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SC 41 BRIDGE REPLACEMENT OVER WANDO RIVER

SITE-SPECIFIC SEISMIC RESPONSE ANALYSIS

EXECUTIVE SUMMARY

F&ME Consultants has completed a site-specific seismic response analysis for the SC 41 Replacement
Bridge over Wando River project located in Berkeley County, South Carolina. The input data and design
requirements for our analysis were developed from the following sources:

(@) Subsurface data from ground surface to a depth of approximately elevation -115 feet - F&ME
Geotechnical Investigation for the SC 41 Bridge Replacement project;

(b) Subsurface data below a depth of approximately elevation -115 feet to the hypothetical B-C
boundary at elevation -480 feet — SCDOT data from nearby bridge projects and USGS, and other
published data;

(c) Characteristic Earthquake Motion — SCDOT provided six (6) synthetic earthquakes (ground
motions);

(d) Design guidelines for analysis - SCDOT Geotechnical Design Manual, Chapter 12.

Our site-specific horizontal Acceleration Response Spectra (ARS) curves were developed by performing
sensitivity analysis on an equivalent-linear one-dimensional soil column model using the computer
program ProShake, version 1.1. Our calculated peak shear strain (< 2 percent) validated the use of the
equivalent-linear method.

Our recommended Acceleration Design Response Spectrum (ADRS) curves for Site Class C (applicable
to interior bents) and Site Class D (applicable to end bents and approach embankments) accompany the
summary. The three-point site-adjusted ADRS curves are also superimposed on these curves.

A report of our analysis to include input data, analysis and specific references utilized is attached.
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SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class C

SITE INFORMATION

PRrROJECT IDENTIFICATION

Location - County: Berkeley Route: SC 41 Latitude: 32.9245°

File Number: 8.158B/10.032102 Project Number (PIN): 32102

Longitude: -79.8250°
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SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class D

PROJECT IDENTIFICATION  File Number: 8.158B/10.032102 Project Number (PIN): 32102
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SC 41 BRIDGE REPLACEMENT OVER WANDO RIVER

SITE-SPECIFIC SEISMIC RESPONSE ANALYSIS

1.0  OBJECTIVES

Our analysis, as presented within, evaluates the local site effects on the response spectra and develops
recommended site-specific Acceleration Response Spectra (ARS) and Acceleration Design Response
Spectrum (ADRS) for use in the seismic design of the SC 41 Replacement Bridge over Wando River
project located in Berkeley County, South Carolina. The objective of this analysis is to determine the
following for the Functional and Safety Earthquake Evaluation (FEE and SEE) design events.

(@) Recommended site-specific response curves;

(b) Smoothed site-specific ADRS curves;

(c) Equations of smoothed ADRS curves;

(d) Table of smoothed ADRS data values (spectral accelerations, S, for periods, T); and

(e) Table with design spectral response parameters — peak horizontal ground acceleration, PGA,
maximum design spectral response acceleration, Spwax, design short- and long- period spectral
response accelerations, Sps and Sp; and period markers T, and T, as determined from the
smoothed ADRS Curves.

The following sections of this report present our understandings of the bridge replacement project;
summarizes the geology and lithology of the site; outlines our assumptions and analytical methodology;
and presents our analyses for development of the recommended site-specific seismic response curves.

2.0 ProJecT DESCRIPTION

The proposed replacement bridge will be located along SC Highway 41 over the Wando River on the
Charleston and Berkeley County lines. The new bridge will replace the existing swing span bridge with
longer spans and longer overall length (See Figure 1). The new bridge is planned to be aligned on the
eastern side of the existing bridge and will be approximately 2000 feet long spanning between Stations
255+92 and 275+28 feet (see Figure 2). The latitude and the longitude of the bridge location are 32.9245°
and -79.8250°, respectively (see Appendix B, pp. B-15 and B-16).

Based on the preliminary design by TKA, the new bridge end bents will be supported by steel H-piles and
the interior bents will be supported by drilled shafts. In addition, the proposed bridge is detailed with a
bascule span on a drilled shaft supported footing.

SC 41 Bridge Replacement over Wando River — Site-Specific Seismic Response Analysis F&ME
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3.0 GEoLoGY

3.1 SUBSURFACE STRATIGRAPHY

The geologic formations, members, and groups for this site are taken to be the same as specified by the
SCDOT Geotechnical Design Section (SCDOT GDS) in their referenced documents by the “Shear Wave
Velocity Models to be used in Site-Specific Response Analysis for Charleston, Berkeley, and Dorchester
Counties” (see Appendix B, pp. B-1 through B-6). According to these interpretations, the following
geologic formations and groups have been selected to represent the soil conditions below the bottom of
the river to the hypothetical firm Coastal Plain outcrop equivalent of the B-C boundary.

Elevation (feet, msl) Geologic Formation and Group
-20 to -283 Ashley Formation (Cooper Group)
-283 10 -322 Cross Member of Santee Limestone Formation (Orangeburg Group)
-32210-384 Chicaro Member of Williamsburg Formation (Orangeburg Group)
-384 to -440 Lower Bridge Member of Williamsburg Formation (Black Mingo Group)
-440 to -480 Rhems Formation (Black Mingo Group)
~ 480 B-C Boundary

Incorporating the F&ME boring information at the new bridge location, an approximation of the
subsurface stratigraphy along the bridge alignment is presented in Figure 2. A layer of calcareous sand
within the Cooper Group is found to be present between elevations approximately -71 and -112 feet. The
thickness of this layer varies from 16 to 32 feet, with an average of 20 feet. For seismic response
analysis, a 20 feet layer of cohesionless silty sand between elevations -80 to -100 feet is assumed.

At the bridge approach locations, a layer comprised of sands and clays overlies the Ashley Formation.
This layer is characterized as Pleistocene aged Coastal Plain Sediments and grouped as part of the Wando
Formation. The thickness of this layer varies from 22 to 24 feet at the south side of the bridge and
approximately 17 feet in each of the borings at the north side of the bridge.

3.2 LITHOLOGY

The lithology of subsurface stratigraphic formations at the project site was developed based on available
literatures (see References 2 and 4) and F&ME data from the new bridge site to include boring logs,
seismic CPT soundings, and laboratory test results (see Appendix C). The lithographic data is
summarized below:

(&) Wando Formation - The lithology of the Wando Formation is variable and includes clayey, fine-
to coarse-grained quartz sands, sandy to clayey silts, and sandy to silty clays (see Appendix B,

pp. B-7).

Based on the F&ME boring data, the soils within this formation are generally firm to stiff sandy
clay (CL) and medium dense clayey or silty sand (SC or SM). The liquid limit in the clay layer
ranges from 43 to 55 with plasticity index varying from 21 to 33. The natural moisture content is

SC 41 Bridge Replacement over Wando River — Site-Specific Seismic Response Analysis F&ME
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found to be 25 percent, which is very close to the plastic limit indicating an older formation than
the Holocene or Recent deposits.

(b) Ashley Formation (Cooper Group) — The Ashley Formation of the Cooper Group is a stiff, high
plasticity calcareous silt or clay and generally classifies as MH or CH material. In addition, very
fine to fine-grained glauconite and phosphate sand are present in small amounts throughout the
Ashley Formation.

Based on the F&ME laboratory test results, the cohesive soil samples of Cooper Group exhibit a
liquid limit ranging from 29 to 89 with a plasticity index varying from 10 to 46. The natural
moisture content varies from 25 to 76 percent which is somewhat higher than the plastic limit but
much lower than the liquid limit, indicating overconsolidation (see Appendix C, pp. C-33). The
historically measured overconsolidation ratio (OCR) ranges from about 3 to 6 (see Appendix B,
pp. B-8 and B-13).

Based on the F&ME boring data, the uncorrected SPT N-values within the cohesionless layer of
the Cooper Group are generally in the range of 13 to 23 blows per foot. There are some
variations in values with N-values as high as 62 blows per foot. The fines content of the soil
ranges between 16 to 38 percent, with a mean value of 23 percent (see Appendix C).

(c) Cross Member of Santee Limestone — The Santee Limestone consists primarily of locally shelly,
microfossiliferous limestone (see Appendix B, pp. B-9).

(d) Chicaro Member of Williamsburg Formation — The Chicora is a heterogenous unit consisting of
shelly quartz sands, indurated, moldic limestone, and dark, calcareous sandy and silty clays (see
Appendix B, pp. B-10).

(e) Lower Bridge Member of Williamsburg Formation — The lower Bridge Member consists of
calcareous, silty and sandy clay to very fine sand that has phosphate granules and pebbles at its
base (see Appendix B, pp. B-11).

(f) Rhems Formation — The Rhems Formation consists of fine to coarse arenaceous shale and
argillaceous sand, and pelecypod-poor to pelecypod-rich clayey sand (see Appendix B, pp. B-12).

4.0 ASSUMPTIONS

The response spectrum describes the maximum response of a structure to a particular input motion as a
function of the natural period and damping ratio of the structural system. The following assumptions
were made in generating the site-specific response spectra.

(a) Design ground surface is at the bottom of the river (selected elevation is -20 feet, msl);
(b) The depth to motion of the bridge foundation at interior bent locations is 46 feet below the design
ground surface at an elevation of -66 feet (see Appendix A, Section 3, pp. A-31A);

SC 41 Bridge Replacement over Wando River — Site-Specific Seismic Response Analysis F&ME
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(c) The depth of motion of bridge foundations at end bent locations remains below the original
ground surface (see Section 6.3);

(d) A layer of cohesionless silty sand of Ashley Formation exists between elevations -80 to -100 feet
(see Figure 2);

(e) The depth to the B-C boundary is at elevation -480 feet (see Appendix B, pp. B-1 through B-6);

(f) The overconsolidation ratio of the Cooper Marl varies from 3 to 6 (see Appendix B, pp. B-13);

(9) Soil properties below the Ashley Formation remain unchanged;

(h) The Andrus et al. (2003) correlations for the shear modulus reduction and the equivalent viscous
damping ratio curves provide the most accurate representation of the geologic deposits and the
soil types encountered at the project site (see GDM, Sections 12.3.8.2 and 12.3.8.3);

(i) If there are no recommended values for Andrus et al. (2003) curves for the soils encountered
(such as for the calcareous sand layer of Cooper Group), Vucetic and Dorby (1991) curves are
acceptable and most appropriate for non-plastic soils (see Appendix B, pp. 14);

(i) The consequences of the variations in soil properties of the Cooper Marl on the response spectra
can be evaluated by utilizing the tentative values of Andrus et al. (2003) curves for plasticity
index of 30 and 60;

(k) Equivalent-linear one-dimensional site-specific response analysis method is reliable as long as the
calculated peak shear strains do not exceed 2 percent;

() The site-specific Acceleration Design Response Spectra (ADRS) curves developed for an
equivalent viscous damping ratio of 5 percent is appropriate for the structural behavior of the
bridge and the associated approach embankments; and

(m) The site-specific ADRS curves developed for the interior bent locations are applicable to both the
end bent locations and the approach embankment locations, provided that the adjustments are
made based on their Site Classes (see Section 6.7)

5.0 ComMPUTER PrRoOGRAMS USED

Microsoft Excel 2010 was used for various calculations performed by spreadsheet computations. Ground
response analysis program, ProShake, version 1.1 was utilized for the equivalent linear one-dimensional
site-specific response analysis using six synthetic ground motions generated and provided to us by the
SCDOT GDS (included in Appendix A).

6.0 METHOD OF ANALYSIS

6.1 SHEAR MODULUS REDUCTION AND MATERIAL DAMPING RATIO CURVES

The shear modulus reduction and material damping ratio curves for each major geological unit were
developed assuming a modified hyperbolic model and using the recommended values of shear modulus
and damping coefficients for South Carolina soils by Andrus et al. (2003). The procedures for computing
normalized shear modulus, G/Gna and the equivalent viscous damping ratio, D, corresponding to shear
strain, y, are described in the latest edition of SCDOT Geotechnical Design Manual (GDM), in Tables
12-16 and 12-18, respectively. The appropriate values for each layer were selected from Tables 12-15
and 12-17 according to the geological unit and plasticity index.

SC 41 Bridge Replacement over Wando River — Site-Specific Seismic Response Analysis F&ME
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For the non-plastic sand layer of Ashley Formation, there are no recommended values for Andrus et al.
(2003) curves. In this case, Vucetic and Dorby (1991) curves were utilized as recommended by Andrus et
al. (2003) for soils older than Holocene age with Pl = 0 (see Appendix B, pp. B-14).

Two sets of curves for G/Gna and D for layers from depth to motion to the B-C boundary were computed
for plasticity index of 30 and 60 for Cooper Marl Formation. The detailed calculations and the curves are
provided in Appendix A, Section 1.

6.2 SITE CHARACTERIZATION

A one-dimensional soil column model is needed to perform the site-specific response analysis. The soil
layers in the one-dimensional column are characterized by the total unit weight, shear wave velocity,
shear modulus reduction and equivalent viscous damping ratio curves.

Site-specific shear wave velocities, Vs, were measured by two CPT soundings (SCPT-2 and SCPT-3)
performed near each end bent location of the bridge. The soundings were taken from ground surface to
approximate elevation of -115 feet (see Appendix B, pp. B-5). Below this depth, V; obtained in four
nearby bridge sites located in the same geological area by suspension and downhole testing methods,
were utilized (see Appendix B, pp. B-6).

From the ground surface to elevation -115 feet of the soil profile, Vs was obtained from the F&ME SCPT
soundings, and from elevations -115 feet to the B-C boundary at elevation -480 feet, the Vs measurements
from each of the four nearby bridge sites were individually tabulated. The tabulated values were also
plotted as shear wave velocity profiles. The design V values were taken as the average of the shear wave
velocities within a selected depth interval. The resulting design V, values were plotted as vertical straight
lines in the shear wave velocity profiles. Three such velocity profiles were constructed, one for interior
bents and the other two for approach embankments. Tabulated values of measured and design shear wave
velocity profiles and their graphical representations are provided in Appendix A, Section 2.

The soil column models were prepared in a tabular form similar to the GDM, Table 12-32. Eight (8) soil
column models were developed considering the variations of geological formation, soil type, shear wave
velocities at the four additional bridge sites located in this geological area, and the variation of the
plasticity index of Cooper Marl Formation. These models are provided in Appendix A, Section 3.

6.3 SEISMIC SITE CLASS DETERMINATION

The seismic Site Class was assigned based on site stiffness, which is a weighted average of the shear
wave velocities for the upper 100 feet below the depth-to-motion, Zpry. Because the different structural
components, such as bridge abutments, interior bents, and approach embankments, may have differing
Zptv and due to the spatial variations of the soil profile along the bridge site, Site Classes for each
structural component were evaluated.

The end bents and the interior bents will be supported by steel H-piles and concrete drilled shafts,

respectively. The Zpry for all interior bents are anticipated to be located approximately at the same level
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and is assumed to be at elevation of -66 feet as explained in Appendix A, Section 3, pp. A-31A. The Zpry
for pile foundations at end bent locations are expected at some point below the ground surface. The
placement of embankment fill may affect the Zpry for pile foundations, but it is our assessment that it
would remain below the original ground surface. The Zpmy for the approach embankments are assumed to
be at the existing ground surface, which is considered as the base of the embankment fill.

The site stiffnesses were computed in accordance with the GDM, Table 12-20 using the design shear
wave velocities, Vs, of each layer and utilizing Equation 12-14. The Site Classes were determined in
accordance with the GDM, Tables 12-21 and 12-22. The detailed computations are provided in appendix
A, Section 4.

6.4 EARTHQUAKE INPUT MOTIONS

The earthquake input motions used to perform the sensitivity analysis for this bridge site were generated
by the SCDOT Geotechnical Design Section (GDS) and provided to us. The GDS generated a total of six
synthetic ground motions using an earthquake moment magnitude of 7.30 and epicentral distance of 30.3
and 27.3 kilometers for the FEE and SEE events, respectively (see Appendix B, pp. B-15 through B-16).
The FEE represents a small ground motion that has a 15 percent probability of occurrence within the
design life of the structure, typically assumed to be 75 years when evaluating the design earthquakes,
regardless of its actual design life (refer to the GDM, Section 11.9.1). The SEE, on the other hand,
represents a large ground motion that has a relatively low probability of occurrence within the life of the
structure (3 percent in 75 years). The FEE and the SEE synthetic ground motions are presented
graphically in Appendix A, Section 5.

6.5 SENSITIVITY ANALYSIS

The required input to perform the sensitivity analysis includes one-dimensional soil column models, shear
modulus reduction curves, material damping ratio curves, and the earthquake motions. An equivalent-
linear one-dimensional site-specific response analysis was performed using computer program ProShake,
version 1.1. This computer program models a soil column with horizontal layered soil deposits overlying
a uniform visco-elastic half space. As a result of the sensitivity analysis performed for each of the
synthetic ground motions developed for the project site, a series of site-specific horizontal acceleration
response spectra (ARS) curves were generated. All electronic input and output files generated by
ProShake are provided in electronic format on a CD included in Appendix A,
Section 6.

For each seismic design event earthquake input motion, twenty four (24) ARS curves were generated by
ProShake for an equivalent viscous damping ratio of 5 percent. Each output was also checked for the
peak shear strains to validate the equivalent-linear response analysis. The calculated peak shear strains at
mid-depth of each layer of the soil column models were tabulated for each assumed site condition. The
results of all forty eight (48) site-specific response curves at depth of motion were also tabulated and
plotted as a function of period. The peak shear strain values, response data and the response spectrum
plots are provided in Appendix A, Section 7. The arithmetic mean of the twenty four (24) response
curves related to each design earthquake events are also superimposed on each of the graphs.
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6.6 RECOMMENDED SITE-SPECIFIC RESPONSE CURVES

The average site-specific ARS curves were compared with the Three-Point Horizontal ADRS curves and
70 percent of their spectral accelerations. The ADRS curves were constructed using the preliminary
seismic design information provided to us by the GDS (see Appendix B, pp. B-17) and adjusted for the
local site conditions as outlined in the GDM, Tables 12-26 through 12-29. These comparisons are shown
graphically in Appendix A, Sections 8 and 9 for Site Classes C and D, respectively.

It is found that some of the spectral accelerations of the average ARS curves are less than the 70 percent
of the spectral accelerations of the ADRS curves. Also, the average curves appear to be quite irregular.
Therefore, some smoothing was done for the recommended response curves. The smoothing for the
recommended site-specific ARS curves for different seismic design events was made utilizing the
following methodology:

(@) the values of the average ARS curves unless the corresponding spectral acceleration at that period
is less than the 70 percent of those by the Three-Point ADRS curves;

(b) for values of less than the 70 percent spectral acceleration, a minimum of 70 percent of the
spectral acceleration of the ADRS curves;

(c) the peak values of the average spectral acceleration curves; and

(d) other values of the average spectral acceleration curves which deemed appropriate in generating
the best-fit smooth curve.

The calculations and the graphical representation of the smoothed recommended ARS curves for Site
Classes C and D, and their comparison with the Three-Point ADRS and the lowest permitted spectral
acceleration curves are provided in Appendix A, Sections 8 and 9, respectively.

6.7 SITE-SPECIFIC HORIZONTAL ADRS CURVES

The recommended site-specific horizontal Acceleration Design Response Spectra (ADRS) were
developed using the procedures specified in the GDM, Table 12-33. These smoothed ADRS curves are
superimposed over the GDS provided ADRS curves adjusted for the site classes. The procedures for
construction of the site-specific ADRS curves for Site Classes C and D are provided in Appendix A,
Sections 10 and 11, respectively. The recommended site-specific ADRS curves, thus constructed, are
presented at the end of these sections. The site-adjusted Three-Point ADRS curves are also superimposed
over the recommended site-specific ADRS curves, and include the project information and design spectral
response parameters.

Based upon our limited analysis, the site response curves at end bent locations would not be significantly
different from those developed for the interior bent location. Therefore, a separate response analysis for
free-field ground surface motion and that at the depth to motion of pile foundations at end bent locations
have not been performed.

It is found that the site-specific design ground motion parameters obtained by using the site-adjustment
factors provide the higher peak ground acceleration, PGA, maximum design spectral acceleration, Spuax
and shorter period range, T, — T,, when compared to those obtained by using sensitivity analysis. The
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site-specific ADRS SEE curves for Site Classes C and D are also found to be identical. These points are
explained in Appendix A, Section 11, pp. A-78A.

From the design point of view, the following differences are most significant:

(a) The PGA is found to be 30 percent less than that obtained by using empirical adjustment factors.
(b) The site-specific ADRS curves have longer period ranges than those of the site-adjusted curves.

The duration difference represents the significant characteristics of eastern U.S. earthquakes when
compared to the western U.S. The eastern U.S. earthquakes have longer recurrence periods (or the greater
number of cycles) for the same magnitude of western U.S. earthquake-indicating the slower attenuation
of ground motions when propagating through the thick layers of soils (see Appendix B, pp. B-18).

These different values of design ground motion parameters signify the importance of site-specific seismic
response analysis.  In the absence of site-specific response analysis, the calculated earthquake-induced
loads on the various foundation systems may not represent the actual loads. Depending upon the
component of the foundation system, the loads may be over-estimated or under-estimated.

7.0 CONCLUSIONS

The following conclusions are drawn based on the results of our analysis and the construction of the
recommended site-specific smoothed Three-Point ADRS curves.

(@) The maximum value of peak shear strain was found to be 0.21 percent, which does not exceed the
peak shear strain of 2 percent. Therefore, equivalent-linear one-dimensional site-specific
response analysis method using ProShake is considered valid.

(b) The design spectral response parameters as determined from the smoothed ADRS curves for an
equivalent viscous damping ratio of 5 percent for Site Classes C and D are summarized in Figures
3 and 4, respectively. The three-point site-adjusted ADRS curves are also superimposed on these
curves.

(c) The site-specific ADRS curves for Site Class C are applicable for the design of interior bent
foundation systems, and those for Site Class D are applicable for end bent foundation systems and
bridge approach embankments.

(d) The site-specific ADRS curves have longer period ranges than the site-adjusted curves. This
represents the significant characteristic difference of eastern U.S. earthquakes when compared to
the western U.S. earthquakes.

8.0 LIMITATIONS

This seismic response analysis report is prepared in accordance with generally accepted geotechnical
engineering practice for specific application to the referenced bridge project. The conclusions contained
herein are based upon the available information and applicable standards at the time this report has been
prepared. No other warranty, expressed or implied, is made.
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In the event that any changes in nature, design, or location of the structure and/or foundation elements are
planned, the conclusions contained in this report will not be valid unless the changes are reviewed and
verified in writing.

9.0
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SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class C

SITE INFORMATION
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SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class D
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SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-2

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 30 for Ashley Formation (Cooper Marl)

Estimation of Mean Confining Pressures

Geologic Soil ) ) ’ , ’ ,
Format%on Group E, Ey d Tow ' Gwt | Ow [ Oum 0 PI | OCR| K/, co'm

- - - ft ft ft pcf pcf ksf ksf ksf deg | dim [ dim | dim ksf

Ashley Cooper | @ -20 -66 46 125 | 625 | 0.0 2.9 14 - - - - -
Ashley Cooper | (@ -66 -80 14 125 | 625 2.9 3.8 3.3 0 30 3.0 1.06 3.4
Ashley Cooper | (@© -80 | -100 20 130 | 675 | 3.8 5.1 44 33 0 30 | 0.79 | 3.8
Ashley Cooper| @ |-100 |[-150 50 130 | 675 5.1 8.5 6.8 0 30 3.0 1.06 7.0
Ashley Cooper | @ |-150 |[-283 | 133 130 | 675 ( 85 | 175 | 13.0 0 30 4.0 | 1.22 | 149
Santee (a) ® |-283 [-322 39 150 | 875 | 175 | 20.9 | 19.2 0 0 1.0 | 1.00 | 19.2
Williamsburg [ (b) @® |-322 |-384 62 130 | 675 | 20.9 | 25.1 | 23.0 43 0 3.0 | 055 ]16.1
Williamsburg | (c) @® |-384 |-440 56 130 | 675 | 25.1 | 28.8 | 26.9 43 0 3.0 | 055 ] 189
Rhems (d) @ | -440 |-480 40 130 | 675 | 28.8 | 315 | 30.2 43 0 3.0 | 055|211
Rhems (e) @ | -480 | infinite - 130 | 675 | 315 - - 43 0 3.0 | 055 -
Notes:

From river bed to elevation -115 ft, the soil layers are based on the generalized subsurface profile (see Figure 2)
Geologic formations, members, and groups are based on Ref (1)
Ref (1) Shear Wave Velocity Models to be used in Site-Specific Response Analysis as modeled by SCDOT

€)] = Cross Member of Santee Limestone, Orangeburg Group
(b) = Chicaro Member of Williamsburg Formation, Black Mingo Group
(© = Lower Bridge Member of Williamsburg Formation, Black Mingo Group
(d) = Black Mingo Group
(e) = Black Mingo Group
®,@,® = cohesionless and cohesive soil layers, and shelly microfossiliferous limestone, respectively
E, E, = elevation of top and bottom of the layer
d = thickness of the layer, d = E; -E;
Yowr V' = total and effective unit weight of soil, respectively and y' =y, - v, Where y,, is the unit weight of water
o'y = vertical effective stress, at top, bottom and mean vertical effective pressure
Zotm = depth-to-motion (GDM, §12.4.2 and 12.8.4) and is considered at elevation -66 ft
¢’ = drained friction angle for cohesionless soils and is estimated on the basis of SPT and CPT data
Pl = plasticity index of cohesive soils
OCR = overconsolidated ratio of soils
K’y = coefficient of effective earth pressure at rest (GDM, Table 12-14)
o'm = mean confining pressure and ¢’,, = o'y [(1 + 2K',)/3] (GDM, Eq 12-21)
Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-3

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 30 for Ashley Formation (Cooper Marl)

Calculation for Reference Shear Strain

L?]};er GGSL(;thC ?;;L A Zy d o' 6’ min O’ nax PI Vi1 a k e
- - - ft ft ft ksf ksf ksf dim % dim dim dim
Cooper Marl @ -20 -66 46 - - - - - - - -
1 Cooper Marl @ -66 -80 14 3.4 3.0 3.9 30 0.030 1.10 0.497 | 0.039
2 Cooper Marl @ -80 -100 20 3.8 32 4.4 0 i } i }
3 Cooper Marl @ -100 -150 50 7.0 53 8.8 30 0.030 1.10 0.497 | 0.056
4 Cooper Marl ) -150 -283 133 14.9 9.7 20.0 30 0.030 1.10 0.497 | 0.081
5 Santee ® -283 -322 39 19.2 17.5 20.9 0 0.047 1.00 0.313 | 0.095
6 Black Mingo ©) -322 -480 158 16.1 14.6 22.1 0 0.047 1.00 0.313 | 0.090
7 Black Mingo @® -480 | infinite - - 22.1 - 0 0.047 1.00 0.313 | 0.100
Notes:

Layers are numbered below the depth-to-motion, Zpry
®,@.® = cohesionless and cohesive soil layers, and shelly microfossiliferous limestone, respectively

E, E, = elevation of top and bottom of the layer

d = thickness of the layer, d = E, -E,

G'm = mean confining pressure

G’ min = min confining pressure and ¢’;, = 6’y [(1 + 2K’;)/3] and needs to be greater than 0.5,

O’ max = max confining pressure and ¢’ = o'\, [(1 + 2K',)/3] and needs to be less than 1.5 &',

K', = coefficient of effective earth pressure at rest (GDM, Table 12-14)

PI = plasticity index of cohesive soils and is estimated on the basis of available soil test results

Yr1 = reference shear strain at 1 tsf (GDM, Table 12-15)

o = curvature coefficient (GDM, Table 12-15)

k = an exponent that varies with geologic formation (GDM, Table 12-15)

Yr = reference shear strain and y, = y,, (c’m/Pa)k, where P, is the reference pressure of 2 ksf (GDM, Eq 12-20)
t Vucetic and Dorby (1991) correlations are used for PI = 0 soils (GDM, §12.3.8.2)
Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-4

