Beach and Mid-Town vernacular. As a central feature and anchor of Mid-Town, 

the proposed new City Hall is designed to reflect the values and priorities of the 

community and to provide an efficient and attractive platform from which to offer 

important civic services.    
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50'-0"

EXISTING / DEMOLITION SITE PLAN

(E) TRAIL TO REMAIN

(E) CITY HALL TO BE
DEMOLISHED

9,280 SF

(E) OFF SITE
PARKING TO

REMAIN

(E) PARKING LOT
TO BE

RECONFIGURED
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July 31, 2023 cannon-22-2-gi 
 
City of Cannon Beach 
stdenis@ci.cannon-beach.or.us 
 
cc: lesliej@cidainc.com; curtisg@cidainc.com  

 
 

REPORT OF GEOTECHNICAL ENGINEERING SERVICES 
City Hall Improvements, 163 E Gower Street  

Cannon Beach, Oregon 
 
As authorized, herein we present our report of geotechnical engineering services for the proposed 
improvements to City Hall at 163 East Gower Street in Cannon Beach, Oregon.  We understand that 
the facility is to be two stories and expanded to the east and may also be used as a tsunami vertical 
evacuation refuge.  A previous geotechnical exploration by others from 2011 was provided (attached) 
and also included a seismic hazard evaluation.  The logs and data from that report were used as 
background for our analyses.  In our opinion the previous report is suitable for the seismic hazard 
aspects other than liquefaction and site class, as those criteria and standard methods have changed since 
2011.  The accepted and suitably addressed issues are seismic sources, faults and rupture, and dynamic 
slope stability, and those seismic hazard elements were therefore not a part of our scope but are 
appended herein.  The previous report also included detailed description of site geology by a qualified 
certified engineering geologist (CEG).  Tsunami modeling and mapping has been updated since that 
report but did not change the scenario that inundation is likely even in a moderate design CSZ interface 
earthquake.   
 
The purpose of our work was to conduct additional explorations to the east of the existing buildings, 
and analyze the conditions to provide upgraded recommendations for building foundations and related 
building seismic design.  Specifically, our scope included the following: 
 
 Provide principal level geotechnical project management including a site reconnaissance, review of 

provided information, client communications, and review of analyses, reports, and standard format 
invoicing. 

 Explore subsurface conditions by advancing two CPT probes in the east lot gravel area to depths of up 
to 40 feet or refusal with ppd testing and shear wave velocity readings in each. 

 Complete detailed liquefaction analyses of site soils and estimate liquefaction induced deformations 
and provide qualitative means to reduce or address deformations as needed. 

 Provide recommendations for earthwork including suitable fill materials, seasonal material usage, 
compaction criteria, utility trench backfill, and need for subsurface drainage. 

 Provide recommendations for asphalt concrete subgrade preparation and pavement thickness for 
parking and driveways. 

 As appropriate, provide recommendations for deep foundation support for either deep helical piers 
or a drilled or drilled piles, or a qualitative approach for dual-purpose ground improvement and 
foundation support application (such as stone columns, deep mixing, etc.).  Include vertical capacity 
versus embedment, allowable lateral loads and related deflection, installation criteria, and 
geotechnical design parameters for pile caps and grade beams. 

 Provide a PE/GE stamped written report summarizing the results of our geotechnical evaluation. 
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SITE OBSERVATIONS AND CONDITIONS 
Surface Conditions 
The site is located at 163 E Gower Street in Cannon Beach, Oregon, and includes the single-story 
building in the western portion of the property with abutting planters, sidewalks, and pavement.  The 
expansion includes going to two stories and/or two-story expansion east of the existing building.  The 
east expansion area includes paved and gravel parking and drives and a few trees.  That area has 
evidence of slope cuts of several feet in the east and south side of the parking area (based on visual 
observations and bare earth LIDAR mapping).  The overall site slopes gently roughly 1% down to the 
west, and the existing building is roughly 750 feet east of the ocean beach and its access off Ecola Court.    
 
Subsurface Conditions 
The site was explored on July 12, 2023 with two CPT probes that are in addition to the two borings and 
CPT probe completed for the site in 2011.  The approximate locations of our explorations are shown 
on the attached Site Plan, with explorations by others summarized in their attached report.  According 
to geologic maps of the area the site is underlain by coastal terrace deposits with alluvial deposits to the 
west and “fingers” of alluvial deposits to the northwest and southeast.  The 2011 report by others 
includes a detailed geological mapping description by the CEG and is appended to this report for 
reference and not repeated or part of the scope herein but was reviewed in a geotechnical engineering 
context.  Soil conditions encountered are generally consistent with the marine terrace mapping, 
overlying older siltstone of the Astoria Formation at depth.  No landslides are mapped on site, with a 
low risk of dynamic instability. 
 
Subsurface conditions under gravel and pavement sections generally encountered stiff silt and fill up to 2 
feet in depth, overlying soft to very soft organic silt to depths of 18 to 25 feet, in turn underlain by 
dense to very dense fine sand with gravel layers to depths of roughly 100 feet.  Below roughly 100 feet 
the borings encountered massive siltstone with inferred layers of basalt intrusion in B-1 to the 121 foot 
depths explored.   
 
Surface Fill - This includes the pavement and base rock and mixed fill which extended to depths of up 
to 2 feet in explorations.  The material was generally stiff below the rock with moderate dry strength 
and low compressibility.  
 
Silt with Organics - The silt unit generally transitioned from medium stiff in the top several feet to soft 
to very soft below that and contained organics for a discontinuous vertical extent of about 8 feet which 
included matted sediment/decayed material as well as intact wood at discrete layers.  The total layer 
thickness averages about 20 feet.  Organic layers were non-plastic, and inorganic portions had a 
moderate to high plasticity with some clay content.  Moisture contents ranged from 61% to 63%.  
Where small dispersed organics are present, testing in this unit at the Pelican Pub 600 feet S-SW of the 
site ranged from 6-13% organics (a range of trace to some), and is obviously higher in actual buried 
wood.  CPT tip resistance in this unit ranged from generally 6-20 tsf in the silt, with sand layers in P-1 
ranging from 100 to 300 tsf.  Blow counts from the borings (auto hammer N85) ranged from 9 to 2, 
generally lower with depth.  Measured shear wave velocities in our CPT’s ranged from 400-650 ft/sec in 
the silt, and up to 1100 ft/sec in some sand layers in P-1.  The averaged shear wave velocity in the unit 
was 638 ft/sec. 
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The silt has low strength and high initial and long-term compressibility.  A few feet of the silts sandy 
layers lower in P-1 were analyzed as susceptible to liquefaction or at least strength decrease in design 
level seismic events at moderate to low strains, primarily at depths of 13-18 feet. 
 
Sand - The organic silt unit was underlain by dense sand that extended below roughly 18 to 25 feet to 
depths to near 100 feet.  CPT tip resistance in the sand was generally over 200 tsf with refusal at 500 tsf 
or more in gravelly sand at depths of 18 to 21 feet in the recent CPT probes.  Blow counts ranged from 
35 to well over 50, with the exception of one sample at 45 feet in B-1 that had a blow count of 17.  
Shear wave velocities in this unit measured at nearby sites and correlated from SPT blow-counts range 
from 1100 to 1300 ft/sec. The sand has a high static strength and low compressibility. 
 
Siltstone - At depths of 100-101 feet in the previous borings marine siltstone was encountered that was 
interpreted as Astoria Formation by the CEG.  Blow counts in this unit ranged from 35 to over 50 for a 
few inches or 30 for zero inches where inferred basalt intrusions were present below 105 feet in B-1.  
This material has a high strength and is not susceptible to liquefaction. 
 
Groundwater - Pore pressure dissipation testing and free water in CPT probe holes prior to grouting 
indicated ground water at roughly 11 feet below the ground surface.  Previous explorations noted 
ground water near 21 feet in depth.    
 
CONCLUSIONS AND RECOMMENDATIONS 
General 
Based on our explorations and analyses, development of the site is feasible by following 
recommendations provided herein.  Surficial soils at the site consist of thin fills over soft silt with 
organics and dense to very dense sand.  The silt soils are unsuitable for foundation or slab support and 
must be founded on piles penetrating into the very dense sand unit.  Liquefaction is calculated to occur 
in thin layers generally near the top of the sand interface, with some near 45 feet, but at calculated low 
strains and low to laterally moderate deformations.  Specific recommendations for site design are 
detailed in the following sections.      
 
Earthwork 
Preparation - Site preparation for earthwork will require removal of vegetation, existing utilities to be 
abandoned and existing pavements and unsuitable fill within proposed building and new pavement or 
hardscaping areas.  Root balls from trees may extend several feet and grubbing operations can cause 
considerable subgrade disturbance.  All disturbed material should be removed to undisturbed subgrade 
and backfilled with structural fill.  In general, roots greater than one-inch in diameter should be 
removed.   
 
Stabilization and Soft Areas - After stripping, we should be contacted to evaluate the exposed 
subgrade.  This evaluation can be done by proof rolling or probing.  Soft areas will require 
overexcavation and backfilling with well graded, clean angular gravel or clean sand compacted as 
structural fill.   
 
Working Blankets and Haul Roads - Construction equipment should not operate directly on the 
subgrade when wet, as it is susceptible to disturbance and softening.  Existing gravel and pavement, or 
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new rock working blankets and haul roads placed over a the preceding geosynthetic can be used to 
protect subgrades.  We recommend that sound, angular, pit run or crushed basalt with no more than 6 
percent passing a #200 sieve be used to construct haul roads and working blankets.  Working blankets 
should be at least 12 inches thick, and haul roads at least 18 inches thick.  These can be reduced to 9 
and 14 inches, respectively, with the use of the preceding geogrid.   
 
The preceding rock thicknesses are the minimum recommended.  Subgrade protection is the 
responsibility of the contractor and thicker sections may be required based on subgrade conditions and 
type and frequency of construction equipment.   
 
Imported Granular Fill - Imported granular fill, such as clean sand or rock, should have a maximum 
particle size of 6-inches, be well graded, and have less than 6 percent passing the #200 sieve.  This 
material should be compacted to 95 percent relative to ASTM D 1557.   
 
Trenches - Utility trenches may encounter groundwater seepage and severe caving and flowing should 
be expected where seepage is present and in soft and/or loose soils.  Shoring of utility trenches will be 
required for depths greater than 4 feet. We recommend that the type and design of the shoring system be 
the responsibility of the contractor, who is in the best position to choose a system that fits the overall plan of 
operation. 
 
Pipe bedding should be installed in accordance with the pipe manufacturers’ recommendations. If 
groundwater seepage is present in the base of the utility trench excavation, we recommend over-excavating 
the trench by 12 to 18 inches and placing trench stabilization material in the base.  Trench stabilization material 
should consist of well-graded, crushed rock or crushed gravel with a maximum particle size of 4 inches and be 
free of deleterious materials.  The percent passing the U.S. Standard #200 Sieve shall be less than 6 percent by 
weight when tested in accordance with ASTM C 117. 
 
Trench backfill above the pipe zone should consist of well graded, angular crushed rock or sand fill with 
no more than 7 percent passing a #200 sieve.  Trench backfill should be compacted to 92 percent 
relative to ASTM D 1557, and construction of hard surfaces, such as sidewalks or pavement, should not 
occur within one week of backfilling.   
 
Slopes - Temporary slopes may be inclined up to 2H:1V for slopes up to 8 feet high.  Such slopes should 
be expected to erode somewhat, depending on weather conditions and duration of exposure, and in the 
winter should be covered with weighted plastic sheeting.  Permanent slopes should be inclined no 
steeper than 2H:1V for slopes up to 6 feet high.  Erosion control is critical to maintaining slopes and  
drainage must be routed away from slope faces. 
 
Seismic Issues 
Liquefaction - The critical liquefaction triggering event at the site is a Cascadia subduction zone 
earthquake with an expected Magnitude of 8.5 to 9.0 and PGAM of 1.02g with a 2% chance of being 
exceeded in 50 years.  Strains at that level of shaking become asymptotic, so similar liquefaction 
deformation is also expected with much lower and higher CSZ interface quakes and accelerations.  
Using the CPT and B-1 profiles, we analyzed liquefaction and deformations using several methods 
incorporated into the CLiq software program and SPT methods by authors Idriss, Tokimatsu, Seed, Seed 
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and Fear, and others.  We evaluated sensitivity to fines content, relative density, unit weight, slope and 
free face dimensions and proximity, and several other variables to estimate site deformations.  An 
example calculation output for P1 is attached for reference.  Based on this, liquefaction and strength 
reduction induced settlement can occur in layers at depths between 13 and 19 feet in P-1, and less in 
other explorations, and in a thin layer represented by one sample near 45 feet in B-1.  Free field 
settlement is estimated at less than 1 inch (roughly 0.5 inches from the 45-foot-deep layer), with lateral 
spreading toward the ocean calculated to be up to 3.5 inches.  Differential lateral spreading is likely half 
of that.  Controlling lateral spreading was the “gently sloping” model versus the “free face” model of the 
distant ocean and low walls 750 feet west.  Previous reporting used appropriate methods for that time, 
which are super-ceded by methods used in our analyses.  Use of more detailed (with no more detailed 
input) finite element models of deformation are not a part of this scope and in our opinion are not 
justified due to the modest movement and resulting recommendations to structural systems which are 
not likely to be improved by such analyses. 
 
Seismic Site Class - We used procedures from ASCE 7-22 to determine the seismic site class.  Site 
soils technically correspond to Site Class F although liquefaction is limited.  However, in accordance 
with the building code for short appropriate response periods the subject project soils could have 
structural seismic lateral forces evaluated using the parameters associated with Site Class D.  Other 
code criteria may impact this classification. 
 
Shear wave velocities in the upper silt unit were measured, and in the sand were obtained from nearby 
experience and correlation with the SPT blow counts in the borings.  The weighted average of the 
velocities in the top 30 meters (approx. 100 feet) is used to determine the “Vs30” site class, as well as 
other criteria to capture the site response character.  As the organic vertical extent was less than 10 
feet, and the soft silt less than 25 feet, other criteria for Class E were not met.  The calculation sheet for 
Vs30 is attached.  We calculated site class to be Class CD near the margin of Class D, and we therefore 
recommend using Class D as it is more conservative and would capture the variability in the profile.   
 
Tsunamis and Coseismic Subsidence - DOGAMI 2013 tsunami mapping indicates the site will be 
inundated by a “medium slip” CSZ interface event or larger, and a distant Alaskan event, which is 
consistent with the information in the 2011 report.  The structural engineer must design accordingly.  
The existing ground surface may drop an estimated 6 to 7 feet (ASCE 7-22) in elevation after a design 
level earthquake.  This may impact flood elevations and tsunami inundation, as well as re-occupancy and 
vertical evacuation design. 
 
Pile/Pier Foundations 
General - Due to the presence of highly compressible silt soils all foundations and slabs must be 
supported on piles embedded into the lower dense sand unit.  Based on our explorations, the top of the 
lower sand unit ranged from 19 to 25 feet below the ground surface.  Capacities listed herein may be 
limited by the structural capacity of the pile and must be evaluated by a structural engineer.  Piles/piers 
must be spaced a minimum of 3 pile diameters apart.  Closer spacing will result in a reduction in pile/pier 
capacity resulting from group effects and we must be consulted.  Fills greater than two feet above existing 
grades will induce down-drag on the piles and are not recommended. 
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Piles in a fixed condition in pile caps or within continuous grade beams are recommended.  Due to the risk 
of long-term settlement in the silt with organics, as well as differential lateral movement from liquefaction, 
we recommend floors be designed as structural to free span between grade beams or be directly pile 
supported.  Interior unsupported slabs-on-grade are not recommended.   
 
Helical piers may be the most economical approach if they can reach suitable penetration.  Grouted 
micropiles are more expensive but would have greater capacity and are more likely to advance through 
larger organics. The following sections discuss helical piers and grouted micropiles in more detail.   
  
Helical Piers - Installation of helical piers may not be feasible to the required depths, and reaching 
these depths must be proven with the use of indicator piers.  These depths must include both helixes 
being interpreted as being embedded in dense or better sand.  If penetration is proven feasible, helical 
piers can be used to support vertical loads, and inclined piers can be used to provide greater lateral 
resistance.  3.5-inch diameter shafts are recommended due to penetration, efficient load use, lateral 
resistance, seismic motions, and related scour.  Piers are generally installed in 5- to 7-foot-long sections 
and threaded, or sleeved and double/triple bolted pier shaft connections are required to reduce lateral 
deflection.  A hydraulic motor mounted to an excavator is typically used for installation and observed 
torque during installation (with calibrated load devices) is used to confirm capacity, typically with a K 
factor of 7 for 3.5” shafts.  Indicator piers are required prior to final design and construction to evaluate 
the feasibility of penetration to the required depths.  Organics or the high density of the sand unit may 
present refusal short of the required depths, in which case predrilling or modification of the pier helixes 
may be required.   
 
We recommend vertical piers with the following allowable capacities be used for design, with a 
minimum pier spacing (vertical and horizontal) of three helix diameters.  Resistance to lateral loading of 
2 kips per pile is allowed for vertical piles, and piles battered up to 30 degrees from vertical can be 
designed to the horizontal vector of the preceding loads in the direction of downward batter, and 90% 
in the opposite direction.  All helical piers must be galvanized, or corrosion protected.  Again, the 
following can only be used if the dense sand unit is penetrated to develop the needed torque.  Plates 
larger than 12 inches are not recommended due to anticipated penetration issues, unless proved 
otherwise by indicator piling.  
 

Helical Pier Type Inclination  
 

Est. Length  
(ft) 

Allowable Load* 
(kips) 

8” and 10” Double with  
3-1/2” pipe with threaded or sleeved and 

double bolted connection 

Vertical  25-30 40 (C), 36 (T) 

    
* C – Compression    T – Tension 
 
Capacities for additional pier sizes and inclinations can be provided upon request.  We recommend that 
we be retained to review pier support design and be called to the site to observe pier installation.  
 
Grouted Micropiles - Grouted micro-piles are a higher capacity option for building and slab support 
that can often penetrate obstructions and reach suitable embedment better than helical piers.  As 
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building loads are expected to be modest for a two-story building, 6-inch diameter grouted Titan 40/16 
micropiles would be a reasonable approach, although other types and sizes can be proposed and may be 
viable.  Embedment for the 40/16 grouted piles must be at least 10 feet into the dense lower sand unit.  
At 10 feet into the sand unit, a downward vertical allowable load of 70 kips can be used for design, at 
estimated total lengths of 30-35 feet.  For the preceding pile, an allowable uplift capacity of 60 kips may 
be used.  Higher capacities of 100 kips downward and 90 kips in uplift can be obtained from penetration 
of 30 feet into the sand (depths of 50-55 feet), which would also be below the one thin liquefaction layer 
in B-1 near 45 feet (that has one-half inch of calculated settlement).  Resistance to lateral loading of 3 
kips per pile is allowed for vertical piles, and for piles battered up to 30 degrees from vertical the 
horizontal vector of the preceding loads could be used in the direction of downward batter, with 90% of 
that in the opposite direction.   
 
Capacities for additional pile sizes and inclinations can be provided upon request.  We must be retained 
to review pile support design and called to the site to observe installation of piles.  
 
