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+15-Acre Site, APN s 338-150-029 and 031, Sun City, F{Ner5|de County,
California. . :
Dear Mr. Yim:

In accordance with your request and authorization, this report presents the results of
GeoSails, Inc.’s (GSI) geotechnical update review and preliminary geotechnical evaluation
of the subject property. The purpose of the study was to evaluate the onsite soils and
geologic conditions and their effects on. the proposed site development from a
geotechnloal viewpoint,

EXECUTIVE SUMMARY

Based on our review of the available data (see Appendix A), as well as field exploration,
laboratory testing, and geologic and engineering analysis, the proposed development of
the property appears to be feasible from a geotechnical viewpoint, provided the
recommendations presented in the text of this report are properly incorporated into design
and construction of the projeot - The most significant elements of this study are
summarized below;

. In general, the site may be characterized as being underlain by Pleistocene-age fan
deposits, as mapped by Morton, et al. (2003). The fan deposits are slightly
dissected, indurated, and are thus not generally susceptible to liquefaction. These
units are mantled by +2 to 3 feet of potentially compressible topsoil/alluvium.
Removal and recompaction of the topsoil/alluvium, and weathered near-surface
Pleistocene fan deposits will be required should settlement-sensitive improvements
be proposed within their influence. For preliminary planning purposes, removal
depths are estimated to generally range from +3 to +4 feet across the site, with
localized deeper removals possible, if not removed by planned excavation. Actual
depths of removals will be evaluated in the field during grading by the geotechnical
consultant.



. It should be noted, that the Uniform Building Code/California Building Code
o ([UBC/CBC], International Conference of Building Officials [ICBO], 1997 and 2001),
indicates that removals of unsuitabie soils be performed across all areas to be
graded, not just within the influence of the residential structure. Relatively deep
removals may also necessitate a special zone .of consideration, on
perimeter/confining areas. This zone would be approximately equal to the depth
of removals, ifremovals cannot be performed offsite. Thus, any settlement-sensitive
improvements (perimeter walls, curbs, flatwork, etc.), constructed within this zone
may require deepened foundations, reinforcement, etc., or will retain some potential -
for settlement and associated distress. This will require proper disclosure to all
homeowners and any homeowners association, and all interested/affected parties,
if complete removals cannot be preformed due to perimeter/confining conditions.

. According to the Riverside County Land Information System, the site has been
' indicated to lie mostly within a moderate liquefaction potential zone with a low
liquefaction potential zone indicated in the extreme southwest corner of the site.
Based on our research, regional groundwater at the site ranges from +65 feet to
+68 feet below the ground surface. Perched groundwater, however, was
encountered during our site exploration at a depth of =39 feet. Earth materials
underlying the site are generally medium dense to dense/very stiff where
encountered. Such materials are not generally prone to liquefaction. Due to their
nature, the beds and lenses are typically interfingered and discontinuous, both
horizontally and vertically, within the site area. Thus, as part of our liquefaction
- screening analysis, GSI has concluded that liquefaction potential does not
constitute a significant risk to site development, provided our recommendations are
properly implemented.

. Our review of site conditions indicates regional seismic shaking, ranging from
moderate to moderately high, may occur on the site associated with nearby and/or
regional faults. Accordingly, the proposed structures and foundations should be
designed to resist seismic forces in accordance with the criteria contained in the
UBC/CBC (ICBQ, 1997 and 2001) for Seismic Zone 4. Based on our site specmc
seismic hazard analysis, seismic design parameters are provided herein.

. We assume that planned fill depths are proposed to be less than about 10 feet after
remedial removals. Based on the maximumfill depth and our settlement evaluation,
the footings and/or slabs should be preliminarily designed to accommodate a
differential settlement of 1 inch (i.e., atleast 1 inch in a 40-foot span}, in accordance -
with the structural engineer. Post-constructlon settlement of the fill should be
mitigated by conventional or post-tension design, provided the design parameters
presented herein are properly utiiized in design of foundation systems by the
structural engineer/slab designer. In addition to the above, the structural
engineer/slab designer should also consider estimated settlements due to short
duration seismic loading and applicable load combinations, as required by the
County and/or the UBC/CBC (ICBO, 1997 and 2001). . An updated settiement

~ analysis should be performed during the 40-scale plan review phase.
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-+ Cutandfill slopes are assumed at gradients of 2:1 (horizontal to vertical [h:v]), or
flatter, up to about =10 feet in height. Significant height cut slopes are not
anticipated. Based on our field mapping, and our evaluation, the anticipated 2:1 cut
and fill slopes are generally considered grossly and surficially stable; however, this
should be further evaluated at the 40-scale grading plan stage and during future
grading. Keyways for fills over cut, and daylight cuts, should be properly
constructed, as depicted in the General Earthwork and Grading Guidelines section
of this report (Appendix E). If adverse geologic conditions are encountered during
grading, stabilization fills may be recommended

s Based on our laboratory testing, and for preliminary planning purposes, the
expansion potential of the onsite soils generally have a low to medium Expansion
Index ([E.l.} from 21 t0 20). However, high (E.I. from 91 to 130) expansive soils may
not be precluded from occurring onsite. - Foundations should be designed in
accordance with Section 1815 and/or Section 1816 of the UBC/CBC (ICBO, 1997
and 2001). Based on the general parameters outlined above, updated preliminary
foundation recommendations for conventional and post-tension design are

- provided in this report. - Additional E.l. and plasticity testing should be conducted
during, or shortly after, site grading to further evaluate the preliminary test results
obtained. The E.I. testing frequency for as-graded conditions should be evaluated
in the field based on the conditions exposed during site grading. One E.I. test per

- three lots is generally considered the industry standard, with 258 lots anticipated.

