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INTRODUCTION

In response to the request from the
Office of Structure Design dated June
12, 2014, the Office of Geotechnical
Design South-1 provides the following
foundation recommendation for the
proposed retaining walls. This report
also presents the results of a
geotechnical investigation performed on
the movement of Mechanically
Stabilized Earth (MSE) Walls (Wall
Nos. 28 and 29) and underlying
embankment; the movement of these
walls and underlying embankment
triggered progressive pavement cracks
on the roadway above the wall and
cause 5 inches horizontal separation
between the approach slab and bridge
abutment.

The subject MSE walls are located on
Red Hill Avenue to the south of the I-
405 in the City of Costa Mesa. The
approach ramp is supported by the two
MSE walls along both sound bound and
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north bound Red Hill Avenue. The general location of the Site is shown on the Vicinity Map in
Figure 1.

SCOPE OF WORK

The work is to investigate the backfill materials behind the walls and in the embankment, and
observed movement to provide recommendations for their repairs. The scope of work includes:

1. Review background documents including existing subsurface information and as built
plans;

Perform subsurface exploration;

Review groundwater monitoring data;

Perform geotechnical analysis on proposed retaining walls and embankment; and
Provide recommendations.

akrwd

BACKGROUND INFORMATION

Red Hill Avenue Overcrossing (OC) was originally constructed in 1965 with five bents. The
bridge was supported on driven piles, with approach embankments constructed at a slope of 1.5:1
(H:V), with approximate heights of 29 feet and 31 feet at the south and north abutments,
respectively. Both the north and south approach embankments experienced about 9 inches of
settlement within 60 days of the completion of construction in 1966.

In late 1980, there appeared to be work done to Abutment 7. The lower section of the existing
slope fronting 405 was removed and replaced with a cast in place concrete wall with tie backs,
likely making room for 405 northbound ramps.

In 2004, the bridge was replaced with a three-span bridge with CIP/PS concrete box girder, and
the bents were supported by driven pile (Class 625C). The approach ramps were raised by 15 feet
and 18 feet at abutment 1 and 4 respectively, and supported by MSE walls constructed on the
existing embankment. The embankment slopes were flatten to 2:1 (H:V) by placing sliver fill over
existing embankment slope.

In September 2006, roadway pavement cracks were observed along the entire length of the MSE
wall No. 29, about 16 feet to 20 feet behind the face of the wall. The cracks had both horizontal
and vertical separations (refer to “Geotechnical Forensic Study Report” dated May 2008).

In 2009, soil nail reinforcements were installed on embankment slope to stabilize the MSE walls
and embankment slope. Roadway pavement was reconstructed as part of the repair project.

In May 2013, new cracks on the pavement were observed in the areas behind MSE wall
reinforcements and along the entire length of the MSE walls (Wall Nos. 28 and 29). The cracks
begin at about 100 feet south of the beginning of the MSE wall in the City of Costa Mesa (Figure
2), and the location and pattern of the cracks are similar to that observed in 2006. At abutment 1,
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the top of MSE wall (Wall No. 29) registered cumulative (since completion of the wall) horizontal
movement of about 6 inches (Figure 3). Badly mis-aligned MSE wall panels at this location tilted
in every other direction.

At the toe of the wall No. 29 a gap of 3 inch wide and 2 to 3 feet deep between embankment
backfill and the face of the wall (Figure 5) was also observed.

The tilting and mis-alignment of the MSE wall panels at Abutment 1, and the gap between
embankment backfill and the MSE wall reported in “Geotechnical Forensic Study Report” dated
May 2008, were not addressed in the 2009 repair.

Figure 2: Pavement Cracks

'.‘ &n

Figure 3 Separation at Abutment 1 (Wall No. 29)
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Figure 4: Tilting and mis-alignment of MSE Figure 5: Gap between embankment backfill
wall panels near Abutment 1 (Wall No. 29) and MSE wall at the toe of the MSE wall (Wall
No. 29): (Figure from “Geotechnical Forensic
Study Report” dated May 2008)

In October 2013, our office recommended the closure of Lane No. 2 of sound bound Red Hill
Avenue, sealing of the pavement cracks and grouting of the gaps between the embankment and the
wall No. 29.

SITE EXPLORATION

Subsurface Exploration

Six boreholes (R-14-101 to R-14-106) were drilled at the site from January to March, 2013 to log
and sample the subsurface soils. Most of boreholes were drilled near the pavement cracks, except
for R-14-103, which was drilled at the medium of the roadway. The depths of the boreholes range
from 65 to 100 feet. The boreholes were drilled with the rotary wash method using a 4.5” OD
wire-line punch core. Soil samples were obtained using a 140-pound safety hammer dropping 30
inches on a Standard Penetration Test (SPT) split spoon sampler for a total penetration of 18
inches. SPT-N values were noted on the boring logs. In addition, Shelby tube samples were
obtained at various depths to obtain relatively undisturbed samples. Pocket penetrometer tests
were also performed on disturbed cohesive materials sampled by SPT split spoon sampler to
estimate the unconfined compressive strength of the soil. However, the pocket penetrometer tests
on disturbed samples can only be used as a reference.
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Ten Cone Penetration Tests (CPTs) were also performed from January 7 to 10, 2013 along the
entire length of the MSE wall at both sound bound and north bound of Red Hill Avenue. The
depths of penetration varied from 40 feet to 60 feet depending on strength of materials (refusal)
encountered.

The locations of the boreholes are shown in the following figure (Figure 6). The locations shown
are approximate, and the final surveyed locations including CPT sounding will be included in the
Log of Test Boring Sheets.
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Figure 6: Borehole Locations

Laboratory Test

Soil samples from SPT Split Sampler and Shelby Tube, collected during subsurface exploration
has been assigned to test for engineering properties, soil classification, consolidation/swelling test

and direction shear tests.

The results are to be included in the Appendix.
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SITE CONDITONS

The project site is located in the southern end of the Los Angeles physiographic, near the border
between the city of Irvine and Costa Mesa, and at the southwest edge of the flat basin floor
(Tustin Plain). The Los Angeles physiographic basin is a low-elevation coastal plain surrounded
by mountains; the Santa Monica Mountains to the north, the Repetto Hills-Puente Hills- Santa
Ana Mountains to the east,and the San Joaquin Hills to the south. The basin floor is relatively flat,
gently sloping southwesterly from the surrounding hills to the coastline.

Subsurface Conditions

Based on review of available as built LOTBs, subsurface investigation conducted in January to
March, 2014, the material at the site consisted of MSE Wall structural backfill, newly constructed
embankment backfill behind the MSE wall, embankment backfill under the MSE walls, and native
soils. The MSE wall structural backfill generally consisted of medium dense to dense silty sand
and well graded sand. The embankment backfill behind the reinforced zone consisted of loose to
medium dense sandy materials(SM/SW), high and low plastic clay (CH/CL), and silt (ML). Most
sandy materials were encountered in the upper 7 feet. The embankment backfill under the MSE
wall, which was placed during the original approach ramp construction in 1965, consisted of
mostly soft to firm high plastic clay (CH) with various layers of low plastic clay (CL). The native
soil underneath the ramp embankment backfill consisted of soft to medium stiff silt and clay and
medium dense sand. For a more detailed description of the encountered subsurface condition,
please refer to the Log of Test Boring Sheets (LOTB), which will be provided upon completion.

New slope indicator (SI) casings were installed at boreholes R-14-101, R-14-102 and R-14-106
after completion of drilling; and two new piezometers were also installed at boreholes R-14-104,
and R-14-105.

Groundwater Monitoring

According to groundwater readings from three piezometers (Boreholes No. B-3, R-14-104, and
R-14-105), the groundwater varies between 23 feet and 21 feet (MSL) in elevation.