Grade Beams -  Isolated pile caps are not allowed.  All piles must be embedded into self-supporting grade 
beams (with no long-term lateral soil restraint or subgrade support except during placement) or be pile-
columns properly connected with beams for lateral continuity.  We recommend perimeter grade beams 
or a continuous pile cap around the building perimeter to help resist tsunami scour damage and aid in post 
tsunami egress.  These beams/caps should be embedded at least 3 feet below exterior perimeter grade.  
To improve tsunami scour, exterior perimeter abutting grades should be paving or sidewalk a distance of 
at least 4 feet out from the building perimeter, or alternatively have a wire mesh gabion rock mattress 
installed below surface features and at least 6 feet in width.  Lateral load resistance of a 200 pcf equivalent 
fluid can be used below the top foot of the side of grade beams for wind and seismic forces, but not 
tsunami forces.  Grade beam base friction must be neglected due to long term settlement. 
 
Slabs - Slabs must be structural and designed to free span between pile caps and pile supported grade 
beams.  A vapor barrier is required on the base rock – refer to Ground Moisture herein. 
 
Hardscaping 
Exterior perimeter abutting grades should be paving or sidewalk a distance of at least 4 feet out from 
the building perimeter on each side to reduce tsunami scour.  Abutting planters are not recommended 
unless an underlying gabion rock mattress is used below it out past it and to a distance of 6 feet from 
the building.  Due to modest expected deformations, abutting hardscaping such as sidewalks and parking 
aprons do not need pile support.  A minimum of six inches of clean, angular crushed rock with no more 
than 6 percent passing a #200 sieve is recommended for use under hardscaping.  Prior to rock 
placement the subgrade will need to be evaluated by us via probing.  Rock under hard scaping should be 
compacted to 92 percent compaction relative to ASTM D 1557.  In addition, any areas contaminated 
with fines must be removed and replaced with clean rock.  If the base rock is saturated or trapping 
water, this water must be removed prior to slab placement.   
 
Ground Moisture 
General - The perimeter ground surface and hard-scaping should be sloped to drain away from all 
structures.  Gutters should be tight-lined to a suitable discharge and maintained as free-flowing.  Due to 
shallow groundwater anticipated at the site and expected very soft conditions below a few feet, 
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basements are not recommended.  We should be consulted to evaluate moisture, drainage and 
stabilization impacts for finished floor embedment greater than 2 feet below existing grade. 
 
Perimeter Foundation Drains - We recommend installing perimeter foundation drains around all 
exterior foundations/grade beams.  The foundation drains should consist of a two-foot-wide zone of 
drain rock encompassing a 4-inch diameter perforated pipe, all enclosed with a non-woven filter fabric. 
The drain rock should have no more than 2 percent passing a #200 sieve and should extend to within 
one foot of the ground surface.  The geosynthetic should be a Mirafi 160n or equivalent.  One foot of 
low permeability soil prepared as structural fill should be placed over the fabric at the top of the drain 
to isolate the drain from surface runoff.  Foundation drains must be routed to a suitable discharge.   
 
Vapor Flow Retardant - A continuous, impervious 10-15 mil vapor barrier must be installed over the 
ground surface under all slabs.  Barriers should be installed per the manufacturer's recommendations. 
 
Pavement 
Design - We have developed asphalt concrete pavement thickness at the site for 3 trucks per day (with 
a truck factor of 0.6) and a 20-year design life.  These volumes can be revised if specific traffic data is 
available.  Designs are also suitable to support a 75,000 pound fire truck.  Our analyses are based on 
AASHTO methods and subgrade of undisturbed medium stiff silt or better native silt or fill having a 
resilient modulus of 3,000 psi.  Construction will likely require protection and stabilization of subgrades 
as recommended in the Stabilization and Soft Areas and Working Blankets and Haul Roads 
sections of this report, and a Propex Geotex 801 (or equivalent) separation geosynthetic is required.  
The results of our analyses based on these parameters are provided in the following table. 
 
Based on the results of our analyses we recommend a minimum of 3.0 inches of asphalt concrete (AC) 
over 9 inches of crushed rock base (CRB).  Areas exposed to only car traffic can be constructed of 3 
inches of AC over 8 inches of CRB. 
 
Subgrade Preparation - The pavement subgrade should be prepared in accordance with the 
Earthwork recommendations presented in this report.  All pavement subgrades will need to pass a 
proof roll prior to paving.  Soft areas should be repaired by overexcavating the areas, installing a 
separation geosynthetic and geogrid, and brought to-grade with well graded, angular crushed rock 
compacted as structural fill.  For a separation geosynthetic we recommend a Propex Geotex 801 or 
equivalent, and the geogrid a Hanes Egrid 2020 or equivalent.   
 
Base Rock - The recommended thicknesses are intended to be the minimum acceptable.  Crushed rock 
should conform to ODOT base rock standards and have less than 6 percent passing the #200 sieve.  
Asphalt concrete should be compacted in lifts no greater than 3 inches in thickness to 91 percent of a 
Rice Density, or to 98 percent of the maximum density from a test strip. 
 
LIMITATIONS AND OBSERVATION DURING CONSTRUCTION 
We have prepared this report for use by the City of Cannon Beach and members of their design and 
construction teams for this project only.  The information herein can be used for bidding or estimating 
purposes but should not be construed as a warranty of subsurface conditions.  We have made 
observations only at the surface and have drawn from adjacent personal experience and explorations 
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reported by others, only at the stated locations and to the stated depths.  These observations do not 
reflect soil types, strata thicknesses, water levels or seepage that may exist between observations.  We 
should be consulted to review final design and specifications in order to see that our recommendations 
are suitably followed.  If any changes are made to the anticipated locations, loads, configurations, or 
construction timing, our recommendations may not be applicable, and we should be consulted.  The 
preceding recommendations should be considered preliminary, as actual soil conditions may vary.  In 
order for our recommendations to be final, we must be retained to review final building plans, to 
observe actual subsurface conditions encountered, and to observe foundation subgrades and pile driving.  
Our observations will allow us to adapt to actual conditions and to update our recommendations if 
needed.   
 
Within the limitations of scope, schedule and budget, our services have been executed in accordance 
with the generally accepted practices in this area at the time this report was prepared.  No warranty, 
expressed or implied, is given. 

  

 

We appreciate the opportunity to work with you on this project and look forward to our continued 
involvement.  Please contact us if you have any questions. 
 
Sincerely,  

 
Don Rondema, MS, PE, GE 
Principal 
 
 

 
 
 
Attachments: Site Plan, CPT logs, Vs30 calculation sheet, liquefaction calculation example, ASCE 7-22 Hazard Tool, 
2011 Chinook Geoservices Report 
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Geotech Solutions / CPT-1 / 163 E Gower Street Cannon Beach
OPERATOR: OGE BAK
CONE ID: DDG1296
TEST DATE: 7/12/2023 9:08:58 AM
TOTAL DEPTH: 21.818 ft

Depth
(ft)

SPT
(blows/ft)
0 250

0

5

10

15

20

25

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983

0 12

Tip (Qt)
(tsf)
0 600

Sleeve (Fs)
(tsf)
0 12

F.Ratio
(%)
0 9

PP (U2)
(psi) WT: 10.89(ft)
-10 80

REMARKS

Predrill to 1.7 feet
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COMMENT: Geotech Solutions / CPT-1 / 163 E Gower Street Cannon Beach
Depth 3.28ft
Ref*

Arrival 3.83mS
Velocity*

Depth 6.56ft
Ref 3.28ft

Arrival 8.87mS
Velocity 596.97ft/S

Depth 9.84ft
Ref 6.56ft

Arrival 12.73mS
Velocity 822.40ft/S

Depth 13.12ft
Ref 9.84ft

Arrival 15.43mS
Velocity 1198.17ft/S

Depth 16.40ft
Ref 13.12ft

Arrival 20.66mS
Velocity 620.85ft/S

 0  10  20  30  40  50  60  70  80  90  100 

Depth 19.69ft
Ref 16.40ft

Arrival 26.60mS
Velocity 549.07ft/S

Time (mS)

Hammer to Rod String Distance (ft): 2.04
* = Not Determined

Exhibit A-2

13



Geotech Solutions / CPT-1 / 163 E Gower Street Cannon Beach
OPERATOR: OGE BAK
CONE ID: DDG1296
TEST DATE: 7/12/2023 9:08:58 AM
TOTAL DEPTH: 21.818 ft

Depth
(ft)

SPT
(blows/ft)
0 250

0

5

10

15

20

25

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983

0 12

Tip (Qt)
(tsf)
0 600

Sleeve (Fs)
(tsf)
0 12

Seismic Velocity
(ft/s)

 597

 822

 1198

 621

 549

0 1200

REMARKS

Exhibit A-2

14



COMMENT: Geotech Solutions / CPT-1 / 163 E Gower Street Cannon Beach
CONE ID: DDG1296
TEST DATE: 7/12/2023 9:08:58 AM

PRESSURE 
(PSI)

TIME: (MINUTES)MAXIMUM PRESSURE = 3.118 (PSI)
HYDROSTATIC PRESSURE = 4.735 (PSI), WATER TABLE: 10.89 ft

 0  5  10  15  20  25  30  35  40  45 
-4

-3

-2

-1

0

1

2

3

4 DEPTH (ft)

21.818
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Geotech Solutions / CPT-1 / 163 E Gower Street Cannon Beach
OPERATOR: OGE BAK
CONE ID: DDG1296
TEST DATE: 7/12/2023 9:08:58 AM
TOTAL DEPTH: 21.818 ft

   Depth             Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)                  SPT             Soil Behavior Type     
      ft                (tsf)                (tsf)                  (%)                (psi)           (blows/ft)    Zone          UBC-1983          
   1.804                71.87               0.3755                0.523               -0.231                   17       8     sand to silty sand     
   1.969                64.66               0.9340                1.444                0.284                   21       7  silty sand to sandy silt  
   2.133                57.23               0.9119                1.593                4.979                   18       7  silty sand to sandy silt  
   2.297                34.46               0.9747                2.828               11.323                   13       6  sandy silt to clayey silt 
   2.461                28.37               0.9946                3.506                6.831                   14       5  clayey silt to silty clay 
   2.625                27.26               1.0014                3.673                4.639                   13       5  clayey silt to silty clay 
   2.789                28.73               0.9185                3.197                3.084                   14       5  clayey silt to silty clay 
   2.953                29.83               0.7287                2.442                1.031                   11       6  sandy silt to clayey silt 
   3.117                28.67               0.6464                2.255               -0.775                   11       6  sandy silt to clayey silt 
   3.281                25.70               0.6126                2.383               -0.036                   10       6  sandy silt to clayey silt 
   3.445                32.22               0.9319                2.892                0.312                   15       5  clayey silt to silty clay 
   3.609                32.81               0.9317                2.839                0.919                   13       6  sandy silt to clayey silt 
   3.773                46.11               1.8550                4.023                2.613                   22       5  clayey silt to silty clay 
   3.937                83.87               1.8567                2.214                2.466                   27       7  silty sand to sandy silt  
   4.101                78.06               2.4438                3.131                7.807                   30       6  sandy silt to clayey silt 
   4.265                82.09               2.5886                3.153                7.628                   31       6  sandy silt to clayey silt 
   4.429                83.01               2.8487                3.432                7.188                   32       6  sandy silt to clayey silt 
   4.593               228.46               3.0823                1.349                3.892                   55       8     sand to silty sand     
   4.757               158.01               1.9609                1.241               15.415                   38       8     sand to silty sand     
   4.921               207.27               2.7152                1.310               14.621                   50       8     sand to silty sand     
   5.085               188.57               1.4247                0.756                2.920                   36       9            sand            
   5.249               126.91               0.8205                0.646                2.942                   24       9            sand            
   5.413                10.60               0.5035                4.750               -1.557                   10       3            clay            
   5.577                 5.45               0.1831                3.360               -0.808                    5       3            clay            
   5.741                 7.40               0.2056                2.777                0.532                    5       4     silty clay to clay     
   5.906                 3.54               0.1623                4.585                0.176                    3       3            clay            
   6.070                 2.46               0.1994                8.091                0.248                    2       2      organic material      
   6.234                 3.83               0.3323                8.684               -0.167                    4       2      organic material      
   6.398                11.51               0.4126                3.585                0.078                    7       4     silty clay to clay     
   6.562                21.68               0.4760                2.195               -0.596                   10       5  clayey silt to silty clay 
   6.726                54.60               0.8528                1.562               -0.312                   17       7  silty sand to sandy silt  
   6.890                80.11               0.9508                1.187                0.145                   19       8     sand to silty sand     
   7.054                76.77               1.0923                1.423                0.775                   25       7  silty sand to sandy silt  
   7.218                80.15               1.2434                1.551                0.708                   26       7  silty sand to sandy silt  
   7.382                80.69               1.4671                1.818                0.457                   26       7  silty sand to sandy silt  
   7.546                84.34               1.4795                1.754                1.245                   27       7  silty sand to sandy silt  
   7.710                70.53               1.4274                2.024                1.114                   23       7  silty sand to sandy silt  
   7.874                56.41               1.2573                2.229                0.674                   22       6  sandy silt to clayey silt 
   8.038                50.02               1.2937                2.586                0.805                   19       6  sandy silt to clayey silt 
   8.202                54.25               2.8047                5.170                1.036                   52       3            clay            
   8.366               105.14               2.5466                2.422                1.808                   34       7  silty sand to sandy silt  
   8.530               132.63               2.0874                1.574                2.223                   32       8     sand to silty sand     
   8.694               102.42               1.1063                1.080                1.463                   25       8     sand to silty sand     
   8.858                36.73               0.8101                2.206               -0.237                   14       6  sandy silt to clayey silt 
   9.022                23.58               0.5863                2.487               -0.184                   11       5  clayey silt to silty clay 
   9.186                12.71               0.4925                3.874                0.047                   12       3            clay            

Exhibit A-2

16



   Depth             Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)                  SPT             Soil Behavior Type     
      ft                (tsf)                (tsf)                  (%)                (psi)           (blows/ft)    Zone          UBC-1983          
   9.350                14.99               0.7581                5.056               -0.833                   14       3            clay            
   9.514                57.98               1.4826                2.557               -0.248                   22       6  sandy silt to clayey silt 
   9.678               115.19               2.8017                2.432               -0.649                   37       7  silty sand to sandy silt  
   9.843               147.45               4.5385                3.078               -2.307                   56       6  sandy silt to clayey silt 
  10.007               175.15               5.2861                3.018               -3.335                   56       7  silty sand to sandy silt  
  10.171               164.65               8.1563                4.954               -1.886                  158      11 very stiff fine grained (*)
  10.335               252.45               8.0568                3.191               -2.533                  121      12   sand to clayey sand (*)  
  10.499               237.24              11.6048                4.891                4.062                  227      11 very stiff fine grained (*)
  10.663               254.58              10.8200                4.250                3.744                  122      12   sand to clayey sand (*)  
  10.827               273.25              10.3557                3.790                4.887                  131      12   sand to clayey sand (*)  
  10.991               250.30               9.5000                3.795                9.952                  120      12   sand to clayey sand (*)  
  11.155               263.82               9.9730                3.780                7.244                  126      12   sand to clayey sand (*)  
  11.319               305.65               7.4451                2.436                5.867                   98       7  silty sand to sandy silt  
  11.483               298.04               6.1876                2.076                6.458                   71       8     sand to silty sand     
  11.647               273.43               5.3124                1.943                3.396                   65       8     sand to silty sand     
  11.811               231.42               4.6064                1.990                2.396                   55       8     sand to silty sand     
  11.975               194.91               3.8040                1.952                2.466                   47       8     sand to silty sand     
  12.139               191.57               4.3514                2.271                5.104                   61       7  silty sand to sandy silt  
  12.303               250.67               3.0684                1.224               -2.354                   48       9            sand            
  12.467               233.40               2.6272                1.126                2.992                   45       9            sand            
  12.631               150.95               2.3288                1.543               -1.410                   36       8     sand to silty sand     
  12.795               109.07               2.1640                1.984               -5.575                   35       7  silty sand to sandy silt  
  12.959                70.33               2.1131                3.005               -2.719                   27       6  sandy silt to clayey silt 
  13.123                39.48               1.7360                4.398               -0.217                   25       4     silty clay to clay     
  13.287                17.60               0.9289                5.279               40.886                   17       3            clay            
  13.451                 8.47               0.4762                5.622               52.593                    8       3            clay            
  13.615                 8.26               0.4010                4.858               59.285                    8       3            clay            
  13.780                 8.51               0.3824                4.496               61.609                    8       3            clay            
  13.944                 8.85               0.3836                4.333               57.170                    8       3            clay            
  14.108                 9.03               0.3861                4.277               56.011                    9       3            clay            
  14.272                 9.32               0.4001                4.294               55.947                    9       3            clay            
  14.436                 9.67               0.4092                4.232               54.877                    9       3            clay            
  14.600                 9.63               0.4189                4.347               54.897                    9       3            clay            
  14.764                 9.69               0.4169                4.304               51.707                    9       3            clay            
  14.928                 9.47               0.4431                4.678               54.011                    9       3            clay            
  15.092                 9.90               0.4164                4.206               59.001                    9       3            clay            
  15.256                11.27               0.4603                4.086               67.250                   11       3            clay            
  15.420                11.94               0.3945                3.303               32.424                    8       4     silty clay to clay     
  15.584                 7.40               0.3533                4.772               32.305                    7       3            clay            
  15.748                 7.19               0.3465                4.818               42.073                    7       3            clay            
  15.912                 6.91               0.3503                5.067               45.360                    7       3            clay            
  16.076                 7.12               0.3638                5.112               49.172                    7       3            clay            
  16.240                 7.52               0.4502                5.983               52.484                    7       3            clay            
  16.404                 8.48               0.4601                5.426               53.312                    8       3            clay            
  16.568                 8.89               0.5616                6.320               50.916                    9       3            clay            
  16.732                10.06               0.8112                8.066               58.129                   10       3            clay            
  16.896                27.21               1.0327                3.796               45.477                   17       4     silty clay to clay     
  17.060                20.16               1.0346                5.132               14.265                   19       3            clay            
  17.224                13.41               0.8226                6.133               35.926                   13       3            clay            
  17.388                12.17               0.7455                6.125               62.277                   12       3            clay            
  17.552                21.50               0.5677                2.641               52.197                   10       5  clayey silt to silty clay 
  17.717                14.82               0.5957                4.019               29.939                   14       3            clay            
  17.881                11.47               0.5971                5.205               58.619                   11       3            clay            
  18.045                12.35               0.5697                4.611               64.264                   12       3            clay            
  18.209                11.99               0.5382                4.490               61.818                   11       3            clay            
  18.373                10.55               0.5017                4.756               65.269                   10       3            clay            
  18.537                10.29               0.4639                4.510               69.591                   10       3            clay            
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   Depth             Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)                  SPT             Soil Behavior Type     
      ft                (tsf)                (tsf)                  (%)                (psi)           (blows/ft)    Zone          UBC-1983          
  18.701                11.26               0.4351                3.863               73.611                   11       3            clay            
  18.865                12.44               0.5572                4.480               74.207                   12       3            clay            
  19.029                14.80               0.6376                4.308               79.465                   14       3            clay            
  19.193                14.70               0.7053                4.798               68.969                   14       3            clay            
  19.357                14.55               0.5974                4.106               64.774                   14       3            clay            
  19.521                13.05               0.7035                5.388               61.475                   13       3            clay            
  19.685                12.49               0.6895                5.522               66.378                   12       3            clay            
  19.849                13.37               0.7056                5.276               56.226                   13       3            clay            
  20.013                32.03               0.8997                2.809               65.364                   12       6  sandy silt to clayey silt 
  20.177                23.55               1.1050                4.691               -0.983                   23       3            clay            
  20.341                18.85               1.5922                8.446               -2.312                   18       3            clay            
  20.505                33.08               2.2454                6.787                2.535                   32       3            clay            
  20.669                42.13               3.0459                7.230                3.953                   40       3            clay            
  20.833                49.73               4.3588                8.765                3.318                   48       3            clay            
  20.997                90.81               5.6496                6.221                3.594                   87      11 very stiff fine grained (*)
  21.161               100.99               6.4220                6.359               -0.571                   97      11 very stiff fine grained (*)
  21.325               129.13               7.6998                5.963                0.680                  124      11 very stiff fine grained (*)
  21.490               207.82               9.2211                4.437                3.772                  199      11 very stiff fine grained (*)
  21.654               306.01               9.1524                2.991                4.388                  147      12   sand to clayey sand (*)  
  21.818               543.94               8.3122                1.528                0.390                  104       9            sand            
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Geotech Solutions / CPT-2 / 163 E Gower Street Cannon Beach
OPERATOR: OGE BAK
CONE ID: DDG1296
TEST DATE: 7/12/2023 10:44:55 AM
TOTAL DEPTH: 18.701 ft