. Representative samples of onsite materials were collected for soluble sulfate
testing. Sulfate testing results indicate a sulfate content of 0.0053 percentage by
weight. This result indicates that site soils are in the negligible range for sulfate
exposure per the UBC (ICBO, 1897). Based upon the soluble sulfate test
results, sulfate-resistant, concrete is not required; however, higher sulfate contents
may exist onsite. In addition, pH and resistivity (saturated) testing was performed.
Testing results indicate a pH of 8.0, which is moderately alkaline, and a
saturated resistivity of 2,760 chm-centimeters. This would generally be considered
moderately corrosive to ferrous metals (between 2,000.to 10,000 ohm-cm Is
considered moderately corrosive). It is our understanding that standard concrete
cover over reinforcing steel is usually appropriate for these conditions; however,
consulting a qualified corrosion engineer is recommended to provide specific
recommendations for foundations and piping, etc. The sulfate/corrosion testing
freguency for as-graded conditions should be evaluated in the field based on the
conditions exposed during site grading, generally one sulfate/corrosion test per
three lots is generally considered the industry standard, with 258 units anticipated.

. Groundwater was encountered in our exploratory boring B-3, perched at a depth
of +38 feet below the ground surface. Based on historic water well data acquired
(California Department of Water Resources [CDWR], 2005), regional groundwater
levels in other nearby wells were previously measured at depths between +65 feet
to +68 feet below the ground surface. Perched groundwater onsite may occur in
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the Pleistocene fan deposits, or along jointing and/or fractures due to migration
from adjacent drainage areas and developments during and/or after periods of
above normal or heavy precipitation or irrigation. Thus, perched groundwater
conditions exist now, may occur in the future after development, and shouid be
anticipated. This potential increases on cut lots in dense native materials. Owing
to the general lack of suitable cover (i.e., less than 10 feet of fill}, lack of a suitable
flowline gradient in removal bottoms, and lack of a suitabie outlet, subdrains are
‘generally not anticipated (based on the available data}, but nonetheless may not be
precluded. The need for, and locations of subdrainage systems should be
evaluated during site grading as subsurface conditions are exposed. This potential
for seepage and/or perched groundwater to occur after site development, should -
be disciosed to all homeowners and any homeowners association, and all
interested/affected parties. Should manifestations of perched conditions (i.e.,
seepage) develop in the future, GS! could assess the conditions and provide
mitigative recommendations, as necessary. '

. Our review indicates no known active faults are crossing the site area,' and the site
is not within an Alquist-Priolo Earthquake Fault Zone.

. Adverse geologic features that would preclude project feasibility were not
- encountered. ' '
. The recommendations presentéd in this report should be incorporated into the

design and construction considerations of the project.
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The opportunity to be of service is sincerely appreciated. If you should have any
questions, please do not hesitate to contact the undersigned. ' '

' Respectfully"submitted

DPW/DWS/JPF/fik/ps

Distribution: (6) Addressee
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1.

GEOTECHNICAL REVIEW/UPDATE .
AND PRELIMINARY GEOTECHNICAL EVALUATION
+15-ACRE SITE, APN’S 338-150-029 AND 031
- SUN CITY, RIVERSIDE COUNTY, CALIFORNIA.

SCOPE OF SERVICES

The scope of our services has included the following:

Review of available geologic maps, data, and previous soils and geologic reports
including aerial photography, for the site area (Append|x A)

Geologic and geomorphic site reconnaissance and mapplng.
Performance of a photo-lineament analysis for the site and vicinity.

Subsurface exploration, cohsisting of five hollow-stem auger borings, to evaluate
the near-surface and deeper soils as weII as geologicand hydrogeologic conditions

'(Appendlx B).

Laboratory testing of representative soil samples collected during our subsurface
exploration program (see Appendix C}. :

Site specific seismic hazard analysis (see Appendix D).

Appropriate engineering and geologic analysis of data collected.

Preparation ofthis geologic/geotechnical report, and attachments, including test pit
logs, settlement evaluation, regional seismic data, preliminary pavement design,

preliminary foundation design, general earthwork factors, and recommendatlonsfor
site grading.

SITE LOCATION/CONDITIONS

The nearly rectangular-shaped property consists of vacant, undeveloped land to the west
" of Bradley Road, and south and east of the Salt Creek Flood Control Channels in Sun City,
Riverside County, California. Topographically, the site is relatively flat-lying, generally
ranging in elevation between =1,422 feet Mean Sea Level (MSL} to =1,417 feet MSL.
Drainage across the site is primarily to the north toward Salt Creek by sheetflow (see

‘Figure 1, Site Location Map).
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PROPOSED DEVELOPMENT

According to the preliminary site plans (Morris Designs, undated), rough grading will create
building pad areas for 258 residential units. Maximum cut-and fill depths, not including
remedial grading, are not anticipated to exceed =10 feet. Cut slopes and proposed fill
- slopes are assumed not to exceed +10 feet in height, designed at inclinations of
2:1 (horizontal:vertical [h:v]). As mentioned above, it is our understanding that typical cut
and fill grading techniques would be utilized to prepare the site for construction of
258 senior residences, and associated infra-structure improvements. It is also our
understanding that the buildings would be one- and/or two-story structures, utilizing typical
wood-frame construction with slabs-on-grade. Building loads are assumed to be typical -
for this type of relatively light construction. It is assumed that sewage disposal woulid be
accommodated by tying into the regional system. The need for import of fill soils is
unknown at this time. -

BACKGROUND/PREVIOUS STUDIES

Previous geotechnical site work was completed in 2004, in the northernmost +10-acres
of the site, by Zeiser Kling Consuitants, Inc (ZKCl). Their findings, conclusions, and
recommendations were presented in a geotechnical report dated March 29, 2004 (ZKCl,
2004). ZKCI (2004) provided a liquefaction analysis and conservatively and reasonably

concluded that the sediments underlying the site were not susceptible to liquefaction. '

FIELD STUDIES

Field investigations conducted during our evaluation of the property for this study
consisted of geologic reconnaissance mapping, and performance of five hollow-stem
auger borings for evaluation of the near-surface soil, and geologic conditions of the site.
The test pits were logged by a geologist from our firm. Representative bulk and in-place
samples were taken for appropriate laboratory testing. Logs of the borings are presented
in Appendix B. The approximate locations of the boerings are presented on Figure 2,
Excavation Location Map.

