
  
 
 
 
 

 
 

 
 

Vogtle Units 3 & 4 Engineered Fill Below 
Grade Test Pad 

Phase 1 
 
 

Attachment E 
 

Geophysical Testing Report 
 

Shear-Wave Velocity Profiles Evaluated During 
Construction of the Vogtle Phase 1 Test Fill and 

Comparison with Dynamic Laboratory Tests 
 

Consists of: 
Summary Report, 

Field SASW Data Report,  
Field Cross-Hole Data Report 

 
Volume 1 of 1 

 
Job No. 6141-06-0286 

 
 

MACTEC ENGINEERING 
AND CONSULTING, INC. 

 
 

March 14, 2008                          



6MACTEC
March 24, 2008

Mr. Tom McCallum
Georgia Power Company
C/O Southern Nuclear Operating Company, Inc.
40 Inverness Center Parkway
Post Office Box 1295
Birmingham, Alabama 35201
Phone: (205) 992-6697
e-mail: tomccall@southernco.com

Subject: Geotechnical Data Report
Attachment E, Geophysical Testing Report
Vogtle Units 3 & 4 Engineered Fill Below Grade Test Pad, Phase I
Vogtle Electric Generating Plant
Burke County, Georgia
MACTEC Project Number 6141-06-0286

Dear Mr. McCallum:

On March 14,2008, MACTEC Engineering and Consulting, Inc. (MACTEC) issued Revision 0
of the Vogtle Units 3 & 4 Engineered Fill Below Grade Test Pad, Phase I Data Report (DCN
VGCOL 441). The Geophysical Testing Report contained in Attachment E consisted of three
sections:

• Summary Report,
• Field SASW Data Report,
• Field Cross-Hole Data Report.

The Field Cross-Hole Data Report was revised on March 20, 2008 to clarify the documentation
process of data analysis and review. Dr. Kenneth H. Stokoe, II. Ph. D. and Mr. Min Jae Jung
issued a clarification letter dated March 20, 2008. This clarification letter has been added at the
end of the Field Cross-Hole Data Report. Attachment E has been revised from 544 pages to 546
pages to clarify the documentation of data review issue.

We regret any inconvenience that this has caused you. If you have any questions, or if we may be
of further service, we hope that you will contact us at your convenience.



Sincerely,

MACTEC ENGINEERING & CONSULTING, INC.

~
Ge'1)nical Engineer

Piete~
Principal Geotechnical Engineer
Registered Georgia 19637

Wm. Allen Lan aster
Project Manager
Civil Engineer
Registered, Georgia 7075

DCN VGCOL 442
Revision 1 3/24/08



ATTACHMENT D 
 
 
 
This Attachment is one of a number of attachments that are part of the following report which 
was prepared by MACTEC Engineering & Consulting Inc.: 
 
                          Geotechnical Data Report 
  Vogtle Units 3 & 4 Engineered Fill Below Grade Test Pad 

Phase 1 
  Vogtle Electric Generating Plant 

Burke County, Georgia 
  Subsurface Investigation and Laboratory Testing 
  SNC Subcontract No. 7074425 
  MACTEC Job No. 6141-06-0286 
 
For background and a description of scope of work contained in the report, please refer to the 
above referenced report.  The report was addressed as follows: 
 

Mr. Tom McCallum 
Georgia Power Company 
C/O Southern Nuclear Operating Company, Inc. 
40 Inverness Center Parkway 
Post Office Box 1295 
Birmingham, Alabama  35201 
Phone: (205) 992-6697 
e-mail: tomccall@southernco.com 

 
The following list shows other Attachments to the above report and their included information: 
 
Test Pad Specifications and Work Procedures……………………….……….See Attachment A 
 
Survey Report (Patterson and Dewar)...………………………………………See Attachment B 
 
Laboratory Test Data Sheets….…………………………………… …………See Attachment C 
 
Geotechnical Boring Logs and Energy Test Report …...……………….…….See Attachment D 
 
 

mailto:tomccall@southernco.com


MACTEC Engineering and Consulting, Inc.         Project 6141-06-0286 
Vogtle Units 3 & 4 Engineered Fill Below Grade Test Pad Attachment E                  March 14, 2008 
 

                                                                                                                                                                 

 
 

 
 
 
 
 
 
 
 

ATTACHMENT E 
 
 

Geophysical Testing Report 
 

Shear-Wave Velocity Profiles Evaluated During 
Construction of the Vogtle Phase 1 Test Fill and Comparison 

with Dynamic Laboratory Tests 
 

Consists of: 
Summary Report, 

Field SASW Data Report,  
Field Cross-Hole Data Report 

 
 
 
 

Volume 1 of 1 
 
 
 
 
 
 
 
 
 
 
 



SUMMARY REPORT 
 

Shear-Wave Velocity Profiles Evaluated During  
Construction of the Vogtle Phase 1 Test Fill and Comparison  

with Dynamic Laboratory Tests  
 
 
 

for  
 
 
 

MACTEC, Engineering and Consulting, Inc. 
396 Plasters Ave.  