Depth
(ft)

SPT
(blows/ft)
0 100

0

2

4
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8
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12

14

16

18

20

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983

0 12

Tip (Qt)
(tsf)
0 500

Sleeve (Fs)
(tsf)
0 12

F.Ratio
(%)
0 8

PP (U2)
(psi) WT: 10.89(ft)
-10 90

REMARKS

Predrill to 1.8 feet
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COMMENT: Geotech Solutions / CPT-2 / 163 E Gower Street Cannon Beach
Depth 3.28ft
Ref*

Arrival 12.19mS
Velocity*

Depth 6.56ft
Ref 3.28ft

Arrival 16.80mS
Velocity 652.62ft/S

Depth 9.84ft
Ref 6.56ft

Arrival 23.55mS
Velocity 470.62ft/S

Depth 13.12ft
Ref 9.84ft

Arrival 30.94mS
Velocity 437.43ft/S

 0  10  20  30  40  50  60  70  80  90  100 

Depth 16.40ft
Ref 13.12ft

Arrival 39.02mS
Velocity 401.90ft/S

Time (mS)

Hammer to Rod String Distance (ft): 2.04
* = Not Determined
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Geotech Solutions / CPT-2 / 163 E Gower Street Cannon Beach
OPERATOR: OGE BAK
CONE ID: DDG1296
TEST DATE: 7/12/2023 10:44:55 AM
TOTAL DEPTH: 18.701 ft

Depth
(ft)

SPT
(blows/ft)
0 100

0

2

4

6

8

10

12

14

16

18

20

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983

0 12

Tip (Qt)
(tsf)
0 400

Sleeve (Fs)
(tsf)
0 6

Seismic Velocity
(ft/s)

 653

 471

 437

 402

0 700

REMARKS
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COMMENT: Geotech Solutions / CPT-2 / 163 E Gower Street Cannon Beach
CONE ID: DDG1296
TEST DATE: 7/12/2023 10:44:55 AM

PRESSURE 
(PSI)

TIME: (MINUTES)MAXIMUM PRESSURE = 10.038 (PSI)
HYDROSTATIC PRESSURE = 2.602 (PSI), WATER TABLE: 10.89 ft

 0  2  4  6  8  10  12  14  16 
0

1
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9

10

11 DEPTH (ft)

16.896
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Geotech Solutions / CPT-2 / 163 E Gower Street Cannon Beach
OPERATOR: OGE BAK
CONE ID: DDG1296
TEST DATE: 7/12/2023 10:44:55 AM
TOTAL DEPTH: 18.701 ft

   Depth             Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)                  SPT             Soil Behavior Type     
      ft                (tsf)                (tsf)                  (%)                (psi)           (blows/ft)    Zone          UBC-1983          
   1.969                38.24               0.4536                1.186                0.192                   12       7  silty sand to sandy silt  
   2.133                40.81               0.6616                1.621                0.293                   13       7  silty sand to sandy silt  
   2.297                27.23               0.6167                2.265                2.552                   10       6  sandy silt to clayey silt 
   2.461                16.97               0.2840                1.673               40.986                    7       6  sandy silt to clayey silt 
   2.625                14.78               0.2858                1.934               30.379                    7       5  clayey silt to silty clay 
   2.789                13.30               0.3046                2.290               14.660                    6       5  clayey silt to silty clay 
   2.953                14.19               0.3814                2.688               16.917                    7       5  clayey silt to silty clay 
   3.117                15.01               0.4647                3.096               18.263                   10       4     silty clay to clay     
   3.281                14.53               0.3970                2.732               13.799                    7       5  clayey silt to silty clay 
   3.445                12.85               0.3660                2.848                3.421                    8       4     silty clay to clay     
   3.609                13.91               0.3765                2.708               10.487                    7       5  clayey silt to silty clay 
   3.773                16.18               0.4667                2.885               29.546                    8       5  clayey silt to silty clay 
   3.937                16.28               0.6020                3.698               25.543                   10       4     silty clay to clay     
   4.101                15.93               0.6310                3.960               24.637                   10       4     silty clay to clay     
   4.265                15.83               0.6509                4.112               28.786                   15       3            clay            
   4.429                16.14               0.7032                4.357               25.036                   15       3            clay            
   4.593                16.23               0.7043                4.338               34.859                   16       3            clay            
   4.757                16.59               0.7030                4.238               36.620                   16       3            clay            
   4.921                16.40               0.6795                4.144               46.241                   16       3            clay            
   5.085                16.63               0.6532                3.928               59.196                   11       4     silty clay to clay     
   5.249                17.17               0.6708                3.907               52.752                   11       4     silty clay to clay     
   5.413                17.02               0.6606                3.882               42.326                   11       4     silty clay to clay     
   5.577                17.11               0.6415                3.749               41.499                   11       4     silty clay to clay     
   5.741                17.12               0.5140                3.003               40.880                    8       5  clayey silt to silty clay 
   5.906                16.78               0.5308                3.163               41.755                    8       5  clayey silt to silty clay 
   6.070                14.85               0.5209                3.509               36.968                    9       4     silty clay to clay     
   6.234                14.36               0.4663                3.248               39.000                    9       4     silty clay to clay     
   6.398                13.34               0.4384                3.286               27.265                    9       4     silty clay to clay     
   6.562                11.78               0.3951                3.353               18.458                    8       4     silty clay to clay     
   6.726                10.46               0.3371                3.221                4.739                    7       4     silty clay to clay     
   6.890                10.41               0.2846                2.733                7.294                    7       4     silty clay to clay     
   7.054                 9.68               0.2350                2.429                6.987                    6       4     silty clay to clay     
   7.218                 9.38               0.2343                2.499                7.912                    6       4     silty clay to clay     
   7.382                 9.72               0.2247                2.312               14.524                    6       4     silty clay to clay     
   7.546                 9.52               0.2506                2.632               19.514                    6       4     silty clay to clay     
   7.710                 8.96               0.2584                2.884               17.586                    6       4     silty clay to clay     
   7.874                 8.61               0.2509                2.913               14.365                    5       4     silty clay to clay     
   8.038                 8.10               0.2322                2.866               11.802                    5       4     silty clay to clay     
   8.202                 7.40               0.2156                2.913                8.258                    7       3            clay            
   8.366                 7.44               0.2127                2.858                7.784                    5       4     silty clay to clay     
   8.530                 6.74               0.1583                2.349                7.252                    4       4     silty clay to clay     
   8.694                 6.95               0.1178                1.694                8.010                    4       4     silty clay to clay     
   8.858                 7.36               0.1464                1.989               10.013                    5       4     silty clay to clay     
   9.022                 7.32               0.1388                1.896               11.615                    5       4     silty clay to clay     
   9.186                 7.00               0.1208                1.726               11.064                    4       4     silty clay to clay     
   9.350                 6.43               0.1150                1.788                9.609                    4       4     silty clay to clay     
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   Depth             Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)                  SPT             Soil Behavior Type     
      ft                (tsf)                (tsf)                  (%)                (psi)           (blows/ft)    Zone          UBC-1983          
   9.514                 6.57               0.1190                1.812               12.549                    4       4     silty clay to clay     
   9.678                 6.84               0.1887                2.760               13.786                    4       4     silty clay to clay     
   9.843                 6.73               0.1766                2.625               12.186                    4       4     silty clay to clay     
  10.007                 7.49               0.1455                1.943                4.575                    5       4     silty clay to clay     
  10.171                 9.19               0.1512                1.645                7.252                    4       5  clayey silt to silty clay 
  10.335                 8.02               0.1621                2.021                6.965                    5       4     silty clay to clay     
  10.499                 8.55               0.1577                1.844               14.602                    4       5  clayey silt to silty clay 
  10.663                 8.93               0.1784                1.999               14.226                    4       5  clayey silt to silty clay 
  10.827                 9.56               0.1730                1.809               15.591                    5       5  clayey silt to silty clay 
  10.991                10.08               0.1745                1.732               15.312                    5       5  clayey silt to silty clay 
  11.155                 9.42               0.1805                1.916               15.020                    5       5  clayey silt to silty clay 
  11.319                 9.55               0.1752                1.835               15.215                    5       5  clayey silt to silty clay 
  11.483                10.01               0.1941                1.940               16.123                    5       5  clayey silt to silty clay 
  11.647                10.47               0.2122                2.026               14.945                    5       5  clayey silt to silty clay 
  11.811                 9.19               0.2172                2.364               11.777                    6       4     silty clay to clay     
  11.975                 9.08               0.1508                1.662               18.430                    4       5  clayey silt to silty clay 
  12.139                 7.33               0.1565                2.136               22.484                    5       4     silty clay to clay     
  12.303                 6.20               0.0704                1.136               15.312                    3       1   sensitive fine grained   
  12.467                 6.26               0.0677                1.082                6.840                    3       1   sensitive fine grained   
  12.631                 4.27               0.0680                1.593               11.370                    2       1   sensitive fine grained   
  12.795                 4.30               0.0643                1.496                9.445                    2       1   sensitive fine grained   
  12.959                 4.32               0.0834                1.929                9.414                    3       4     silty clay to clay     
  13.123                 4.38               0.0747                1.704                7.915                    2       1   sensitive fine grained   
  13.287                 3.84               0.0432                1.127                5.413                    2       1   sensitive fine grained   
  13.451                 3.53               0.0197                0.558                6.854                    2       1   sensitive fine grained   
  13.615                 3.38               0.0188                0.556                8.854                    2       1   sensitive fine grained   
  13.780                 3.35               0.0218                0.651               10.133                    2       1   sensitive fine grained   
  13.944                 3.45               0.0202                0.584               11.108                    2       1   sensitive fine grained   
  14.108                 3.61               0.0256                0.710               11.610                    2       1   sensitive fine grained   
  14.272                 3.64               0.0397                1.092               10.618                    2       1   sensitive fine grained   
  14.436                 4.01               0.0495                1.235               10.222                    2       1   sensitive fine grained   
  14.600                 3.99               0.0390                0.976                8.289                    2       1   sensitive fine grained   
  14.764                 3.52               0.0315                0.895                7.160                    2       1   sensitive fine grained   
  14.928                 3.33               0.0224                0.673                7.899                    2       1   sensitive fine grained   
  15.092                 3.14               0.0216                0.687                8.266                    2       1   sensitive fine grained   
  15.256                 2.91               0.0300                1.032                8.238                    1       1   sensitive fine grained   
  15.420                 2.79               0.0457                1.638                8.180                    1       1   sensitive fine grained   
  15.584                 2.75               0.1996                7.264                8.269                    3       2      organic material      
  15.748                16.41               0.3153                1.922                8.798                    8       5  clayey silt to silty clay 
  15.912                30.44               0.4148                1.363                1.215                   12       6  sandy silt to clayey silt 
  16.076                26.74               0.6875                2.571               -2.574                   13       5  clayey silt to silty clay 
  16.240                25.91               0.4962                1.915               -3.159                   10       6  sandy silt to clayey silt 
  16.404                25.19               0.5623                2.232                0.607                   10       6  sandy silt to clayey silt 
  16.568                23.56               0.8840                3.752                8.049                   15       4     silty clay to clay     
  16.732                49.09               1.7038                3.471               89.166                   24       5  clayey silt to silty clay 
  16.896               103.17               3.3367                3.234                8.746                   40       6  sandy silt to clayey silt 
  17.060               259.68               3.2177                1.239               -1.557                   50       9            sand            
  17.224               221.48               2.4684                1.114               -2.374                   42       9            sand            
  17.388               165.54               2.1064                1.272               -3.388                   40       8     sand to silty sand     
  17.552               112.06               1.0629                0.948               -3.343                   27       8     sand to silty sand     
  17.717               108.72               1.1122                1.023               -3.761                   26       8     sand to silty sand     
  17.881               117.15               1.4765                1.260               -2.797                   28       8     sand to silty sand     
  18.045               217.08               5.9547                2.743               -1.895                   69       7  silty sand to sandy silt  
  18.209               348.96               8.6677                2.484               -2.215                  111       7  silty sand to sandy silt  
  18.373               326.04              10.6558                3.268               -3.143                  156      12   sand to clayey sand (*)  
  18.537               422.63              10.6728                2.525               -3.917                  202      12   sand to clayey sand (*)  
  18.701               499.60              10.6928                2.140               -4.257                  120       8     sand to silty sand     
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   Depth             Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)                  SPT             Soil Behavior Type     
      ft                (tsf)                (tsf)                  (%)                (psi)           (blows/ft)    Zone          UBC-1983          
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SITE CLASS

Project cannon-22-2-gi
Location gower city hall

profile from site measurements and vicinty info

Soil Type Thick (ft) Vs-ave Vs-low N
silt - ave of measured in CPT 21 638 500 5
dense sand 79 1200 1100 50
siltstone 0 1900 1900 100

total depth 100 ave low
weighted Vs 100 = 1082.0 974

ASCE 7-22 Site Class Table
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LIQUEFACTION ANALYSIS REPORT

Input parameters and analysis data
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Fines correction method:
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G.W.T. (in-situ):

G.W.T. (earthq.):

Average results interval:
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Unit weight calculation:

Project title : cannon beach gower city hall Location : 

Geotech Solutions, Inc.

CPT file : 23092 CPT-1 Text File
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Zone A 1: Cy clic  li quefaction likely depending on size and du ration of  cycl ic load ing

Zone  A2:  Cyclic  liquefaction  and  strength  loss  likely  depending  on  loading  and  ground

geometry

Zone B: Liquefa ction and post -earthquake strength loss unlikely, check cy clic  soften ing

Zone  C:  Cyclic  liquefaction  and  strength  loss  possible  depending  on  soil  plasticity,

b ritt lenes s/sens itiv ity, strain to peak undrained stren gth and ground geometry

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 7/30/2023, 2:03:33 PM

Project file: \\DESKTOP-MB1UPV9\GSI - from 7-31-22\PROJECTS\cannon\cannon-22-2-city hall gower\cannon-22-2-gi\p1 and p2 liquefaction.clq
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File
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CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 7/30/2023, 2:03:33 PM 2

Project file: \\DESKTOP-MB1UPV9\GSI - from 7-31-22\PROJECTS\cannon\cannon-22-2-city hall gower\cannon-22-2-gi\p1 and p2 liquefaction.clq

Input parameters and analysis data

Anal ysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)

Robertson (2009)

Based on Ic value

8.50

1.02

11.00 ft

Depth to water table (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

11.00 ft

3

2.60

Based on SBT

No

N/A

Fill weight:

Transition detect. applied:
Kσ applied:

Cla y like behavior applied:
Limit depth applied:
Limit  depth:

N/A

No

No

All soils

No

N/A

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

clayey sand9. Very stiff fine grained
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File
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CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 7/30/2023, 2:03:33 PM 3

Project file: \\DESKTOP-MB1UPV9\GSI - from 7-31-22\PROJECTS\cannon\cannon-22-2-city hall gower\cannon-22-2-gi\p1 and p2 liquefaction.clq

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

clayey sand9. Very stiff fine grained
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File
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Anal ysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:
Peak ground acceleration:
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Robertson (2009)
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Based on Ic value
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Depth to water table (erthq.):

Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:
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Fill weight:

Transition detect. applied:
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Limit depth applied:
Limit  depth:
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All soils

No

N/A
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:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs
(tsf)

u
(tsf)

1 1.80 71.87 0.38 116.397.32-0.23

2 1.97 64.66 0.93 118.2410.040.28

3 2.13 57.23 0.91 119.4715.464.98

4 2.30 34.46 0.97 118.9820.9611.32

5 2.46 28.37 0.99 118.5128.216.83

6 2.63 27.26 1.00 118.2029.744.64

7 2.79 28.73 0.92 117.5428.063.08

8 2.95 29.83 0.73 116.5325.881.03

9 3.12 28.67 0.65 115.3925.09-0.78

10 3.28 25.70 0.61 116.1725.55-0.04

11 3.44 32.22 0.93 117.1825.860.31

12 3.61 32.81 0.93 120.6525.890.92

13 3.77 46.11 1.85 123.2119.802.61

14 3.94 83.87 1.86 125.8717.902.47

15 4.10 78.06 2.44 127.0916.057.81

16 4.26 82.09 2.59 128.0617.577.63

17 4.43 83.01 2.85 129.8010.207.19

18 4.59 228.46 3.08 129.677.243.89

19 4.76 158.01 1.96 130.124.7615.41

20 4.92 207.27 2.72 128.194.2114.62

21 5.08 188.57 1.42 126.543.792.92

22 5.25 126.91 0.82 121.075.372.94

23 5.41 10.60 0.50 114.6612.00-1.56

24 5.58 5.45 0.18 106.4155.08-0.81

25 5.74 7.40 0.21 102.0162.120.53

26 5.91 3.54 0.16 101.7472.380.18

27 6.07 2.46 0.20 102.4694.650.25

28 6.23 3.83 0.33 106.1668.69-0.17

29 6.40 11.51 0.41 109.8242.990.08

30 6.56 21.68 0.48 114.5322.79-0.60

31 6.73 54.60 0.85 117.9114.21-0.31

32 6.89 80.11 0.95 120.3911.560.14

33 7.05 76.77 1.09 121.6010.940.78

34 7.22 80.15 1.24 122.6712.050.71

35 7.38 80.69 1.47 123.4612.420.46

36 7.55 84.34 1.48 123.6713.481.25

37 7.71 70.53 1.43 123.0514.921.11

38 7.87 56.41 1.26 122.2817.710.67

39 8.04 50.02 1.29 124.2222.820.81

40 8.20 54.25 2.80 126.4519.931.04

41 8.37 105.14 2.55 128.0815.131.81

42 8.53 132.63 2.09 126.5610.712.22

43 8.69 102.42 1.11 123.3711.321.46

44 8.86 36.73 0.81 118.6915.91-0.24

45 9.02 23.58 0.59 114.6730.34-0.18

46 9.19 12.71 0.49 113.6140.190.05

47 9.35 14.99 0.76 117.7631.08-0.83

48 9.51 57.98 1.48 124.1620.14-0.25
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs
(tsf)

u
(tsf)