' GEOLOGY

The property is situated in Menifee Valley within the Perris Block of the Peninsular Range
province of California. The Peninsular Ranges province is characterized by steep,
elongated ranges and valleys that trend northwesterly. This province is typified by plutonic
and metamorphic rocks (bedrock) which comprise the majority of the mountain masses,
with relatively thin volcanic and sedimentary deposits discontinuously overlying the

The Womble Group W.0. 5431-A-SC

_ *15-Acre Site, Sun City May 9, 2007
File:e:\wp10\murrirc5400\5431a.gru Page 3

GeoSoils, Inc.



' E———
1 3Tv0S | L0050 Auva | OSV-IERS OM
dviN |
1LVO01 NOLLVAYOXE N £00% '| AB 'weisAg uojew.io)
Aunoy spisloaly woiy de
131G N¥y . §iid ; .
oy OV o

NIXOHddY 34V SNOLLVOO1 TV

(bGOC
1O012) 1d je8} Alopslojdxxs
jo uonroo) spswixo.ddy

(P00Z 1OMZ) Bunioq Aiojsloidxe
Jo Uopeoo| efsumxolddy

(Apnis siy) Suuioq Alojeuojdxe
Jo uoipeao] spsunolddy

JoBjUCS oBojoab
JO UONE00] ajsuxolddy

sysodap
us)} abe-auso0]seld AJswslBnD

pajusUMoOpUN - | FERUY

ANJO31




bedrock, and with early to middle Pleistocene fan deposits filling in the valleys and younger
alluvium filling in the incised drainages. The fan deposits are derived from the water borne
deposition of the products of weathering and erosion of the bedrock.

- Local Geology and Site Earth Materials

As mapped by Morton, et al. (2003), the site is underlain by relatively flat-lying, Pleistocene
fan deposits. As encountered within the project site during our exploration, a +2- to
+3-foot layer of topsoil/alluvium mantles the site. Mappable geologic units are shown on
Figure 2. These units are described as follows, from yourigest to oldest:

Artificial Fill - Undocumented (Map Symbol - Afu)

. The undocumented fill, locally +2 to x4 feet in thickness (stockpiles), was encountered
in the greater northwest quadrant the site. Abundant trash and debris was observed within
the stockpiles, including concrete and metal. Due to the potentially compressible nature
of these soils/materials, they are considered unsuitable for support of structures and/or
improvements in their existing state. Clean fill materials may be reused for compacted fills
provided the trash and debris have been removed from the site, and they have been
approved by the geotechnical engineer prior to fill placement. Any remaining trash, debris,
and other deleterious materials, will need to be removed, prior to site grading.

Tops_oil/AIluvlum (Unmapped) .

The site is mantled by a relatively thin layer of topsoil/coltuvium. Thicknesses of +3 to
+4 feet was encountered at all exploratory test pit locations, but may vary locally across
the site. The topsoil/colluvium was generally observed to be yellowish brown, dry tomoist,
loose to medium dense, silty sand. These surficial soils contained locally abundant roots -
and rootiets. In general, and based on our laboratory testing and observations, these
materials typically have a very low.to low expansion potential. Due to the potentially
compressible nature of these surficial soils, they are considered unsuitable for support of
structures and/or improvements in their existing state. Therefore, these soils will be need
to be removed and recompacted, if not removed during planned excavation, should
settlement sensitive improvements be proposed within their influence.

Pleistocene-age Fan Deposits (Map Symbol - Qof)

Pleistocene-age fan deposits were encountered underlying the topsoil/alluvium on the
majority of the site. These sediments were generally yellowish brown, silty sand, and some

“occasional gravels. These deposits were generally dry to moist, well-dissected,
well-indurated, and generally medium dense to dense where encountered. Based on our
laboratory testing, these deposits typically have a low to medium expansion potential;
however, highly expansive soils may not be entirely preclLided The near-surface
weathered fan deposits will require some removal and recompac‘uon should settlement
sensitive improvements be proposed within their influence.
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FAULTING AND REGIONAL SEISMICITY

The site is situated in an area of active as well as potentially-active faults. The -nearby
- 8an Jacinto and Elsinore fault zones are considered active and are included within an
Alquist-Priolo Earthquake Fault Zone. Our review indicates that there are no known active
faults crossing the site, and the site is not within a Fault-Rupture Hazard Zone (Hart and
Bryant, 1997). During our review of aerial photographs (USDA, 1980), we did not observe
photolineaments or other features specifically indicative of faulting crossing the site.

The following table lists the major faults and fault zones in southern California thét could
have a significant effect on the site should they experience activity.

CORTATED | omTance | AMERMATD | ool

~ MILES (KM) - , MILES (KM)

Burnt Mountain 49.0 (78.8) [[North Fronfal Fault Zone (West) 37.8 (60.9)
Chino - Central Avenue (Elsinore) 24.2 (39.0) |[Palos Verdes ' 51.5(82.9)
Clamshell - Sawpit : 55.4 (89.1) [[Pinto Mountain _ 37.0 (69.5)
Cleghorn 40.6 (65.3) | Puente Hills Blind Thrust  42.4 (68.2)
Coronado Bank : 51.3 (82.5) |[Raymond 56.8 (91.4)
Cucamonga ‘ 38.7 (62.3) ||Rose Canyon ' 41.5 (66.8)
Earthquake Valley 49.6 (79.9) {|San Andreas - 1857 Rupture 45.0 (72.5)
Elsinore - Glen ivy 9.8 (15.8) [{San Andreas - Coachella 44.4 (71.5)
Elsinore - Julian 24.0 (38.8) |1San Andreas - San Bernardino 28.4 (45.7)
Elsinore - Temecula 8.8 (14.2) [[San Jacinto - Anza 16.2 (26.0)
Eureka Peak ' 52.2 (84.0) [ISan Jacinto - Coyote Creek 42.4 (68.3)
Helendale/South Lockhardt 50.5 (81.3) [|San Jacinto - San Bernardino 228 (36.7)
Johnson Valley (Northern) 60.2 (96.9) ||San Jacinto - San Jacinto Valiey 13.9 (22.3).
Landers 54.7 (88.0) (|San Joaquin Hills 29.9 (48.1)
Lenwood/Lockhart/Old Wmn. Spgs. | 55.9(89.9) [San Jose | 41.6 (66.9)
Newport - Inglewood (L.A. Basin) 427 (68.7) {Sierra Madre 44.4 (71.4)
Newport - Inglewood (Offshore) 34.9 (56.1) (Upper Ellysian Park Blind Thrust 58.5 (94.1)
North Frontal Fault Zone (East) 43.4 (69.8) | Whittier ' | 28.1(45.3)