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 30 for Ashley Formation (Cooper Marl)

Calculation for Small-Strain Material Damping
Lover | Geologic | ol ||y o o | o | D | o | k| D
- - - ft ft ft ksf ksf ksf dim % dim dim dim
Cooper Marl @ -20 -66 46 - - - - - - - -
1 Cooper Marl ©) -66 -80 14 3.4 3.0 3.9 30 1.71 1.10 | 0.497 | 1.498
2 Cooper Marl @® -80 -100 20 3.8 3.2 4.4 0 0.56 1 t t
3 Cooper Marl ©) -100 -150 50 7.0 5.3 8.8 30 1.71 1.10 | 0.497 | 1.254
4 Cooper Marl @ -150 -283 133 14.9 9.7 20.0 30 1.71 1.10 | 0.497 | 1.041
5 Santee ® -283 -322 39 19.2 17.5 20.9 0 0.68 1.00 | 0313 | 0.477
6 Black Mingo @® -322 -480 158 16.1 14.6 22.1 0 0.68 1.00 | 0313 | 0.491
7 Black Mingo ©) -480 | infinite - - 22.1 - 0 0.68 1.00 | 0.313 | 0.467
Notes:

Layers are numbered below the depth-to-motion, Zpry
®,@.® = cohesionless and cohesive soil layers, and shelly microfossiliferous limestone, respectively

E, E, = elevation of top and bottom of the layer
d = thickness of the layer, d = E, -E,
G'm = mean confining pressure
G’ m(av) = average mean confining pressure for the subdivided geologic unit
PI = plasticity index of cohesive soils
o = curvature coefficient (GDM, Table 12-15)
k = an exponent that varies with geologic formation (GDM, Table 12-15)
Diint = small-strain damping at ¢’,, = 2 ksf (GDM, §12.3.7)
Diin = small-scale material damping and D,;;, = D yin1 (c’m/Pa)'O‘Sk, where P, is reference pressure of 2 ksf (GDM, Eq 12-28)
t Vucetic and Dorby (1991) correlations are used for PI = 0 soils (GDM, §12.3.8.2)
Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME

Page 3 of 10 CONSULTANTS



SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-5

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 30 for Ashley Formation (Cooper Marl)

Calculation for Shear Modulus Reduction and Equivalent Viscous Damping Ratio Curves'

Y Layer 1 Layer 3 Layer 4 Layer 5 Layer 6 Layer 7

NE G/Gpax D G/Gax D G/Gax D G/Gax D G/Gmax D G/Gmax D

0.0001 0.999 1.512 0.999 1.263 0.999 1.047 0.999 0.488 0.999 0.502 0.999 0.477
0.0002 0.997 1.528 0.998 1.273 0.999 1.054 0.998 0.498 0.998 0.512 0.998 0.487
0.0004 0.994 1.561 0.996 1.296 0.997 1.070 0.996 0.519 0.996 0.534 0.996 0.506
0.0008 0.986 1.634 0.991 1.345 0.994 1.102 0.992 0.560 0.991 0.578 0.992 0.546
0.001 0.983 1.672 0.988 1.371 0.992 1.119 0.990 0.580 0.989 0.600 0.990 0.565
0.002 0.964 1.872 0.975 1.505 0.983 1.208 0.979 0.684 0.978 0.709 0.980 0.664
0.004 0.925 2.302 0.948 1.795 0.965 1.401 0.960 0.892 0.958 0.929 0.961 0.863
0.008 0.852 3.216 0.895 2.418 0.928 1.815 0.923 1.309 0.919 1.370 0.926 1.262
0.01 0.818 3.682 0.870 2.740 0.909 2.030 0.905 1.518 0.900 1.590 0.909 1.462
0.02 0.677 5.928 0.757 4.361 0.824 3.146 0.827 2.544 0.819 2.670 0.833 2.445
0.04 0.495 9.561 0.592 7.285 0.686 5.326 0.704 4.440 0.693 4.651 0.714 4.274
0.08 0.314| 13.970 0.404| 11.439 0.504 8.894 0.544 7.489 0.530 7.789 0.555 7.249
0.1 0.263| 15.336 0.346( 12.878 0.443( 10.278 0.488 8.692 0.474 9.012 0.499 8.435
0.2 0.143| 18.858 0.198| 16.959 0.271| 14.673 0.323| 12.709 0.311| 13.036 0.333| 12.441
0.4 0.072| 21.092 0.103| 19.851 0.148| 18.256 0.192| 16.347 0.184| 16.608 0.199| 16.130
0.8 0.035| 22.315 0.051| 21.541 0.075| 20.551 0.106| 18.974 0.101| 19.149 0.111| 18.828

1 0.028( 22.563 0.040( 21.893 0.059( 21.050 0.087 19.593 0.083[ 19.743 0.091( 19.467

Notes:
G/Grax = normalized shear modulus and G/G, = 1/[1 + (v/7,)“], (GDM, Eq 12-19)
D = material damping ratio and D = Dy, + 12.2 [1{1 + (y/7,)°}? - 34.2 [1{1 + (v/y,)“}] + 22.0 (GDM, Eq 12-30)
o = curvature coefficient
Yr = reference shear strain
Dmin = small-scale material damping
$ Vucetic and Dorby (1991) correlations are used to represent the soils of Layer 2
Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 1

Site-Specific Seismic Response Analysis A-6
Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI of 30 for Ashley Formation (Cooper Marl)
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SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-7

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 60 for Ashley Formation (Cooper Marl)

Estimation of Mean Confining Pressures

Geologic soil | Et Ep d Yow Y vt | Ow [ Ouwm | ¢ PI. |OCR| K5 | o'n
. Group
Formation Type

ft ft ft pcf pcf ksf ksf ksf deg | dim | dim | dim ksf

Ashley Cooper | @ -20 -66 46 105 | 425 | 0.0 2.0 1.0 - - - - -
Ashley Cooper | (@ -66 -80 14 125 | 625 2.0 2.8 2.4 0 60 3.0 1.14 2.6
Ashley Cooper | (@© -80 | -100 20 130 | 675 | 2.8 4.2 35 33 0 30 | 0.79 | 3.0
Ashley Cooper| @ |-100 |[-150 50 130 | 675 | 4.2 7.6 5.9 0 60 30 | 1.14 | 64
Ashley Cooper | @ |-150 |[-283 | 133 130 | 675 76 | 165 | 12.0 0 60 4.0 | 1.32 | 146
Santee (a) ® |-283 [-322 39 150 | 875 | 165 | 19.9 | 18.2 0 0 1.0 | 1.00 | 18.2
Williamsburg [ (b) @® |-322 |-384 62 130 | 675 (199 | 241 | 22.0 43 0 3.0 | 055|154
Williamsburg | (c) @® |-384 |-440 56 130 | 675 [ 24.1 | 279 | 26.0 43 0 3.0 | 055 ] 182
Rhems (d) @ | -440 |-480 40 130 | 675 [ 279 | 30.6 | 29.3 43 0 3.0 | 055 | 205
Rhems (e) @ | -480 | infinite - 130 | 67.5 | 30.6 - - 43 0 3.0 | 055 -
Notes:

From river bed to elevation -115 ft, the soil layers are based on the generalized subsurface profile (see Figure 2)
Geologic formations, members, and groups are based on Ref (1)
Ref (1) Shear Wave Velocity Models to be used in Site Specific Response Analysis as modeled by SCDOT

€)] = Cross Member of Santee Limestone, Orangeburg Group
(b) = Chicaro Member of Williamsburg Formation, Black Mingo Group
(© = Lower Bridge Member of Williamsburg Formation, Black Mingo Group
(d) = Black Mingo Group
(e) = Black Mingo Group
®,@,® = cohesionless and cohesive soil layers, and shelly microfossiliferous limestone, respectively
E, E, = Elevation of top and bottom of the layer
d = thickness of the layer, H = E; -E,,
Yowr V' = total and effective unit weight of soil, respectively and y' =y, - v, Where y,, is the unit weight of water
o'y = vertical effective stress, at top, bottom and mean vertical effective pressure
Zotm = depth-to-motion (GDM, §12.4.2 and 12.8.4) and is considered at elevation -66 ft
¢’ = drained friction angle for cohesionless soils and is estimated on the basis of SPT and CPT data
Pl = plasticity index of cohesive soils
OCR = overconsolidated ratio of soils
K’y = coefficient of effective earth pressure at rest (GDM, Table 12-14)
o'm = mean confining pressure and ¢’,, = o'y [(1 + 2K',)/3] (GDM, Eq 12-21)
Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME

Page 6 of 10 CONSULTANTS



SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-8

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 60 for Ashley Formation (Cooper Marl)

Calculation for Reference Shear Strain

Layer | Geologic | Soil % Zp d O'm C'min | O'max PI Tri a k Ve
ID Unit Type

ft ft ft ksf ksf ksf dim % dim dim dim

Cooper Marl @ -20 -66 46 - - - - - - - -
1 Cooper Marl ©) -66 -80 14 2.6 2.1 3.1 60 0.058 1.18 0.436 | 0.065

2 Cooper Marl @ -80 -100 20 3.0 24 3.6 0 i } i }
3 Cooper Marl ©) -100 -150 50 6.4 4.6 8.3 60 0.058 1.18 0.436 | 0.096
4 Cooper Marl ) -150 -283 133 14.6 9.2 20.1 60 0.058 1.18 0.436 | 0.137
5 Santee ® -283 -322 39 18.2 16.5 19.9 0 0.047 1.00 | 0.313 | 0.094
6 Black Mingo ©) -322 -480 158 15.4 14.0 21.4 0 0.047 1.00 | 0.313 | 0.089
7 Black Mingo @® -480 | infinite - - 21.4 - 0 0.047 1.00 | 0.313 | 0.099

Notes:
Layers are numbered below the depth-to-motion, Zpry
®,@.® = cohesionless and cohesive soil layers, and shelly microfossiliferous limestone, respectively

E, E, = Elevation of top and bottom of the layer
d = thickness of the layer, d = E, -E,
G'm = mean confining pressure
G’ min = min confining pressure and ¢’;, = 6’y [(1 + 2K’;)/3] and needs to be greater than 0.5,
O’ max = max confining pressure and ¢’ = o'\, [(1 + 2K',)/3] and needs to be less than 1.5 &',
K', = coefficient of effective earth pressure at rest (GDM, Table 12-14)
PI = plasticity index of cohesive soils and is estimated on the basis of available soil test results
Yr1 = reference shear strain at 1 tsf (GDM, Table 12-15)
o = curvature coefficient (GDM, Table 12-15)
k = an exponent that varies with geologic formation (GDM, Table 12-15)
Yr = reference shear strain and y, = y,, (c’m/Pa)k, where P, is the reference pressure of 2 ksf (GDM, Eq 12-20)
t Vucetic and Dorby (1991) correlations are used for PI = 0 soils (GDM, §12.3.8.2)
Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-9

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 60 for Ashley Formation (Cooper Marl)

Calculation for Small-Strain Material Damping
Layer | Geologic | Soil % Zb d O'm O'min | O'max PI Dinin a k Dinin
ID Unit Type

ft ft ft ksf ksf ksf dim % dim dim dim

Cooper Marl @ =20 -66 46 - - - - - - - -
1 Cooper Marl @ -66 -80 14 2.6 2.1 3.1 60 1.71 1.18 | 0.436 | 1.616

2 Cooper Marl @ -80 -100 20 3.0 2.4 3.6 0 0.56 1 t t
3 Cooper Marl @ -100 -150 50 6.4 4.6 8.3 60 1.71 1.18 | 0.436 | 1.329
4 Cooper Marl @ -150 -283 133 14.6 9.2 20.1 60 1.71 1.18 | 0.436 | 1.111
5 Santee ® -283 -322 39 18.2 16.5 19.9 0 0.68 1.00 | 0313 | 0.481
6 Black Mingo @® -322 -480 158 15.4 14.0 21.4 0 0.68 1.00 | 0313 | 0.494
7 Black Mingo ©) -480 | infinite - - 21.4 - 0 0.68 1.00 | 0313 | 0.469

Notes:
Layers are numbered below the depth-to-motion, Zpry
®,@.® = cohesionless and cohesive soil layers, and shelly microfossiliferous limestone, respectively

E, E, = Elevation of top and bottom of the layer

d = thickness of the layer, d = E, -E,

G'm = mean confining pressure

G’ m(av) = average mean confining pressure for the subdivided geologic unit

PI = plasticity index of cohesive soils

o = curvature coefficient (GDM, Table 12-15)

k = an exponent that varies with geologic formation (GDM, Table 12-15)

Diint = small-strain damping at ¢’,, = 2 ksf (GDM, §12.3.7)

Diin = small-scale material damping and D,;;, = D yin1 (c’m/Pa)'O‘Sk, where P, is reference pressure of 2 ksf (GDM, Eq 12-28)
t Vucetic and Dorby (1991) correlations are used for PI = 0 soils (GDM, §12.3.8.2)

Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 1
Site-Specific Seismic Response Analysis A-10

Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI1 of 60 for Ashley Formation (Cooper Marl)

Calculation for Shear Modulus Reduction and Equivalent Viscous Damping Ratio Curves'

Y Layer 1 Layer 3 Layer 4 Layer 5 Layer 6 Layer 7

¢ |GGum| D |GGuw| D |GGu| D |GGu| D |GGum| D |GGu| D

0.0001 1.000 1.621 1.000 1.332 1.000 1.113 0.999 0.492 0.999 0.505 0.999 0.479
0.0002 0.999 1.627 0.999 1.335 1.000 1.115 0.998 0.502 0.998 0.516 0.998 0.489
0.0004 0.997 1.641 0.998 1.344 0.999 1.121 0.996 0.523 0.996 0.538 0.996 0.509
0.0008 0.994 1.672 0.996 1.364 0.998 1.134 0.992 0.565 0.991 0.582 0.992 0.549
0.001 0.993 1.689 0.995 1.374 0.997 1.141 0.989 0.586 0.989 0.604 0.990 0.569
0.002 0.984 1.780 0.990 1.432 0.993 1.179 0.979 0.691 0.978 0.715 0.980 0.668
0.004 0.964 1.989 0.977 1.564 0.985 1.264 0.959 0.902 0.957 0.937 0.961 0.869
0.008 0.921 2.463 0.949 1.862 0.966 1.460 0.921 1.326 0.918 1.384 0.925 1.272
0.01 0.900 2.717 0.935 2.023 0.956 1.565 0.904 1.538 0.899 1.607 0.908 1.473
0.02 0.799 4.072 0.863 2.896 0.906 2.141 0.824 2.579 0.817 2.700 0.832 2.466
0.04 0.638 6.758 0.737 4.758 0.810 3.414 0.701 4.498 0.690 4.701 0.712 4.308
0.08 0.438| 10.967 0.553 8.147 0.653 5.972 0.540 7.573 0.527 7.860 0.552 7.298
0.1 0.375( 12.502 0.488 9.553 0.592 7.141 0.484 8.781 0.471 9.088 0.497 8.488
0.2 0.210] 16.973 0.296| 14.265 0.391| 11.604 0.319( 12.801 0.308( 13.112 0.331| 12.497
0.4 0.105( 20.152 0.157| 18.257 0.221| 16.141 0.190( 16.421 0.182| 16.668 0.198| 16.176
0.8 0.049| 21.953 0.076| 20.793 0.112] 19.443 0.105| 19.024 0.100 19.189 0.110| 18.858

1 0.039] 22.317 0.060| 21.331 0.088] 20.189 0.086] 19.636 0.082] 19.777 0.090] 19.494

Notes:
G/Gpax = normalized shear modulus and G/G,,,, = 1/[1 + (v/y,)"], (GDM, Eq 12-19)
D = material damping ratio and D = D, + 12.2 [1/{1 + (y/y)™}]* - 34.2 [1/{1 + (y/7,)*}] + 22.0 (GDM, Eq 12-30)
o = curvature coefficient (GDM, Table 12-15)
Ye = reference shear strain
Duin = small-scale material damping
t Vucetic and Dorby (1991) correlations are used to represent the soils of Layer 2
Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 1

Site_Specific Seismic Response Analysis A-11
Shear Modulus Reduction and Damping Ratio Curves based on Andrus et al. (2003)
with PI of 60 for Ashley Formation (Cooper Marl)
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Calculation for Shear Modulus Reduction and Damping Ratio Curves F&ME
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SC 41 Bridge Replacement over Wando River

Site-Specific Seismic Response Analysis

SECTION 2
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 2

Site-Specific Seismic Response Analysis A-12
Site-Specific Measured and Design Shear Wave Velocity Profile above Elevation -115 feet
Calculation for Design Shear Wave Velocity using Site-Specific Data
Ez Vsz Ez Vss Vs (South) Vs Vs (North)
ft ft/sec ft ft/sec ft/sec ft/sec ft/sec
1.4 464 -0.2 940
-1.9 552 -3.4 757 Depth 830
-5.1 484 -6.7 917 510 to
-8.4 471 -10.0 705 Motion
-11.7 577 -13.3 1103
-15.0 858 -16.6 1206 858 l 1153
-18.3 1292 -19.9 1149
-21.5 886 -23.1 779
-24.8 727 -26.4 763
-28.1 751 -29.7 764 785 785 785
-31.4 813 -33.0 794
-34.7 1051 -36.3 1068
-37.9 939 -39.5 870
-41.2 1030 -42.8 1020
-44.5 1038 -46.1 957
-47.8 999 -49.4 975
-51.1 1100 -52.7 1189 1030 1030 1030
-54.3 1023 - -
-57.6 1059 -59.2 1038
-60.9 1048 -62.5 992
-64.2 1101 -65.8 1073
-67.5 1172 -69.1 1056
-70.7 1265 -72.3 1213
-74.0 1288 -75.6 1191
-77.3 1362 -78.9 1213
-80.6 1483 -82.2 1394
-83.9 1470 -85.5 1394 1345 1345 1345
-87.1 1501 -88.7 1638
-90.4 1360 -92.0 1236
-93.7 1988 -95.3 1394
-97.0 1198 -98.6 1395
-100.3 987 -101.9 1873
-103.6 985 -105.2 1261
-106.8 1087 -108.4 2261
-110.1 1043 -111.7 923 1063 1063 1063
-113.4 1068 -115.0 1075
Notes:
E, = elevation of shear wave velocity measurement
Vo, Vg = measured shear wave velocity from SCPT-2 and SCPT-3 soundings, respectively
Vs = average shear wave velocity for design analysis for the interior and end bents
Vs Vs = design shear wave velocity at approach embankments at South and North side, respectively
Strike through values are not considered in calculating the average V,
The cyan line indicates the river bed elevation
Calculation for Design Shear Wave Velocity Profiles F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 2

Site-Specific Seismic Response Analysis A-13
Site-Specific Measured and Design Shear Wave Velocity Profile above Elevation -115 feet
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Calculation for Design Shear Wave Velocity Profiles F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 2

Site-Specific Seismic Response Analysis A-14
Design Shear Wave Velocity Profiles for Response Analysis
Calculation for Design Shear Wave Velocity
E; Ey Vs E, Ep V, E; Ey Vs E, Ep V,
ft ft ft/sec ft ft ft/sec ft/sec ft/sec ft/sec
-20 -33 785 -20 -33 785 -20 -33 785 -20 -33 785
-33 -66 1030 -33 -66 1030 -33 -66 1030 -33 -66 1030
-66 -102 1345 -66 -102 1345 -66 -102 1345 -66 -102 1345
-102 -115 1063 -102 -115 1063 -102 -115 1063 -102 -115 1063
-115 -141 1400 -115 -149 1473 -115 -153 1485 -115 -181 1185
-141 -208 1637 -149 -175 1251 -153 -175 1235 -181 -316 1910
-208 -251 2322 -175 -183 2064 -175 -205 1880 -316 -352 2630
-251 -271 1819 -183 -208 1553 -205 -225 2320 -352 -375 3264
-271 -283 2408 -208 -219 2236 -225 -238 1605 -375 -386 2650
-283 -306 3310 -219 -238 1816 -238 -260 2695 -386 -441 1358
-306 -323 3088 -238 -273 2285 -260 -275 1775 -441 -455 2169
-323 -336 3711 -273 -283 1804 -275 -336 2510 -455 -480 1602
-336 -352 3264 -283 -291 2162 -336 -352 1711 -480 | infinite 2500
-352 -375 2650 -291 -306 2408 -352 -375 3264
-375 -386 1358 -306 -323 3310 -375 -386 2650
-386 -441 2169 -323 -336 3088 -386 -441 1358
-441 -455 1602 -336 -352 1711 -441 -455 2169
-455 -480 2091 -352 -375 3264 -455 -480 1602
-480 | infinite 2500 -375 -386 2650 -480 | infinite 2500
-386 -441 1358
-441 -455 2169
-455 -480 1602
-480 infinite 2500
Port Access Road Bridge Ravenel Bridge Ravenel Bridge Maybank Bridge
(B-11 Suspension) (MP-2 & MP-3 Suspension) (DS-1 Downhole) (PS-1 Downhole)
Notes:
E, Ep = top and bottom elevation of the layer of average shear wave velocity
Vs = design shear wave velocity
V, data above the blue lines are the site-specific design shear wave velocities
V, data below the blue lines are the design shear wave velocities at the bridge site mentioned at the bottom of the table
Calculation for Design Shear Wave Velocity Profiles F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 2

Site-Specific Seismic Response Analysis A-15
Site-Specific Design Shear Wave Velocity Profile
Using Port Access Road Bridge B-11 (Suspension) Design Shear Wave Velocity Data below -115 feet
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Calculation for Design Shear Wave Velocity Profiles F&ME
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis
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Appendix A - Section 2

A-16
Site-Specific Design Shear Wave Velocity Profile
Using Ravenel Bridge MP-2 and MP-3 (Suspension) Design Shear Wave Velocity Data below -115 feet
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Calculation for Design Shear Wave Velocity Profiles F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 2
Site-Specific Seismic Response Analysis A-17

Site-Specific Design Shear Wave Velocity Profile
Using Ravenel Bridge DS-1 (Downhole) Design Shear Wave Velocity Data below -115 feet
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Calculation for Design Shear Wave Velocity Profiles F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 2
Site-Specific Seismic Response Analysis A-18

Site-Specific Design Shear Wave Velocity Profile
Using Port Maybank Bridge PS-1 (Downhole) Design Shear Wave Velocity Data below -115 feet
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SC 41 Bridge Replacement over Wando River

Site-Specific Seismic Response Analysis
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-20

Site-Specific Design Shear Wave Velocity Profile
Using Port Access Road Bridge (B-11 Suspension) Design Shear Wave Velocity Data below -115 feet
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Site Characterization F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 3

Site-Specific Seismic Response Analysis A-21
Site Characterization
with Port Access Road B-11 (Suspension) Shear Wave Velocity Data and Pl of 30 for Cooper Marl
One-Dimensional Soil Column Model
Geologic Layer Geologic Soil G/G D
Timg N)cln. = By d Uni? Description Pl FC Yo Vs CurczzX Curve
age - ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 30 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 30 - 130 1063 3 3
Tertiary 4 -115 -141 26 Cooper Marl CH/MH 30 - 130 1400 3 3
Tertiary 5 -141 -150 9 Cooper Marl CH/MH 30 - 130 1637 3 3
Tertiary 6 -150 -208 58 Cooper Marl CH/MH 30 - 130 1637 4 4
Tertiary 7 -208 -251 43 Cooper Marl CH/MH 30 - 130 2322 4 4
Tertiary 8 -251 =271 20 Cooper Marl CH/MH 30 - 130 1819 4 4
Tertiary 9 -271 -283 12 Cooper Marl CH/MH 30 - 130 2408 4 4
Tertiary 10 -283 -306 23 Santee Limestone 0 - 150 3310 5 5
Tertiary 11 -306 -322 16 Santee Limestone 0 - 150 3088 5 5
Tertiary 12 -322 -336 14 Black Mingo Sand 0 - 130 3711 6 6
Tertiary 13 -336 -352 16 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 14 -352 -375 23 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 15 -375 -384 9 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 16 -384 -440 56 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 17 -440 -455 15 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 18 -455 -480 25 Black Mingo Sand 0 - 130 2091 6 6
Tertiary 19 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o', geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E. Ep = elevation of top and bottom of a layer
d = thickness of the layer, d = E; -E,,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yiw = total unit weight of soil
Vs = shear wave velocity
G/G,ax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
t Vucetic and Dorby (1991) correlations are used for Curve No. 2

Site Characterization
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 3

Site-Specific Seismic Response Analysis A-22
Site Characterization
with Port Access Road B-11 (Suspension) Shear Wave Velocity Data and Pl of 60 for Cooper Marl
One-Dimensional Soil Column Model
Geologic Layer Geologic Soil G/G D
Timg N)cln. = By d Uni? Description Pl FC Yo Vs CurczzX Curve
age - ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 60 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 60 - 130 1063 3 3
Tertiary 4 -115 -141 26 Cooper Marl CH/MH 60 - 130 1400 3 3
Tertiary 5 -141 -150 9 Cooper Marl CH/MH 60 - 130 1637 3 3
Tertiary 6 -150 -208 58 Cooper Marl CH/MH 60 - 130 1637 4 4
Tertiary 7 -208 -251 43 Cooper Marl CH/MH 60 - 130 2322 4 4
Tertiary 8 -251 =271 20 Cooper Marl CH/MH 60 - 130 1819 4 4
Tertiary 9 -271 -283 12 Cooper Marl CH/MH 60 - 130 2408 4 4
Tertiary 10 -283 -306 23 Santee Limestone 0 - 150 3310 5 5
Tertiary 11 -306 -322 16 Santee Limestone 0 - 150 3088 5 5
Tertiary 12 -322 -336 14 Black Mingo Sand 0 - 130 3711 6 6
Tertiary 13 -336 -352 16 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 14 -352 -375 23 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 15 -375 -384 9 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 16 -384 -440 56 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 17 -440 -455 15 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 18 -455 -480 25 Black Mingo Sand 0 - 130 2091 6 6
Tertiary 19 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o', geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E. Ep = elevation of top and bottom of a layer
d = thickness of the layer, d = E; -E,,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yiw = total unit weight of soil
Vs = shear wave velocity
G/G,ax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
t Vucetic and Dorby (1991) correlations are used for Curve No. 2

Site Characterization
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-23

Site-Specific Design Shear Wave Velocity Profile
Using Ravenel Bridge (MP-2 and MP-3 Suspension) Design Shear Wave Velocity Data below -115 feet
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-24

Site Characterization
with Ravenel Bridge MP-2 and MP-5 (Suspension) Shear Wave Velocity Data and P1 of 30 for Cooper Marl

One-Dimensional Soil Column Model

Geologic Layer Geologic Soil G/G D
Timg N)cln. = By d Uni? Description Pl FC Yo Vs CurczzX Curve
age - ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 30 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 30 - 130 1063 3 3
Tertiary 4 -115 -150 35 Cooper Marl CH/MH 30 - 130 1473 3 3
Tertiary 5 -150 -175 25 Cooper Marl CH/MH 30 - 130 1251 4 4
Tertiary 6 -175 -183 8 Cooper Marl CH/MH 30 - 130 2064 4 4
Tertiary 7 -183 -208 25 Cooper Marl CH/MH 30 - 130 1553 4 4
Tertiary 8 -208 -219 11 Cooper Marl CH/MH 30 - 130 2236 4 4
Tertiary 9 -219 -238 19 Cooper Marl CH/MH 30 - 130 1816 4 4
Tertiary 10 -238 -273 35 Cooper Marl CH/MH 30 - 130 2285 4 4
Tertiary 11 -273 -283 10 Cooper Marl CH-MH 30 - 130 1804 4 4
Tertiary 12 -283 -291 8 Santee Limestone 0 - 150 2162 5 5
Tertiary 13 -291 -306 15 Santee Limestone 0 - 150 2408 5 5
Tertiary 14 -306 -322 16 Santee Limestone 0 - 150 3310 5 5
Tertiary 15 -322 -336 14 Black Mingo Sand 0 - 130 3088 6 6
Tertiary 16 -336 -352 16 Black Mingo Sand 0 - 130 1711 6 6
Tertiary 17 -352 -375 23 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 18 -375 -386 11 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 19 -386 -441 55 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 20 -441 -455 14 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 21 -455 -480 25 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 22 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o, geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E, E, = depth of top and bottom of the layer
d = thickness of the layer, d = E; -E,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yow = total unit weight of soil
V, = shear wave velocity
G/Gax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
i Vucetic and Dorby (1991) correlations are used for Curve No. 2
Site Characterization F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-25

