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ABSTRACT: The 2014 New York City Building Code (NYCBC) provides seismic spectral
response acceleration coefficients for Site Class B corresponding to the Maximum Considered
Earthquake (MCE), and site coefficients as a function of site class and spectral acceleration. The
design spectral response acceleration parameters adjusted for different site class conditions can be
calculated accordingly for specific project sites. However, the NYCBC design parameters are gen-
eric for entire NYC area and in some cases site specific seismic studies may be required or pre-
ferred. For example, if the subsurface conditions indicated Site Class F, a site-specific study is
required per the Code. In addition, site-specific study is performed for some projects to reduce
analysis and construction costs. The approaches to perform site specific seismic studies are pre-
sented including seismic field testing to measure shear wave velocity, developing design seismic
soil profiles using field testing results, and site-specific ground motion analyses to obtain a design
acceleration response spectrum in accordance with the applicable provisions of ASCE 7-10 and
NYCBC, using the dynamic soil properties developed. Three case studies in the metropolitan
New York City area, including Site Class D, E, and F, are selected to demonstrate how perform-
ing site-specific seismic studies can be cost efficient solutions for projects to potentially reduce site
classification, spectral acceleration, dynamic loads, thus reduce design and construction costs.

1 INTRODUCTION

1.1 Geologic conditions in New York City and seismic design consideration

The New York City (NYC) area covers approximately 950 square km and is divided into the five
boroughs of Manhattan, Bronx, Queens, Brooklyn, and Staten Island. Hudson River and the
East River are two main rivers in the area. New England Upland to the northwest, the Triassic
Lowland to the southwest, and the Coastal Plain to the southeast are the three major physio-
graphic provinces where NYC lies on. The soil deposits in the NYC area are derived largely
from two geological periods: Cretaceous and Pleistocene periods. Much of the rock depth varies
radically and was altered by glacial activity and is interspersed with filled-in swamps, creeks,
ravines, ponds, and valleys. NYC area geology was presented in detail in Tamaro et al. (2000).
The uncertainties in seismic design consideration (e.g., predicting site effects) for NYC area

are due to varying NYC geology that subsurface conditions within the area can be from bed-
rock outcrop on ground surface to soil overburden over hundreds of meters, in combination
with a lack of actual recordings of strong motion data in the area.
Although the seismic hazard in the area is moderate, the soil geology of the area can gener-

ate impressive soil amplification effects during earthquakes (Nikolaou, 2004). The hard bed-
rock in the area combined with soft overburden soils can result in significant ground motions
at the ground surface.

1.2 NYCBC seismic design parameters

The New York City Building Code (NYCBC), in general accordance with provisions of
ASCE 7-10, provides general guidance on obtaining seismic ground motion parameters as
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design response spectral acceleration and peak ground acceleration for different site soil con-
ditions. However, the NYCBC design parameters are generic for entire NYC area and are
generally conservative. In some cases, site specific seismic studies may be required or pre-
ferred. For example, if the subsurface conditions indicated Site Class F (i.e., subsurface condi-
tions are vulnerable to earthquake loading), for which NYCBC does not provide seismic
design parameters, a site-specific study is required per the Code. In addition, site-specific
study is performed for some projects to reduce general seismic design parameters provided in
the NYCBC to subsequently reduce construction and design analysis costs.

2 SITE SPECIFIC SEISMIC STUDY

2.1 In-situ shear wave velocity measurement

As part of geotechnical exploration programs required by NYCBC, test borings are often per-
formed to evaluate the soil profiles. The calculated average measured Standard Penetration
Test (SPT) N values to the top 30 meters of soils are used to determine seismic site class,
which is used for calculation of seismic loading and the corresponding response spectrum as
described in Section 1613.5.2 of the NYCBC.
If the result of general seismic study shows a site-specific analysis is justified, it is required