49 9.68 115.19 2.80 129.5615.91-0.65

50 9.84 147.45 4.54 132.9414.21-2.31

51 10.01 175.15 5.29 135.7916.08-3.33

52 10.17 164.65 8.16 137.2814.73-1.89

53 10.34 252.45 8.06 137.2815.89-2.53

54 10.50 237.24 11.60 137.2814.794.06

55 10.66 254.58 10.82 137.2815.193.74

56 10.83 273.25 10.36 137.2814.264.89

57 10.99 250.30 9.50 137.2813.849.95

58 11.15 263.82 9.97 137.2812.227.24

59 11.32 305.65 7.45 137.2810.235.87

60 11.48 298.04 6.19 137.288.296.46

61 11.65 273.43 5.31 136.208.173.40

62 11.81 231.42 4.61 134.698.712.40

63 11.97 194.91 3.80 133.869.812.47

64 12.14 191.57 4.35 132.998.455.10

65 12.30 250.67 3.07 132.336.98-2.35

66 12.47 233.40 2.63 130.536.282.99

67 12.63 150.95 2.33 129.048.56-1.41

68 12.79 109.07 2.16 127.5113.94-5.58

69 12.96 70.33 2.11 125.8220.82-2.72

70 13.12 39.48 1.74 122.8330.94-0.22

71 13.29 17.60 0.93 118.1844.7240.89

72 13.45 8.47 0.48 112.6558.7552.59

73 13.62 8.26 0.40 109.3564.7359.28

74 13.78 8.51 0.38 108.8362.6861.61

75 13.94 8.85 0.38 108.7961.4257.17

76 14.11 9.03 0.39 108.9760.7156.01

77 14.27 9.32 0.40 109.1960.0655.95

78 14.44 9.67 0.41 109.4359.8454.88

79 14.60 9.63 0.42 109.5659.8054.90

80 14.76 9.69 0.42 109.7460.7651.71

81 14.93 9.47 0.44 109.7560.4054.01

82 15.09 9.90 0.42 110.1358.6359.00

83 15.26 11.27 0.46 110.0155.3567.25

84 15.42 11.94 0.39 109.4358.3332.42

85 15.58 7.40 0.35 108.3563.5032.30

86 15.75 7.19 0.35 107.5872.5042.07

87 15.91 6.91 0.35 107.6572.9845.36

88 16.08 7.12 0.36 108.3873.9849.17

89 16.24 7.52 0.45 109.2172.3452.48

90 16.40 8.48 0.46 110.4371.9153.31

91 16.57 8.89 0.56 112.2671.9150.92

92 16.73 10.06 0.81 115.4454.6658.13

93 16.90 27.21 1.03 117.2449.9745.48

94 17.06 20.16 1.03 117.3948.2714.27

95 17.22 13.41 0.82 115.9657.4835.93

96 17.39 12.17 0.75 114.6152.3362.28
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs
(tsf)

u
(tsf)

97 17.55 21.50 0.57 113.8549.5352.20

98 17.72 14.82 0.60 113.2248.9129.94

99 17.88 11.47 0.60 112.7557.2158.62

100 18.05 12.35 0.57 112.3659.4164.26

101 18.21 11.99 0.54 111.8959.4661.82

102 18.37 10.55 0.50 111.2660.8365.27

103 18.54 10.29 0.46 110.7060.3969.59

104 18.70 11.26 0.44 111.1258.6873.61

105 18.86 12.44 0.56 112.2355.6174.21

106 19.03 14.80 0.64 113.5455.1279.47

107 19.19 14.70 0.71 113.8053.8168.97

108 19.36 14.55 0.60 113.9456.4064.77

109 19.52 13.05 0.70 113.7658.6561.48

110 19.68 12.49 0.69 114.0761.2166.38

111 19.85 13.37 0.71 115.6447.1756.23

112 20.01 32.03 0.90 117.2344.3165.36

113 20.18 23.55 1.10 119.4646.74-0.98

114 20.34 18.85 1.59 121.7952.50-2.31

115 20.50 33.08 2.25 124.7550.282.54

116 20.67 42.13 3.05 127.9246.203.95

117 20.83 49.73 4.36 131.0638.873.32

118 21.00 90.81 5.65 133.4234.313.59

119 21.16 100.99 6.42 135.4729.40-0.57

120 21.32 129.13 7.70 137.2824.160.68

121 21.49 207.82 9.22 137.2817.503.77

122 21.65 306.01 9.15 137.289.654.39

123 21.82 543.94 8.31 137.286.000.39

Abbreviations

Depth:
qc:

fs:
u:

Fines content:

Unit weight:

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)
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

1 1.80 0.10 0.00 0.10 1.00 0.662 0.912 1.00 2.0000.73 No1.00

2 1.97 0.11 0.00 0.11 1.00 0.661 0.911 1.00 2.0000.73 No1.00

3 2.13 0.12 0.00 0.12 1.00 0.661 0.911 1.00 2.0000.73 No1.00

4 2.30 0.13 0.00 0.13 1.00 0.661 0.911 1.00 2.0000.73 No1.00

5 2.46 0.14 0.00 0.14 1.00 0.661 0.910 1.00 2.0000.73 No1.00

6 2.63 0.15 0.00 0.15 1.00 0.660 0.910 1.00 2.0000.73 No1.00

7 2.79 0.16 0.00 0.16 1.00 0.660 0.910 1.00 2.0000.73 No1.00

8 2.95 0.17 0.00 0.17 1.00 0.660 0.909 1.00 2.0000.73 No1.00

9 3.12 0.18 0.00 0.18 0.99 0.659 0.909 1.00 2.0000.73 No1.00

10 3.28 0.19 0.00 0.19 0.99 0.659 0.909 1.00 2.0000.73 No1.00

11 3.44 0.20 0.00 0.20 0.99 0.659 0.908 1.00 2.0000.73 No1.00

12 3.61 0.21 0.00 0.21 0.99 0.659 0.908 1.00 2.0000.73 No1.00

13 3.77 0.22 0.00 0.22 0.99 0.658 0.907 1.00 2.0000.73 No1.00

14 3.94 0.23 0.00 0.23 0.99 0.658 0.907 1.00 2.0000.73 No1.00

15 4.10 0.24 0.00 0.24 0.99 0.658 0.907 1.00 2.0000.73 No1.00

16 4.26 0.25 0.00 0.25 0.99 0.658 0.906 1.00 2.0000.73 No1.00

17 4.43 0.26 0.00 0.26 0.99 0.657 0.906 1.00 2.0000.73 No1.00

18 4.59 0.27 0.00 0.27 0.99 0.657 0.906 1.00 2.0000.73 No1.00

19 4.76 0.28 0.00 0.28 0.99 0.657 0.905 1.00 2.0000.73 No1.00

20 4.92 0.30 0.00 0.30 0.99 0.657 0.905 1.00 2.0000.73 No1.00

21 5.08 0.31 0.00 0.31 0.99 0.656 0.905 1.00 2.0000.73 No1.00

22 5.25 0.32 0.00 0.32 0.99 0.656 0.904 1.00 2.0000.73 No1.00

23 5.41 0.32 0.00 0.32 0.99 0.656 0.904 1.00 2.0000.73 No1.00

24 5.58 0.33 0.00 0.33 0.99 0.656 0.904 1.00 2.0000.73 No1.00

25 5.74 0.34 0.00 0.34 0.99 0.655 0.903 1.00 2.0000.73 No1.00

26 5.91 0.35 0.00 0.35 0.99 0.655 0.903 1.00 2.0000.73 No1.00

27 6.07 0.36 0.00 0.36 0.99 0.655 0.903 1.00 2.0000.73 No1.00

28 6.23 0.37 0.00 0.37 0.99 0.655 0.902 1.00 2.0000.73 No1.00

29 6.40 0.38 0.00 0.38 0.99 0.654 0.902 1.00 2.0000.73 No1.00

30 6.56 0.39 0.00 0.39 0.99 0.654 0.902 1.00 2.0000.73 No1.00

31 6.73 0.40 0.00 0.40 0.99 0.654 0.901 1.00 2.0000.73 No1.00

32 6.89 0.41 0.00 0.41 0.99 0.654 0.901 1.00 2.0000.73 No1.00

33 7.05 0.42 0.00 0.42 0.99 0.653 0.901 1.00 2.0000.73 No1.00

34 7.22 0.43 0.00 0.43 0.99 0.653 0.900 1.00 2.0000.73 No1.00

35 7.38 0.44 0.00 0.44 0.98 0.653 0.900 1.00 2.0000.73 No1.00

36 7.55 0.45 0.00 0.45 0.98 0.653 0.900 1.00 2.0000.73 No1.00

37 7.71 0.46 0.00 0.46 0.98 0.652 0.899 1.00 2.0000.73 No1.00

38 7.87 0.47 0.00 0.47 0.98 0.652 0.899 1.00 2.0000.73 No1.00

39 8.04 0.48 0.00 0.48 0.98 0.652 0.899 1.00 2.0000.73 No1.00

40 8.20 0.49 0.00 0.49 0.98 0.652 0.898 1.00 2.0000.73 No1.00

41 8.37 0.50 0.00 0.50 0.98 0.652 0.898 1.00 2.0000.73 No1.00

42 8.53 0.51 0.00 0.51 0.98 0.651 0.898 1.00 2.0000.73 No1.00

43 8.69 0.52 0.00 0.52 0.98 0.651 0.897 1.00 2.0000.73 No1.00

44 8.86 0.53 0.00 0.53 0.98 0.651 0.897 1.00 2.0000.73 No1.00

45 9.02 0.54 0.00 0.54 0.98 0.651 0.897 1.00 2.0000.73 No1.00

46 9.19 0.55 0.00 0.55 0.98 0.650 0.896 1.00 2.0000.73 No1.00

47 9.35 0.56 0.00 0.56 0.98 0.650 0.896 1.00 2.0000.73 No1.00

48 9.51 0.57 0.00 0.57 0.98 0.650 0.896 1.00 2.0000.73 No1.00
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

49 9.68 0.58 0.00 0.58 0.98 0.650 0.895 1.00 2.0000.73 No1.00

50 9.84 0.59 0.00 0.59 0.98 0.649 0.895 1.00 2.0000.73 No1.00

51 10.01 0.60 0.00 0.60 0.98 0.649 0.895 1.00 2.0000.73 No1.00

52 10.17 0.61 0.00 0.61 0.98 0.649 0.894 1.00 2.0000.73 No1.00

53 10.34 0.62 0.00 0.62 0.98 0.649 0.894 1.00 2.0000.73 No1.00

54 10.50 0.63 0.00 0.63 0.98 0.648 0.894 1.00 2.0000.73 No1.00

55 10.66 0.64 0.00 0.64 0.98 0.648 0.893 1.00 2.0000.73 No1.00

56 10.83 0.65 0.00 0.65 0.98 0.648 0.893 1.00 2.0000.73 No1.00

57 10.99 0.67 0.00 0.67 0.98 0.648 0.893 1.00 2.0000.73 No1.00

58 11.15 0.68 0.00 0.67 0.98 0.652 0.899 1.00 0.8990.73 No1.00

59 11.32 0.69 0.01 0.68 0.98 0.657 0.905 1.00 0.9050.73 No1.00

60 11.48 0.70 0.02 0.68 0.98 0.661 0.911 1.00 0.9110.73 No1.00

61 11.65 0.71 0.02 0.69 0.98 0.666 0.918 1.00 0.9180.73 No1.00

62 11.81 0.72 0.03 0.70 0.98 0.670 0.924 1.00 0.9240.73 No1.00

63 11.97 0.73 0.03 0.70 0.97 0.674 0.929 1.00 0.9290.73 No1.00

64 12.14 0.74 0.04 0.71 0.97 0.679 0.935 1.00 0.9350.73 No1.00

65 12.30 0.75 0.04 0.71 0.97 0.683 0.941 1.00 0.9410.73 No1.00

66 12.47 0.77 0.05 0.72 0.97 0.687 0.947 1.00 0.9470.73 No1.00

67 12.63 0.78 0.05 0.73 0.97 0.691 0.952 1.00 0.9520.73 No1.00

68 12.79 0.79 0.06 0.73 0.97 0.695 0.957 1.00 0.9570.73 No1.00

69 12.96 0.80 0.06 0.74 0.97 0.699 0.963 1.00 0.9630.73 No1.00

70 13.12 0.81 0.07 0.74 0.97 0.702 0.968 1.00 0.9680.73 No1.00

71 13.29 0.82 0.07 0.75 0.97 0.706 0.973 1.00 0.9730.73 No1.00

72 13.45 0.83 0.08 0.75 0.97 0.710 0.979 1.00 0.9790.73 No1.00

73 13.62 0.83 0.08 0.75 0.97 0.714 0.984 1.00 0.9840.73 No1.00

74 13.78 0.84 0.09 0.76 0.97 0.718 0.989 1.00 0.9890.73 No1.00

75 13.94 0.85 0.09 0.76 0.97 0.721 0.994 1.00 0.9940.73 No1.00

76 14.11 0.86 0.10 0.76 0.97 0.725 0.999 1.00 0.9990.73 No1.00

77 14.27 0.87 0.10 0.77 0.97 0.729 1.004 1.00 1.0040.73 No1.00

78 14.44 0.88 0.11 0.77 0.97 0.732 1.009 1.00 1.0090.73 No1.00

79 14.60 0.89 0.11 0.78 0.97 0.736 1.014 1.00 1.0140.73 No1.00

80 14.76 0.90 0.12 0.78 0.97 0.739 1.019 1.00 1.0190.73 No1.00

81 14.93 0.91 0.12 0.78 0.97 0.743 1.024 1.00 1.0240.73 No1.00

82 15.09 0.92 0.13 0.79 0.97 0.746 1.028 1.00 1.0280.73 No1.00

83 15.26 0.92 0.13 0.79 0.97 0.749 1.033 1.00 1.0330.73 No1.00

84 15.42 0.93 0.14 0.80 0.97 0.753 1.037 1.00 1.0370.73 No1.00

85 15.58 0.94 0.14 0.80 0.97 0.756 1.042 1.00 1.0420.73 No1.00

86 15.75 0.95 0.15 0.80 0.97 0.759 1.047 1.00 1.0470.73 No1.00

87 15.91 0.96 0.15 0.81 0.97 0.763 1.051 1.00 1.0510.73 No1.00

88 16.08 0.97 0.16 0.81 0.97 0.766 1.055 1.00 1.0550.73 No1.00

89 16.24 0.98 0.16 0.81 0.97 0.769 1.060 1.00 1.0600.73 No1.00

90 16.40 0.99 0.17 0.82 0.97 0.772 1.064 1.00 1.0640.73 No1.00

91 16.57 1.00 0.17 0.82 0.97 0.775 1.068 1.00 1.0680.73 No1.00

92 16.73 1.01 0.18 0.83 0.96 0.778 1.072 1.00 1.0720.73 No1.00

93 16.90 1.02 0.18 0.83 0.96 0.781 1.076 1.00 1.0760.73 No1.00

94 17.06 1.02 0.19 0.84 0.96 0.784 1.080 1.00 1.0800.73 No1.00

95 17.22 1.03 0.19 0.84 0.96 0.787 1.084 1.00 1.0840.73 No1.00

96 17.39 1.04 0.20 0.84 0.96 0.789 1.088 1.00 1.0880.73 No1.00
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR*

Belongs to
transition

User
FS

97 17.55 1.05 0.20 0.85 0.96 0.792 1.092 1.00 1.0920.73 No1.00

98 17.72 1.06 0.21 0.85 0.96 0.795 1.096 1.00 1.0960.73 No1.00

99 17.88 1.07 0.21 0.86 0.96 0.798 1.099 1.00 1.0990.73 No1.00

100 18.05 1.08 0.22 0.86 0.96 0.800 1.103 1.00 1.1030.73 No1.00

101 18.21 1.09 0.22 0.87 0.96 0.803 1.107 1.00 1.1070.73 No1.00

102 18.37 1.10 0.23 0.87 0.96 0.806 1.110 1.00 1.1100.73 No1.00

103 18.54 1.11 0.24 0.87 0.96 0.808 1.114 1.00 1.1140.73 No1.00

104 18.70 1.12 0.24 0.88 0.96 0.811 1.118 1.00 1.1180.73 No1.00

105 18.86 1.13 0.25 0.88 0.96 0.814 1.121 1.00 1.1210.73 No1.00

106 19.03 1.14 0.25 0.89 0.96 0.816 1.125 1.00 1.1250.73 No1.00

107 19.19 1.15 0.26 0.89 0.96 0.818 1.128 1.00 1.1280.73 No1.00

108 19.36 1.15 0.26 0.89 0.96 0.821 1.131 1.00 1.1310.73 No1.00

109 19.52 1.16 0.27 0.90 0.96 0.823 1.135 1.00 1.1350.73 No1.00

110 19.68 1.17 0.27 0.90 0.96 0.826 1.138 1.00 1.1380.73 No1.00

111 19.85 1.18 0.28 0.91 0.96 0.828 1.141 1.00 1.1410.73 No1.00

112 20.01 1.19 0.28 0.91 0.96 0.830 1.144 1.00 1.1440.73 No1.00

113 20.18 1.20 0.29 0.92 0.96 0.832 1.147 1.00 1.1470.73 No1.00

114 20.34 1.21 0.29 0.92 0.96 0.834 1.150 1.00 1.1500.73 No1.00

115 20.50 1.22 0.30 0.93 0.96 0.836 1.153 1.00 1.1530.73 No1.00

116 20.67 1.23 0.30 0.93 0.96 0.838 1.156 1.00 1.1560.73 No1.00

117 20.83 1.24 0.31 0.94 0.95 0.840 1.158 1.00 1.1580.73 No1.00

118 21.00 1.25 0.31 0.94 0.95 0.842 1.160 1.00 1.1600.73 No1.00

119 21.16 1.27 0.32 0.95 0.95 0.844 1.163 1.00 1.1630.73 No1.00

120 21.32 1.28 0.32 0.95 0.95 0.845 1.165 1.00 1.1650.73 No1.00

121 21.49 1.29 0.33 0.96 0.95 0.847 1.167 1.00 1.1670.73 No1.00

122 21.65 1.30 0.33 0.97 0.95 0.849 1.169 1.00 1.1690.73 No1.00

123 21.82 1.31 0.34 0.97 0.95 0.850 1.172 1.00 1.1720.73 No1.00

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSR eq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID Icq t

(tsf)
KcQ tnFr

(%)

n Q tn ,cs CRR7 .5 Belongs to
trans. layer

Clay-like
behaviour

Depth
(ft)

