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Dear Mr. Minden:

This letter presents our recommended geotechnical design criteria for raising street grades with
compensating lightweight cellular concrete for the Mission Rock Phase 1 Horizontal
Development project in San Francisco, California. The results of our geotechnical investigation
for the horizontal components of the Mission Rock Phase 1 project were presented in a report
dated 31 October 2019. Information provided here isherein—are based on the subsurface
conditions documented in the 31 October 2019 report and onas—wellas the conclusions and
recommendations provided in that report.therein- Anyone relying on the recommendations
hereherein should be familiar the subsurface conditions, assumptions, and conclusions provided
in thatthe 31 October 2019 report.

Background

Existing site grades within the Phase 1 Development area arerange from about Elevation 97 feet
to about 101.5 feet'. Site grades for the future streets and sidewalks will be raised to
accommodate future sea level rise, with planned street grades up to about Elevation 104 to 104.5
feet and sloping down to meet the existing street grades at 3rd Street. If conventional soil fill is
placed to raise grades, the load from this new fill would result in consolidation settlement in the
underlying compressibleseft clay (known locally as Bay Mud). Consolidation would be}—~which-is
unacceptable for the project requirements. Therefore, the project_team has elected to raise
grades using permeable lightweight cellular concrete (LLC). However, because the LCC has
some-weight-and willbe-covered-with-street improvements will apply some load, some existing
soil at the site-will need to be overexcavated and replaced with LCC to compensate-oroffset all
new loads.

' Elevations based on topographic survey by Martin Ron, dated 2 July 2019, Mission Bay Datum (Old San
Francisco City Datum plus 100 feet).

135 Main Street, Suite 1500 San Francisco, CA 94105 T: 415.955.5200 F: 4159555201 www.langan.com

New Jersey « New York « Connecticut » Pennsylvania « Washington, DC « Virginia « West Virginia « Ohio « Florida « Texas « Arizona s California
Abu Dhabi « Athens = Doha « Dubai « London « Panama



LCC Performance Goals and Desian Criteria DRAEI—26 February24
Groupdwater Elovation January 2020
Mission Rock — Phase 1 Horizontal Development Page 2 of 11
San Francisco, California

Langan Project No.: 750604203

Additionally, the remaining fill below the LCC section is potentially liquefiable and can cause
erratic settlement. Therefore, the project team has elected to improve the fill below the LCC to

mitigate liquefaction.
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Performance Goals and Design Criteria_for LCC

The geotechnical aspects of the LCC performance goals and design criteria for meeting those
goalsthe-CC-at-Mission-Reek includes the following-gestechnical-elements:

e Constructing streets and rightste-previde-a-faster of way (ROW) founded upon LCC to
limit futuresafety-against-additional-conselidation settlement and heave to acceptable

levels and prevent hydrostatic uplift caused by sea level rise.

o The e#semng—the-new mpFevemeei—Ioads should be offsetbyuexeevanen-eaeﬁmg

: d by at
Ieast 10 percent bv overexcavatmq e><|st|nq f|II to a suffmlent deoth and replacing
it with LCC. -

o The designot-the-new LCC and overlying street sections should be designed to
resist hydrostatic uplift with a factor of safety of at least 1.2 and 1.1 against during
future groundwater rise up-to the potential future (year 2100) mid-range and high-
range groundwater level of 97.0 andis 99.5 feet, respectively. -

e Providing a suitable pavement substrate for the anticipated traffic loading.

o LCC should be sufficiently strong to resist crushing under anticipated loading,;
including self-weight and fromef overlying improvements and temporary loads,
such as heavy vehicle wheel loading.

o LCC should be sufficiently stiffresiient to provide an adequate substrate for the
San Francisco standardStandard pavement design.

e Allowing for future utility installation or repair using standard equipment, tools and methods.
LCC-sheuld-be-sulficiently-permeable-to-allowforgroundwaterto-move-through-the material

o LCC should be excavatable to allow for underground utility installation, repair, or
other maintenance.

e Providing earthquake performance consistent with, or better than, traditional roadway
construction in San Francisco.

o LCC should perform adequately to provide vertical support of the roadway after a
major earthquake.

o Cracking of the LCC resulting from a major earthguake should not result in a
significant decrease in the pavement lifecycle.,

o Pavement repair following a major earthquake_should be equal to or less severe
than traditional construction in San Francisco.
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Geotechnical Evaluation and Engineering

Details regarding each of these criteria and the engineering background for each eriteria-are
provided in the sections below.

