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APPENDIX A: INDIVIDUAL SITE AND BOREHOLE LOCATIONS 
 
As noted in Table A1: Lowland Boring IDs CHUMR-1, CHUMR-2 and CHUMR-3 (Table A.1) 
refer to Test Site #3 (Figures 2.6 and 5.2); Upland Boring IDs CHUMR-1, CHUMR-2 and 
CHUMR-3 refer to Test Site #15 (Figures 2.6 and A.1); Boring ID BHUMR-1 refers to Test Site 
#19 (Figures 2.6 and A.2); Boring ID BHUMR-2 refers to Test Site #25 (Figures 2.6 and A.3); 
Boring ID BHUMR-5 refers to Test Site #31 (Figures 2.6 and 5.11); Boring ID BHUMR-6 refers 
to Test Site #25 (Figures 2.6 and A.3); Boring ID BHUMR-5 refers to Test Site #10 (Figures 2.6 
and 5.9). 
 

Boring ID Site ID Struct. ID Subsurface Exploration & Sampling Requirements  
 
------------------------------------ Upland Locations ------------------------------------ 
 
BHUMR-1  19 A37230 SPT and tube sampling to 100’ max (see above) 
BHUMR-2 25 none SPT and tube sampling to 100’ max (see above) 
CHUMR-1 15 A2572W SPT and tube sampling for CH test, 150’max (see above) 
CHUMR-2 15 A2572W Hole for Crosshole test – 150’ cased with 3”- PVC pipe 
CHUMR-3 15 A2572W Hole for Crosshole test – 150’ cased with 3”- PVC pipe  
 
------------------------------------ Lowland Locations ------------------------------------ 
 
BHUMR-5 31 A2201U SPT and tube sampling to 100’ max (see above) 
BHUMR-6 10 A32440 SPT and tube sampling to 100’ max (see above)  
CHUMR-1 3 A3683U SPT and tube sampling for CH test, 150’max (see above) 
CHUMR-2 3 A3683U Hole for Crosshole test – 150’ cased with 3”- PVC pipe 
CHUMR-3 3 A3683U Hole for Crosshole test – 150’ cased with 3”- PVC pipe 

 
Table A1:  Drilling and borehole detailed plan (site, structure and sampling). 

 

 

Figure A.1: Soil 
samples with Upland 
Boring IDs CHUMR-
1, CHUMR-2 and 
CHUMR-3 were 
extracted from the 
borehole at Test Site 
#15 (Figure 2.6). 
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Figure A.3: Soil 
samples with Boring 
ID BHUMR-2 were 
extracted from the 
borehole at Test Site 
#25 (Figure 2.6). 

Figure A.2: Soil 
samples with Boring 
ID BHUMR-1 were 
extracted from the 
borehole at Test Site 
#19 (Figure 2.6). 
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APPENDIX B: GEOTECHNICAL BOREHOLE LOGS 

 
Figure B.1: Geotechnical borehole log for Boring ID BHUMR-1 (Appendix A). 



MoDOT Final Report RDT 05-006: Comprehensive Shear-Wave Velocity Study in the Poplar Bluff Area, Southeast Missouri 
 

 120

 
Figure B.2: Geotechnical borehole log for Boring ID BHUMR-1 (Appendix A). 
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Figure B.3: Geotechnical borehole log for Boring ID BHUMR-2 (Appendix A). 
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Figure B.4: Geotechnical borehole log for Boring ID BHUMR-2 (Appendix A). 
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Figure B.5: Geotechnical borehole log for Boring ID BHUMR-2 (Appendix A). 
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Figure B6: Geotechnical borehole log for Boring ID BHUMR-5 (Appendix A). 
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Figure B.7: Geotechnical borehole log for Boring ID BHUMR-5 (Appendix A). 
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Figure B.8: Geotechnical borehole log for Boring ID BHUMR-5 (Appendix A).
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Figure B.9: Geotechnical borehole log for Boring ID BHUMR-6 (Appendix A).
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Figure B.10: Geotechnical borehole log for Boring ID BHUMR-6 (Appendix A).
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Figure B.11: Geotechnical borehole log for Boring ID BHUMR-6 (Appendix A).
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Figure B.12: Geotechnical borehole log for Upland Boring ID CHUMR-1 
(Appendix A). 
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Figure B.13: Geotechnical borehole log for Upland Boring ID CHUMR-1 
(Appendix A). 
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Figure B.14: Geotechnical borehole log for Upland Boring ID CHUMR-1 
(Appendix A). 
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Figure B.15: Geotechnical borehole log for Upland Boring ID CHUMR-1 
(Appendix A). 
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Figure B.16: Geotechnical borehole log for Lowland Boring ID CHUMR-3 
(Appendix A). 
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Figure B.17: Geotechnical borehole log for Lowland Boring ID CHUMR-3 
(Appendix A). 
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Figure B.18: Geotechnical borehole log for Lowland Boring ID CHUMR-3 
(Appendix A). 
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Figure B.19: Geotechnical borehole log for Lowland Boring ID CHUMR-3 
(Appendix A). 
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APPENDIX C: LABORATORY SOIL INDEX PROPERTIES TEST 
RESULTS 