The possibility of ground shaking at the site may be considered similar to the southern
California region as a whole. The relationship of the site location to these major mapped
faults is indicated on the California Fault Map (see Figure 3). Our field observations and
review of readily available geologic data indicate that known active faults do not cross the
site.
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The acceleration-attenuation relations of Bozorgnia, Campbell, and Niazi (1999), and
Campbell and Bozorgnia (1994 and 1997), have been incorporated into EQFAULT
(Blake, 2000a). For this study, peak horizontal ground accelerations anticipated at the site
were determined based on the random mean and random mean plus 1 - sigma attenuation
curves developed by those authors. These acceleration-attenuation relations have been
incorporated in EQFAULT, a computer program by Thomas F. Blake (2000a), which
_performs deterministic seismic hazard analyses using digitized California faults as
earthquake sources. The program estimates the closest distance between each fault and
a user-specified file. If a fault is found to be within a user-selected radius, the program
estimates peak horizontal ground acceleration that may occur at the site from the upper

bound ("maximum credible”) earthquake on that fault. Site acceleration (g} is computed - -

- by user-selected acceleration-attenuation relations that are contained in EQFAULT. Based
on the above, peak horizontal ground accelerations from an upper bound event may be
on the order of 0.25g to 0. 42g

HIStOI'iC&l] site se|smtcr[y was evaluated with the acceleration-attenuation relat|ons of
Bozorgnia, Campbell, and Niazi (1999), and the computer program EQSEARCH
(Blake, 2000b, updated to June 2006). This program performs a search of historical
earthquake records for magnitude 4.0 to 9.0 seismic events within a 100-mile radius,
between the years 1800 through December 2006. Based on the selected acceleration-
attenuation relationship, a peak horizontal ground acceleration is estimated, which may
have effected the site during the specific event listed. Based on the available data and the
attenuation relationship used, the estimated maximum repeatable peak site acceleration
during the period 1800 through June 2006. was 0.33g. In addition, site specific probability
of exceeding various peak horizontal ground accelerations and a seismicrecurrence curve
are also estimated/generated from the historical data Printouts from EQSEARCH are
prowded in Appendix D.

A probabilistic seismic hazards analysis was performed using FRISKSP (Blake, 2000c)
which models earthquake sources as three-dimensional planes and evaluates the site
specific probabilities of exceedance for given peak acceleration levels or pseudo-relative
velocity levels. Based on a review of these data, and considering the relative seismic
activity of the southern California region, a peak horizontal ground acceleration of 0.42g
was calculated. This value was chosen as it corresponds to a 10 percent probability of
exceedance in 50 years {or a 475-year return period). Printouts from FRISKSP are also
~ included in Appendix D.

Seismic Shaking Parameters

' Per Chapter 16 of the UBC/CBC (ICBO, 1997 and 2001) the followmg updated seismic
design parameters are prowded '
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UBC/CBC TABLE/FIGURE DESIGNATION FAULT PARAMETERS
Seismic zone (per Figure 16-2%) - 4 o
Seismic zone factor Z (per Table 16-1*) ' ' 0.40
Soil Profile Types (per Table 16-J*) : ’ Sp
Seismic Coefficient C, (per Table 16-Q*) ' 0.44 N,
Seismic Coefficient C, (p'er Table 16-R*) o 0.64 N,

Near Source factor N, (per Table 16-S*) ' 1.0

Near Source factor N, (per Table 16-T*) ' : . - 1.0
Distance o Seismic Source (San Jacinto - San Jacinto Valley) ~ 8.8 mi. (14.2°km)
Seismic Source Type (per Table 16-U*) : ' ' B**
Upper Bound Earthquake (Elsinore - Temecula) ' ' M,, 6.8%*
PHSA (10% probability of exceedance in 50 years) - 0.42g

* Figure and table references from Chapter 16 of the UBC/CBC (ICBO, 1997 and 2001).
** ICBO (1998).

GROUNDWATER

Perched groundwater was encountered in our onsite exploratory Boring B-3 at a depth of
+39 feet below the ground surface. Based on historic water well data acquired from the
California Department of Water Resources (CDWR, 2005), “Water Data Library,” regional
groundwater levels in other nearby wells were previously measured at depths between
+65feetto 68 feet below the ground surface. However, shallower, perched groundwater
may occur onsite in the Pleistocene fan deposits, or along jointing and/or fractures due to
migration from adjacent drainage areas and developments during and/or after periods of
above normal or heavy precipitation or irrigation. Thus, perched groundwater conditions

“may occur in the future, and should be anticipated. This potential increases on cut lots in
dense native materials. This potential should be disclosed to all interested/affected parties,
including owners and any owners association. Should manifestations of perched
conditions (i.e., seepage) develop in the future, GSI could assess the conditions and
provide mitigative recommendations, as necessary.