Load Compensation Evaluation

To reduce the potential for new primary and secondary consolidation settlement To-ofset the
additionabwelightcaused by raising the-site grades and installing as-much-as-5%feetforthe-new
street improvements, the existing fill shouldwill be removed to a specified depth, and the
resulting overexcavation should be—and—then backfilled using permeable LCC. The bottom
elevation of the lightweight fill section should be determined such that the effective stress on
the top of the Bay Mud following placement of the improvements is at least 10 percent less than
the existing effective stresses. This reduction in effective stress will result in a “factor of safety”
for net unloading (removed load/new load) of at least 1.1.

Within the new 60- to 70-foot-wide ROWRightofWay, there will be new utilities, streets,
sidewalks, light poles, and tree--planting areas between the building parcels.

The evaluation for the required depth of overexcavation includes the weight of_these new
improvements, including the loads from new utilities, utility bedding and shading, the street and
sidewalk pavementstructural sections, trees, light poles, tree-planting-structural soil, and the
increased density of improved fill {that remains below the LCC.}- The following are-some-of-the
assumptions are included in calculating the required depth of overexcavation and placement of
the load-compensating open--cell (permeablepereus) LCC:

e Existingexisting observed average high groundwater level is at Elevation 93 feet.
o Unitunit weight of brackish groundwater is 63 pounds per cubic foot (pcf).}

e Targettarget cast unit weight of the open--cell (permeablepereus) LCC is 26+/- 2 pounds
per cubic foot (pcf) with a minimum as-cast-compressive strength of 50 pounds per square

inch (psi) at 28 days.

e Targettarget cast unit weight of the upper 2two feet of LCC is 30+/- 2 pcf with a minimum
as-cast-compressive strength of 50 psi_at 28 days.

e Longleng-term (potentially fully saturated) unit weight of permeableperous LCC below
groundwater is 68 pcf, resulting in a new buoyant (effective) unit weight of 5 pcf (68 pcf
minus 63 pcf). This number is based on vacuum-pressure laboratory saturation testing,
which indicates a potentially fully saturated unit weight of 63 pcf with an additionaland
adding 5 pcf to account for potential variability.

e Uniturit weight of the existing fill varies from 110 (very loose sand) to 140 pcf (concrete
and brick debris), with an average of approximately 125 to 130 pcf. A2 unit weight of 125
pcf is used for load offset calculations. -Improved fill (beneath the new LCC section) is
estimated to)-will have a unit weight of 131 pcf—-an increase of 6 pcf above the existing
conditions.
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e Pavementpavement section is comprised of 8 inches of Portland cement concrete (PCC)
overlain by 4 inches of asphalt concrete_(AC),; both with a unit weight of approximately 150

pcf. The pavement is; underlain by 4 inches of gravelmaterial-such-as-aggregate base as-a
buterbefore-encountering-LCC,-with a unit weight of approximately 130 pcf.

e Structural soilstructural-soil-for-tree-planting)-has-a-unitweight-of-110-pef-will-be placed in
the planter strips_has a unit weight of 110 pcf. The width and length—Fhe-widths of the
planting strips is different for each street section. The width of the structural soil is
approximately 6.5 to 13 feet and have been accounted for in the calculations at each
section,

Using these values, the overexcavation and Fhe-botterm-elevation of the bottom of LCC has been
calculatedlightweightfill section-should-be-determined such that the effective stress on the top
of the Bay Mud afterfellewing placement of the improvements will be at least 10 percent less
than the existing effective stresses at the topthat-same-level—thisresults-in-a"factor of Bay
Mud safety"for—net-unloading—{remeovedload/newload)of at least 1-1- We judge that, in
usingutiiziag this approach, there willweuld be a net unloading of the Bay Mud across the site,
and the potential for a newinducing-an-additienal cycle of primary consolidation will be low. In
addition, the net unloading shouldwli-ikely significantly slow or retard any ongoing secondary
compression settlement of the Bay Mud under existing loading within the street sections.