Figure C.1: Grain size distribution curves for Boring ID BHUMR-1 (Appendix A).
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Figure C.2: Grain size distribution curves for Boring IDs  
BHUMR-1 and BHUMR-2 (Appendix A). 
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Figure C.3: Grain size distribution curves for Boring ID BHUMR-2 (Appendix A).
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Figure C.4: Grain size distribution curves for Boring IDs  
BHUMR-2 and BHUMR-5 (Appendix A). 
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Figure C.5: Grain size distribution curves for Boring ID BHUMR-5 (Appendix A).
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Figure C.6: Grain size distribution curves for Boring IDs  
BHUMR-5 and BHUMR-6 (Appendix A). 
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Figure C.7: Grain size distribution curves for Boring IDs BHUMR-1, BHUMR-2, 
BHUMR-5, BHUMR-6, and Upland CHUMR-1 (Appendix A). 
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Figure C.8: Grain size distribution curve for Upland Boring IDs  
CHUMR-1 and CHUMR-3 (Appendix A). 
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APPENDIX D: SEISMIC CONE PENETROMETER (SCPT) DATA 
 

 
 
 
 
 

Figure D.1: SCPT data for SCPT Test Site #3-1 (Figure 2.4). 
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Figure D.2: SCPT data for SCPT Test Site #3-2 (Figure 2.4). 
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Figure D.3: SCPT data for SCPT Test Site #3-3 (Figure 2.4). 
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Figure D.4: SCPT data for SCPT Test Site #3-4 (Figure 2.4). 
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Figure D.5: SCPT data for SCPT Test Site #3-5 (Figure 2.4). 
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Figure D.6: SCPT data for SCPT Test Site #4-1 (Figure 2.4). 
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Figure D.7: SCPT data for SCPT Test Site #5-1 (Figure 2.4). 
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Figure D.8: SCPT data for SCPT Test Site #10-1 (Figure 2.4). 
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Figure D.9: SCPT data for SCPT Test Site #10-2 (Figure 2.4). 
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Figure D.10: SCPT data for SCPT Test Site #10-3 (Figure 2.4). 
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Figure D.11: SCPT data for SCPT Test Site #10-4 (Figure 2.4). 
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Figure D.12: SCPT data for SCPT Test Site #10-5 (Figure 2.4). 
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Figure D.13: SCPT data for SCPT Test Site #12-1 (Figure 2.4). 
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Figure D.14: SCPT data for SCPT Test Site #13-1 (Figure 2.4). 
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Figure D.15: SCPT data for SCPT Test Site #13-2 (Figure 2.4). 
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Figure D.16: SCPT data for SCPT Test Site #13-3 (Figure 2.4). 
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Figure D.17: SCPT data for SCPT Test Site #13-4 (Figure 2.4). 
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Figure D.18: SCPT data for SCPT Test Site #13-5 (Figure 2.4). 
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Figure D.19: SCPT data for SCPT Test Site #30-1 (Figure 2.4). 
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Figure D.20: SCPT data for SCPT Test Site #31-1 (Figure 2.4). 
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Figure D.21: SCPT data for SCPT Test Site #31-2 (Figure 2.4). 
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Figure D.22: SCPT data for SCPT Test Site #31-3 (Figure 2.4). 
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Figure D.23: SCPT data for SCPT Test Site #31-4 (Figure 2.4). 
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Figure D.24: SCPT data for SCPT Test Site #31-5 (Figure 2.4). 
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Figure D.25: SCPT data for SCPT Test Site #32-1 (Figure 2.4). 
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Figure D.26: SCPT data for SCPT Test Site #38-1 (Figure 2.4). 
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APPENDIX E: MASW SENSITIVITY ANALYSES 
 
E.1 Overview 
 
The transformation of field-recorded Rayleigh-wave data into shear-wave velocity data is based 
on two fundamental assumptions. The first assumption is that a reliable dispersion curve can be 
extracted from the field-recorded Rayleigh-wave data. The second assumption is that reliable 
shear-wave velocities can be extracted from a Rayleigh-wave dispersion curve, even though the 
dispersion curve is principally a function of two unknowns: the shear-wave velocity of the 
subsurface and the compression-wave velocity of the subsurface. 
 
