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SECTION 600.00 - GEOTECHNICAL ANALYSIS AND DESIGN

The focus of this Geotechnical Analysis and De$&gution is to present methods and
guidelines for developing design parameters for Geotechnical Design, Construction and
Maintenance Support. Development of this manual section relied heavily on the
Washington State DOT Geotechnical Design Manual forrozgéion and content.

Typical Geotechnical activities include the following:

1 Subsurface field investigations
Field and laboratory characterization of soil and rock
Soil cut and fill slope stability
Embankment design
Subsurface ground improvement
Seismic die characterization and design parameters
Rock slope design
Landslide analysis and remediation
Structure foundation and retaining wall design
Infiltration and subsurface drainage
Preparation of Materials Phase Reports and special geotechnical reports
Sitemonitoring for geotechnical purposes
Design and Construction with geosynthetics

Research

= =2 =2 4 A4 A4 A5 -4 -5 -5 -5 -5 -5 -2

Support to District and Headquarters Construction staff regarding geotechnical
issues

1 Support to District and Headquarters Maintenance staff regarding geotechnical
problems that arise on the Statewide transportation system

The analysis methods and guidelines presented in this section should be performed by or
under the supervision of a registered professional engineer, experienced in geotechnical
analysis or a registedeprofessional geologist with training and experience in

geotechnical analysis.

SECTION 601.00 T ROLE OF HEADQUARTERS AND DISTRICTS

The responsibility for geotechnical investigation and analysis rests in the District
Materials Sections, with support acdncurrence of the State Geotechnical Engineer
acting through the State Materials Engineer. The State Geotechnical Engineer will
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provide detailed analysis and design recommendations as necessary, depending on the
level of experience at the District levelhe State Geotechnical Engineer shall review all
analyses performed at the District Level.

Analyses and recommendations developed by consultants shall be reviewed by the
Districts and the State Geotechnical Engineer. The Districts have primary resjppnsib
for overseeing consultant investigations as outlinegieiction 400.0@f this manual.
Responsibility for certain geotechnical analyses will be retained by the Geotechnical
Engineer except when consultants are responsible for design and/or wiithiresgéering
the construction contract.

601.01 Coordination between Districts and Headquarters Materials Regarding
Emergency Response. The need for emergency geotechnical response is typically due
to slope failure or structural foundation distress dusetblement, flooding or earthquake.

District Maintenance usually will make the initial assessment of the site of a slope failure
or structural problem. District Materials is called out by Maintenance to make a
geotechnical assessment

District Materialsperforms a site review as soon as possible to assess the magnitude of
the problem. District Materials informs the Geotechnical Engineer of the problem and
either may request a joint review if the problem appears to require a detailed geotechnical
assessent.

Recommendations from the initial geotechnical assessment will be evaluated by the
District and Headquarters Materials and Maintenance personnel to determine if the

problem presents a danger to the public. As a result, road closure or restrigtiba ma

necessary during a subsequent investigation and /or repair.

Depending on the scope of a proposed geotechnical investigation for the problem, a
consultant may be retained to perform the investigation and recommend solutions. The
consultant contract Witypically be administered by District Materials. The

Geotechnical Engineer and the District will jointly review the Consultants exploration
plan, analysis and recommendations.

During stabilization activities, the point of contact for the constructativities will be

the District Regional/Resident Engineer or District Materials Engineer for Consultant

i nvestigations. Mul tiple activities by seve
occur simultaneously in addressing emergency geotechnicaéprsjsbo frequent

meetings or teleconferences between the various parties should be held throughout the

duration of the repairs.

Investigations shall be conducted in accordance with the requiremeésgstain 400.00

601.02 Geotechnical Report Preparation and Review Process. The process of
preparing and reviewing Materials Phase Reports is documented in Manual Section
210.00. Special Geotechnical Reports may include landslide investigations, specific
problem studies for Embankments, cut stability, retgjrwall distress, structure
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foundation distress and drainage. The requirements for preparation of these Geotechnical
Reports are presented in Man&aiction 400.00

The majority of these involve slope instability. Guidelines for reporting the results of
landslide investigations are presented in Manual Sed86r06 The Geotechnical

Reports are typically authored by the Geotechnical Engineer or jointly between the
Geotechnical Engineer and the District Materials Section. If, due to time requirements,
or equipment availability, the Department cannot respond to a geotechnical problem,
consultants may be retained to make the investigationqurRidied consultants may be
chosen from the Term Agreements List. Where those reports are prepared by the
Districts or Consultants, the review will be performed by the Geotechnical Engineer, and
the District Engineer may approve the report or request approval by the Geotechnical
Engineer.

Design recommendations for geogrid reinforced embankments, steepames)
subgrade stabilization, etc. are typically provided by the Geotechnical Engineer.

A second type of geotechnical report concerns construction support. Providing the
results of Wave Equation analysis for pile driving is one example. The Pile Driving
andysis is performed by the Geotechnical Engineer and transmitted to the District
Regional or Resident Engineer.

601.03 Information for Bidders. There are three types of samples obtained during
geotechnical exploration: disturbed soil samples (inclgdek samples from test pits),
undisturbed samples, and rock cores. Disturbed soil samples are most often used for
index properties and classification, although they may toemgpacted and used for

more sophisticated tests. Undisturbed samples are ltypisad for more sophisticated

tests such as consolidation and strength tests. The undisturbed samples may also be used
for classification and for evaluation of soil structure. Undisturbed samples degrade with
time and are probably not suitable for there sophisticated tests after from 3 to about 6
months, depending on moisture content and soil type and structure. Cohesionless soill
samples are less affected by time.

Disturbed and undisturbed soil samples that have not been tested by the Districts,
Headquarterso6é6 Materials or a consultant wil/l
the Materials Phase or geotechnical report is completed. Prior to disposal, consultants

shall contact the District or Headquarters Materials Section, so that theykeay ta

possession of the samples if so desired.

Rock cores are typically retained until after the construction project is complete, and it is
clear that there are no claims related to the rock. After construction and the project is
given final inspection hte cores may be disposed. Rock Cores recovered by consultant
exploration shall be delivered to the District Materials Section as part of the geotechnical
or Phase report.

All soil and rock samples recovered by consultants on ITD projects and delivéined to
Department shall become the property of ITD.
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For more information on soil and rock sampling and care and preservation of samples,
see Manuabections 450.03.050il Sampling450.03.02 Rock Sampling and
450.03.03 Sampling Methods Summary.

601.04 Geotechnical Designs and Their Basis. Technical policies and design
requirements provided in this manual have been derived from national standards and
design guidelines such as those produced by AASHTO, FHWA, USCOE, WSDOT and
ITD sponsored research.

1. AASHTO LRFD Bridge Design Specifications, most current edition plus
interims

AASHTO Manual on Subsurface Investigations
FHWA Geotechnical Design Manuals

USCOE Engineering Manuals

NAVFAC DM-7

WSDOT Geotechnical Design Manual

601.05 Geotechnical Construction Support Policy. Geotechnical support to

Headquarters Construction, and support to District Regional or Resident offices must be
technical in nature. Construction administration issues are left to the construction offices.
District Materials Sections arthe lead on technical construction issues. If the problem
cannotbe resolved at the District level, the District Materials Section or the Regional /
Resident Engineer will solicit the assistance of the Geotechnical Engineer. Direct
communications by th&eotechnical Engineer to the contractor are to be avoided unless
previously authorized by District construction personnel. Any communication in writing,
including email correspondence, must only communicate technical issues.

o 0k~ w D

If potential contractor clans are involved in the construction project, the Geotechnical
Engineer and /or District Materials Section will provide assistance to Headquarters
Construction Claims personnel as requested.