There may be a need for temporary backfill in localized excavations in LCC. Provided that the
extent and duration are limited, these excavations can temporarily be backfilled with soil without
causing new settlernent. The extent and duration should be evaluated case by case.

PreventionMitigation of Hydrostatic Uplift ef-LEC -section

To prevent signiticanrt—hydrostatic uplift, open-—cell (permeableperous) LCC will should—be
designed-and-used.-at-Mission-Reek: The open-—cell LCC will allow water to flow through the
material, preventing excessivesignificant hydrostatic pressure from building up-at the bottom of
the LCC section. The critical condition for hydrostatic uplift occurs whenis-where the LCC is only

partially saturated.—therefore-this-density-is-usedHoruplft-caleulations— The assumptions used

as the design criteria for the hydrostatic uplift check include:
o Existingexisting observed average high groundwater level is at Elevation 93 feet.
e Uniturit weight of brackish groundwater is 63 pounds per cubic foot (pcf).}

e Futurefuture (year 2100) mid-range groundwater level of Elevation 97 feet and high-range
groundwater level is 99.5 feet?.

o Targettarget cast unit weight of the permeableepen-cel-iperous) LCC is 26+/- 2 pounds-per
cubicHoet{pct.}-with-a-minimum-as-cast-compressive-strength-of 50-pounds-per-sguare
) .

% Groundwater levels have been taken from potential sea level rise levels provided in FEMA Guidelines.
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e Targettarget cast unit weight of the upper two feet of LCC is 30+/- 2 pcf.~with-a-rinirrumm
as-cast-compressive-strength-of-60-psi

e Partiallyshort-term—{partially saturated} unit weight of permeablepereus LCC below
groundwater isef 50 pcf, resulting in a net buoyant unit weight of -13 pcf (50 pef minus 63

pcf). This value is onlywilkbe used to check for hydrostatic uplift calculations.

The check for hydrostatic uplift compares the total stress at the base of the LCC against the
theoretical hydrostatic pressure based on the futurefigure high groundwater levels. -Each section
of LCC should be considered adequate to resist hydrostatic upliftsafe provided the factor of safety
against hydrostatic uplift is at least 1.1 when checking the high—range groundwater level of
Elevation 99.5 feet and at |easta-factorefsatety-of 1.2 when checking the mid-range groundwater
level of Elevation 97 feet.

The LCC should be sufficiently permeable to prevent the buildup of excessive hydrostatic uplift
pressure during fluctuations in the groundwater table. The tides in the San Francisco Bay
generally change 5 feet or less over a period of 6 hours or longer (approximately 0.007 cm/sec).
The water level measured in piezometers within the site fluctuates less than 1 foot when the
tides change. Considering the likely rate of tidal fluctuations and the groundwater level
fluctuations observed within in the site, we conclude that the material should have a minimum
permeability of 0.005 cm/sec. The minimum permeability should be sufficient to prevent
excessive hydrostatic uplift pressure on the LCC as the tides change. To mitigate the likelihood
of the permeable LCC from becoming clogged with migrating fines from the surrounding soil and
reducing the permeability, filter fabric should be placed at all interfaces where LCC is in contact
with soil.

During construction, dewatering should be maintained until a sufficient thickness of LCC has
been placed to prevent hydrostatic uplift using a using the observed high groundwater level
currently encountered within the site of Elevation 94 feet.

LCC Crushing Resistance

LCC should be consideredis adequate for support of the improvements listed-abeve-in the new
ROW provided the LCC has adequatethe-appropriate compressive strength—LCC-should-be
sufficienthy-strong to resist crushing under anticipated loading,: including self-weight, the load
from weights-ef-overlying improvements, and temporary loads, including the—Fheseloads-sheuld
include-checks-against—the-likely-pressures-beneath-San-Francisee’s heaviest anticipated fire

trucktrueks, which represents the critical case for LCC crushing.