OTHER GEOLOGIC HAZARDS

: Ligueféction

Seismically-induced liquefaction is a phenomenon in which cyclic stresses, produced by
earthquake-induced ground motion, create excess pore pressures in soils. The soils may
thereby acquire a high degree of mobility, and lead to lateral movement, sliding, sand
boils, consolidation and settlement of loose sediments, and other damaging deformations.
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This phenomenon occurs only below the water table; but after liquefaction has developed,
‘itcan propagate upward into overlying, non-saturated soil as excess pore water dissipates. .
Typically, liquefaction has a relatively low potential at depths greater than 45 feet and is.
virtually unknown below a depth of 60 feet. '

Liquefaction susceptibility is related to numerous factors and the following conditions
should be concurrently present for liquefaction to occur: 1) sediments must be relatively
young in age and not have developed a large amount of cementation; 2) sediments
generally consist of medium- to fine-grained relatively cohesionless sands; 3) the
sediments must have low relative density; 4) free groundwater must be present in the
sediments; and 5) the site must experience a seismic event of a sufficient duration and -
~ ‘magnitude, to induce stralnlng of soil partlcles " -

T_he condition of liquefaction has two principal effects. One is the consolidation of loose
sediments with resultant settlement of the ground surface. The other effect is lateral
sliding. Significant permanent lateral movement generally occurs only when there is
significant differential loading, such as f{ill or natural ground slopes within susceptible
materials. No such loading conditions exist on the site. In the site area, we found there
is a potential for seismic activity and a regional groundwater table that ranges from
+39feet to +68 feet below the ground surface. The Pleistocene fan deposits encountered
across the site were generally medium dense to dense where encountered.

According to the Riverside County Land Information System, the site has been indicated
to lie mostly within a moderate liquefaction potential zone with a low liquefaction potential
zone indicated in the exireme southwest corner of the site. As indicated earlier,
ZKCI (2004) performed a liquefaction analysis on the site, and concluded that the site was
generally not susceptible to liquefaction. :

It should be noted that throughout our site observations and borings, there was no
evidence of upward-directed hydraulic force that was suddenly applied, and was of short
duration, nor were there any features commonly caused by seismically-induced
liquefaction, such as dikes, sills, vented sediment, lateral spreads, or soft-sediment
deformation. These features would be expected if the site area had been subject to
liquefaction in the past (Obermeier, 1996). Inasmuch as the future performance of the site
with respect to liquefaction should be similar to the past, excluding the effects of
urbanization (irrigation), GSI concludes that the site generally has not been subject to
liquefaction in the geologic past, regardless of the depth of the regional water table.

Since two of these five required concurrent conditions discussed above do not have the
potential to affect the site, evidence of paleoliquefaction features was not observed,
relatively dense Pleistocene fan deposits underlie the site, our evaluation indicates that the
potential for liquefaction and associated adverse effects w1th|n the site is low, even with a
seasonal rlse in groundwater Ievels :

The Womble Group - - W.0. 5431-A-8C

+15-Acre Site, Sun City ' ' . May 9, 2007

File:e:\wp10\murr\rc5400\5431a.gru - . Page 10

GeoSoils, Iﬁc.



in accordance with the .procedures in the referenced Sp'ecial Publication 1 17,aswellas = |

the Recommended Procedures for Implementation of DMG Special Publication 117
(SP117), Guidelines for Analyzmg and Mitigating quuefactlon Hazards in California, this
report should be considered a “screening investigation,” as provided for in Chapter 3 of
SP117 and Section 4 of the Guidelines for Analyzing and Mitigating Liguefaction Hazards
in California. Those guidelines state the following: “The purpose of the screening
investigations for sites within zones of required study is to filter out sites that have no
potential or low potential for liquefaction.” : '

Insummary, based onour research, regional groundwater at the site ranges from +39feet
to =68 feet below the ground surface. Earth materials underlying the site are generally
medium dense to dense/very stiff where encountered. Such materials are not generally
prone to liquefaction. Due to their nature, the beds and lenses are typically interfingered
and discontinuous, both horizontally and vertically, within the site area. Thus, GSI has
concluded that liquefaction potential does not constitute a significant risk to S|te
_development provided our recommendations are |mplemented

Accordi-n_gly, it is our opinion that the standards outlined in SP117 have been met and
sufficient data exists to support, and is consistent with, the stated conclusions regarding
the low potential hazard from liquefaction. Further, it is our opinion that no further
investigation or analyses i is necessary or warranted, prowded our recommendations are
praperly implemented.

Subsidence

The effects of areal subsidence generally occur at the transition or boundaries between
low-lying areas and adjacent hillside terrain, where materials of substantially different
engineering properties (i.e., topsoil/colluvium vs. bedrock) are present. Based on the
available data, bedrock generally underlies the Pleistocene fan deposits at the site at
depth, and the site is not known to be situated at, or near the boundaries of an actively
subsiding basin. Therefore, the potential for this phenomena to affect the site is
considered low. ' |

In addition, our review of available data, as well as stereoscopic aerial photographs
- (USDA, 1980), showed no features generally associated with areal subsidence
(i.e., radially-directed drainages flowing into a depression(s), linearity of depressions
associated with mountain fronts, etc.). Ground fissures are generally associated with
excessive groundwater withdrawal and associated subsidence, or active faulting. Our
review did not reveal any information that active faulting or excessive groundwater
withdrawal, or ground fissures, or hydroconsolidation in the specific site vicinity, is
occurring at this time. Therefore, the potential for areal subsidence or ground fissures is
deemed low.