Where a consultant is retained to administer a construction prggatechnical support
will be provided at the request of the consultant and will consist of only technical
assistance or review. Headquarters Construction may request Geotechnical review of

consul tantds recommended prsodiainedimytlseo!l ut i on.

District to investigate a construction problem, District Materials and the Geotechnical
Engineer wil/l provide technical review of

Construction support, in the form of a wave equation analysis fornpiieglcriteria,
analysis of test pile results, review and
retaining walls or temporary support systems, contractor qualifications, and construction
plans for geotechnical works, review and approval ofegdwtical field testing performed

by the contractor, etc. will be provided by the Geotechnical Engineer. The results of the
analysis or review shall be transmitted to the District Regional or Resident Engineer and
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to the District Materials Engineer. Whexeonsultant is retained to do these works, the
Geotechnical Engineer will act in a review capacity.

Blasting plans and rock slope stabilization submittals (rock bolts offatlakitigation)
will be reviewed at the District Level. The Geotechnical Bagr will provide technical
review when requested by the District.

601.06 Proprietary Retaining Walls. Preapproved wall manufacturers submittals of

MSE wall designs will be reviewed by District Materials, the Bridge Design Section and

the Geotechnical Ejineer. The review of neNISE walls, such as concrete cantilever

wall s and gabion walls wil!|l be made by the F
Geotechnical Engineer.

Criteria for proprietary retaining wall submittals for preapproval are presgngszttion
675.00.

SECTION 610.00 - FIELD INVESTIGATIONS

The requirements for field investigations are present&ebation 40M0. For guidelines
for preparation of boring logs s&ection 4430, guidelines for Preparation of
Subsurface Investigatidfield Logs. Guidelines for field sampling and testing are
presented irsection 450.

SECTION 615.00 - SOIL AND ROCK CLASSIFICATION
For detailed information on soil and rock classification,Seetion 4550.
SECTION 620.00 - ENGINEERING PROPERTIES OF SOIL AND ROCK

The purpose of this section is to identify appropriate methods of estimating soil and rock
properties and how to use these properties to develop design parameters. The final

properties to be used for design should be based on the residtd ekploration and

testing and the laboratory testing. Site performance data, if available, should be used to

help determine the geotechnical design parameters. The Geotechnical Engineer, in

coordination with District Materials, will determine whichrameters and test methods

are appropriate for a given project and then supervise the laboratory testing to develop

those parameters. Where a Consultant is responsible for the investigation, the

determination of the design parameters is the geotechoicalcul t ant 6 s responsi
subject to review by District Materials and the Geotechnical Engineer.

The focus of geotechnical design parameter development is the geologic strata that exist
at the project site. An individual stratum is characterized bgdhes geologic

depositional history and stress history. The characteristics, such as density, mineralogy,
stress history and hydrogeology, have similarities throughout a given stratum. The
physical and mechanical properties within any given stratumvaigysignificantly from

point to point. Even if the properties at one point in a stratum may have more similarity
to properties of a different stratum, soil and rock properties for design should not be
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averaged across stratum boundaries. Strength pespeTray also vary within a stratum,
depending on depth below the top of a stratum or overburden stress; for instance,
normally consolidated clays. Where the mechanical property varies in this manner, the
variation should be taken into account in develgpire design parameters.

Many soil and rock properties used for design vary dependingsituiand laboratory

test conditions. Hsitu stresses, the presence of water or a water table or the rate and
direction of loading during testing can affect tiehavior of the material. It is important

to determine how conditions may change over the life of a project. New surcharge loads
may be applied due to construction of new embankments, for instance. Seasonal or more
permanent changes in ground water lenay increase or decreasesitu stresses.

620.01 Methods of Determining Soil and Rock Properties. Subsurface soil or rock
properties are typically determined using one or more of the following methods.

1 In-situ or Field Testing during the Field Exphdion Program.

1 Laboratory Testing

1 Analysis based on Site Performance Data.

1 Indirect determination based on correlations with other soil or rock properties.

620.02 In Situ Field Testing. The two most common 4gitu tests for use in soil are the
Standard Peetration Test (SPT) and the Cone Penetrometer test (CPT). Refer to Manual
Sections450.04.01 Field Testing for Soils and50.04.02 Field Testing for Rock for
descriptions and applications of these and othseitintests. Guidelines for the

interpreation of soil and rock properties are presented in FHW-82-0 34, A Eval uati o
of Soi l and Rock Propertieso, Geotechnical E
(2002).

620.03 Laboratory Testing of Soil and Rock. Laboratory testing is an important par

of any geotechnical investigation. The purpose of laboratory testing is to use repeatable
procedures to confirm and/or refine the visual observations and field tests made during
the field exploration program. Laboratory testing is intended to pravidenation on

how a soil or rock will behave when subjected to the impact of the proposed project.
Depending on the scope of the project, the laboratory testing program may be as simple
as soil and rock classification or require more complex strengtbefodnation testing.

Improper storage, transportation and handling of samples can significantly alter the
properties of soil and rock sampl es; parti cu
erroneous test results and design parameters. The reguiseof Manual Section 450,

Guidelines for Sampling and Field Testing shall be followed. For additional information

on handling samples, see ITD Laboratory Operations Manual.

Laboratories conducting geotechnical testing shall be AASHTO accreditecebthae
requirements of AASHTO R18 for qualifying testers, test methods and equipment
calibration for the tests being performed. In addition, the following guidelines for
Laboratory testing of soils are presented in WSDOT Geotechnical Design Manual.
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1. Prote¢ samples to prevent moisture loss and structural disturbance.

no

Carefully handle undisturbed samples during extrusion; samples must be extruded
properly and supported upon their exit from the tube.

Avoid long term storage of samples in Shelby tubes.
Propery number and identify samples.
Store samples in properly controlled environments.

o 0 bk~ w

Visually examine and identify soil samples after removal of smear from the
sample surface.

7. Use pocket penetrometer or miniature vane only for an indication of strength.

8. Card ul ly select Arepresentativeodo speci mens
9. Have a sufficient number of samples to select from.

10. Always consult the field logs for proper selection of specimens.

11.Recognize disturbances caused by sampling, the presence of cuttings, drilling
mud, orother foreign matter and avoid during the selection of specimens.

12.Do not depend solely on the visual identification of soils for classification.

13. Always perform organic content tests when classifying soils as peat or organic.
Visual classifications of ganic soils may be very misleading.

14.Do not dry soils in overheated or underheated ovens.

15. Discard old worrout equipment; old screens for examarticularlyfine (<
#40) mesh screens need to be inspected and replaced often, worn compaction
molds or compction hammers (an error in the volume of a compaction mold is
amplified 30X when translated to unit volume.

16. Performance of Atterberg Limits requires carefully adjusted drop height of the
Liguid Limit device and proper rolling of the Plastic Limit specimen

17.Do not use tap water for tests where distilled water is specified.

18. Properly cure stabilization test specimens.

19.Never assume that all samples are saturated as received.

20. Saturation must be performed using properly staged back pressures.
21.Use properly fited arings, membranes, etc. in triaxial or permeability tests.
22.Evenly trim the ends and sides of undisturbed samples.

23.Be careful to identify slickensides and natural fissures. Report slickensides and
natural fissures.

24.Also, do not mistakenly indentify fares due to slickensides as shear failures.
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25.Do not use unconfined compression test results (sétems curves) to determine
elastic modulus values.

26. Incremental loading of consolidation tests should only be performed after the
completion of each primgrstage.

27.Use proper loading rate for strength tests.

28.Do not guesstimateleg p curves from accelerated, incomplete consolidation
tests.

29.Avoi d AReconstitutingo soil specimens, di
undisturbed testing.