to develop dynamic soil properties for use in the site-specific analysis. Field methods to deter-
mine dynamic soil properties include: seismic refraction and reflection, suspension logging,
steady-state vibration, down-hole, seismic cross-hole, spectral analysis of surface waves, and
seismic cone penetration test (SCPT). Advantages of the SCPT reside in its speed, providing
static soil properties and less expensive than other conventional seismic techniques.
Downhole seismic shear wave velocity tests are conducted during CPT probes to obtain

shear wave velocity data. Shear wave velocity data is collected using two geophones placed
into the cone penetrometer array at various vertical spacings, typical 1 to 3-meter spacing.
A steel I-beam weighted by the rig was struck by a sledge hammer to create a seismic impact
(wave), the arrival time of which was measured by the geophones to calculate the velocity.
Direct in-situ shear wave velocity measurements collected by SCPT probe often provide

better and more accurate site seismic class evaluation than using indirect shear wave velocity
values based on empirical correlation from SPT N-values.

2.2 Site-specific seismic response analysis

The following methodology is used to conduct a site-specific ground motion analysis in
accordance with the applicable provisions of ASCE 7-10 and NYCBC, to develop a site-spe-
cific design response spectrum for structural design and for use in liquefaction analyses.

• Model dynamic soil properties, including selection of lower bound, best fit, and upper
bound shear wave velocity profiles

• Select acceleration time histories representative of a Maximum Considered Earthquake
event (MCE), i.e., a frequency of occurrence of 2% in 50 years, or 2,475-year return period,
as defined in NYCBC for rock

• Evaluate site-specific ground response to the MCE using one-dimensional, equivalent
linear site response analysis (using SHAKE2000 analytical software)

• Develop a site-specific earthquake response spectrum for seismic structural design

3 CASE STUDIES

Three case studies in the metropolitan New York City area, including Site Class D, E, and F,
are selected to demonstrate how performing site-specific seismic studies can be cost efficient
solutions for projects to potentially reduce site classification, spectral acceleration, dynamic
loads, thus reduce design and construction costs.
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3.1 Case 1 – New York, NY

The approximately 2200 square-meter project site is bordered by East 14th Street to the north,
East 13th Street to the south, buildings, backyards, and parking lots to the east and west. The
New York City Transit (NYCT) “L” subway line is present in a tunnel beneath East 14th
Street, north of the project site. The proposed development consists of a new six-story hospital
facility with one cellar level and one subcellar level.
Below the surface cover, the subsurface conditions at the site generally consist of about 2 to

5.8 meter of fine to coarse sand fill, overlying a generally loose upper sand stratum and a dis-
continuous medium dense lower sand stratum, underlain by a discontinuous silty clay stratum
and decomposed rock (see Figure 1). Bedrock is interlayered Schist and Gneiss rock of the
Manhattan Formation and was encountered at 8- to 15-meter depth. Groundwater depth
ranges about 4.0 to 6.0 meters below ground surface.
Based on analysis of measured SPT N-values in the test borings, pursuant to 1613.5.5 of the

2014 New York City Building Code (NYCBC), the code specified calculated average SPT N
values of materials encountered above rock range from about 5 to 20, and then pursuant to
Section 1613.5.2 Seismic Site Class E was recommended. Subsequently, a liquefaction trigger
analysis was performed for the 2,475-year return period ground motions (i.e., 2 percent prob-
ability of exceedance in 50 years) using Maximum Considered Earthquake Geometric Mean
(MCEG) peak ground acceleration, using simplified empirical method pioneered by Seed &
Idriss, 1971. Based on the results of the analyses, the potential for liquefaction within the
upper sand stratum is pre-dominantly probable at multiple depths. However, the majority of
these probably liquefiable soil deposits are within the volume of soil that will excavated for
the proposed cellar and subcellar and other probably liquefiable soil pockets are isolated lat-
erally and bounded vertically by soil that is not expected to undergo liquefaction.
NYCBC code specified five-percent damped design spectral response acceleration parameters