TheFerdesign-the LCC should have sufficient strength to resist crushing with a factor of safety
of at leastabeut 2. Based on our calculations, we-WWe conclude LCC with a minimum submerged
strength of 40 psi has a factor of safety greater thanef 2 for crushing under a tiller ladder truck
tire or outrigger loads from an American LaFrance truck with a 105-foot-long ladder). Studies
indicate the compressive strength of LCC reduces when saturated in brackish water fire-truck
loads— Based on test results, LCC saturated in brackish groundwater had a 28 days compressive
strength as low as 20 percent that of LCC cured in a nonsaturated environment. Therefore, a
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targetwith-an-as-east minimum compressive strength of 50 psi should be specified to allow for

has—a-saturated-lin-brackish-groundwater-minimurm-compressive—strongth-ofat-least-40-psi
twhich-includes-up-te-a 20 percent reduction in strength and still maintain a factor of safety of at
least 2 under crushing.due-to-saturation)-

Pavement Design

As described in the geotechnical report for the project, the standard City and County of San
Francisco have-speecifieda-pavement section is being used.type-forthis-project- This pavement
section consists of 4 inches of ACAsphalt-Conerete over 8 inches of Portland-CementConerete
{PCC} with an unconfined compressive strength of 4,500 psi. Although it is not part of the
standard pavement sectiontr-addition, a 4-inch-thick layer of aggregate base is detailedprovided
beneath the PCCayer. This composite section is not consistent with either rigid or flexible
pavement design methodologies. -However, we evaluated the pavement section using the
design methodology per ealeulation—consistent-with-AASHTO Guide for Design of Pavement
Structures. The results of our analysis indicate that1893indicates the concrete section over a
substrate with the strength and modulus of intact LCC is capable of supporting more than 11
million equivalent single-18-kips-axle loads (ESAL).ESAL's)— This ESAL value suggestssuggest
that for a typical 20-year pavement design life, the pavement could support either 395 heavy
trucks per day, including the fire truck or other trucks with -{three axles_with the maximum;+aax
legal weight at rear_and—with a combined weight of 54,000 pounds_(-examples include dump
trucks, garbage trucks—trash, fire_trucks, or full concrete trucks) or 500,000 light trucks per day
what have {two axles wnth a combined weight of 8,500 pounds_{-—examples include box vans

utility trucks ; , or a pickup truckPick-up with a trailertrailer).

Provided this Fhis-number of ESAL's appearte-meet or exceed the expected performance for
San Francisco City streets, weStreets-butshould-be-confirmed-by-City-and-Port-persennel—\We
theretore conclude that the LCC providesshould-previde an acceptable substrate for the San
Francisco City streetStreet pavement section-

Loop bil

For-design-LCC-should-be-sufficiently-permeable-te-allowforgroundwaterto-move-through-the
matenal—which—will-mitigate—signiticant-hydrostaticupliftforees—during—fluctuations—in—the
groundwater—table—For—design—the-materal-should-have—a-minimurm—permeability—of-0.005
cvfsec.

LCC Excavatability

LCC should be excavatable to allow for underground utility installation, repair, or other
maintenance. It can be excavated using standard tools, equipment,_and methods—forfuture
IPAprovernents-or-necessary-repairs, provided itthe-cellularconcrete is not too strong. LCC—and
can be excavated in vertical cuts, allowing for smaller and more precise excavations for utility
repair, without the need for shoring.- Therefore, using LCC is beneficial for future work in the
streets.
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LCC with a maximum compressive strength of 300 psi is likely the upper limit for which LCC can
still be excavated. The specification for the LCC specifies a maximum 28-day east-density-of-24
te-28-petand-compressive strength of 200 psi. Because strength can continue to increase beyond
28 days, it is appropriate to specify 200 psi so-has-a-rereovability-modulus{RMl-of-0.2-which-is
well-below-the-RM-value-of-1-B-for-materal that the LCC strength does is-not ultimately exceed

300 psi over time and is S’[i”@&%ﬂ-‘f excavatable -based—enéepa%&men%ehmnspeﬁaﬁewg&de#ne&

-y

Seismic Design and Performance

The projectPrejest will be granted a permitpermitted under the 2016 San Francisco Building Code
(SFBC). Strong shaking is expected during a major seismic event. The LCC ane-will be subjected

to several tvoes of earthquake-mduced loading, mcluqu {1)usedﬁas—a—bas+s—iepﬂqe—se+sm;e

- vertically propagating
shear waves, (2) surface waves (e.g., Ravleigh waves), and (3) potentially differential ground
movements caused by variation in depth to bedrock, thickness of Old Bay Clay, and thickness of
Young Bav Mud -

One potential sources of damage to the LCC would be the horizontal cvclic shear stresses

induced from vertically propagating horizontal shear waves. We have analyzed this condition, and
our calculations show that LCC with a target unconfined compressive strength of 50 psi at 28
days (degraded to 40 psi) has sufficient strength to resist the cyclic shear stresses from these
types of waves.