30. Correctly label labmtory test specimens.

31.Do not take shortcuts; using+standard equipment or natandard test
procedures.

32.Periodically calibrate all testing equipment and maintain calibration records.

33. Always test a sufficient number of samples to obtain representasiisres
variable material.

SeeSections 320, Soils Laboratory and830.00, Geotechnical Laboratory in the
Laboratory Operations Manual for Laboratory testing information. For sample handling
and test procedures, sgection 330.01Preparing Samples @830.03 List of Test
Procedures.

620.04 Developing the Testing Plan. The amount of laboratory testing required for a
project will depend on the nature of the project, the soils encountered and the amount of
pre-existing site or structure information. th@ratory testing should be sufficient to

provide the necessary data and design parameters as economically as possible. The
requirements of the Materials Phasé Boils Report and the Phaseil\Foundation

Report are presented $ections 23M0and250.00 respectively. The requirements of
investigations for various structures are present&eations 40%0through440.00.

Laboratory testing should be performed on both representative and critical samples
obtained from the various strata encounterentic@l areas are those where laboratory

test results could result in significant changes to the project design. In general, index
tests and soil classification are used to correlate a few, more complex, tests covering the
range of soil properties acroe site. The following should be considered when
developing a testing program.

1 Type of project (building, bridge, embankment, etc)
1 Project dimensions

1 Type and magnitude of loads to be imposed.

1

Whether the loading duration will be short or long term
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Limitations on movement or deformation

1 Horizontal and Vertical variation in the properties of the various strata
encountered.

1 Conditions requiring special attention (i.e. swelling soils, collapse potential,
organics, earthquake risk, etc.)

i Presence of slickeides, fissures, cementation, etc.
1 Schedule and budget

A listing of the Laboratory Test methods is presented in Manual Section 330.03, listing of
Tests.

On some projects, typically slope failures, the soil or rock properties may be developed
from analysisof the failure mechanism. Back calculation of soil strength parameters

from site conditions and the results of inclinometer data is often performed in lieu of
more detailed field and laboratory data due to safety and the need for more rapid results.

620.05 Engineering Properties of Soil. Soil Index Properties are primarily used for
classification, but may also be used to estimate design parameters through correlations
with performance. Index Properties are also used to extend performance test data acros
soil strata. Index tests include graige analysis and plasticity indices. Physical

properties such as moisture content and density are also important in interpreting site data
and choosing samples for more complex performance testing.

Grainsize amlysis may include hydrometer analysis of material finer than the #200
sieve. Some project conditions will require a hydrometer analysis including liquefaction
analysis and hydrologic analysis.

Laboratory performance testing is used to estimate stresmtipressibility and

permeability characteristics of soil and rock. In rock, the intact strength and the shear
resistance of joints and seams within the rock mass are of most interest. In soil, strength
parameters can be determined on undisturbed spexiofid¢ine grained and cohesive

soils and on remolded specimens where undisturbed samples are impossible or very
difficult to obtain, such as in sandy or gravelly cohesionless soils. There are a variety of
strength tests that can be used. The specitiatesy instance will be dictated by the
particular project applications. The Geotechnical Engineer provides guidance in
determining the appropriate tests for each project. Additional guidance regarding the
specific tests appropriate for various appgimas is presented in FHWA: 162-034,
Geotechnical Engineering Circular #5 andiction 40®f this Manual. A list of the

current geotechnical test methods is presented in Laboratory Operations Blactiah
330.03

It is difficult to get very accuta results from strength tests on remolded or disturbed
specimens. These tests are most often used to supplement information from back
analysis of existing slopes in slope stability analysis. Timdoe density will not
typically be known However, faestimating the strength parameters of compacted
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embankment material, tests on remolded specimens may provide more accurate results,
since the physical properties of the compacted fill can be recreated in the laboratory
Where the material contains armiftcant percentage of graveized particles, fairly large

test specimens are required, which may exceed the capacity of the laboratory equipment.

To limit the size of the test specimen to a size (3 or 4 inch diameter) that will not exceed
the capacity othe triaxial compression test equipment, disturbed samples are sieved to
remove gravel particles larger than % of the test specimen diameter. In the direct shear
test, the particle size must be restricted to about % the thickness of the test specimen.
Typically the maximum particle size is that passing the #4 sieve. Disturbed material is
compacted in a mold to a density and moisture content that simulates the field conditions.

If necessary to simulate in service conditions, saturation of eitherdechot

undisturbed triaxial test specimens is performed using appropriate back pressure
methods. In saturated specimens the triaxial compression test can simulate drained
conditions by measuring internal pgueessures during the test. In the direcashest,

the test speed is reduced to the point that the specimen is fully drained during the test.
Estimating the appropriate testing speed can be difficult. Multiple specimens should be
tested using at least three different confining pressures.akmircompression tests, two

or more confining pressures may be applied to the same specimen, by increasing the
confining pressure for the next stage to a level close to that of the effective compressive
stress from the previous test.

Compressive strengt compressibility or permeability of existing finer grained soils must

be determined using undisturbed samples. Disturbance adversely affects consolidation or
compressibility tests by obscuring the preconsolidation pressure and retarding lateral
drainage Permeability of a soil is influenced by graize and the size and distribution

of voids. Mineral composition and soil fabric significantly affect permeability in clays,

but sands and gravels are primarily dependent on-gizgnand distribution.

Correlations between particle size and permeability are commonly available

In addition to the ITD Laboratory Operations Manual and the FHWBA2HB34,
information on test methods, interpretation and development of Engineering properties
are contained in th®llowing references:

1 US Army Corps of Engineers, EM 11101905, Chapter B Soil Properties.
1 US Army TM58181 / Air Force AFM 883, Chapter 7.

1 US Navy Facilities Command, NAVFAC DM.1 Soil MechanicgChapter 3
Laboratory Testing.

1 Washington State DOTzeotechnical Design Manual, Chaptdr Bngineering
Properties of Soil and Rock.

620.06 Correlations for Estimating Engineering Properties of Soil. Correlations
relating insitu test results or laboratory index tests may be used to estimate, often
preliminary, geotechnical design parameters. These index test results may be used in
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lieu of performance tests or in conjunction with performance tests to extend the results.
If possible, multiple index test results should be used when correlating with the
engineering properties of a geologic stratum.

The most common correlation is estimating the effective stress internal angle of friction
in sands from the results of the Standard Penetration Test (SPT). The penetration test
results must be corrected foresburden pressures and hammer efficiencies different

from the standard 60%. The assumption may be made that the N value recorded in the
field represents 60% efficiency. Depending on the type of hammer system used, the
actual efficiency may be considehablifferent.

Use the following table to correlate SP¥vlue results to relative density and internal
angle of friction for sands with an overburden pressure of one ton per squaretgipt (1

Table 620.06.01. Relationship between Standard Penetrati&®esistance and
Relative Density and Internal Angle of Friction for Cohesionless Soils

(Modified from Mitchell and Katti, 1981)

Descriptive Standard Relative Angle of
Relative Density | Penetration | Density Internal
Resistance Friction
N * a
Blows / ft % Degrees
Very Loose < 4 < 15 < 30
Loose 4 - 10 15 - 35 - 32
Medium Dense | 10 - 30 35- 65| 32-35
Dense 30 - 50 65 - 85 35 - 38
Very Dense > 50 > 50 > 38

* N-value at an effective vertical overburden pressure of one tsf.
For sand with little of no fines, use the higher angle
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The following figure can be used to correct the SP¥aNies for the effective
overburden pressures, where b t he measured val ue
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Figure 620.06.01 Correction of SPT N Value for Effective Overburden Pressure
(Bazaraa, 1967)
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Care must be exercised when using correlations of SPT results to soil engineering
properties. Not all aoelations are based on the standardaNies (60% efficiency) and

often the soil will not meet the assumptions of the correlation. Fine uniform sands, silty
sands and gravelly sands may not meet the requirements of the correlation. The angle of
internalfriction may higher for well drained gravelly soils and lower in dirty sands or

fine uniform sands. Penetration resistance in gravel will often be erroneous. Individual
particles may lodge in the driving shoe or the sampler may refuse on a cobble ttaising
blow counts to be unrealistically high. As pointed out in Ma@aaition 450.04.Q3soil

heaving up into the casing when sampling below the water table can result in
unrealistically low blow counts.