for Site Class E can be determined, pursuant to 1613.5 of NYCBC. That is, acceleration at
short periods, SDS = 0.444 g, and at 1-second period, SD1 = 0.170 g. Due to structural occu-
pancy/risk category of the building (i.e., hospital), the structure would have to be designed to
structural Seismic Design Category (SDC) D requirements, the highest in NYCBC. Though it is
not typically requested by NYCBC, the Owner requested performing a site-specific seismic
study to potentially reduce design and construction costs.
Downhole seismic shear wave velocity testing was conducted during three SCPT probes to

obtain shear wave velocity data for the site classification for seismic design. The weighted

Figure 1. Case study 1 - typical soil stratum and soil shear velocity profile.
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average shear wave velocity of the upper 7 to 8 meters of soil were approximately 643, 602
and 611 feet per second (fps), or 196, 183 and 186 meters per second, respectively (See Figure
1). Based on SCPT results, with shear wave velocity measurements which are more reliable
and more directly measure the soil’s response to seismic ground motion, seismic site class D
and the associated site seismic coefficients are recommended.
NYCBC code specified five-percent damped design spectral response acceleration,

SDS = 0.444g, SD1 = 0.170g for Site Class E are subsequently reduced to SDS = 0.294g,
SD1 =0.117g for Site Class D. PGAM, are provided as 0.33g for Site Class E and 0.24g for Site
Class D. By reclassifying the seismic site class from Class E to Class D, the design acceler-
ations for structural design (i.e., SDS, SD1) and peak ground acceleration (PGAM) as input for
liquefaction evaluation are both reduced about 30% and the seismic design loads are reduced
by reduction of design accelerations (See Figure 2). SDC is then reduced from D to C accord-
ingly to ease the seismic structural design requirements and construction costs.

3.2 Case 2 – Brooklyn, NY

The project site is located northwest of the intersection of Baltic Street and Nevins Street in
Brooklyn, New York. The about 700-square meter site is covered by two asphalt parking
areas. The proposed development at the site consists of a new four to five story building, with
up to one cellar level.
The subsurface conditions at the site generally consist of about 2.4- to 3-meter fill material

of heterogeneous mixture of sand, silt, gravel, brick and asphalt fragments, overlying a gen-
erally very loose to loose upper sand stratum extending to about 6.1 to 8.7 meter depth,
overlying a medium dense to dense lower sand stratum. The boring terminated in the lower
sand stratum, based on region geology (Tamaro et al., 2000), the sand is underlain by Gla-
cial Gardiners Clay which is at a depth of approximately 33 to 43 meters, then by an
approximately 6-meter thick Glacial Jameco Gravel. Bedrock is anticipated at a depth of
approximately 46 to 49 meters below the ground surface and to be of Hartland Formation
and consisting of White Granite/Gray Schist (Baskerville, 1994). The measured depth to
groundwater in the temporary observation wells ranged between 3.4 and 3.7 meters. See
Figure 3 for typical soil stratum.
Calculated weighted average SPT N value of top 30-meter soil is about 14 and pursuant to

NYCBC Section 1613.5.2 Seismic Site Class E was recommended. Based on the results of

Figure 2. NYCBC spectral accelerations for Site Class D and E.
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liquefaction analyses, the potential for liquefaction within the upper sand stratum is pre-domin-
antly probable between depths of about 3- and 7.6-meters below the ground surface. Based on
liquefiable soils, it requires the use of Seismic Site Class F for the structural design of buildings
at the site, per Section 1613.5.2. Based on NYCBC, site-specific geotechnical investigation and
dynamic site response analyses shall be performed to determine appropriate site coefficients.
Additional subsurface testing at the site was performed, to measure the shear wave velocity

of the soils, which consisted of two SCPT probes and six CPT probes performed within the
proposed building footprint. The penetration depths of probes ranged from 7.3 to 25 meters.
Downhole seismic shear wave velocity testing was conducted during two SCPT probes to
obtain shear wave velocity data for the site classification for seismic design (See Figure 3).
Based on shear wave velocity data measured in SCPT-01A, the weighted average shear wave

velocity of the upper 25 meters of soil was approximately 800 fps, or about 244 meters
per second. Based on this weighted average of the shear wave velocity measurements, Seismic Site
Class D and the associated site seismic coefficients are recommended to supersede previously
recommended Seismic Site Class F above. That is, SDS = 0.294g, SD1 =0.117g is recommended
for structural design and PGAM = 0.24g is recommended for as input for liquefaction evaluation.

