Geotechnical Aspects of the
IBC 2003 Seismic Design

|BC 2003 Section 1615
“Earthquake L oads — Site Ground Motion”

This presentation pertains specifically to the geotechnical aspects of selecting the
site class for use in determining the spectral response accel erations according to the
IBC 2003. It was given by Jeffrey Fouse, P.E., with Reitz & Jens, Inc., for the
ASCE St. Louis Section/EERI Seminar on the IBC 2003 Code at the Engineers Club
on October 21, 2004.



Building Seismic Safety Council
NEHRP 1998

IBC 2003

SEI/ASCE 7-02

The IBC 2003 Code incorporates the provisions of the National Earthquake Hazard
Reduction Program (NEHRP) 1998 recommendations.

Section 1615 of the IBC 2003 Code isidentical to the corresponding sectionsin the
SEI/ASCE 7-02 Code. 1BC Section 1614.1 states that structures may be designed
with the provisions of Sections 9.1 through 9.6, 9.13 and 9.14 of ASCE 7.



*Recognition of the impact of soil
conditions on the ground motion.

*Observation of the amplification of
bedrock motion in soft soils dating to
1906 San Francisco earthquake

Loma Prieta earthquake, 1989

The changes in the code with respect to site conditions give greater consideration to
the subsurface strata of soil and rock than was reflected in previous codes, such as
the BOCA 1999 used in the St. Louisregion. The BOCA 1999 code allowed one of
only four Site Coefficients (S), which ranged from avalue of 1.0 for rocky or stiff
soil conditions, to 2.0 for “...more than 40 feet of soft clays or silts.” The
geotechnical engineer had to fit all possible subsurface conditions into one of the
four brief descriptions. A more refined cal culation of seismic loads required more
sophisticated and costly analyses to produce response spectrafor that site.

The subsurface conditions have a direct and very significant impact on the
magnitude of the ground motions at the surface, that is, the amplitude and
acceleration experienced by structures. This was documented as far back as the
1906 San Francisco earthquake, which showed that soft soil conditions resulted in
greater damage. The Loma Prieta earthquake in 1989 demonstrated this very
dramatically. The magnitude of damage along a single street was a direct reflection
of the soil profile —the deeper the soft soil, the greater the motion at the surface, and
thus greater damage to the structures.



Procedures for determining:
Maximum Considered Earthquake
*Design Spectral Response Accelerations

Two Options:
«Section 1615.1 “ General”
«Section 1615.2 “ Site-Specific”

The Code gives us two options for determining the maximum considered
earthquake, and from that the design spectral response accelerations. The maximum
considered earthquake may be based upon a deterministic model or a probabilistic
model. The deterministic maximum quake is the maximum quake that is expected
to impact a site without regard to the probability of the quake’s occurrence. For
example, in this region we expect a reoccurrence of amajor quake originating in the
New Madrid Seismic Zone, even though the probability of a major quake islower
than smaller quakes that occur in the New Madrid Seismic Zone and elsewhere in
the Midwest more frequently. The probabilistic model takes in consideration the
probability of agiven quake's occurrence. Thisdistinction will be more apparent in
discussing the two procedures in Section 1615.1.

The two options are the “ General” Procedure detailed in Section 1615.1, or the
“Site-Specific” Procedure summarized in Section 1615.2. The main focus of this
presentation is on the General Procedure in Section 1615.1, which is the procedure
that will be used for most sites and projects. However, certain site conditions under
IBC 2003 require the use of the Site-Specific Procedure. Some large or very
important structures may also dictate using the Site-Specific Procedure. So, we will
have a brief overview of what the Site-Specific Procedure entails.



Overview of Site-Specific Procedure
(Section 1615.2)

*Account for Regional Seismicity and Geology
“Probabilistic Maximum Considered Earthquake’
2% probability of exceedance within 50 years
*Characteristics of Subsurface Site Conditions
Comprehensive Soil Properties from Ground
Surface to Bedrock — principally the Shear Moduli
G

max

The Site-Specific Procedure is the sophisticated and costly analysisthat | referred to
previously. Thefirst step isto obtain information from various sources, such as the
USGS, of the active faults or regional seismicity of the site. Also, the regional
geology has to be considered in trandlating the magnitude a given quake into the
probable bedrock motions at the specific site. The magnitudes of the accelerations
for various quakes are weighted by the probability of their occurrence to determine
the Probabilistic Maximum Considered Earthquake for the specific site.