Site Characterization
with Ravenel Bridge MP-2 and MP-5 (Suspension) Shear Wave Velocity Data and P1 of 60 for Cooper Marl

One-Dimensional Soil Column Model

Geologic Layer Geologic Soil G/G D
Timg N)cln. = By d Uni? Description Pl FC Yo Vs CurczzX Curve
age - ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 60 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 60 - 130 1063 3 3
Tertiary 4 -115 -150 35 Cooper Marl CH/MH 60 - 130 1473 3 3
Tertiary 5 -150 -175 25 Cooper Marl CH/MH 60 - 130 1251 4 4
Tertiary 6 -175 -183 8 Cooper Marl CH/MH 60 - 130 2064 4 4
Tertiary 7 -183 -208 25 Cooper Marl CH/MH 60 - 130 1553 4 4
Tertiary 8 -208 -219 11 Cooper Marl CH/MH 60 - 130 2236 4 4
Tertiary 9 -219 -238 19 Cooper Marl CH/MH 60 - 130 1816 4 4
Tertiary 10 -238 -273 35 Cooper Marl CH/MH 60 - 130 2285 4 4
Tertiary 11 -273 -283 10 Cooper Marl CH-MH 60 - 130 1804 4 4
Tertiary 12 -283 -291 8 Santee Limestone 0 - 150 2162 5 5
Tertiary 13 -291 -306 15 Santee Limestone 0 - 150 2408 5 5
Tertiary 14 -306 -322 16 Santee Limestone 0 - 150 3310 5 5
Tertiary 15 -322 -336 14 Black Mingo Sand 0 - 130 3088 6 6
Tertiary 16 -336 -352 16 Black Mingo Sand 0 - 130 1711 6 6
Tertiary 17 -352 -375 23 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 18 -375 -386 11 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 19 -386 -441 55 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 20 -441 -455 14 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 21 -455 -480 25 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 22 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o, geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E, E, = depth of top and bottom of the layer
d = thickness of the layer, d = E; -E,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yow = total unit weight of soil
V, = shear wave velocity
G/Gax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
i Vucetic and Dorby (1991) correlations are used for Curve No. 2
Site Characterization F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 3

Site-Specific Seismic Response Analysis A-26
Site-Specific Design Shear Wave Velocity Profile
Using Ravenel Bridge DS-1 (Downhole) Design Shear Wave Velocity Data below -115 feet
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Notes:
@® = Pleistocene Coastal Deposits (Wando Formation)
©) = Ashley Formation (Cooper Group); (2) - sand layer represent the cohesionless layer within this formation
©) = Santee Limestone Formation (Orangeburg Group)
® = Chicaro Member of Williamsburg Formation (Orangeburg Group)
® = Lower Bridge Member of Williamsburg Formation (Black Mingo Group)
® = Rhems Formation (Black Mingo Group)
Site Characterization F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-27

Site Characterization
with Ravenel Bridge DS-1 (Downhole) Shear Wave Velocity Data and P1 of 30 for Cooper Marl

One-Dimensional Soil Column Model

Geologic Layer Geologic Soil G/G D
Timg N)cln. = By d Uni? Description Pl FC Yo Vs CurczzX Curve
age - ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 30 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 30 - 130 1063 3 3
Tertiary 4 -115 -150 35 Cooper Marl CH/MH 30 - 130 1485 3 3
Tertiary 5 -150 -175 25 Cooper Marl CH/MH 30 - 130 1235 4 4
Tertiary 6 -175 -205 30 Cooper Marl CH/MH 30 - 130 1880 4 4
Tertiary 7 -205 -225 20 Cooper Marl CH/MH 30 - 130 2320 4 4
Tertiary 8 -225 -238 13 Cooper Marl CH/MH 30 - 130 1605 4 4
Tertiary 9 -238 -260 22 Cooper Marl CH/MH 30 - 130 2695 4 4
Tertiary 10 -260 =275 15 Cooper Marl CH/MH 30 - 130 1775 4 4
Tertiary 11 -275 -283 8 Cooper Marl CH/MH 30 - 130 2510 4 4
Tertiary 12 -283 -322 39 Santee Limestone 0 - 150 2510 5 5
Tertiary 13 -322 -336 14 Santee Limestone 0 - 150 2510 5 5
Tertiary 14 -336 -352 16 Santee Limestone 0 - 150 1711 5 5
Tertiary 15 -352 -375 23 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 16 -375 -384 9 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 17 -384 -440 56 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 18 -440 -455 15 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 19 -455 -480 25 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 20 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o, geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E, E, = elevation of top and bottom of the layer
d = thickness of the layer, d = E; -E,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yow = total unit weight of soil
V, = shear wave velocity
G/Gax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
i Vucetic and Dorby (1991) correlations are used for Curve No. 2
Site Characterization F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-28

Site Characterization
with Ravenel Bridge DS-1 (Downhole) Shear Wave Velocity Data and P1 of 60 for Cooper Marl

One-Dimensional Soil Column Model

Geologic Layer Geologic Soil G/G D
Timg N)cln. % % d Uni? Description Pl FC Yo Vs CurczzX Curve
age ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 60 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 60 - 130 1063 3 3
Tertiary 4 -115 -150 35 Cooper Marl CH/MH 60 - 130 1485 3 3
Tertiary 5 -150 -175 25 Cooper Marl CH/MH 60 - 130 1235 4 4
Tertiary 6 -175 -205 30 Cooper Marl CH/MH 60 - 130 1880 4 4
Tertiary 7 -205 -225 20 Cooper Marl CH/MH 60 - 130 2320 4 4
Tertiary 8 -225 -238 13 Cooper Marl CH/MH 60 - 130 1605 4 4
Tertiary 9 -238 -260 22 Cooper Marl CH/MH 60 - 130 2695 4 4
Tertiary 10 -260 =275 15 Cooper Marl CH/MH 60 - 130 1775 4 4
Tertiary 11 -275 -283 8 Cooper Marl CH/MH 60 - 130 2510 4 4
Tertiary 12 -283 -322 39 Santee Limestone 0 - 150 2510 5 5
Tertiary 13 -322 -336 14 Santee Limestone 0 - 150 2510 5 5
Tertiary 14 -336 -352 16 Santee Limestone 0 - 150 1711 5 5
Tertiary 15 -352 -375 23 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 16 -375 -384 9 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 17 -384 -440 56 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 18 -440 -455 15 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 19 -455 -480 25 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 20 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o, geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E, E, = elevation of top and bottom of the layer
d = thickness of the layer, d = E; -E,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yow = total unit weight of soil
V, = shear wave velocity
G/Gax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
i Vucetic and Dorby (1991) correlations are used for Curve No. 2
Site Characterization F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-29

Site-Specific Design Shear Wave Velocity Profile
Using Maybank Bridge PS-1 (Downhole) Design Shear Wave Velocity Data below -115 feet
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= Lower Bridge Member of Williamsburg Formation (Black Mingo Group)
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@O®OOO

Site Characterization F&ME
Page 10 of 12 CONSULTANTS



SC 41 Bridge Replacement over Wando River

Appendix A - Section 3

Site-Specific Seismic Response Analysis A-30
Site Characterization
with Maybank Bridge PS-1 (Downhole) Shear Wave Velocity Data and PI of 30 for Cooper Marl
One-Dimensional Soil Column Model
Geologic Layer Geologic Soil G/G D
Timg N)cln. % % d Uni? Description Pl FC Yo Vs CurczzX Curve
age ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 30 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 30 - 130 1063 3 3
Tertiary 4 -115 -150 35 Cooper Marl CH/MH 30 - 130 1185 3 3
Tertiary 5 -150 -181 31 Cooper Marl CH/MH 30 - 130 1185 4 4
Tertiary 6 -181 -283 102 Cooper Marl CH/MH 30 - 130 1910 4 4
Tertiary 7 -283 -316 33 Santee Limestone 30 - 150 1910 5 5
Tertiary 8 -316 -322 6 Santee Limestone 30 - 150 2630 5 5
Tertiary 9 -322 -352 30 Black Mingo Sand 0 - 130 2630 6 6
Tertiary 10 -352 -375 23 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 11 -375 -386 11 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 12 -386 -440 54 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 13 -440 -455 15 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 14 -455 -480 25 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 15 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o', geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E. Ep = depth of top and bottom of the layer
d = thickness of the layer, d = E; -E,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yiw = total unit weight of soil
\YA = shear wave velocity
G/G,ax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
t Vucetic and Dorby (1991) correlations are used for Curve No. 2

Site Characterization
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 3

Site-Specific Seismic Response Analysis A-31
Site Characterization
with Maybank Bridge PS-1 (Downhole) Shear Wave Velocity Data and PI of 60 for Cooper Marl
One-Dimensional Soil Column Model
Geologic Layer Geologic Soil G/G D
Timg N)cln. % % d Uni? Description Pl FC Yo Vs CurczzX Curve
age ft ft ft - USCS dim % pcf fps No. No
Tertiary 1 -66 -80 14 Cooper Marl CH/MH 60 - 125 1345 1 1
Tertiary 2 -80 -100 20 Cooper Marl SM 0 23 125 1345 2! 2!
Tertiary 3 -100 -115 15 Cooper Marl CH/MH 60 - 130 1063 3 3
Tertiary 4 -115 -150 35 Cooper Marl CH/MH 60 - 130 1185 3 3
Tertiary 5 -150 -181 31 Cooper Marl CH/MH 60 - 130 1185 4 4
Tertiary 6 -181 -283 102 Cooper Marl CH/MH 60 - 130 1910 4 4
Tertiary 7 -283 -316 33 Santee Limestone 60 - 150 1910 5 5
Tertiary 8 -316 -322 6 Santee Limestone 60 - 150 2630 5 5
Tertiary 9 -322 -352 30 Black Mingo Sand 0 - 130 2630 6 6
Tertiary 10 -352 -375 23 Black Mingo Sand 0 - 130 3264 6 6
Tertiary 11 -375 -386 11 Black Mingo Sand 0 - 130 2650 6 6
Tertiary 12 -386 -440 54 Black Mingo Sand 0 - 130 1358 6 6
Tertiary 13 -440 -455 15 Black Mingo Sand 0 - 130 2169 6 6
Tertiary 14 -455 -480 25 Black Mingo Sand 0 - 130 1602 6 6
Tertiary 15 -480 | infinite - Black Mingo Sand 0 - 130 2500 7 7
Notes:
Layers are numbered below Zyry, and are based on o', geological time, formation, soil property and Shear Wave Velocity
Zptm = depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at elevation of -66 feet
E. Ep = depth of top and bottom of the layer
d = thickness of the layer, d = E; -E,
Pl = plasticity index of cohesive soils
FC = percent passing No. 200 sieve
Yiw = total unit weight of soil
\YA = shear wave velocity
G/G,ax Curve = shear modulus reduction curves is based on Andrus et al. (2003), excpt Curve No. 2
D Curve = damping ratio curves is based on Andrus et al. (2003), except Curve No. 2
t Vucetic and Dorby (1991) correlations are used for Curve No. 2

Site Characterization
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SC 41 Bridge Replacement over Wando River Appendix A - Section 3
Site-Specific Seismic Response Analysis A-31A

Estimation for Depth-to-Motion (Zry,) for Drilling Shafts at Interior Bent Locations

(@) Depth-to-motion (GDM, §12.4.2 and 12.8.4) is considered at the Point of Fixity (POF).
(b)  Point of fixity for the shafts will be governed by the Extreme Event | limit state loading condition (AASHTO, Table
3.4.1-1).
(c) Based on the limitation of center-to-center distance between the shafts (AASHTO, §10.8.1.2) and the structural stability
under Extreme Event | loading condition, the number of drilled shafts per interior bent will be either 3 or 4.
(d)  The most probable sizes for shaft are assumed to be between 5.5 to 8 ft.
(e)  The 100-year scour profile is assumed to be varied between elevation -24 to -30 ft, msl.
()  Based on Cooper River Bridge Replacement Project Load Test Program Summary Report, the unit side resistance for
Cooper Marl generally varies from 3.5 to 4.1 ksf, with an average of 3.8 ksf.
(9) The maximum factored resistance per foot length of shaft are calculated below.
For 5.5 ft diameter shaft:  0.55 x = x 5.5 x 4.1 = 39.0 kip
For 8.0 ft diameter shaft: 0.55x n x 8.0 x 4.1 =56.7 kip
(h)  The maximum vertical loads per shaft under Strength I loading condition are assumed to be varied from 2200 kip (for
the case of 4 shafts per bent) to 3000 kip per shaft ( for the case of 3 shafts per bent).
(i)  To satisfy the vertical capacity of the foundation, the minimum length of the shaft is found to be:
For 5.5 ft diameter shaft:  2200/39.0 = 56.4 ft
For 8.0 ft diameter shaft:  3000/56.7 = 53.0 ft
(3  The maximum elevation of the bottom of shaft could be -24 -53 = -77 ft, msl.
(k) The load per shaft under Extreme Event | loading condition are assumed to be as follows.
For 5.5 ft diameter shaft:
Lateral load: 180 kip
Vertical load: 1550 kip
Moment arm: 10 ft
For 8.0 ft diameter shaft:
Lateral load: 270 kip
Vertical load: 2100 kip
Moment arm: 10 ft

() For no scour condition and with average riverbed at elevation of -20 ft, msl the results of p-y analysis are found to be as
follows.
For 5.5 ft diameter shaft:
First point of zero deflection: 50 ft
Second point of zero deflection: 80 ft
For 8.0 ft diameter shaft:
First point of zero deflection: 50 ft
Second point of zero deflection: 100 ft
below the top of shaft (The top of shaft elevation is at elevation +4.0 ft, msl)

(m) Based on the p-y results, the depth of fixity is assumed to be 70 ft below the top of shaft.
(n)  Therefore, the elevation of point of fixity or the depth to motion is +4 - 70 = -66 ft.

Site Characterization (Estimation to Depth of Motion) F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 4
Site-Specific Seismic Response Analysis A-33

Site Class for Interior Bents

Calculation for Site Stiffness and Determination of Site Class

i E, E, d, ve | v | vy s | cov | WV, d, Site
Class
- ft ft ft ft/sec sec ft/sec ft/sec dim ft/sec ft -
-66 -102 36 1345 | 0.0268
2 -102 -115 13 1063 | 0.0122
3 -115 -166 51 1185 | 0.0430
dr=[ 100 =| 0.0820 1219 115 0.09 1219 0 C
Notes
i = layer number
E, E, = top and bottom elevation of the layer of average shear wave velocity
d; = thickness of layer i, d; = E, - Ey
Vi = design shear wave velocity of layer i
dr = total depth, d; = d; (GDM, Eq 12-14)
Vi = site stiffness, V, = d/ZV; (GDM, Eq 12-14)
Cn = standard deviation
cov = coefficient of variability, COV = G,,/V,
Vs = adjusted site stiffness, V=V, for COV £0.10 (GDM, Eq 12-31)
d. = thickness of soft clay layer with PI > 20, w 2 40 and s, < 500 psf (GDM, Table 12-22)
C = Site Class C represents the soil and soft rocks of site stiffness of 1200 < V> 2500 ft/sec (GDM, Table 12-22)
V,; values above elevation -115 ft are site-specific design shear wave velocities
V,; values between elevations -115 and -166 ft are taken as the lowest design shear wave velocities
Site Class Determination F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 4
Site-Specific Seismic Response Analysis A-34

Site Class for End Bent 1

Calculation for Site Stiffness and Determination of Site Class

i E, E, d; ve | dvg | vy o | cov | WV, d, Site
Class
- ft ft ft ft/sec sec ft/sec ft/sec dim ft/sec ft -
1 1 -15 16 510 [ 0.0314
2 -15 -20 5 858 [ 0.0058
3 -20 -33 13 785 | 0.0166
4 -33 -66 33 1030 | 0.0320
5 -66 -99 33 1345 | 0.0245
dr=[ 100 =| 0.1103 906 276 0.30 630 0 D
Notes
i = layer number
E, E, = top and bottom elevation of the layer of average shear wave velocity
d; = thickness of layer i, d; = E, - E
Vi = design shear wave velocity of layer i
dr = total depth, d = 2d; (GDM, Eq 12-14)
Vi = site stiffness, V, = d1/ZV (GDM, Eq 12-14)
Cp 1 = standard deviation of the sample
COov = coefficient of variability, COV = c,,/V,
Vi = adjusted site stiffness, V'S =V, (1-COV) for 0.20 < COV <£0.30 (GDM, Eq 12-31)
d, = thickness of soft clay layer with PI > 20, w 2 40 and s, < 500 psf (GDM, Table 12-22)
D = Site Class D represent the soil of 600 < V> 1200 ft/sec (GDM, Table 12-22)
V,; values above elevation are site-specific design shear wave velocities
Site Class Determination F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 4
Site-Specific Seismic Response Analysis A-35

Site Class for End Bent 2

Calculation for Site Stiffness and Determination of Site Class

i E, E, d; ve | dvg | vy o | cov | WV, d, Site
Class
- ft ft ft ft/sec sec ft/sec ft/sec dim ft/sec ft -
1 1 -15 16 510 [ 0.0314
2 -15 -20 5 858 [ 0.0058
3 -20 -33 13 785 | 0.0166
4 -33 -66 33 1030 | 0.0320
5 -66 -99 33 1345 | 0.0245
dr=[ 100 =| 0.1103 906 276 0.30 630 0 D
Notes
i = layer number
E, E, = top and bottom elevation of the layer of average shear wave velocity
d; = thickness of layer i, d; = E, - E
Vi = design shear wave velocity of layer i
dr = total depth, d = 2d; (GDM, Eq 12-14)
Vi = site stiffness, V, = d1/ZV (GDM, Eq 12-14)
Cp 1 = standard deviation of the sample
COov = coefficient of variability, COV = c,,/V,
Vi = adjusted site stiffness, V'S =V, (1-COV) for 0.20 < COV <£0.30 (GDM, Eq 12-31)
d, = thickness of soft clay layer with PI > 20, w 2 40 and s, < 500 psf (GDM, Table 12-22)
D = Site Class D represent the soil of 600 < V> 1200 ft/sec (GDM, Table 12-22)
V,; values above elevation are site-specific design shear wave velocities
Site Class Determination F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 4
Site-Specific Seismic Response Analysis A-36

Site Class for Approach Embankment of the South Side of the Bridge

Calculation for Site Stiffness and Determination of Site Class

i E, E, d; ve | dvg | vy o | cov | WV, d, Site
Class
- ft ft ft ft/sec sec ft/sec ft/sec dim ft/sec ft -
1 1 -15 16 510 [ 0.0314
2 -15 -20 5 858 [ 0.0058
3 -20 -33 13 785 | 0.0166
4 -33 -66 33 1030 | 0.0320
5 -66 -99 33 1345 | 0.0245
dr=[ 100 =| 0.1103 906 276 0.30 630 0 D
Notes
i = layer number
E, E, = top and bottom elevation of the layer of average shear wave velocity
d; = thickness of layer i, d; = E, - E
Vi = design shear wave velocity of layer i
dr = total depth, d = 2d; (GDM, Eq 12-14)
Vi = site stiffness, V, = d1/ZV (GDM, Eq 12-14)
Cp 1 = standard deviation of the sample
COov = coefficient of variability, COV = c,,/V,
Vi = adjusted site stiffness, V'S =V, (1-COV) for 0.20 < COV <£0.30 (GDM, Eq 12-31)
d, = thickness of soft clay layer with PI > 20, w 2 40 and s, < 500 psf (GDM, Table 12-22)
D = Site Class D represent the soil of 600 < V> 1200 ft/sec (GDM, Table 12-22)
V,; values above elevation are site-specific design shear wave velocities
Site Class Determination F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 4
Site-Specific Seismic Response Analysis A-37

Site Class for Approach Embankment of the North Side of the Bridge

Calculation for Site Stiffness and Determination of Site Class

i E, E, d; ve | dvg | vy o | cov | WV, d, Site
Class
- ft ft ft ft/sec sec ft/sec ft/sec dim ft/sec ft -
1 0 -10 10 830 [ 0.0120
2 -10 -20 10 1153 | 0.0087
3 -20 -33 13 785 | 0.0166
4 -33 -66 33 1030 | 0.0320
5 -66 -100 34 1345 | 0.0253
dr=| 100 2 =| 0.0946 1057 207 0.20 846 0 D
Notes
i = layer number
E, E, = top and bottom elevation of the layer of average shear wave velocity
d; = thickness of layer i, d; = E, - E
Vi = design shear wave velocity of layer i
dr = total depth, d = 2d; (GDM, Eq 12-14)
Vi = site stiffness, V, = d1/ZV (GDM, Eq 12-14)
o, = standard deviation
COov = coefficient of variability, COV = c,,/V,
Vi = adjusted site stiffness, V'S =V, (1-0.20) for 0.10 < COV < 0.20 (GDM, Eq 12-31)
d, = thickness of soft clay layer with PI > 20, w 2 40 and s, < 500 psf (GDM, Table 12-22)
D = Site Class D represent the soil of 600 < V> 1200 ft/sec (GDM, Table 12-22)
V,; values above elevation are site-specific design shear wave velocities
Site Class Determination F&ME
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Appendix A - Section 5

SC 41 Bridge Replacement over Wando River
A-39

site-Specific Seismic Response Analysis

Earthquake Input Motions for Functional Earthquake Evaluation (FEE) Event
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Appendix A - Section 5

SC 41 Bridge Replacement over Wando River
A-40

Site-Specific Seismic Response Analysis

Earthquake Input Motions for Safety Earthquake Evaluation (SEE) Event
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SC 41 Bridge Replacement over Wando River

Site-Specific Seismic Response Analysis

CONTENTS

Following Folders contains the Proshake Files in the attached CD:
1 Data

2_Motion

3_Layer

4 Output

5 ARS

6_Strain

7_ProShake Files in PDF Format

F&ME

CONSULTANTS



SC 41 Bridge Replacement over Wando River

Site-Specific Seismic Response Analysis

SECTION 7
RESULTS OF SITE-SPECIFIC RESPONSE ANALYSIS

F&ME

CONSULTANTS



SC 41 Bridge Replacement over Wando River Appendix A - Section 7

Site-Specific Seismic Response Analysis A-44
Results of Peak Shear Strain
Site Pl z Em Geological Peak shear Strain, y,ea (percent)
Group pea
ID
dim ft ft t FEE1 FEE2 FEE3 SEE1 SEE2 SEE3
@ 30 314 -380 Santee 0.019 0.023 0.028 0.140 0.153 0.201
60 314 -380 Santee 0.020 0.024 0.028 0.129 0.173 0.213
@ 30 348 -414 Black Mingo 0.019 0.020 0.021 0.150 0.127 0.173
60 348 -414 Black Mingo 0.019 0.021 0.022 0.148 0.132 0.161
® 30 346 -412 Black Mingo 0.019 0.020 0.022 0.150 0.129 0.170
60 346 -412 Black Mingo 0.018 0.021 0.022 0.144 0.138 0.165
30 347 -413 Black Mingo 0.021 0.018 0.021 0.141 0.118 0.173
® 60 347 -413 Black Mingo 0.021 0.018 0.021 0.158 0.130 0.179
Notes:

Equivalent-linear one-dimensional site-specific response analysis are performed using Proshake, version 1.12 (2003)

From Zpmy, to elevation -115 ft, the soil profile is based on the site-specific subsurface information; below elevation -115 ft, the

site is characterized with the shear wave velocity measurements from the following bridge location:

D = Port Access Road B-11 (Suspension)

@ = Ravenel Bridge MP-2 and MP-5 (Suspension)

©) = Ravenel Bridge DS-1 (Downhole)

@ = Maybank Bridge PS-1 (Downhole)

Pl = plasticity index of cohesive soils of Cooper Marl of Ashley Formation

z = depth to the peak shear strain below Zpymy

Zotm = depth-to-motion is considered at elevation of -66 ft

En = elevation of the peak shear strain

t = geological group of the layer where y,, 0OCCUrS

Ypeak = peak shear strain; maximum peak sherar strain is found to be 0.21 percent

FEE1L, 2, 3 = acceleration-time histories for FEE design event
SEEL, 2, 3 = acceleration-time histories for SEE design event

Results of Site-Specific Response Analysis
Page 1 of 5
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Results of Spectral Acceleration for Functional Evaluation Earthquake (FEE) Event

Appendix A - Section 7
A-45

Time Spectral Acceleration (% g)
(sec) Using PI for Cooper Marl of 30 Using PI for Cooper Marl of 60 <PI
Site— ® [©) ® @ ® [©) ® @ & Site

