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I nvestigations Undertaken

The god of this project is to develop improved regression equations between smal-grain
shear-wave velocity (Vg) and penetration resistance from the Cone Penetration Test (CPT) and
Standard Penetration Test (SPT). The annua project summary for last year documented initid
findings for the Vs CPT regresson andlyses. This summary documents findings for the Vs SPT
regresson analyses.

Sixty-three data pairs of Vsand SPT blow count have been compiled as part of this
project. The compiled data are from measurements made by various investigators documented in
project reports and published papers. Available information about the soil type, fines content,
pladticity, coefficient of uniformity, deposit type, and age corresponding to the Vs measurements
have aso been compiled.

The generd criteria used for sdlecting the Vsand SPT data pairs are asfollows: (1) All
measurements are from below the ground water table where reasonable estimates of effective
gress can be made. (2) All measurements are from thick, uniform soil layersidentified using
CPT measurements. A didtinct advantage of the CPT isthat anearly continuous profile of
penetration resistance is obtained for detailed soil layer determination. By requiring Vsand SPT
data to be from only thick, uniform soil layers, scatter in the data due to soil variability is
minimized. When no CPT measurements are available, exceptionsto Criterion 2 are dlowed if
there are severa Vs and SPT measurements within the layer that follow a consistent trend. (3)
At least two Vs measurements, and the corresponding test intervas, are within the uniform layer.
(4) Time history records used for Vs determination exhibit easy-to-pick shear (S)-wave arrivals.
Thus, vaues of Vs determined from difficuit-to-pick S-wave arrivas are not used. When time
history records are not available, exceptionsto Criterion 4 are dlowed if there are severd Vs
measurements within the layer that follow a conggtent trend. In this study, nearly al the Vs
measurements used are based on the crosshole, downhole, or seismic CPT techniques.



Results

Of the 63 Vs SPT data pairs, 34 are from Cdlifornia, 13 are from Taiwan, 10 are from
Japan, and 6 are from Canada. The Cdlifornia, Japan, and Canada data are al from Holocene-
age (<10,000 years) soil depodits. Although surficid soils at the Taiwan Sites are dso Holocene
in age, no age information is currently available for the subsurface soils. Therefore, only the
data from Cdifornia, Japan, and Canada are considered in the development of the regression
equations. The datafrom Taiwan are used to evauate the developed equations.

The s0il properties consdered in the regression andysesinclude: uncorrected S-wave
veocity (Vg), stress-corrected S-wave velocity (Vg ), energy-corrected blow count (Neo), energy-
and stress-corrected blow count ((N1)so), depth (D), fines content (FC), coefficient of uniformity
(Cu), and median grain size (Dsp). Grouping the data by FC and considering arbitrary
combinations of the soil properties, atota of 34 different regression equations are derived.
Ligted in Table 1 are the 6 regresson equations that ssem most useful. Alsolisedin Table 1 are
the number of data pairs, coefficient of determination (R?), and standard deviation error (SDE)
associated with each equation.  Although afew of the other regression equations not listed in
Table 1, with more independent variables, provided dightly higher RZ and lower SDE values, the
differences are not sgnificant. The fact that the equations based on uncorrected measurements
(Equetions 1-3) provide somewhat better fits than the equations based on siress-corrected
measurements (Equations 4-6) may be explained by the extraindependent varigble, D, in
Equations 1-3.

Comparisons between measured S-wave velocities and predicted S-wave velocities using
Equations 3 and 6 are presented in Figures 1 and 2, respectively. The plotted data exhibit a
uniform scatter about the “predicted = measured” line, confirming the success of the regresson
equations to provide good fits of the compiled data for Holocene soils with FC < 40 %.

Table 1. Regresson equations for uncemented, Holocene-age sandy soils.

