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INTRODUCTION

Following the October 17, 1989 Loma Prieta earthquake many liquefaction-
related ground failures in the Pajaro-Watsonville area were observed. One of the
areas that experienced liquefaction, as shown by the eruption of sand boils, is located
on Granite Construction Company property in the town of Pajaro. Between July and
September, 1993, the USGS conducted a subsurface investigation at the Granite
Construction Company to define the soil stratigraphy in an area that experienced

liquefaction.
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METHODS

Cone penetration test

In the cone penetration test (CPT) an electronic cone is pushed into the soil to
measure the resistance at the tip (qc) and along a sleeve (fs) located above the tip.
These resistances can be used to define the stratigraphy and are an aid in further
testing. We used a 10-ton subtraction cone with a single element strain gauge. The
strain gauge is located in a 1.4 in (3.6 cm) diameter instrument that has a 60°, 10-
cm? tip and a 150 cm? sleeve. The ratio (Rf) between qc and fs is an indicator of soil
type. Resistances are measured every 10 cm and digitally recorded as the cone is
advanced 2-cm per second. The equipment used and the procedures followed in this
investigation conform to guidelines suggested by the American Society of Testing and
Materials (ASTM), in ASTM D3441-79 (ASTM, 1983).



Standard penetration test

The SPT is a dynamic penetration test that measures penetration resistance
and obtains a sample for field inspection and laboratory testing. The SPT procedures
follow the guidelines set by D1586-67 (ASTM, 1983). Modifications for use with
hollow-stem augers (10 in i.d., 25.4 cm; 4 in i.d., 10.2 cm) are described in Youd and
Bennett (1983). A Mobile "ADO standard penetration sampler” (2 in 0.d., 5.1 cm; 1.4
in i.d., 3.5 cm) with split liners was used to obtain samples. The sampler is advanced
by dropping a 140 Ib (63.6 kg) Mobile "In hole hammer" 30 in (76.2 cm). The number
of blows to advance the sampler in three 6 in (15.2 cm) intervals is recorded. The
first interval is for seating the sampler, the sum of the blow counts for the second and
third intervals is referred to as the penetration resistance (N) in blows per foot. The
hammer is raised and dropped using a Mobile "Safe-T-Driver" hoist. When the
hammer is lifted 30 in (76.2 cm) the hoist is rapidly reversed, throwing off cable and
allowing the hammer to fall freely. The overall efficiency of the hammer-hoist system
is 68 percent (Douglas and Strutynsky, 1984). Decisions about where to sample are
based on the CPT-defined stratigraphy. Samples were examined in the field for
stratification and color (Munsell, 1975) and sampled for water content then returned

to the laboratory for index tests.

Laboratory Methods

When samples are returned to the laboratory, water content is measured
(D2216-80, ASTM, 1983) and subsamples are taken for grain size measurements
(D422-63, ASTM, 1983). Samples are classified according to the Unified Soil
Classification System (D2488-69, ASTM, 1983) as modified by Howard (1984).

RESULTS

Based on CPT, SPT, and index tests, logs for each of the four soundings are

shown in figures 3-6. Results of index tests are listed in Table 1.
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CAPTIONS

Figure 1. This map shows the general location of the test site in Pajaro, California.
The map is a combination of the USGS Watsonville West and East 7.5 min
quad maps at 1:24,000.

Figure 2. This map shows the positions of the CPT soundings, SPT boring, and
sand boil samples. Locations are based on the California Coordinate System,
zone 4. For general reference only, the line that connects soundings 125 and
126 is 90 ft (27.4 m) east of the railroad tracks that run outside of the
equipment yard. Sounding 126 is 36 ft (11 m) south of the center line of the
levee road that runs outside of the equipment yard. Sounding 124 is 24.5 ft
(7.5 m) southeast of service yard fence, between 2 large storage bins.
Sounding 123 is 36 ft (11 m) north of main service yard building and 54 ft

(16.5 m) west of white building. All soundings are behind service yard fence.

Figure 3. Log of sounding 123

Figure 4. Log of sounding 124

Figure 5. Log of sounding 125

Figure 6. Log of sounding 126

Table 1. Pajaro sample collection.
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USGS GEOTECHNICAL LOG

HoLE NumBeR _123

LOCATION _GRANITE CONSTRUCTION (GRA)

DATE DRILLED _CPT: 7/22/93; SPT: 9/9/93

PERSONNEL _L: TINSLEY, D: BENNETT/CRILEY

PROJECT

NEHRP, MONTEREY BAY LIQUEFACTION STUDIES

COORDINATES _X: 1195845, Y: 582837

GROUNDWATER _16.5 ft; 50 m

ELEVATION _26 ft, 7.9 m MSL

ucs= unconfined compressive strength, kg/cm *2, pocket penetrometer

Figure 3
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REMARKS: On top of sand boil, next to equipment. Page 1of 1
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USGS GEOTECHNICAL LOG

HoLE NumBer _124

LOCATION _GRANITE CONSTRUCTION (GRA)

PROJECT _NEHRP, MONTEREY BAY LIQUEFACTION STUDIES

DATE DRILLED _CPT: 7/22/93

COORDINATES _X: 1195817, Y: 5828928

GROUNDWATER

PERSONNEL _O: BENNETT/CRILEY

ELEVATION _26 ft; 7.9 m MSL

Figure 4
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REMARKS: Very close to sandboil, between storage bins Page 1of 1
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HoLE Numser _128

LOCATION _GRANITE CONSTRUCTION (GRA)

DATE DRILLED _CPT: 7/22/93

PERSONNEL _D: BENNETT/CRILEY.

USGS GEOTECHNICAL LOG

PROJECT NEHRP ,MONTEREY BAY LIQUEFACTION STUDIES

COORDINATES _X: 1195523, Y: 582678

GROUNDWATER

ELEVATION 26 ft; 7.9m MSL

Figure 5
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10

HoLE NuMeer _126

LOCATION _GRANITE CONSTRUCTION (GRA)

DATE DRILLED _CPT: 7/22/93

PERSONNEL _D: BENNETT/CRILEY

USGS GEOTECHNICAL LOG

PROJECT _NEHRP, MONTEREY BAY LIQUEFACTION STUDIES

COORDINATES _X: 1185499, Y: 582699

GROUNDWATER

ELEVATION _26 ft; 7.8 m MSL

Figure 6
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