June 26, 2014
BAGG Job No: BIGGS-12-01
Anthony Nortaro
Biggs Cardosa Associates, Inc.
865 The Alameda
San Jose, California 95126
Re: Geotechnical Consultation Report
Marsh Road Retaining Wall Rehabilitation
Atherton, California
Dear Mr. Notaro:
This letter presents the results of our consultation for the captioned retaining wall rehabilitation project
along Marsh Road in Atherton, California. Our consultation has been based on our observations during
a recent site visit and on the following documents.
1. Draft geotechnical engineering report titled Atherton Channel Lining Remediation Adjacent
to Marsh Road, Atherton, California, by URS Corporation, dated October 2, 2008, their
project no. 28649985.
2. Chapter 2 – Project Understanding/Detailed Work Plan, prepared by Biggs Cardosa
Associates in response to the Town of Atherton’s Request for Proposals for the captioned
project.
This letter summarizes the soil and groundwater conditions at the site and presents our
recommendations for the design of various rehabilitation alternatives for the project.
Geotechnical Conditions
The site area is mapped by Brabb, et al, (2000) as being underlain by Holocene flood plain deposits,
while the CGS Seismic Hazard Zone Report 111 (2006) maps the area as alluvial fan deposits. The SHZR
for the Palo Alto Quadrangle also indicates this deposit as a whole has a “moderate” liquefaction
susceptibility with the groundwater at depths between 10 and 30 feet. The site, however, is not within
a zone of required investigation for liquefaction hazards.
URS Corporation drilled two borings at Stations 9+83 and 9+93 (measured from Middlefield Road) in
September 2006 to depths of 30 and 15 feet, respectively. These borings were drilled adjacent to a
short section of the channel that was repaired with a soil nail wall system. In December 2007, they
drilled an additional six borings along Marsh Road between Middlefield Road and Fair Oaks Avenue to
depths of 30 feet to develop preliminary information necessary to evaluate various alternatives for
repair of the entire 1,800 foot channel.
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The eight borings drilled by URS, which were located on Marsh Road, indicate the site area is underlain
at the surface by very stiff clayey soils with much of these materials being highly plastic. That is, they
will undergo significant volume changes with variations in moisture content, and can tend to creep
when under constant shear stress as in or adjacent to a slope. These clays also contained varying
amounts of silt, sand, and gravel. The average undrained shear strength of the upper clays (as measured
by unconfined compression tests) was about 5,200 psf.
At about 10 to 11 feet, the predominantly clayey soils became much softer. Between 10 and 30 feet,
the maximum depth explored, the average undrained shear strength was about 1,350 psf, with a
minimum test measurement of 515 psf obtained from boring B-2 at 14½ feet. (This also happens to be
where the previous channel repair was installed around 2007.)
Granular soils were encountered in only four borings: in Boring B-3 between depths of 14½ and 30 feet
bgs (medium dense clayey sand and clayey gravel); Boring B-4 between depths of 27½ and 30 feet bgs
(very dense well-graded gravel); Boring B-6 between depths of 20½ and 23½ feet bgs (medium dense
poorly graded sand); and Boring B-7 between depths of about 29½ and 30 feet bgs (dense well-graded
gravel). With the possible exception of the sand layer in B-6, which was not sampled directly, the
granular layers were either too dense and/or had too much clay content to be liquefiable. Even if this
isolated layer did liquefy during a major earthquake, it is not expected to create a significant hazard to
the project, as it is an isolated layer and is separated from the channel by at least 10 to 12 feet of nonliquefiable clayey soils.
Groundwater
The groundwater was measured by URS at a depth of 22½ feet in Boring B-3 and at a depth of 17 feet in
B-7 and B-8. While these measurements were not allowed to stabilize in the borings, the depths are
roughly 2 feet deeper than the historic high groundwater levels reported in the SHZR 111 for the Palo
Alto Quadrangle. Thus, the surface of the groundwater slopes toward the Bay, but at a flatter gradient
that the ground surface above.
The groundwater level measured in Boring B-1 was roughly 3 feet higher than the trend in the other
borings would have suggested. As this measurement also was not allowed to stabilize, it is not known if
this had any effect on the previous slope movements in this area.
In the winter of 2006/07, BAGG measured the groundwater levels in several private wells in the Town of
Atherton, which were generally much deeper than the 30 foot borings referenced here. The deeper
wells suggest the groundwater could be somewhat higher than the water level reported by the SHZR
111. These measurements suggest the groundwater could be only 17 feet deep in the vicinity of
Middlefield Road and roughly 12 feet deep at Fair Oaks Avenue.
Discussion and Recommendations
After reviewing the soil information presented by URS in their 2007 report, it is our opinion the soil
movements are being caused by two processes: soil creep in highly plastic clay as concluded by URS and
a slow-motion slope failure or creep caused by the weak soils encountered just below 10 feet in most of
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the borings. The weak soils are deeper and less extensive near Middlefield – hence the higher wall that
is in relatively good condition. Toward Fair Oaks, the channel is not as deep, resulting in less driving
forces. The area of the previous soil nail wall (URS borings B-1 and B-2) also happens to be the area with
the weakest soils as indicated by blow counts and unconfined compression tests.
Based on the URS soil data, we are recommending the soils at the site be treated as two distinct layers; a
very stiff surficial layer with a medium stiff layer at 10 feet below the pavement level of Marsh Road.
We also recommend the following parameters should be used to develop the soil retaining along the
subject channel.
Table 1
Soil Properties1
Top 10 feet below pavement grade:
Ka =
0.29
 = 127 pcf
c = 40 psf
Ko =
0.46
Kp =
3.39
=
33
=
22