Atlanta, GA 30324 
 
 
 

by 
 
 
 

Kenneth H. Stokoe, II, Ph.D., P.E. 
Yin-Cheng Lin, Ph.D., Postdoctoral Fellow 

Min Jae Jung, M.S., Graduate Research Assistant 
Jiabei Yuan, M.S., Graduate Research Assistant 

Bohyoung Lee, M.S., Graduate Research Assistant 
 

 
 

February 20, 2008 
  
 
 

Geotechnical Engineering Report GR08-05 
Geotechnical Engineering Center 

Civil Engineering Department 
The University of Texas at Austin 

Page 1 of 546



 ii 
 

TABLE OF CONTENTS 
 

TABLE OF CONTENTS ................................................................................................................ ii 

LIST OF TABLES ......................................................................................................................... iii 

LIST OF FIGURES ....................................................................................................................... iv 

1. Introduction ...............................................................................................................................1 

2. Field SASW Tests .....................................................................................................................2 

2.1. Vs Profiles of the Test Fill and Shallow Natural Soil Evaluated During 

Construction ......................................................................................................................4 

2.2. Overall Comparison of the Best-Fit Vs Profiles from the Four Sites 

Visits .................................................................................................................................4 

2.3. Comparison of the Best-Fit Vs Profiles from the First and Second Visits ........................4 

2.4. Comparison of the Best-Fit Vs Profiles from the First, Second and Third 

Site Visits ........................................................................................................................12 

2.5. Comparison of the Changes in Vs Profiles from all Four Site Visits ..............................12 

2.6. Variability in Vs Values Measured in the Test Fill .........................................................12 

2.7. Deeper Vs Profile Near the Test-Fill Area ......................................................................19 

3. Field Crosshole Tests ...............................................................................................................25 

3.1. Vp and Vs Profiles of the Test Fill and Natural Soil .......................................................25 

3.2 Profile of Poisson’s Ratio Versus Depth of Test Fill and Natural Soil ..........................25 

4. Comparison of Vs Profiles from SASW and Crosshole Tests .................................................28 

5. Resonant Column Tests of Compacted Fill Specimens ...........................................................28 

6. Comparison of Field-Determined and Laboratory-Determined Vs Profiles ............................33 

7. Conclusions .............................................................................................................................33 

8. References................................................................................................................................37 

 

 

 

Page 2 of 546



 iii 
 

LIST OF TABLES 
 

Table 1 Variability in Vs Values of the Test Fill Measure During the Fourth 

Site Visit....................................................................................................................21 

Table 2 Average Values of Vp and Vs from Crosshole Measurements and 

Calculated Values of Poisson’s Ratio .......................................................................29 

 

Page 3 of 546



 iv 
 

LIST OF FIGURES 

 
Figure 1 Locations of SASW Test Arrays A through G on the Footprint of the 

Test Fill .......................................................................................................................3 

Figure 2 First Site Visit: Vs Profiles at Sites A through F and the Best-Fit Vs 

Profile from SASW Testing on December 10, 2007 ..................................................5 

Figure 3 Second Site Visit: Vs Profiles at Sites A through F and the Best-Fit 

Vs Profile from SASW Testing on December 16, 2007 .............................................6 

Figure 4 Third Site Visit: Vs Profiles at Sites A through F and the Best-Fit Vs 

Profile from SASW Testing on December 27, 2007 ..................................................7 

Figure 5 Fourth Site Visit: VS Profiles at Sites A through F and the Best-Fit 

Vs Profile from SASW Testing on January 24, 2008 .................................................8 

Figure 6 Comparison of Best-Fit VS Profiles from the Four Sets of SASW 

Tests Conducted at Different Stages During Construction of the Test 

Fill ...............................................................................................................................9 

Figure 7 Comparison of Best-Fit Vs Profiles from the First and Second Site 

Visits .........................................................................................................................10 

Figure 8 Comparison of Best-Fit Vs Profiles of the Top Fill Layer from the 

First and Second Site Visits ......................................................................................11 

Figure 9 Comparison of Best-Fit Vs Profiles of the Top of the Natural Soil 

from the First and Second Site Visits .......................................................................13 

Figure 10 Illustration of Vs Increase in Fill #1 from Placement of Fills #2 and 

#3...............................................................................................................................14 

Figure 11 Illustration of VS Increase in Fill #2 from Placement of Fill #3 ...............................15 

Figure 12 Illustration of Vs Increase in the Natural Soil from Placement of Fills 

#1, #2 and #3 .............................................................................................................16 

Figure 13 Illustration of VS Increase in Fills #1, #2, #3 and Natural Soil from 

Placement of Fill Material above Each Layer ...........................................................17 

Figure 14 Comparison of Best-Fit Vs Profiles of the Top Fill Layers When 

Each Layer was on Top during Each Stage of Construction ....................................18 

 

Page 4 of 546



 v 
 

Figure 15 Variability in Vs of the Test Fill as Shown by Mean Values and Plus 

and Minus One Standard Deviation of the Sub-Layers; Fourth Site 

Visit ...........................................................................................................................20 

Figure 16 Deeper Vs Profile of Natural Soil Near Test Fill Determined by 

SASW Testing ..........................................................................................................22 

Figure 17 Locations of Test Fill, Deeper SASW Test and Borehole B-1002 

with P-S Log (from MACTEC Figure 2-B) ..............................................................23 