The subsurface site conditions must be characterized, because the subsurface
conditions will dictate whether the bedrock motions are amplified as they approach
the surface. Thisis particularly true if the Site-Specific Procedure is required
because the site is Class F due to poor subsurface conditions defined in Table
1615.1.1. Poor subsurface conditions will definitely amplify the bedrock motions.
Defining the subsurface site conditions will probably require a more thorough field
investigation and laboratory testing program than for only a geotechnical
investigation, and possibly field measurements of soil properties. The principal soil
property of interest is the low-strain shear moduli of the various strata, G,,,,,. The
shear modulus of a material isrelated to the shear wave velocity of that material.
The shear modulus may be measured in the lab on high-quality samples, but it is
often much more reliable to measure the shear wave velocity in the field.



Overview of Site-Specific Procedure (cont.)

e Computer Analysisto
translate Bedrock Motion
to Ground Motion
(“SHAKE")

e Lesserof:
Probabilistic Maximum

Considered Ground
Motion

Deterministic Maximum
Considered Ground
Motion

Various computer programs are used to translate the bedrock motion at the site to
the ground motions that the structure will experience. A widely-used program is
SHAKE. Theinput to the program consists of the physical properties of the soil
strata, such as the shear modulus, and the probabilistic bedrock motions. The
Probabilistic Maximum Considered Ground Motion from these analyses is defined
in Section 1615.2.1 as the spectral response acceleration for any given period, T,
which has a 2% probability of being exceeded within 50 years. Thereisalimit on
the Probabilistic Maximum Considered Ground Motion, which is shown in Figure
1615.2.2. The parameters for determining the response spectrum in the above figure
are determined from the General Procedure, which we will discuss shortly. If the
acceleration for agive period T from the Site-Specific Procedure exceeds the
deterministic limit in Figure 1615.2.2, then the Maximum Considered Ground
motion isto be the lesser of either the Probabilistic Maximum Considered Ground
Motion as determined by these site-specific analyses OR the Deterministic
Maximum Considered Ground Motion defined in Section 1615.2.3 as 1.5 times the
median spectral response acceleration at all periods resulting from a characteristic
earthquake on any known active fault in the region. There are more provisionsin
the Site-Specific Procedure defined in Section 1615.2 than | have covered in this
quick overview, but you can see that the procedure would be time consuming.



Section 1615.1 Genera Procedure

*Determine the Maximum Considered Ground Motion
0.2-Second Response Acceleration , S
1.0-Second Response Acceleration, S,

Most of the analyses discussed under the Site-Specific Procedure have been
compiled and plotted in IBC 2003 as the Maximum Considered Ground Motion in
Figures 1615(1) and 1615(2). Thisisahuge time-saver, of course. The values of
response acceleration that are plotted in these two figures, and that are used in the
Genera Procedure, are for a short-term period and a 1-second period.

The end result of the General Procedure is a design response spectrum, giving the
spectral response acceleration S, for any given period, T, of the structure.



The short-period response accel erations, defined as the acceleration for a period of
0.2 second, are plotted in Figure 1615(1). On theright isan enlarged view of our
region. The short-period response acceleration (S,) for the maximum considered
earthquake ground motion is St. Louis County varies from about 50% to 55% of
gravity. The contours increase dramatically to 300% of gravity toward the Boot-
Heel area of Missouri, which of courseisin the New Madrid Seismic Zone.



The response accelerations for aperiod of 1 second (S,) are plotted in Figure
1615(2). The response acceleration for aperiod T of 1 second and for the maximum

considered earthquake ground motion is St. Louis County varies from about 16% to
18% of gravity.

Note that the response accel erations plotted in these two figures are for a Site Class
B, whichistermed a“rock” soil profile. Therefore, the short-term and 1-second
response accelerations determined from these two figures have to be modified based
upon the actual classification of the site.