Faulting and Seismicity
Both deterministic and probabilistic seismic analyses were performed using ARS online, based on
average shear wave velocity of 270 m/sec, estimated from the subsurface exploration. According

to the analysis, the seismic design at the project site is governed by deterministic analysis.
Controlling fault parameters considered for the analysis were summarized in Table 1.
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Table 1: Summary of Faults

Fault Name Type Magnitude (M, Distance (miles) PGA (g)
San Joaquin Hills
R 7. . .62
(ID 376) 0 0.0 0.6

NewPort Inglewood —

Fault Zone (ID 366) SS 7.2 4.2 0.36

Estimated design PGA value is 0.62g based on the design ARS curve.

Design Acceleration Response Spectrum (ARS)
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Figure 7. Design ARS Curve
Liquefaction

Liquefaction is a phenomenon in which loose, saturated, fine grained granular soils behave like a
fluid when subjected to high intensity ground shaking. Liquefaction occurs when three general
conditions exist: (1) shallow ground water (2) low-density, fine, sandy soils and (3) high-intensity
ground motion. Based on subsurface information, there is a medium dense to dense sandy layer
with fine grained material (> 11%), and the liquefaction potential of this layer is expected to be
low.
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REMEDIAL OPTIONS EVALUATED

Based on the observed distress in the roadway, and the recorded movement in the slope indicator
(SI), the MSE walls are continuously tilting outward. The vertical extent of the movement reaches
about 7 to 10 feet below the wall. The Sl reading did not register apparent shear failure surface -
distinct change and break of displacement profile.

The movement of the MSE walls is considered to be due to poor soil condition below the wall and
at the slope surface. Based on information retrieved from subsurface exploration, the underlying
embankment was built with high-plastic clay, which generally has high swelling and shrinkage
potential and is highly sensitive to moisture change, causing softening and creeping of soils.

To stabilize the embankment and the wall, the problematic high-plastic clay need to be removed,
reinforced or buttressed to support the embankment and the wall. Due to the presence of
underground utilities, soil nail reinforcements, and characteristic of high-plastic clay, ground
improvement methods using soil mixing and grouting were not considered for this project.

The following are feasible options to stabilize or rebuild the walls. Most of these options have
been evaluated jointly by the project development team (PDT). The sketches of the options were
shown in the appendix.

e Option 1la: Complete replacement of the embankment and walls

e Option 1b: Complete removal of the existing embankment and walls. Construct retaining
walls and place embankment above the walls.

e Option 1c: Construct new embankment and new walls; with complete removal of existing
MSE walls. The new embankment will be constructed over the existing embankment.

e Option 2a: Construct pile supported embankment and new retaining walls; with complete
removal of existing MSE walls and partial removal of existing embankment.

e Option 2b: Construct new pile supported retaining walls; with complete removal of
existing MSE walls.

Options 1a, 1b and 2a were ruled out due to high construction cost, requirement of full lane
closures, and relocations of underground and overhead utilities. Option 2b  was also ruled out
due to the construction difficulty to be caused by pile installations through previously installed soil
nails.

““Caltrans improves mobility across California”
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RECOMMENDATIONS

Based on all the constraints discussed above, option 1c was considered to be the most suitable and
feasible solution for this project. Since the option 1c will induce a long-term settlement caused by
consolidation of native compressive clay soils due to additional surcharge load, the settlement will
be monitored during and after the placement of sliver fills and wall construction. The associated
downdrag forces on the piles are considered in the design. The settlement of retaining wall should
be less than permissible values provided by Structure Design since the piles will transfer all the
loads from the wall to competent soil layers. Due to close proximity of business buildings to the
project site and to minimize construction noise building during pile installation, CIDH piles are
recommended.

According to the information provided by Structure Design and District Design, the design wall
height varies from 8 feet to 24 feet. The maximum sliver fill is about 20 feet near existing bridge
abutment with average sliver fill of about 12 feet.

Due to high demand on lateral capacity of the piles, two rows of 30 inches CIDH piles are used for
wall height up to 16 feet and three rows of 30 inches CIDH piles for greater than 16 feet. The pile
spacing is 2.5 times pile diameter.

Engineering Design Parameters

The retaining walls will support the embankment consisting of newly placed structural backfill
and existing high plastic clay materials with 2(H):1(V) embankment slope at the top of the wall.

Considering soil nails installed in the exiting embankment, a typical friction angle (34 degree) of
structure backfill material over 2(H):1(V) existing embankment slope, an average friction angle of
30 degree can be used for service and strength condition. Note that soil nails installed through the
existing embankment will also reduce lateral earth pressure from existing embankment.

For the extreme condition, an average friction angle of 30 degree, cohesion of 200 pound per
square feet (psf), and horizontal seismic acceleration coefficient of about 0.2 can be used for the
design. The horizontal seismic acceleration coefficient is estimated based on estimated peak
ground acceleration of 0.62 g and Caltrans practice, which is to use one third of peak ground
acceleration as horizontal seismic acceleration for the wall design.

Design groundwater elevation is assumed to be 25 feet considering seasonal fluctuation.
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Table 2: Engineering Parameters (LPile and Shaft Analysis):
Effective Undrained
Unit . Shear . . Soil
Elevation . Weight Friction Strength Soil Strain Modulus
Soil Type , Angle, Parameter
(ft) 0 | (4. degree | 5 o) (k)
Ib/in® ’ Ib/in’ >0 Ib/in’
(Ib/ft’) (Ib/ft)
Sand/Silty 0.069
70 to 55 Sand (115) 34 90
0.066
55to 35 Clay (115) 7 (1000) 0.01 100
0.066
35to 25 Clay (115) 2.76 (400) 0.02 30
25to 18 Clay/Silt 0.03 4.86 (700) 0.01 100
¥ (52.6) ' '
0.034
18to 5 Sand (57.6) 34 60
. 0.03 10.4
5to-15 Silt/Clay (52.6) (1500) 0.007 500
Below Sand/Silty 0.034
-15 sand/ Silt (57.6) 37 125

Note: €s50: strain corresponding to a stress of 50 percent of the ultimate stress

Lateral Capacity Analysis

According to the information provided by Structure Design, the 30-inch CIDH piles are to be
staggered at 2.5 times pile diameter center to center (CTC) space, and cracked inertial moment of
the pile is 11100 in®. The structural nominal capacities of the pile are provided as follows:

Table 3: 30 inches CIDH Pile Structural Capacity

M, (Kips-ft) M, (Kips-ft) V, (Kips) M'\é'j;‘r;aetnetrzln)
Service Limit %
Strength Limit 552 113
Extreme Limit 618 113

For the lateral capacity analysis of the pile, Structure Design recommended using the cracked
inertial moment for strength limit state and extreme limit state, and the gross inertial moment for
service limit state. In addition, for P-Delta effect in the analysis, an axial load of 200 kips was
recommended to be used for service limit state and extreme limit state and 300 kips for strength
limit state. Downdrag effect associated with the consolidation of compressive clay layers was also
included in these axial loads.
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Considering the pile spacing, and staggered pile arrangement, average P_multiplier of 0.55 was
used to account for group effect of the piles on lateral capacity. The p-y curve is reduced by
multiplying p value (Ibs/in.) with an average P_multiplier while the y value (in.) remains the same.

The lateral capacity analysis was performed using LPILE V2012, and engineering parameters
shown on the table 2. The analysis results are summarized in following table.

Table 4: Pile Lateral Capacity

) Pile Capacity Pile Length
C ty f
apacity for (Kips) (ft)
. Max Lateral
Service Limit Movement: % inches 22 30
Strength Limit M,: 552 Kips-ft 49 30
Extreme Limit Mp: 618 Kips-ft 54 30

Axial Capacity Analysis

Axial capacity analysis of the pile was performed using Shaft V6.0, and engineering parameters
shown on Table 2. Considering the pile spacing, and staggered pile arrangement, average
reduction factor of 0.65 was used to account for group effect of the piles on axial capacity.
Downdrag effect was considered only for service limit, assuming the negative side resistance will
diminish, or even become positive for strength limit state and extreme limit state, in which the pile
movement is greater or equal to surrounding soil movement. Based on the finite element analysis
(FEA), the negative side resistance is assumed to be developed down to elevation 18 feet, which is
at the top of sand layer.