FS

1 69.47 1.76 0.81 0.53 131.10 1.08 141.50 4.000 No No1.80 2.00

2 64.61 1.89 1.15 0.57 121.91 1.18 143.26 4.000 No No1.97 2.00

3 52.20 2.09 1.81 0.65 98.42 1.43 141.16 4.000 No No2.13 2.00

4 40.13 2.26 2.40 0.72 75.60 1.82 137.46 4.000 No No2.30 2.00

5 30.14 2.44 3.30 0.79 56.70 2.50 141.60 4.000 No No2.46 2.00

6 28.19 2.48 3.47 0.80 52.99 2.66 141.14 4.000 No No2.63 2.00

7 28.65 2.44 3.10 0.79 53.84 2.48 133.63 4.000 No No2.79 2.00

8 29.09 2.39 2.64 0.77 54.66 2.26 123.54 4.000 No No2.95 2.00

9 28.07 2.37 2.38 0.76 52.71 2.18 115.04 4.000 No No3.12 2.00

10 28.86 2.38 2.55 0.77 54.19 2.23 120.71 4.000 No No3.28 2.00

11 30.25 2.39 2.75 0.77 56.79 2.26 128.25 4.000 No No3.44 2.00

12 37.07 2.39 3.36 0.77 69.66 2.26 157.47 4.000 No No3.61 2.00

13 54.29 2.22 2.86 0.71 102.20 1.73 176.48 4.000 No No3.77 2.00

14 69.41 2.17 2.97 0.69 130.76 1.59 207.84 4.000 No No3.94 2.00

15 81.43 2.11 2.83 0.66 153.45 1.47 225.43 4.000 No No4.10 2.00

16 81.16 2.16 3.25 0.68 152.93 1.57 239.59 4.000 No No4.26 2.00

17 131.28 1.89 2.17 0.58 247.64 1.18 292.53 4.000 No No4.43 2.00

18 156.62 1.76 1.68 0.53 295.52 1.08 318.24 4.000 No No4.59 2.00

19 198.08 1.62 1.31 0.48 352.44 1.00 352.44 4.000 No No4.76 2.00

20 184.77 1.59 1.10 0.47 317.63 1.00 317.63 4.000 No No4.92 2.00

21 174.35 1.56 0.95 0.46 291.27 1.00 291.27 4.000 No No5.08 2.00

22 108.71 1.66 0.85 0.50 186.86 1.01 188.66 4.000 No No5.25 2.00

23 47.66 1.96 1.06 0.61 89.46 1.26 112.35 4.000 No No5.41 2.00

24 7.81 2.95 3.98 0.99 14.13 6.19 87.43 4.000 No Yes5.58 2.00

25 5.46 3.05 3.59 1.00 9.68 7.35 71.17 4.000 No Yes5.74 2.00

26 4.47 3.19 4.59 1.00 7.79 9.14 71.19 4.000 No Yes5.91 2.00

27 3.28 3.45 7.92 1.00 5.52 13.27 73.21 4.000 No Yes6.07 2.00

28 5.93 3.14 5.65 1.00 10.52 8.49 89.29 4.000 No Yes6.23 2.00

29 12.34 2.75 3.40 0.91 22.61 4.35 98.35 4.000 No Yes6.40 2.00

30 29.26 2.31 2.01 0.75 54.58 1.97 107.65 4.000 No No6.56 2.00

31 52.13 2.05 1.47 0.65 92.58 1.36 126.30 4.000 No No6.73 2.00

32 70.50 1.95 1.38 0.61 119.02 1.24 147.19 4.000 No No6.89 2.00

33 79.02 1.92 1.39 0.60 130.41 1.21 157.91 4.000 No No7.05 2.00

34 79.21 1.97 1.61 0.62 130.88 1.26 164.68 4.000 No No7.22 2.00

35 81.74 1.98 1.72 0.62 133.80 1.28 170.63 4.000 No No7.38 2.00

36 78.53 2.02 1.87 0.64 128.36 1.33 170.21 4.000 No No7.55 2.00

37 70.44 2.07 1.98 0.66 115.32 1.40 161.80 4.000 No No7.71 2.00

38 59.00 2.16 2.27 0.70 97.85 1.58 154.26 4.000 No No7.87 2.00

39 53.57 2.31 3.36 0.75 91.48 1.97 180.64 4.000 No No8.04 2.00

40 69.82 2.23 3.19 0.72 114.81 1.74 199.41 4.000 No No8.20 2.00

41 97.36 2.08 2.56 0.66 151.32 1.42 214.14 4.000 No No8.37 2.00

42 113.42 1.91 1.69 0.60 166.22 1.20 199.72 4.000 No No8.53 2.00

43 90.61 1.94 1.48 0.61 131.97 1.23 161.89 4.000 No No8.69 2.00

44 54.25 2.10 1.55 0.68 81.32 1.46 118.81 4.000 No No8.86 2.00

45 24.34 2.49 2.65 0.82 39.39 2.73 107.54 4.000 No No9.02 2.00

46 17.09 2.70 3.70 0.90 28.43 9.88 280.73 4.000 No No9.19 2.00

47 28.56 2.51 3.25 0.83 45.23 2.97 134.43 4.000 No No9.35 2.00

48 62.71 2.23 2.70 0.73 92.63 1.75 162.41 4.000 No No9.51 2.00
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID Icq t

(tsf)
KcQ tnFr

(%)

n Q tn ,cs CRR7 .5 Belongs to
trans. layer

Clay-like
behaviour

Depth
(ft)

FS

49 106.86 2.10 2.77 0.68 151.70 1.46 221.60 4.000 No No9.68 2.00

50 145.90 2.05 2.90 0.66 202.19 1.36 275.83 4.000 No No9.84 2.00

51 162.38 2.11 3.70 0.68 225.50 1.47 331.69 4.000 No No10.01 2.00

52 197.38 2.06 3.64 0.66 268.31 1.39 373.54 4.000 No No10.17 2.00

53 218.11 2.10 4.26 0.68 295.40 1.46 431.12 4.000 No No10.34 2.00

54 248.12 2.07 4.11 0.67 329.76 1.40 460.31 4.000 No No10.50 2.00

55 255.08 2.08 4.29 0.67 336.02 1.42 476.66 4.000 No No10.66 2.00

56 259.47 2.05 3.95 0.66 335.93 1.37 459.13 4.000 No No10.83 2.00

57 262.56 2.03 3.80 0.66 335.32 1.34 450.82 4.000 No No10.99 2.00

58 273.37 1.97 3.29 0.63 343.43 1.27 434.68 4.000 No No11.15 2.00

59 289.26 1.89 2.73 0.60 356.57 1.18 421.60 4.000 No No11.32 2.00

60 292.45 1.81 2.16 0.57 353.56 1.11 393.31 4.000 No No11.48 2.00

61 267.69 1.80 2.01 0.57 321.65 1.11 356.44 4.000 No No11.65 2.00

62 233.29 1.83 1.97 0.58 279.98 1.13 315.49 4.000 No No11.81 2.00

63 206.01 1.88 2.07 0.60 247.83 1.17 289.16 4.000 No No11.97 2.00

64 212.41 1.82 1.77 0.58 251.98 1.12 281.70 4.000 No No12.14 2.00

65 225.24 1.74 1.49 0.55 263.24 1.07 281.15 4.000 No No12.30 2.00

66 211.67 1.71 1.27 0.53 244.98 1.04 255.66 4.000 No No12.47 2.00

67 164.45 1.82 1.45 0.58 192.45 1.12 215.90 4.000 No No12.63 2.00

68 110.07 2.04 2.01 0.66 131.91 1.35 178.07 0.605 No No12.79 0.63

69 72.92 2.25 2.78 0.74 89.30 1.81 161.37 0.471 No No12.96 0.49

70 42.65 2.51 3.81 0.84 53.37 2.91 155.46 0.429 No No13.12 0.44

71 22.30 2.78 4.87 0.94 28.26 4.60 129.95 1.348 No Yes13.29 1.39

72 12.18 3.00 5.30 1.00 15.15 6.79 102.84 0.723 No Yes13.45 0.74

73 9.25 3.09 4.99 1.00 11.17 7.80 87.08 0.533 No Yes13.62 0.54

74 9.39 3.06 4.55 1.00 11.30 7.45 84.13 0.539 No Yes13.78 0.54

75 9.64 3.04 4.37 1.00 11.55 7.23 83.51 0.551 No Yes13.94 0.55

76 9.88 3.03 4.32 1.00 11.79 7.11 83.90 0.563 No Yes14.11 0.56

77 10.14 3.02 4.30 1.00 12.06 7.01 84.52 0.575 No Yes14.27 0.57

78 10.34 3.02 4.33 1.00 12.24 6.97 85.34 0.584 No Yes14.44 0.58

79 10.44 3.02 4.35 1.00 12.30 6.96 85.66 0.587 No Yes14.60 0.58

80 10.37 3.03 4.50 1.00 12.14 7.12 86.48 0.579 No Yes14.76 0.57

81 10.48 3.03 4.45 1.00 12.21 7.06 86.22 0.582 No Yes14.93 0.57

82 11.08 3.00 4.33 1.00 12.90 6.77 87.31 0.615 No Yes15.09 0.60

83 11.80 2.95 3.90 1.00 13.73 6.23 85.59 0.655 No Yes15.26 0.63

84 10.84 3.00 4.07 1.00 12.45 6.72 83.63 0.594 No Yes15.42 0.57

85 9.36 3.07 4.34 1.00 10.53 7.59 79.86 0.502 No Yes15.58 0.48

86 7.74 3.19 5.15 1.00 8.46 9.16 77.47 0.403 No Yes15.75 0.39

87 7.73 3.20 5.22 1.00 8.39 9.25 77.58 0.400 No Yes15.91 0.38

88 7.89 3.21 5.61 1.00 8.54 9.43 80.49 0.407 No Yes16.08 0.39

89 8.45 3.19 5.68 1.00 9.18 9.13 83.79 0.438 No Yes16.24 0.41

90 9.05 3.19 6.09 1.00 9.85 9.05 89.21 0.470 No Yes16.40 0.44

91 9.92 3.19 6.84 1.00 10.85 9.06 98.30 0.518 No Yes16.57 0.48

92 16.13 2.94 5.30 1.00 18.29 6.12 111.96 0.873 No Yes16.73 0.81

93 19.71 2.87 5.13 0.98 22.39 5.38 120.54 1.068 No Yes16.90 0.99

94 20.72 2.84 4.89 0.97 23.41 5.12 119.92 1.116 No Yes17.06 1.03

95 15.79 2.99 5.88 1.00 17.56 6.58 115.53 0.838 No Yes17.22 0.77

96 16.42 2.91 4.63 1.00 18.19 5.75 104.60 0.868 No Yes17.39 0.80
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID Icq t

(tsf)
KcQ tnFr

(%)

n Q tn ,cs CRR7 .5 Belongs to
trans. layer

Clay-like
behaviour

Depth
(ft)

FS

97 16.86 2.86 4.03 0.98 18.54 5.32 98.55 0.884 No Yes17.55 0.81

98 16.61 2.85 3.78 0.98 18.13 5.22 94.67 0.865 No Yes17.72 0.79

99 13.61 2.98 4.68 1.00 14.64 6.53 95.62 0.698 No Yes17.88 0.64

100 12.82 3.01 4.84 1.00 13.64 6.90 94.06 0.651 No Yes18.05 0.59

101 12.55 3.01 4.68 1.00 13.25 6.91 91.47 0.632 No Yes18.21 0.57

102 11.89 3.03 4.65 1.00 12.41 7.13 88.56 0.592 No Yes18.37 0.53

103 11.70 3.03 4.41 1.00 12.13 7.06 85.66 0.579 No Yes18.54 0.52

104 12.37 3.00 4.31 1.00 12.83 6.78 86.96 0.612 No Yes18.70 0.55

105 13.92 2.96 4.25 1.00 14.52 6.27 91.11 0.693 No Yes18.86 0.62

106 15.05 2.95 4.55 1.00 15.71 6.20 97.36 0.750 No Yes19.03 0.67

107 15.71 2.93 4.44 1.00 16.37 5.98 97.96 0.781 No Yes19.19 0.69

108 15.04 2.97 4.82 1.00 15.53 6.40 99.45 0.741 No Yes19.36 0.65

109 14.29 3.00 5.06 1.00 14.61 6.77 98.96 0.697 No Yes19.52 0.61

110 13.85 3.04 5.52 1.00 14.05 7.20 101.17 0.670 No Yes19.68 0.59

111 20.20 2.82 4.02 0.97 20.87 4.96 103.48 0.995 No Yes19.85 0.87

112 23.56 2.77 4.04 0.95 24.36 4.54 110.57 1.162 No Yes20.01 1.02

113 25.11 2.81 5.02 0.97 25.97 4.90 127.14 1.239 No Yes20.18 1.08

114 25.16 2.91 6.88 1.00 26.01 5.78 150.25 1.241 No Yes20.34 1.08

115 31.37 2.87 7.61 0.99 32.52 5.43 176.59 1.551 No Yes20.50 1.35

116 41.69 2.80 7.95 0.96 43.24 4.81 208.19 2.063 No Yes20.67 1.79

117 60.94 2.67 7.29 0.91 63.05 8.43 531.44 4.000 No No20.83 2.00

118 80.54 2.58 6.91 0.88 82.93 4.70 389.64 4.000 No No21.00 2.00

119 106.99 2.47 6.23 0.84 109.49 2.63 287.52 4.000 No No21.16 2.00

120 146.00 2.34 5.38 0.79 148.32 2.10 310.83 4.000 No No21.32 2.00

121 214.36 2.15 4.08 0.72 215.77 1.56 337.06 4.000 No No21.49 2.00

122 352.63 1.87 2.53 0.61 350.70 1.16 407.01 4.000 No No21.65 2.00

123 464.65 1.69 1.85 0.54 458.19 1.03 473.63 4.000 No No21.82 2.00

Abbreviations

Depth:

qt:
Ic:

Fr:

n:
Qtn:

Kc:
Qtn ,cs:

CRR7.5:

FS:

Depth from free surface, at which CPT was performed (ft)

Total cone resistance
Soil behavior type index

Normalized friction ratio (%)

Stress exponent
Normalized cone resistance

Cone resistance correction factor due to fines
Normalized and adjusted cone resistance

Cyclic resistance ratio for Mw=7.5

Factor of safety against soil liquefaction
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

1.80 2.00 0.00 9.73 0.17 0.00 1.97 2.00 0.00 9.70 0.17 0.00

2.13 2.00 0.00 9.67 0.16 0.00 2.30 2.00 0.00 9.65 0.16 0.00

2.46 2.00 0.00 9.62 0.16 0.00 2.63 2.00 0.00 9.60 0.16 0.00

2.79 2.00 0.00 9.57 0.16 0.00 2.95 2.00 0.00 9.55 0.16 0.00

3.12 2.00 0.00 9.52 0.16 0.00 3.28 2.00 0.00 9.50 0.16 0.00

3.44 2.00 0.00 9.47 0.16 0.00 3.61 2.00 0.00 9.45 0.16 0.00

3.77 2.00 0.00 9.42 0.16 0.00 3.94 2.00 0.00 9.40 0.16 0.00

4.10 2.00 0.00 9.38 0.16 0.00 4.26 2.00 0.00 9.35 0.16 0.00

4.43 2.00 0.00 9.33 0.16 0.00 4.59 2.00 0.00 9.30 0.16 0.00

4.76 2.00 0.00 9.28 0.16 0.00 4.92 2.00 0.00 9.25 0.16 0.00

5.08 2.00 0.00 9.23 0.16 0.00 5.25 2.00 0.00 9.20 0.16 0.00

5.41 2.00 0.00 9.18 0.16 0.00 5.58 2.00 0.00 9.15 0.16 0.00

5.74 2.00 0.00 9.13 0.16 0.00 5.91 2.00 0.00 9.10 0.17 0.00

6.07 2.00 0.00 9.07 0.16 0.00 6.23 2.00 0.00 9.05 0.16 0.00

6.40 2.00 0.00 9.02 0.16 0.00 6.56 2.00 0.00 9.00 0.16 0.00

6.73 2.00 0.00 8.97 0.16 0.00 6.89 2.00 0.00 8.95 0.16 0.00

7.05 2.00 0.00 8.92 0.16 0.00 7.22 2.00 0.00 8.90 0.16 0.00

7.38 2.00 0.00 8.87 0.16 0.00 7.55 2.00 0.00 8.85 0.16 0.00

7.71 2.00 0.00 8.82 0.16 0.00 7.87 2.00 0.00 8.80 0.16 0.00

8.04 2.00 0.00 8.78 0.16 0.00 8.20 2.00 0.00 8.75 0.16 0.00

8.37 2.00 0.00 8.73 0.16 0.00 8.53 2.00 0.00 8.70 0.16 0.00

8.69 2.00 0.00 8.68 0.16 0.00 8.86 2.00 0.00 8.65 0.16 0.00

9.02 2.00 0.00 8.63 0.16 0.00 9.19 2.00 0.00 8.60 0.16 0.00

9.35 2.00 0.00 8.58 0.16 0.00 9.51 2.00 0.00 8.55 0.16 0.00

9.68 2.00 0.00 8.53 0.16 0.00 9.84 2.00 0.00 8.50 0.16 0.00

10.01 2.00 0.00 8.47 0.16 0.00 10.17 2.00 0.00 8.45 0.16 0.00

10.34 2.00 0.00 8.42 0.16 0.00 10.50 2.00 0.00 8.40 0.16 0.00

10.66 2.00 0.00 8.37 0.16 0.00 10.83 2.00 0.00 8.35 0.16 0.00

10.99 2.00 0.00 8.32 0.16 0.00 11.15 2.00 0.00 8.30 0.16 0.00

11.32 2.00 0.00 8.27 0.16 0.00 11.48 2.00 0.00 8.25 0.16 0.00

11.65 2.00 0.00 8.22 0.16 0.00 11.81 2.00 0.00 8.20 0.16 0.00

11.97 2.00 0.00 8.18 0.16 0.00 12.14 2.00 0.00 8.15 0.16 0.00

12.30 2.00 0.00 8.13 0.16 0.00 12.47 2.00 0.00 8.10 0.16 0.00

12.63 2.00 0.00 8.08 0.16 0.00 12.79 0.63 0.37 8.05 0.16 0.15

12.96 0.49 0.51 8.03 0.16 0.21 13.12 0.44 0.56 8.00 0.16 0.22

13.29 1.39 0.00 7.98 0.16 0.00 13.45 0.74 0.26 7.95 0.16 0.10

13.62 0.54 0.46 7.93 0.16 0.18 13.78 0.54 0.46 7.90 0.16 0.18

13.94 0.55 0.45 7.87 0.16 0.18 14.11 0.56 0.44 7.85 0.16 0.17

14.27 0.57 0.43 7.82 0.16 0.17 14.44 0.58 0.42 7.80 0.16 0.16

14.60 0.58 0.42 7.77 0.16 0.16 14.76 0.57 0.43 7.75 0.16 0.17

14.93 0.57 0.43 7.72 0.16 0.17 15.09 0.60 0.40 7.70 0.16 0.15

15.26 0.63 0.37 7.67 0.16 0.14 15.42 0.57 0.43 7.65 0.16 0.16

15.58 0.48 0.52 7.62 0.16 0.20 15.75 0.39 0.61 7.60 0.16 0.23

15.91 0.38 0.62 7.58 0.16 0.23 16.08 0.39 0.61 7.55 0.16 0.23

16.24 0.41 0.59 7.53 0.16 0.22 16.40 0.44 0.56 7.50 0.16 0.21

16.57 0.48 0.52 7.48 0.16 0.19 16.73 0.81 0.19 7.45 0.16 0.07

16.90 0.99 0.01 7.43 0.16 0.00 17.06 1.03 0.00 7.40 0.16 0.00

17.22 0.77 0.23 7.38 0.16 0.08 17.39 0.80 0.20 7.35 0.16 0.07
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