Local ground subsidence may occur over the site because of equipment working
- {vibrations). -Such subsidence depends upon the equipment used and on the dynamic
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effects of the equipment. Given that the site is underiain by the dense fan.deposits, the
amount of such subsidence would be minimal. We estimate that ground subsidence due
to vibration/loading would be less than 0.10-to 0.15 feet across the site. -

Hydrocollapse

Based on our evaluation of the relatively dense Pleistocene fan deposits that underlie the
site, and due to the elevation of perched groundwater encountered during our field
investigation at +39 feet below ground surface (b.g.s.), the potential for hydrocollapse of
the soil materials between the anticipated remedial removal bottom ‘and the current
perched groundwater elevationis considered low. In addition, our review (see Appendix A)
did not reveal any information that excessive groundwater withdrawal, ground fissures, or
hydroconsolidation in the specific site vicinity, is occurring at this time. Therefore, the
potential for hydrocollapse is deemed low, and should not be any greater than approved '
projectsthat bound the site. However, given the anticipated strong ground shaking during
a design seismic event, some seismic densification (above the water table) may occur
onsite. Mitigative measuresinclude removal and recompaction of near-surface low density
earth materials, geotechnical seismic design criteria (including estimated site -
accelerations), and the utilization of post-tension/mat foundations systemns, etc.

Mass Wasting

Mass wasting refers to the various processes by which earth materials are moved down
slope in response to the force of gravity. Examples of these processes include slope
creep, surficial failures, rockfall, deep-seated landslides, etc. Creep is the slowest form of
mass wasting and generally involves the outer 5 to 10 feet of the slope surface. During
heavy rains, such as those in 1969, 1978, and 1980, 1983, 1993, 1998, 2004, and 2005,
creep-affected materials may become saturated, resulting in a more rapid form of down
slope movement {i.e., landslides, surficial failures, and/or rockfall). The subject site
consists of relatively flat terrain and indications of mass wasting phenomena on the site -
~ were not observed during our review of stereoscopn: photographs of the area (USDA,
1980) or during our site reconnaissance.

Due to the sedimentary nature of the materials that exist on portions of the site, cavingand
 sloughing should be anticipated in all subsurface excavations and trenching. Appropriate
safety considerations for potential caving and sloughing, such as shoring or layback cuts,
should be incorporated into the construction design details. Therefore, the potential for
mass wasting phenomena to effect the site is considered low, provided our
recommendations are properly implemented. Likewise, the potential for
seismically-induced landsliding is considered low to nil. : -
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L ABORATORY TESTING
General

Laboratory tests were performed on representative samples of the onsite earth materials
in order to evaluate their physical characteristics. The test procedures used and results
" obtained are presented below :

" Moisture-Density

" The field moisture content and dry unit weight were determined for each undisturbed
sample of the soills encountered in the borings. The dry unit weight was determined in
pounds per cubic foot (pcf), and the field moisture content was determined as a
percentage of the dry weight. The resuits of these tests are shown on the Borlng Logs (see

Appendix B). '

Laboratogy Standard

" The maximum dry densﬂy and optlmum mmsture content was determined for the major soil
types encountered in the trenches, in general accordance with ASTM D-1557. The
moisture-density relationship obtained for this soil is shown below:

| - . - | SAMPLE | MAXIMUMDRY | OPTIMUM MOISTURE
_DESCRIPTION | LOCATION | DENSITY (pef) | ~ CONTENT (%)

Sandy CLAY, Dark Brown - B-2 @ 0-5' 116.0 " . 155

Expansion Potential

Expansion testing was performed on a representative samples of site soil in general
accordance with UBC Standard 18-2. The resuits of expansion testing are presented in the
following table;

'SAMPLE LOCATION EXPANSION INDEX | EXPANSION POTENTIAL

B3 @ 2-7 81" Medium
B-4@0-5 24 ~ Low
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- Atterberg Limits

Afterberg limits testing was performed on the sample exhibiting a medium expansion
potential to evaluate the liquid limit, plastic limit and plasticity index in general accordance
with ASTM D-4318-64. These tests resuits were utilized to evaluate the soil classification
in accordance with the Unified Soil Classification System ‘The test resu!ts and
classification are presented in Appendlx C

Consotldatlon Testing

Consolidation testing was performed on a relatively undisturbed soil samples in general

accordance with ASTM Test Method D-2435-90. The consolidation test results are - |

presented in Appendix C.

CorrosianSultate Testing '

GSI conducted sampling of onsite materials for sulfate content and soil corrosivity on the
- subject project. Laboratory test results were completed by M.J. Schiff & Associates
(consulting corrosion engineers). The data should be utilized by the project structural
engineer (or corrosion engineer) in their evaluation of site corrosivity mitigation measures
(see Appendlx C).

Representative samples of onsite materials were collected for soluble sulfate testing.
Sulfate testing results indicate a sulfate content range of 0.0053 percentage by weight.
This result indicates that site soils are in the negligible range for sulfate exposure per the
UBC (ICBO, 1997). Based upon the soluble sulfate test results, sulfate-resistant, concrete
is not required; however, higher sulfate contents may.exist onsite.

In addition pH and resistivity (saturated) testing was performed. Testing results indicate .
a pH of 8.0, which is moderately alkaline, and a saturated resistivity of
2,760 ohm-centimeters.. This would generally be considered moderately corrosive to
ferrous metals (between 2,000 to 10,000 ochm-cm is considered moderately corrosive). It
is our understanding that standard concrete cover over reinforcing steel is usually

appropriate for these conditions; however, consulting a qualified corrosion engineer is
~ recommended to provide specific recommendations for foundations and piping, etc.

R-value
- A representative sample was collected for R-value testing. The R-value was evaluated in

general accordance with the California Materials Method No. 301. Test results indicate an
-R-value of 10, also included in Appendix C.
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'EMBANKMENT FACTORS

Embankment factors (shrinkage) for the site have been estimated based upon ourfield and

faboratory testing, visual site observations, and experience. It is apparent that shrinkage

would vary with depth and with areal extent over the site, based on previous site use.