Figure 18 Comparison of VS Profiles from SASW and P-S Logging 

Measurements of the Natural Soil near the Test Fill (P-S Log from 

GEOVision Geophysical Services, 2005) .................................................................24 

Figure 19 Locations of Crosshole Boreholes (CHB-1, -2 and -3) Relative to the 

SASW Test Arrays A through G on the Footprint of the Test Fill ...........................26 

Figure 20 Vp and Vs Profiles from Crosshole Seismic Testing of the 

Completed Test Fill (Boreholes CHB-1, CHB-2 and CHB-3) .................................27 

Figure 21 Profile of Poisson’s Ratio Versus Depth from Average Vp and Vs 

Values Measured in Crosshole Tests ........................................................................30 

Figure 22 Comparison of the Vs Profiles in the Test Fill and Shallow Natural 

Soil from SASW and Crosshole Tests ......................................................................31 

Figure 23 Vs Profiles of the Test Fill Estimated from Resonant Column Tests 

on Material Taken from the Fill; Assuming Ko = 0.5 in Test Fill ............................32 

Figure 24 Vs Profiles of the Test Fill Estimated from Resonant Column Tests 

on Material Taken from the Fill; Assuming Ko = 1.0 in the Test Fill.......................34 

Figure 25 Comparison of the Vs Profiles in the Test Fill from SASW, 

Crosshole and Resonant Column Tests; Assuming Ko = 0.5 in the 

Test Fill .....................................................................................................................35 

Figure 26 Comparison of the Vs Profiles in the Test Fill from SASW, 

Crosshole and Resonant Column Tests; Assuming Ko = 1.0 in the 

Test Fill .....................................................................................................................36 

 

 

Page 5 of 546



 1 
 

SUMMARY REPORT 

 
Shear-Wave Velocity Profiles Evaluated During Construction of the Vogtle 

Test Fill and Comparison with Dynamic Laboratory Tests 

 

by 

 
Kenneth H. Stokoe, II, Ph.D., P.E. 

Yin-Cheng Lin, Ph.D., Postdoctoral Fellow 
Min Jae Jung, M.S., Graduate Research Assistant 
Jiabei Yuan, M.S., Graduate Research Assistant 

Bohyoung Lee, M.S., Graduate Research Assistant 
The University of Texas at Austin 

 

1. Introduction 
 
This report summarizes the findings from in situ seismic tests that were conducted on the Vogtle 
test fill during construction.  Two types of seismic tests were performed.  The first is the 
spectral-analysis-of-surface-waves (SASW) test.  Four sets of SASW tests were conducted at 
different stages during construction of the fill.  The purpose of the SASW tests was to evaluate 
shear-wave velocity (Vs) profiles of the compacted fill and underlying natural soil at three times 
during construction, when the fill was 5.4, 11.1 and 14.1 ft thick.  SASW testing was also 
conducted a fourth time after construction was completed, when the fill was 20 ft thick.  The 
SASW tests and resulting Vs profiles are discussed in Section 2. 

 
The second type of in situ seismic test is the crosshole test.  Crosshole testing was performed 
only once, after construction of the test fill was completed.  The purpose of the crosshole tests 
was to evaluate compression-wave velocity (Vp) and shear-wave velocity profiles of the 
compacted fill and underlying soil after construction of the fill.   The crosshole test and Vp and 
VS profiles are discussed Section 3.  The Vs profiles determined upon completion of the test fill 
by the crosshole and SASW tests are compared in Section 4.  The crosshole tests were performed 
as an independent measurement of shear and compression wave velocities and for comparison of 
Vs values with the SASW results. 

 
Dynamic laboratory tests were also performed on samples of material taken from the test fill 
during construction.  The laboratory test is the combined resonant column and torsional shear 
(RCTS) test.  RCTS tests were performed at The University of Texas in Austin and at Fugro, Inc. 
in Houston, Texas.  In terms of shear-wave velocities of the test fill, RCTS tests were performed 
on compacted specimens of material taken from the test fill to determine the variation of Vs with 
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confining pressure (σo).  The laboratory test program is briefly discussed in Section 5, and the Vs 
– σo relationships determined with materials from several layers in the test fill are presented.  
The laboratory Vs - σo relationships are then compared with the same relationship measured in 
the test fill by the SASW and crosshole tests in Section 6. 

 
2. Field SASW Tests 
 
Three sets of SASW tests were performed on December 9, 16 and 27, 2007 during construction 
of the fill.  A fourth set of tests was performed on January 24, 2008 after the fill was completed.  
These four sets of tests are referred to as the first through fourth site visits, respectively.  They 
are also considered to represent seismic field tests at Stages 1 through 4, respectively, of the fill 
construction.  Six measurement locations, labeled Sites A through F in Figure 1, were tested 
during each site visit.  The Vs profile was evaluated at each site over a depth of approximately 
0.5 to 25 ft.  One additional location, labeled Site G in Figure 1, was also tested during each 
visit.  Site G was used to determine a deeper Vs profile for the general area, to a depth of about 
45 ft into the natural soil.  The deeper profile was determined by combining the measurements 
from the shallower Vs

 profiles (Sites A through F) with the measurements at Site G, using the 
average of the shallower profiles as the upper portion of the deeper profile. 
 