17.55 0.81 0.19 7.33 0.16 0.07 17.72 0.79 0.21 7.30 0.16 0.08

17.88 0.64 0.36 7.27 0.16 0.13 18.05 0.59 0.41 7.25 0.16 0.15

18.21 0.57 0.43 7.22 0.16 0.15 18.37 0.53 0.47 7.20 0.16 0.17

18.54 0.52 0.48 7.17 0.16 0.17 18.70 0.55 0.45 7.15 0.16 0.16

18.86 0.62 0.38 7.12 0.16 0.14 19.03 0.67 0.33 7.10 0.16 0.12

19.19 0.69 0.31 7.07 0.16 0.11 19.36 0.65 0.35 7.05 0.16 0.12

19.52 0.61 0.39 7.02 0.16 0.14 19.68 0.59 0.41 7.00 0.16 0.14

19.85 0.87 0.13 6.98 0.16 0.04 20.01 1.02 0.00 6.95 0.16 0.00

20.18 1.08 0.00 6.93 0.16 0.00 20.34 1.08 0.00 6.90 0.16 0.00

20.50 1.35 0.00 6.88 0.16 0.00 20.67 1.79 0.00 6.85 0.16 0.00

20.83 2.00 0.00 6.83 0.16 0.00 21.00 2.00 0.00 6.80 0.16 0.00

21.16 2.00 0.00 6.78 0.16 0.00 21.32 2.00 0.00 6.75 0.16 0.00

21.49 2.00 0.00 6.72 0.16 0.00 21.65 2.00 0.00 6.70 0.16 0.00

21.82 2.00 0.00 6.67 0.16 0.00

Abbreviations

Overall l iquefaction potential: 6.32

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:

FL:
wz:

dz:

LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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During earthq.
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Estimation of  post-earthquake sett lements

Strain plot
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Abbreviations

qt:
Ic:

FS:

Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index

Calculated Factor of Safety against liquefaction

Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSQ tn ,cs ev (%) Settlement
(in)

Depth
(ft)

FSQ tn ,cs ev (%) Settlement
(in)

DF DF

11.15 434.68 2.00 0.00 0.001.00 11.32 421.60 2.00 0.00 0.001.00

11.48 393.31 2.00 0.00 0.001.00 11.65 356.44 2.00 0.00 0.001.00

11.81 315.49 2.00 0.00 0.001.00 11.97 289.16 2.00 0.00 0.001.00

12.14 281.70 2.00 0.00 0.001.00 12.30 281.15 2.00 0.00 0.001.00

12.47 255.66 2.00 0.00 0.001.00 12.63 215.90 2.00 0.00 0.001.00

12.79 178.07 0.63 1.31 0.031.00 12.96 161.37 0.49 1.58 0.031.00

13.12 155.46 0.44 1.63 0.031.00 13.29 129.95 1.39 0.00 0.001.00

13.45 102.84 0.74 0.50 0.011.00 13.62 87.08 0.54 0.50 0.011.00

13.78 84.13 0.54 0.50 0.011.00 13.94 83.51 0.55 0.50 0.011.00

14.11 83.90 0.56 0.50 0.011.00 14.27 84.52 0.57 0.50 0.011.00

14.44 85.34 0.58 0.50 0.011.00 14.60 85.66 0.58 0.50 0.011.00

14.76 86.48 0.57 0.50 0.011.00 14.93 86.22 0.57 0.50 0.011.00

15.09 87.31 0.60 0.50 0.011.00 15.26 85.59 0.63 0.50 0.011.00

15.42 83.63 0.57 0.50 0.011.00 15.58 79.86 0.48 0.50 0.011.00

15.75 77.47 0.39 0.50 0.011.00 15.91 77.58 0.38 0.50 0.011.00

16.08 80.49 0.39 0.50 0.011.00 16.24 83.79 0.41 0.50 0.011.00

16.40 89.21 0.44 0.50 0.011.00 16.57 98.30 0.48 0.50 0.011.00

16.73 111.96 0.81 0.50 0.011.00 16.90 120.54 0.99 0.01 0.001.00

17.06 119.92 1.03 0.01 0.001.00 17.22 115.53 0.77 0.50 0.011.00

17.39 104.60 0.80 0.50 0.011.00 17.55 98.55 0.81 0.50 0.011.00

17.72 94.67 0.79 0.50 0.011.00 17.88 95.62 0.64 0.50 0.011.00

18.05 94.06 0.59 0.50 0.011.00 18.21 91.47 0.57 0.50 0.011.00

18.37 88.56 0.53 0.50 0.011.00 18.54 85.66 0.52 0.50 0.011.00

18.70 86.96 0.55 0.50 0.011.00 18.86 91.11 0.62 0.50 0.011.00

19.03 97.36 0.67 0.50 0.011.00 19.19 97.96 0.69 0.50 0.011.00

19.36 99.45 0.65 0.50 0.011.00 19.52 98.96 0.61 0.50 0.011.00

19.68 101.17 0.59 0.50 0.011.00 19.85 103.48 0.87 0.01 0.001.00

20.01 110.57 1.02 0.01 0.001.00 20.18 127.14 1.08 0.01 0.001.00

20.34 150.25 1.08 0.01 0.001.00 20.50 176.59 1.35 0.01 0.001.00

20.67 208.19 1.79 0.00 0.001.00 20.83 531.44 2.00 0.00 0.001.00

21.00 389.64 2.00 0.00 0.001.00 21.16 287.52 2.00 0.00 0.001.00

21.32 310.83 2.00 0.00 0.001.00 21.49 337.06 2.00 0.00 0.001.00

21.65 407.01 2.00 0.00 0.001.00 21.82 473.63 2.00 0.00 0.001.00

Total estimated settlement: 0.45

Abbreviations

Qtn ,cs:

FS:
e v (%):

DF:

Settlement:

Equivalent clean sand normalized cone resistance

Factor of safety against liquefaction
Post-liquefaction volumentric strain

e v depth weighting factor

Calculated settlement
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Geometric parameters: Gently sloping ground without free face (Slope 1.00 %)
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Ic: Soil Behaviour Type Index
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LDI: Lateral displacement index

Abbreviations Surface condition
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File

:: Lateral displacement index calculation ::

Depth
(ft)

Q tnq t

(tsf)
R f

(%)
Q tn ,cs FS Dr Gammamax

(%)
Lat. disp.

(in)

11.15 273.37 343.43 3.28 434.68 2.00 100.00 0.00 0.00

11.32 289.26 356.57 2.72 421.60 2.00 100.00 0.00 0.00

11.48 292.45 353.56 2.16 393.31 2.00 100.00 0.00 0.00

11.65 267.69 321.65 2.01 356.44 2.00 100.00 0.00 0.00

11.81 233.29 279.98 1.96 315.49 2.00 100.00 0.00 0.00

11.97 206.01 247.83 2.06 289.16 2.00 96.96 0.00 0.00

12.14 212.41 251.98 1.76 281.70 2.00 97.50 0.00 0.00

12.30 225.24 263.24 1.49 281.15 2.00 98.95 0.00 0.00

12.47 211.67 244.98 1.26 255.66 2.00 96.57 0.00 0.00

12.63 164.45 192.45 1.44 215.90 2.00 88.61 0.00 0.00

12.79 110.07 131.91 2.00 178.07 0.63 76.14 8.36 0.15

12.96 72.92 89.30 2.75 161.37 0.49 63.27 22.70 0.42

13.12 42.65 53.37 3.73 155.46 0.44 46.27 34.10 0.63

13.29 22.30 28.26 4.70 129.95 1.39 25.29 0.22 0.00

13.45 12.18 15.15 4.94 102.84 0.74 4.71 5.90 0.11

13.62 9.25 11.17 4.54 87.08 0.54 0.00 4.00 0.07

13.78 9.39 11.30 4.14 84.13 0.54 0.00 4.00 0.07

13.94 9.64 11.55 3.99 83.51 0.55 0.00 4.00 0.07

14.11 9.88 11.79 3.95 83.90 0.56 0.00 4.00 0.07

14.27 10.14 12.06 3.93 84.52 0.57 0.00 4.00 0.07

14.44 10.34 12.24 3.96 85.34 0.58 0.00 4.00 0.07

14.60 10.44 12.30 3.98 85.66 0.58 0.00 4.00 0.07

14.76 10.37 12.14 4.11 86.48 0.57 0.00 4.00 0.07

14.93 10.48 12.21 4.06 86.22 0.57 0.00 4.00 0.07

15.09 11.08 12.90 3.97 87.31 0.60 0.00 4.00 0.07

15.26 11.80 13.73 3.59 85.59 0.63 1.47 4.00 0.07

15.42 10.84 12.45 3.72 83.63 0.57 0.00 4.00 0.07

15.58 9.36 10.53 3.90 79.86 0.48 0.00 4.00 0.07

15.75 7.74 8.46 4.52 77.47 0.39 0.00 4.00 0.07

15.91 7.73 8.39 4.57 77.58 0.38 0.00 4.00 0.07

16.08 7.89 8.54 4.92 80.49 0.39 0.00 4.00 0.07

16.24 8.45 9.18 5.03 83.79 0.41 0.00 4.00 0.07

16.40 9.05 9.85 5.42 89.21 0.44 0.00 4.00 0.07

16.57 9.92 10.85 6.16 98.30 0.48 0.00 4.00 0.07

16.73 16.13 18.29 4.97 111.96 0.81 10.93 3.38 0.06

16.90 19.71 22.39 4.87 120.54 0.99 17.60 1.20 0.02

17.06 20.72 23.41 4.65 119.92 1.03 19.07 0.97 0.02

17.22 15.79 17.56 5.50 115.53 0.77 9.58 4.38 0.07

17.39 16.42 18.19 4.34 104.60 0.80 10.75 3.71 0.06

17.55 16.86 18.54 3.77 98.55 0.81 11.38 3.42 0.06

17.72 16.61 18.13 3.53 94.67 0.79 10.64 3.89 0.06

17.88 13.61 14.64 4.32 95.62 0.64 3.57 4.00 0.07

18.05 12.82 13.64 4.43 94.06 0.59 1.24 4.00 0.07

18.21 12.55 13.25 4.28 91.47 0.57 0.28 4.00 0.07

18.37 11.89 12.41 4.22 88.56 0.53 0.00 4.00 0.07

18.54 11.70 12.13 3.99 85.66 0.52 0.00 4.00 0.06

18.70 12.37 12.83 3.92 86.96 0.55 0.00 4.00 0.06

18.86 13.92 14.52 3.90 91.11 0.62 3.32 4.00 0.06
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

Q tnq t

(tsf)
R f

(%)
Q tn ,cs FS Dr Gammamax

(%)
Lat. disp.

(in)

19.03 15.05 15.71 4.21 97.36 0.67 5.92 4.00 0.06

19.19 15.71 16.37 4.12 97.96 0.69 7.27 4.00 0.06

19.36 15.04 15.53 4.45 99.45 0.65 5.53 4.00 0.06

19.52 14.29 14.61 4.64 98.96 0.61 3.52 4.00 0.06

19.68 13.85 14.05 5.05 101.17 0.59 2.23 4.00 0.06

19.85 20.20 20.87 3.79 103.48 0.87 15.28 2.25 0.04

20.01 23.56 24.36 3.83 110.57 1.02 20.39 1.01 0.02

20.18 25.11 25.97 4.78 127.14 1.08 22.50 0.72 0.01

20.34 25.16 26.01 6.55 150.25 1.08 22.55 0.73 0.01

20.50 31.37 32.52 7.31 176.59 1.35 29.92 0.21 0.00

20.67 41.69 43.24 7.72 208.19 1.79 39.33 0.04 0.00

20.83 60.94 63.05 7.14 531.44 2.00 51.77 0.00 0.00

21.00 80.54 82.93 6.80 389.64 2.00 60.82 0.00 0.00

21.16 106.99 109.49 6.16 287.52 2.00 69.99 0.00 0.00

21.32 146.00 148.32 5.33 310.83 2.00 80.01 0.00 0.00

21.49 214.36 215.77 4.05 337.06 2.00 92.38 0.00 0.00

21.65 352.63 350.70 2.52 407.01 2.00 100.00 0.00 0.00

21.82 464.65 458.19 1.85 473.63 2.00 100.00 0.00 0.00

qt:
Qtn:

Rf:

Qtn ,cs:

FS:
Dr:

Gammamax:

Lat. disp.:

Total cone resistance
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

Abbreviations

Total estimated displacement: 3.85
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File

:: Strength loss calculation  (Robertson (2009) ::

Depth
(ft)

Kcq t

(tsf)
Q tn ,cs Ic Su(liq)/σ'v Su(peak)/σ'vQ tn

1.80 69.47 1.08 141.50 1.76 N/A N/A131.10

1.97 64.61 1.18 143.26 1.89 N/A N/A121.91

2.13 52.20 1.43 141.16 2.09 N/A N/A98.42

2.30 40.13 1.82 137.46 2.26 N/A N/A75.60

2.46 30.14 2.50 141.60 2.44 N/A N/A56.70

2.63 28.19 2.66 141.14 2.48 N/A N/A52.99

2.79 28.65 2.48 133.63 2.44 N/A N/A53.84

2.95 29.09 2.26 123.54 2.39 N/A N/A54.66

3.12 28.07 2.18 115.04 2.37 N/A N/A52.71

3.28 28.86 2.23 120.71 2.38 N/A N/A54.19

3.44 30.25 2.26 128.25 2.39 N/A N/A56.79

3.61 37.07 2.26 157.47 2.39 N/A N/A69.66

3.77 54.29 1.73 176.48 2.22 N/A N/A102.20

3.94 69.41 1.59 207.84 2.17 N/A N/A130.76

4.10 81.43 1.47 225.43 2.11 N/A N/A153.45

4.26 81.16 1.57 239.59 2.16 N/A N/A152.93

4.43 131.28 1.18 292.53 1.89 N/A N/A247.64

4.59 156.62 1.08 318.24 1.76 N/A N/A295.52

4.76 198.08 1.00 352.44 1.62 N/A N/A352.44

4.92 184.77 1.00 317.63 1.59 N/A N/A317.63

5.08 174.35 1.00 291.27 1.56 N/A N/A291.27

5.25 108.71 1.01 188.66 1.66 N/A N/A186.86

5.41 47.66 1.26 112.35 1.96 N/A N/A89.46

5.58 7.81 6.19 87.43 2.95 N/A N/A14.13

5.74 5.46 7.35 71.17 3.05 N/A N/A9.68

5.91 4.47 9.14 71.19 3.19 N/A N/A7.79

6.07 3.28 13.27 73.21 3.45 N/A N/A5.52

6.23 5.93 8.49 89.29 3.14 N/A N/A10.52

6.40 12.34 4.35 98.35 2.75 N/A N/A22.61

6.56 29.26 1.97 107.65 2.31 N/A N/A54.58

6.73 52.13 1.36 126.30 2.05 N/A N/A92.58

6.89 70.50 1.24 147.19 1.95 N/A N/A119.02

7.05 79.02 1.21 157.91 1.92 N/A N/A130.41

7.22 79.21 1.26 164.68 1.97 N/A N/A130.88

7.38 81.74 1.28 170.63 1.98 N/A N/A133.80

7.55 78.53 1.33 170.21 2.02 N/A N/A128.36

7.71 70.44 1.40 161.80 2.07 N/A N/A115.32

7.87 59.00 1.58 154.26 2.16 N/A N/A97.85

8.04 53.57 1.97 180.64 2.31 N/A N/A91.48

8.20 69.82 1.74 199.41 2.23 N/A N/A114.81

8.37 97.36 1.42 214.14 2.08 N/A N/A151.32

8.53 113.42 1.20 199.72 1.91 N/A N/A166.22

8.69 90.61 1.23 161.89 1.94 N/A N/A131.97

8.86 54.25 1.46 118.81 2.10 N/A N/A81.32

9.02 24.34 2.73 107.54 2.49 N/A N/A39.39

9.19 17.09 3.96 112.59 2.70 N/A N/A28.43

9.35 28.56 2.81 127.24 2.51 N/A N/A45.23

9.51 62.71 1.75 162.41 2.23 N/A N/A92.63
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File

:: Strength loss calculation  (Robertson (2009) :: (continued)

Depth
(ft)

Kcq t

(tsf)
Q tn ,cs Ic Su(liq)/σ'v Su(peak)/σ'vQ tn

9.68 106.86 1.46 221.60 2.10 N/A N/A151.70

9.84 145.90 1.36 275.83 2.05 N/A N/A202.19

10.01 162.38 1.47 331.69 2.11 N/A N/A225.50

10.17 197.38 1.39 373.54 2.06 N/A N/A268.31

10.34 218.11 1.46 431.12 2.10 N/A N/A295.40

10.50 248.12 1.40 460.31 2.07 N/A N/A329.76

10.66 255.08 1.42 476.66 2.08 N/A N/A336.02

10.83 259.47 1.37 459.13 2.05 N/A N/A335.93

10.99 262.56 1.34 450.82 2.03 N/A N/A335.32

11.15 273.37 1.27 434.68 1.97 1.02 1.02343.43

11.32 289.26 1.18 421.60 1.89 1.02 1.02356.57

11.48 292.45 1.11 393.31 1.81 1.02 1.02353.56

11.65 267.69 1.11 356.44 1.80 1.01 1.01321.65

11.81 233.29 1.13 315.49 1.83 0.98 0.98279.98

11.97 206.01 1.17 289.16 1.88 0.96 0.96247.83

12.14 212.41 1.12 281.70 1.82 0.97 0.97251.98

12.30 225.24 1.07 281.15 1.74 0.97 0.97263.24

12.47 211.67 1.04 255.66 1.71 0.96 0.96244.98

12.63 164.45 1.12 215.90 1.82 0.92 0.92192.45

12.79 110.07 1.35 178.07 2.04 0.87 0.87131.91

12.96 72.92 1.81 161.37 2.25 0.81 0.8189.30

13.12 42.65 2.80 149.31 2.51 0.74 0.7453.37

13.29 22.30 4.60 129.95 2.78 2.06 2.0628.26

13.45 12.18 6.79 102.84 3.00 1.08 1.0815.15

13.62 9.25 7.80 87.08 3.09 0.80 0.8011.17

13.78 9.39 7.45 84.13 3.06 0.81 0.8111.30

13.94 9.64 7.23 83.51 3.04 0.82 0.8211.55

14.11 9.88 7.11 83.90 3.03 0.84 0.8411.79

14.27 10.14 7.01 84.52 3.02 0.86 0.8612.06

14.44 10.34 6.97 85.34 3.02 0.87 0.8712.24

14.60 10.44 6.96 85.66 3.02 0.88 0.8812.30

14.76 10.37 7.12 86.48 3.03 0.87 0.8712.14

14.93 10.48 7.06 86.22 3.03 0.87 0.8712.21

15.09 11.08 6.77 87.31 3.00 0.92 0.9212.90

15.26 11.80 6.23 85.59 2.95 0.98 0.9813.73

15.42 10.84 6.72 83.63 3.00 0.89 0.8912.45

15.58 9.36 7.59 79.86 3.07 0.75 0.7510.53

15.75 7.74 9.16 77.47 3.19 0.60 0.608.46

15.91 7.73 9.25 77.58 3.20 0.60 0.608.39

16.08 7.89 9.43 80.49 3.21 0.61 0.618.54

16.24 8.45 9.13 83.79 3.19 0.66 0.669.18

16.40 9.05 9.05 89.21 3.19 0.70 0.709.85

16.57 9.92 9.06 98.30 3.19 0.78 0.7810.85

16.73 16.13 6.12 111.96 2.94 1.31 1.3118.29

16.90 19.71 5.38 120.54 2.87 1.61 1.6122.39

17.06 20.72 5.12 119.92 2.84 1.68 1.6823.41

17.22 15.79 6.58 115.53 2.99 1.25 1.2517.56

17.39 16.42 5.75 104.60 2.91 1.30 1.3018.19
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This software is licensed to: Geotech Solutions, Inc. CPT name: 23092 CPT-1 Text File