Active =
At rest =
Passive =
Grout bond =

37 pcf
58 pcf
431 pcf
1,000 psf

Below 10 feet
Ka =
0.61
Active =
n/a
 = 124 pcf
c = 400 psf
Ko =
0.76
At rest =
n/a
Above water
Below water
Kp
=
1.64
Passive
=
1,000
psf
+
203
pcf
102 pcf
=
14
Grout bond =
500 psf
=
9
Note: =soil unit weight; c=cohesive strength; =internal friction angle; =friction between soil and
structure. These values do not include a factor of safety.

Retaining Walls & Shoring
Because, in our opinion, the channel distress is being affected at least partially by the lower weak soils,
the most reliable rehabilitation method would be either a soldier pile wall or a soil nail wall. However, if
the temporary shoring required for construction of a U-channel section is left in place permanently, this
method would work just as well.
The above active pressure should be increased by 3 pcf for every 5 degree increase in backfill slope on
the east side of the channel. We also recommend using a design based on “active” soil pressures for
temporary conditions (and the east side of the channel) and “at rest” soil pressures for permanent walls
what will have to resist surcharge and vibrations from traffic as well as protect adjacent utilities. The
conventional 2 feet of soil surcharge should be taken as the minimum allowable traffic surcharge.
However, because movements must be limited to protect the pavement and utilities beneath the
roadway, as well as protect against potentially creeping clayey soils, we recommend the “at rest”
coefficient of 0.46 should be applied to the 254 psf vertical soil pressure, for a uniform surcharge of 117
psf.
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Seismic loading should be added to the channel walls as a uniform pressure of 12H for cantilevered walls
and 18H for restrained walls, where “H” is the height of the wall.
The “grout bond” given above can be used for both tiebacks and soil nail walls; however the values
should be verified by a suitable number of load tests. Post-grouted tiebacks will generally create a
larger effective diameter, thus increasing the apparent friction value.
Foundation Bearing
The allowable bearing for cantilevered walls should be limited to 2,500 psf because of the weak soils at
depths varying from very little to as much as 5 feet or so below foundation level. For short-term
loading, this bearing pressure can be increased to 3,500 psf. Also, the base slab for a U-Channel can be
designed with a modulus of subgrade reaction of 50 pci.
Drainage
As indicated above, we anticipate the ground water will be about 17 feet deep (below Marsh Road
pavement) in the vicinity of Middlefield Road and roughly 12 feet deep at Fair Oaks Avenue. We also
understand the bottom of the U-Channel will be about 10½ feet below marsh Road at the south end of
the project (Middlefield Road) and about 8 feet below Marsh Road at the north end. As a safety
precaution to prevent excess lateral pressures on the wall and to eliminate the potential for floating the
structure, we recommend some form drainage with weep holes to allow excess water to drain into the
channel.

We trust this letter provides the information you require at this time. Please do not hesitate to contact
our office should you have any questions or comments.

Very truly yours,
BAGG Engineers

6/30/14

Jason Van Zwol
Geotechnical Engineer
Attached Appendix:

Boring Logs and Lab Data from URs, 2006 and 2007.

Appendix
Boring Logs & Lab Data
URS, 2006 & 2007.