The engineering analyses of the walls are summarized in the following tables.

““Caltrans improves mobility across California”
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Table 5: Wall No. 1
Wall LoFatlon Bottom Service-| Total Required Factored. Nominal Resistance (kips) Design Specified Requ!red
Station . of L . Strength/Construction Extreme Event . . Nominal
Pile . Limit State | Permissible Tip Tip .
Footing . . . . Driving
Type . Load per Settlement Comp. Tension Comp. Tension | Elevation | Elevation .
Beg End Elevation . ) . Resistance
Pile (kips) (inches) (¢=0.7) | (¢=0.7) | (¢=1.0) | (¢=1.0) (ft) (ft) :
(ft) (kips)
30” -25 (a)
0.00 168.00 CIDH 34.70 105 2 225 N/A 150 N/A 5 (d) -25 N/A
30" -25 (a)
168.00 | 320.00 CIDH 34.54 130 2 250 N/A 215 N/A 5 (d) -25 N/A
30" -25 (a)
320.00 | 361.00 CIDH 34.54 130 2 280 N/A 215 N/A 5 (d) -25 N/A
30" -25 (a)
361.00 | 400.00 CIDH 38.20 130 2 280 N/A 215 N/A 5 (d) 25 N/A
30” -25 (a)
400.00 | 435.00 CIDH 38.54 130 2 280 N/A 215 N/A 5 (d) 25 N/A
30” -25 (a)
435.00 | 493.39 CIDH 33.95 130 2 250 N/A 240 N/A 5 (d) 25 N/A
30" -25 (a)
493.39 | 503.39 CIDH 37.95 120 2 215 N/A 185 N/A 5 (d) -25 N/A
30" -25 (a)
503.39 | 513.39 CIDH 41.95 120 2 215 N/A 185 N/A 5 (d) -25 N/A
30” -20 (a)
513.39 | 523.39 CIDH 45.95 120 2 215 N/A 185 N/A 10 (d) -20 N/A
30” -20 (a)
523.39 | 533.93 CIDH 49.95 120 2 215 N/A 185 N/A 10 (d) 20 N/A

““Caltrans improves mobility across California™




HOWARD NG Red Hill Avenue MSE Wall
2/10/2015 12-0N540
Page 14
Table 6: Wall No. 2
Wall LoFatlon Bottom Service-| Total Required Factored. Nominal Resistance (kips) Design Specified Requ!red
Station . of L . Strength/Construction Extreme Event . . Nominal
Pile . Limit State | Permissible Tip Tip .
Footing . . . . Driving
Type . Load per Settlement Comp. Tension Comp. Tension | Elevation | Elevation .
Beg End Elevation . ) . Resistance
Pile (kips) (inches) (¢=0.7) | (¢=0.7) | (¢=1.0) | (¢=1.0) (ft) (ft) :
(ft) (kips)
30” -20 (a)
0.00 20.23 CIDH 34.70 85 2 165 N/A 100 N/A 5 (d) -20 N/A
30" -20 (a)
20.23 38.23 CIDH 36.70 85 2 165 N/A 100 N/A 5 (d) -20 N/A
30” -20 (a)
36.23 67.22 CIDH 39.20 85 2 165 N/A 100 N/A 5 (d) -20 N/A
Table 7: Wall No. 3
Wall LoFatlon Bottom Service-| Total Required Factored' Nominal Resistance (kips) Design Specified Requ!red
Station . of .. . Strength/Construction Extreme Event . . Nominal
Pile . Limit State | Permissible Tip Tip .
Footing . . . . Driving
Type . Load per Settlement Comp. Tension Comp. Tension | Elevation | Elevation .
Beg End Elevation . . . Resistance
Pile (kips) (inches) (9=0.7) | (¢=0.7) | (¢=1.0) | (9=1.0) (ft) (ft) :
(ft) (kips)
30” -25 (a)
0.00 239.62 CIDH 32.60 105 2 225 N/A 150 N/A 5 (d) -25 N/A
30” -25 (a)
239.62 | 335.62 CIDH 32.44 130 2 250 N/A 215 N/A 5 (d) 25 N/A
30” -25 (a)
335.62 | 407.62 CIDH 32.44 130 2 280 N/A 215 N/A 5 (d) 25 N/A
30” -25 (a)
407.62 | 445.62 CIDH 34.44 130 2 280 N/A 215 N/A 0(d) -25 N/A
30” -25 (a)
445.62 | 471.62 CIDH 34.44 120 2 260 N/A 225 N/A 0(d) -25 N/A
30” -25 (a)
471.62 | 510.12 CIDH 38.10 130 2 280 N/A 215 N/A 0(d) -25 N/A
30” -25 (a)
510.12 | 527.62 CIDH 34.35 130 2 280 N/A 270 N/A 0(d) 25 N/A
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30" -25 (a)
527.62 | 579.98 CIDH 33.85 135 2 250 N/A 250 N/A 0(d) -25 N/A
30” -25 (a)
579.98 | 589.98 CIDH 37.85 120 2 215 N/A 185 N/A 5 (d) 25 N/A
30” -20 (a)
589.98 | 599.98 CIDH 41.85 120 2 215 N/A 185 N/A 10(d) 20 N/A
30” -20 (a)
599.98 | 615.50 CIDH 45.85 120 2 215 N/A 185 N/A 10 (d) -20 N/A
Table 8: Wall No. 4
Wall LoFatlon Bottom Service-| Total Required Factored' Nominal Resistance (kips) Design Specified Requ!red
Station . of .. .. Strength/Construction Extreme Event . . Nominal
Pile . Limit State | Permissible Tip Tip .
Footing . . . . Driving
Type . Load per Settlement Comp. Tension Comp. Tension | Elevation | Elevation .
Beg End Elevation . . . Resistance
Pile (kips) (inches) (9=0.7) | (¢=0.7) | (¢=1.0) | (9=1.0) (ft) (ft) :
(ft) (kips)
30” -20 (a)
0.00 58.38 CIDH 33.85 85 2 165 N/A 100 N/A 5 (d) 20 N/A
Notes:

1) Design tip elevations are controlled by: (a) Compression and (d) Lateral Load.

2) The specified tip elevation shall not be raised.

3) Downdrag effect on design tip elevation was considered only for service limit, assuming the negative side resistance will diminish, or
even become positive for strength limit state and extreme limit state, in which the pile movement is greater or equal to surrounding
soil movement.
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Long-Term Settlement Analysis

According to an obtained chronology of Redhill OC (Bridge No. 55-439), the bridge was
originally constructed in 1966 with maximum embankment height of 30 feet. There was 0.75 feet
to 1 ft of settlement occurred within 60 days of the construction of the approach embankment.
The ground water was 7 to 10 feet below original grade then.

According to EMI Structure Foundation Report for Proposed Mechanically Stabilized
Embankment (MSE) Wall dated September 25, 1997, a waiting period of 10 months was
estimated for the MSE wall construction, and it was decreased to 5 months with the surcharge load
of a 3-meter thick blanket of soil. Based on actual settlement monitoring data, the settlements
were done within about 90 days after the completion of the surcharge.

Based on available settlement data collected in 1966, and 2000, available LOTBs, and typical
ranges of engineering parameters for cohesive soils and granular soils, FEA using Plaxis 2D was
performed for sliver fill heights of 10 feet and 16 feet. The purpose of the FEA is to better
understand the behavior of the wall and embankment considering construction sequence;
estimating a short-term and long-term settlement, stresses on the wall and embankment, and limit
of downdrag effect for the pile design.