Section 1615.1 General Procedure (cont.)
» Site Class Definition (1615.1)

The site classifications are defined in Table 1615.1.1 that is shown here. The site
classification is determined from the average subsurface properties in the top 100
feet at the site, whether the strata includes soil or rock.

Determining the site classis basically what the geotechnical engineer contributes to
the entire General Procedure. The means to determine the site class are more
guantified, in my opinion, than were the definitions of the “site coefficients” under
the earlier BOCA code.
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Steps for Classifying a Site (1615.1.5.1)
A, B,C D,EorF?

e  Begin with requirements for Site Class F:

1. Soils subject to collapse under seismic loading
* Liquefiable Soils (Loose Sands Below Water Table)
¢ “Quick” or Highly Sensitive Clays
Weakly Cemented Soils
2. Morethan 10 feet of Peats or Highly Organic Clays
More than 25 feet of High Plasticity Clays (PI>75)
4. Morethan 120 feet of Very Soft/Medium Stiff Clays

w

There are six site classes in the 2003 IBC. The “best” in terms of limiting the
ground motions on a structure is Class A, which isa*“hard rock” profile. ClassB is
also a“rock” profile, but having a softer or less intact rock than Class A. Class A
and Class B are defined differently than the soil profile Classes C, D, E and F. Also,
the two “worse” classes, Class E and F, have special definitions.

The code suggests that the first step in classifying the site is to determine whether
thesiteisClassF. A siteisClassFif it has one or more of these four
characteristics. First, are the soils subject to collapse under seismic loading? The
code mentions three types of such soils: liquefiable soils, highly-sensitive clays
which are called “quick clays,” or weakly-cemented soils. Liquefiable soils
typically are loose, clean sands below the water table. Liquefaction isthe
development of high pore water pressures immediately following a quake which
causes aloss of shear strength and sudden settlement or lateral movement. The
guestion of liquefaction potential is a separate i ssue which the geotechnical engineer
hasto analyze. “Quick” clays are very unusual in that they have some shear
strength when undisturbed but may actually become like aliquid when shaken.
Quick clays are usually deposited in salt-water environments, and are found along
the St. Lawrence Seaway in Canada and in Europe, for example; not a problemin
the Midwest. Weakly-cemented soils may consist of sandsin arid regions, or
dlightly clayey silts called “loess.” St. Louis has some deposits of |oess that may be
considered collapsible. Loess usually looses strength due to infiltration of water
rather than from ground motion, so it does not automatically make a site a Class F.
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If the site does not have soils that are collapsible under seismic loading, then there

three more soil characteristics that automatically dictatesan “F” classification.
Thisisthe Unified Soil Classification Chart (ASTM D-2487), which will
explain these other three soil types.

. Doesthe site have more than 10 feet of peat or highly organic clays? Many soils
contain some organics. Peat or OH clay are two classifications of soil as shown
at the bottom of the chart. These are not very common, but may be found in old
lake deposits.

. Does the site have more than 25 feet of high plastic clay with a Pl or plasticity
index greater than 75? The Atterberg liquid and plastic limits are two related
tests on a soil which are used to determine the soil’ s plasticity. The graph at the
lower right of the chart is used to classify a soil as hon-plastic (that is, asilt) or a
low plastic or high plastic clay. The Pl isthe difference between the liquid limit
and the plastic limit. You can seethat aPl of 75 is off of the chart. Such ahigh
plastic clay is not common around the St. Louis area.

. Does the site have deep deposits of very soft to medium stiff clays — more than
120 feet? Thisrefersto the undrained shear strengths of the clays.
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 If SiteClassis F —must use Site Specific Procedure

*  Check for Site Class E:
Any Profile with more than 10 feet of soil with —
1. High Plastic Clay with Pl > 20
2. Moisture Content (w) > 40%, and
3. Undrained Shear Strength (s,) < 500 psf

If the site has any one of these four characteristics, then the siteis Class F and the
Site-Specific Procedure must be used, as noted in the tables used to determine the
site coefficients. Note“b” in the tables gives one exception: for buildings having a
period < 0.5 second and where liquefiable soils are present.

