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SYNOPSIS: This paper describes the CSU Piezovane, a new in situ vane shear device equipped with a pore pressure transducer to identify contractive and 

hence, liquefiable soils. The Piezovane’s advantage is that it directly measures pore pressure response during shearing, the soil property associated with 

liquefaction. Laboratory and in situ measurement of shear-induced pore pressure changes indicates that the Piezovane can identify contractive and dilative 

cohesionless soils. Piezovane evaluations of a site that experienced liquefaction during the 1989 Loma Prieta Earthquake correctly distinguished soils that 

experienced extensive lateral spreading from those that did not.

INTRODUCTION

The need to improve and develop in situ methods for evaluating liquefaction 

potential has been expressed by Peck (1979), Poulos et al. (1985), Seed et 

al. (1988), and others. Methods using the Standard Penetration Test (SPT) 

and Cone Penetration Test (CPT) are restricted to correlative approaches. 

Dilative/contractive tendencies and steady-state shear strength are currently 

determined by laboratory tests complemented with field index tests (Housner, 

1985). Absence of a reliable in situ device for direct, quantitative evaluation 

of flow liquefaction potential prompted the authors to develop the CSU 

Piezovane, a vane shear device with pore pressure measurement capabilities.

The purpose of this work is to use the direct Piezovane technique to identify 

materials susceptible to flow liquefaction by conducting a systematic in situ 

investigation of a site known to have experienced extensive lateral spreading 

during the Loma Prieta Earthquake. This first field use of the Piezovane will 

help validate the approach and will provide useful information about the 

study site.

CSU PIEZOVANE

The CSU Piezovane, shown in Figure 1, is a field vane shear device that has 

a pressure transducer that measures pore pressure changes induced by rapid 

(90°/s) rotation of the vane. The dimensions of the vane, in accordance with 

American Society for Testing and Materials (1987) standard test method 

D2573, is 63.5 mm in diameter by 127 mm in height and has a blade 

thickness of 3.2 mm. The vane shaft is 19 mm in outside diameter, as 

opposed to the American Society for Testing and Materials (ASTM) 

recommended 12.7 mm, to accommodate an electronic pore pressure 

transducer. Eighteen percent of the soil volume enclosed within the vane’s 

diameter, as opposed to ASTM's fifteen percent, is displaced at the time of 

vane insertion. During vane rotation, no additional volume of soil is 

displaced by the vane. This allows separation of the pore pressure changes 

induced by cavity expansion and shearing which is not possible with the 

piezocone. Soil pore water pressure is monitored through four 1.5 mm

Fig. 1. Diagram of CSU Piezovane.

ports. Field procedures used for conducting the in situ Piezovane tests 

reported in this paper included saturating the vane’s ports and pressure 

transducer, pushing the Piezovane to the test depth, allowing any insertion 

induced pore pressure to dissipate, and then rapidly rotating the vane at a 

rate of 90 degrees per second. Pore pressure, torque and rotation were

197



simultaneously recorded with an electronic data acquisition systems at a rate 

of 1000 readings per second.

The Piezovane is designed to identify contractive and dilative soils by 

determining changes in pore pressure during shearing. According to Poulos 

et al. (1985), soils exhibiting dilative tendencies are non-liquefiable. Soils 

exhibiting contractive tendencies may liquefy under certain conditions. 

Undrained shearing of contractive sands causes elevated pore pressures and 

reduced shear strength. The decrease in soil shear strength can lead to flow 

failure. Undrained shearing of dilative soils decreases pore pressure, 

resulting in an increase in effective stresses that resists liquefaction (Poulos 

et al., 1985).

Previous tests of the Piezovane, conducted in a large calibration chamber 

designed to simulate field conditions, are shown in Figures 2 and 3. Figure

2 shows typical increased pore pressure in contractive sand specimens (placed 

at void ratios above the steady state line defined by Poulos et al., 1985). 

Figure 3 shows typical decreased pore pressure in dilative specimens (placed 

at void ratios below the steady state line). We concluded from calibration 

chamber tests that the Piezovane can identity contractive (liquefiable) and 

dilative (non-liquefiable) soils by pore pressure increases and decreases, 

respectively, induced during rapid rotation of the vane.

Fig. 2. Piezovane™ test results showing contractive behavior.

Fig. 3. Piezovane™ test results showing dilative behavior.

STUDY SITE

On October 17, 1989, central California was rocked by an earthquake of 

magnitude 7.1. The epicenter was located near Loma Prieta Peak in the 

Santa Cruz Mountains. Eight to ten seconds of strong shaking caused 

structural failure of many commercial and residential buildings and disrupted 

transport, communication, and utility lines as well. The majority of damage 

resulted from soft-sediment amplification of ground shaking, liquefaction- 

induced soil failure, and landslides (Seed et al., 1991).