Based on the FEA results, the estimated maximum settlement is about 1 inch at retaining wall
locations, 2 inches under roadway section, and 4 to 5 inches in sliver fill section between the wall
and the crest of roadway embankment. The consolidation settlements (95% consolidation) will
take place within 90 days after completion of the backfill placement. The waiting period of 90
days is based on previous settlement monitoring data.

Actual settlements will be monitored during and after construction to verify and determine the
completion of consolidation.

CONSTRUCTION CONSIDERATIONS

Drilled Shaft Foundation

Cave-in potential during construction of the pile should be anticipated since the recommended
shaft tip elevations are lower than the groundwater table elevation, and there are sandy granular
layers between clay layers.

Section 49-3.02C(1):

Sequence of drilled shaft construction can affect the performance and integrity of the piles while
center-to-center spacing of the drilled shaft is less than three times pile diameter. Construction of

adjacent drilled shafts should not be started before sufficient strength of the Portland cement
concrete of the previously installed adjacent drilled shafts has developed.

““Caltrans improves mobility across California”
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Before excavation for wall footing and pile installation, existing soil nail reinforcement locations
should be verified in the field by stripping surfacial material of the existing embankment. If the
wall footing will be conflict with the soil nail reinforcements, the nails should be cut one foot
beyond the footing. If the piles will be conflict with the soil nail reinforcements, the piles can be
rearranged to avoid the nails and have clearance of 6 inches between piles and nails.

Section 19-6: Embankment Construction

Structure backfill must be used for embankment construction. The structure backfill must have a
sand equivalent value of at least 10 and comply with grading requirements shown in the following
table.

Table 9: Grading requirement for roadway structure backfill

Sieve size Percentage passing
3" 100
No. 4 35-100
No. 30 20-100

Section 19-6.03D: Settlement Periods and Surcharge

Due to the presence of compressive clay layers below the groundwater, there will be consolidation
settlement. In order to prevent the distress of approach slab and the pavement section caused by
consolidation settlement, the settlement period of 90 days are recommended. The settlement
periods should be verified through settlement monitoring program.

Settlement Monitoring and Instrumentation

Consolidation settlement should be monitored to verify the completion of consolidation process
and determine if increase or decrease of settlement periods is necessary.

““Caltrans improves mobility across California”
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Table 10: Location of Temporary Monuments

Red Hill Avenue MSE Wall
12-0N540

Retaining Walls and
Embankment

From Stations to Stations

Locations of temporary
monuments

Wall No. 1

0+00 to 4+50

Equally spaced at 50 feet along

the face of the retaining wall.

One at top of the wall and one
at middle of the wall

Southbound Embankment

0+00 to 4+50

Equally spaced at 50 feet along
the embankment. One at the
crest of embankment.

Wall No. 3

0+00 to 5+50

Equally spaced at 50 feet along

the face of the retaining wall.

One at top of the wall and one
at middle of the wall

Northbound Embankment

0+00 to 5+50

Equally spaced at 50 feet along
the embankment. One at the
crest of embankment.

Settlement monitoring must comply with the following schedule:

e Every 3 days in the first 2 months after completion of the embankment
e Every week after 2 months after completion of the embankment

Pre-construction meeting should be held before construction, and geotechnical engineer should be

invited for the meeting.

If you have any questions regarding this report, please contact Seugnwoon Han.
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Seungwoon Han Ph.D, P.E.
Transportation Engineer
OGDS-1
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Table 1A. Pros and Cons of Options

Option

No. Pros Cons Comments
e Complete removal of o Structural stability of existing piles during | e After removal of existing MSE walls and
problematic high plastic clay construction need to be addressed. embankment, new embankment will first be
used to construct the e Temporary shoring with additional constructed and then new retaining walls (pile
la embankment. support is required. supported walls) will be built on the top of the new
e Removal or reroute of existing utilities. embankment.
e Complete closure of roadway. Embankment must be constructed using structural
back fill materials.
e Complete removal of o Structural stability of existing piles during After removal of existing MSE walls and
problematic high plastic clay. construction need to be addressed. embankment, new retaining walls (pile supported
e Temporary shoring with additional walls) will first be built, and then embankment will
1b support is required. be constructed on the top of the walls.
e Require removal or reroute of existing Embankment must be constructed using structural
utilities. back fill materials.
o Complete closure of roadway.
¢ No effect on existing piles at e Maintenance effort is expected due to the Existing MSE wall will be removed.
Abutment 1. potential of the embankment movement New embankment must be constructed using
¢ Existing soil nail reinforcements caused by remaining high plastic clay. structural back fill materials.
remain in place. ¢ Grouting of existing gaps/failure surface Settlement monitoring must be performed during
1c ¢ No effect on existing buried within the remaining embankment may be construction.
utilities. required.
o Additional settlement may occur due to
additional embankment fill over existing
embankment.
¢ No effect on existing piles at e Require removal or reroute of existing Existing MSE wall and material behind the wall will
22 Abutment 1. utilities. be removed.
e existing soil nail reinforcements CIDH piles with load transfer platform will be
remain in place constructed on remaining existing embankment.
¢ No effect on existing piles at o Maintenance effort is expected due to the | e Existing MSE wall will be removed.
Abutment 1. potential of the embankment movement
b ¢ Existing soil nail reinforcements caused by remaining high plastic clay.

remain in place.
¢ No effect on existing buried
utilities.

o Grouting of existing gaps/failure surface
within the remaining embankment is
required.




Embankment
(High plastic clay)

MSE Wall

Soil Nails

Figure 1A: Existing Embankment and Walls.

Structure Backfill
Embankment

Retaining Wall

Limit of Excavation

Figure 2A: Option 1a.



Structure Backfill
Embankment

Limit of Excavation

Native Material
(low to high plastic clay, silt and sand)

Figure 3A: Option 1b.

Remnant of Existing
Structure Backfill Embankment (high
Embankment lastic clay)

Native Material
(low to high plastic clay, silt and sand)

Figure 4A: Option 1c.



Structure Backfill
Embankment

Limit of Excavation

Retaining Wall

Remnant of Existing
Embankment

Figure 5A: Option 2a.

Structure Backfill

Embankment

Remnant of Existing
Embankment

Retaining Wall

Remnant of Existing
Embankment

Native Material
(low to high plastic clay, silt and sand)

Figure 6A: Option 2b.
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DIRECT SHEAR TEST REPORT
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O T ; T i T I T T ’I’ T i T i T l 1 i T I T I T
0.0 0.1 0.2 0.3 0.4 0 1000 2000 3000 4000 5000 6000 7000 8000
HORZ. DEFORMATION, in NORMAL STRESS, psf
Symbol (0] A M
Test No. DS1400A [ DS1400B | DS1400C
~B 6~ ——ft——— Sample No. 1-B 1-B 1-B
R s Shape Circular | Circular | Circular
Dimension, in 2.375 2.375 2.375
Area, in"2 4.4301 4.4301 4.4301
c i i _ | Height, in 1 1 1
= O
z  0.04 e T e———— - 22 | Water Content, % 27.35 | 23.42 | 21.70
% ; i | Dry Density, pcf 96.828 | 103.19 | 106.2
5 : : ; Saturation, % 99.70 99.81 99.79
o)
k Void Ratio 0.74078 | 0.63343 | 0.58714
D_ Consol. Height, in 0.98719 | 0.94926 | 0.94934
'_
= ; . . Consol. Void Ratio 0.71848 | 0.55054 | 0.50673
> : : :
i : g ; L Water Content, % 25.84 19.25 17.65
0.10 : ; : S | Dry Density, pcf 99.16 110.73 | 114.13
. B R & i B =
: : : L | Saturation, % 99.71 99.51 99.95
] , : | I Void Ratio 0.69984 | 0.52229 | 0.47686
0.12 —f—r—f——1 Normal Stress, psf 2498.9 | 4999.6 | 7998.3
g @i B2 63 04 Max. Shear Stress, psf | 1298.3 | 3763.6 | 6004
HORZ. DEFORMATION, in
Ult. Shear Stress, psf 1236.2 | 3762.8 | 5821.9
Time to Failure, min 68.504 77.5 89.501
Project: Redhill Slope Repair Disp. Rate, in/min 0.004 0.004 0.004
Location: 12-ORA-405-8.4 Implied Specific Gravity 2.70 2.70 2.70
Project No.: 12-0N5400 Liquid Limit ——m ——— s
Boring No.: R14-101 Plastic Limit = = -—
Sample Type: TUBE Plasticity Index . ——= RS 4
Description: Moist, dark brown- tan, clay, w/silt and gravel M; L X
Remarks: ASTM D 3080. Sample description is not a soil classification. s 71 "‘J
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JOB : 12-0N5400
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DIRECT SHEAR TEST REPORT