If the siteis not a Class F, then the next step isto determineif itisaClassE. A site
isaClassE if the subsurface profile has more than 10 feet of high plastic clay with
al of the three properties listed here: a plasticity index more than 20, as defined in
the previous chart; a moisture content > 40%, which would be a high plastic clay;
and an undrained shear strength of less than 500 psf, which istermed a“ soft” clay.
If any soil stratum is more than 10 feet thick and has all three of these properties,
then the siteisa Class E, referred to as a* soft soil profile.”
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. Consider Site Class A or B:

1. SiteClass A “must be supported by shear wave
measurements either on site or on profiles of the same
rock type in the same formation...”

2. “Where hard rock conditions are known to be continuous
to adepth of 100 feet, surficial shear wave velocity
measurements are permitted to be extrapolated to assess
VS_”

3. SiteClasses A or B shall not have more than 10 feet of
soil between the rock surface and the bottom of spread

footing or mat foundation.

If the site fails, or passes depending upon your point of view, the criteriathat define
aClassF or Class E site, then the next step isto seeif the site may be classified as
one of the two “rock” profiles, Class A or Class B.

In order for asite to be classified “A,” the shear wave velocities must be measured
either on the site or on a known profile on the same rock type and the same rock
formation with an equal or greater degree of weathering or fracturing. Of course,
borings are still required to determine that the rock type and condition is the same.

If the rock formations are known to be continuous to a depth of 100 feet, then a
surface shear wave velocity measurement may be used, which is aless expensive
means to measure shear wave velocity.

A geotechnical engineer or engineering geologist/seismologist may estimate the
shear wave velocity in a* competent rock with moderate fracturing and weathering,”
and thereby give asiteaClass B. However, if the rock is soft or fractured, then
direct shear wave velocity measurements are required for a Class B designation.

For either rock classification, there can not be more than 10 feet of soil between the
bottom of the foundation and the top of rock. The question was asked if this
requirement would apply to a deep foundation that is bearing on or in rock, such as
pilesor drilled piers. In my opinion, thislimit of 10 feet would apply to the distance
from the bottom of the pile or pier caps and the
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Options for Measuring Average Propertiesin Top 100 Feet

» Shear Wave Velocity, v, in feet per second

Required for Site Class A or B
» Standard Penetration Resistance, N, in blows per foot
» Soil Undrained Shear Strength, s, in psf

top of rock, because the ground motion that we are discussing is horizontal .
Therefore, the ground motion still imparts lateral motion on the structure and creates
the resulting inertiaforces, even if the structure is supported vertically on piles or
piers. There might be special cases, such as a structure on very short, stiff drilled
piers embedded into rock.

There are three methods in the General Procedure for measuring the soil and rock
properties in the top 100 feet in order to determine the site classification.

The first and best method isto directly measure the shear wave velocity. As stated
previously, this method is required for a Class A designation, and isrequired in
guestionable rock for a Class B designation.

The second method is the Standard Penetration Test, from ASTM D-1586. Thisisa
rather crude means of measuring soil consistency that is used in geotechnical
investigations. Although the Standard Penetration Test is often used in all types of
soils, it ismorereliable in sands or cohesionless soils. The General Procedure states
that it should not be used for plastic clays with a Pl greater than 20.

The third method is the measurement of undrained shear strength. This appliesto
clays. “Undrained” refersto the condition in which the pore water pressure in the
soil is not allowed to dissipate during shear, that isa“ quick” loading.

15



Measuring Shear Wave Velocity
Cross-Hole Seismic Testing (ASTM D 4428)