Variables include vegetation, weed control, and discing. However, all these factors are

difficult to define in a three-dimensional fashion. Therefore, the information presented

- below represents average shnnkage/buikmg values, using certaln earthwork assumptions
as follows: _

Maximum Density = 116.0
Relative Compaction = 92%

. “Material | % Range
Topsoil/Alluvium - - 15 to 22 (shrinkage)
Pleistocene Fan Deposits : 6 to 12 (shrinkage)

Subsidence due to dynamic compaction from equipment routes, etc., is estimated to be
0.10 feet. An additional shrinkage factor item would include the removal of root systems
of individual large plants or trees. These plants and trees vary in size, but when pulled,
they may generally result in a loss of %2 to 1'% cubic yards, to locally greater than 3 cubic
yards of volume, respectively. This factor needs to be multiplied by the number of
significant plants, trees, or tree roots present to determine the net loss. Also, it should be
noted that the grading contractor also controls shrinkage by the degree of relative
compaction attained in the field (i.e., 92 vs. 94 percent compaction, etc.). Accordingly, a
shrinkage factor for relative compaction variances may be on the order of 2 or 3 percent
additional, either way. The above facts indicate that earthwork balance for the site would
be difficult to define and flexibility in design is essential to achieve a balanced end product.

| PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS
Gen_eral

Based on our supplemental field exploration and geotechnical engineering analysis, it is
our opinion that the site appears suitable for the proposed development from a
geotechnical engineering and geologic viewpoint, provided that the recommendations
presented in the following sections are incorporated into the design and construction
phases of site development. The primary geotechnical concemns with respect to the
proposed development are: ' ' -

. Depth to suitable bearing strata.

. Expansion and corrosion potential of site soils.

. Ongoing potential for perched water to occur after site development
. Regional seismic actMty '
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The recommendations presented herein consider these, as well as other aspects of the
site. The engineering analyses performed concerning site preparation and the
recommendations presented herein, have been comp!eted using the information provided
by the client and obtained during our field work.

‘The conclusions and recommendations contained in this report shall not be considered
valid unless the proposed development is reviewed and the recommendations of this
report verified or modified in writing by this office. Foundation design parameters are
considered preliminary until the foundation design, Iayout and structural loads are
~ provided to this office for review.

1. . Sail engineering,' observation, and testing services should be provided during
grading to aid the contractor in removing unsuitable scils and in his effort to
-~ compact the fill.

2. Geologic observations should be performed during grading to verify and/or further
evaluate geologic conditions. Although unlikely, if adverse geologic structures are
encountered, supplemental recommendations and earthwork may be warranted

3. Ex:stlng topsonlalluwum and weathered Pleistocene-age fan deposﬂs are typically

porous, loose, and subject to settlement and considered unsuitable for the support =

* of settlement-sensitive structures in their present condition, and therefore should be
removed and recompacted, based on current industry standards. Laboratory
testing and visual observations made during this investigation indicate these
materials are not uniform, are potentially compressible in their present condition,
and may be subject to adverse differential settlement, if not mitigated during site
grading operations. Remedial removals are estimated to range from +3 1o =4 feet
across the site, with localized deeper removals pOSSIb[e if not removed by planned
excavation.

4, It should be noted, that the UBC/CBC (ICBO, 1997 and 2001} indicates that
removals of unsuitable soils be performed across all areas to be graded, not just
within the influence of the structures. Relatively deep removals may also
necessitate a special zone of consideration, on perimeter, confining areas, such that
this potential zone is approximately equal to the depth of removals, if removals
cannot performed offsite. Thus, any settlement-sensitive improvements (perimeter
walls, curbs, flatwork, etc.), constructed within this zone may requiire deepened
foundations, reinforcement, etc., or will retain some potential for settiement and
associated distress.

5, In general and based upon the available data to date, regional groundwater is -
generally not anticipated to affect site development, providing that the
recommendations contained in this report are incorporated into final design and
“construction, and that prudent surface and subsurface drainage practices are
incorporated into the construction plans. Perched groundwater conditions aiong
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zones of contrastlng permeabalrtles were observed and should be anticipated in the

‘future due to site irrigation, poor drainage conditions, or damaged utilities. Should
‘perched groundwater conditions develop, this office could assess the affected
area(s) and provide the appropnate recommendatlons to mitigate the observed
'groundwater conditions.

6. Our Iaboratory test resuits and experience on nearby sites related to expansion

potential indicate that soils with low to medium expansion indices underlie the site.

The possibility that soils with high expansion potentials are present also exists. This

should be considered during project design. Foundation design and construction

‘recommendations are provided herein for low to medium expansion potential

classifications. Final foundation designs will be based on testlng of fInISh grade
materials at the conc]usmn of gradlng

7. The seismicity- -acceleration values provided herein should be considered durlng the
- design of the proposed development

8. ‘General Earthwork and Gradlng Gu1del1nes are provided at the end of this report as
Appendix E. Specific recommendations are provided below.

General Grading

All grading should conform to the guidelines presented in the UBC (ICBO, 1997), the

County of Riverside, and Appendix F (this report), except where specifically superceded
in the text of this report. When code references are not equivalent, the more stringent code

should be followed. During earthwork construction, all site preparation and the general

grading procedures of the contractor should be observed and the fill selectively tested by
arepresentative of GSI. If unusual or unexpected conditions are exposed in the field, they
should be reviewed by this office and if warranted, modified and/or additional
recommendations will be offered. All applicable requirements of local and national
construction and general industry safety orders, the Occupational Safety and Health Act,

and the Construction Safety Act should be met.

Demolition/GrubbirLg

1. Exrstlng structures, vegetatlon and any miscellaneous debris should be removed
from the areas of proposed grading. '

2. Any previous foundations, irrigation lines, cesspools, septic tanks, leach fields, or
- other subsurface structures uncovered during the recommended removal should
be observed by GS| so that appropriate remedial recommendations can be

‘ prowded : :

3.  Cavities or loose soils remaining after demolition and site clearance should be
cleaned out and observed by the soil engineer. The cavities should be replaced
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with fill materials that have been moisture conditioned to at least optimum moisture
content and compacted to at least 90 percent of the laboratory standard. .

Treatment of Existing Ground

1.

1.