The liquefaction hazard assessment was conducted using the simplified empirical method.
The results of liquefaction triggering analysis indicate isolated pockets within the Upper Sand
Stratum may have factor of safety against liquefaction triggering between 0.9 and 1.25 and
these pockets typically had a measured thickness of 0.3 to 0.9 meter. This lower factor of safety
indicates a moderate risk of liquefaction triggering. However, the liquefiable soil pockets are
surrounded by denser soil that has low risk during MCE, and liquefaction would typically mani-
fest itself at the ground surface as settlement (0.2 to 2 cm are predicted). Based on these results,
with the isolated nature of the relatively thin, looser sand pockets, it is our opinion that the
building, supported on deep foundations, will remain functional during and after the MCE.
Due to the reassigned Site Seismic Class D and the associated site seismic coefficients are

recommended for structural design, the seismic structural design requirements are alleviated,
and construction costs are saved. Further site-specific ground motion analysis is not considered.

3.3 Case 3 – Flushing, NY

This project is part of the planned reconfiguration of terminal at LaGuardia (LGA) Airport
in Flushing, New York. Based on the results of subsurface exploration program, the

Figure 3. Case study 2 - typical soil stratum and soil shear velocity profile.
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stratigraphy of the site consists of fill underlain by organic silt/clay, underlain by sand, under-
lain by varved clay and silt, underlain by sand, glacial till, and bedrock.
Seismic design considerations were evaluated in accordance with the provisions of the NYCBC.

Liquefaction susceptibility was initially assessed in accordance with NYCBC Figure 1813.1,
which provides a liquefaction screening tool based on SPT N-values. The Code-based liquefaction
screening indicated that the Fill stratum may be susceptible to liquefaction. Therefore, in accord-
ance with the NYCBC, the site was classified as Seismic Site Class F, which requires a site-specific
response analysis to determine seismic parameters for the Site. Site-specific response analyses were
conducted using SHAKE2000 to develop a site-specific design acceleration response spectrum.
The site-specific seismic evaluations and results are presented in the following sections.
Three design soil profiles were derived to be evaluated to assess appropriate dynamic soil

profiles for the response analyses, which are representative of the variation in subsurface
stratification beneath concourses, as presented in Table 1.
To develop dynamic soil properties for use in the site-specific analysis, measured shear wave

velocity (Vs) values from downhole seismic CPT probes and empirically-derived Vs values
based on CPT sleeve friction and tip resistance measurements were used within the depth
range that the CPT data were available, generally extending from ground surface through the
Clay stratum, and part way into the Lower Sand stratum. Empirical correlations summarized
in Wair et al. (2012) were used to estimate Vs using CPT measurements.
Empirical correlations proposed by Wair et al. (2012) were used to estimate Vs using SPT

N-values recorded in select borings for the shallow Fill material, where CPT data was not col-
lected, and in deeper strata, including the Lower Sand and Glacial Till.
The measured and empirically-derived Vs values were used to develop “Best Estimate” (BE)