Motion— | FEEL FEE2 FEE3 FEEI1 FEE2 FEE3 FEE1 FEE2 FEE3 FEEI1 FEE2 FEE3 FEE1 FEE2 FEE3 FEEI1 FEE2 FEE3 FEE1 FEE2 FEE3 FEEI1 FEE2 FEE3 mean
0.001 0.147156 | 0.155652 | 0.129934 | 0.148427 | 0.144220 | 0.142559 | 0.153706 | 0.150199 | 0.146914 | 0.132486 | 0.133574 | 0.134812 | 0.142614 | 0.150613 | 0.130813 | 0.154054 | 0.146635 | 0.136831 | 0.156596 | 0.147251 | 0.139536 | 0.136391 | 0.139959 | 0.137432 | 0.143265
0.010 0.146881 | 0.155426 | 0.129688 | 0.148191 | 0.143955 | 0.142271 | 0.153376 | 0.149915 | 0.146602 [ 0.132273 | 0.133241 | 0.134543 | 0.142344 | 0.150411 | 0.130601 | 0.153785 | 0.146380 | 0.136545 | 0.156314 | 0.146985 | 0.139251 | 0.136056 | 0.139652 | 0.137143 [ 0.142993
0.020 0.146012 | 0.155745 | 0.129563 | 0.149267 | 0.143669 | 0.141606 | 0.155021 | 0.149819 | 0.146000 | 0.132578 | 0.133349 | 0.134197 | 0.142239 | 0.150643 | 0.130782 [ 0.152300 | 0.145946 | 0.136538 | 0.155651 | 0.148175 | 0.139348 | 0.135709 | 0.139631 | 0.138727 | 0.143021
0.040 0.184952 | 0.178783 | 0.188430 | 0.190137 | 0.166480 | 0.146904 | 0.180296 | 0.172067 | 0.151689 | 0.176398 | 0.166824 | 0.167056 | 0.194718 | 0.184787 | 0.188773 [ 0.173449 | 0.171614 | 0.145681 | 0.179384 | 0.162870 | 0.166441 | 0.172135 | 0.171583 | 0.163452 | 0.172704
0.060 0306001 | 0.296214 | 0.246698 | 0.218092 | 0.255269 | 0.252017 | 0.255529 | 0.232260 | 0.279202 | 0.220915 | 0.243553 | 0.248957 | 0.293744 | 0.283513 | 0.239134 | 0.230422 | 0.254361 | 0.248456 | 0.254616 | 0.230305 | 0.269549 | 0.210794 | 0.230260 | 0.265660 | 0.252730
0.080 0276105 | 0.281263 | 0.272253 | 0.273601 | 0.292517 | 0.248753 | 0.252389 | 0.240708 | 0.263217 [ 0.273187 | 0.296694 | 0.277442 | 0.264927 | 0.285033 | 0.257103 | 0.269540 | 0.297616 | 0.264052 | 0.252991 | 0.233630 | 0.263603 | 0.270468 | 0.289632 | 0.279318 | 0.269835
0.100 0292351 | 0.277526 | 0.296946 | 0.330195 | 0.284170 | 0.333267 | 0319417 | 0.267079 | 0.292844 | 0.292014 | 0.299242 | 0.315287 | 0.294886 | 0.302180 | 0.294229 | 0.356870 | 0.292327 | 0.338540 | 0.358616 | 0.282854 | 0.332263 | 0.288763 | 0.298588 | 0.331793 | 0.307177
0.120 0.399065 | 0.345392 | 0317689 | 0.380563 | 0.353014 | 0.355091 | 0.400628 | 0.377961 | 0.354700 | 0.285653 | 0.291066 | 0.307830 | 0.394498 | 0.346973 | 0.323954 | 0.393450 | 0.370561 | 0.365724 | 0.417413 | 0.390221 | 0.388611 | 0.329133 | 0.310197 | 0.310576 | 0.354582
0.140 0.348967 | 0.314629 | 0.345499 | 0.406928 | 0.331783 | 0.416283 | 0383171 | 0.316776 | 0.393817 | 0.371855 | 0.369314 | 0.415616 | 0.349158 | 0.334591 | 0.355063 | 0.404011 | 0.337516 | 0.414853 | 0.376608 | 0.329580 | 0.382616 | 0.385380 | 0.359157 | 0.423096 | 0.369428
0.160 0.392095 | 0.419077 | 0.381365 | 0.366800 | 0.388822 | 0.320955 | 0.352336 | 0.374416 | 0301763 [ 0.278596 | 0.295612 | 0.269597 | 0.394354 | 0.441322 | 0.412540 | 0.384759 | 0.392808 | 0.338659 | 0.358856 | 0.380956 | 0.326138 | 0.280093 | 0.290973 | 0.270147 [ 0.350543
0.180 0.505188 | 0.436643 | 0.431120 | 0.435951 | 0.410935 | 0.368482 | 0.432529 | 0.401538 | 0.366394 | 0.317987 | 0.331550 | 0.314156 | 0.509057 | 0.425600 | 0.448096 | 0.471236 | 0.411407 | 0.372761 | 0.471695 | 0.401382 | 0.368271 | 0.328471 | 0.343446 | 0.323175 | 0.401128
0.200 0402741 | 0.405092 | 0.395506 | 0.428536 | 0.370814 | 0.403313 | 0.411563 | 0.364869 | 0.432067 | 0.426118 | 0.370696 | 0.416904 | 0.392013 | 0.392877 | 0.381264 | 0.400571 | 0.373886 | 0.381433 | 0.388032 | 0.365017 | 0.380216 | 0.446100 | 0.363259 | 0.436727 | 0.397067
0.220 0344616 | 0.353767 | 0.322601 | 0.315019 | 0.350593 | 0.327250 | 0.316863 | 0.341588 | 0.350684 | 0.367912 | 0.366469 | 0.401032 | 0.339238 | 0.341391 | 0.320539 [ 0.312542 | 0.336953 | 0.308959 | 0.314608 | 0.328374 | 0.305589 | 0.365276 | 0.371237 | 0.396269 | 0.341640
0.240 0.369322 | 0.354606 | 0.348003 | 0.271327 | 0.294970 | 0.261028 | 0.275683 | 0.300232 | 0.276021 | 0.306927 | 0.339434 | 0.303007 | 0.374553 | 0.356655 | 0.347456 | 0.268053 | 0.282637 | 0.267661 | 0.279349 | 0.285770 | 0.280555 | 0.279762 | 0.344470 | 0.277626 | 0.306046
0.260 0.354185 | 0.321840 | 0.353373 | 0.259784 | 0.244831 | 0.288995 | 0.269295 | 0.258871 | 0.307332 [ 0.250304 | 0.255221 | 0.278985 | 0.358497 | 0.325467 | 0.352426 | 0.263213 | 0.246993 | 0.288614 | 0.278160 | 0.258749 | 0.298473 | 0.250041 | 0.256150 | 0.281471 | 0.287553
0.280 0.368747 | 0.390918 | 0.360330 | 0.262423 | 0.285828 | 0.283948 | 0.270617 | 0.312650 | 0.297171 | 0.247165 | 0.248813 | 0.268558 | 0.378328 | 0.399073 | 0.364683 | 0.266265 | 0.307155 | 0.290101 | 0.281951 | 0.329948 | 0.301278 | 0.259579 | 0.257709 | 0.280174 | 0.304726
0.300 0426722 | 0.403474 | 0.378394 | 0.291957 | 0.331859 | 0.263107 | 0.319894 | 0.360846 | 0.268221 | 0.238714 | 0.270692 | 0.261396 | 0.439623 | 0.406230 | 0.391598 [ 0.312606 | 0.352179 | 0.262447 | 0.349118 | 0.379498 | 0.272495 | 0.254926 | 0.288558 | 0.265813 | 0.324599
0.320 0410105 | 0.422663 | 0.378599 | 0.356803 | 0.343832 | 0.344859 | 0.383852 | 0.374983 | 0.360293 | 0.283358 | 0.264484 | 0.325529 | 0.410315 | 0.428128 | 0.371463 [ 0.374508 | 0.364619 | 0.352327 | 0.408186 | 0.393369 | 0.363429 | 0.315228 | 0.289157 | 0.333537 | 0.360568
0.340 0413956 | 0.363809 | 0.389798 | 0.394907 | 0318674 | 0.348395 | 0.418743 | 0.353599 | 0.357521 | 0.328236 | 0.285312 | 0.343410 | 0.417806 | 0.366381 | 0.384180 | 0.407186 | 0.342128 | 0.349137 | 0.429648 | 0.367033 | 0.356164 | 0.360028 | 0.292810 | 0.347221 [ 0.364003
0.360 0.389082 | 0.363141 | 0.363815 | 0.399178 | 0.387094 | 0.339340 | 0.404624 | 0.395636 | 0.344651 | 0.366642 | 0.354101 | 0.346581 | 0.383807 | 0.353785 | 0.356911 [ 0.396417 | 0.386680 | 0.334192 | 0.408374 | 0.386646 | 0.334371 | 0.387315 | 0.371120 | 0.346827 | 0.370847
0.380 0.364837 | 0.368452 | 0.355623 | 0.423256 | 0.397157 | 0.341503 | 0.417911 | 0.386791 | 0.348299 | 0.421337 | 0.408184 | 0.351572 | 0.347006 | 0.357444 | 0.349150 | 0.409431 | 0.381956 | 0.336292 | 0.398757 | 0.366348 | 0.334409 | 0438181 | 0.416375 | 0.349141 [ 0.377892
0.400 0.335876 | 0.352400 [ 0355136 | 0.366850 | 0.383192 [ 0.347277 [ 0.356016 | 0.370219 | 0.352504 | 0.388515 [ 0.397826 | 0.378165 | 0.326107 | 0.339072 [ 0.345056 | 0.349335 | 0.366754 | 0.339460 | 0.334189 | 0.350188 | 0.333533 | 0.391382 | 0.403081 | 0.371049 | 0.359716
0.420 0.274448 | 0.289291 [ 0318386 | 0.293267 | 0.319967 [ 0.330717 [ 0.279668 | 0.307363 | 0.335647 | 0.332731 | 0.342263 | 0.368231 | 0.265339 | 0.276578 [ 0.309382 | 0.275314 | 0.304401 | 0.318840 [ 0.265316 | 0.288423 | 0.312152 | 0.326885 | 0.342822 | 0.361545 | 0.309957
0.440 0.285659 | 0.256041 [ 0.258587 | 0.269053 | 0.265403 | 0.246526 [ 0.253804 | 0.252580 | 0.240305 | 0.328088 [ 0.304962 | 0.311922 | 0.276237 | 0.245055 [ 0.249471 | 0.252440 | 0.249579 | 0.232352 [ 0.244259 | 0.237158 | 0.217305 | 0.308306 [ 0.297362 | 0.291744 | 0.265592
0.460 0.269944 | 0.253398 [ 0.248177 | 0.254246 | 0.252164 | 0.230716 [ 0.246911 | 0.239106 | 0.226389 | 0.304134 [ 0.297883 | 0.285991 | 0.259255 | 0.241397 [ 0.241241 | 0.245947 | 0.237241 | 0.218666 [ 0.238613 | 0.227048 | 0.206750 | 0.286223 [ 0.287923 | 0.271265 | 0.252943
0.480 0.254508 | 0.259372 [ 0.203206 | 0.244983 | 0.243648 | 0.197289 [ 0.236846 | 0.235680 | 0.197417 | 0.293233 [ 0.287030 | 0.248645 | 0.243977 | 0.251345 [ 0.198318 | 0.236056 | 0.235961 | 0.189859 [ 0.226025 | 0.226596 | 0.183611 | 0.276032 | 0.265899 | 0.233606 | 0.236214
0.500 0.231364 | 0.247152 [ 0.223207 | 0.215120 | 0.230224 [ 0.191291 [ 0.209968 | 0.221457 | 0.188165 | 0.257820 [ 0.267451 | 0.241749 | 0.226698 | 0.238706 [ 0.218061 | 0.210053 | 0.221711 | 0.182801 [ 0.207184 | 0.212843 | 0.174143 | 0.242951 | 0.252222 | 0.223713 | 0.222336
0.550 0.212741 | 0.209933 [ 0.203614 | 0.197727 | 0.200880 | 0.186673 [ 0.193282 | 0.191741 | 0.182849 | 0.215193 [ 0.231787 | 0.215586 | 0.206326 | 0.203102 [ 0.198408 | 0.192910 | 0.192145 | 0.181515 [ 0.187414 | 0.183300 | 0.174546 | 0.211756 [ 0.223988 | 0.205516 | 0.200122
0.600 0.195943 | 0.183583 [ 0.171046 | 0.193580 | 0.166357 | 0.158506 [ 0.189790 | 0.163114 | 0.155561 | 0.205483 [ 0.191866 | 0.181706 | 0.191131 | 0.178918 [ 0.167746 | 0.190851 | 0.163714 | 0.155393 [ 0.186443 | 0.160203 | 0.150683 | 0.197960 [ 0.183599 | 0.174247 | 0.177393
0.650 0.183313 | 0.175341 [ 0.164361 | 0.185225 | 0.155318 [ 0.153602 [ 0.180435 | 0.152301 | 0.150521 | 0.194307 [ 0.175427 | 0.170718 | 0.178403 | 0.173134 [ 0.161342 | 0.181327 | 0.153145 [ 0.150000 [ 0.175271 | 0.151481 | 0.144548 | 0.192786 | 0.168846 | 0.165755 | 0.168204
0.700 0.169109 | 0.147322 [ 0.168312 | 0.165719 | 0.153286 | 0.153717 [ 0.159731 | 0.149951 | 0.152261 | 0.183959 [ 0.165561 | 0.176025 | 0.164864 | 0.143992 [ 0.165241 | 0.161332 | 0.151261 | 0.151411 [ 0.154979 | 0.147567 | 0.148600 | 0.178870 [ 0.160104 | 0.169261 | 0.160101
0.750 0.129026 | 0.160401 [ 0.147168 | 0.129302 | 0.163087 [ 0.145535 [ 0.127082 | 0.158420 | 0.142900 | 0.136555 [ 0.176060 | 0.158050 | 0.127001 | 0.157864 [ 0.144437 | 0.127920 | 0.159896 | 0.143073 [ 0.125323 | 0.155028 | 0.139227 | 0.133508 | 0.173045 | 0.153943 | 0.146410
0.800 0.126977 | 0.124957 [ 0.121393 | 0.132811 | 0.131584 [ 0.123758 [ 0.127830 | 0.128751 | 0.121042 | 0.146203 | 0.142256 | 0.134205 | 0.124246 | 0.122965 | 0.118627 | 0.128801 | 0.130070 | 0.121935 [ 0.126541 | 0.127302 | 0.118700 | 0.143026 | 0.138372 | 0.130488 | 0.128868
0.850 0.134837 | 0.136075 [ 0.132768 | 0.146223 | 0.144855 | 0.140833 [ 0.143305 | 0.140901 | 0.138511 | 0.153045 [ 0.155671 | 0.151081 | 0.132717 | 0.133758 [ 0.131101 | 0.144268 | 0.142585 | 0.138695 [ 0.140850 | 0.138403 | 0.135352 | 0.151718 [ 0.152777 | 0.147960 | 0.142012
0.900 0.119647 | 0.112228 [ 0.125102 | 0.132133 | 0.123253 [ 0.134972 [ 0.127919 | 0.120797 | 0.132616 | 0.140431 [ 0.131615 | 0.144112 | 0.118237 | 0.110826 [ 0.123677 | 0.129581 | 0.121309 | 0.133254 [ 0.125596 | 0.118715 | 0.130160 | 0.138064 | 0.128721 | 0.140735 | 0.127654
0.950 0.106935 | 0.118410 [ 0.108384 | 0.119091 | 0.132510 | 0.120778 [ 0.117175 | 0.130336 | 0.118765 | 0.127073 [ 0.137654 | 0.128295 | 0.106113 | 0.116912 [ 0.107200 | 0.118157 | 0.131535 | 0.119369 [ 0.116650 | 0.129082 | 0.116887 | 0.124271 [ 0.135767 | 0.125574 | 0.121372
1.000 0.109718 | 0.103283 [ 0.103960 | 0.121197 | 0.115929 | 0.119344 [ 0.119317 | 0.113028 | 0.117020 | 0.127670 [ 0.122209 | 0.126279 | 0.108633 | 0.101514 [ 0.103010 | 0.120357 | 0.114115 | 0.117608 [ 0.118606 | 0.110909 | 0.114568 | 0.125174 [ 0.120211 | 0.124229 | 0.115745
1.050 0.102912 | 0.092208 [ 0.101063 | 0.114216 | 0.105854 [ 0.116857 [ 0.112203 | 0.104014 | 0.114955 | 0.119786 [ 0.110640 | 0.123318 | 0.101615 | 0.091414 [ 0.100152 | 0.113141 | 0.104884 [ 0.115548 [ 0.111085 | 0.103245 | 0.113302 | 0.117641 | 0.108966 | 0.121299 | 0.109180
1.100 0.082192 | 0.094494 [ 0.096740 | 0.094698 | 0.110895 | 0.110652 [ 0.093144 | 0.109226 | 0.108983 | 0.098771 [ 0.114975 | 0.117042 | 0.081902 | 0.093812 [ 0.095720 | 0.093978 | 0.110022 | 0.109366 [ 0.092550 | 0.108332 | 0.107285 | 0.096592 [ 0.113492 | 0.114875 | 0.102072
1.150 0.078335 | 0.088564 [ 0.083240 | 0.089916 | 0.097530 | 0.094517 [ 0.088305 | 0.095188 | 0.093382 | 0.093268 [ 0.104683 | 0.097392 | 0.077988 | 0.087338 [ 0.082863 | 0.088906 | 0.095891 | 0.093873 [ 0.087354 | 0.093518 | 0.092580 | 0.092061 [ 0.102517 | 0.096388 | 0.091483
1.200 0.088383 | 0.081999 [ 0.080184 | 0.101551 | 0.090126 | 0.090370 [ 0.100275 | 0.087725 | 0.089272 | 0.104495 [ 0.097162 | 0.095117 | 0.087712 | 0.080807 [ 0.079525 | 0.100910 | 0.088545 | 0.089435 [ 0.099768 | 0.086233 | 0.087945 | 0.103431 [ 0.094931 | 0.093753 | 0.091652
1.250 0.076247 | 0.076240 [ 0.078261 | 0.089185 | 0.088247 [ 0.090297 [ 0.087746 | 0.086812 | 0.089089 | 0.092779 [ 0.092054 | 0.094023 | 0.075286 | 0.075375 [ 0.077565 | 0.088181 | 0.087202 | 0.089597 [ 0.086751 | 0.085739 | 0.088334 [ 0.091702 | 0.091064 | 0.092638 | 0.086267
1.300 0.063183 | 0.069985 [ 0.072877 | 0.071267 | 0.081587 [ 0.081349 [ 0.069954 | 0.080193 | 0.080328 | 0.074816 [ 0.085628 | 0.084534 | 0.062777 | 0.069246 [ 0.072277 | 0.070386 | 0.080659 | 0.080639 [ 0.069320 | 0.079240 | 0.079334 | 0.073857 | 0.084301 | 0.083520 | 0.075886
1.350 0.065461 | 0.064066 [ 0.063319 | 0.074372 | 0.073249 [ 0.072385 [ 0.073293 | 0.072391 | 0.071494 | 0.078242 [ 0.076333 | 0.074469 | 0.064953 | 0.063692 [ 0.062770 | 0.073721 | 0.072707 | 0.071703 [ 0.072887 | 0.071914 | 0.070501 | 0.076852 | 0.075224 | 0.073732 | 0.071239
1.400 0.061557 | 0.062071 [ 0.058038 | 0.071441 | 0.068098 [ 0.067079 [ 0.070720 | 0.067511 | 0.066234 | 0.073974 [ 0.071401 | 0.069713 | 0.061204 | 0.061765 [ 0.057505 | 0.071085 | 0.067833 | 0.066296 [ 0.070334 | 0.067394 | 0.065117 | 0.072874 | 0.070172 | 0.069035 | 0.067019
1.450 0.058390 | 0.057074 [ 0.055435 | 0.065700 | 0.062496 [ 0.063325 [ 0.065041 | 0.062005 | 0.062662 | 0.067279 [ 0.065144 | 0.066287 | 0.058258 | 0.056731 [ 0.055377 | 0.065261 | 0.062293 | 0.062823 [ 0.064717 | 0.061840 | 0.061992 | 0.066670 | 0.064045 | 0.065480 | 0.062347
1.500 0.057778 | 0.053290 [ 0.053995 | 0.064920 | 0.060892 [ 0.061114 [ 0.064275 | 0.060762 | 0.060423 | 0.066700 [ 0.061455 | 0.063724 | 0.057527 | 0.053115 [ 0.053914 | 0.064461 | 0.060893 | 0.060770 [ 0.063936 | 0.060661 | 0.060113 | 0.066064 | 0.061017 | 0.062818 | 0.060609
1.550 0.055145 | 0.053974 [ 0.052121 | 0.062194 | 0.059391 | 0.058715 [ 0.061590 | 0.059038 | 0.058171 | 0.064214 [ 0.060135 | 0.060757 | 0.054811 | 0.053804 [ 0.052017 | 0.061745 | 0.059123 | 0.058472 [ 0.061258 | 0.058827 | 0.058035 | 0.063583 [ 0.059937 | 0.059862 | 0.058622
1.600 0.052094 | 0.049528 [ 0.049050 | 0.059430 | 0.054829 | 0.055327 [ 0.058643 | 0.054349 | 0.054914 | 0.061713 [ 0.056299 | 0.056710 | 0.051615 | 0.049268 [ 0.048871 | 0.058843 | 0.054502 | 0.055110 [ 0.057999 | 0.054064 | 0.054708 | 0.060914 [ 0.055897 | 0.056074 | 0.055031
1.650 0.050284 | 0.044880 [ 0.046448 | 0.056382 | 0.050235 | 0.050544 [ 0.055622 | 0.049934 | 0.050186 | 0.058504 [ 0.051346 | 0.051895 | 0.050261 | 0.044567 [ 0.046150 | 0.055840 | 0.050045 | 0.050311 [ 0.055174 | 0.049770 | 0.049896 | 0.057734 [ 0.050884 | 0.051308 | 0.051175
1.700 0.047777 | 0.041903 [ 0.044185 | 0.052959 | 0.046620 [ 0.048106 [ 0.052525 | 0.046066 | 0.047638 | 0.054036 [ 0.047785 | 0.049449 | 0.047730 | 0.041695 [ 0.043885 | 0.052701 | 0.046278 | 0.047718 [ 0.052371 | 0.045731 | 0.047059 | 0.053623 | 0.047349 | 0.048935 | 0.048089
1.750 0.043339 | 0.043936 | 0.041332 | 0.048127 | 0.047814 [ 0.045100 | 0.047747 | 0.047511 | 0.044682 [ 0.049010 | 0.048555 | 0.046461 | 0.043244 | 0.043763 | 0.041080 | 0.047903 | 0.047625 | 0.044736 | 0.047634 | 0.047346 | 0.044157 | 0.048698 | 0.048268 | 0.046044 [ 0.046005
1.800 0.041485 | 0.043716 | 0.040124 | 0.045499 | 0.047963 | 0.042375 | 0.045375 | 0.047663 | 0.042105 | 0.045680 | 0.048833 | 0.043383 | 0.041284 | 0.043512 | 0.039910 [ 0.045434 | 0.047755 | 0.042144 | 0.045212 | 0.047456 | 0.041763 | 0.045556 | 0.048538 | 0.043005 | 0.044407
1.850 0.039905 | 0.041609 | 0.038860 | 0.044675 | 0.046069 | 0.041931 | 0.044298 | 0.045722 | 0.041662 | 0.045079 | 0.046992 | 0.042867 | 0.039699 | 0.041438 | 0.038645 | 0.044393 | 0.045838 | 0.041759 | 0.043937 | 0.045483 | 0.041464 | 0.045038 | 0.046669 | 0.042624 | 0.043194
1.900 0.034501 | 0.037621 | 0.036695 | 0.039079 | 0.041940 | 0.040022 | 0.038557 | 0.041565 | 0.039778 | 0.039808 | 0.042851 | 0.040982 | 0.034329 | 0.037463 | 0.036529 | 0.038689 | 0.041700 | 0.039837 | 0.038165 | 0.041322 | 0.039509 | 0.039676 | 0.042505 | 0.040711 | 0.039326
1.950 0.030564 | 0.032890 | 0.033586 | 0.033885 | 0.036861 | 0.036949 | 0.033757 | 0.036542 | 0.036713 | 0.034712 | 0.037654 | 0.037881 | 0.030501 | 0.032727 | 0.033451 [ 0.033876 | 0.036649 | 0.036755 | 0.033791 | 0.036342 | 0.036412 | 0.034312 | 0.037335 | 0.037588 | 0.035072
2.000 0.028262 | 0.029585 | 0.031586 | 0.031265 | 0.033075 | 0.034285 | 0.031182 | 0.032830 | 0.034027 | 0.031649 | 0.033706 [ 0.035481 | 0.028190 | 0.029472 | 0.031462 [ 0.031265 | 0.032917 | 0.034036 | 0.031158 | 0.032692 | 0.033698 | 0.031422 | 0.033461 | 0.035150 | 0.032161
2.200 0.029762 | 0.028748 | 0.030061 | 0.032167 | 0.030850 | 0.032802 | 0.031955 | 0.030684 | 0.032660 | 0.032548 | 0.031376 | 0.033301 | 0.029597 | 0.028620 | 0.030030 [ 0.032002 | 0.030737 | 0.032814 | 0.031735 | 0.030572 | 0.032756 | 0.032463 | 0.031185 | 0.032985 | 0.031350
2.400 0.023577 | 0.025049 | 0.025497 | 0.025340 | 0.027516 | 0.028280 | 0.025230 | 0.027345 | 0.028206 | 0.025447 | 0.027863 | 0.028381 | 0.023427 | 0.025040 | 0.025395 | 0.025233 | 0.027387 | 0.028222 | 0.025130 | 0.027202 | 0.028109 | 0.025449 | 0.027787 | 0.028358 | 0.026436
2.600 0.020012 | 0.019317 | 0.016772 | 0.021535 | 0.020421 | 0.019102 | 0.021485 | 0.020327 | 0.019050 | 0.021929 | 0.020534 | 0.019397 | 0.019975 | 0.019275 | 0.016668 | 0.021520 | 0.020355 | 0.019007 | 0.021477 | 0.020300 | 0.018871 | 0.021725 | 0.020456 | 0.019320 | 0.019951
2.800 0.016196 | 0.016796 | 0.018935 | 0.016953 | 0.017866 | 0.019857 | 0.017032 | 0.017822 | 0.019781 | 0.017054 | 0.018194 | 0.020159 | 0.016201 | 0.016755 | 0.018881 [ 0.017044 | 0.017855 [ 0.019796 | 0.017112 | 0.017809 | 0.019692 | 0.016983 | 0.018064 | 0.020082 | 0.018038
3.000 0.015012 | 0.015826 | 0.016431 | 0.015860 | 0.016365 | 0.017509 | 0.015778 | 0.016404 | 0.017440 | 0.015983 | 0.016323 | 0.017809 | 0.015002 [ 0.015830 | 0.016400 [ 0.015799 | 0.016419 | 0.017446 | 0.015747 | 0.016451 | 0.017321 | 0.015949 | 0.016316 | 0.017712 | 0.016381
3.200 0.013958 | 0.013560 | 0.013534 | 0.014780 | 0.014457 | 0.014602 | 0.014695 | 0.014388 | 0.014522 | 0.014940 | 0.014551 | 0.014780 | 0.013931 | 0.013529 | 0.013510 | 0.014714 | 0.014391 | 0.014564 | 0.014659 | 0.014305 | 0.014485 | 0.014880 | 0.014533 | 0.014687 [ 0.014373
3.400 0.013228 | 0.009963 | 0.011650 | 0.013316 | 0.010302 | 0.012732 | 0.013328 | 0.010316 | 0.012659 | 0.013205 | 0.010414 | 0.012840 | 0.013242 | 0.009937 | 0.011617 [ 0.013325 | 0.010294 | 0.012692 | 0.013344 | 0.010285 | 0.012613 | 0.013277 | 0.010363 | 0.012812 | 0.011990
3.600 0.012052 | 0.009909 | 0.009856 | 0.012279 | 0.009984 | 0.010870 | 0.012264 | 0.010039 | 0.010811 [ 0.012271 | 0.009750 | 0.011008 | 0.012032 [ 0.009905 | 0.009855 | 0.012265 | 0.010023 | 0.010824 | 0.012261 | 0.010062 | 0.010742 | 0.012297 | 0.009810 | 0.010974 [ 0.010923
3.800 0.010319 | 0.009686 | 0.009785 | 0.010635 | 0.009867 | 0.010061 | 0.010599 [ 0.009898 | 0.010053 [ 0.010704 | 0.009716 | 0.010087 | 0.010293 | 0.009670 | 0.009775 | 0.010605 | 0.009882 | 0.010049 | 0.010580 | 0.009897 | 0.010034 | 0.010696 | 0.009768 | 0.010098 [ 0.010115
4.000 0.008454 | 0.008991 | 0.008832 | 0.008798 | 0.009240 | 0.009026 | 0.008751 [ 0.009248 | 0.009027 [ 0.008919 | 0.009162 | 0.009081 | 0.008418 | 0.008965 | 0.008844 | 0.008757 | 0.009234 | 0.009035 | 0.008721 | 0.009230 | 0.009048 | 0.008883 | 0.009200 | 0.009044 [ 0.008955
4.200 0.007217 | 0.008019 [ 0.007502 | 0.007409 | 0.008302 | 0.007732 [ 0.007392 | 0.008294 | 0.007739 | 0.007477 [ 0.008278 | 0.007758 | 0.007187 | 0.007990 [ 0.007500 | 0.007380 | 0.008284 | 0.007738 [ 0.007357 | 0.008262 | 0.007747 | 0.007470 [ 0.008299 | 0.007747 | 0.007753
4.400 0.006138 | 0.006940 | 0.006506 | 0.006264 | 0.007229 | 0.006612 | 0.006244 | 0.007213 | 0.006615 [ 0.006200 | 0.007238 | 0.006613 | 0.006140 [ 0.006907 | 0.006503 | 0.006251 | 0.007206 | 0.006611 | 0.006217 | 0.007176 | 0.006610 | 0.006177 | 0.007255 | 0.006612 [ 0.006645
4.600 0.005550 | 0.005874 | 0.006101 | 0.005813 | 0.006157 | 0.006149 | 0.005792 | 0.006133 | 0.006148 | 0.005702 | 0.006187 | 0.006152 | 0.005550 | 0.005844 | 0.006101 [ 0.005797 | 0.006129 [ 0.006146 | 0.005758 | 0.006094 | 0.006149 | 0.005752 | 0.006192 | 0.006153 | 0.005976
4.800 0.005083 | 0.004896 | 0.005704 | 0.005350 | 0.005162 | 0.005791 | 0.005324 | 0.005136 | 0.005785 | 0.005262 | 0.005201 [ 0.005823 | 0.005077 | 0.004867 | 0.005698 [ 0.005329 | 0.005132 | 0.005786 | 0.005293 | 0.005099 | 0.005780 | 0.005307 | 0.005205 | 0.005811 | 0.005371
5.000 0.005089 | 0.004900 [ 0.005268 | 0.005253 | 0.005101 [ 0.005360 [ 0.005261 | 0.005076 | 0.005350 | 0.005330 [ 0.005169 | 0.005368 | 0.005090 | 0.004891 [ 0.005263 | 0.005270 | 0.005084 [ 0.005357 [ 0.005280 | 0.005056 | 0.005351 | 0.005275 | 0.005145 | 0.005361 | 0.005206