In order to evaluate the reasonableness of these two assumptions, we conducted two sensitivity 
analyses.  In the first sensitivity study, we analyzed the qualitative processes involved in the 
extraction of a dispersion curve from field-recorded Rayleigh-wave data.  We concluded that a 
trained interpreter will consistently extract reliable dispersion curve data from good-quality field-
recorded Rayleigh-wave data.  In the second sensitivity study, we examined the inter-
relationships between Rayleigh-wave velocities, shear-wave velocities and compression-wave 
velocities. We concluded that the inversion of Rayleigh-wave dispersion data (i.e., generation of 
a shear-wave velocity curve) is a robust and reliable process even though Rayleigh-wave 
velocities are also a function of compression-wave velocities.  This is because the velocities of 
high-frequency (5 Hz+) Rayleigh waves are relatively insensitive to variations in the 
compression-wave velocity of the subsurface. 
 
E.2 Sensitivity Study #1: Extraction of Dispersion Curve Data 
 
The extraction of dispersion data from field-recorded Rayleigh-wave data is a standard, 
established mathematical process that does not require any interactive input from the interpreter 
(Figure E.1).  The analysis of the output dispersion data and the selection of optimum phase 
velocities (dispersion curve), in contrast, requires qualitative input from the interpreter.  Hence, 
there is potential for human error. 
 
The selection of optimum phase velocities from dispersion data is usually straightforward if good 
quality Rayleigh-wave data are acquired in the field. If the field data are good quality, the 
dispersion data will be characterized by a narrow, well-defined peak (Figure E.1). In this case, 
the interpreter merely selects phase velocities that fall along the well-defined peak. Numerous 
modeling studies and field tests have confirmed that these phase velocities are “optimum” (Xia et 
al., 1999).  The “optimum” dispersion curve has been superposed on the dispersion data of 
Figure E.1c and plotted separately in Figure E.2a. The corresponding 1-D shear-wave velocity 
curve is plotted in Figure E.2b.  This shear-wave velocity curve is also considered to be 
“optimum”.  
 
In order to demonstrate the sensitivity of the dispersion curve extraction process, we 
intentionally extracted two non-optimum dispersion curves (Figures E.1b and E.1d). These two 
curves are non-optimum because their phase velocities do not fall on the well-defined peak on 
the dispersion data. More specifically, the phase velocities selected in Figure E.1b are greater 
than optimum; the phase velocities selected in Figure E.1d are lower than optimum (Figures E.1 
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and E.2). The velocity values on the corresponding 1-D shear-wave velocity curves are similarly 
too low and too high, respectively (Figure E.2).   
 
As previously mentioned, the selection of optimum phase velocities from good quality dispersion 
data is usually straightforward over the dominant bandwidth of the data.  Trained interpreters 
will usually select similar phase velocities and generate similar 1-D shear-wave velocity profiles.  
However, difficulties (and differences of opinion) can arise when the interpreter selects phase 
velocities at frequencies near the low end of those that were actually generated by the source in 
the field.  
 
The nature of this problem is illustrated by the dispersion data in Figure E1.  These dispersion 
data are characterized by a well-defined peak at frequencies above 7 Hz. This “peak” has 
widened considerably at 6 Hz and is almost absent at 5 Hz.  (Data quality at low frequencies is 
variable being a function of both source size and ground conditions.) The selection of phase 
velocities at the low frequency 5-6 Hz range (in a genuine attempt to extract velocity control at 
greater depth) requires judicious extrapolation.  If the selected phase velocities are too low, the 
*shear-wave velocities assigned to the deepest layers in the output model will be too low.  
Conversely, if the selected phase velocities are too high, the assigned shear-wave velocities will 
also be too high. This can also result in the underestimation or overestimation of depths, 
respectively. 
 
E.3 Sensitivity Study #2: Inversion of Surface (Rayleigh) Wave Data 
  
Rayleigh-wave velocities are a function of both the shear-wave velocity of the subsurface and the 
compression-wave velocity of the subsurface. The inter-relationships between Rayleigh-wave 
velocities, shear-wave velocities and compression-wave velocities in a uniform half-space are 
expressed in Equation 1. 
 

VR
6 - 8β2VR

4  + (24 - 16β2 /α2)β4VR
2 + 16(β2/α2 – 1)β6 = 0   Equation 1 

 
where:   
 

VR   is the Rayleigh-wave velocity within the uniform medium, 
β is the shear-wave velocity within the uniform medium (also denoted Vs), 
α is the compression-wave velocity within the uniform medium (also denoted Vp). 

 
As indicated in Equation 1, Rayleigh-wave velocities are a function of both the shear-wave 
velocity of the subsurface and the compression-wave velocity of the subsurface. This fact that 
Equation 1 contains two unknowns (shear and compression-wave velocities) might initially 
suggest that it would be difficult to extract reliable shear-wave velocity information from field-
recorded Rayleigh waves. Fortunately, this is not the case. 
 