Piezovane, Standard Penetration, Cone Penetration and other tests were 

conducted at a site in Monterey County, California that experienced extensive 

lateral spreading during the Loma Prieta Earthquake (Figure 4). The site is 

located on the Leonardini Farm on the north bank of the Salinas River, 34 

km southwest of the Loma Prieta Earthquake epicenter, and 3 km southwest 

of Castroville. Liquefaction induced by the earthquake caused a section of 

farmland to crack and spread towards the Salinas River. This area also 

experienced sand boils, ground cracking, and lateral spreading during the 

1906 San Francisco Earthquake (Youd and Hoose, 1978).

Fig. 4. Piezovane, SPT and CPT test locations (base map provided

by the U.S. Geological Survey).
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The entrenched valley of the Salinas River formed during the Pleistocene 

glacial sea level lowstand and was later filled with younger sediments during 

a rise in sea level. Seventy to one hundred meters of river deposits are 

preserved in the Salinas valley. Overlying sand, silt, and clay are thought 

to represent a change to a fíne grained meandering stream and estuarine 

environments during a period of relatively stable sea level during the last 

7000 years. The recently deposited (post-Pleistocene) saturated sands and 

silts are most susceptible to liquefaction (Dupre and Tinsley, 1980). Ground 

surface elevation ranges from one to three meters above sea level. Ground 

water depths ranged from one to three meters at the time of testing in 

August, 1990. Sediments within the upper 10 meters are predominantly 

loose sand and silty sand with occasional beds of silt and clay.

CSU PIEZOVANE DATA

Forty-eight Piezovane measurements, from six test locations, were taken. 

Four Piezovane test locations (30, 31, 38, and 39 in Figure 4) are in 

sediments which experienced lateral spreading during the Loma Prieta 

Earthquake. Two Piezovane test locations (29 and 37) are in sediments that 

had not liquefied. The data presented here are representative of these 

measurements. We used the CSU Piezovane pore pressure increases to 

determine the location of contractive soils which have the potential to liquefy. 

Liquefaction analysis with the Piezovane is a straightforward process. Based 

on previous laboratory evaluation of the Piezovane, this study interpreted in 

situ pore pressure increases to indicate contractive soils with the potential for 

flow liquefaction as defined by Poulos et al. (1985). The Piezovane recorded 

increased pore pressures at specific depths at the test locations which 

experienced lateral spreading during the Loma Prieta Earthquake. Typical 

plots of peak changes in pore pressure during vane rotation versus depth are 

given in Figure 5. Locations in stable sands (29 and 37), yielded decreased 

pore pressures, except for two points where no pore pressure change was 

detected. Pore pressure increases, indicating contractive behavior, were 

observed at 2 and 2.4 meters depth at locations (30, 31, 38, and 39) where 

lateral spreading had occurred.

Fig. 5 CPT, SPT and Piezovane logs for test location 31.

STANDARD PENETRATION AND CONE PENETRATION TEST 

DATA

The U.S. Geological Survey performed standard penetration tests (SPT) and 

cone penetration tests (CPT) at the Piezovane test locations (Tinsley, written 

communication). Typical USGS geotechnical logs are shown in Figure 5. 

We performed quantitative liquefaction analyses on SPT blow counts and 

CPT point resistance. SPT analysis followed procedures recommended by 

Seed et al. (1984). A factor of safety against liquefaction was calculated 

from the site SPT blow counts using an estimated peak ground acceleration 

of 0.14 g induced by the Loma Prieta Earthquake. We converted CPT data 

to an equivalent SPT N value and used the same procedures. Zones with a 

factor of safety against liquefaction of less than one are shown in Figures 5 

and 6. The liquefaction analysis did not account for possible changes in 

density that may have occurred as a result of the earthquake.

DISCUSSION OF RESULTS

The location of increases and decreases in pore pressure during vane shear 

is consistent with geological data. Most pore pressure increases were 

recorded in the uppermost layer of sand bodies, beneath silt-clay layers.

Piezovane pore pressure increases are also consistent with lateral spreading 

locations. As shown in Figure 6, the Piezovane shows contractive soil in the 

uppermost sand layers at locations 38 and 39, but not at location 37. 

Locations 38 and 39 were in ground that experienced lateral spreading during 

the Loma Prieta Earthquake. Ground at location 37 did not fail. The CSU 

Piezovane indicates contractive soil wherever the SPT/CPT factors of safety 

are less than one except for location 39 at a depth of 6 meters. A similar 

profile exists for locations 31, 30, and 29. Comparison of SPT, CPT, and 

Piezovane predictions of liquefaction are given in Table 1.

Table 1. Comparison of CSU Piezovane, SPT and CPT Analysis

Comparison AGREE DISAGREE N

SPT safety factor vs. 

Piezovane pwp (BH 31, 

37 & 39)

75* 25% 8

CPT safety factor vs. 

Piezovane pwp (BH 30, 

31 ,38 , & 39)

76% 24% 25

Lateral spread location 

vs. Piezovane pwp

92% 8% 12

The limitations of the use of the Piezovane in granular soils are unknown. 

Laboratory chamber calibration tests have only been conducted on fine and 

medium grain size sands. The influence of clay, silts and gravel is unknown. 

The effects of soil disturbance during vane insertion may be reduced by 

increasing the heights and diameter of the vane. Further research is 

recommended in these areas.

CONCLUSIONS

This study applied and evaluated the CSU Piezovane, a new field device that 

identifies sands susceptible to liquefaction. Laboratory and field 

measurement of shear-induced pore pressure changes indicates that the 

Piezovane can identify contractive and dilative cohesion!ess soils. 

Contractive soil horizons that developed increased pore pressure during vane 

shearing have a potential for liquefaction and significant lateral spreading.
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The contractive zones are located at 2 and 2.4 meter* depth at the Leonard ini 

Farm and are confined to ground that experienced lateral spreading during 

the earthquake. Comparison of evidence for liquefaction potential indicated 

by other in situ tests and geology support the conclusions drawn from the 

Piezovane tests.
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