Notes:

Equivalent-linear one-dimensional site-specific response analysis are performed using Proshake, version 1.12 (2003)

Earthquake motions FEE1, FEE2, and FEE3 represnt the different acceleration - time histories for FEE events as provided by GDS

From Zypy to elevation -115 ft, the soil profile is based on the site-specific subsurface information; below elevation -115 ft, the site is characterized with the shear wave velocity measurements from the following bridge location:

[0} = Port Access Road B-11 (Suspension)

@ = Ravenel Bridge MP-2 and MP-5 (Suspension)

® = Ravenel Bridge DS-1 (Downhole)

= Maybank Bridge PS-1 (Downhole)
The ded site-specific horizontal 1 response spectra (ARS) curves are based on the arithmatic mean of the ARS curves for the same layer (GDM, §12.8.4)
Results of Site-Specific Response Analysis F&ME
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Results of Spectral Acceleration for Safety Evaluation Earthquake (SEE) Event

Appendix A - Section 7
A-46

Time Spectral Acceleration (% g)
(sec) Using PI for Cooper Marl of 30 Using PI for Cooper Marl of 60 <PI
Site— ® @ ® @ ® [©) ® [©) & Site
Motion—| SEEL SEE2 SEE3 SEEI SEE2 SEE3 SEE1 SEE2 SEE3 SEEI SEE2 SEE3 SEE1 SEE2 SEE3 SEEI SEE2 SEE3 SEE1 SEE2 SEE3 SEEI SEE2 SEE3 mean
0.001 0448460 | 0.393816 | 0.388469 | 0.389923 | 0.340289 | 0.370354 | 0.383458 | 0.336790 | 0.372478 | 0.401898 | 0.394639 | 0.345475 | 0.497214 | 0.449130 | 0.404598 | 0.427096 | 0.410855 | 0.372607 | 0.438259 | 0.382126 | 0.373612 | 0.399958 | 0.376824 | 0.388293 | 0.395276
0.010 0447928 | 0.393354 | 0.388050 | 0.389426 | 0.339587 | 0.369981 | 0.383014 | 0.336072 | 0.372136 | 0.401364 | 0.394407 | 0.345170 | 0.496194 | 0.448563 | 0.404132 | 0.426557 | 0.410091 | 0.372219 | 0.437474 | 0.381484 | 0.372908 | 0.399331 | 0.376607 | 0.387860 | 0.394746
0.020 0448667 | 0.394043 | 0.388172 | 0.390126 | 0.340441 | 0.370536 | 0.383766 | 0.336950 | 0.372923 | 0.401803 | 0.394655 | 0.345255 | 0.496708 | 0.449725 | 0.404134 | 0.427265 | 0.410209 | 0.372455 | 0.438932 | 0.382178 | 0.372907 | 0.399528 | 0.376748 | 0.388508 | 0.395276
0.040 0477831 | 0.425895 | 0.391274 | 0.397564 | 0.357234 | 0.385254 | 0.386760 | 0.348381 | 0.381735 | 0.403422 | 0.412934 | 0.358698 | 0.533835 | 0.483129 | 0.404475 | 0.479066 | 0.439832 | 0.389075 | 0.476411 | 0.394777 | 0379515 | 0.399734 | 0.410285 | 0.402599 | 0.413321
0.060 0.590770 | 0.530790 | 0.520056 | 0.441793 | 0.390421 | 0.398531 | 0.443671 | 0.389975 | 0.419689 | 0.477547 | 0.415205 | 0.371532 | 0.688687 | 0.567030 | 0.631052 [ 0.537110 | 0.459045 | 0.429456 | 0.519343 | 0.444136 | 0.485924 | 0.491217 | 0.420438 | 0.444234 | 0.479486
0.080 0.531761 | 0.505670 | 0.488708 | 0.499387 | 0.553388 | 0.442829 | 0.484745 | 0.577586 | 0.442733 | 0.461029 | 0.468178 | 0.406364 | 0.566908 | 0.667754 | 0.563865 | 0.462594 | 0.671890 | 0.509234 | 0.495231 | 0.614448 | 0.498695 | 0.532327 | 0.584569 | 0.498230 [ 0.522005
0.100 0.684726 | 0.574926 | 0.583076 | 0.649976 | 0.489459 | 0.568439 | 0.623918 | 0.474304 | 0.546929 | 0.645098 | 0.490212 | 0.556358 | 0.775803 | 0.627325 | 0.647590 [ 0.697031 | 0.595798 | 0.666023 | 0.698149 | 0.560357 | 0.645023 | 0.751892 | 0.626791 | 0.646076 | 0.617720
0.120 0.790177 | 0.676981 | 0.653677 | 0.643211 | 0.652135 | 0.609739 | 0.613171 | 0.591417 | 0.572342 | 0.614252 | 0.627507 | 0.588334 | 0.981283 | 0.842359 | 0.786709 | 0.744524 | 0.724497 | 0.756946 | 0.739045 | 0.721053 | 0.788837 | 0.669360 | 0.668696 | 0.648071 [ 0.696013
0.140 0.779220 | 0.724085 [ 0.787253 | 0.781651 | 0.765555 | 0.716552 [ 0.777867 | 0.799848 | 0.730769 | 0.658833 [ 0.496863 | 0.527746 | 0.931137 | 0.790556 | 0.860684 | 0.964832 | 0.979829 | 0.980138 [ 0.986117 | 0.940672 | 0.987571 | 0.880873 [ 0.797943 | 0.800972 | 0.810315
0.160 0.863041 | 0.879462 | 0.755765 | 0.809910 | 0.856224 | 0.826377 | 0.791671 | 0.847263 | 0.751961 | 0.700698 | 0.689451 | 0.689083 | 1.001581 | 1.131860 | 0.958374 | 0.813331 | 1.044102 | 0.900873 | 0.871234 | 0.985679 | 0.840473 | 0.837371 | 0.792104 | 0.831161 | 0.852877
0.180 0.933784 | 1.137783 | 0.954856 | 0.902555 | 1.014035 | 0.858880 | 0.891179 | 0.969103 | 0.829729 [ 0.700279 | 0.726244 | 0.660160 | 1.282120 | 1.365478 | 1.148647 | 0.982491 | 1.134014 | 1.036108 | 1.001483 | 1.118900 | 0.996470 | 0.850163 | 0.935886 | 0.765606 | 0.966498
0.200 1.269588 | 1.153667 | 1.291378 | 1.232754 | 0.930967 | 1.059594 | 1.210982 | 0.935055 | 1.042100 | 0.849356 | 0.644892 | 0.761120 | 1.396038 | 1.253334 | 1.341478 | 1.340500 | 1.093809 | 1.301307 | 1.354787 | 1.073882 | 1.280961 | 1.109856 | 0.905664 | 0.963964 | 1.116543
0.220 1.126777 | 1.173494 | 1.144299 | 1.079420 | 1.044310 | 1.045997 | 1.052269 | 0.997694 | 1.041949 | 0.865807 | 0.807850 | 0.825806 | 1.117420 | 1.227489 | 1.070110 | 1.044163 | 1.105742 | 1.143049 | 1.010087 | 1.076297 | 1.118024 | 1.103451 | 1.109817 | 1.015319 | 1.056110
0.240 1.099199 | 1.171349 | 1.007155 | 0.906231 | 0.877939 | 0.860963 | 0.900884 | 0.889879 | 0.888827 | 0.937232 | 0.881748 | 0.803241 | 1.106178 | 1.156203 | 1.056698 | 0.754570 | 0.993157 | 0.781653 | 0.845929 | 1.022357 | 0.781248 | 1.069999 | 0.995354 | 0.992725 | 0.949197
0.260 0.976163 | 0.946931 | 1.061370 | 0.709262 | 0.665120 | 0.743816 | 0.714009 | 0.690665 | 0.777663 | 0.838612 | 0.824785 | 0.788990 | 1.065024 | 1.012506 | 1.114502 | 0.689541 | 0.767443 | 0.808526 | 0.754919 | 0.793506 | 0.833335 | 0.813279 | 0.765605 | 0.841753 | 0.833222
0.280 1.034092 | 0.946351 | 1.055155 | 0.689001 | 0.609429 | 0.679035 | 0.692138 | 0.620354 | 0.729832 | 0.733788 | 0.728990 | 0.762560 | 1.152674 | 1.151863 | 1.150441 | 0.723485 | 0.721000 | 0.812645 | 0.816327 | 0.759039 | 0.851228 | 0.772948 | 0.638530 | 0.767461 | 0.816599
0.300 0.983804 | 1.064653 | 0.944378 | 0.718831 | 0.683697 | 0.669576 | 0.711145 | 0.692375 | 0.681985 | 0.677875 | 0.663130 | 0.716171 | 1.270520 | 1.306741 | 1.082219 | 0.731215 | 0.843956 | 0.807955 | 0.786576 | 0.877570 | 0.815229 | 0.766850 | 0.735240 | 0.698453 | 0.830423
0.320 1.154289 | 1.075113 | 1.170399 | 0.656397 | 0.662813 | 0.747782 | 0.701098 | 0.677488 | 0.812150 | 0.631439 | 0.653864 | 0.610686 | 1.430539 | 1.348858 | 1.281910 | 0.894150 | 0.798706 | 0.977298 | 1.002630 | 0.857380 | 1.004056 | 0.687877 | 0.706264 | 0.779051 | 0.888427
0.340 1.252265 | 1.004899 | 1.236878 | 0.722951 | 0.684797 | 0.855506 | 0.770495 | 0.734508 | 0.916638 | 0.696582 | 0.619641 | 0.659865 | 1.506029 | 1.194301 | 1310273 | 1.006640 | 0.954253 | 1.040586 | 1.127305 | 0.998709 | 1.043581 | 0.746360 | 0.757025 | 0.898302 | 0.947433
0.360 1.258595 | 1.241984 | 1.231895 | 0.868595 | 0.868629 | 0.900352 | 0.930023 | 0.933214 | 0.962000 | 0.694211 | 0.683215 | 0.688183 | 1.446914 | 1.341642 | 1.256939 | 1.204958 | 1.184122 | 1.067544 | 1251979 | 1.228191 | 1.057486 | 0.903011 | 0.967304 | 0.955604 | 1.046941
0.380 1417205 | 1437690 | 1.257728 | 1.102509 | 1.033161 | 0.948337 | 1.172814 | 1.107161 | 1.013838 | 0.770978 | 0.785530 | 0.724592 | 1.480740 | 1.444703 | 1.268067 | 1.519088 | 1.394017 | 1.089531 | 1.572151 | 1.434293 | 1.068483 | 1.123969 | 1.157874 | 1.017431 | 1.180912
0.400 1.285384 | 1.404909 [ 1323962 | 1.109267 | 1.044015 | 1.040779 [ 1.137707 | 1.125118 | 1.123815 | 0.839810 [ 0.804915 | 0.780774 | 1.285948 | 1397655 | 1.293414 | 1.348708 | 1.395193 [ 1.204394 [ 1.361668 | 1.405057 | 1.148923 | 1.163718 | 1.150910 | 1.129697 | 1.179406
0.420 1.160037 | 1.192685 [ 1.269948 | 1.085572 | 0.966447 | 1.033725 [ 1.053218 | 1.011481 | 1.099888 | 0.952525 [ 0.778226 | 0.839684 | 1.076692 | 1.155585 [ 1.220460 | 1.098940 | 1.184558 | 1.214471 [ 1.076055 | 1.177968 | 1.164386 | 1.204147 [ 1.087424 | 1.142557 | 1.093612
0.440 1.231746 | 1.096645 [ 1.126077 | 1.248097 | 1.102974 | 1.205133 [ 1.194893 | 1.047007 | 1.169031 1.132887 | 1.013428 | 0.992365 [ 1.086444 | 1.005466 | 0.941205 | 1.066916 [ 1.040210 | 0.966452 | 0.994227 | 1.009082 [ 0.861594 | 1.382599 | 1.229427 | 1.358487 [ 1.104266
0.460 1.184049 | 1.125806 [ 1.053473 | 1.097732 | 1.116038 | 1.011677 [ 1.042163 | 1.060546 | 0.988159 | 1.123580 [ 1.086828 | 0.901142 | 1.047868 | 1.003746 [ 0.904195 | 0.926261 | 0.998411 | 0.842033 [ 0.853810 | 0.956742 | 0.774401 1.214426 | 1.232831 1.124339 | 1.027927
0.480 1.139874 | 1120079 [ 0.905649 | 1.019190 | 1.123284 | 0.842771 [ 0.962683 | 1.054740 | 0.801905 | 1.126639 [ 1.165033 | 1.021094 | 0.995529 | 0.972779 | 0.797539 | 0.857781 | 0.887977 [ 0.746733 [ 0.797357 | 0.842616 | 0.722865 | 1.101768 | 1.223166 | 0.917747 | 0.964450
0.500 1.004748 | 1.066983 [ 0.904872 | 0.897536 | 1.061688 | 0.879919 [ 0.848942 | 0.987210 | 0.823210 | 1.010571 [ 1.143030 | 1.100073 | 0.880653 [ 0.925678 [ 0.770919 | 0.749833 | 0.804141 [ 0.752517 [ 0.703560 | 0.756973 | 0.699005 | 0.967951 | 1.151216 | 0.943447 | 0.909778
0.550 0.892331 | 0.932848 [ 0.853677 | 0.700942 | 0.797310 | 0.750338 [ 0.663015 | 0.762220 | 0.711337 | 0.890000 [ 0.914340 | 0.929159 | 0.832014 | 0.826925 [ 0.754236 | 0.663024 | 0.713745 | 0.655105 [ 0.661569 | 0.671110 | 0.616207 | 0.746498 [ 0.847228 | 0.785605 | 0.773783
0.600 0.872561 | 0.792963 [ 0.714894 | 0.634792 | 0.701222 | 0.637421 [ 0.613460 | 0.661092 | 0.590151 | 0.789126 [ 0.912580 | 0.817006 | 0.779673 | 0.704589 [ 0.640522 | 0.610096 | 0.608083 | 0.522281 [ 0.590159 | 0.565581 | 0.495383 | 0.649793 [ 0.722718 | 0.655808 | 0.678415
0.650 0.809940 | 0.750750 [ 0.661639 | 0.605380 | 0.643736 | 0.546810 [ 0.587018 | 0.611311 | 0.525664 | 0.742925 [ 0.835596 | 0.629022 | 0.750912 | 0.684620 [ 0.608864 | 0.593249 | 0.562472 | 0.499038 [ 0.589554 | 0.526556 | 0.470906 | 0.618849 | 0.665978 | 0.569592 | 0.628766
0.700 0.708522 | 0.656878 [ 0.712168 | 0.536815 | 0.548802 [ 0.596422 [ 0.522128 | 0.526759 | 0.574593 | 0.638998 [ 0.670850 | 0.679408 | 0.641006 | 0.608872 [ 0.641927 | 0.517322 | 0.528619 | 0.531599 [ 0.504423 | 0.516120 | 0.512544 | 0.548862 | 0.567572 | 0.612843 | 0.587669
0.750 0.561832 | 0.721050 [ 0.614309 | 0.466176 | 0.618951 [ 0.503123 [ 0.457851 | 0.589024 | 0.480368 | 0.521802 [ 0.752335 | 0.580333 | 0.529578 | 0.663025 | 0.574171 | 0.462427 | 0.581633 | 0.459308 [ 0.455901 | 0.559085 | 0.447834 | 0.470681 | 0.636109 | 0.511065 | 0.550749
0.800 0.583471 | 0.561766 [ 0.531348 | 0.469364 | 0.504776 | 0.458092 [ 0.457688 | 0.484712 | 0.450691 | 0.540288 [ 0.592052 | 0.519111 | 0.535852 | 0.518704 | 0.498843 | 0.456016 | 0.466803 | 0.440607 [ 0.461110 | 0.460362 | 0.423726 | 0.479273 | 0.518727 | 0.464786 | 0.494924
0.850 0.623885 | 0.633972 [ 0.591633 | 0.535419 | 0.568632 [ 0.508768 [ 0.527945 | 0.555259 | 0.493561 | 0.596784 [ 0.670237 | 0.593903 | 0.599425 | 0.592226 | 0.560336 | 0.533984 | 0.549925 | 0.489031 [ 0.533666 | 0.525908 | 0.476801 | 0.539687 | 0.577390 | 0.511387 | 0.557907
0.900 0.575254 | 0.553819 [ 0.578205 | 0.510116 | 0.551346 | 0.516103 [ 0.500813 | 0.536806 | 0.506558 | 0.549353 [ 0.614976 | 0.588645 | 0.541593 | 0.528185 [ 0.550012 | 0.504219 | 0.526512 | 0.505355 [ 0.489912 | 0.510930 | 0.491261 | 0.513851 [ 0.562984 | 0.517410 | 0.534342
0.950 0.531384 | 0.590423 [ 0.522489 | 0.523838 | 0.588044 [ 0.509233 [ 0.510917 | 0.568123 | 0.495115 | 0.570010 [ 0.674828 | 0.550680 | 0.502759 | 0.561139 [ 0.497205 | 0.496316 | 0.553133 | 0.482836 | 0.489522 | 0.536309 | 0.467494 | 0.530757 | 0.593156 | 0.517008 | 0.535947
1.000 0.542158 | 0.521296 [ 0.510178 | 0.523235 | 0.510908 [ 0.504612 [ 0.509509 | 0.493313 | 0.495884 | 0.576500 [ 0.587403 | 0.547683 | 0.514465 | 0.490893 [ 0.483840 | 0.496558 | 0.479253 | 0.495117 [ 0.491531 | 0.465234 | 0.482283 | 0.528813 | 0.517729 | 0.509202 | 0.511567
1.050 0.520437 | 0.459779 [ 0.512831 | 0.506018 | 0.491529 | 0.523950 [ 0.493886 | 0.479072 | 0.512350 | 0.561457 [ 0.559351 | 0.557690 | 0.493166 | 0.439398 [ 0.490308 | 0.487081 | 0.472966 | 0.504598 [ 0.484557 | 0.460189 | 0.489321 | 0.507412 [ 0.494081 | 0.528854 | 0.501262
1.100 0423690 | 0.486221 [ 0.495655 | 0.453207 | 0.529723 | 0.499651 [ 0.444230 | 0.517403 | 0.487132 | 0.497878 [ 0.584350 | 0.545523 | 0.406516 | 0.467480 [ 0.472822 | 0.436723 | 0.511126 | 0.477358 [ 0.437442 | 0.498349 | 0.463485 | 0.454752 [ 0.534332 | 0.503699 | 0.484531
1.150 0.408101 | 0.464139 [ 0.432617 | 0.443503 | 0.480413 [ 0.436808 [ 0.435757 | 0.468667 | 0.430637 | 0.483944 [ 0.537407 | 0.472848 | 0.393116 | 0.435349 [ 0.419864 | 0.429264 | 0.459362 | 0.433424 [ 0.430324 | 0.443366 | 0.424516 | 0.444497 | 0.488748 | 0.437954 | 0.447276
1.200 0473167 | 0.435253 [ 0.409508 | 0.518246 | 0.449847 | 0.430853 [ 0.510462 | 0.434434 | 0424419 | 0.559350 [ 0.510492 | 0.455257 | 0.456235 | 0.406946 | 0.393233 | 0.503243 | 0.418840 | 0.418445 [ 0.503153 | 0.412896 | 0.409159 | 0.517754 [ 0.455663 | 0.433364 | 0.455842
1.250 0424192 | 0.426160 [ 0.437282 | 0.473570 | 0.473517 | 0.480628 [ 0.466912 | 0.462840 | 0.471386 | 0.501034 [ 0.508429 | 0.501211 | 0.405847 | 0.409669 [ 0.420920 | 0.456663 | 0.457475 | 0.464715 [ 0.456075 | 0.446414 | 0.455409 | 0.474820 | 0.478089 | 0.483233 | 0.459854
1.300 0.356729 | 0.389240 [ 0.394133 | 0.402548 | 0.441849 [ 0.426310 [ 0397570 | 0.431241 | 0.420607 | 0.422475 | 0.482902 | 0.455794 | 0.342392 | 0.371562 | 0.379843 | 0.388700 | 0.423294 | 0.417152 [ 0.387381 | 0.415012 | 0.409370 | 0.403735 | 0.445688 | 0.426461 | 0.409666
1.350 0.376326 | 0.373875 [ 0.365412 | 0.427988 | 0.427920 [ 0.411427 [ 0.421176 | 0.422610 | 0.405969 | 0.448698 | 0.448467 | 0.430757 | 0.360581 | 0.362064 | 0.353508 | 0.407820 | 0.416521 | 0.400375 [ 0.406777 | 0.407985 | 0.393058 | 0.429790 | 0.429643 | 0.411858 | 0.405859
1.400 0.365308 | 0.359423 [ 0.343365 | 0.421564 | 0.408048 [ 0.392882 [ 0.414355 | 0.401590 | 0.387421 | 0.444555 [ 0.430094 | 0.408124 | 0.352346 | 0.347424 | 0.331084 | 0.401616 | 0.391595 | 0.380077 [ 0.404450 | 0.383229 | 0.373448 | 0.422966 | 0.410898 | 0.393823 | 0.390404
1.450 0.336565 | 0.332147 [ 0329612 | 0.389225 | 0.384476 | 0.380136 [ 0.383875 | 0.379638 | 0.374536 | 0.403279 [ 0.400857 | 0.394256 | 0.328527 | 0.323704 [ 0.318900 | 0.373724 | 0.376247 | 0.366666 | 0.375479 | 0.372367 | 0.360425 | 0.390574 | 0.383672 | 0.381273 | 0.368340
1.500 0.339760 | 0.323640 [ 0322245 | 0.390722 | 0.378651 | 0.372954 [ 0.385109 | 0.374114 | 0.367084 | 0.406929 [ 0.391515 | 0.386917 | 0.330720 | 0.318814 [ 0313381 | 0.374399 | 0.370108 | 0.358963 [ 0.376331 | 0.366754 | 0.353190 | 0.392187 [ 0.380285 | 0.374071 | 0.364535
1.550 0.333847 | 0.319563 [ 0314406 | 0.384494 | 0.367272 | 0.364488 [ 0.379002 | 0.362566 | 0.358272 | 0.402899 [ 0.387084 | 0.378723 | 0.323345 | 0.314185 [ 0.306838 | 0.368525 | 0.360303 | 0.350381 [ 0.370504 | 0.357391 | 0.345550 | 0.385912 [ 0.367484 | 0.365331 | 0.357015
1.600 0.329918 | 0.292241 [ 0300437 | 0.379038 | 0.340899 [ 0.348932 [ 0.373691 | 0.335387 | 0.342719 | 0.396192 | 0.355888 | 0.363374 | 0.317796 | 0.285215 [ 0.293350 | 0.362597 | 0.329860 | 0.335822 [ 0.363721 | 0.326519 | 0.331819 | 0.380879 | 0.341293 | 0.349660 | 0.340719
1.650 0.318284 | 0.286545 [ 0.283289 | 0.367546 | 0.336074 [ 0.326067 [ 0.362680 | 0.331256 | 0.320170 | 0.386666 | 0.354291 | 0.340100 | 0.307338 | 0.280445 [ 0.276052 | 0.353263 | 0.327408 | 0.314792 [ 0.355409 | 0.324740 | 0.311277 | 0.368315 | 0.335974 | 0.326548 | 0.328939
1.700 0.298145 | 0.264753 [ 0.272804 | 0.345001 | 0.304033 [ 0.303110 [ 0.340997 | 0.300415 | 0.298578 | 0.362877 [ 0.320818 | 0.311935 | 0.290985 | 0.260045 [ 0.265783 | 0.333410 | 0.297456 | 0.292202 [ 0.335997 | 0.295150 | 0.288676 | 0.344922 | 0.303378 | 0.303626 | 0.305629
1.750 0.273039 | 0.279837 | 0.258626 | 0.315639 | 0315151 | 0.287412 | 0312495 | 0.312202 | 0.282831 [ 0.331099 | 0.327539 | 0.295914 | 0.267133 | 0.275101 | 0.251923 | 0.305782 | 0.309184 | 0.278542 | 0.308341 | 0.307525 | 0.276415 | 0.315408 | 0.314922 | 0.287619 [ 0.295403
1.800 0.266622 | 0.281505 | 0.255392 | 0.299217 | 0317346 | 0.281141 | 0.296239 | 0.314389 | 0.276894 | 0.313193 | 0.330250 | 0.293632 | 0.261714 | 0.276296 | 0.249950 [ 0.289921 | 0.311215 | 0.271634 | 0.292922 | 0.309314 | 0.269351 | 0.299426 | 0.317316 | 0.281366 | 0.289844
1.850 0.260046 | 0.271403 | 0.249818 | 0.294433 | 0307785 | 0.274519 | 0.292545 | 0.304829 | 0.270682 | 0.306995 | 0.319900 | 0.289107 | 0.254415 | 0.266070 | 0.244514 | 0.288549 | 0.301526 | 0.267407 | 0.290991 | 0.299333 | 0.265519 | 0.294184 | 0.307924 | 0.273912 | 0.283184
1.900 0.226255 | 0.248233 | 0.236585 | 0.260717 | 0.283836 | 0.260765 | 0.259209 | 0.280963 | 0.257786 | 0.268144 | 0.294732 | 0.274455 | 0.220679 | 0.243168 | 0.231690 [ 0.255043 | 0.277514 | 0.255553 | 0.256132 | 0.275448 | 0.253512 | 0.260519 | 0.283836 | 0.260192 | 0.259374
1.950 0.196403 | 0.219675 | 0.217648 | 0.223860 | 0.253488 | 0.241065 | 0.221022 | 0.250947 | 0.238546 | 0.236345 | 0.262357 | 0.253188 | 0.190749 | 0.215566 | 0.212960 [ 0.214959 | 0.247923 | 0.236565 | 0.216407 | 0.246407 | 0.234385 | 0.224309 | 0.253275 | 0.240469 | 0.231188
2.000 0.185945 | 0.198364 | 0.209195 | 0.209907 | 0.229738 | 0.231365 | 0.209308 | 0.227546 | 0.227883 | 0.216960 | 0.236983 | 0.239078 | 0.185991 | 0.195269 | 0.204269 | 0.205881 | 0.224907 | 0.223758 | 0.206984 | 0.223738 | 0.222012 | 0.209946 | 0.229476 | 0.231540 | 0.216085
2.200 0201660 | 0.192264 | 0.203197 | 0.223926 | 0.213154 | 0.227917 | 0.222554 | 0.211669 | 0.225538 | 0.229013 | 0.218078 | 0.236079 | 0.197523 | 0.189242 | 0.201053 [ 0.218455 | 0.209509 | 0.224562 | 0.219842 | 0.208502 | 0.223680 | 0.224518 | 0.213268 | 0.227616 | 0.215117
2.400 0.160430 | 0.175454 | 0.175935 | 0.175290 | 0.193951 | 0.200070 | 0.174490 | 0.193126 | 0.198644 | 0.179209 | 0.199518 | 0.205514 | 0.158266 | 0.173448 | 0.173860 [ 0.172318 | 0.192868 | 0.197615 | 0.173751 | 0.192307 | 0.196225 | 0.175328 | 0.193632 | 0.199307 | 0.184607
2.600 0.134515 | 0.135748 | 0.122228 | 0.146061 | 0.148988 | 0.145578 | 0.144794 | 0.148740 | 0.144472 | 0.150240 | 0.150483 | 0.147679 | 0.132318 | 0.135009 | 0.120146 [ 0.142387 | 0.148506 | 0.142016 | 0.142879 | 0.148045 | 0.140923 | 0.146408 | 0.148790 | 0.145422 | 0.142182
2.800 0.111918 | 0.118802 | 0.129495 | 0.124578 | 0.132165 | 0.134466 | 0.124116 | 0.131281 | 0.133637 | 0.125907 | 0.134660 | 0.139166 | 0.111942 | 0.117365 | 0.127999 | 0.121733 | 0.129449 | 0.133261 | 0.122820 | 0.129053 | 0.132773 | 0.124783 | 0.132238 | 0.134266 | 0.127411
3.000 0.105923 | 0.110442 | 0.114545 | 0.114605 | 0.116858 | 0.122240 | 0.114519 | 0.116199 | 0.121820 | 0.114485 | 0.118892 | 0.125590 | 0.105128 | 0.110000 | 0.113181 [ 0.113762 | 0.115385 | 0.121440 | 0.114107 | 0.115419 | 0.120899 | 0.114825 | 0.116741 | 0.122045 | 0.115794
3.200 0.098759 | 0.094399 | 0.094717 | 0.107291 | 0.100823 | 0.103994 | 0.107039 [ 0.100679 | 0.103602 | 0.107420 | 0.101623 | 0.104885 | 0.097627 | 0.093753 | 0.093675 [ 0.105870 | 0.100846 | 0.102863 | 0.105915 | 0.100625 | 0.102317 | 0.107428 | 0.100727 | 0.103970 | 0.101702
3.400 0.089963 | 0.072232 | 0.081686 | 0.096442 | 0.075340 | 0.091464 | 0.095996 | 0.075129 | 0.090945 [ 0.097690 | 0.076387 | 0.091450 | 0.090059 | 0.072066 | 0.080794 [ 0.094879 | 0.074572 | 0.089924 | 0.095702 | 0.074869 | 0.089429 | 0.096587 | 0.075357 | 0.091422 | 0.085849
3.600 0.081866 | 0.068547 | 0.071049 | 0.086336 | 0.071101 | 0.080609 | 0.086357 | 0.071024 | 0.080035 [ 0.087470 | 0.072802 [ 0.080764 | 0.081760 | 0.068045 | 0.070877 [ 0.086058 | 0.071260 | 0.078936 | 0.086686 | 0.071312 | 0.078706 | 0.086198 | 0.071129 | 0.080613 | 0.077898
3.800 0.070950 | 0.064935 | 0.066113 | 0.074985 | 0.067847 | 0.069620 | 0.075001 [ 0.067709 | 0.069369 | 0.075282 | 0.067762 | 0.069718 | 0.070499 | 0.065280 | 0.065994 | 0.074747 | 0.067131 [ 0.068917 | 0.075015 | 0.067206 | 0.068942 | 0.074913 | 0.067992 | 0.069730 | 0.069819
4.000 0.059137 | 0.060593 | 0.060511 | 0.062924 | 0.063019 | 0.063710 | 0.062886 | 0.062828 | 0.063399 | 0.062986 | 0.063351 | 0.064022 | 0.058422 | 0.060774 | 0.060386 [ 0.062485 | 0.062631 | 0.063012 | 0.062554 | 0.062763 | 0.062905 | 0.062988 | 0.063096 | 0.063730 | 0.062296
4.200 0.048486 | 0.054242 | 0.051765 | 0.051539 | 0.056509 | 0.054967 | 0.051590 [ 0.056291 | 0.054654 | 0.051572 | 0.057031 | 0.055803 | 0.048292 | 0.054201 | 0.051563 [ 0.051366 | 0.056200 [ 0.054344 | 0.051667 | 0.056300 | 0.054273 | 0.051616 | 0.056494 | 0.054882 | 0.053569
4.400 0.042857 | 0.046958 | 0.044941 | 0.043658 | 0.049110 | 0.046751 | 0.043601 | 0.048876 | 0.046682 | 0.044136 | 0.049770 | 0.046832 | 0.042266 | 0.046753 | 0.044847 [ 0.043261 | 0.048799 | 0.046511 | 0.043275 | 0.048855 | 0.046506 | 0.043799 | 0.049088 | 0.046725 | 0.046036
4.600 0.038844 | 0.039617 | 0.042489 | 0.039631 | 0.041621 | 0.044060 | 0.039488 | 0.041388 | 0.043996 | 0.040265 | 0.042359 | 0.044337 | 0.038605 | 0.039306 | 0.042455 | 0.039051 | 0.041304 | 0.043853 | 0.038838 | 0.041324 | 0.043865 | 0.039649 | 0.041608 | 0.044011 [ 0.041332
4.800 0.035355 | 0.032789 | 0.039366 | 0.036047 | 0.034621 | 0.040635 | 0.035904 | 0.034396 | 0.040545 | 0.036675 | 0.035387 | 0.040949 | 0.035194 | 0.032436 | 0.039210 | 0.035459 | 0.034310 | 0.040346 | 0.035656 | 0.034302 | 0.040295 | 0.036044 | 0.034617 | 0.040621 [ 0.036715
5.000 0.034511 | 0.032909 [ 0.036353 | 0.035075 | 0.034938 | 0.037337 [ 0.034814 | 0.034868 | 0.037284 | 0.036080 [ 0.034925 | 0.037424 | 0.033897 | 0.032652 [ 0.036257 | 0.034424 | 0.034700 | 0.037161 [ 0.034395 | 0.034516 | 0.037133 | 0.035195 [ 0.034965 | 0.037326 | 0.035381
Notes:
Equivalent-linear one-dimensional site-specific response analysis are performed using Proshake, version 1.12 (2003)
Earthquake motions SEE1, SEE2, and SEE3 represnt the different acceleration - time histories for SEE event as provided by GDS
From Zypy to elevation -115 ft, the soil profile is based on the site-specific subsurface information; below elevation -115 ft, the site is characterized with the shear wave velocity measurements from the following bridge location:
[0} = Port Access Road B-11 (Suspension)
@ = Ravenel Bridge MP-2 and MP-5 (Suspension)
® = Ravenel Bridge DS-1 (Downhole)
= Maybank Bridge PS-1 (Downhole)
The ded site-specific horizontal 1 response spectra (ARS) curves are based on the arithmatic mean of the ARS curves for the same layer (GDM, §12.8.4)
Results of Site-Specific Response Analysis F&ME
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Site-Specific Acceleration Response Spectra (ARS) Curves