Regresson Equation for Predicting Number of R SDE Equation

Vg or Vg, 2 (m's) Datapairs (m/s) | Number
FC<10% V, = 66.7(N60)°'248 DO138 25 0.823 14.8 1
FC=10-35% | v, =723(N,, J'** D% 10 0951 | 84 2
FC=0-40% | v_=72.9(N,, )" D% 39 0788 | 155 3
FC<10% =9 (N1)60°-226 28 0.688 175 4
FC=10-35% | v/_ =103.4(N,), " 13 0878 | 117 5
FC=0-40% | v_ =101.8(N,),*** 45 0719 | 16.7 6

2 N,, and (N,)., inblows/0.3 meter, and D in meters,
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Figure 1. Comparison of measured and predicted Vs as afunction of blow count and
depth for Holocene sandy soils with fines content less than 40 %.
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Figure 2. Comparison of measured and predicted Vg as a function of corrected blow
count for Holocene sandy soils with fines content |ess than 40 %.

300



Equations 3 and 6 are plotted in Figures 3 and 4, respectively, dong with severd earlier
regression equations. Also plotted in the figures are the compiled data from Cdifornia, Japan,
and Canada. Asshown in Figure 3, Equation 3 compares fairly well with the Ohta and Goto
(1978) regression equation for fine sandsand D = 10 m. It appears from the plotted data that the
Ohta and Goto equation over-predicts Vsfor Ngp < 20. In Figure 4, Equation 6 compares well
with the regression equations by Y oshida et a. (1988) for fine sand, Fear and Robertson (1995)
for Ottawa sand, and Andrus and Stokoe (2000) for uncemented, Hol ocene- age sands with less
than 10 % non-pladtic fines. On the other hand, there is sgnificant difference between these
equations and the regression equation proposed by Fear and Robertson (1995) for Alaska sand.
Fear and Robertson describe Alaska sand as tailings composed of large amount of carbonate
shdl materid. They suggest thet the shell materid sgnificantly increased its compressibility,
which resulted in lower penetration resstances. An dterndtive hypothess isthet the high
concentration of carbonate resulted in aweakly cemented soil skeletonwith Sgnificantly higher
Vs measurements.

The results summarized in Table 1 suggest that fines content may influence both the
regression coefficient and exponents. Thisfinding contradicts the earlier regression equations,
which imply that fines content only influences the coefficient. More data are needed to
determine regression equations for soils with fines content over 40 %, aswell as soils with
geologic age older than Holocene.

Using the 13 data pairs compiled from Taiwan Stes, an evauation of Equation 3is
presented in Figure 5. The predicted and measured values of Vs compare wel, exhibiting a SDE
vaue of 20 nV/s. This SDE vaueisonly 5 n/s higher than the SDE vaue determined for
Equation 3 and the data used to develop it (see Table 1). Because of the good comparison and
the fact that most of the data are from depths less than 10 m, the soils are likely Holocene in age.

Non-Technical Summary

Prediction of ground shaking response at soil Sites requires knowledge of stiffness of the
soil, expressed interms of Vs Whileiit is preferable to determine Vs directly from fidd tedts, it
is often not economically feasible to make Vs measurements at dl locations. Thus, to take
advantage of the more abundant penetration measurements, correlations between Vs and
penetration resstance are needed. The result presented above support the findings of earlier
studies that blow count and depth (or overburden pressure) are significant parametersin Vs SPT
corrdaions. In addition, the results suggest that fines content influences the regression
equations differently than previoudy assumed. The regression equations developed in this sudy
provide aviable way to estimate Vs from SPT blow count for regiona ground shaking hazard
mapping and preliminary site-specific ground response analysis. They dso provide an approach
to comparing liquefaction assessment procedures based on Vs and SPT measurements.

Reports Published
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Figure 3. Comparison of Vs SPT regression equation developed in this study with the Ohta and
Goto (1978) regression equation of smilar form for D = 10 m, dong with compiled

data for Holocene sandy soils with fines content less than 40 %.
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Figure 4. Comparison of Vs SPT regression equation developed in this study with earlier
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Availability of Processed Data

The processed datain hard copy format are available in Pirathegpan (2002). The
processed datain eectronic format are available from the PlI. Professor Andrus can be
reached at the telephone number and e-mail address listed on the first page of this

summary report.
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Figure5. Comparison of measured and predicted Vs as afunction of blow count and
depth for Taiwan soils.
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