12000 | 1 l 1 1 1 1 1 I 1 l 1 ! 1 1 1
E - ¢ = 1.4e+003 psf| !
| ¢ = 30.0 o — T SN I—
tan ¢ = 0.58
% 8000 A | | T T 7 S W N A
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14 SRS S, NI O OSSO SN W, W UUN S——
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n i \o :
x ' v :
< ] \ ;
Ll ' \ i
T i \ ! ;
7] SEEENSSRS S N o e s P e
D ' :
0 i T i T ] T T l T i T I T l T I T I T I T
0.0 0.1 0.2 0.3 0.4 -5000 0 5000 10000 15000 20000 25000 30000 35000
HORZ. DEFORMATION, in NORMAL STRESS, psf
Symbol (O] A M
Test No. DS1408A | DS1408B | DS1408C
-0.10 e Sample No. 2-8 2-8 2-8
i : 5 Shape Circular | Circular | Circular
Dimension, in 2.375 2.375 2.375
Area, in"2 4.4301 | 4.4301 | 4.4301
c - Height, in 1 1 1
_ E Water Content, % 17.61 16.94 15.25
% " | Dry Density, pcf 113.77 | 110.67 | 104.91
= Saturation, % 98.74 87.44 67.85
E Void Ratio 0.48157 | 0.52301 | 0.60665
e Consol. Height, in 1 0.8828 | 0.90325
'_
e Consol. Void Ratio 0.48157 | 0.34451 | 0.45121
>
Water Content, % 17.76 12.20 15.87
0.15 S | Dry Density, pcf 113.88 | 126.67 | 118.64
. B i i — [ <o
L= | Saturation, % 99.88 99.62 99.93
i i Void Ratio 0.48015 | 0.33062 | 0.42077
0.20 e T I R Normal Stress, psf 3989.4 | 10723 | 12000
g B4 02 65 04 Max. Shear Stress, psf | 3579.3 | 8347.6 | 7685.2
HORZ. DEFORMATION, in
Ult. Shear Stress, psf 3579.3 | 8347.6 7465
Time to Failure, min 36.256 | 91.437 | 30.003
Project: Redhill Slope Repair Disp. Rate, in/min 0.004 0.004 0.004
Location: 12-ORA-405-8.4 Implied Specific Gravity 2.70 2.70 2.70
Project No.: 12-0N5401 Liquid Limit - —— ===
Boring No.: R14-104 Plastic Limit —— ——— -—-
Sample Type: TUBE Plasticity Index == F s .

Description: Damp, brown silt w/sand

Remarks: ASTM D 3080.

Sample description is not a soil classification.

Tue, 27-MAY-2014 15:51:20
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DIRECT SHEAR TEST REPORT
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SHEAR STRESS, psf
[oN
o
S
o
|

1000 —
B UL R R L Y L UL AL B S
0.0 0.1 0.2 0.3 0.4 -2000 0 2000 4000 6000 8000 10000 12000 14000
HORZ. DEFORMATION, in NORMAL STRESS, psf
Symbol 0] A L
Test No. DS1409A | DS1409B | DS1409C
-0.00 e R Sample No. 1-6 -8 1
g L Shape Circular | Circular | Circular
Dimension, in 2.375 2.375 2.375
Area, inN2 4.4301 4.4301 4.4301
c = Height, in 1 1 1
= -g Water Content, % 35.67 36.51 37.04
g " | Dry Density, pef 85.821 | 84.789 | 83.585
5 Saturation, % 99.90 99.78 98.37
g Void Ratio 0.96405 | 0.98795 | 1.0166
D. Consol. Height, in 0.9669 | 0.92747 | 0.91005
E Consol. Void Ratio 0.89904 | 0.84375 | 0.83519
= Water Content, % 32.57 28.30 29.42
S | Dry Density, pcf 89.613 | 95.447 | 93.832
'ﬁ-c_ Saturation, % 99.81 99.74 99.76
‘ Void Ratio 0.88093 | 0.76595 | 0.79635
0.12 — Normal Stress, psf 2998.9 | 8041.2 | 8997.9
¢ 01 02 03 04 Max. Shear Stress, psf | 1470.4 | 2860.2 | 3095.5
HORZ. DEFORMATION, in
Ult. Shear Stress, psf 1332.9 | 2697.3 | 3010.4
Time to Failure, min 10.003 | 56.503 | 27.501
Project: Redhill Slope Repair Disp. Rate, in/min 0.004 0.004 0.004
Location: 12-ORA-405-8.4 Implied Specific Gravity 2.70 2.70 2.70
Project No.: 12-0N5401 Liquid Limit == === ——
Boring No.: R14-105 Plastic Limit - s =
Sample Type: TUBE Plasticity Index —— -—= -

Description: Damp, grey silt w/clay

Remarks: ASTM D 3080.

Sample description is not a soil classification.
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DIRECT SHEAR TEST REPORT

12000 1 1 ] ! 1 ! 1 * 1 : 1 ! 1 + 1 : 1 ‘l 1
= "] | c = 207e+003 psf !
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a : :
993 . - e : :
n : :
L ; :
oo O R i e R S S
n : ;
o . - . : :
4 .5 B
5 B s Sy -~ e e
| [0
0 T i T i T i T i T i T i T i T i T i T i T
0.0 0.1 0.2 0.3 0.4 -5000 0 5000 10000 15000 20000 25000 30000 35000
HORZ. DEFORMATION, in NORMAL STRESS, psf
Symbol 0} A O
Test No. DS1410A [DS1410B [DS1410C
-0.00 e Sample No. - 1-C 1-C
A L Shape Circular | Circular | Circular
Dimension, in 2.375 2.375 2.375
Area, in\2 4.4301 4.4301 4.4301
< = Height, in 1 1 1
= -g Water Content, % 21.07 18.65 22.24
% ~ [Dry Density, pef 106.54 | 112.05 | 105.17
= Saturation, % 97.72 | 99.85 | 99.63
g Void Ratio 0.58202 | 0.50431 | 0.60271
9 Consol. Height, in 0.96966 | 0.92993 | 0.92091
'_
& Consol. Void Ratio 0.53401 | 0.39891 | 0.47595
>
- Water Content, % 18.89 14.43 16.76
0.10 S | Dry Density, pcf 111.59 | 121.18 | 115.91
. I e = =
L= | Saturation, % 99.90 99.64 99.64
] . i Void Ratio 0.51044 | 0.39097 | 0.45422
0.12 ey Normal Stress, psf 3350.6 | 4999.8 | 9998.4
09 61 02 03 04 Max. Shear Stress, psf | 2598.4 | 3772.7 | 4501.6
HORZ. DEFORMATION, in
Ult. Shear Stress, psf 2563.4 | 3625.1 4195.2
Time to Failure, min 77.503 | 20.503 | 13.504
Project: REDHILL SLOPE REPAIR Disp. Rate, in/min 0.004 0.004 0.004
Location: 12-ORA-405-8.4 Implied Specific Gravity 2.70 2.70 2.70
Project No.: 12-0N5401 Liquid Limit === - ---
Boring No.: R-14-106 Plastic Limit . e o
Sample Type: TUBE Plasticity Index —— - . o/
Description: Damp, black slit w/organic g, \
Remarks: ASTM D 3080. Sample description is not a soil classification. /8
T