Considering that the LCC section is long (several hundred feet long) compared to its thickness (6
to 13 feet thick), it will be subjected to compression, tension, and shear and may locally crack
when is subjected to surface waves or differential ground deformation, creating blocks of LCC.
Because of the relatively rigid nature of the L CC, however, the LCC within each block will retain
its original strength and stiffness and still provide support of improvements. The placement of
LCC will be performed in lifts and seaments; accordingly, cold joints will be created which should
provide preferential cracking, and thereby limiting the extent of cracking.

If differential movement occurs at LCC cracks, the overlying pavement or sidewalk may crack
and need repair after a major seismic event. The level of cracking expected in the pavement or
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sidewalks will likely be similar to or less severe than the cracking or distress to pavements or
sidewalks at nearby sites where they bear on soil that has not been improved.

At locations where cracking occurs, mechanisms are in place that will reduce the likelihood of
damage to the utilities. All underground utilities except district energy system (DES) piping are
surrounded by bedding and cover sand or gravel. The bedding and cover materials are not
compacted in place, and moderate differential movement along LCC cracks is expected to be
accommodated in the bedding and cover material. The DES pipes consist of highly ductile
high-density polyethylene (HDPE) piping that will be encased directly in the LCC. Considering the
strength and ductility of the HDPE piping, we would not expect appreciable damage at locations
where the LCC cracks. In general, we would expect better performance of the utilities within the
LCC than at nearby soil sites; however, repairs may be necessary following a major seismic
event.

We re-evaluated the adequacy of the LCC to support the pavement section in the case where
the LCC has cracked because of a seismic event. As part of this evaluation we degraded the
modulus of the LCC by 30 percent compared to intact LCC. This modulus deqgradation was
selected based on the anticipated maximum shear strain of 0.07 percent in the LCC, which is
based on our linear and nonlinear dynamic analyses under MCE loads using the program
DeepSoil. We used the modulus degradation curves developed by Tiwani (2018) and selected a
degraded modulus value close to the lower-bound curve at 0.07 percent shear strain. The
resulting calculations show no reduction in the amount of ESALSs using this degraded modulus;
LCC with a reduced stiffness is still adeguate to support the roadways.

We conclude that during a major earthquake, it is likely that the LCC will crack when subjected
to the combined forces of surface waves and differential ground deformation. However, the likely
consequences of LCC cracking from a major earthquake do not jeopardize the ability of the LCC
to perform as intended to support the proposed roadway and underground utilities, and the
cracking should be able to be addressed with post-earthquake maintenance. Accordingly, to
perform as intended, it is not necessary that the LCC be free of cracking, but rather that the
effects of cracking be taken into account in the design of the horizontal improvements at Mission
Rock.

In conclusion, the anticipated seismic performance of the LCC is favorable, as summarized
below:

e 28-day LCC compressive and shear strengths will be sufficient to resist cracking under
earthquake cyclic shear stresses for the design-level earthquake.

e Minor or moderate cracking of the LCC is likely to occur and is allowable.

e Post-earthquake bearing capacity of the LCC is sufficient to support the streets,
infrastructure, and other facilities.

o Post-earthquake pavement may require repairs similar those at other sites in San Francisco.

e \Where the pavement is not damaged, the pavement performance is not jeopardized by LCC
cracking.
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o Utilities buried within the LCC should have acceptable performance as defined by the
various owners of the utilities.

We appreciate the opportunity to assist you with this project, please call with any questions.

Sincerely,
Langan Engineering and Environmental Services, Inc.

LANGAN



LCC Performance Goals and Design Criteria DRAFT——26 February24
GroundwaterElevation January 2020
Mission Rock — Phase 1 Horizontal Development Page 11 of 11
San Francisco, California

Langan Project No.: 760604203

Peter Brady, PE Scott A. Walker, PE, GE-
Project Engineer Senior Associate

Lori A. Simpson, PE, GE
Senior Principal

750604203.21_PDB_LCC Performance Goals and Design Criteria

Attachments:

LANGAN