Appendix A - Section 7
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Site-Specific Seismic Response Analysis A-48
Average Site-Specific Acceleration Response Spectra (ARS) Curves
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Appendix A - Section 8

Site-Specific Seismic Response Analysis A-50
Construction of SC Seismic Hazard Map Three-Point ADRS Curve for Site Class C
for Functional Earthquake Evaluation (FEE) Event
Estimation of Spectral Accelerations considering the Local Site Effects
® T Sa(psa) T Sa 0.78, Saav) Sa (Rec) T, Sa (Rec)
Hz sec g sec g g g g sec g
- 0.00 0.1714782 | 0.00 0.205774 | 0.144042 | 0.143265 0.144042 0.14 0.369428
13.0 0.08 0.3063957 | 0.08 =T, | 0371742 | 0.260219 [ 0.269835 | 0.269835 0.18 0.401128
6.7 0.15 0.3090329 | 0.40 =Ts | 0371742 | 0.260219 | 0.359716 | 0.359716 0.22 0.341640
5.0 0.20 0.3097848 | 0.50 0.296350 | 0.207445 | 0.222336 | 0.222336 0.26 0.287553
33 0.30 0.2503457 | 1.00 0.148175 0.103723 | 0.115745 0.115745 0.38 0.377892
2.0 0.50 0.1689729 | 2.00 0.074088 | 0.051861 0.032161 0.051861 0.44 0.265592
1.0 1.00 0.0871619 | 3.00 0.049392 | 0.034574 | 0.016381 0.034574 | >0.44 }
Notes:
o, T = frequency and time period, respectively and T = l/®
Sapsay = Pseudo-Spectral Acceleration (PSA) at the B-C boundary as provided by GDS
PGAc =mapped peak ground acceleration at the B-C boundary at T = 0.0 sec (GDM, § 12.7.2)
Sg = mapped spectral acceleration at B-C boundary for short-period (T = 0.2 sec) (GDM, § 12.7.3)
S = mapped spectral acceleration at B-C boundary for long-period (T = 1.0 sec) (GDM, § 12.7.3)
Fpga = site coefficient based on Site Class and mapped PGAg - (GDM, Table 12-26)
F, = site coefficient based on Site Class and S, (GDM, Table 12-27)
F, = site coefficient based on Site Class and S; (GDM, Table 12-28)
PGA = peak ground acceleration (period, T = 0.0 sec) at Zppy. PGA = Fpga . PGAg ¢ (GDM, Eq 12-35)
Zo™ = depth-to-motion (GDM, §12.4.2 and 12.8.4)
Sps = design short-period (T = 0.2 sec) spectral response acceleration parameter (GDM, Eq 12-36)
Spi = design long- period (T = 1.0 sec) spectral response acceleration parameter (GDM, Eq 12-37)
Ts, T, = Sp1/Sps (GDM, Eq 12-39), T, = 0.20T, (GDM, Eq 12-38)
S, = design spectral acceleration at Zpry (GDM, Table 12-29)
0.7S, = lowest spectral acceleration permitted without an independent third-party review (GDM, §12.8.5)
Sa av) = average spectral response acceleration
T, = periods deemed necessary to generate the recommended response curve
Sa Rec) =recommended design spectral response acceleration
Calculations for Design Response Spectrum Parameters:
PGA =Fpga - PGAg.c=1.2x0.1714782 = 0.2057738
Sbs =F,S;=1.2x0.3097848 = 0.3717418
Sbi =F,S;=1.7x0.0871619 = 0.1481752
Ts = Sp1,Sps = 0.1481752/0.3717418 = 0.3986 sec
T, =0.20T5=0.20 x 0.3986 = 0.0797 sec
1 =0.70 x Spy/T
Calculations for Recommended Site-Specific Response Curves for Site Class C F&ME
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Site-Specific Seismic Response Analysis A-51
Construction of SC Seismic Hazard Map Three-Point ADRS Curve for Site Class C
for Safety Earthquake Evaluation (SEE) Event
Estimation of Spectral Accelerations considering the Local Site Effects
® T Sa(psa) T Sa 0.78, Saav) Sa (Rec) T, Sa (Rec)
Hz sec g sec g g g g sec g
- 0.00 0.602461 0.00 0.602461 0.421723 | 0.395276 | 0.421723 0.24 0.949197
13.0 0.08 1.066766 0.10 =T, 1.122372 | 0.785660 | 0.617720 | 0.785660 0.26 0.833222
6.7 0.15 1.120118 052 =Tg 1.122372 | 0.785660 | 0.850666 | 0.850666 0.28 0.816599
5.0 0.20 1.122372 1.00 0.585579 | 0.409905 | 0.511567 | 0.511567 0.34 0.947433
33 0.30 0.970438 2.00 0.292789 | 0.204953 | 0.216085 0.216085 0.40 1.179406
2.0 0.50 0.724003 3.00 0.195193 0.136635 | 0.115794 | 0.136635 0.44 1.104266
1.0 1.00 0.426269 - - - - - 0.55 0.773783
0.5 2.00 0.198994 - - - - - 0.65 0.630623
- - - - - - - - 0.80 0.512382
- - - - - - - - 0.85 0.557907
- - - - - - - - > 0.85 i
Notes:
o, T = frequency and time period, respectively and T = 1/®
Sapsay = Pseudo-Spectral Acceleration (PSA) at the B-C boundary as provided by GDS
PGA - =mapped peak ground acceleration at the B-C boundary at T = 0.0 sec (GDM, § 12.7.2)
Sg = mapped spectral acceleration at B-C boundary for short-period (T = 0.2 sec) (GDM, § 12.7.3)
S = mapped spectral acceleration at B-C boundary for long-period (T = 1.0 sec) (GDM, § 12.7.3)
Fpga = site coefficient based on Site Class and mapped PGAg - (GDM, Table 12-26)
F, = site coefficient based on Site Class and S, (GDM, Table 12-27)
F, = site coefficient based on Site Class and S; (GDM, Table 12-28)
PGA = peak ground acceleration (period, T = 0.0 sec) at Zppy. PGA = Fpga . PGAg ¢ (GDM, Eq 12-35)
Zot™ = depth-to-motion (GDM, §12.4.2 and 12.8.4)
Sps = design short-period (T = 0.2 sec) spectral response acceleration parameter (GDM, Eq 12-36)
Spi = design long- period (T = 1.0 sec) spectral response acceleration parameter (GDM, Eq 12-37)
Ts, T, = Sp1/Sps (GDM, Eq 12-39), T, = 0.20T, (GDM, Eq 12-38)
S, = design spectral acceleration at Zpry (GDM, Table 12-29)
0.7S, = lowest spectral acceleration permitted without an independent third-party review (GDM, §12.8.5)
Sa av) = average spectral response acceleration
T, = periods deemed necessary to generate the recommended response curve
Sa Rec) =recommended design spectral response acceleration
Calculations for Design Response Spectrum Parameters:
PGA =Fpga - PGAg.c = 1.0x 0.602461 = 0.602461
Sbs =F,S,=1.0x 1.122372 =1.122372
Sbi =F,S;=[14+ {(1.3-1.4)/(0.50 - 0.40)} x (0.426269 - 0.4)}]x 0.426269 = 1.373731 x 0.426269 = 0.58557894
Ts = Sp1,Sps = 0.58557894/1.122372 = 0.52173 sec
T, =0.20Ts=0.20 x 0.52173 = .104347 sec
1 =0.84 x Spy/T
Calculations for Recommended Site-Specific Response Curves for Site Class C F&ME
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Site-Specific Seismic Response Analysis A-52

Construction of Recommended Site-Specific Acceleration Response Spectra (ARS) Curves for Site Class C
for Functional and Safety Evaluation Earthquake (FEE and SEE)
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Site-Specific Seismic Response Analysis A-53
Construction of Recommended Site-Specific Acceleration Response Spectra (ARS) Curves for Site Class C
for Functional and Safety Evaluation Earthquake (FEE and SEE)
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Site-Specific Seismic Response Analysis A-54
Recommended Site-Specific Acceleration Response Spectra (ARS) Curves for Site Class C
for Functional and Safety Evaluation Earthquake (FEE and SEE)
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Site-Specific Seismic Response Analysis A-56
Construction of SC Seismic Hazard Map Three-Point ADRS Curve for Site Class D
for Functional Earthquake Evaluation (FEE) Event
Estimation of Spectral Accelerations considering the Local Site Effects
® T Sa(psa) T Sa 0.78, Saav) Sa (Rec) T, Sa (Rec)
Hz sec g sec g g g g sec g
- 0.00 0.1714782 | 0.00 0.249851 0.174896 | 0.143265 0.174896 0.14 0.369428
13.0 0.08 0.3063957 | 0.09 =T, | 0.477135 | 0.333995 [ 0.298588 | 0.333995 0.18 0.401128
6.7 0.15 0.3090329 | 0.44 =Ts | 0477135 0.333995 [ 0.265592 | 0.333995 0.20 0.397067
5.0 0.20 0.3097848 | 0.50 0.418377 | 0.292864 | 0.222336 | 0.292864 0.22 0.333995
33 0.30 0.2503457 | 1.00 0.209189 | 0.146432 | 0.115745 0.146432 0.27 0.333995
2.0 0.50 0.1689729 | 2.00 0.104594 | 0.073216 | 0.032161 0.073216 0.32 0.333995
1.0 1.00 0.0871619 | 3.00 0.069730 | 0.048811 0.016381 0.048811 0.34 0.364003
- - - - - - - - 0.38 0.377892
- - - - - - - - >0.44 t
Notes:
o, T = frequency and time period, respectively and T = 1/®
Sapsay = Pseudo-Spectral Acceleration (PSA) at the B-C boundary as provided by GDS
PGA - =mapped peak ground acceleration at the B-C boundary at T = 0.0 sec (GDM, § 12.7.2)
Sg, S = mapped spectral acceleration at B-C boundary for short-period (T = 0.2 sec) (GDM, § 12.7.3)
S = mapped spectral acceleration at B-C boundary for long-period (T = 1.0 sec) (GDM, § 12.7.3)
Fpga = site coefficient based on Site Class and mapped PGAg - (GDM, Table 12-26)
F, = site coefficient based on Site Class and S, (GDM, Table 12-27)
F, = site coefficient based on Site Class and S; (GDM, Table 12-28)
PGA = peak ground acceleration (period, T = 0.0 sec) at Zppy, PGA = Fpga . PGAg ¢ (GDM, Eq 12-35)
Sps = design short-period (T = 0.2 sec) spectral response acceleration parameter (GDM, Eq 12-36)
Spi = design long- period (T = 1.0 sec) spectral response acceleration parameter (GDM, Eq 12-37)
Ts, T, = Sp1/Sps (GDM, Eq 12-39), T, = 0.20T, (GDM, Eq 12-38)
S, = design spectral acceleration at Zpy
0.7S, = lowest spectral acceleration permitted without an independent third-party review (GDM, §12.8.5)
S, @av) = average spectral response acceleration (GDM, Table 12-29)
T, = periods deemed necessary to generate the recommended response curve
Sa Rec) =recommended design spectral response acceleration
Calculations for Design Response Spectrum Parameters:
PGA =Fpga - PGAg.c=[1.6 + {(1.6 - 1.4)/(0.1 - 0.2)} x (0.171478 - 0.1)] x PGA g.c = 1.457044 x 0.171478 = 0.249851
Sbs =F,S,=[1.6+ {(1.6 - 1.4)/(0.25 - 0.50)} x (0.309785 - 0.25)] x S, = 1.540215 x 0.309785 = 0.477135
Sbi =F,S;,=2.4x0.087162=0.209189
Ts = Sp1,Sps = 0.209189/0.477135 = 0.4384
T, =0.20Tg=0.20x 0.219=0.0877
t =0.70 x Spy/T
Calculations for Recommended Site-Specific Response Curves for Site Class D F&ME
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Site-Specific Seismic Response Analysis A-57
Construction of SC Seismic Hazard Map Three-Point ADRS Curve for Site Class D
for Safety Earthquake Evaluation (SEE) Event
Estimation of Spectral Accelerations considering the Local Site Effects
® T Sa(psa) T Sa 0.78, Saav) Sa (Rec) T, Sa (Rec)
Hz sec g sec g g g g sec g
- 0.00 0.602461 0.00 0.602461 0.421723 | 0.395276 | 0.421723 0.20 1.116543
13.0 0.08 1.066766 0.11 =T, 1.179670 | 0.825769 | 0.638859 | 0.825769 0.24 0.949197
6.7 0.15 1.120118 053 =Tsg 1.179670 | 0.825769 | 0.835797 | 0.835797 0.26 0.825769
5.0 0.20 1.122372 1.00 0.621920 | 0.435344 | 0.511567 | 0.511567 0.32 0.825769
33 0.30 0.970438 2.00 0.310960 | 0.217672 | 0.216085 | 0.217672 0.34 0.947433
2.0 0.50 0.724003 3.00 0.207307 | 0.145115 | 0.115794 | 0.145115 0.40 1.179406
1.0 1.00 0.426269 - - - - - 0.44 1.104266
0.5 2.00 0.198994 - - - - - 0.48 0.964450
- - - - - - - - >0.53 *
- - - - - - - - > (.85 $
Notes:
o, T = frequency and time period, respectively and T = /@
Sasay = Pseudo-Spectral Acceleration (PSA) at the B-C boundary as provided by GDS
PGAc = mapped peak ground acceleration at the B-C boundary at T = 0.0 sec (GDM, § 12.7.2)
Ss = mapped spectral acceleration at B-C boundary for short-period (T = 0.2 sec) (GDM, § 12.7.3)
S = mapped spectral acceleration at B-C boundary for long-period (T = 1.0 sec) (GDM, § 12.7.3)
Fpga = site coefficient based on Site Class and mapped PGAg_ (GDM, Table 12-26)
F, = site coefficient based on Site Class and S, (GDM, Table 12-27)
F, = site coefficient based on Site Class and S; (GDM, Table 12-28)
PGA = peak ground acceleration (period, T = 0.0 sec) at Zpry. PGA = Fpga . PGAp ¢ (GDM, Eq 12-35)
Sps = design short-period (T = 0.2 sec) spectral response acceleration parameter (GDM, Eq 12-36)
Spi = design long- period (T = 1.0 sec) spectral response acceleration parameter (GDM, Eq 12-37)
Ts, T, = Sp1/Sps (GDM, Eq 12-39), T, = 0.20T, (GDM, Eq 12-38)
S, = design spectral acceleration at Zpry
0.7S, = lowest spectral acceleration permitted without an independent third-party review (GDM, §12.8.5)
Sa av) = average spectral response acceleration (GDM, Table 12-29)
T, = periods deemed necessary to generate the recommended response curve
Sa (Rec) =recommended design spectral response acceleration
Calculations for Design Response Spectrum Parameters:
PGA =Fpga - PGAp.c = 1.0x 0.602461 = 0.602461
Sbs =F,S;=[1.1+ {(1.1 -1.0)/(1.0 - 1.25)} x (1.122372 - 1.0)] x 1.122372 = 1.051051 x1.122372 = 1.179670
Sbi =F,S;=[1.6 + {(1.6 - 1.4)/(0.25 - 0.50)} x (0.426269 - 0.25)] x 0.426269 = 1.458985 x 0.426269 = 0.621920
Ts = Sp1,Sps = 0.621920/1.179670 = 0.5272
T, =0.20Ts=0.20x 0.52173 = 0.1054
* =0.70 x Spy/T
t =0.84x Sp/T
Calculations for Recommended Site-Specific Response Curves for Site Class D F&ME
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Site-Specific Seismic Response Analysis A-58

Construction of Recommended Site-Specific Acceleration Response Spectra (ARS) Curves for Site Class D
for Functional and Safety Evaluation Earthquake (FEE and SEE)
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Site-Specific Seismic Response Analysis A-59
Construction of Recommended Site-Specific Acceleration Response Spectra (ARS) Curves for Site Class D
for Functional and Safety Evaluation Earthquake (FEE and SEE)
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Site-Specific Seismic Response Analysis A-60
Recommended Site-Specific Acceleration Response Spectra (ARS) curves for Site Class D
for Functional and Safety Evaluation Earthquake (FEE and SEE)
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 10

Site-Specific Seismic Response Analysis A-62
Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curve for Site Class C
for Functional Earthquake Evaluation (FEE) Event
Estimation of Spectral Accelerations for Recommended ARS Curves
T Sa (rec) 0.9 S; (re) T 0.7 Sy (psay Design Parameters Values T S,
sec g g sec g - - sec g
0.00 0.144042 0.129638 0.00 0.144042 PGA, ¢ 0.144042 0.00 0.144042
0.08 0.264218 0.237796 0.08 0.260219 (Somax - PGA)IT, 1.550328 0.05 0.221558
0.14 0.364159 0.327743 0.40 0.260219 Sa (peaky 9 0.395333 0.10 0.299074
0.18 0.395333 0.355800 0.50 0.207445 0.9 S, (peaky: 9 0.355800 0.15 0.376591
0.20 0.392737 0.353463 1.00 0.103723 Somax 9 0.392737 0.16 0.392737
0.22 0.338204 0.304384 2.00 0.051861 n 0.67 0.53 0.392737
0.26 0.285851 0.257266 3.00 0.034574 T, SEC 0.16 0.60 0.367704
0.30 0.322095 0.289886 - - T,, sec 0.53 0.70 0.332712
0.38 0.374266 0.336839 - - - - 0.80 0.301050
0.44 0.263705 0.237335 - - - - 0.90 0.272402
0.50 0.207445 0.186701 - - - - 1.00 0.246479
1.00 0.103723 0.093350 - - 1.20 0.201800
2.00 0.054591 0.049132 - - - - 1.40 0.165220
3.00 0.037044 0.033339 - - - - 1.60 0.135271
- - - - - - - 1.80 0.110750
- - - - - - - 2.00 0.090675
- - - - - - - 2.20 0.074238
- - - - - - - 2.40 0.060781
- - - - - - - 2.60 0.049763
- - - - - - - 2.80 0.040743
- - - - - - - 3.00 0.033357
Notes:
o T = frequency and time period, respectivelyand T = 1/w
Sa (rec) = recommended site-specific response acceleration
0.9S, ey = lowest spectral acceleration permitted that can be used to make the best-fit curve (GDM, Table 12-33)
S. psa) = Pseudo-Spectral Acceleration (PSA) as provide by the SCDOT Geotechnical Design Section
0.7 S, psn) = lowest spectral acceleration permitted without an independent third-party review (GDM, Table 12-33)
S; (1<To) = design spectral response acceleration for T < T,, S, = PGA + T (Spmax - PGA)/T, (GDM, Eq 12-45)
Sa (1>Ts) = design spectral response acceleration for T > T, S, = n/e' (GDM, Eq 12-44)
S; (peak) = peak response acceleration at any period from the recommended site-specific ARS (GDM, Table 12-33)
0.9 S, (peay = lowest value of Spy, (GDM, Table 12-33)
Somax = maximum design spectral response acceleration and maximum of S, (eyat T = 0.2 sec and 0.9 S, peay
PGA = peak ground acceleration (period, T = 0.0 sec)
n = a non-dimensional curve fitting number (GDM, Eq 12-44)
To, Ts = short and long period, respectively
Construction of Site-Specific Horizontal ADRS Curves for Site Class C F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 10
Site-Specific Seismic Response Analysis A-63

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curve for Site Class C
for Safety Earthquake Evaluation (SEE) Event

Estimation of Spectral Accelerations for Recommended ARS Curves

T Sa (rec) 0.9 S; (req) T 0.7 S, psay Design Parameter Value T S,

sec g g sec g - - sec g
0.00 0.4217227 | 0.379550 0.00 0.421723 | PGA, g 0.421723 0.00 0.421723
0.10 0.7856604 | 0.707094 0.10 0.785660 | (Spmax - PGA)T, 3.773458 0.05 0.610396
0.20 1.1016970 | 0.991527 0.52 0.785661 | S, (peak) 9 1.167337 0.10 0.799068
0.24 0.9374140 | 0.843673 1.00 0.409905 | 0.9 S; peary; 9 1.050603 0.15 0.987741
0.26 0.8249870 | 0.742488 2.00 0.204953 | Spmax: 9 1.101697 0.18 1.101697
0.28 0.8087620 | 0.727886 3.00 0.136635 | n 3.30 1.10 1.101697
0.30 0.8223130 | 0.740082 - - T, SEC 0.18 1.20 0.993941
0.34 0.9359270 | 0.842334 - - T, sec 1.10 1.40 0.813770
0.40 1.1673370 | 1.050603 - - - - 1.60 0.666259
0.44 1.0947540 | 0.985279 - - - - 1.80 0.545486
0.50 0.9037900 | 0.813411 - - - - 2.00 0.446606
0.55 0.7694020 | 0.692462 - - - - 2.20 0.365650
0.65 0.6306235 | 0.567561 - - - - 2.40 0.299369
0.80 0.5123816 | 0.461143 - - - - 2.60 0.245103
0.85 0.5563660 | 0.500729 - - - - 2.80 0.200673
1.00 0.4918863 | 0.442698 - - - - 3.00 0.164297
2.00 0.2459432 | 0.221349 - - - - - -
3.00 0.1639621 | 0.147566 - R _ N N :