The following correlation between Angle of Intermaiction and Static Cone Resistance
is also modified from Mitchell and Katti (1981).
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Table 620.06.02 Correlation between Angle of Internal Friction and Static Cone

Meyerhoff, (1976) extended the correlation to a Limiting Static Cone Resistance of 400

ResistancgMitchell & Katti, 1981)

Descriptive Static Angle of
Relative Cone Internal
Density Resistance| Friction
Qc ao
Tons/sqft | Degrees
Very Loose < 50 < 30
Loose 50- 100 30 - 32
Medium Dense 100- 150 32- 35
Dense 150 - 200 35 - 38
Very Dense > 200 > 38

tsf. as in the following table:

Table 620.06.03 Correlation between Static Cone Resistance (> 200 tsf) &mgjle of

Internal Fri ction (Meyerhoff, 1976)

Static Angle of

Cone Internal
Resistance Friction

Qc ao
Tons / Sq. Ft. Degrees
200 - 250 39 - 41
250 - 300 41 - 42
300 - 350 42 - 43
350 - 400 43 - 44

The CPTi Angle of Internal Friction correlation is also affected by the overburden

pressure. The correlations above are assumed to be applicable to an overburden pressure

of one ton per square foot. Therearearmmb of r el ati onships preseil
Strength CorrelationerGe ot ec hni c al Engineeringo by Dunc:
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Virginia Polytechnic University, August 1989. Correlations between Cone Penetration
Resistance (CPT), SPT and Relative Density have Beeeloped by the Bureau and
Reclamation, 1974, and between CPT, SPT and mean grain size by Robertson and
Campanella, 1984. Schmertmann, 1970, developed the following correlation between
CPT tip resistance, uncorrected SPT and Soil Types.

Table 620.06.@ Correlation between Soil Type, CPT Tip Resistance
and SPT NValue (Schmertmann, 1970)

Soil Type gc/N
Silts, sandy silts, slightly cohesive gikand mixtures 20
Clean, fine to medium sands and slightly silty sand 35
Coarse sands and sands with little grave 50
Sandy gravel and gravel 6.0

Note:Units of QC are tons per square foot (tfipits of N are blows gr foot.

Correlations between cohesive soil strengths and Standard Penetration Resistance are not
reliable. Therefore, the c@lation in Manual Section 445.02.15 should be considered as
preliminary estimates only. The moisture content and degree of saturatieargan
significantly affect the penetration resistance. The unconfined compressive strengths
shown are assumed to ke the saturated condition.

Correlations between SPT blow count (N), and undrained shear strength for cohesive
soils are approximate at best, and are best used for classification purposes. The SPT
blow count will be highly dependent on the moisture cantand or gravel content and
sensitivity, and would be best suited to estimating the undrained strengths of relatively
insensitive clays. The following relationship was presented by Terzaghi and Peck (1967)
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Table 620.03.05 Correlation SPT N Value ahUndrained Shear Strength of
Cohesive SoilgTerzaghi & Peck, 1967)

Soil Consistency SPT Su

N (psh
Very Soft < 2 < 250
Soft 2 - 4 250 - 500
Medium 4 - 8 500 - 1000
Stiff 8 - 15 1000 - 2000
Very Stiff 15 - 30 2000 - 4000
Hard > 30 > 4000

Sabatini, et al, (2002), provides correlations with soil propediker than those listed
above. Local correlations may be based on local geology and comparisons with
laboratory test data.

620.07 Engineering Properties of Rock. The properties of rock are typically controlled

by the discontinuities within the masshait than the properties of the intact rock.
Developing engineering properties of rock much take into account both the properties of
the intact material and the properties of the mass.

Intact rock properties are typically determined from laboratory tests@s compression,
tension and shear tests on small samples, usually from cores. Rock mass properties are
determined by visual examination of the discontinuities and their effect on the behavior

of the mass. Original work on rock mass strength propentés published by Hoek and
Brown (1988) and has been updated by Hoek et al (2002).

ASTM D5731 is the standard method of test to estimate uniaxial compressive strength of
rock from point load tests. The results of the point load test are primarilg@tes an

aid to rock classification. Rock classification descriptions and the corresponding
approximate uniaxial compressive strength ranges are shd@aciion 450.04.02.

620.08 Final Design Values. After the field and laboratory testing is completéu t
District Materials Engineer, District Geologist and the Geotechnical Engineer should
review the data for consistency and validity. In addition to the field and laboratory
information, the geotechnical project manager may have previous experiencocathe
area and with the geologic units encountered. Field and laboratory test data that is
inconsistent with previous experience should be carefully evaluated to determine the
reasons for the discrepancy.

The intent of the field and laboratory testisdo develop a geotechnical model of the
individual geologic strata at the project site. The data for any given strata will show an
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inherent variability in the geotechnical properties. There is also variability due to the
sampling and testing procedurds.addition to a review of the reliability of the test data,
the variability should be evaluated. Sabatini, et al. (2002) provides a step by step
method of analyzing data and variability

Guidance for developing final design parameters for variouspoatagionrelated
projects are contained in Manual Section 4@uidelines for Subsurface Investigations.
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SECTION 630.00- SEISMIC DESIGN

630.01 Seismic Design Responsibility. The Geotechnical Engineer in the
Headquarterso Materials Section is responsi
parameters to the Districts and to Headquarters Design and Bridge Sections. The

specific information includes design ground motion parameters, site response and input

for evaluation of soiktructure interaction such as liquefaction and seismic earth

pressures on retaining structures.

630.02 Seismic Design Policy and Objectives. The AASHTO Load and Resistance

Factor Design (LRFD) specifications shall be followed for structural classification of

bridges as Critical, Essential or Other. Mo
with- a few being oOessential o or fAcriticalo.

The seismic design philosophy is based on a low probability loss of life or serious injury
due to structure collapse during seismically induced ground shaking. Small to moderate
earthquakes should be resisted witthe elastic range of the structural components

without significant damage. Ground shaking due to large earthquakes should not cause
collapse of all or part of the bridge. Realistic seismic ground motion intensities and
forces should be used in desigbissential bridges are those which should be remain open
at least to emergency vehicles and for security / defense purposes immediately following
the design earthquake (1000 year return periéh probability of exceedence in 75

years). Critical bridgesust remain open to all traffic immediately following the design
earthquake and be useable for emergency vehi
earthquake, e.g. a maximum probable event defined as an event with a 2500 year return
period (2% probability ofxeceedence in 50 years).

In keeping with the low potential for collapse, approach embankments and fills over cut
and cover tunnels should be designed to remain stable during the design earthquake. The
extent of the seismically designed embankments shaustibquate to preclude collapse

of the structure due to instability or loading imposed by the embankment. Typically the
distance of evaluation and mitigation is within 100 ft. of the abutment or tunnel wall.
Instability including hazards such as liquefar, lateral spreading, downdrag, and

settlement may require mitigation near the structure to ensure that the structure integrity

is not compromised during the design earthquake. These hazards should be evaluated at
internal pier locations to provide bta foundation conditions and minimize the potential

for structural failure.