:: Strength loss calculation  (Robertson (2009) :: (continued)

Depth
(ft)

Kcq t

(tsf)
Q tn ,cs Ic Su(liq)/σ'v Su(peak)/σ'vQ tn

17.55 16.86 5.32 98.55 2.86 1.33 1.3318.54

17.72 16.61 5.22 94.67 2.85 1.30 1.3018.13

17.88 13.61 6.53 95.62 2.98 1.05 1.0514.64

18.05 12.82 6.90 94.06 3.01 0.97 0.9713.64

18.21 12.55 6.91 91.47 3.01 0.95 0.9513.25

18.37 11.89 7.13 88.56 3.03 0.89 0.8912.41

18.54 11.70 7.06 85.66 3.03 0.87 0.8712.13

18.70 12.37 6.78 86.96 3.00 0.92 0.9212.83

18.86 13.92 6.27 91.11 2.96 1.04 1.0414.52

19.03 15.05 6.20 97.36 2.95 1.12 1.1215.71

19.19 15.71 5.98 97.96 2.93 1.17 1.1716.37

19.36 15.04 6.40 99.45 2.97 1.11 1.1115.53

19.52 14.29 6.77 98.96 3.00 1.04 1.0414.61

19.68 13.85 7.20 101.17 3.04 1.00 1.0014.05

19.85 20.20 4.96 103.48 2.82 1.50 1.5020.87

20.01 23.56 4.54 110.57 2.77 1.75 1.7524.36

20.18 25.11 4.90 127.14 2.81 1.86 1.8625.97

20.34 25.16 5.78 150.25 2.91 1.86 1.8626.01

20.50 31.37 5.43 176.59 2.87 2.33 2.3332.52

20.67 41.69 4.81 208.19 2.80 3.10 3.1043.24

20.83 60.94 3.78 238.40 2.67 4.55 4.5563.05

21.00 80.54 3.20 265.05 2.58 0.80 0.8082.93

21.16 106.99 2.63 287.52 2.47 0.84 0.84109.49

21.32 146.00 2.10 310.83 2.34 0.88 0.88148.32

21.49 214.36 1.56 337.06 2.15 0.94 0.94215.77

21.65 352.63 1.16 407.01 1.87 1.02 1.02350.70

21.82 464.65 1.03 473.63 1.69 1.07 1.07458.19

qt:
Kc:

Qtn ,cs:
Ic:

Su(li q)/σ'v:

Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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Procedure for the evaluation of soil liquefaction resistance, NCEER (1998)

Calculation  of  soil  resistance  against  liquefaction is performed according to the Robertson & Wride (1998) procedure. The

procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER

Workshop  on  Evaluation  of  Liquefaction  Resistance  of  Soils).  The  revised  procedure  is  presented  below in the form of a

flowchart1:

1  "Estimating l iquefact ion- induced ground sett lements f rom CPT for leve l ground", G. Zhang, P.K. Robertson, and R.W.I. Brachman
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Procedure for the evaluation of soil liquefaction resistance (all soils), Robertson (2010)

Calculation  of  soil  resistance  against  liquefaction is performed according to the Robertson & Wride (1998) procedure. This

procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER

Workshop  on  Evaluation  of  Liquefaction  Resistance  of  Soils).  The  revised  procedure  is  presented  below in the form of a

flowchart1:

1  P.K. Robertson, 2009.  “Performance based earthquake design us ing the CPT”, Keynote Lecture, International Conference on

Performance-based Design in Earthquake Geotechnical Engineering – from case history to practice, IS-Tokyo, June 2009
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Procedure for the evaluation of soil liquefaction resistance, Idriss & Boulanger (2008)
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Procedure for the evaluation of soil liquefaction resistance (sandy soils), Moss et al. (2006)
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Procedure for the evaluation of soil liquefaction resistance, Boulanger & Idriss(2014)
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements

 
Site investigation  

with SPT or 
CPT  

Design  
earthquake  

Ground  
geometry  

SPT data with 
fines  content 

measurements  or CPT data  

Moment magnitude  

of earthquake (M  w  )  
and peak surface  

acceleration (  a  max  )  

Geometric parameters  

for each of different  
zones in level (or  

gently sloping) ground  

with (or without) a free  
face  

Liquefaction potential analysis  
to calculate FS, (N  1  )  60cs   or  

(q  c1N  )  cs  

(  using the NCEER SPT- 
or  CPT-based method (  Youd et al.  

2001))  

Calculation of the lateral  
displacement index 
(LDI)  

(  using Figure 1 and Equation [3])  

Zones with three major  

geometric parameters or  
less - free face height (H),  
the distance to a free face  

(L), or/and slope (S)  

Zones with  
more than  
three major  

geometric  

parameters  

L/H  
or/and  

S  

Estimated lateral displacement, LD  

For gently sloping ground without a free face,  

LD = (S + 0.20) · LDI  (for 0.2% < S < 3.5%)  

For level ground with a free face,  

      
(  

LD = 6 · (L/H)-0.8 · LDI  (for 5 < L/H < 40)  

Evaluation of  
lateral  

displacements  

based on  
other  

approaches  

and  
engineering  

judgment  

If  
(N  1  )  60cs   < 14  

or  

(  q  c1N  )  cs   < 70  

evaluate  

potential  
of  

flow  

liquefaction  

1  Flow chart i llustrat ing major steps in estimating l iquefact ion-induced lateral spreading d isplacements us ing the proposed approach

1 Figure 1

1 Equa tion [3]
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Procedure for the estimation of seismic induced settlements in dry sands

Robertson, P.K. and Lisheng, S., 2010, “Estimation of seismic compression in dry soils using the CPT” FIFTH INTERNATIONAL CONFERENCE ON

RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in honor of professor I. M. Idriss, San

Diego, CA

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software 33
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Liquefaction Potential Index (LPI) calculation procedure

Graphical presentation of the LPI calculation procedure

Calculation of the Liquefaction Potential Index (LPI) is used to interpret the liquefaction assessment calculations in terms of

severity over depth. The calculation procedure is based on the methology developed by Iwasaki (1982) and is adopted by AFPS.

 

To estimate the severity of liquefaction extent at a given site, LPI is calculated based on the following equation:

LPI =

where:

FL = 1 - F.S. when F.S. less than 1

FL = 0 when F.S. greater than 1

z depth of measurment in meters

 

Values of LPI range between zero (0) when no test point is characterized as liquefiable and 100 when all points are characterized

as susceptible to liquefaction. Iwasaki proposed four (4) discrete categories based on the numeric value of LPI:

⦁ LPI = 0 : Liquefaction risk is very low

⦁ 0 < LPI <= 5 : Liquefaction risk is low

⦁ 5 < LPI <= 15 : Liquefaction risk is high
⦁ LPI > 15 : Liquefaction risk is very high

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software 34
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Shear-Induced Building Settlement (Ds) calculation procedure

The shear-induced building settlement (Ds) due to liquefaction below the building can be estimated using the relationship

developed by Bray and Macedo (2017): 

where Ds is in the units of mm, c1= -8.35 and c2= 0.072 for LBS ≤ 16, and c1= -7.48 and c2= 0.014 otherwise. Q is the

building contact pressure in units of kPa, HL is the cumulative thickness of the liquefiable layers in the units of m, B is the

building width in the units of m, CAVdp is a standardized version of the cumulative absolute velocity in the units of g-s, Sa1 is

5%-damped pseudo-acceleration response spectral value at a period of 1 s in the units of g, and ε is a normal random variable

with zero mean and 0.50 standard deviation in Ln units. The liquefaction-induced building settlement index (LBS) is: 

where z (m) is the depth measured from the ground surface > 0, W is a foundation-weighting factor wherein W = 0.0 for z less

than Df, which is the embedment depth of the foundation, and W = 1.0 otherwise. The shear strain parameter (ε_shear) is the

liquefaction-induced free-field shear strain (in %) estimated using Zhang et al. (2004). It is calculated based on the estimated Dr

of the liquefied soil layer and the calculated safety factor against liquefaction triggering (FSL).

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software 35
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ASCE 7 Hazards Report

Address:
Cannon Beach Police
Department - 163 E Gower St
Cannon Beach,

Standard: ASCE/SEI 7-22 Latitude: 45.88997

Risk Category: IV Longitude: -123.96076
Soil Class: D - Stiff Soil Elevation: 33.006202949243075 ft

(NAVD 88)

Page 1 of 4https://asce7hazardtool.online/ Sun Jul 30 2023
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Data Accessed: Sun Jul 30 2023

Date Source:
USGS Seismic Design Maps based on ASCE/SEI 7-22 and ASCE/SEI 7-22 Table 1.5-2. Additional data for
site-specific ground motion procedures in accordance with ASCE/SEI 7-22 Ch. 21 are available from USGS.

Page 3 of 4https://asce7hazardtool.online/ Sun Jul 30 2023
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The ASCE 7 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 7 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 7 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 7 Hazard Tool.

Page 4 of 4https://asce7hazardtool.online/ Sun Jul 30 2023
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CANNON BEACH COMMUNITY DEVELOPMENT 
163 E. GOWER ST. 

PO BOX 368 
CANNON BEACH, OR 97110 

PHONE (503) 436-8040 • FAX (503) 436-2050 www.ci.cannon-beach.or.us • planning@ci.cannon-beach.or.us 

November 29, 2023 

Leslie Jones 
CIDA 
15895 SW 72nd Ave, Ste. 200 
Portland, OR 97224 

RE: Completeness Determination for Conditional Use Application at 163 E. Gower St., Taxlots 
51030AD12000 and 51030AD11900 (File: CU 23-03)  

Dear Ms. Jones: 

Your application for a Conditional Use Permit for a municipal building in a (C1) Limited Commercial zone 
at 163 E. Gower St. was received on November 28, 2023 and determined to be complete on November 
29th.  The City has 120 days from this date of determination to exhaust all local review, that period ends 
on Thursday, March 28, 2024.  The first evidentiary hearing for this application will be held on Tuesday, 
December 19, 2023 at 6:00pm, you may participate in person or by Zoom.  

The materials received with this application include: 

• Conditional Use application with supplemental Project Memorandum

• Geotech Solutions Inc. Report of Geotechnical Engineering Services dated July 31, 2023

Please be aware that the determination of a complete application is not a decision or a guarantee of 
outcome for the application.   

Please feel free to contact my office at (503) 436-8053, or by email at stclair@ci.cannon-beach.or.us if you 
have questions regarding this information. 

Sincerely, 

Robert St. Clair 
Planner 
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1.3

INTRODUCTION

The building in which the current City Hall/Police Station is located was built around 1948 and has been maintained as a City Hall for 
over 40 years. The building was originally constructed to support operations in the local lumber industry. 

The facility has many challenges including uneven fl oors due to settling (sawdust was mixed with dirt to support the slab), walls 
constructed from hollow block which are very poor at withstanding seismic events, past renovations that seem to have occurred without 
the expected level of engineering and inadequate (or non-existent) air circulation in occupied areas.

For several years people have talked about building a new City Hall/Police Station facility that would be of adequate size, be 
constructed in a manner that would improve survivability so that emergency operations could be supported immediately after a 
disaster, would meet all code requirements for an Emergency Operations facility as well as being better suited to support and enhance 
community events. 

In March of 2018 the City commissioned a local Architectural fi rm to put together a team to analyze the feasibility of renovating the 
current City Hall/Police Station. 

This was their conclusion:
“It is the opinion of the Tolovana Architect and our consultants that the useful life of the current City Hall building has been realized. 
Since it was constructed for the storage and sale of building materials, the construction techniques employed were not meant for a 
higher occupant load or increased structural capacities of a public building. When considering the many phases of expansion over its 
history, the building is simply not able to be remodeled in an economic manner as compared to constructing a new facility.”

In August of 2018 the City Council directed staff to initiate the process to determine the necessary elements and estimated costs for a 
modern City Hall/Police Station in Cannon Beach. The City hired the Portland fi rm of the SRG Partnership to put together a team to do 
the initial studies for a new facility. 

The product of the project team is this City Hall/Police Station Facility Report that defi nes all work spaces in terms of size, unique 
characteristics and adjacency requirements, advanced study of the foundation considerations, project budget including the building 
cost per square foot and the allowance for site work. 

This study shows that the costs of a new City Hall/Police Station is higher than most people would suspect. The reason is that the two 
building sites available both have signifi cant foundation challenges and the facility will be built to higher structural standards than a 
residence or a commercial building. 

The following report should help the reader understand these considerations as the decision process for a new City Hall/Police Station 
progresses.

Exhibit C-2

3



1.4 EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

The purpose of this study was to determine the costs to develop a new City Hall / Police Station on two different sites in order to 
provide the project cost information needed for development of a referral which asks voters to approve general obligation bonds to 
build the facility.  

The fi rst step in the process was to develop a program for the new facility.  In order to determine the size and quantity of spaces 
needed, the design team interviewed existing facility staff and users and surveyed the existing building.  The discussion included 
projecting future growth for each department.  

After developing a conceptual space adjacency diagram - which illustrates the important relationships between the various spaces, 
both sites were evaluated and options for where to place the building on each site were tested.  

Criteria for development of the Gower Street Site included the need to maintain as much parking as possible for the City Hall / Police 
Station site in the redevelopment and the need for the facility to remain operational during construction.  

For the South Wind site, consideration for future site amenities, including a school, an emergency preparedness center and additional 
residential development was given when developing the potential site location for the center.  South Wind Option A includes only 
the costs for the utility infrastructure needed for the City Hall / Police, while Site Option B includes the costs for utility infrastructure 
sized to include the future school, emergency preparedness center and / or residential development.  The costs for developing those 
facilities and associated parking for the future buildings is not included in this project cost.  The costs for widening Highway 101 per 
ODOT requirements to allow for proper ingress and egress from the site are also included, as are the costs for development a roadway 
from Highway 101 to the existing gravel road in order to allow the Police to have a second way out of the site in case of emergency. A 
geotechnical investigation is currently underway which will determine the foundation and site measures needed to mitigate the site’s 
know landslide risk.
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1.5

PROJECT COST COMPARISON CHART

Option  Size Direct Construction   Cost per SF Soft Costs Other Costs Project Cost 

GOWER STREET SITE OPTION A 16,000 sf $10,121,398 $632.59 $4,391,880      NA $14,513,278 

- one story non-tsunami resistant building

- includes site work and parking lot

GOWER STREET SITE OPTION B 16,400 sf $11,333,471 $691.07 $4,834,241 NA $16,167,712 

- two story tsunami resistant building to M level

- includes site work and both a parking lot to the south

and to the east of the site

Additional Cost for Tsunami Resistant Building $1,654,435

SOUTH WIND SITE OPTION A 16,600 sf $19,883,943 $1,197.83 $6,956,551 $388,994 $27,229,488  

- 1 1/2 story tsunami resistant building above XXL line

- includes required highway improvements

- includes utilities for Police / City Hall / Police Station Only

SOUTH WIND OPTION B 16,600 sf $20,285,088 $1,221.99 $7,055,517 $388,994 $27,729,599  

- 1 1/2 story tsunami resistant building above XXL line

          - includes required highway improvements

- includes utilities for full build out of site

          Additional Cost for Building Out Site Utilities $500,111

16,600 sf $19,883,943 $1,197.83 $6,956,551 $388,994 $27,229,488 16,600 sf $19,883,943 $1,197.83 $6,956,551 $388,994 $27,229,488 

- includes utilities for Police / City Hall / Police Station Only- includes utilities for Police / City Hall / Police Station Only

16,600 sf $20,285,088 $1,221.99 $7,055,517 $388,994 $27,729,599 16,600 sf $20,285,088 $1,221.99 $7,055,517 $388,994 $27,729,599 

ory tsunami resistant building above XXL lineory tsunami resistant building above XXL line

ed highway improvemened highway improvemen

  - includes utilities for full build out of site  - includes utilities for full build out of site

dditional Cost for Building Out Sitdditional Cost for Building Out Sit

COSTS RELATED TO SLIDE RISK ON THE SOUTH WIND SITE AND 

16,600 sf $19,883,943 $1,197.83 $6,956,551 $388,994 $27,229,488 16,600 sf $19,883,943 $1,197.83 $6,956,551 $388,994 $27,229,488 

16,600 sf $20,285,088 $1,221.99 $7,055,517 $388,994 $27,729,599 16,600 sf $20,285,088 $1,221.99 $7,055,517 $388,994 $27,729,599 

ory tsunami resistant building above XXL lineory tsunami resistant building above XXL line

ovementsovements

  - includes utilities for full build out of site  - includes utilities for full build out of site

or Building Out Site Utilities or Building Out Site Utilities 

COSTS TO PURCHASE RIGHT OF WAY TO ACCESS SITE FROM 101

16,600 sf $19,883,943 $1,197.83 $6,956,551 $388,994 $27,229,488 16,600 sf $19,883,943 $1,197.83 $6,956,551 $388,994 $27,229,488 

16,600 sf $20,285,088 $1,221.99 $7,055,517 $388,994 $27,729,599 16,600 sf $20,285,088 $1,221.99 $7,055,517 $388,994 $27,729,599 

e Utilities e Utilities 
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PROGRAM

Project programming is the phase where what you need to know before beginning 
the design of the building is developed. It is a process that the architect leads a client 
through to identify and articulate what the project’s objectives and constraints are 
now and in the future. 

Detailed programming is imperative to a successful project. It is the crucial process of 
gathering, organizing, and assessing a client’s building-use information. This process 
includes program objectives, staff and employee projections, current and future space 
requirements, adjacencies and relationships, equipment and utility requirements, and 
developing an estimated project cost.  Programming precedes the design process and 
does not include the development of the design or fl oor plans.

Exhibit C-2

7



Exhibit C-2

8

LPetterson
Text Box
This page intentionally left blank.



1.6 PROGRAM DEVELOPMENT

PROGRAM SUMMARY

The program summary below was developed in conjunction with the City Hall and Police Department Heads, with input from their staff 
during two day-long workshops held at the current City Hall / Police Station.  The proposed program is intended to account for growth 
in each department for the next 15 to 20 years.  Additional growth can easily be accommodated in all options, except for the Gower 
Street Option A scheme.  