The four site visits occurred after different thicknesses of fill material had been placed and 
compacted, referred to as different stages in fill construction.  The first, second and third site 
visits involved testing a compacted fill that was approximately 5.4, 11.1 and 14.1 ft thick, 
respectively.  The fourth site visit involved testing the completed fill that was 20 ft thick.  During 
each visit, the Vs profile over the complete thickness of the fill and some natural soil was 
evaluated. 
 
One condition that affects the Vs profile evaluated during each site visit is the water content of 
the fill material.  No rain had occurred before the first visit on December 10 so that the 5.4-thick 
layer of fill was evaluated at the placement water content (slightly less than the optimum water 
content of about 9%).  However, rain occurred before the second, third and fourth site visits so 
the fill was tested at slightly higher water contents.  The increased moisture in the fill during 
these site visits reduced somewhat the Vs values relative to those that would have been measured 
if the fill were near the optimum water content as discussed below. 
 
One additional set of SASW tests was performed during the fourth site visit.  These tests were 
performed on the natural ground about 500 ft south of the test fill.  The purpose of these tests 
was to evaluate the Vs profile of the surrounding soil, without a surface fill, to a depth of about 
160 ft.  
 
All Vs profiles and associated data from SASW testing for each of the four site visits are 
contained in the “Field SASW Data Report” by Stokoe et al (2008a). 
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Figure 1 - Locations of SASW Test Arrays A through G on the Footprint of the Test Fill 

Primary Area of 
SASW Testing 

30 ft 

30 ft 

A 

C 

E 

B 
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F 

G 

7 ft 7 ft 

10 ft 

10 ft 

3 ft 

Denotes Centers of SASW Test 
Arrays 

Outline of 
Footprint on the 

Natural Soil of the 
Test Fill 

20 ft 

5 ft 

5 ft 

~N 

5 ft 

5 ft 

Note:  1. All SASW Measurements were performed in the N-S directions. 
2. In general, the extent of the SASW test lines is 18 ft and 50 ft away from the 

center of SASW test arrays to the north and south directions at Sites A through 
F and Site G, respectively.  
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2.1 Vs Profiles of the Test Fill and Shallow Natural Soil Evaluated During Construction 
 
First Site Visit – The Vs profiles determined at Sites A through F of the initial 5.4-ft thick fill and 
top 20 ft of natural soil are shown in Figure 2.  A best-fit trend line was fit, by eye, through the 
average Vs value of each layer for the six sites to give a “best-fit” Vs profile for the fill and the 
top 10 ft of natural soil.  The best-fit Vs profile is used in subsequent comparisons to make it 
easier to distinguish changes during construction of the fill. 
 
Second and Third Site Visits – The Vs profiles of the six sites evaluated during the second and 
third site visits are shown in Figures 3 and 4, respectively.  The best-fit trend lines that were fit 
to the data are also shown in the figures.  In this case, the fill was 11.1 and 14.1 ft thick, 
respectively. 
 
Fourth Site Visit – The Vs profiles from the fourth visit and best-fit trend line are presented in 
Figure 5.  Note that the scales in Figures 2 through 5 are the same for easy comparison. 
 
2.2 Overall Comparison of the Best-Fit Vs Profiles from the Four Sites Visits 
 
An overall comparison of the best-fit Vs profiles of the fill and top 5 ft of underlying soil is 
presented in Figure 6.  The purpose of this comparison is to study the general trends in the Vs 
profiles that occurred during construction of the fill.  Important points shown in Figure 6 are: (1) 
the characteristic shape of each Vs profile is generally parabolic, with Vs increasing with depth, 
which is expected and relates to Vs increasing with increasing confining pressure with depth as 
discussed below, (2) the lower fill layers stiffen (Vs increases) as more fill is placed on top of 
them due to increasing confining pressure, (3) Vs of the natural soil within a few feet below the 
fill also increases, as expected, and (4) as depth increases in the test fill and natural soil, the 
increase in Vs lessens (due to the decreasing value of the ratio of the after-to-before confining 
pressures). 
 
The changes in the Vs profile in each layer (denoted as Fills #1 through #4 for the first through 
fourth site visits in Figure 6) are discussed in more detail below. 

 
2.3 Comparison of the Best-Fit Vs Profiles from the First and Second Visits 
 
A comparison of the best-fit Vs profiles from the first and second site visits is presented in 
Figure 7.  The increase in Vs of Fill #1 and the natural soil due to placement of Fill #2 is clearly 
shown.  However, Fill #2 is not as stiff as Fill #1 when Fill #1 was the top layer.  This difference 
is shown in Figure 8.  In other words, the comparison in Figure 8 shows Fills #1 and #2 at the 
same total stress.  The reason Fill #2 has lower Vs values throughout the layer is that the water 
content of Fill #2 is higher than Fill #1 due to the rain that occurred before testing Fill #2.  As a 
result of the increased water content, the pore water pressure in Fill #2 has become less negative 
which has caused the effective confining stress in Fill #2 to be less than in Fill #1 under the same 
total stress condition.  In Figure 8, the Vs values of Fill #2 are about 17% and 8% less than the Vs 
values of Fill #1 at depths of 0.5 and 5.4 ft in each fill, respectively. 
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Figure 2 - First Site Visit: VS Profiles at Sites A through F and the Best-Fit VS Profile from 

SASW Testing on December 10, 2007 

Page 10 of 546



 6 
 

 

Shear Wave Velocity (ft/sec)

0 500 1000 1500 2000

D
ep

th
 (f

t)

0

5

10

15

20

25

Site A
Site B
Site C
Site D
Site E
Site F

Best Fit

Second Visit: 
(Fills #1 and #2)

Original ground 
surface when Fills #1
 and #2 were in place.