Retaining walls, including abutments, shall be evaluated for seismic stability both
internally and externally. All walls supporting the roadway or walls more than 10 ft. high
tha are adjacent to the roadway should be designed to remain stable during the design
earthquake. Walls less than 10 feet high adjacent to the roadway and walls more than 10
feet from the roadway have much lower risk to the traveling public. These mageancl
retaining structures, unless they are supporting adjacent structures or buildings, and
sound walls.
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Cut slopes in soil and rock and embankments are typically not designed to resist seismic
shaking unless there is a threat to adjacent structures arfyroft may not be practical

to design walls for seismic forces where they are located on a marginally stable area such
as an existing landslide. Such a wall usually has a very minor effect on a large
marginally stable area, and it is not feasible twiglea wall to stabilize an existing

landslide during a seismic event.

630.02.01 Governing Design Specifications. The specifications applicable to seismic
design of a given project depend upon the type of facility.

The most current version of the AASHTQi@e Specifications for LRFD Seismic

Bridge Design (referred to in this manual as the AASHTO Guide Specifications) and
AASHTO LRFD Bridge Design Specifications shall be used for geotechnical seismic
design, in addition to the ITD Geotechnical Manual arfid Bridge Design Standards.

Until the AASHTO Guide Specifications are fully adopted in the AASHTO LRFD

Bridge Design Specifications, the seismic design provisions in the Guide Specifications
regarding foundation design, liquefaction assessment, earthijazke assessment, and
ground response analysis shall supersede the parallel seismic provisions in the AASHTO
LRFD Bridge Design Specifications. The Geotechnical Manual provides specific
application of the AASHTO specifications to ITD design policy prattice.

The 2006 International Building Code (IBC) (International Code Council, 2006) should
be used for seismic design of new buildings andnoadway infrastructure.

630.02.02 Additional Resources. In addition to the abovmentioned design

specificdions, geotechnical designers may utilize other resources that are available for
geotechnical earthquake engineering to provide more detailed guidance in seismic design
for design issues and areas not addressed in detail in the AASHTO specifications or
herein. Five of these additional references are listed below:

1. FHWA Geotechnical Engineering Circular No. 3 (Kavazanjian, et al., 1997). This
document provides design guidance for geotechnical earthquake engineering for
highways, ranging from fundamentalszbed analysis, site characterization,
ground motion, site response, seismic slope stability, liquefaction, foundation and
wall design as well as design examples.

2. NCHRP Report 472 (ATGICEER Joint Venture, 2001 and 2002). This report
contains the findingef a study completed to develop recommended
specifications for seismic design or highway bridges. The report covers design
earthquakes and performance objectives, foundation design, and liquefaction
hazard assessment and design. Of particular interestisestudy on
liquefaction assessment of a hypothetical bridge in Washington State, including
the resulting lateral spreading induced loads.

United States Geological Survey (USGS) Website. The USGS National Hazard
Mapping Project website assists in dw@erizing the seismic hazard for a specific

site. The website allows the user to Identify the USGS developed peak ground
acceleration (PGA) on soft bedrock / very dense or hard soils and spectral
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acceleration ordinates at periods of 0.2, 0.3 and 1 ddooimazard levels of 2, 5

and 10 percent probabilities of exceedence in 50 years. The 5% in 50 years is

roughly equivalent to the 7% in 75 years in the AASHTO Guide Specifications.

It also provides interactiveeeg gr egati on of asmishataedds pr obe
useful in liquefaction hazard evaluation.

3. ldaho Geologic Survey Web site: This site presents an interactive map of
Miocene and younger faults in Idaho. A description of each fault is activated by
clicking on the fault or selecting the fafdlom the drop down list. This was the
source of the faults shown kigure 630.05.01

4. Geotechnical Earthquake Engineering Textbook: The textbook titled
Geotechnical Earthquake Engineering (Kramer, 1996) provides a wealth of
information to geotechnicahgineers for seismic design. Included are: a
comprehensive summary of seismic hazards, seismology, ground motion, seismic
hazard analysis, dynamic soil properties, ground response, liquefaction, slope
stability, seismic design of retaining walls and grimprovement.

Geotechnical seismic design is a rapidly developingdsdipline. New resources, such

as journal articles and research reports are increasingly available. Where new methods
not given in the AASHTO Specifications or herein are propabediew methods shall

be approved by the State Geotechnical Engineer before use on the project under
consideration.

630.03 Geotechnical Seismic Design Considerations.

630.03.01 Overview of Design Options. Four basic options are available for seismic
desgn.

1 Use specification / code based haz&eddfion 630.04.0Qlwith specification /
code based ground motion resporfsection 630.04.02

1 Use specification / code based haz&ection 630.04.0lwith site specific
ground motion responseséction 630.04.3)

1 Use site specific hazar@¢ction 630.04.03with specification / code based
ground motion respons&éction 630.04.02

1 Use site specific hazar@¢ction 630.04.03with site specific ground motion
responsefection 630.04.03

630.03.02 Site Characterization. The geotechnical parameters required for seismic
design depend on the type and importance of the structure or roadway feature, and the
type of analysis planned. For most structures, specification based design criteria that are
appropriate for theite conditions, may be all that is needed. Unusual, important and
critical structures may require more detailed design requiring additional geotechnical
parameters. Site conditions such as proximity to an active or potentially active fault or
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potentially unstable soils may require detailed geotechnical evaluation to quantify the
geologic hazards.

With any geotechnical i nvestigation, the
and determine their effect on the proposed construction. Seissimnde a cooperative

effort between the geotechnical and structural engineering areas. The geotechnical
investigation should do the following as a minimum.

1 Identify performance criteria (e.g., limiting settlements, collapse prevention, etc.)
and designisk levels (e.g., 7% in 75 yrs.).

1 Identify potential geologic hazards, (e.g., soft or liquefiable soils, fault rupture)
and the variability of the local geology.

1 Identify the method by which riskompatible ground motion parameters will be
established.

1 Identify the geotechnical analyses to be performed, such as site specific response
analyses.

1 Identify the engineering properties needed for these analyses.
Determine the methods to obtain these properties.
91 Determine the number and location of samples or fedts needed.

It is assumed that basic geotechnical investigations as outlirgstiion 400 have

been or will be conducted for the various transportation elements in the project.

Additional subsurface data needed for seismic design would typieatitained as a

part of the basic study. Additional exploration is usually not necessary for seismic

design. However, the field testing and sampling programs may need adjustment to obtain
the necessary seismic design parameters. Geophysical methods mesded to

provide shear velocity data. Rotary drilling methods may be needed for liquefaction
analysis. It may be necessary to extend at least one boring to develop an adequate shear
wave velocity profile. The goal is to develop the subsurface eraffitl soil property
information needed for seismic analysis. Soil parameters generally needed for seismic
design include:

1 Shear wave velocities or dynamic shear modulus at small strains;

1 Equivalent viscous damping ratio;

1 Shear modulus reduction and dangpaharacteristics as a function of shear strain;
1 Peak and residual cyclic shear strength parameters;

1 Liquefaction resistance parameters.

Table 630.03.0is adapted from WSDOT (after Sabatini, et al., 2002) and provides a
summary of the site characterizatineeds and testing considerations for geotechnical
seismic design.
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630.03.03 Soil Profile. Section 620 of this manual covers the development of design
parameters from the results of the field exploration and field and laboratory test

programs. Foroutine designs, ksitu field testing or laboratory testing to develop
parameters such as the dynamic shear modulus at small strains, equivalent viscous
damping, shear modulus and damping ratio characteristics versus shear strain and
residual shear stretigare generally not done. Instead, correlations based on index
properties may be used to estimate these values. More rigorous testing and analysis may
be needed for critical or unusual structures

The AASHTO Guide Specifications Section 3.10.3.1 estaddisix site classes

depending on the shear wave velocity of the soil profile in the uppermost 100 ft. The
geotechnical investigation shall be of sufficient scope to define the appropriate soil
profile. To define the site specific period of vibratiortlod soil column, at least one

boring must extend to bedrock or to a very stiff soil layer. In the absence of rock or very
stiff soils, one boring should extend to a depth of at least 100 feet. In addition to the soil
and rock parameters developed ily@idal geotechnical investigation, parameters such as
relative density, shear wave velocity, and peak and residual shear strength are needed for
seismic response analysis. Relative density is commonly estimated using SPT or CPT
data. Se&ection 620.06 Shear wave velocity is most often measured in the field using
Crosshole or Downrhole geophysical surveys or more recently spectral analysis of
surface waves. The surface wave velocity and the shear wave velocity of usually within
5% of each other in nsd soils. Peak and residual shear strengths are typically measured
in direct shear tests. As indicated in Section 3.10.3.1, the shear wave velocity may be
estimated based on average SPT blow count or average undrained shear strength.