Notes:

o, T = frequency and time period, respectively and T = 1/w

Sa (rec) = recommended site-specific response acceleration

0.9 S,y = lowest spectral acceleration permitted that can be used to make the best-fit curve (GDM, Table 12-33)

Sa (psa) = Pseudo-Spectral Acceleration (PSA) as provide by the SCDOT Geotechnical Design Section

0.7 S psa) = lowest spectral acceleration permitted without an independent third-party review (GDM, Table 12-33)

Sa (1<To) = design spectral response acceleration for T < T,, S, = PGA + T (Spmax - PGA)/T, (GDM, Eq 12-45)

Sa (1>T) = design spectral response acceleration for T> T, S, = n/e' (GDM, Eq 12-44)

S; (peak) = peak response acceleration at any period from the recommended site-specific ARS (GDM, Table 12-33)

0.9 Sy (peay = lowest value of Spy. (GDM, Table 12-33)

SpoMax = maximum design spectral response acceleration and maximum of S, (.¢yat T =0.2 sec and 0.9 S, (pesy

PGA = peak ground acceleration (period, T = 0.0 sec)

n = a non-dimensional curve fitting number (GDM, Eq 12-44)

To, Ts = short and long period, respectively

Construction of Site-Specific Horizontal ADRS Curves for Site Class C F&ME
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Appendix A - Section 10

A-64

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class C
for Functional and Safety Evaluation Earthquake (FEE and SEE) Events
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0.5
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o
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Construction of Site-Specific Horizontal ADRS Curves for Site Class C F&ME
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Appendix A - Section 10

A-65

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Class C
for Functional and Safety Evaluation Earthquake (FEE and SEE) Events

Calculations for FEE Event

Spmax-PGA FEE Event

T<T, S, AT S-PGA  PGA To n T nle’
0 0.14404 0.178 0.275958 0.144042 1.550328 0.67 0.53 0.392737
0.1780 0.420000 0.60 0.367704
Spma-PGA 0.70 0.332712
T Somax  SowecPGA  To T, N/Sopmax T, 0.80  0.301050
0.05 0.39274 0.2487 1.550328 0.16041 1.70598 0.53414 0.90 0.272402
0.60 0.39274 1.00 0.246479
1.20 0.201800
To Somax 1.40  0.165220
0.16041 0 1.60 0.135271
0.16041 0.39274 1.80 0.110750
2.00 0.090675
T, SpMax 2.20 0.074238
0.53414 0 2.40 0.060781
0.53414 0.39274 2.60 0.049763
2.80 0.040743
3.00 0.033357

Calculations for SEE Event
Spma-PGA SEE Event

T<T, S, AT S-PGA  PGA To n T nle’
0 0.42172 0.1930 0.728277 0.421723 3.773458 3.30 1.10 1.10170
0.1930 1.150000 1.15 1.04490
Spma-PGA 1.20 0.99394
T Somax  SowePGA  To T, N/Sopmax T, 1.30  0.89935
0.10 1.1017 0.67997 3.773458 0.1802 2.99538 1.09707 1.40 0.81377
1.15 1.1017 1.50 0.73633
1.60 0.66626
To Somax 1.70  0.60286
0.1802 0 1.80 0.54549
0.1802 1.1017 1.90 0.49358
2.00 0.44661
Ts Somax 220  0.36565
1.09707 0 2.40 0.29937
1.09707 1.1017 2.60 0.24510
2.80 0.20067
3.00 0.16430

Construction of Site-Specific Horizontal ADRS Curves for Site Class C
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 10

Site-Specific Seismic Response Analysis A-66
Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class C
for Functional and Safety Evaluation Earthquake (FEE and SEE) Events
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0.5
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SC 41 Bridge Replacement over Wando River Appendix A - Section 10
Site-Specific Seismic Response Analysis A-67

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class C
for Functional and Safety Evaluation Earthquake (FEE and SEE) Events
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 10

Site-Specific Seismic Response Analysis A-68
SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class C
PROJECT IDENTIFICATION ~ File Number: 8.158B/10.032102 Project Number (PIN): 32102
SITE INFORMATION  Location - County: Berkeley Route: SC 41 Latitude: 32.9245° Longitude: -79.8250°
1.4 T 5
Functional Earthquake Evaluation (FEE) Event Sec 9
0.00 0.144
1.2 0.05 0.222
Site-Specific Recommended FEE ARS Curve 0.10 0.299
: ! T 0.6 0.393
G 10 ==t Site-Specific FEE ADRS Curve 020 0.393
o ~ 0.30 0.393
) My = §.30 040 | 0393
5 R7303km 050 | _0.393
= 0.8 Site Class € T 053 0.393
IS . . S . .
5 Damping Ratio = 5% 0.60 0.368
> PGA = 0.144g 575 5535
S 06 SDMAX-=-0.393g . .
< SD1 =(0.246 0.80 0.301
= 4 9 0.90 0.272
= ke 1.00 0.246
g 04 120 | 0.202
& / \ 140 | _0.165
1.60 0.135
0.2 f \\ 180 | 0.111
e —— 2.00 0.091
| | | 2.20 0.074
0.0 | | | | 2.40 0.061
0.0 0.5 1.0 15 2.0 2.5 3.0 2.60 | 0.050
) 2.80 0.041
Period, T (sec) 3.00 0.033
1.4 T 5
Safety Earthquake Evaluation [(SEE) Event Sec g
0.00 0.422
1.2 0.05 0.610
A et Sjte-Specific Recommended SEE ARS Curve 0.10 0.799
) gl T 0.8 1.102
G Lo I‘ I \ \ = Site-Specific SEE ADRS Curve 3 T10
o \ vl =130 0.30 1.102
- w1 0.40 1.102
S \ R 7273 Km 050 | L.102
S 0.8 Site-Class € . .
& N\ ! T 0.60 1.102
S Damping Ratio =/5% 0.70 1102
® PGA 5 0.4229 : :
3 A i el e 4 0.80 1.102
© 0.6 DMVax £ 0.90 1102
< \/\ Spi = 1.102g ' '
= N P 1.00 1.102
8 o4 SN N Peak s, =1167g T 110 | 1102
2 U N~ 1.20 0.994
& ~—— \ 140_| 0814
—~ 1.60 0.666
0.2 — 1.80 0.545
2.00 0.447
2.20 0.366
0.0 2.40 0.299
0.0 05 1.0 15 2.0 25 3.0 260 | 0.245
2.80 0.201
Period, T (sec) 3.00 0.164
Construction of Site-Specific Horizontal ADRS Curves for Site Class C F&ME
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SC 41 Bridge Replacement over Wando River

Appendix A - Section 10

Site-Specific Seismic Response Analysis A-69
SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class C
PROJECT IDENTIFICATION ~ File Number: 8.158B/10.032102 Project Number (PIN): 32102
SITE INFORMATION  Location - County: Berkeley Route: SC 41 Latitude: 32.9245° Longitude: -79.8250°
14 T S,
Functional Earthquake Evaluation (FEE) Event Sec 9
0.00 0.144
1.2 0.05 0.222
e Site-Adjusted Three Point FEE ARS Curve 0.10 0.299
I R A o e T 0.16 0.393
5 10 Site-Specific FEE ADRS Curye 0.20 0393
o ~ 0.30 0.393
) Mw = .30 040 | 0393
5 R7303km 050 | _0.393
= 0.8 Site Class € T 053 0.393
5] . . S . .
5 Damping Ratio = 5% 0.60 0.368
> PGA = 0.144g 575 5535
8 0.6 SByax=0-393¢ . '
g 7 g P 0.80 0.301
= o g 0.90 0.272
= ke 1.00 0.246
é 04 +— \ 1.20 0.202
& 1.40 0.165
1.60 0.135
0.2 {f \\\\ 180 | 0.111
o — 2.00 0.091
* 2.20 0.074
0.0 : . 2.40 0.061
0.0 0.5 1.0 15 2.0 2.5 3.0 2.60 0.050
) 2.80 0.041
Period, T (sec) 3.00 0.033
14 T Sa
Safety Earthquake Evaluation |(SEE) Event Sec g
0.00 0.422
1.2 0.05 0.610
’ e Site-Adjusted Three Point SEE ADRS Curve 0.10 0.799
— ’ ’=‘#_\ st Site-Specific SEE ADRS Curve T 018 1102
2 10 0.20 1.102
o v =130 0.30 1.102
= s D 0.40 1.102
S 08 Ryefsom 0.50 1.102
- . SIEC A\
§ \ Damping Ratio =5% 8?8 1183
® PGA 5 0.4229 : :
3 e LTS 0.80 1.102
© 0.6 DMVax - 9 0.90 1102
< Sy, = 1.102g : :
= N P 1.00 1.102
= g el T 110 1.102
é 0.4 N Peak S, = 1.167g 50 504
& \ 140 | 0.814
T ——— 1.60 0.666
0.2 1.80 0.545
2.00 0.447
2.20 0.366
0.0 2.40 0.299
0.0 0.5 1.0 15 2.0 25 3.0 260 ] 0.245
2.80 0.201
Period, T (sec) 3.00 0.164
Construction of Site-Specific Horizontal ADRS Curves for Site Class C F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 11
Site-Specific Seismic Response Analysis A-71

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curve for Site Class D
for Functional Earthquake Evaluation (FEE) Event

Estimation of Spectral Accelerations for Recommended ARS Curves

T Sa (Rec) 0.9 S; (re) T 0.7 Sy (psay Design Parameters Values T S,
sec g g sec g - - sec g
0.00 0.174896 0.157406 0.00 0.174896 PGA, ¢ 0.174896 0.00 0.174896
0.09 0.333995 0.300595 0.09 0.333995 (Somax - PGA)IT, 1.851213 0.05 0.267457
0.14 0.364159 0.327743 0.44 0.333995 Sa (peaky 9 0.395333 0.10 0.360017
0.18 0.395333 0.355800 1.00 0.146432 0.9 S, (peaky: 9 0.355800 0.12 0.392737
0.20 0.392737 0.353463 2.00 0.077069 Somax 9 0.392737 0.98 0.392737
0.22 0.333995 0.300595 3.00 0.052297 n 1.05 1.00 0.386273
0.27 0.333995 0.300595 - - T,, SEC 0.12 1.20 0.316254
0.32 0.333995 0.300595 - - T,, sec 0.98 1.40 0.258927
0.34 0.360578 0.324520 - - - - 1.60 0.211991
0.38 0.374266 0.336839 - - - - 1.80 0.173564
0.44 0.333995 0.300595 - - - - 2.00 0.142102
0.50 0.292864 0.263578 - - 2.20 0.116343
1.00 0.146432 0.131789 - - - - 2.40 0.095254
2.00 0.077069 0.069363 - - - - 2.60 0.077987
3.00 0.052297 0.047067 - - - - 2.80 0.063851
- - - - - - - 3.00 0.052276

Notes:

o, T = frequency and time period, respectively and T = l/®

Sa (rec) = recommended site-specific response acceleration

0.9 S,y = lowest spectral acceleration permitted that can be used to make the best-fit curve (GDM, Table 12-33)

Sa (psa) = Pseudo-Spectral Acceleration (PSA) as provide by the SCDOT Geotechnical Design Section

0.7 S, psa) = lowest spectral acceleration permitted without an independent third-party review (GDM, Table 12-33)

Sa (1<To) = design spectral response acceleration for T < T,, S, = PGA + T (Spmax - PGA)/T, (GDM, Eq 12-45)

Sa (1>T) = design spectral response acceleration for T > T, S, = n/e' (GDM, Eq 12-44)

S; (peak) = peak response acceleration at any period from the recommended site-specific ARS (GDM, Table 12-33)

0.9 Sy (peay = lowest value of Spy, (GDM, Table 12-33)

Somax = maximum design spectral response acceleration and maximum of S, (e¢yat T =0.2 sec and 0.9 S, (pesy)

PGA = peak ground acceleration (period, T = 0.0 sec)

n = a non-dimensional curve fitting number (GDM, Eq 12-44)

To, Ts = short and long period, respectively

Construction of Site-Specific Horizontal ADRS Curves for Site Class D F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 11

Site-Specific Seismic Response Analysis A-72
Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curve for Site Class D
for Safety Earthquake Evaluation (SEE) Event
Estimation of Spectral Accelerations for Recommended ARS Curves
T Sa (Rec) 0.9 S; (req) T 0.7 Sy (psay Design Parameter Value T S,
sec g g sec g - - sec g
0.00 0.4217227 | 0.379550 0.00 0.421723 | PGA, g 0.421723 0.00 0.421723
0.11 0.8257691 | 0.743192 0.10 0.825769 | (Spmax - PGA)/T, 3.773458 0.05 0.610396
0.20 1.1016970 | 0.991527 0.52 0.825769 | S; (peak) 9 1.167337 0.10 0.799068
0.24 0.9374140 | 0.843673 1.00 0.435344 | 0.9 S, peary; 9 1.050603 0.15 0.987741
0.26 0.8257691 | 0.743192 2.00 0.217672 | Spmax: 9 1.101697 0.18 1.101697
0.28 0.8257691 | 0.743192 3.00 0.145115 | n 3.30 1.10 1.096612
0.30 0.8257691 | 0.743192 - - T, SEC 0.18 1.20 0.993941
0.32 0.8257691 | 0.743192 - - T, sec 1.10 1.40 0.813770
0.34 0.9359270 | 0.842334 - - - - 1.60 0.666259
0.40 1.1673370 | 1.050603 - - - - 1.80 0.545486
0.48 0.9574150 | 0.861674 - - - - 2.00 0.446606
0.53 0.8257691 | 0.743192 - - - - 2.20 0.365650
0.65 0.6697601 | 0.602784 - - - - 2.40 0.299369
0.80 0.5441801 | 0.489762 - - - - 2.60 0.245103
0.85 0.5121695 | 0.460953 - - - - 2.80 0.200673
1.00 0.4918863 | 0.442698 - - - - 3.00 0.164297
2.00 0.2588875 | 0.232999 - - - - - -
3.00 0.1756737 | 0.158106 - - - - - -
Notes:
o, T = frequency and time period, respectively and T = 1/w
Sa (rec) = recommended site-specific response acceleration
0.9 S,y = lowest spectral acceleration permitted that can be used to make the best-fit curve (GDM, Table 12-33)
Sa (psa) = Pseudo-Spectral Acceleration (PSA) as provide by the SCDOT Geotechnical Design Section
0.7 S psa) = lowest spectral acceleration permitted without an independent third-party review (GDM, Table 12-33)
Sa (1<To) = design spectral response acceleration for T < T,, S, = PGA + T (Spmax - PGA)/T, (GDM, Eq 12-45)
Sa (1>T) = design spectral response acceleration for T> T, S, = n/e' (GDM, Eq 12-44)
S; (peak) = peak response acceleration at any period from the recommended site-specific ARS (GDM, Table 12-33)
0.9 Sy (peay = lowest value of Spy. (GDM, Table 12-33)
SpoMax = maximum design spectral response acceleration and maximum of S, (.¢yat T =0.2 sec and 0.9 S, (pesy
PGA = peak ground acceleration (period, T = 0.0 sec)
n = a non-dimensional curve fitting number (GDM, Eq 12-44)
To, Ts = short and long period, respectively
Construction of Site-Specific Horizontal ADRS Curves for Site Class D F&ME
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Appendix A - Section 11
A-73

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class D
for Functional and Safety Evaluation Earthquake (FEE and SEE) Events
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves

Appendix A - Section 11

for Functional and Safety Evaluation Earthquake (FEE and SEE) Events

Calculations for FEE Event

SomacPGA FEE Event
T<T, S, AT S-PGA  PGA To n T nle’
0 0.1749 0.127 0.235104 0.174896 1.851213 1.05 0.94 0.410159
0.1270 0.410000 0.95 0.406078
SomacPGA 1.00 0.386273
T Somax  SomacPGA  To To N/Somax T, 1.10  0.349515
0.03 0.39274 0.21784 1.851213 0.11767 2.67354 0.98341 1.20 0.316254
1.06 0.39274 140 0.258927
1.60 0.211991
To Somax 1.80  0.173564
0.11767 0 2.00 0.142102
0.11767 0.39274 220 0.116343
2.40 0.095254
T, SpMax 2.60 0.077987
0.98341 0 2.80 0.063851
0.98341 0.39274 3.00 0.052276
Calculations for SEE Event
SomacPGA SEE Event
T<T, S, AT S-PGA  PGA To n T nle’
0 0.42172 0.1930 0.728277 0.421723 3.773458 3.30 1.06 1.14330
0.1930 1.150000 1.10 1.09847
SomacPGA 1.20 0.99394
T Somax  SomacPGA  To To N/Somax T, 1.40  0.81377
0.10 1.1017 0.67997 3.773458 0.1802 2.99538 1.09707 1.60 0.66626
1.17 1.1017 1.80 0.54549
2.00 0.44661
To Somax 220  0.36565
0.1802 0 2.40 0.29937
0.1802 1.1017 2.60 0.24510
2.80 0.20067
Ts Somax 3.00 0.16430
1.09707 0

1.09707 1.1017

Construction of Site-Specific Horizontal ADRS Curves for Site Class D
Page 4 of 8
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class D

Appendix A - Section 11

for Functional and Safety Evaluation Earthquake (FEE and SEE) Events
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SC 41 Bridge Replacement over Wando River
Site-Specific Seismic Response Analysis

Appendix A - Section 11

A-76

Construction of Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class D
for Functional and Safety Evaluation Earthquake (FEE and SEE) Events
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SC 41 Bridge Replacement over Wando River Appendix A - Section 11
Site-Specific Seismic Response Analysis A-77

SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class D

PROJECT IDENTIFICATION  File Number: 8.158B/10.032102 Project Number (PIN): 32102
SITE INFORMATION  Location - County: Berkeley Route: SC 41 Latitude: 32.9245° Longitude: -79.8250°

1.4 T Sa
Functional Eartquake Evaluation (FEE) Event Sec 9
0.00 0.175
0.05 0.267
1.2 0.10 0.360
— T, 012 0.393
= 10 0.20 0.393
o Site-Specific Recommended FEE ARS Curve 0.30 0.393
< 0.40 0.393
= Site-Specific FEE ADRS Curve 0.50 0.393
s 08 M 2740 0.60 0.393
=173
= R~ 90.3km 0.70 0.393
S { 0.80 0.393
0.6 Site Class D
< O : " 0.90 0.393
—_ Damping Ratio = 5%
5 PGA=0.175 Ts| 098 0.393
3 _ 1.00 0.386
1t Somax = 0.393
2 04 P 120 | 0316
N p1 = U.3309
/ n=1.05 1.40 0.259
Peak S, ¥ 0.3959 1.60 0.212
0.2 \\ : 1.80 | 0.174
—— 2.00 0.142
| | 2.20 0.116
0.0 . ; | 2.40 0.095
0.0 0.5 1.0 15 2.0 25 3.0 2.60 0.078
2.80 0.064
Period, T (sec) 3.00 0.052
1.4 T Sa
" | Safety Earthquake Evaluation (FEE) Event Sec 9
0.00 0.422
1.2 0.05 0.610

=== Sjte-Specific Recommended SEE ARS Curve 0.10 0.799

. .1 T 0.18 1.102
\ Site-Specific SEE ADRS| Curve 0.20 1102

o LUV
' \ ML =17 30 0.30 1.102
rop 0.40 1.102
\ R 0.50 1.102
0.8 Site-Class-b : -
A Damping| Ratio = 5% 838 1132
PGA = 0.422g . .
0.6 sl =11102q 0.80 1.102
' \/\ Sy, = 1.102 0.90 1.102

o = 11029

n=3.30 1.00 1.102
N\ | Peak$,=1.1679g T 1.10 1.102
' TN 1.20 0.994
\ 1.40 0.814
\% 1.60 0.666
02 — 1.80 0.545

Spectral Acceleration, S, (g)

2.00 0.447
2.20 0.366
0.0 2.40 0.299
0.0 0.5 1.0 15 2.0 2.5 3.0 2.60 0.245
2.80 0.201
Period, T (sec) 3.00 0.164
Construction of Site-Specific Horizontal ADRS Curves for Site Class D F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 11
Site-Specific Seismic Response Analysis A-78

SC 41 Replacement Bridge over Wando River
Site-Specific Horizontal Acceleration Design Response Spectra (ADRS) Curves for Site Class D

PROJECT IDENTIFICATION  File Number: 8.158B/10.032102 Project Number (PIN): 32102
SITE INFORMATION  Location - County: Berkeley Route: SC 41 Latitude: 32.9245° Longitude: -79.8250°

1.4 T Sa
Functional Eartquake Evaluation (FEE) Event SecC 9
0.00 0.175
0.05 0.267
1.2 0.10 0.360
— T, 012 0.393
= 10 0.20 0.393
o e Site-Adjusted Three Point FEE ADRS Curve 030 | 0393
c . u 0.40 0.393
_g Site-Specific FEE|ADRS Curve 0.50 0.393
g 08 M 2740 0.60 0.393
=173
= R~ 90.3km 0.70 0.393
Qo { 0.80 0.393
2 06 Site Class D
< Y : T4 0.90 0.393
—_ Damping Ratio = 5%
5 PGA = 0.175 Ts| 098 0.393
5 Iﬁ _ 1.00 0.386
2 04 Sou = 03939 120 | 0316
> Sp, = 0.386g
@ n=1.05 1.40 0.259
Peak S, + 0.395g 1.60 0.212
0.2 \\ : 1.80 0.174
2.00 0.142
‘ﬁ 2.20 0.116
0.0 ) 2.40 0.095
0.0 0.5 1.0 15 2.0 25 3.0 2.60 0.078
2.80 0.064
Period, T (sec) 3.00 0.052
1.4 T Sa
' Safety Earthgquake Evaluation (FEE) Event Sec 9
0.00 0.422
0.05 0.610

1.2

'\ e Site Adjusted Three Point SEE ADRS Curve 0.10 0.799
; gL QE T 0.18 1.102
e Site-Specific SEE ADRS Curve u
1.0 I \ \ P 0.20 1.102
' M. =730 0.30 1.102
R "157 3 m 0.40 1.102
N 0.50 1.102
0.8 Site-Class-D 550 110
\ Damping| Ratio = 5% 0'70 1'102
PGA = 0.422g : :
\ S = 11102 g 0.80 1.102

Spectral Acceleration, S, (g)

0.6 \
n=3.30 1.00 1.102
0.4 —~ N\ | Peak S, =[1.167g Ts] 110 1.102
' \ 1.20 0.994
1.40 0.814
1.60 0.666
0.2 1.80 0.545
2.00 0.447
2.20 0.366
0.0 2.40 0.299
0.0 0.5 1.0 15 2.0 2.5 3.0 2.60 0.245
2.80 0.201
Period, T (sec) 3.00 0.164

Construction of Site-Specific Horizontal ADRS Curves for Site Class D F&ME
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SC 41 Bridge Replacement over Wando River Appendix A - Section 11
Site-Specific Seismic Response Analysis A-T8A

Comparison between Site-Specific ADRS SEE Curves for Site Class C and Site Class D

(@)  Three-Point ADRS curves for Site Class C and Site Class D are generated from Pseudo-Spectral Acceleration values
supplied by the SCDOT Geotechnical Design Section (see Appendix B, pp. B-17).

(b)  The site-adjusted ground motion parameters from Three-Point ADRS curves are provided below (see Appendix A, pp. A-

51 and A-57).

Ground Motion Parameters Site Class C  Site Class D
Peak ground accelerarion, PGA 0.60g 0.60g
Short period spectral response acceleration, Spg 1.129 1.18¢
Long period spectral response acceleration, Sp; 0.52g 0.62g

(c)  The PGA values for site-specific ADRS SEE curves are controlled by the limitation of the minimum of 70 percent of the
site-adjusted Three-Point ADRS curve, which is found to be equal to 0.70 x 0.60g = 0.42g.

(d)  The maximum design spectral response acceleration, Spya.x are controlled by the maximum of the following.
(1) minimum of 90 percent of the site-specific peak response acceleration at any period; and
(2) the peak site-specific response acceleration at 0.2 second.

(e)  The response acceleration from the site-specific response acceleration ARS curves are found to be as follows (see
Appendix A, pp. A-47, A-51 and A-57).

Ground Motion Parameters Site Class C Site Class D
Peak response acceleration, Sypeak 1.18¢ 1.18¢
Response acceleration at 0.2 sec 1.11g 1.11g

(f)  Therefore, Spyax is found to be as follows.
Site ClassC: max (0.90 x 1.18g, 1.11g) = max (1.06g, 1.11g) = 1.11g
Site Class D:  max (0.90 x 1.18g, 1.11g) = max (1.06g, 1.11g) = 1.11g

(g)  Spectral accelerations beyond the period of long period, T, are generated by a smooth curve based on a non-dimensional
curve fitting number, n that best bestfits the ARS curve generated for Site Class C.

(h)  The values of n is found to be the same for both the Site Class C and Site Class D and is found to be equal to 3.30 (see
Appendix A, pp. A-73 and A-76).

(i)  Site-specific design ground parameters found for Class C and Class D are summarized below.

Ground Motion Parameters Site Class C  Site Class D
Peak ground accelerarion, PGA 0.42g 0.42g
Maximum spectral response acceleration, Spyax 1.11g 1.11g
Curve fitting number, n 3.30 3.30

()  Therefore, site-specific Horizontal Acceleration Design Response Spectra (ADRS) curves for Site Class C and Site Class
D appear to be identical.