Sensitivity studies conducted by several authors including Xia et al. (1999) and Stokoe et al. 
(1994) have concluded that Rayleigh-wave phase velocities are influenced much less by changes 
in compression-wave velocity than by changes in shear-wave velocity. Stokoe (1994), for 
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example, indicates that Rayleigh-wave velocity and shear-wave velocity in a uniform half-space 
are related by the following equation: 
 
 β = VR /C       Equation 2 
 
where:   
 

VR   is the Rayleigh-wave velocity within the uniform layer, 
β is the shear-wave velocity within the uniform medium,  
C is a constant ranging from 0.874 to 0.955 for Poisson’s ratio ranges from 0.0 to 0.5. 
 

Equation 2 indicates that the ratio of shear-wave velocity to Rayleigh-wave velocity does not 
change significantly even with extreme variations in Poisson’s ratio. 
 
 
 

+  
Figure E.1: Field record and three interpreted dispersion curves. 

 
 
 

(a) 

(b) 

(c) 

(d) 
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Figure E.2: Three interpreted dispersion curves and corresponding 
1-D shear-wave velocity profiles. 

 
 
Xia et al. (1999) conducted multiple model analyses and arrived at a similar conclusion. Xia et 
al. use a 6-layered earth model to illustrate the significance of this finding. They demonstrate that 
if the compression-wave velocity of each layer in their 6-layered model is increased by 25%, the 
Rayleigh-wave phase velocities are increased by less than 3%. In contrast, if the shear-wave 
velocity of each layer is increased by 25%, the Rayleigh-wave phase velocities are increased by 
39%. Clearly, shear-wave velocity is the dominant parameter influencing changes in Rayleigh-
wave phase velocity. They conclude that Rayleigh-wave phase velocity data can be reliably 
inverted and used to generate corresponding shear-wave data. 
 
Xia et al. (1999) also discuss the Rayleigh-wave dispersion curve inversion program 
incorporated into the SURFSEIS MASW software package.  (This software was used to process 
the MASW data collected as part of the Poplar Bluff study.)  Xia et al. (1999) state that for the 
purposes of inversion, Poisson’s ratio and therefore the constant C in Equation 2, can be 
assumed to be known. Based on multiple modeling studies using realistic compression-and 
shear-wave velocities, the value of the constant C (Equation 2) used in the SURFSEIS MASW 
software package has been preset to 0.88.  Xia et al. (1999) state that this assumption introduces 
minimal error (generally <3%) into the output shear-wave velocity data. 
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APPENDIX F: RESONANT COLUMN TEST RESULTS 
 
To obtain the shear modulus reduction curve over different strain levels ranging from 10-6 to 1, 
additional resonant column tests were conducted.  Three samples were selected from three 
different types of soils.  They are sand (BHUMR1-32), residuum (CHUMR3), and silt/clay 
(CHUMR3-141).  The sand and residuum samples were remolded to the same density used for 
ultrasonic and cyclic triaxial tests with same confining pressure.  The silt/clay sample is the 
disturbed samples from same Shelby tube used for ultrasonic and cyclic triaxial tests.  The same 
confining pressure was employed.  The different strain levels were obtained by changing the 
torque output amplitude to driving system.  The shear strain ranges about from 10-5 ~ 10-2.  The 
shear modulus variation with shear strain for these three samples is shown in Figure F.1.  Figure 
F.2 illustrates the normalized shear modulus reduction curves for the three samples.  The shear 
modulus deceases with shear strain increasing for all three types of soils, which implicates the 
behavior of soils become nonlinear at high strain levels.  For these three soil samples their shear 
moduli dramatically decreased even at shear strain higher than 10-5.  All these results are 
comparable and within the range in the foregoing literature.  The resonant frequency and test 
results using different torque output amplitudes are presented as Figures F.3 – F.5.  
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Figure F.1: Shear modulus variation with shear strain. 
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Figure F.2: Normalized shear modulus reduction with shear strain. 
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(d) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(e)  
 

Figure F.3: Resonant frequency and shear modulus of sample CHUMR3-150 at different 
shear strain levels (a) psf=1%; (b) psf=2%; (c) psf=3%; (d) psf=4%; (e) psf=10%. 
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(d) 
 
 
 
 
 
 
 
 
 
 
 
 
 

(e) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(f) 
 

Figure F.4: Resonant frequency and shear modulus of sample BHUMR1-032 at different 
strain levels (a) psf=1%; (b) psf=2%; (c) psf=3%; (d) psf=4%; (e) psf=10%; (f) psf=20%. 
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(g) 
 
 
 
 
 
 
 
 
 
 
 
 

 
(h) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(i) 
 

Figure F.5: Resonant frequency and shear modulus of sample CHUMR3-141 at different 
shear strain levels (a) psf=5%; (b) psf=10%; (c) psf=20%; (d) psf=30%; (e) psf=40%;  

(f) psf=50%; (g) psf=60%; (h) psf=70%; (i) psf=80%. 
 