If a site specific gpound motion response analysis is conducted, field measurements of the
shear wave velocity should be obtained. Correlations between field measurements of
compression wave velocity and shear wave velocity may be satisfattinie
630.03.0%hows typicalalues of shear modulus for various soil types.

1/10



Table 630.03.01: Summary of Site Characterization Needs and Testing
Considerations For Seismic Desigimodified from WSDOT GDM Table-8)

Geotechnical Engineering Necessary Informatiorof
Issues Evaluations Analyses Field Testing Lab. Testing
Site Response| U Sourc|U SubsurfacgU SPT
characterization|  groundwater, depth to roq U CPT|U Cycli
and ground U Shear waveU Sei gU At ter
motion U Shear modu cone Limits
attenuation U Shear moduU U Speci
U Site with increasing shear straj Geophysical | U Uni t
spectra U Equi val ent| Testng U Reson
U Ti me H ratio (shear Column
U Poi ssonds wave U Cycli
U Unit wei gh velocity) simple shear
U Relative dU PiejU Torsi
U Seismicity simple shear
earthquakesource,
distance, magnitude,
recurrence).
Geologic U LiquelU SubsurfacgU SPT |U Soi l
Hazards susceptibility | U Shear stregU CPT|U Tri ax
Evaluation U Lique residual) U Sei § include cyclic
(e.g., induced U Unit wei gh cone U Gr ai n
liquefaction, settlement U G rzeaDistribuon U BeqU Atter
lateral U Settl (U Pl asticity Penetration Limits
spreading, dry sands U Rel ative [O test U Speci
slope stability) | U Later |U Penetrat i o UVaneshear| U Or gan
spreading U Shear wayv U PiejU Moi st
U Slope|U SeismicityU content
and acceleration, design Geophysic | U Uni t
deformations earthquake ground al
motion). testing
U Site topog (shear
wave
velocity.)
Input for U Soi l U SubsurfacegU CPT|U Triax
Structural shallow groundwater, rock) U SPT|U Soi l
Design U Shear stregU Sei gU Uncon
(e.g. Spring) residual) cone compression
al | ydatadon { U Seismic hgU PieiU Gr ai n
pressure coefficients U distribution
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_ foundations U Shear Modu Geophysic|U Atter
U Down strains or shear wave al testing | U Speci
deep _ velocity. (shear U Moi st
3 U Shear Modu wave _ content
U Res i d| relationship _ velocity.) | U Uni t
3 U Unit weighUuU Vang¢U Reson
U Later (U Poi ssonbés _ column
_ presures U Seismicity U Cycli
U Later earthquake, Response simge shear
_ spectrum, ground motion _ test
slope movemen| U Site topog U Tor si
_ loading simple shear
U Post test
settlement
Table 630.03.02 Typical Values of Initial Shear Modulus
(Modified from Table 5 Kavazanjian, et al, 1997)
Type of Soill Initial Shear Modulus, Gmax (ksf)
Soft Clays 55 - 285
Firm Clays 145 - 720
Silty Sands 575 - 2880
Dense Sands and Gravels 1200 - 7200

If correlations are used to obtain soil properties for seismic design, anor sigion
specific relationships are not available, then the following correlations should be used.

1 Table 630.03.03vhich presents correlation for estimating initial shear modulus
based on relative density, penetration resistance or void ratio.

1 Shear modulus reduction curves and equivalent viscous damping ratios for sands
as a function of shear strain and depth showfigure 630.03.0andFigure
630.03.02vhich respectively show shear modulus reduction curves and
equivalent viscous damping ratios for fine grained soils as a function of cyclic
shear strain and plasticity index.

1 Figures 630.03.06hrough630.03.05resent charts for estimating undrained
residual strength for liquefied soils from SPT blow counts. A weighting scheme
should be used to average the results of all of these figliegse 630.03.04s an
example of a weighting scheme recommended by Krand@8{2 Geotechnical
designers should familiarize themselves with the assumptions underlying these
correlations before selecting a final weighting scheme for a project.

Other property value correlations may be used if approved by the State Geotechnical
Engineer. Alternate correlations based on CPT data may also be considered. Regional or
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project specific correlations for these seismic design properties are strongly
recommended.

Two curves are shown Fgure 630.03.04 One curve is for use when void

redigribution is likely and the other when void redistribution is not likely. Void
redistribution is more likely if a relatively thick liquefiable layer is capped by a relatively
impermeable layer. Use of this figure will need engineering judgment to de¢ermi
which curve to use.

These correlations are based on the response of a range of soil types and the behavior of
any specific soil may depart significantly from these averages. Conduct sensitivity
studies to determine the effects of variation in propediethe design. Typical

variations are:

1 In situ shear wave velocity : 10 to 20%
1 Shear modulus and viscous damping versus shear strain: 20%
1 Residual strength: 20%

There are a number of correlations between SPT, N value and Gmax for cohesionless
soils and between Ovegonsolidation Ratio, Void Ratio and Gmax for cohesive soils.

Table 630.03.03 Correlations for Estimating Initial Shear Modulus

Reference | Correlation ¥ Units | Limitations

Seedetal. |[Gmax = ( K2% max (K2)max is about 30 for very

(1984) ksf® | loose sands and 75 for very
(K2)max = 20(N¥? dense sands; about 80 to 180

for dense well graded gravels;
limited to cohesionless soils.

Imai and Gmax = 325 R ksf Limited to cohesionless soils
Tonouchi

(1982)

Mayne and | Gmax = ksf® | Limited to cohesive soils

Rix (1993) | 0.1(Paj**qc)***¥(e)"**

Notes:

1. Modified from Washington DOT Geotechnical Manual, Table 6.2; original
pressures in kpa

2.00m is over bur-deptm inksfessure at mid

3. Pais atmospheric pressure (2116 psf), qc is CPT tip resistance in psisaadile
void ratio

The shear modulus, G, is the parameter used to develop the dynamic properties of the soll
profile. Shear modulus at very low strain (Gmax) lbarestimated directly from SPT,
but must be reduced for larger strain levels. A soil strain of 0.1% is recommended in
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Kavazanjian, et al, FHWA Geotechnical Circular No. 3, 1997 for earthquakes of
Magnitude 6.0 and ground accelerations of 0.4g or lessy [&ige earthquakes could
produce strains approaching 1% or more.

Shear modul us Gmax is related t® shear wa

Where } = ot/ g or total unit weight (pcf
(32.19 ft/sec2).

Gmax is in p§ Vs is in ft/sec.

The natural frequency or Period of the soil profile is related to the shear wave velocity by
the following:

Tsoil =4D / Vs
Where: Tsoil = Period of soil column in seconds.