Vs profiles for the soil strata (i.e., to top of bedrock). In general, Vs values were found to fall
within a similar range for each stratum. Therefore, BE Vs profiles were developed based on
soil stratum, and then applied to each of the three dynamic soil profiles using the thicknesses
presented in Table 1. BE Vs for Bedrock were estimated based on data from other sites with
similar subsurface conditions in New York City area.
To account for the variability in measured and empirical Vs values, SPT N-values, CPT

measurements and uncertainty related to the empirical correlations used, “Upper Bound”
(UB) and “Lower Bound” (LB) Vs profiles were developed. Uncertainty ranges were between
15 and 25 percent depending on the stratum.
The LB, BE and UB Vs profiles, with each stratum broken into the discrete layers used in

the site response analysis software, are shown in Figure 4. The shear wave velocity of bedrock
was assumed to be 6,000 ft/s, or about 1,830 m/s, corresponding to Class A (Hard) Bedrock.
Other dynamic soil properties, including damping and shear modulus degradation curves,
were selected for each soil stratum based on soil type and depth: EPRI (1993) curves, Vucetic
& Dobry (1991) curves, Darendeli, M (2001) curves, Seed et al. (1986) curves, and EPRI
(1993) curves were selected to use for analyses.
A free-field, one-dimensional, equivalent linear site response analysis was performed using

SHAKE2000 to obtain site-specific acceleration response spectra at the ground surface. Six
acceleration time histories were used in the evaluation. Six bedrock acceleration time histories

Table 1. Case 3 dynamic soil profiles.

Stratum

Modeled Thickness (m)

Soil Profile 1 Soil Profile 2 Soil Profile 3

Existing Fill 7.6 7.6 7.6

Organic Silt/Clay 16.8 15.2 16.8

Upper Sand 3.0 4.6 6.1

Clay 18.3 1.5 24.4

Lower Sand 10.7 12.2 15.2

Glacial Till 3.0 16.8 3.0

Depth to Bedrock 59.4 57.9 73.2
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were based on the 2016 New York City Department of Transportation (NYCDOT) synthetic
motions for Class A (Hard) Rock corresponding to MCE. The selected motions consist of the
longitudinal and transverse components of three independent earthquake scenarios. Consider-
ing the combinations of six earthquake input motions, three soil profiles, a total of 18 analyses
were performed for each of the three soil profiles, resulting in a total of 54 analyses. Based on
that the bedrock outcrop response spectra corresponding to the 2016 NYCDOT time histories
were lower than the NYCBC Class A MCE spectrum, a uniform scaling factor 1.3 was applied
to the acceleration values of the input motions to provide a good match between the 2016
NYCDOT bedrock response spectra and the ASCE 7-10 MCE spectrum in the period range
of interest (greater than 0.25 seconds).
Ground surface response spectra were calculated in SHAKE 2000. The mean Spectral

Acceleration (SA) response spectra were calculated independently for Soil Profile Nos. 1, 2
and 3, resulting in three site-specific response spectra for structural damping of 5 percent rep-
resenting the range in subsurface conditions. To develop the design earthquake (DE) response
spectra in accordance with ASCE 7-10, the mean MCE spectral values were multiplied by
two-thirds for each soil profile.
The recommended site-specific DE response spectrum is shown on Figure 5 as a plot of

design SA values for a range of structural periods (T). The DE response spectrum was selected
to envelope the calculated mean DE spectra for the three soil profiles. Site-specific seismic
design coefficients are SDS=0.355g and SD1=0.180g. The minimum DE response spectrum

Figure 4. Case study 3 SHAKE soil profile model summary.
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values are limited to a minimum of 80 percent of the Site Class E DE SA values for the site,
corresponding to the minimum design earthquake allowed for Site Class F in ASCE 7-10.

4 CONCLUSIONS

Three case studies in the metropolitan New York City area, including different subsurface soil
profiles and Site Class D, E, and F, are selected to demonstrate the approaches to perform site-
specific seismic studies including field testing and ground motion analyses to obtain design
acceleration response spectrum. In addition, the studies show how performing site-specific seis-
mic studies can potentially improve site seismic class, reduce design accelerations, improve seis-
mic design category, and reduce liquefaction risk. Site-specific seismic studies thus can be cost
efficient solutions for projects to reduce structural design and construction costs.
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