Fill #1
~ 5.4 ft

Fill #2
~ 5.7 ft

Best-fit curve is used 
only to a depth of 10 ft 
below the fill for 
comparison purposes.

Note: 

 
 
Figure 3 - Second Site Visit: VS Profiles at Sites A through F and the Best-Fit VS Profile from 

SASW Testing on December 16, 2007 
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Figure 4 - Third Site Visit: VS Profiles at Sites A through F and the Best-Fit VS Profile from 

SASW Testing on December 27, 2007 
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Figure 5 - Fourth Site Visit: VS Profiles at Sites A through F and the Best-Fit VS Profile from 

SASW Testing on January 24, 2008 
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Figure 6 - Comparison of Best-Fit VS Profiles from the Four Sets of SASW Tests Conducted 

at Different Stages During Construction of the Test Fill 
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Figure 7 - Comparison of Best-Fit VS Profiles from the First and Second Site Visits 
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Figure 8 - Comparison of Best-Fit VS Profiles of the Top Fill Layer from the First and Second 

Site Visits 
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It is also interesting to observe that an increase in water content due to the rain has occurred 
throughout Fill #2.  This result is shown in Figure 8 by the fact that the velocity of Fill #2 is less 
than Fill #1 over the entire thickness of the layer.  It is suspected that the water content of Fill #1 
was also increased throughout some of Fill #1 by the rain.  Finally, the effect of increasing 
pressure on Vs of the natural soil is shown by the small increase in Vs of the top portion of 
natural soil shown in Figure 9.  Of course, more than just this portion of the natural soil 
increased in stiffness.  However, the purpose of this study was to evaluate the fill material so 
only a small portion of the natural soil is shown in each construction stage. 
 
2.4 Comparison of the Best-Fit Vs Profiles from the First, Second and Third Site Visits 
 
A comparison of the best-fit Vs profiles from the first, second and third site visits shows that the 
fill and natural soil increase in stiffness as more fill is placed.  The increase in Vs of Fill #1 due 
to placement of Fills #2 and #3 is highlighted in Figure 10.  The increase in Vs of Fill #2 from 
the placement of Fill #3 is highlighted in Figure 11.  Finally, the increase in Vs of the natural soil 
is highlighted in Figure 12. 
 
2.5 Comparison of Changes in the Best-Fit Vs Profiles from all Four Site Visits 
 
A comparison of the best-fit Vs profiles from all four site visits shows that each one of the 
previously tested layers increased in stiffness when subsequent layers of fill were placed.  These 
changes in Vs are illustrated in Figure 13. 
 
One point of interest in Figure 13 is that, upon completion of the 20-ft thick fill, Vs equals 1000 
ft/sec at a depth of about 15.4 ft.  This depth below the fill surface would also be correct if the 
material were a thicker fill as discussed below.  Of course, if a load such as from a building were 
placed on top of the fill, Vs values throughout the fill would increase, with the magnitude of the 
Vs increase dependent on the magnitude of the stress increase.  The increase in Vs is readily 
predicted as discussed in Sections 5 and 6. 
 
Comparison of the best-fit Vs profiles of the top layers when each layer was on top (hence Fill #1 
in Stage 1, Fill #2 in Stage 2, Fill #3 in Stage 3 and Fill #4 in Stage 4) is presented in Figure 14.  
As seen in the figure, Fills #2, #3 and #4 are similar and are softer than Fill #1.  This relationship 
has occurred because it rained a few days before SASW measurements were performed on each 
of Fills #2, #3 and #4. 
 
2.6 Variability in Vs Values Measured in the Test Fill 
 
By performing SASW tests at six sites in the footprint of the test fill during each site visit (Sites 
A through F in Figure 1), variability in the test fill was measured.  This variability is shown by 
the range in Vs values at Sites A through F evaluated for each sub-layer used in the forward 
modeling process.  The sub-layers are represented by the constant velocities (vertical lines) in 
the Vs

 – depth profiles.  The lengths of the vertical lines represent the thicknesses of the sub-
layers.  Upon reviewing the Vs profiles in Figures 2 through 5, variability in the Vs values of the 
sub-layers is shown in Stages 1 through 4 during construction.  This evaluation of variability 
needs, however, to be considered carefully as discussed below. 
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Figure 9 - Comparison of Best-Fit VS Profiles of the Top of the Natural Soil from the First and 

Second Site Visits 
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Figure 10 - Illustration of VS Increase in Fill #1 from Placement of Fills #2 and #3 
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Figure 11 - Illustration of VS Increase in Fill #2 from Placement of Fill #3 
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Figure 12 - Illustration of VS Increase in the Natural Soil from Placement of Fills #1, #2 and #3 
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A review of the Vs profiles in Figures 2 through 5 reveals the following points.  First, variability 
in Vs values decreases with increasing depth in the test fill.  This relationship occurs because: (1) 
the compaction effort continues to build in material within 1 ft or more of the fill surface as new 
layers are being placed and compacted, and (2) SASW testing averages over larger lateral 
distances as the measurement depth increases.  (It is reasonable to assume that the lateral 
averaging distance is equal to the mid-depth of the sub-layer in the Vs profile.)  Second, at 
depths greater than about 1.5 ft, the variability is small.  The exception is the second site visit as 
discussed below.   
 