Vs = 2/3 the weighted average shear wave velocity of the soi
underlying the site to the depth D

D = Depth of soil to the point where the shear wave velocity equals or
exceeds 2500 fps
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Figure 630.03.01 Shear Modulus Reduction and Damping Ratio Curves for Sand
(Modified from WSDOT GDM Figure 6-1 after EPRI, 1993)
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Figure 630.03.02 Shear Modulus Reduction and Damping Ratio Curves for Fine
Grained Soil (Modified from WSDOT GDM Fig. 6-2 and 63
After Vucetic and Dobry, 1991)
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_"---..._,_____- —_—

_ N

4

086

G/ Gmax

' 50
] 0
| pr=0 \1° \
0.4 | \k \\
\

0.2 | \

///

0

0.0001 0.001 0.01 0.1 1.0 10.0
Cyclic Shear Strain - %

Equivalent Viscous Damping Ratio For Fine Grained Soils
30

25

(=]
o

OCR=1-8

=
=

0.001 0.01 0.1
Cyclic Shear Strain %

=
o

Damping Ratio %

[y
(=1

e
—

\&‘\'\\

10

—

1/10



Figure 630.03.03 Equivalent Undrained Residual Shear Strength for Liquefied Soils as a

Function of SPT Blow counts (Idriss and Boulanger, 2007)

(Modified from WSDOT Geotechnical Design Manual Figure 6.4)
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Figure 630.03.04 Estimation of Residual Strength Ratio from SPT Resistance
(Idriss and Boulanger, 2007)YAdapted fromWSDOT GDM Fig.
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Figure 630.03.05 Variation of Residual Strendit Ratio with SPT Resistance and
Initial Vertical Effective Stress Using KramerWang Model (Kramer, 2008
(Adapted from WSDOT GDM Fig.-8)
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Table 630.03.04 Weighting Factors for Residual Strength Estimation
(Kramer, 2008)
(Adapted from WSDOT GDM Table-B)

Model Weighting Factor
Idriss 0.2
Olsoni Stark 0.2
Idrissi Boulanger 0.2
Hybrid 0.4

630.03.04 Information for Structural Design. The geotechnical designer, Geotechnical
Engineer, District Materials (with the concurrence of the Geotechnical Engineer) or
geotechnical consultant, shall recommend a design ground motion, and shall evaluate
geologic hazards for the projedtor codebased seismic ground motion analysis, the
geotechnical designer shall provide the expected Site Class B Peak Ground Acceleration
(PGA) and spectral accelerations at periods of 0.2 and 1.0 seconds, and the multipliers to
the PGA and spectral adegations for the project Site Class. The Site Class

determination includes consideration of the site soils up to the ground surface, not just the
soil below the foundation. In addition, the geotechnical designer should evaluate the site
and soil condibns to the extent necessary to provide the following design parameters.
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1 Foundation spring values for both lateral and vertical dynamic loading and
geotechnical parameters for evaluation of sliding resistance appropriate for
foundation design. If liqueféion is possible, provide the spring values for
liquefied conditions.

1 Earthquake induced earth pressures for retaining structures and below grade walls
and other needed geotechnical parameters such as sliding resistance.

1 If requested, passive soil springs use in modeling the abutment fill resistance
to seismic motion of the bridge.

1 Impacts of seismic geologic hazards including fault rupture, liquefaction, lateral
spreading and slope instability on the project. Include estimated loads and
deformationsacting on the structure due to seismic hazard.

1 When requested, provide information on the potential for incoherent ground
motions for long bridges.

1 Options to mitigate seismic geologic hazards, such as ground improvement, e.g.,
vibrofloatation, vibrorefacement, drainage, dynamic compaction, etc.
Geotechnical seismic design parameters should reflect the hazard mitigation.

630.04 Seismic Hazard and Site Response. For most projects, design code (AASHTO
Guide Specifications) based seismic hazard andesf@nse are appropriate and should

be used. More critical facilities or projects, where the use of code response spectra may
result in unconservative design, may require more detailed analysis such as probabilistic
seismic hazard analysis and or siperific response analysis. Sites within 6 miles of an
active or probably active fault will require s#pecific analysis. A sitepecific seismic
hazard analysis should be considered if information regarding active or potentially active
seismic sources godates the USGS / AASHTO (2002) Seismic Hazard Maps and may
result in significant changes in the seismic hazards at the site.

Site-specific seismic hazard analysis should also be performed for facilities identified as
critical or essential, at sites wleegeologic conditions will likely result in unconservative
spectral accelerations if the code response spectra are used, and where site subsurface
profiles are classified as Site ClasSTBble 630.04.0#lescribes the Site Classes A

through F.

Site-specifc seismic hazard analysis should also be considered for sites where the effects
of liquefaction could cause the cedased ground motion response to be overly
conservative or unconservative, or where the site subsurface conditions do not adequately
fit the AASHTO or IBC site classes.

Site-specific response analysis shall be conducted in accordance with AASHTO Guide
Specifications and proceduresSection 630.0.7 Where the response spectrum is
developed using sispecific analysis and / or a s#pecificresponse analysis, the

AASHTO specifications require that the spectrum not be lower thaithivas of the
response spectrum at the ground surface determined by théaselt procedure in the
AASHTO Guide Specifications, Article 3.4.1, adjusted by the sbefficients (Fca) in

Article 3.4.2.3 in the region of 0.5-To 2.0 T of the response spectrumg i§ the
fundamental period of the structure. For liquefaction analyses and retaining wall design,
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the ground surface acceleration developed inesspiecific analysis should not be less
than twaethirds of the PGA as adjusted by the specificabased site coefficientpka.

There are currently no site coefficients for liquefiable sites or for Site Class F. When
estimating the minimum ground surfasponse spectrum using ttfords of response
spectrum from the procedures in the AASHTO Guide Specifications, The following
approach should be used.

1 For liquefiable sites, use the specificatimsed site coefficient for soil conditions
without liquefacton. This is believed to be conservative for higher frequency
motions (k< 1.0 sec). If a sitgpecific ground response analysis is used, the
recommended response spectrum should be no lower thahitd® of the non
liquefied specificatiorbased speaim. For structures having fundamental
periods (F) greater than 1.0 sec., a s#igecific ground response analysis should
be considered if liquefiable soils are present.

1 For Site Class F sites, conduct a-sipecific ground response analysis.

630.04.01 Determination of Seismic Hazard Level. All non-critical transportation

structures including bridges and walls shall be designed foplapse based on a risk

level of 7% probability of being exceeded in 75 years. This is essentially the same as 5%
probability of being exceeded in 50 years (recurrence interval of 1000 yagusg
630.04.01shall be used to estimate the Peak Ground Acceleration on bedrock or firm
ground (shear wave velocity 2500 fps or higher) for ITD transportation facilities, unless a
site specific seismic hazard evaluation is conducted in accordanc8egtibn 630.07

Figures 630.04.01630.04.02and630.04.03 or the AASHTO Guide Specifications for
LRFD Bridge Design shall be used to estimate PGA, and the spectral accelerdi@ns at
sec. () and 1.0 sec. (punless a site response analysis is performed as discussed in
Section 630.07 PGA,Ssand$; are applied to Site Class B (very hard or very dense soil
or soft rock conditions, shear wave velocity 2500 fps or higher). G#eddntours in

Figure 630.04.01and those of &and S in Figures 630.04.0and630.04.03

respectively, are based on information published by the USGS National Seismic Hazards
Mapping Project (USGS, 2002) and included in the AASHTO Guide Specifications.
When estimating a PGA for Site Class B for a project, interpolation between contours
should be used in Figure 630.04.01. Acceleration coefficients are expressed in percent
of gravity.