A detailed program with both current and proposed square footage for each room is in included in Volume 2 of this report.
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1.7

POLICE

POLICE

GARAGE

HRAP

MUDROOM

COUNCIL

CHAMBERS

LOBBY

FINANCE

PUBLIC 

WORKS

EXECUTIVE

IT FMUNASS.

CONF

CONF

ADA

COPY

KITCHEN

BREAK STOR

M W

COMMUNITY 

DEVELOPMENT

FOYER FOYERSPATIAL RELATIONSHIP DIAGRAM

A spatial relationship diagram graphically depicts the 
proposed program adjacencies based on the interviews 
performed as part of the programming phase.  This diagram is 
not intended to represent the building fl oor plan.

The diagram is intended to show relationships of the various 
program elements to each other and is independent of site 
factors.  

HRAP ENTRY

POLICE 

ENTRY

PUBLIC 

ENTRY

PUBLIC 

ENTRY
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This study evaluated the potential development of two possible sites for the new City Hall / 
Police Station.  

The fi rst site analyzed, called the Gower Street site includes 3 parcels, the parcel between 
Hemlock and Evergreen that is currently used for parking, the parcel that the current 
City Hall / Police Station is located on and the parcel that contains the gravel parking lot 
immediately to the east of the current facility.  This site is within the Tsunami Inundation 
zone. The study determined it could be possible to build a structure that would resist a 
medium tsunami event, allowing a second fl oor to be occupied after that event.

The second site analyzed, called the South Wind site, is a 55 acre parcel approximately 1.5 
miles south of the current City Hall / Police Station.  The parcel is accessed from Highway 
101 and is currently undeveloped.  A gravel / dirt access road from the south exists on the 
site. This site is above the XXL Tsunami inundation zone.
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1.8 SITE OPTIONS

  
GOWER STREET SITE

1.22 Acres

Site has the potential to 
provide additional parking for 
tourists near Haystack Rock.

Site is immediately adjacent 
to current site in the heart of 
the City of Cannon Beach

Site can be accessed directly 
from Hemlock / Evergreen 
Streets.

No additional site 
infrastructure modifi cations 
are required.

Site is below the XXL 
Tsunami Inundation zone, 
but the second fl oor of a 
building could be designed 
to be tsunami resistant for a 
medium size event

Site has a required setback of 
15’ from residential areas to 
the south and east.
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1.9

SOUTH WIND SITE

55 Acres

Site is large enough for other 
facilities in addition to the 
City Hall / Police Station to be 
included on the site.

Site is located approximately 
1.5 miles south of current 
site.

Site can be accessed directly 
from Highway 101, however 
modifi cations will be required 
in order to meet the ODOT 
requirements for ingress and 
egress from Highway 101.

Additional utility 
infrastructure is required to 
develop this site.

Site is  above the XXL 
Tsunami Inundation zone, but 
has had slides in the past.

Site has a 100’ setback from 
Highway 101 and a 280’ 
setback from the residential 
area to the north.
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1.10 SITE OPTIONS

After initially developing 5 options for the Gower Street site and 2 options for the South Wind site,  the development team with input 
from staff decided to proceed with cost estimating for two options on the City Hall / Police Station site and two options for the South 
Wind site.  The options are intended to provide a range of costs for the various options.  They are not intended to be design solutions or 
specifi c recommendations about an approach to proceed with.  

   GOWER STREET Site - Option A: This option depicts a generic layout for a one story building located on the portion of the site
                                                           between Hemlock and Evergreen streets. Parking is located on the eastern portion of the site.

   GOWER STREET Site - Option B:  This option depicts a generic layout for a two story building located on the northern portion           
of the site between Hemlock and Evergreen streets.  Parking is located on the both the eastern 
and southern parts of the site.  The foundation system proposed for this option is proposed to 
be robust enough to withstand a medium size tsunami event,  which would then allow the upper 
fl oor of the building to serve as an emergency command center.

    SOUTH WIND Site - Option A:  This option depicts a generic layout for a one and half story building located on the southern
portion of the center build-able site identifi ed by the Horning Geosciences Report.  This 
placement allows for future development of the site but only the costs for infrastructure needed 
for the City Hall / Police Station are included in the cost estimate.  Improvements to Highway 
101 required to ingress to and egress from the site are included.  Parking for the building is 
also included in the cost estimate.  Foundations for this option are currently under review.  A 
foundation contingency has been included, but it will need to be revised after the geotechnical 
investigation is fi nalized and a strategy for mitigating the slide risk is developed.  The site itself is 
above the XXL Tsunami Inundation line.

    SOUTH WIND Site - Option B:  In addition to all of the items noted for South Wind Site Option A, this option also includes the
costs to build the utility infrastructure needed for the future school, emergency preparedness 
center and residential development.
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1.11

PROS:

Smallest Structure
City Hall / Police Station is prominent
Parking Consolidated
Police have easy access and 2 ways in and out of site
HRAP has separate Entry

CONS:

Entire structure is below Medium T shirt DOGAMI line
One story structure does allow future development 
opportunities for the site

UNKNOWNS:
Cost for Soil Remediation

FIRST FLOOR PLAN

GOWER STREET SITE OPTION A:
One-story scheme

16,000 gross square feet

51 off-street parking spots
(not counting gravel lot on Evergreen street)

POLICE

HRAP

SHARED

OFFICE
OFFICE

COUNCIL
LOBBY

Gravel Parking Area
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1.12 SITE OPTIONS

POLICE

OFFICE

OFFICE

SHARED

LOBBY

HRAP

FIRST FLOOR PLAN

GOWER STREET SITE OPTION B:
Two-story scheme

16,400 gross square feet

69 off-street parking spots
(not Evergreen street or Future Development)
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1.13

PROS:

Smallest Footprint = less Foundation
City Hall / Police Station is prominent
Parking Consolidated
Police have easy access and 2 ways in and out of site
HRAP has separate Entry
Police garage is in structure
Upper Level is above Medium T shirt line

CONS:

Added Elevator, stairs and toilet room due to 2 fl oors
Offi ces are split between 2 levels

UNKNOWNS:
Cost for Soil Remediation

POLICE

OFFICE

LOBBY

SHARED

COUNCIL 
CHAMBER

SECOND FLOOR PLAN

GOWER STREET SITE OPTION B:
Two-story scheme

16,400 gross square feet

69 off-street parking spots
(not Evergreen street or Future Development)

Additional
Parking

Exhibit C-2

18



1.14 SITE OPTIONS

POLICE

POLICE
GARAGE

SHARED
GARAGE

UN-
EXCAVATED

FIRST FLOOR PLAN
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1.15

PROS:

Above the XXL DOGAMI T shirt line

CONS:

More expensive infrastructure
Site slope makes parking diffi cult to access for ADA
Added highway access costs
Added costs due to site slope and distance from roadway

UNKNOWNS:
Cost for Mitigating Landslide

SECOND FLOOR PLAN

OFFICE

COUNCIL 
CHAMBER

HRAP

LOBBY

SHARED

SOUTH WIND SITE (both options)
One and a Half-story scheme

16,600 gross square feet

69 off-street parking spots
(not including the school or emergency building)
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TOTAL PROJECT COSTS INCLUDES THE FOLLOWING ITEMS:

Net Construction Cost:
Net construction cost includes all the costs associated with building the building, including all subcontractor 
labor, material and markups.

Direct Construction Cost:
Direct Construction Cost includes Net Construction plus the general contractors overhead and profi t, general 
conditions, bonds and insurance, contingencies, and escalation. Contingencies and Escalation factors are defi ned 
on page 1.17.

Soft Costs:
Soft Costs are a construction industry term used to account for expense items that are not considered part of the 
direct construction cost. Soft costs include architectural, engineering, fi nancing, and legal fees, and other pre- 
and post-construction expenses.  They also include costs for furniture, fi xture and equipment needed in order 
for the Owner to occupy the building, costs for building permits, plan review fees, testing and inspection fees, 
surveys, and moving costs.  An Owner’s contingency is also included for unforeseen things in soft costs.

Other Costs:
Other costs are costs associated with the project that are not either direct construction costs or soft costs.  
Examples include the cost to acquire the Highway 101 right of way.  For the South wind Site options, we are 
including the cost to demolish the existing City Hall / Police Station and replace it with a parking lot in the other 
costs category.
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Costs for the Yellow highlighted line item are still being developed.  

Exhibit C-2

23



1.17

����������	
�����
 ����������	
������� ����������������
 �����������������

��������	� 
�������	� �����
������	 �����
������	


���������������� �������
���	���������	 ������������������������

�� � ������������! �"# $%&������������������������ � #'�"&���������������������������� '�#�%$&���������������������������� '�#�%$&���������������������������������

�� � �����(��������� �")#'"$&��������������������� � *# )�&��������������������������

�� " �����+���,���- �$�#�*�&��������������������� �*.#�$ &�������������������������� �))#.)%&�������������������������� �))#.)%&������������������������������

�� � ������	� *'# �%&������������������������ *'# �%&���������������������������� "#$�)#"%'&����������������������� "#$�)#"%'&���������������������������

�� � ���-��!�/��� �'�#*''&��������������������� "�*#%%)&�������������������������� �""#*�'&�������������������������� �""#*�'&������������������������������

�� " �������������0��! $ #%* &������������������������ $ #%* &���������������������������� "..#'$ &�������������������������� "..#'$ &������������������������������

�� * �����(�0���1���� "'#' '&������������������������ "'#' '&���������������������������� �' #   &�������������������������� �' #   &������������������������������

�� ' /������1��! �.#�%%&������������������������ **#��'&���������������������������� .�#'�*&���������������������������� .�#'�*&���������������������������������

�" � 2�������11�	 )#%  &�������������������������� )#%  &������������������������������ .$#.* &���������������������������� "�$#%% &������������������������������

�" � �������	������ "#   &�������������������������� "#   &������������������������������ ..# " &���������������������������� ..#$* &���������������������������������

�" " ����������� ��#'  &������������������������ ��#'  &���������������������������� �)'#'�'&�������������������������� �)'#'�'&������������������������������

�" $ ��,��������3��,���������������� *' #   &�������������������������� *' #   &������������������������������

�* � �����/�!,���!� � *#.%*&��������������������� %*#�% &���������������������������� � �#)% &�������������������������� � �#)% &������������������������������

�* $ ��,����������������� � #   &������������������������ � #   &���������������������������� � #   &���������������������������� � #   &���������������������������������

������������������������������� ��������� ������������������ !�"#��"#$ ���������������������� ����$%�&"" �������������������� ����%��$�" ������������������������

 4$5 ������������������� '"#$" &������������������������ ) #"%.&���������������������������� � .#'"'&�������������������������� � $#. *&������������������������������

*4 5 /�������������� �*�#%*"&��������������������� �. #% "&�������������������������� *%�#�".&�������������������������� *$�#$)'&������������������������������

�4'5 �,����!�����
��1����	�2��- $*#"�%&������������������������ � '#)�*&��������������������������

� 4 5 ������������������ )"%#���&��������������������� .�*#)'�&�������������������������� �#�'"#%�'&����������������������� �#�.$#�� &���������������������������

"4 5 ����������6�������� �� #)�"&��������������������� �"'#%"*&�������������������������� *�"#.'$&�������������������������� *��#� .&������������������������������

*4 5 �0��,�������������� �%$#�*�&��������������������� "�"#%% &�������������������������� ')%��$ '.$#)$"&������������������������������

�'4 5 (���!��������!���	 �#��%# **&������������������ �#�)"#�"�&���������������������� �#��)# $"&����������������������� �#�) #% �&���������������������������

"4 5 �3���������!���	 �'$#*' &��������������������� �$ #'� &�������������������������� ' $#. �&�������������������������� '�$#$%'&������������������������������

�4 5 3��-���7��������	�������!���	 �.%#�')&��������������������� �$$#*$�&�������������������������� "*$#$$'&�������������������������� "'.# ''&������������������������������

$4.'5 +�������������"8� � %$$#�).&��������������������� �#  )#%*)&���������������������� �#.))#*''&����������������������� �#% �# $"&���������������������������

�4'5 ������
�������+���!	 �")#�%$&��������������������� �'�#)� &�������������������������� �).#.*.&�������������������������� �."#�*%&������������������������������

'�����(������������������ �#�����&�% ��������������� ���&&&�$"� �������������������� ���%%&��$& �������������������� �#��%��#%% ������������������������

�����1����9��������� )"�4'$&������������������������ )$�4 .&���������������������������� �#�$.4%"&������������������������� �#���4$$&�����������������������������

Exhibit C-2

24



1.18 COST SUMMARY

����������	
�����
 ����������	
������� ����������������
 �����������������

��������	� 
�������	� �����
������	 �����
������	


���������������� �������
���	���������	 ������������������������

����������

� !" #���$������ �%&'(�)*��������������������� )%('(+!*�������������������������� �'%)&'�(!*����������������������� �',�+'�(�*���������������������������

-����� .���������������������$���	 �!('&(!*��������������������� ��('((,*�������������������������� /*����������������������������������� /*���������������������������������������

�����0�$�������$����� �&&'&&& &&*�������������������� �!&'&&& &&*�������������������� �!&'&&& &&*�������������������������

�������$������������� (('�,�*������������������������ (,'��&*���������������������������� %+'�))*���������������������������� %%'�&(*���������������������������������

1��2������������������ !'&&&*�������������������������� !'&&&*������������������������������ !'&&&*������������������������������� !'&&&*�����������������������������������

����3��$������������� +'&&&*�������������������������� +'&&&*������������������������������ +'&&&*������������������������������� +'&&&*�����������������������������������

������������������-��� ��'!%�*������������������������ �+'���*���������������������������� +�'��!*���������������������������� +('&(�*���������������������������������

���������4���������	���� ��'!%�*������������������������ �+'���*���������������������������� +�'��!*���������������������������� +('&(�*���������������������������������

1��2��������������-������� ('�!&*�������������������������� ('�!&*������������������������������ ('�!&*������������������������������� ('�!&*�����������������������������������

����3��$��������-������� �'%&&*�������������������������� �'%&&*������������������������������ �'%&&*������������������������������� �'%&&*�����������������������������������

����������2��$� �&')(,*������������������������ ��'&�+*���������������������������� �)'%)+*���������������������������� �&'&!+*���������������������������������

5��6����������� �!'&&&*������������������������ �!'&&&*���������������������������� �&&'&&&*�������������������������� �&&'&&&*������������������������������

���-�	� !&'&&&*������������������������ !&'&&&*���������������������������� �!&'&&&*�������������������������� �!&'&&&*������������������������������

7�����2������������� (&'&&&*������������������������ (&'&&&*���������������������������� ���6����� ���6�����

0�-������������������ �!'&&&*������������������������ �!'&&&*���������������������������� �!'&&&*���������������������������� �!'&&&*���������������������������������

������������8���������09��6���� (!�'&&&*��������������������� (!�'&&&*�������������������������� (!�'&&&*�������������������������� (!�'&&&*������������������������������

����������0�#���$��
��6������������ (!'�&&*������������������������ (!'�&&*���������������������������� (!'�&&*���������������������������� (!'�&&*���������������������������������

5
����$�� +&&'&&&*��������������������� +&&'&&&*�������������������������� +&&'&&&*�������������������������� +&&'&&&*������������������������������

���	����:����1���$���������� �!'&&&*������������������������ �!'&&&*���������������������������� �!'&&&*���������������������������� �!'&&&*���������������������������������

4�$������� (&&'&&&*��������������������� (&&'&&&*�������������������������� (&&'&&&*�������������������������� (&&'&&&*������������������������������

1�-���������� �!&'&&&*��������������������� �!&'&&&*�������������������������� �!&'&&&*�������������������������� �!&'&&&*������������������������������

+" �������������������$���	 +&+'�!%*��������������������� +!('(()*�������������������������� ,)!'(!�*�������������������������� ���'+&+*������������������������������

�&" �������������$���	 �'(�)'(�)*������������������ �'+%)',)�*���������������������� �'++&'&+!*����������������������� �'+�!'!�&*���������������������������

�	�
������������ ��������� ������������������ ������!�� ���������������������� "��#"�##� ����������������������� $��##�#�$ ���������������������������

Costs for the Yellow highlighted line item are still being developed.  
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Defi nitions:

Design Contingency – This is an allocation of funds to cover anticipated but as yet undefi ned costs related to incomplete design.  Ideally 
as the design progresses the Design Contingency is reduced to refl ect more defi ned scope, but the cost of work above the line increases 
proportionally as more detailed line items are added.  It is not meant to cover added scope or costs related to unforeseen site conditions. 

CMGC (or Construction) Contingency – This is a CMGC’s contingency primarily to cover costs to mitigate impacts due to unforeseen 
site conditions/constraints. It is only carried when CMGC is the chosen procurement model. It is not carried in estimates for projects 
using traditional (Design-Bid-Build) procurement. It is not meant to cover design development or added scope.

Owner Contingency – This is typically NOT carried in construction estimates but rather in the Owner’s soft cost budget and it is an 
allocation of funds to cover added scope or “wish list” items. 

Market Volatility Contingency – This is an allocation of funds to account for cost increases related to local market forces. It is also 
sometimes referred to as a “bidding contingency”.  In a hot market such as Portland, general contractors sometimes struggle to get 
subcontractors to bid on work in certain trades and the lack of competition causes the bids they do get to be infl ated. This contingency 
tries to address that risk. 

Location Factor  – This is an allocation of funds to account for the fact that this project is located far enough from any urban centers that 
travel costs (vehicles, fuel, drive time, per diem, lodging in some cases, etc.) will likely be incurred by multiple subcontractors that will 
increase their prices. 

Escalation – This is an allocation of funds to account for normal cost increases related to the passage of time from the estimating phase 
until the buyout/construction phase.  Estimates are typically done in today’s dollars and then escalation is added to account for material 
cost increases, labor rate increases, equipment cost increases, etc.  In large jobs where design can take years, escalation can be a 
substantial cost to the project. 

Costs for the Yellow highlighted line item are still being developed.  
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1.20 FINANCING

FINANCING:

Staff and our consultants are looking at various ways to fund the City Hall / Police Station Project. 

One option is to fund 100% of the project through the issuance of General Obligation bonds.

Our fi nancial consultant has indicated that in today’s market a General Obligation Bond would be $0.75 (seventy-fi ve cents) per 
$1,000 in assessed value. This would raise bond proceeds of approximately $16,000,000 and is slightly higher than the estimate 
of the lowest cost option.  In this scenario the rough annual cost to a homeowner whose property has an appraised value of 
$300,000 would see an assessment of $225 per year or $18.75 per month for a period of 30 years. 

The City could also add an additional 1% TRT levy. 30% of those funds could be available for general purposes such as making 
the bond payments. In 2018-19 we anticipate the 30% (+ $150,000) would generate enough funds to make bond payments 
that would reduce the amount to be funded out of property taxes by $2.4 million. This has the potential of reducing the annual 
assessment to property owners to $0.64 per $1,000 of assessed value to an annual levy of $192 or $16.00 per month.

The City is meeting with multiple state agencies at the end of January in order to discuss grant opportunities. We will be seeking 
grants Public Safety Facilities as well as for Community spaces. There may be other grant opportunities that will be pursued also. 
Another factor to consider is that the estimated construction costs that have been generated at this time include signifi cant 
contingencies for various items. We have been conservative in these estimates, so we anticipate the projected costs of the City Hall 
/ Police Station will likely go down from what you see now. 
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