As an example of the variability, consider the fourth site visit.  The Vs profiles measured during 
this visit on the completed test fill are shown in Figure 15.  For each sub-layer, values of the 
mean Vs and plus and minus one standard deviation (+/-σ) have been included.  These values are 
also listed in Table 1.  As seen in the table, below a depth of about 1 ft the coefficient of 
variation, COV (= σ/mean), is small (less than 0.031) and decreases with depth.  At depths 
below about 9 ft, the COV is very small (nearly zero) due to partial overlapping laterally in the 
measurements and the uniformity of the compacted material at the higher stress states created by 
the deeper depths. 
 
The most variability in the test fill was measured in Fill #2 during the second site visit as shown 
in Figure 3.  At this time, Fill #2 was the top layer.  Material in the top 4 ft of Fill #2 exhibited 
variability that was larger than observed in the other measurements, although this variability was 
still rather small.  One reason for the higher variability is due to the significant amount of rain 
prior to these tests as discussed earlier.  However, it is important to note that the variability in 
Fill #2 decreased significantly when Fills #3 and #4 were placed as shown in Figures 4 and 5, 
respectively.  This example demonstrates the uniformity in the fill material that is created by 
placing additional layers and/or by adding additional stress on the material. 
 
2.7 Deeper Vs Profile Near the Test-Fill Area 
 
A Vs profile to a depth of about 160 ft in the natural soil is shown in Figure 16.  This profile was 
measured at Site H shown in Figure 17.  The deeper measurements employed a large bulldozer 
as the source and much larger spacings between geophones (up to 200 ft) than used in testing the 
fill.  It should be noted that rain had fallen at various times over the previous month and shallow 
standing water was present at some locations near Site H.  Also, analysis of the SASW 
measurements was performed by assuming a depth of 74 ft for the water table and a depth of 104 
ft for the marl. 
 
A Vs profile of the natural soil near Site H was also determined by P-S suspension logging.  The 
location of the borehole relative to Site H is shown in Figure 17.  The Vs profiles from the P-S 
logging and SASW tests compare favorably as shown in Figure 18. 
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Table 1 Variability in Vs Values of the Test Fill Measure During the Fourth Site Visit  
 

Site
A

Site
B

Site
C

Site
D

Site
E

Site
F

0.24 270 370 415 360 360 340 353 48 0.135
0.74 420 420 440 420 420 400 420 13 0.030
1.74 500 500 500 480 470 470 487 15 0.031
4.26 700 670 650 650 650 650 662 20 0.031
7.49 770 760 760 760 760 770 763 5 0.007
10.98 900 900 900 900 900 900 900 0 0.000
14.50 980 980 980 980 980 980 980 0 0.000
17.50 1050 1050 1050 1050 1050 1050 1050 0 0.000

Notes:
  1. Standard Deviation is based on assuming a normal distribution
  2. COV = σ / mean

Coefficient
of

Variaition,
COV2

VS (fps)Approximate
Mid-Depth

of Sub-Layer
(ft)

Mean
VS

(fps)

Standard
Deviation1,

(fps)
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Figure 16 - Deeper VS Profile of Natural Soil Near Test Fill Determined by SASW Testing 
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Figure 18 - Comparison of VS Profiles from SASW and P-S Logging Measurements of the 

Natural Soil near the Test Fill (P-S Log from GEOVision Geophysical Services, 
2005) 
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3. Field Crosshole Tests 
 

Field crosshole tests were performed after construction of the test fill was completed to measure 
compression wave and shear wave velocities (Vp and Vs, respectively).  Crosshole testing was 
performed on January 25, 2008, the day after the final set of SASW tests was performed.  All 
measurements were performed at one location using three boreholes arranged in a linear array.  
The location of the crosshole array is shown in Figure 19.   The boreholes were centered at 
SASW Site G and were aligned along the longitudinal centerline of the test fill.  The boreholes 
were cased with PVC casing with a 3-in. inside diameter.  The casings were grouted in place.  
The nominal distance between adjacent boreholes was about 7 ft, and the boreholes were cased 
to an average depth of about 38 ft; hence, they extended about 18 ft into the natural soil. 
 
Two sets of crosshole tests were performed.   In the first set, the source was placed in the center 
borehole (CHB-2 in Figure 19) and the 3-D receivers were placed in the end boreholes.  Testing 
was performed in 2-ft depth intervals from 2 to 10 ft.  In the second set of tests, the source was 
placed in the borehole on the southern end of the array (CHB-3 in Figure 19) and the 3-D 
receivers were placed in the other boreholes.  Testing was performed in 2-ft depth intervals from 
6 to 38 ft.  With the two sets of tests, Vp and Vs profiles were evaluated from 2 to 38 ft. 
 