All critical transportation structures, as designated by the ITD Bridigsign Engineer,

shall be designed based on a risk level of 2% probability of being exceeded in 50 years
(an approximate 2,500 year recurrence interval). For critical structures, the most current
seismic hazard mapping, for this probability level, frin® USGS National Seismic

Hazards Mapping Project should be used to estimate the PGA and spectral acceleration
coefficients unless a site specific seismic hazard evaluation is conducted in accordance
with Section 630.07

If a probabilistic, sitespecificseismic hazard analysis is conducted, it shall be conducted
in a manner to generate a unifehazard acceleration response spectrum for the chosen
probability of exceedence over the entire period range of interest. This analysis shall
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follow the same bas approach used by the USGS in developing the seismic hazard maps
in the AASHTO Guide Specifications. The following are necessary

9 The contributing seismic sources

1 A magnitude faukrupturelength or source area relationship for each contributing
fault or source area to estimate an uppeund or maximum credible earthquake
magnitude for each fault or source zone.

1 Median attenuation relations for acceleration response spectral values and their
associated standard deviations.

1 A magnituderecurrence relatnship for each fault and source area used.

Weighting factors, with justification, for all branches of logic trees used to
establish ground shaking hazards.

AASHTO allows sitespecific ground motion hazard levels to be on a deterministic
seismic hazard aheis (DSHA) in regions of known active faults, provided that
deterministic spectrum is no less thanhiwds of the probabilistic spectrum (see
AASHTO Article 310.2.2). This requires that:

1 Ground motion at a particular site is largely from known fgulbt random
seismicity.

1 The recurrence interval for large earthquakes on the known faults are generally
less than the return period corresponding to the specified seismic risk level (1000
years or less if the risk level is 7% in 75 years).

These conditins are generally not met in Idaho except possibly along the Mentana
Wyoming-ldaho border (Yellowstone vicinity) or along the Lost River Fault.

Where a deterministic spectrum is appropriate, the spectrum shall be either:

1 The envelope of a median speactedculated for characteristic maximum
magnitude earthquakes on known active faults; or

1 The deterministic spectra for each fault, ad in the absence of a clearly controlling
spectrum, each spectrum should be used.

If the site specific deterministic seismiazard analysis is combined with a site specific
ground motion response analysis, the ordinates of the response spectrum may be as low
as twathirds of the response spectrum at the ground surface using the specification based
procedures in Articles 3.4.1d 3.4.2.3 of the AASHTO Guide Specifications in the

region of 0.5 Fto 2T.. The same would apply to the free field acceleration AS in this
case.

If a sitespecific hazard analysis is not conducted, design response spectra shall be
constructed usindie response spectral accelerations (PGANE ) taken from
Figures 630.04.05630.04.02and630.04.03and the site factors ifiables 630.04.0and
630.04.03.
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Table 630.04.01 Site Classes for Seismic Design

Site Class | Soil Type and Profile

A Hard Rak with an average measured shear wave velocg)V 5000 f p

B Rock with s<B20800 fps O V

C Very dense soil and soi §<2600fpkormi Xt
Nave > 50 blows per foot or Avg. Su > 2.0 ksf

D Stiff soil ¢xil200fps obwittDeitHerpls blo@s /¥ <& O 5 0
bl ows [/ ft or 1.0 ksf < Avg. Su O

E Soil profile with avg. \4 < 600 fps or with either N < 15 blows / ft. or

Su < 1.0 ksf, or any profile with more than 10 ft. of soft clay ( Pl >\2840%
and Su < 0.5 ksf)

F Soils requiring ge-specific ground motion response evaluations, such as

1 Peats or highly organic clays (H > 10 ft of peat or highly organic clay,
1 Very high plasticity clays (H > 25 ft. with Pl = >75)

1 Very thick soft / to medium stiff clays (H > 120 ft.)

Exceptions

Where the soil properties are not known in sufficient detail to determine the site class, a sit|
investigation shall be undertaken sufficient to determine the site class, Site Class E or F s}
not be assumed unless the authority having jurisdiction detesrthiat Site Class E or F could |
present at the site or in the event that Site Class E or F is established by geotechnical dat:

Where:

Vs average shear wave velocity for the upper 100 feet of the soil profile as defined bg

averagestandard penetration resistance test (SPT) blow count (blows per ft, ASTV

Nave
D1586) for the upper 100 feet of the soil profile as defined below.

Su = average undrained shear strength in ksf (ASTM D2166 or D2850 for the upper 100
of the soil profile as defined below.

Pl = Plasticity Index (ASTM D4318) w = moisture content (ASTM D 2216)

H = Soil layer thickness

Average values of shear wave velocity, SPT blow count, and undrained shear strength
determined by dividing the sum of the individualdayhicknesses by the sum of the individug
|l ayer thickness divided by the value ¢ési
goes from 1 to n
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Table 630.04.02 Steps for Site Classificatigifable C3.10.3.41, AASHTO LRFD
Bridge Design Specifications, 2008)

Step Description
Check for the three categories of site class F in Table 630.04.01 requiring
1 specific evaluation. If the site corresponds to any of these categories, cle
the site as class F and conduct-sjpecifc evaluation
Check for the existence of a soft layer with total thickness > 10 ft., where
2 layer is defined by Su < 0.5 ksf, w > 40%, and PI > 20. If these criteria are

classify site as Site class F.

Categorize the site into one of the sik@sses in Table 630.04.01 using one @
the following 3 methods to calculate:

- Vs for the top 100 feet (Vs method)

- N for the top 100 feet ( N method)

- Nchfor the cohesionless soil layer (Pl <20) in the top 100 feet and ¢
for cohesive soil layers (Pl > 20) the top 100 feet (Su method)

To make these calculations, the soil profile is subdivided into n distinct soi
rock layers, and in the methods below the symbefers to any one of these
layers from 1 tan.

Method A: Vs method

The average Vsfortteop 1006 i s determined i
n,di

Vs = i=1

ST Y difvsi

where X7, di = 100 ft.

Vsi= shear wave velocity of a layer, ft./sec.

di = thickness of a layer between 0 and 100 feet deep .
Method B: N method
The average N for the top 100 feeablbe determine as

N = L, di

T IR, /N

where

Ni = Standard Penetration Test blow count for a layer (not to exceed 100
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blow/ft.)
Method C: Su method

The averagé&chfor cohesionless soil layers in thetb0O0 feet is determined
as:

_ dz
I, difNchi

Nch
In which
m di =ds
where
m = number of cohesionless soil layers in the top 100 feet.
Nchi= blow count for a cohesitass soil layer (not to exceed 100 blows/foot

ds= total thickness of cohesionless soil layers in the top 100 feet.

The average Su for cohesive soil layers in the top 100 feet is determined ¢

Su= L
zF di/Sui
in which
ZE"zi di = dr
where

k = number otohesive soil layers in the top 100 feet
Sui= undrained shear strength for a cohesive soil layer ( not to exceed 5.(

dc = total thickness of cohesive soil layers in the top 100 feet.

Note: When using Method C, if the site classulting fromNchandSudiffers, select the

site class that gives the highest site factors for design spectral response in the period of
interest. For example, Nchwas equal to 20 blows/ ft. al8lwas equal to 0.8 ksf, the

site would be classified & or E in accordance with Method C and the class definition

of Table 630.04.01. In this example, for relatively low response spectral and long period
motions, Table 630.04.03 indicates that the site factors are highest for site class E.
However, for relavely high short period spectral accelerations($0.75), short period

site factors, Fa, are higher for Site class D.
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Figure 630.04.01
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http://earthquake.usgs.gov/research/hazmaps/
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