This diagram illustrates one method of measuring shear wave velocity directly in the
field. Thisisthe cross-hole seismic test in accordance with ASTM D-4428. For
this procedure, a minimum of two borings are made, but three borings are preferred
as shown in the diagram. More sets of borings may be required for alarge site or
complex subsurface conditions. To measure the shear wave velocity in all stratato
adepth of 100 feet, the borings will have to be 100 feet deep. It isdifficult to drill
straight, vertical borings that deep, and the distance between the borings must be
known. So for deep borings, an inclinometer casing isinstaled in each boring. The
borings must be cased anyway, so instead of using a PV C pipe, an inclinometer
casingisused. Aninclinometer isa probe that is run down and up the casing, and
the readings give the lateral deflection of the casing with respect to the top or
bottom. The casing has to be grouted in the hole to insure solid contact between the
casing and thewall. A shear wave source is lowered into one of the borings at a
given depth, and triaxial geophones are lowered to the same depth in the other
borings. The sourceistriggered and the time interval to reach the geophonesis
recorded on adigital oscilloscope or laptop computer. Readings are taken at regular
depth intervals or in specific stratum. Once a set of readings are completed for one
boring, the source and the geophones are switched to other borings and the process
isrepeated. Software analyzes all of this data and produces graphs of shear wave
velocities with depth.
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Measuring Shear Wave Velocity
Cross-Hole Seismic Testing (ASTM D 4428)

» Preferred test method where highest quality data must
be obtained for sites primarily consisting of soil.

» Maximum borehole spacing is 10 feet for v, less than
1500 feet/sec, or 15 feet for v,> 1500 feet/sec

» Expensive (on the order of $10,000 or more)

The cross-hole seismic test is the preferred method to measure shear wave
velocities, particularly in stratified soil profiles.

The maximum spacing of the boringsisonly 10 to 15 feet. Therefore, more borings
would be required for cross-hole testing in addition to the borings for the
geotechnical investigation, since we hardly ever make exploratory borings that close
together.

Cross-hole seismic testing will be expensive, not just for the testing itself, but also
for the extra borings, casings, and grouting. Even asimple, two-hole test may be on
the order of $8,000 to $10,000. A typical set of cross-hole seismic tests for asite
may be $20,000 to $30,000. So, the cost of having good shear wave measurements
has to be justified by upgrading the site classification in the General Procedure and
thereby lowering the cost of the structure. In the Site-Specific Procedure, good data
on the shear moduli of the soil and rock strata directly result in a better response
spectrum.
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Measuring Shear Wave Velocity
Surface Seismic Refraction Measurement (ASTM D-5777)

* Refraction Microtremor (ReMi) Method

1. Uses adigital refraction seismograph and an array of
geophones 600 feet long (recommended), or a
minimum of 300 feet long.

“Reasonably” straight stretch of flat ground.

Avoid large underground openings or concrete slabs.
15% accuracy in v

No source — uses background vibrations.

Less costly and quick (on order of $5,000)

oA WN

Another method to measure shear wave velocities is the surface seismic refraction
measurement. Asthe name implies, no borings are needed. The source and
geophones are set on the surface. The analysis of the data from surface refraction
testsis more complex than for cross-hole tests because the geophones will be
picking up various types of waves from the source. However, improvementsin
digital seismographs and software have greatly improved the analysis and reduced
the guesswork it picking arrival times from the old anal og oscill oscopes.

One such surface seismic refraction measurement is the Refraction Micro-tremor, or
ReMi, method. Thistypically involves alinear array of geophones spread across the
ground for a distance of 300 to 600 feet. The ground surface hasto have a
reasonably straight stretch that long. Some change is surface elevation can be
tolerated, but aflat stretch is preferred. Also, large under-ground openings and
concrete slabs have to be avoided to develop a shear wave velocity profile. The
accuracy of the velocity measurements with the ReMi method is about 15%. The
“Microtremor” in the name refersto the fact that the ReMi method uses background
vibrations from traffic, equipment, etc., although a source can be used if you have a
“quiet” site. If you have the right kind of site, the ReMi method isless costly and
guicker than the cross-hole seismic test. Remember the IBC code states that to
classify asite as a hard rock site (Class A) using a surface measurement method, the
rock conditions have to be known to be continuous to a depth of 100 feet.
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Standard Penetration Test (ASTM D-1586)

*Inexpensive, usually done in geotechnical investigations.
*N-values used to evaluate Liquefaction Potential.

*Can not exceed 100 blows/foot.

*Standard Penetration Test has alot of potential errors.