All Vp and Vs profiles and associated data from crosshole testing are contained in the “Field 
Crosshole Data Report” by Stokoe et al. (2008b). 
 
3.1 Vp and Vs Profiles of the Test Fill and Natural Soil 
 
The Vp and Vs profiles determined from crosshole testing are shown in Figure 20.  Important 
points shown in this figure are: (1) the two sets of crosshole tests overlap nicely in the 6- to 10-ft 
depth range, (2) Vp and Vs increase somewhat with depth in the test fill due to increasing 
confining pressure with depth, (3) the slightly higher variability in Vp compared to Vs at two 
depths in the test fill (at 10 ft and 16 ft) is likely due to the lower level of compression wave (P 
wave) energy generated by the mechanical source compared with the shear wave (S wave) 
energy which can make it difficult to identify P-waves at times, and (4) the highest Vp value in 
the natural soil at a depth of 30 ft is likely due to the soil between boreholes CHB-3 and CHB-2 
being nearly saturated. 
 
3.2 Profile of Poisson’s Ratio Versus Depth of Test Fill and Natural Soil 
 
Values of Poisson’s ratio at small strains of the test-fill material can be calculated from the 
values of Vp and Vs measured in the crosshole test.  The equation is (from Richart et al., 1970): 

 

υ =
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Figure 19 - Locations of Crosshole Boreholes (CHB-1, -2 and -3) Relative to the SASW Test 
Arrays A through G on the Footprint of the Test Fill 
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where υ is Poisson’s ratio.  The assumptions in applying this equation are that the material is 
isotropic and homogeneous.  These assumptions were made, as a first-order approximation, and 
a value of υ at each measurement depth was calculated.  The average values of Vp and Vs at each 
depth and resulting values of υ are given in Table 2 and are shown in Figure 21.  With the profile 
in Figure 21, a representative value of υ = 0.24 was used to represent the test-fill material.  This 
value was also used as an average value to represent the natural soil when unsaturated. 
 
4. Comparison of Vs Profiles from SASW and Crosshole Tests 
 
The Vs profiles from the SASW and crosshole tests that were performed on the completed test 
fill are compared in Figure 22.  As seen in the figure, the profiles compare well.  The average 
crosshole Vs values range from -6% (at 4 ft) to 21 % (at 6 ft) of the average SASW Vs values in 
the test fill.  On average, the crosshole values are 6% higher than the SASW values.  This 
difference is small and within the range of variability created by the interpretation implicit in the 
data reduction in the seismic tests combined with the more localized nature of the crosshole test 
versus the global nature of the SASW test. 

 
5. Resonant Column Tests of Compacted fill Specimens 
 
Three specimens of the fill material were compacted in the laboratory and tested in combined 
resonant column and torsional shear (RCTS) devices at the University of Texas in Austin and at 
Fugro, Inc. in Houston.  The effects of various parameters required to evaluate the response of 
the fill material during earthquake shaking were studied.  The results from the RCTS are 
contained in the “Laboratory RCTS Testing Data Report” by Stokoe et al., (2008c).   
 
One relationship determined in the laboratory from resonant column (RC) testing with the 
compacted fill specimens is the variation in Vs with total (isotropic) confining pressure.  This 
relationship, expressed in terms of Vs versus depth, is shown in Figure 23 for the three test 
specimens.  All three specimens were compacted near the optimum water content using an 
energy level of about 100% modified Proctor.  The specimens were taken from the test fill 
material during construction, with Specimens P-6, P-16 and P-26 from depths of about 17, 12 
and 7 ft, respectively, below the fill surface. 
 
The depth axis in the Vs profiles estimated from the RC tests in Figure 23 was taken as the depth 
which gives a total pressure equal to the laboratory confining pressure.  These depths were found 
using: 
 

σo = 1/3(σv + 2Koσv) (2) 
 

where σo equals the cell pressure in the laboratory, σv equals the total vertical stress in the field, 
and Ko equals the earth pressure coefficient at rest in the field (= σh/σv, where σh is the total 
horizontal stress).  In this case, Ko was assumed to equal 0.5 which is a common average value 
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Table 2  Average Values of Vp and Vs from Crosshole Measurements and Calculated Values 

of Poisson’s Ratio 
 

Vp Vs
(ft) (fps) (fps)
2 1010 590 0.24
4 1110 630 0.26
6 1480 860 0.25
8 1550 900 0.25
10 1570 920 0.24
12 1610 960 0.22
14 1580 970 0.20
16 1640 1030 0.17
18 1770 1060 0.22
20 1910 1120 0.24
22 2100 1180 0.27
24 1880 1170 0.18
26 1790 1140 0.16
28 2150 1140 0.30
30 2100 1080 0.32
32 1730 980 0.26
34 1490 860 0.25
36 1500 850 0.26
38 1460 830 0.26

Depth Average Crosshole Velocities Calculated
Poisson's Ratio1

 
 

Note:  1. Poisson’s Ratio, υ = 
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Figure 22- Comparison of the Vs Profiles in the Test Fill and Shallow Natural Soil from SASW 
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Figure 23 - Vs Profiles of the Test Fill Estimated from Resonant Column Tests on Material 

Taken from the Fill; Assuming Ko = 0.5 in the Test Fill 
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used in engineering practice for normally consolidated soils.  (The overconsolidated condition is 
discussed below.)  To obtain σv in Equation 2, depth is related to σv by: 
 

σv = (depth) γt (3) 
 

where γt equals total unit weight of the fill material and was assumed equal to 128 pcf. 
 