Comparison of Site-Specific ADRS Curves F&ME
Page 7A of 7 CONSULTANTS
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Site-Specific Seismic Response Analysis

APPENDIX B
REFERENCES

F&ME

CONSULTANTS



-100

-200

-300

-400

ELEVATION (ft)

-500

-600

-700

-800 -

Charleston, Berkely, and Dorchester Counties, SC
Shear Wave Velocity Models To Be Used
In Site Specific Response Analysis

1
Various Shalléyw-Formations !
Top of Ashley Fm:
Cooper [Group p
Use site-specifc soil data obtfained from
| SCPT or MASW from this aplaaroximate
: elevation td ground surface to(determine Vs
1

F

Cooper Group

Cross Member | Santee Limestone I-I

‘ I
Williamsburg Am. - Chicora Membkr I
Black Mingo Group
Williamsburg Am. - Lower Bridge IJ/Iember
Bla¢k Mingo Group
Rhems Fm I
Black Mingo Gloup
Defined hs B.-C Boundary
x
—t— Port Access Road (B-11 Suspension)
SCPT-2
0 SCPT-3 1500 2000 2500 3000

VELOCITY (ft/s)

SCDOT GDS (2011), Shear Wave Velocity Models to be used in Site-Specific Response Analysis

3500

B-1



Charleston, Berkely, and Dorchester Counties, SC
Shear Wave Velocity Models To Be Used
In Site Specific Response Analysis

0 i
Various Shalléyw-Formations !
Top of Ashley Fm: |
Cooper [Group
!
| Use site-spgcifc soil data obtajned from
i SCPT or MJ\SW from this appfoximate
= elevation to ground surface to determine Vs
-100 | -
Cooper Group
]
-200
|
Vs extrppolated with PAR
(B-1j1) Vs at depths
below TD
-
........................................ I /
Cross Member | Santee Limestone _l_Z
-300
g Williamsburg Am. - Chicora Membkr
= Black Mingo Group
®
= = hessssssssssssssssssdesnsannansannnnnnnnn
<
E -400
— Williamsburg Am. - Lower Bridge IJ/Iember
w Bla¢k Mingo Group
Rhems Fm I
Black Mingo Gloup
Defined ps B-C Boundary
-500
-600
-700
Ravenel Bridge (MP-2 and MP-5 Suspension)
SCPT-2
SCPT-3
-800 '
0 500 1000 1500 2000 2500 3000 3500
VELOCITY (ft/s)

SCDOT GDS (2011), Shear Wave Velocity Models to be used in Site-Specific Response Analysis



Charleston, Berkely, and Dorchester Counties, SC
Shear Wave Velocity Models To Be Used
In Site Specific Response Analysis

0 i
Various Shalloyw. Forma:mq_.
Top of Ashley Fm:
Cooper [Group
|-'__l . . . .
Use site-specifc soil data obtained from
! SCPT or MASW from this apprpximate
= elevation to ground surface to dgtermine Vs
-100 ,
. P—
Cooper Group
-200
Vs extrppolated with PAR
I (B-1j1) Vs at depths
below TD
/
Cross Member | Santee Limestone
-300
g Williamsburg Am. - Chicora Membkr
= Black Mingo Group
O |
= = kessssssssssssssssssdesssnsnnnnanannnnnnn
<
E -400
— Williamsburg Am. - Lower Bridge IJ/Iember
w Bla¢k Mingo Group
Rhems Fm I
Black Mingo Gloup
Defined ps B-C Boundary
-500
-600
-700
Ravenel Bridge (DS-1 Downhole)
SCPT-2
= SCPT-3
-800
0 500 1000 1500 2000 2500 3000
VELOCITY (ft/s)

SCDOT GDS (2011), Shear Wave Velocity Models to be used in Site-Specific Response Analysis

3500

B-3



-100

-200

-300

-400

ELEVATION (ft)

-500

-600

-700

-800

Charleston, Berkely, and Dorchester Counties, SC

Shear Wave Velocity Models To Be Used
In Site Specific Response Analysis

VELOCITY (ft/s)

I
Various Shalloyv Forma!l'ivm%_l
.............................. T""""T_t::4;>
Top of Ashley Fm.
Cooper [Group
Use site-specifc soil data obtaingd from
SCPT or MASW from this approximate
elevation to grolnd surface to det¢rmine Vs
Cooper Group
Vs extrapolated with PAR
(B-1j1) Vs at depths
}elow TD
Cross Member | Santee Limestone
Williamsburg Am. - Chicora Memb
Black Mingo Group
........................................ |
Williamsburg Am. - Lower Bridge N
Bla¢k Mingo Group

Rhems Fm I

Black Mingo Gloup
Defined ps B-C Boundary
Maybank Bridge (PS-1 Downhole)
SCPT-2
—— SCPT-3
0 500 1000 1500 2000 2500 3000

3500

SCDOT GDS (2011), Shear Wave Velocity Models to be used in Site-Specific Response Analysis

B-4



SC 41 over Wando River - SCPT-2 SC 41 over Wando River - SCPT-3
Elevation Depth, m Depth, ft Velocity, ft/s Elevation Depth, m Depth, ft Velocity, ft/s
1.44 2 6.56 464.3 -0.16 2 6.56 939.9
-1.84 3 9.84 464.3 -3.44 3 9.84 939.9
-1.84 9.84 552.4 -3.44 3 9.84 756.8
-5.12 4 13.12 552.4 -6.72 4 13.12 756.8
-5.12 13.12 483.7 -6.72 4 13.12 916.6
-8.40 5 16.40 483.7 -10.00 5 16.40 916.6
-8.40 16.40 471.1 -10.00 5 16.40 705.4
-11.69 6 19.69 471.1 -13.29 6 19.69 705.4
-11.69 19.69 576.7 -13.29 6 19.69 1102.9
-14.97 7 22.97 576.7 -16.57 7 22.97 1102.9
-14.97 22.97 857.8 -16.57 7 22.97 1206.3
-18.25 8 26.25 857.8 -19.85 8 26.25 1206.3
-18.25 26.25 1291.7 -19.85 8 26.25 1149.2
-21.53 9 29.53 1291.7 -23.13 9 29.53 1149.2
-21.53 29.53 885.6 -23.13 9 29.53 778.7
-24.81 10 32.81 885.6 -26.41 10 32.81 778.7
-24.81 32.81 727.2 -26.41 10 32.81 762.7
-28.09 11 36.09 727.2 -29.69 11 36.09 762.7
-28.09 36.09 751.1 -29.69 11 36.09 764.4
-31.37 12 39.37 751.1 -32.97 12 39.37 764.4
-31.37 39.37 813.3 -32.97 12 39.37 793.7
-34.65 13 42.65 813.3 -36.25 13 42.65 793.7
-34.65 42.65 1051.3 -36.25 13 42.65 1068.3
-37.93 14 45.93 1051.3 -39.53 14 45.93 1068.3
-37.93 45.93 939.4 -39.53 14 45.93 869.7
-41.21 15 49.21 939.4 -42.81 15 49.21 869.7
-41.21 49.21 1029.6 -42.81 15 49.21 1020
-44.49 16 52.49 1029.6 -46.09 16 52.49 1020
-44.49 52.49 1037.7 -46.09 16 52.49 956.5
-47.77 17 55.77 1037.7 -49.37 17 55.77 956.5
-47.77 55.77 999.3 -49.37 17 55.77 975.4
-51.06 18 59.06 999.3 -52.66 18 59.06 975.4
-51.06 59.06 1100.1 -52.66 18 59.06 1188.8
-54.34 19 62.34 1100.1 -59.22 20 65.62 1188.8
-54.34 62.34 1023.3 -59.22 20 65.62 1038.4
-57.62 20 65.62 1023.3 -62.50 21 68.90 1038.4
-57.62 65.62 1059 -62.50 21 68.90 991.6
-60.90 21 68.90 1059 -65.78 22 72.18 991.6
-60.90 68.90 1047.7 -65.78 22 72.18 1073.1
-64.18 22 72.18 1047.7 -69.06 23 75.46 1073.1
-64.18 72.18 1100.8 -69.06 23 75.46 1056
-67.46 23 75.46 1100.8 -72.34 24 78.74 1056
-67.46 75.46 1172.3 -72.34 24 78.74 1212.7
-70.74 24 78.74 1172.3 -75.62 25 82.02 1212.7
-70.74 78.74 1264.6 -75.62 25 82.02 1190.8
-74.02 25 82.02 1264.6 -78.90 26 85.30 1190.8
-74.02 82.02 1287.7 -78.90 26 85.30 1213
-77.30 26 85.30 1287.7 -82.18 27 88.58 1213.00
-77.30 85.30 1361.6 -82.18 27 88.58 1393.90
-80.58 27 88.58 1361.6 -85.46 28 91.86 1393.90
-80.58 88.58 1482.9 -85.46 28 91.86 1394.00
-83.86 28 91.86 1482.9 -88.74 29 95.14 1394.00
-83.86 91.86 1470 -88.74 29 95.14 1638.20
-87.14 29 95.14 1470 -92.03 30 98.43 1638.20
-87.14 95.14 1501.4 -92.03 30 98.43 1236.40
-90.43 30 98.43 1501.4 -95.31 31 101.71 1236.40
-90.43 98.43 1360.2 -95.31 31 101.71 1394.40
-93.71 a1 101.71 1360.2 -98.59 32 104.99 1394.40
-93.71 101.71 1988.1 -98.59 32 104.99 1394.50
-96.99 32 104.99 1988.1 -101.87 33 108.27 1394.50
-96.99 104.99 1197.9 -101.87 33 108.27 1872.70
-100.27 33 108.27 1197.9 -105.15 34 111.55 1872.70
-100.27 108.27 987.2 -105.15 34 111.55 1260.60
-103.55 34 111.55 987.2 -108.43 35 114.83 1260.60
-103.55 111.55 985.2 -108.43 35 114.83 1000.00
-106.83 35 114.83 985.2 -111.71 36 118.11 1000.00
-106.83 114.83 1086.7 -111.71 36 118.11 923.30
-110.11 36 118.11 1086.7 -114.99 37 121.39 923.30
-110.11 118.11 1042.9 -114.99 37 121.39 1185.00
-113.39 37 121.39 1042.9
-113.39 121.39 1185

SCDOT GDS (2011), Shear Wave Velocity Models to be used in Site-Specific Response Analysis
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Port Access Road (B-11 Suspension)

Ravenel Bridge (MP-2 and MP-5 Suspension)

Ravenel Bridge (DS-1 Downhole)

Maybank Bridge (PS-1 Downhole)

Elevation Depth, ft Velocity, ft/s Elevation Depth, ft Velocity, ft/s Elevation Depth, ft Velocity, ft/s Elevation Depth, ft | Velocity, ft/s
-39 60 1400 -61 61 1314 -31 41 1105
-141 150 1400 -95 95 1314 -67 77 1105
-141 150 1637 -95 95 1473 -67 77 1485
-208 217 1637 -149 149 1473 -153 163 1485
-208 217 2322 -149 149 1251 -153 163 1235 -113.39 100 1185
-251 260 2322 -175 175 1251 -175 185 1235 -181 185 1185
-251 260 1819 -175 175 2064 -175 185 1880 -181 185 1910
-271 280 1819 -183 183 2064 -205 210 1880 -316 320 1910
-271 280 2347 -183 183 1553 -205 215 2320 -316 320 2630
-283 292 2347 -208 208 1553 -225 235 2320 -352 356 2630
-283 292 2408 -208 208 2236 -225 235 1605 -352 356 3264
-306 315 2408 -219 219 2236 -238 248 1605 -375 379 3264
-306 315 3310 -219 219 1816 -238 248 2695 -375 379 2650
-323 332 3310 -238 238 1816 -260 270 2695 -386 390 2650
-323 332 3088 -238 238 2285 -260 270 1775 -386 390 1358
-336 345 3088 -273 273 2285 -275 285 1775 -441 445 1358
-336 345 1711 -273 273 1804 -275 285 2510 -441 445 2169
-352 361 1711 -283 283 1804 -336 346 2510 -455 459 2169
-352 361 3264 -283 283 2162 -336 346 1711 -455 459 1602
-375 384 3264 -291 291 2162 -352 362 1711 -481 485 1602
-375 384 2650 -291 291 2408 =352 362 3264 -481 485 2091
-386 395 2650 -306 306 2408 =375 385 3264 -651 655 2091
-386 395 1358 -306 306 3310 S35 385 2650 -651 655 2384
-441 450 1358 -323 323 3310 -386 396 2650 -701 705 2384
-441 450 2169 -323 323 3088 -386 396 1358 -701 705 1998
-455 464 2169 -336 336 3088 -441 451 1358 -746 750 1998
-455 464 1602 -336 336 1711 -441 451 2169 -746 750 2204
-481 490 1602 -352 352 1711 -455 465 2169 -791 804 2204
-481 490 2091 -352 352 3264 -455 465 1602
-651 660 2091 -375 375 3264 -481 491 1602
-651 660 2384 -375 375 2650 -481 491 2091
-701 710 2384 -386 386 2650 -651 661 2091
-701 710 1998 -386 386 1358 -651 661 2384
-746 755 1998 -441 441 1358 -701 711 2384
-746 755 2204 -441 441 2169 -701 711 1998
-791 800 2204 -455 455 2169 -746 756 1998
-455 455 1602 -746 756 2204
Extrapolated from PAR B-11 -481 481 1602 -791 801 2204
-481 481 2091
-651 651 2091
Ground Formations -651 651 2384
Various Sgallow Formations -701 701 2384
0.00 -20 -701 701 1998
1000.00 -20 -746 746 1998
marl -746 746 2204
0.00 -100 -791 791 2204
3500.00 -100
Santee
0 -282.5
1000.00 -282.5
Williamsburg-Chicora
0 -323
1000 -323
Williamsbur -Lower
0 -386.5
1000 -386.5
Rhems
0.00 -441.5
1000.00 -441.5
B-C Boundary
0.00 -481
3500.00 -481
SCDOT GDS (2011), Shear Wave Velocity Models to be used in Site-Specific Response Analysis B-6
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clayey silts, and sandy to silty clays (estuarine facies). Dominant clay minerals are kaolinite,
illite/smectite, and illite in variable proportions. The color is typically medium-light-gray (N6) or dark-
yellowish-orange (10YR 6/6), but also sometimes medium-bluish-gray (5B 5/1), greenish-gray (5G 6/1),
moderate-reddish-brown (10R 4/6), or moderate red (5R 4/6). The basal contact often is marked by a
coarse, quartz gravel lag bed.

Paleontology. -- No stratigraphically useful microfossils have been found in this unit in the Dorchester
County area. Terrestrial vertebrate remains have been found in the Summerville area.

Occurrence in studied cores --

e (not present in Pregnall core, DOR-208)

(not present in St. George core, DOR-211)

e (not present in Clubhouse Crossroads No. 1 core, DOR-037)
e (14 to 0 ft in Summerville water well, DOR-052)

e (10to 0 ft in DOR-St1 core)

e (13 to 0 in DOR-St2 core)

Wando Formation
Upper Pleistocene

Stratigraphy. -- The Wando Formation, named by McCartan and others (1980) for outcrops near the
Wando River, underlies the Pamlico and Princess Anne terraces of Colquhoun (1974). Regionally, it
represents a coastal complex of fluvial, estuarine, lagoonal, barrier-island, and shallow- marine shelf
deposits, but in the Dorchester County area only fluvial and estuarine deposits are present. Based on
U/Th ages of corals in this unit, the age of the Wando Formation is around 130 to 70 ka (Cronin and
others, 1981). The unit may be up to 30 ft in thickness. It typically overlies the Ashley Formation, but
may overlie the Chandler Bridge, Edisto, or Marks Head formations.

Lithology. -- The lithology of the Wando Formation is variable and includes coarse-grained, poorly

sorted, crossbedded sands (fluvial facies) and clayey, fine- to medium-grained quartz sands, sandy to ¢~
clayey silts, and sandy to silty clays (estuarine facies). Dominant clay minerals are kaolinite,

illite/smectite, and illite in variable proportions. Typically grayish-orange (10YR 7/4) and medium-light-
gray (N6) in color, the Wando weathers to dark-yellowish-orange (10YR 6/6) and grayish-yellow (5Y

8/4). Its basal contact is often marked by a coarse, quartz gravel lag bed.

Paleontology. -- No stratigraphically useful microfossils have been found in this unit in the Dorchester
County area. Numerous terrestrial vertebrate remains have been found in the Giant Cement Quarry near
Harleyville (Bentley and others, 1994; Bentley and Knight, 1998).

Occurrence in studied cores --

e (not present in Pregnall core, DOR-208)

(not present in St. George core, DOR-211)

e (191to 0 ft in Clubhouse Crossroads No. 1 core, DOR-037)
e (not present Summerville water well, DOR-052)

e (not present in DOR-St1 core)

Edward, E. L. (2000), U.S. Geological Survey Open-File Report 00-049-B B-7
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County. It is typically underlain by the Harleyville or Parkers Ferry Formations of the Cooper Group or
the Cross Member of the Santee Limestone and overlain by a wide variety of generally thin Neogene
and Quaternary units.

Lithology. -- The Ashley Formation consists of a relatively homogeneous section of calcareous, ,
phosphatic, m1c1ofoss1hfelous sﬂty and sandy clays. Parts of the section may be sufﬁ01ent1y calcareous

fo warrant their description as clayey, very fine microfossil calcarenites. The basal contact is a burrowed

and unconformable. Very fine to fine-grained glaucomte and phosphate sand are present in small Lo
amounts throughout the Ashley section, except in the basal 10 feet where the phosphate increases in

grain size and abundance. Ashley sediments typically are massive or faintly texture-mottled, suggesting
thorough bioturbation.

Paleontology. -- The Ashley Formation is dated as early-late Oligocene and is assigned to calcareous
nannofossil Zones NP 24 and 25. Zone NP 24 includes sediments of both early and late Oligocene age
(Berggren and others, 1995). In the Clubhouse Crossroads core (DOR-037), the Ashley is placed in
Zone NP 24 on the basis of the presence of Helicosphaera recta (lowest occurrence in Zone NP 24, The
ashley in the Pregnal core (DOR-208) is in Zone NP 24 and possibly Zone NP 25 (based on the absence
of Sphenolithus distentus, which has its highest occurrence at the top of Zone NP 24). Dinocysts in the
Ashley indicate a late Oligocene age and correlation with the Old Church Formation in Virginia. Pollen
in Ashley samples is consistent with a late Oligocene age and indicates a tropical to warm-temperate
terrestrial climate.

Occurrence in studied cores --

e (85.8t030.5 ft in Pregnall core, DOR-208)

(83 to 30 ft in St. George core, DOR-211)

(183 to 19 ft in Clubhouse Crossroads No. 1 core, DOR-037 - log depth)
(108 to 14 ft in Summerville water well, DOR-052)

(88 to 10 ft in DOR-St1 core)

(108 to 13 ft in DOR-St2 core)

Chandler Bridge Formation
Upper Oligocene

Stratigraphy. -- The Chandler Bridge Formation was named by Sanders and others (1982). Its type
section is at an excavation in southern Dorchester County, and the unit recently has been mapped in
Dorchester County by Weems and others (1997). The basal contact of the Chandler Bridge with the
underlying Ashley Formation is a burrowed, gently rolling unconformity. The Chandler Bridge is
overlain unconformably by various Pleistocene units. The Chandler Bridge occurs only in isolated
patches in the southern part of Dorchester County. It may be up to 10 feet thick but usually is much
thinner. This formation was not mapped in the present study.

Lithology. -- The Chandler Bridge consists of fine-grained, quartz-phosphate sand and, locally at its
base, silty, calcareous clay. The color ranges from greenish-gray (5GY 6/1), dark-greenish-gray (5GY
4/1), and greenish-black (5GY 2/1) to dark-yellowish-brown (10YR 4/2). The dominant clay mineral is
illite/smectite with lesser amounts of illite and kaolinite.

Edward, E. L. (2000), U.S. Geological Survey Open-File Report 00-049-B B-8
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and southern Orangeburg Counties, S. C. It is underlain by the Fishburne Formation or the Moultrie
Member of the Santee Limestone and overlain by the Harleyville Formation or the Harleyville-Parkers
Ferry (undifferentiated) formations of the Cooper Group.

Lithology. -- The Cross Member of the Santee Limestone consists primarily of locally shelly,
microfossiliferous limestone. The basal contact is a burrowed unconformity. In the Pregnall core,
glauconite- and phosphate-filled burrows extend over a foot into the underlying Moultrie Member from
the basal glauconite-phosphate bed of the Cross, and the upper surface of the Moultrie is partially coated
with a phosphate crust.

The lower part of the Cross consists of foraminiferal-peloid packstones. Pelecypods, bryozoans, and
serpulid worm tubes are present but are typically sparse in this lower part. Pelecypod-serpulid-
foraminifer-peloid packstones dominate the middle of the Cross Member. The upper 20 feet of the Cross
in the Pregnall core consists of foraminifer-peloid-pelecypod grainstones and packstones. Glauconite
and quartz occur only in trace amounts in the Cross, except at the base.

Paleontology. -- The bivalve Crassatella alta is commonly found in the Cross Member of the Santee
Limestone (Ward and others, 1979). The Cross is dated as both late middle Eocene and late Eocene,
representing calcareous nannofossil Zones NP 16, NP 17, and NP 18. In the Clubhouse Crossroads
(DOR-037) and DOR-St2 cores, the Cross is in Zone NP 16 on the basis of the presences of
Chiasmolithus bidens/solitus (highest occurrence defines the top of Zone NP 16), Cribrocentrum
reticulatum (lowest occurrence in Zone NP 16), and large forms of Reticulofenestra umbilicus (lowest
occurrence within Zone NP 16) and Zone NP 17 on the basis of the absence of C. biden/solitus and the
presence of Helicosphaera compacta (lowest occurrence near the top of Zone NP 16). In the Pregnall
core (DOR-208), the Cross is in Zone NP 17 and NP 18 (lowest occurrence of Chiasmolithus
oamaruensis, which defines the base of Zone NP 18, is at 123.3 ft). Only the lower part of the Cross was
examined in the St. George core (DOR-211), and that is Zone NP 16. Dinocysts also indicate middle and
late Eocene ages.

Occurrence in studied cores -~

e (189.4 to 90.9 ft in Pregnall core, DOR-208)

e (198 to 90 ft in St. George core, DOR-211)

e (415 to 232 ft in Clubhouse Crossroads No. 1 core, DOR-037 - log depth)
e (560 to 237 ft in Summerville water well, DOR-052)

e (350 to 221 ft in DOR-St1 core)

e (524 to 243 ft in DOR-St2 core)

Harleyville Formation (Cooper Group)
Upper Eocene

Stratigraphy. -- The Harleyville Formation originally was defined as a member of the Cooper Formation
by Ward and others (1979) with its type locality at the Giant Portland Cement Company quarry just
north of Harleyville in Dorchester County, South Carolina. The Harleyville type section had previously
been grouped with the Ashley Formation in an undivided section assigned to the Cooper Marl (Cooke
and MacNeil, 1952). Weems and Lemon (1984) raised members of the Cooper Formation defined by
Ward and others (1979) to formation status and raised the Cooper Formation to group status. The

Edward, E. L. (2000), U.S. Geological Survey Open-File Report 00-049-B B-9
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e (not present or not recognized in Summerville water well, DOR-052)
e (495 to 446 ft in DOR-St1 core)
e (not penetrated in DOR-St2 core)

Chicora Member of the Williamsburg Formation (Black Mingo Group)
Upper Paleocene

Stratigraphy. -- The Chicora Member of the Williamsburg Formation was named by Van Nieuwenhuise
and Colquhoun (1982) for outcrops along the south bank of the Santee River just downstream from
Wilsons Landing, Chicora 7.5' quad., Berkeley County, S.C. We anticipate that this member will be
raised to formation status in the future.

The Chicora Member of the Williamsburg Formation is underlain by the lower and upper Paleocene
Lower Bridge Member of the Williamsburg Formation. The Chicora Member of the Williamsburg
Formation is overlain by the middle Eocene Santee Limestone in northern Dorchester County. In
southern Dorchester County, the Williamsburg Formation is overlain by the lower Eocene Fishburne
Formation (Gohn and others, 1983).

Lithology. -- The Chicora Member of the Williamsburg Formation recovered at Pregnall consists of two
contrasting lithologic units, a lower siliciclastic section of terrigenous sand, silt, and clay, and an upper
carbonate section of moldic pelecypod limestone. Regionally, the Chicora is a heterogeneous unit

consisting of shelly quartz sands, indurated, moldic limestone, and dark, calcareous sndy and silty clays. «—

Paleontology. -- The Chicora Member of the Williamsburg Formation is dated as late Paleocene and
represents the upper part of calcareous nannofossil Zone NP 5 to Zone NP 9. In the Pregnall core (DOR-
208), Zone NP 9 and questionably Zone NP 7/8 are present. In the Clubhouse Crossroads core (DOR-
037), nannofossil Zones NP 5 (upper part) and NP 9 are present, although the interval between 531 and
454 ft, which contains no diangostic species, probably represents time between upper Zone NP 5 and NP
9. In the St. George core (DOR-211), Zones upper NP 5, NP 8, and NP 9 are present.

The pollen of the Chicora Member of the Williamsburg Formation is in the upper part of the
Caryapollenites prodromus Interval Zone and the Carya Interval Zone.

Occurrence in studied cores --

e (346 to 258 ft in Pregnall core, DOR-208)

e (521 to 268 ft St. George core, DOR-211)

(546 to 439 ft in Clubhouse Crossroads No. 1 core, DOR-037 - log depth)
((?) 658 to 560 ft in Summerville water well, DOR-052)

(446 to 350 ft in DOR-St1 core)

(not penetrated in DOR-St2 core)

Fishburne Formation (Black Mingo Group)

Lower Eocene
Edward, E. L. (2000), U.S. Geological Survey Open-File Report 00-049-B B-10
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section in Williamsburg County includes early Paleocene pollen and dinoflagellates.
Occurrence in studied cores -

o (not penetrated in Pregnall core, DOR-208)

(not present or not recognized in the St. George core, DOR-211)

(635 to 597 ft in Clubhouse Crossroads No. 1 core, DOR-037 - log depth)
(not present or not recognized in Summerville water well, DOR-052)
(526 to 495 ft in DOR-St1 core)

(not penetrated in DOR-St2 core)

® ®  © o

Lower Bridge Member, subunits B and C

Stratigraphy. -- The Lower Bridge Member, subunits B-C, was recovered in only two of the six
Dorchester County cores. These subunits were considered to comprise the entire Lower Bridge Member
of the Willliamsburg Formation by Bybell and others (1998) and Edwards and others (1999) in two
cores in Chatleston County, S.C. Subunits B-C are underlain unconformably by subunit A of the Lower
Bridge Member of the Williamsburg Formation and overlain unconformably by the Chicora Member of
the Williamsburg Formation.

Lithology. -- In Charleston County, S. C. , subunits B and C of the Lower Bridge Member consist of two +—
unconformity-bounded packages. The lowel one is a muddy, glauconitic, very fine to fine sand that has
phosphate granules and pebbles at its base. This subunit is extensively bioturbated. Common, irr egula1 ly
distributed calcite-cemented layers typically are about 0.5 ft thick, and two or three usually occur in a

given 10-ft interval. The upper subunit consists of a homogeneous section of calcareous, silty and sandy +——
clay that has a muddy, very fine to medium quartz- -glauconite-phosphate sand forming a basal lag,

Fabrics in these fine-grained depomts vary from laminated to partially b1oturbated to completely

bioturbated, In Dorchester County, a single subunit (B-C) is recognized; it consists of bioturbated,

calcareous, sandy and silty clay above a basal glauconite-phosphate lag deposit.

Paleontology. -- The Lower Bridge Member, subunit B-C, of the Williamsburg Formation is dated as
early late Paleocene. This subunit is placed in the lower part of calcareous nannofossil Zone NP 5 on the
basis of the presence of Chiasmolithus bidens/solitus (lowest occurence near the base of Zone NP 5) and
the absence of species that have lowest occurrences in the upper patt of Zone NP 5 (Heliolithus
cantabriae) or Zone NP 6 (Heliolithus kleinpellii).

Dinocysts in subunits B-C consist of moderately diverse assemblages that include Amphorosphaeridium
multispinosum, Damassadinium californicum, Deflandrea delineata, Palaeoperidinium pyr ophor um,
and Phelodinium sp. of Edwards (1989). In the Clubhouse Crossroads core (DOR-037), as in two cores
in Charleston County, D. delineata has its lowest occurrence and P. pyrophorum has its highest
occurrence in this subunit of the Lower Bridge. This subunit is in the Caryapollenites prodromus pollen
interval zone,

Occurrence in studied cores --

(not penetrated in Pregnall core, DOR-208)
(not present or not recognized in the St. George core, DOR-211)
(597 to 546 ft in Clubhouse Crossroads No. 1 core, DOR-037 - log depth)

Edward, E. L. (2000), U.S. Geological Survey Open-File Report 00-049-B B-11
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in the St. George core (DOR-211) was poorly recovered; available core material consists of sparingly
shelly, slightly muddy, fine to coarse quartz sand.

Paleontology. -- The Peedee Formation is dated as late Maastrichtian and is assigned to calcareous
nannofossil Zones CC 25 and CC 26 of Perch-Nielsen (1985). Subzone CC 25b is recognized in the
lowest Peedee sediments because they contain the lowest occurrence of Lithraphidites quadratus. This
subzone is present throughout Dorchester County. Zone CC 26 is absent in the updip St. George core
(DOR-211). This zone, recognized on the basis of the lowest occurrence of Ceratolithoides kamptneri, is
represented by only 3 ft of sediment in the Clubhouse Crossroads core (DOR-037). Christopher (this
volume, chapter D) introduces three pollen zones in the Peedee, two of which are recognized in cores
from Dorchester County.

The fauna and flora of the Peedee Formation in South Carolina have been discussed by a number of
authors (Habib and Miller, 1989; Gohn 1992; Wingard 1993; Edwards and others, 1999; and Self-Trail,
1999) and include calcareous nannofossils, dinoflagellates, foraminifers, ostracodes, and mollusks.

We infer an upward change from outer neritic deposition to middle neritic deposition from the
characteristics of the ostracode assemblages and the lithologic trend.

Occurrence in studied cores --

¢ (not penetrated in Pregnall core, DOR-208)

e (792 to 558 ft in the St. George core, DOR-211)

e (873 to 800 ft in Clubhouse Crossroads No. 1 core, DOR-037 - log