Tue, 27-MAY-2014 14:41:55




DIRECT SHEAR
JOB : 12-0N5401
SAMPLE : R14-106-1-C

Test Specimen A




DIRECT SHEAR
JOB : 12-0N5401
SAMPLE : R14-106-1-C

Test Specimen B




DIRECT SHEAR
JOB : 12-0N5401
SAMPLE : R14-106-1-C

Test Specimen C




One-Dimensional Consolidation by ASTM D 2435 - Method B

Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-104 Tested By: jg Checked By: \/‘0 ‘,; ‘U
Sample No.: 1-A Test Date: 04/25/14 Depth: 13-15

Test No.: 14-014-G1l Sample Type: tube Elevation: GL 14-020

Soil Description: Moist; Black; Clay with gravel, silt
Remarks: Swell @ 0.3 tsf

Measured Specific Gravity: 2.71 Liquid Limit: --- Initial Height: 1.00 in
Initial Void Ratio: 0.940 Plastic Limit: --- Specimen Diameter: 2.38 in
Final Void Ratio: 0.618 Plasticity Index: ---
Before Consolidation After Consolidation

Trimmings Specimen+Ring Specimen+Ring Trimmings
Container ID RING
Wt. Container + Wet Soil, gm 224.00 224.00 212.20 212.20
Wt. Container + Dry Soil, gm 189.10 189.10 189.10 189.10
Wt. Container, gm 87.900 87.900 87.900 87.900
Wt. Dry Soil, gm 101.20 101.20 101.20 101.20
Water Content, % 34.49 34.49 22.83 22.83
Void Ratio - 0.940 0.618 —-—
Degree of Saturation, $% s 99.19 99.98 e

Dry Unit Weight, pcf S 87.024 104.40 —



One-Dimensional Consolidation by ASTM D 2435 - Method B

Project: Redhill Slope Repair
Boring No.: R-14-104

Sample No.: 1-A

Test No.: 14-014-G1

Tested By: jg
Test Date: 04/25/14
Sample Type: tube

Soil Description: Moist; Black; Clay with gravel, silt
Remarks: Swell @ 0.3 tsf
Displacement at End of Increment

Applied Final Void Strain

Stress Displacement Ratio at End

tst in %

1 0.0625 0.02275 0.896 2421

2 0..125 0.02482 0.892 2.48

3 0.250 0.02685 0.888 2.69

4 0.300 0.02909 0.884 2.91

5 0.300 0.02666 0.889 2.67

6 0.500 0.02934 0.884 293

7 1.00 0.04215 0.859 4.21

8 2400 0.07289 0.799 1429

9 4.00 0.1033 0.740 103

10 8.00 0.1431 0.663 14.3
11 16.0 0.2025 0.548 203
12 4.00 0.1936 0.565 19.4
13 1.00 0.1783 0.594 17.8
14 0.250 0.1664 0.618 16.6
Applied Final Void Strain

Stress Displacement Ratio at End

tsf in %

1 0.0625 0.02275 0.896 2 27

2 0.125 0.02482 0.892 2.48

3 0.250 0.02685 0.888 2.69

4 0.300 0.02909 0.884 2.91

5 0.300 0.02666 0.889 2.67

6 0.500 0.02934 0.884 2.93

7 1.00 0.04215 0.859 4.21

8 2.00 0.07289 0.799 7229

9 4.00 0.1033 0.740 0.3

10 8.00 0.1431 0.663 14.3
11 16.0 0.2025 0.548 20.3
12 4.00 0.1936 0.565 19.4
13 1.00 0.1783 0.594 17.8
14 0.250 0.1664 0.618 16.6

Location: 12-ORA-405-8.4

Sq.Rt

ONO OO

-

OO OOOOWO WO OOOO

T90
min

+153
.264
.256
.064
.000
.625
.126

43.
115.
139.
143.

47.
172.
.000

410
199
037
402
094
050

Log
T50

.390
122
119
.000
.000
.889
.000
.916
.000
.000
.000
.000
.000
.000

Project No.: 12-0N5401
Checked By:
Depth: 13-15
Elevation: GL 14-020

Cv Mv k
ft~2/sec 1/tsft ft/day
2.08e-005 3.64e-001 2.04e-002
8.87e-005 3.32e-002 7.95e-003
9.11e-005 1.62e-002 3.99e-003
5.71e-006 4.47e-002 6.87e-004
0.00e+000 -1.#Je+000 -1.#Je+000
3.48e-007 1.34e-002 1.25e-005
2.81e-006 2.56e-002 1.94e-004
5.02e-007 3.07e-002 4.16e-005
1.77e-007 1.52e-002 7.27e-006
1.36e-007 9.95e-003 3.64e-006
1.17e-007 7.42e-003 2.34e-006
3.35e-007 7.42e-004 6.70e-007
9.45e-008 5.08e-003 1.30e-006
0.00e+000 1.59e-002 0.00e+000
Cv Mv k
ft~2/sec 1/tsf ft/day
1.43e-005 3.64e-001 1.40e-002
4.46e-005 3.32e-002 4.00e-003
4.54e-005 1.62e-002 1.99e-003
0.00e+000 4.47e-002 0.00e+000
0.00e+000 -1.#Je+000 ~-1.#Je+000
2.71e-007 1.34e-002 9.76e-006
0.00e+000 2.56e-002 0.00e+000
5.68e-007 3.07e-002 4.71e-005
0.00e+000 1.52e-002 0.00e+000
0.00e+000 9.95e-003 0.00e+000
0.00e+000 7.42e-003 0.00e+000
0.00e+000 7.42e-004 0.00e+000
0.00e+000 5.08e-003 0.00e+000
0.00e+000 1.59e-002 0.00e+000

COO0OO0OO0COOOOOOOOO

Ca

%

.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000
.00e+000



One-Dimensional Consolidation by ASTM D 2435 & Method B
SUMMARY REPORT
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Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-104 Tested By: jg Checked By:

Sample No.: 1-A Test Date: 04/25/14 Test No.: 14-014-G1
Depth: 13-15 Sample Type: tube Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.3 tsf

Displacement at End of Increment

Fri, 09-MAY-2014 09:28:59



One-Dimensional Consolidation by ASTM D 2435 & Method B
SUMMARY REPORT
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Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-104 Tested By: jg Checked By:

Sample No.: 1-A Test Date: 04/25/14 Test No.: 14-014-G1
Depth: 13-15 Sample Type: tube Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.3 tsf

Displacement at End of Increment

Fri, 09-MAY-2014 09:27:33



One-Dimensional Consolidation by ASTM D 2435 & Method B

SUMMARY REPORT
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0.25 e ——— i ———
0.01 0.1 1 10 100
VERTICAL STRESS, tsf
Before Test After Test
Overburden Pressure: O tsf Water Content, % 34.49 22.83
Preconsolidation Pressure: O tsf Dry Unit Weight, pcf 87.024 104.4
Compression Index: O Saturation, % 99.19 99.98
Diameter: 2.375 in Height: 1 in Void Ratio 0.94 0.62
LL; =r= |pPL: --- T— GS: 2.71

Project: Redhill Slope Repair

Location: 12-ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-104

Tested By: jg

Checked By:

Sample No.: 1-A

Test Date: 04/25/14

Test No.: 14-014-G1

Depth: 13-15

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.3 tsf

Displacement at End of Increment

Fri, 09-MAY-2014 09:28:03




One-Dimensional Consolidation by ASTM D 2435 # Method B

ROOT of TIME COEFFICIENTS

107 - gt | S
109 oo :
0 3 : P E
[ n -
0
h 7 L
F L e S =
= ] -
o ] . L
107 froeeeeees
107 —— ] —— —— ——
0.01 0.1 1 10 100
107 e ] ] ]
107 o =
2 1 :
~ 4 L
N
% 107 ]
5 ] E
s . C
10-4—5 E_
s RN EELiH IR IR R R R R .
10 T T IIIIlII T T IIIIIII T T T llll' T T ¢ F 517
0.01 0.1 1 10 100
107 e ] T T
10-2_§ .............................
.
_8103—2 """""""
= 3
;‘10"—% ----------------------------
L e S
107 e e ——— ——r |
0.01 0.1 1 10 100

VERTICAL STRESS, tsf

Project: Redhill Slope Repair

Location: 12-ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-104

Tested By: jg

Checked By:

Sample No.: 1-A

Test Date: 04/25/14

Test No.: 14-014-G1

Depth: 13-15

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.3 tsf

Displacement at End of Increment

Fri, 09-MAY-2014 09:28:03




One-Dimensional Consolidation by ASTM D 2435 & Method B
LOG of TIME COEFFICIENTS
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Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-104 Tested By: jg Checked By:

Sample No.: 1-A Test Date: 04/25/14 Test No.: 14-014-G1
Depth: 13-15 Sample Type: tube Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.3 tsf

Displacement at End of Increment

Fri, 09-MAY-2014 09:28:03



CONSOLIDATION TEST DATA

Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-104 Tested By: jg Checked By: 0 &T“j
Sample No.: 1-B Test Date: 04/25/14 Depth: 13-15

Test No.: 14-015-G3 Sample Type: tube " Elevation: GL 14-020

Soil Description: Moist; Black; Clay with gravel, silt
Remarks: Swell @ 0.8 tsf

Measured Specific Gravity: 2.74 Liquid Limit: --- Initial Height: 1.00 in
Initial Void Ratio: 1.01 Plastic Limit: --- Specimen Diameter: 2.38 in
Final Void Ratio: 0.71 Plasticity Index: ---
Before Consolidation After Consolidation

Trimmings Specimen+Ring Specimen+Ring Trimmings
Container ID RING
Wt. Container + Wet Soil, gm 224 224 213.9 213.9
Wt. Container + Dry Soil, gm 188.4 188.4 188.4 188.4
Wt. Container, gm 89.3 89.3 89.3 89.3
Wt. Dry Soil, gm 99.1 991 99,1 99:1
Water Content, % 35.92 35.92 25.73 25.73
Void Ratio - 1401 071 -——=
Degree of Saturation, % e 97.69 99.66 ——

Dry Unit Weight, pcf e 85.219 100.2 S



CONSOLIDATION TEST DATA

Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-104 Tested By: jg Checked By:

Sample No.: 1-B Test Date: 04/25/14 Depth: 13-15

Test No.: 14-015-G3 Sample Type: tube Elevation: GL 14-020

Soil Description: Moist; Black; Clay with gravel, silt
Remarks: Swell @ 0.8 tsf

Applied Final Void Strain T50 Fitting Coefficient of Consolidation

Stress Displacement Ratio at End Sqg.Rt. Log Sq.Rt. Log Ave.

tsf in % min min in”2/sec in"2/sec in”~2/sec

1 0.0625 0.01304 0.982 1.30 0.4 0.3 2.11e-003 2.52e-003 2.30e-003

2 0.125 0.01367 0.981 1:37 0.1 0.0 1.29e-002 0.00e+000 1.29e-002

3 0.25 0.01864 0.971 1.86 0.3 0.0 2.29e-003 0.00e+000 2.29e-003

4 0.5 0.03181 0.944 3.18 02 0.1 5.07e-003 5.50e-003 5.27e-003

5 0.8 0.04046 0.927 4.05 0.1 0.1 7.94e-003 8.75e-003 8.33e-003

6 0.8 0.04114 0.925 4.11 0.0 0.0 0.00e+000 0.00e+000 0.00e+000

7 1 0.04117 0.925 4.12 0.0 0.0 0.00e+000 0.00e+000 0.00e+000

8 2 0.05642 0..895 5.64 29.4 0.0 2.53e-005 0.00e+000 2.53e-005

9 4 0.1121 0.783 11.21 13.7 0.0 5.04e-005 0.00e+000 5.04e-005

10 8 0.1637 0.679 16.37 50,1 67.3 1.22e-005 9.09e-006 1.04e-005
11 16 0.2094 0.587 20.94 56.6 70.4 9.61e-006 7.72e-006 8.56e-006
12 4 0.1949 0.617 19.49 11.8 0.0 4.45e-005 0.00e+000 4.45e-005
13 1 0.1674 0.672 16.74 88.0 88.0 6.26e-006 6.26e-006 6.26e-006
14 0.25 0.1495 0.708 14.95 164.5 122.0 3.54e-006 4.77e-006 4.06e-006



CONSOLIDATION TEST DATA

SUMMARY REPORT
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Project: Redhill Slope Repair

Location: 12-ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-104

Tested By: jg

Checked By:

Sample No.: 1-B

Test Date: 04/25/14

Depth: 13-15

Test No.: 14-015-G3

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.8 tsf

Fri, 09-MAY-2014 10:08:05




CONSOLIDATION TEST DATA

SUMMARY REPORT
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Project: Redhill Slope Repair

Location: 12-ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-104

Tested By: jg

Checked By:

Sample No.: 1-B

Test Date: 04/25/14

Depth: 13-15

Test No.: 14-015-G3

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.8 tsf

Fri, 09-MAY-2014 10:08:37




CONSOLIDATION TEST DATA
SUMMARY REPORT
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Before Test After Test
Overburden Pressure: O tsf Water Content, % 35.92 25.73
Preconsolidation Pressure: 0 tsf Dry Unit Weight, pcf 85.22 100.2
Compression Index: 0 Saturation, % 97.69 99.66
Diameter: 2.375 in Height: 1 in Void Ratio 1.01 0.71
LLs e PLE ——~ Pl§ ——- GS: 2.74

Project: Redhill Slope Repair

Location: 12-0ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-104

Tested By: jg

Checked By:

Sample No.: 1-B

Test Date: 04/25/14

Depth: 13-15

Test No.: 14-015-G3

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with gravel, silt

Remarks: Swell @ 0.8 tsf

Fri, 09-MAY-2014 10:09:03




Project: Redhill Slope Repair

Boring No.: R-14-105
Sample No.: 1-A
Test No.: 14-016-G4

Soil Description: Moist;
Remarks: Swell @ 0.3 tsf

Measured Specific Gravity:

Initial Void Ratio: 1.55
Final Void Ratio: 1.03

Container ID

Wt. Container + Wet Soil,
Wt. Container + Dry Soil,
Wt. Container, gm

Wt. Dry Soil, gm

Water Content, %

Void Ratio

Degree of Saturation, %
Dry Unit Weight, pcf

i

gm
gm

CONSOLIDATION TEST DATA

Location: 12-ORA-405-8.4
Tested By: j

Test Date: 04/25/14
Sample Type: tube

Black; Clay with silt

Liquid Limit: ---
Plastic Limit: ---
Plasticity Index: ---

Before Consolidation

Trimmings Specimen+Ring
RING

205.9 205.9
165.1 165.1
86.6 86.6

785 78.5

51 .97 51.97

e 1:55

e 92.42

-—= 67.504

Checked By: V\p \_,,“7

Depth: 25-29
Elevation: GL 14-020

Project No.: 12—ON7401

Initial Height: 1.00 in
Specimen Diameter: 2.38 in

After Consolidation

Specimen+Ring Trimmings
194.4 194.4

165.1 165.1

86.6 86.6

7845 78.5

37.32 37.32

1.03 e

99.84 —==

84.787 ——



CONSOLIDATION TEST DATA

Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-105 Tested By: jg Checked By:

Sample No.: 1-A Test Date: 04/25/14 Depth: 25-29

Test No.: 14-016-G4 Sample Type: tube Elevation: GL 14-020

Soil Description: Moist; Black; Clay with silt
Remarks: Swell @ 0.3 tsf

Applied Final Void Strain T50 Fitting Coefficient of Consolidation

Stress Displacement Ratio at End Sq.Rt. Log Sq:Rt. Log Ave.

tsf in % min min ft~2/sec ft~2/sec ft~2/sec

1, 0.0625 0.03566 1.461 357 0.0 0.0 0.00e+000 0.00e+000 0.00e+000
2 0.125 0.0381 1.454 3.81 0.3 0.2 2.00e-005 3.40e-005 2.52e-005
3 025 0.04303 1.442 4.30 0.2 0.1 2.89e-005 4.40e-005 3.49e-005
4 0.3 0.0461 1.434 4.61 1.0 0.0 5.03e-006 0.00e+000 5.03e-006
5 0.3 0.04475 1.437 4.48 0.0 0.0 0.00e+000 0.00e+000 0.00e+000
6 0.5 0.05486 1.412 5.49 6.1 0.0 8.46e-007 0.00e+000 8.46e-007
7 1 0.08731 1.329 8.73 29.4 0.0 1.67e-007 0.00e+000 1.67e-007
8 2 0.1299 1.220 12.99 45.9 0.0 9.89e-008 0.00e+000 9.89e-008
9 4 0.1812 1.089 18.12 571 0.0 7.05e-008 0.00e+000 7.05e-008
10 8 0.2398 0.940 23.98 75.3 0.0 4.72e-008 0.00e+000 4.72e-008
11 16 0.2854 0.823 28.54 68.1 0.0 4.56e-008 0.00e+000 4.56e-008
12 4 02697 0.863 26.97 15.9 0.0 1.87e-007 0.00e+000 1.87e-007
13 1 0.2458 0.924 24.58 56.4 0.0 5.57e-008 0.00e+000 5.57e-008
14 0.25 0.2038 1.031 20.38 276.7 0.0 1.24e-008 0.00e+000 1.24e-008
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Project: Redhill Slope Repair

Location: 12-ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-105

Tested By: jg

Checked By:

Sample No.: 1-A

Test Date: 04/25/14

Depth: 25-29

Test No.: 14-016-G4

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with silt

Remarks: Swell @ 0.3 tsf

Fri, 09-MAY-2014 13:51:38
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Project: Redhill Slope Repair

Location: 12-ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-105

Tested By: jg

Checked By:

Sample No.: 1-A

Test Date: 04/25/14

Depth: 25-29

Test No.: 14-016-G4

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with silt

Remarks: Swell @ 0.3 tsf

Fri, 09-MAY-2014 13:52:01
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Before Test After Test
Overburden Pressure: O tsf Water Content, % 51.97 37.32
Preconsolidation Pressure: 0 tsf Dry Unit Weight, pcf 67.5 84.79
Compression Index: 0 Saturation, % 92.42 99.84
Diameter: 2.375 in Height: 1 in Void Ratio 1.55 1.03
LL: --- PL: --- Pl ——— GS: 2.76

Project: Redhill Slope Repair

Location: 12-ORA-405-8.4

Project No.: 12-0N5401

Boring No.: R-14-105

Tested By: jg

Checked By:

Sample No.: 1-A

Test Date: 04/25/14

Depth: 25-29

Test No.: 14-016-G4

Sample Type: tube

Elevation: GL 14-020

Description: Moist; Black; Clay with silt

Remarks: Swell @ 0.3 tsf

Fri, 09-MAY-2014 13:52:28




Project: Redhill Slope Repair

Boring No.: R-14-105
Sample No.: 1-B
Test No.: 14-017-Gl1

Soil Description: Moist;

Remarks:

Measured Specific Gravity:
Initial Void Ratio:
Final Void Ratio:

Swell @ 1 tsf

1.03
0.707

Container ID

Wt.
Wt.
Wt.
Wt.

Container + Wet Soil,
Container + Dry Soil,
Container, gm

Dry Soil, gm

Water Content, %
Void Ratio
Degree of Saturation, %

Dry Unit Weight,

pcf

One-Dimensional Consolidation by ASTM D 2435 - Method B

Location: 12-ORA-405-8.4
Tested By: jg

Test Date: 04/29/14
Sample Type: tube

Stiff; Black; Clay with silt
2477 Liquid Limit: ---
Plastic Limit: ---
Plasticity Index: ---
Before Consolidation
Trimmings Specimen+Ring
RING
gm 224.00 224.00
gm 187.30 187.30
87.900 87.900
99.400 99.400
36.92 36.92
-—= 1.03
i 99.86
—— 85.477

Project No.:
Checked By:

Depth: 25-29
Elevation:

12-

\¥

Initial Height:

Specimen Diameter:

Ogjfél

GL 14-020

1.00 in
2.38 in

After Consolidation

Specimen+Ring

212.60
187.30
87.900
99.400
25.45
0.707
99:.:1:9
101.40

Trimmings



One-Dimensional Consolidation by ASTM D 2435 - Method B

Project: Redhill Slope Repair Location: 12-ORA-405-8.4 Project No.: 12-0N5401
Boring No.: R-14-105 Tested By: jg Checked By:

Sample No.: 1-B Test Date: 04/29/14 Depth: 25-29

Test No.: 14-017-G1 Sample Type: tube Elevation: GL 14-020

Soil Description: Moist; Stiff; Black; Clay with silt
Remarks: Swell @ 1 tsf
Displacement at End of Increment

Applied Final Void Strain Sq.Rt
Stress Displacement Ratio at End T90 Cv Mv k
tsf in % min ft~2/sec 1/tsf ft/day
1 0.0625 0.06396 0.896 6.40 1. 515 1.52e-005 1.02e+000 4.19e-002
2 0.125 0.06582 0.892 6.58 0.259 8.30e-005 2.98e-002 6.67e-003
3 0.250 0.06997 0.884 7.00 2.260 9.43e-006 3.32e-002 8.45e-004
4 0.500 0.07380 0.876 7.38 0:773 2.73e-005 1.53e-002 1.13e-003
5 1.00 0.07817 0.867 7.82 0.255 8.21e-005 8.73e-003 1.93e-003
6 1.00 0.08148 0.860 8.15 0.000 0.00e+000 1.#Je+000 -1.#Je+000
7 2.00 0.09013 0.843 9.01 99.276 2.07e-007 8.64e-003 4.82e-006
8 4.00 0.1191 0.784 11.9 207.795 9.47e-008 1.45e-002 3.70e-006
9 8.00 0.1648 0.692 16.5 316.972 5.70e-008 1.14e-002 1.76e-006
10 16.0 0.2196 0.581 22.0 326.752 4.90e-008 6.85e-003 9.05e-007
11 4.00 0.2038 0.613 20.4 119.691 1.27e-007 1.32e-003 4.53e-007
12 1.00 0.1680 0.685 16.8 656.031 2.48e-008 1.19e-002 7.97e-007
13 0.250 0.1570 0.707 15.7 0.000 0.00e+000 1.46e-002 0.00e+000
Applied Final Void Strain Log
Stress Displacement Ratio at End T50 Cv Mv k Ca
tst in % min ft~2/sec 1/tsf ft/day %
1 0.0625 0.06396 0.896 6.40 0.000 0.00e+000 1.02e+000 0.00e+000 0.00e+000
2 0.125 0.06582 0.892 6.58 0.000 0.00e+000 2.98e-002 0.00e+000 0.00e+000
3 0.250 0.06997 0.884 7.00 0.075 6.58e-005 3.32e-002 5.89e-003 0.00e+000
4 0.500 0.07380 0.876 7438 0.116 4.24e-005 1.53e-002 1.75e-003 0.00e+000
5 1.00 0.07817 0.867 7.82 0.114 4.26e-005 8.73e-003 1.00e-003 0.00e+000
6 1.00 0.08148 0.860 8.15 0.000 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>