It is common to assume that a compacted fill is overconsolidated.  To study the impact of 
overconsolidation on the test fill, the assumed value of Ko was increased to 1.0.  This increase in 
Ko increased the calculated values of σh, making them equal to σv.  The increased value of σo at 
each depth was then used with the RC laboratory data to calculate Vs profiles estimated for an 
overconsolidated test fill with Ko = 1.0.  These Vs profiles are shown in Figure 24.  Upon 
comparing the Vs profiles in Figures 23 and 24, the net result of increasing Ko from 0.5 to 1.0 is 
to increase Vs by about 10% at each depth. 
 
6. Comparison of Field-Determined and Laboratory-Determined Vs Profiles 
 
The laboratory-determined Vs profiles compare favorably with the field Vs profiles as shown in 
Figures 25 and 26.  In Figure 25 for Ko = 0.5, the laboratory values are equal to or slightly above 
the field Vs values in the top 2.5 ft.  This relationship probably reflects the increase in stiffness of 
the fill that would occur if more layers were placed.  In the range of 2.5 ft to about 10 ft, the field 
Vs values are equal to or slightly above the laboratory values.  Below 10 ft, the field Vs values 
from both the SASW and crosshole tests are generally above (on average about 12%) the 
laboratory Vs values.  This relationship may reflect the increased compaction in Fill #1 that was 
identified earlier (see Figure 8). 
 
In Figure 26 for Ko = 1.0, the laboratory-determined Vs values are slightly above the field Vs 
values in the top 2.5 ft of the test fill.  Below this depth, the laboratory Vs profiles agree nicely 
with the field SASW and crosshole measurements, indicating that the test fill is most probably 
overconsolidated in this depth range as expected. 
 
The main points shown by the comparisons in Figures 25 and 26 are:  (1) the laboratory data 
correctly predict the general trend in the field Vs profiles of Vs increasing with increasing depth, 
(2) in the top few feet of the fill, laboratory values with Ko = 0.5 equal or slightly exceed the 
field Vs profile, (3) in the depth range of 2.5 to 10 ft, the field Vs profiles transition from 
laboratory Vs profiles with Ko = 0.5 to Ko = 1.0, and (4) at depths below 10 ft, laboratory values 
with Ko 1.0 compare well with the field Vs profiles in the 20-ft thick test fill.  
 
7. Conclusions 
 
The primary conclusions from field seismic testing of the test fill at various stages during 
construction are as follows. 
 

(1) The Vs profiles in the test fill at all stages of construction were readily evaluated from 
the SASW measurements. 
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Figure 24- Vs Profiles of the Test Fill Estimated from Resonant Column Tests on Material 

Taken from the Fill; Assuming Ko = 1.0 in the Test Fill 
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Figure 25- Comparison of the Vs Profiles in the Test Fill from SASW, Crosshole and Resonant 

Column Tests; Assuming Ko = 0.5 in the Test Fill 
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Figure 26- Comparison of the Vs Profiles in the Test Fill from SASW, Crosshole and Resonant 

Column Tests; Assuming Ko = 1.0 in the Test Fill 
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(2) The Vs profiles exhibited the expected trends in terms of Vs increasing with 
increasing depth in a given layer and in the complete test fill. 

(3) The Vs profiles exhibited the expected trends in the change (increase) in Vs in a given 
layer when additional layers of fill are added. 

(4) The values of Vs of the test fill decreased slightly due to rain at the site.  This change 
is explained, in general terms, by a reduction in effective stress in the test fill 
material. 

(5) The Vs profiles determined by SASW and crosshole testing of the completed test fill 
are in good agreement. 

(6) The general trend in the field Vs profiles in the test fill was well predicted by the 
resonant column laboratory tests on similar material taken from the test fill. 

(7) The relationship between the field Vs profiles and those predicted by the laboratory 
RC results indicate that the laboratory data with Ko = 0.5 is best used in the top few 
feet, between 2.5 and 10 ft there is a transition to Ko = 1.0, and from 10 to 20 ft the 
laboratory data with Ko = 1.0 predicts the field profiles quite well. 

(8) The in situ Vs of the test fill is predicted to be 1000 ft/sec at a depth of about 15.4 ft 
in a fill with no surcharge and a water table below that depth.  Of course, this Vs 
value would increase significantly if a substantial surcharge were placed on top of the 
fill.  Based on the field tests, the value of Vs in the fill will exceed 1000 ft/sec at the 
fill-surcharge interface when the vertical normal stress from the surcharge exceeds 
about 2000 psf (assuming γt = 128 pcf, Ko = 0.5 and a water table at a deeper depth in 
the fill). 
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