The second method of measuring soil propertiesin the IBC 2003 is the Standard
Penetration Test, or “SPT.” Thistest involves driving a standard split-spoon
sampler, as shown here, atotal distance of 18 inches using a standard hammer. The
“standard” hammer is called a safety hammer. It weighs 140 pounds. It is manually
raised with aManilarope and allowed to free-fall 30 inches. Thedriller raises the
hammer using a cathead powered by the drill rig, and rel eases the hammer with a
flick of hiswrist on the rope. The number of blows required to drive the sampler for
each 6-inch interval isrecorded. The N-value from a SPT is the sum of the blows
for thelast 12 inches. The ASTM procedure has tried to standardize this test by
specifying the sampler, the hammer, the rope, and the direction and number of
wraps of the rope on the cathead. Still, thereis considerable variation in the results,
even for the same driller as he gets tired during the day. It iscommon for new drill
rigs to have an automatic hammer, which eliminates some of these uncertainties.

The SPT isinexpensive and is usually done in geotechnical investigations, soit is
not an extraexpense. Also, the standard method to evaluate the potential for
liguefaction are based upon N-values. So, SPT’s have adual purpose. However, if
the sampler failsto penetrate 6 inches after 50 blows, the test is stopped, to prevent
damage to the sampler and the driller. Therefore, the maximum N-value evenin
sound bedrock is 100. This penalizes you when you sum the average N-values for
the top 100 feet, aswe will see later.
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Standard Penetration Test (ASTM D-1586)
Potential Errors

» ASTM D-6066, corrections for evaluation of liquefaction
for length of drill rod, energy delivered, overburden
pressure, type of hammer

» Section 1615.1.5 stated N is“as directly measured in the
field without corrections.”

e Automatic Hammers versus Manual Hammers
e “Quick” conditions at bottom of borehole

* Presence of gravel-size particles

Because N-values are used in the analysis of liquefaction potential, where errorsin
N-values are even more consequential than in geotechnical analyses, a separate
ASTM procedure (D-6066) makes corrections for known factors, such asthe
overburden vertical pressure at the depth of the test, the type of drilling rods, the
method used to drill the test hole, and the type of hammer.

The manual hammers described previously had an energy efficiency rating of about
60%. Automatic hammers have an energy efficiency rating of 85 to 95% depending
upon the make of the hammer, the age, and even ambient temperature. So, an
automatic hammer will have N-values that are much lower than the standard
hammer which has been used over the years to devel op correlations between N-
values and soil properties. ASTM D-6066 requires the driller to test the automatic
hammer to determine its rated efficiency. This measurement should be done at |east
once ayear. Inlieu of ameasured energy efficiency, it isreasonable to increase the
N-values from an automatic hammer by four-thirds, or 33%, to properly evaluate the
soil properties. The IBC 2003 states that N-values measured in the field should not
be corrected. While | can accept that for the other corrections given in D-6066, it
does not seem reasonabl e to ignore the greater efficiency of the hammer, in my
opinion.

The drilling procedure may aso given lower N-values than are representative of the
soil. A common error occurs when the groundwater table isreached. The N-values
may suddenly drop because the driller has created a* quick” condition at the bottom
of the hole, particularly when using hollow-stem augers. Also, the presence of
gravel or rock fragments will increase N-values.
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Measurement of Soil Undrained Shear Strength
§,= c+stanf

» Claysassumed to havef =0, so s, = cohesion*“c”
» Appliedto total thickness of cohesive soil layers
d. = 100 feet — d

» Measure by taking “undisturbed” samples and performing
triaxial shear strength testsin lab.

» Measure insitu using cone penetrometer (with pore
pressure measurements), dilatometer, shear vane, etc.

» Probably combination of triaxial tests and insitu tests.
» Not unconfined compression tests or pocket penetrometer.

The third property used to evaluate the site classification is the undrained shear
strength of the various strata. Thisis applicableto clays. The shear strength of a
soil has two components: the cohesion “c”, and the frictional component which is
the product of the normal stress on the soil () and the tangent of the internal
frictionangle ( ). Inundrained analyses of clays, isconsidered zero, so the
undrained shear strength is equal to the cohesive shear strength, c.

The undrained shear strength may be measured in the lab by performing triaxial
shear strength tests on undisturbed soil samples, such as samples obtained using a 3-
in. dia. Shelby tube. Shear strength may also be measured in the field using various
types of equipment, such as a cone penetrometer, shear vane, pressuremeter, or flat-
plate dilatometer. 1f one of theinsitu methodsis used, it would probably be
combined with triaxial testsin the lab.

The unconfined compression strength test is not considered a true strength test but
only an “index” test. It will not give you the actual shear strength of the soil. Also,
the pocket penetrometer is not a strength test. It purportedly gives the unconfined
compressive strength of the soil, but only tests a 1/8-inch diameter spot, a -inch
deep (0.17% of anormal soil sample). Pocket penetrometer readings on split-spoon
samples are meaningless and you shouldn’t pay for them.

The code sets the maximum undrained shear strength at 5000 psf, so if you have a
site with rock or shale in the top 100 feet, you are penalized when using shear
strengths to classify asite, similar to the limit on N-values.
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Section 1615.1 General Procedure (cont.)
 Site Class Definition (1615.1) using N, N, and s,

*For cohesionless deposits to 100 feet, use average N

For deposits of clays (cohesive soil) and cohesionless deposits use
average N, and average s,

The definitions for the five site classifications are shown in Table 1615.1.1, based
upon either the average shear wave velocity, the average N-value or the average
undrained shear strength. The code presents formulas for computing the average of
each soil property weighted by the thickness of the individual stratum.

If you have a soil profile that consists totally of cohesionless soils (gravels, sands
and silts) in the top 100 feet, then the average N-value isused. If the soil profile
consists of cohesionless soil strata and clays or rock, then you compute the average
N for only the cohesionless layers (N,) and the average undrained shear strength
(s) for the other strata. The criteriain the table are applied to the two weighted
average values of N, and s, and the lower site classification applies.

The code stipulates that if you have no subsurface data, then Site Class D shall be
used unlessit is“likely” that Class E or Class F is applicable based on the soil
criteriadiscussed previoudly.
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Once, the Site Classis determined, then the Site Coefficient for the short-period, F,
is determined from Table 1615.1.2(1), and the Site Coefficient for a 1-second
period, F,, is determined from Table 1615.1.2(2).

The Maximum Considered Earthquake Spectral Response Acceleration for a short-
period, S5, and for a 1-second period, S, are multiples of the site coefficient and
the spectral response accelerations taken from the maps. Since the maps are based
on a Site Class B, the site coefficientsare 1.0. A hard rock site (Class A) reduces
the accelerations by 20%. Lower Site Classes (C, D and E) increase the
accelerations. As mentioned previously, there are no Site Coefficients for Site Class
F because the General Procedure can not be used.

The code states that the Design Spectral Response Accel erations for the short-
period, Syg, and the 1-second period, S;,, are taken as 2/3 of the Maximum
Considered Earthquake Spectral Response Accelerations. S,qand Sy, are used to
construct the Design Response Spectrum shown in Figure 1615.1.4.
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IBC 2003 presents an opportunity to improve our practice!

» Structural Engineer must be “educated consumer.” What
isit worth in design and construction costs to improve the
Site Classification? Critique results from Soils Report.

» Best results obtained by Structural Engineer teaming with
Geotechnical Engineer to determine best value for the soils
investigation.

The seismic provisionsin IBC 2003 present a better means to determine the design
response spectrum for a site without going through a Site-Specific Procedure. In
thisway, it isan improvement to our practice in seismic design.

The purpose of this presentation was to help structural engineers to be better
“educated consumers’ of the soils report as it pertains to the site classification.

Were N-values and/or shear strengths used to determine the site classification? Are
the N-values reasonable? How were the shear strengths measured? Most
importantly, the structural engineer isthe best member of the design team to decide
what the impact of the site classification will be on the design and construction costs
of the project.

The best results will be obtained by the structural engineer teaming with the
geotechnical engineer. Through the conventional geotechnical investigation, the
geotechnical engineer can determine the probable Site Class, determine what test
methods are needed to improve the Site Class, and the probability that the additional
testing would improve the Site Class. Then, the structural engineer can decide
whether the additional testing is a value to the project.
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