All undocumented. artificial fill, topsoil/alluvium, and near-surface weathered
Pleistocene fan deposits should be removed to competent fan deposits, as defined
herein (i.e., removal bottoms should be greater than, or equal to, 85 percent
saturation, and/or greater than, or equal to, 105 pcf dry density for in-place native
materials), which has been demonstrated and proven to the controlling authorities
as acceptable in the past to mitigate the potential for hydroconsolidation. -
For preliminary planning purposes, these depths are estimated to range from +3to
+4 feet across the site, with localized deeper removals possible, if not removed by
planned excavation. Variations from these thicknesses should be anticipated.
Actual depths of removals will be evaluated in the field during grading by the soil
englneer

| Subsequent to the above removals, the upper 12 inches of the exposed subsoils

should be scarified, brought to at least optimum moisture content, and

- recompacted to a minimum relative compaction of 90 percent of the Iaboratory

standard

Existing undocumented fill, topsoil/alluvium, and removed natural ground materials
may be reused as compacted fill provided that major concentrations of oversized
materials, vegetation, and mlscellaneous debris are removed prior to or during fill
placement

Localized deeper removal may be necessary due to buried drainage channel

~meanders or dry porous materials. The project soils engmeer/geologlst should

observe all removal areas during the gradmg

Fill Placement

Subsequent to ground preparation, fill materiais should be brought to at least
optimum moisture content, placed in thin 6- to 8-inch lifts and mechanically
compacted to obtain a minimum relatwe compact;on of 90 percent of the Iaboratory
standard.

2. Fill materials should be cleansed of major vegetation and debris prior to placement.

3. Any oversized rock,rnaterials greater than 8 inches in diameter should be placed
under the recommendations and supervision of the soils engineer and/or removed
from the site. Should significant-amounts of oversize rock be encountered,
recommendations for rock fill placement will be provided by GSI. As per UBC/CBC
(ICBO, 1897 and 2001) requirements, no oversize materials greater that 12 inches
in diameter should be placed within 10 feet of finish grade.
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4. - Any import materials should be observed and determined suitablé by the soils

" engineer prior to placement on the site. Foundation designs may be altered if

import materials have a greater expansmn value than the onsite materials
encountered in this investigation.

Transition Areas/Overexcavation

In order to reduce the potential for differential settlements between cut and fill materials,
materials of differing expansion potentials, the entire cut portion of cutffill transitions within
proposed lots (per the UBC/CBC [ICBO, 1997 and 2001]) should be overexcavated to a
minimum depth of 3 feet below finish grade, and/or a maximum ratio of fill thickness on the
‘lot of 3:1 (h:v), whichever is greater, and replaced with compacted fill. Cut lots should be
overexcavated a minimum of 3 feet, and the subgrade sloped to drain to the street.

SUBDRAINS

Subdrains may be necessary where local seepage along the contact between the
proposed fill and underlying natural materials exist, or within the proposed fill along
contrasting zones of permeabilities (e.g., sand vs. silt, or clay). Owing to the generally low
- gradient nature of the site, lack of significant canyons, lack of gradient at flowline
elevations, and the lack of suitable cover {i.e., less than about 10 feet of fill), subdrains are
generally not anticipated-during grading, but may not be entirely precluded. If required,
‘where removals are below the subdrain flowline, the removal materials may be reused as
compacted fill provided they are granular, and at a moisture content of at least 2 percent
over optimum moisture content (or 1.2 times optimum moisture content, whichever is
greater). If necessary, actual locations of subdrains will be further evaluated during the ro-
or 100-scale stage, and actual locations provided during grading, based on exposed
conditions. The project civil engineer should Iocate and map any subdrain and outlet
systems.. .

SLOPE CONSIDERATIONS AND SLOPE DESIGN

All slopes should be designed and constructed in accordance with the minimum
" requirements of the UBC/CBC (ICBO, 1997 and 2001), County of Riverside, the
- recommendations presented in Appendix F, and the following:

1. Fill slopes should be designed at a 2:1 (h:v) gradients, or flatter, and should not
exceed about =10 feet in height. Fill slopes should be properly built and
compacted to a minimum relative compaction of 90 percent throughout, including
the slope surfaces. Guidelines for slope construction are presented in Appendix E.

2. Cut slopes should be designed at gradients of 2:1 and should not exceed about
+10 feet in height. While stabilization of such slopes is not anticipated, locally
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adverse geologic conditions (e.g., daylighted joints/fractures or severely weathered
material) may be encountered which may require remedial grading or laying back
of the slope to an angle flatter than the adverse geologic condition.

Local areas of highly weathered materials may be present. Should these materials
be exposed in cut slopes, the potential for long-term maintenance or possible slope
failure exists. Evaluation of cut slopes during grading would be necessary in order

- to identify any areas of severely weathered fan materials. Should any of these
‘materials be exposed during construction, the soils engineer/geologist, would

assess the magnitude and extent of the materials and their potential affect on long-
term maintenance or possible slope failures. Recommiendations would then be
made at the time of the field inspection. "

Loose debris and fines remaining on the facé of the cut slopes should bé removed
during grading. This can be accomplished by utilizing a slope board or by hand
scaling, as warranted. :

Where loose materials are exposed on the cut slopes, the project's engineering
geologist would require that the slope be cleaned as described above prior to
making their final inspection. Final approval of the cut slope can only be made
subsequent to the slope being fully cut and cleaned.

cut slopes should be mapped by the project'engineering geologist during grading

to allow amendments to the recommendations should exposed conditions warrant
alternatlon of the design or stablhzatlon :

PRELIMINARY FOUN DATION DESIGN

Bearing Value

1.

An -alldwable_soil bearing pressure of 1,500 pounds per square foot (psf} may be
used for the design of continuous footings 12 inches wide and 12 inches deep.
This value may be increased by 20 percent {per code) for each additional 12 inches

in depth to a maximum value of 2,500 psf.

The bearing pressure may be lncreased by one-third for seismic or other temporary
loads.

' Lateral Pressure

1.

For lateral sliding resistance, a 0.35 coefficient of friction may be utlllzed for a

~concrete to soil contact when multipiied by the dead load.

‘Passive earth pressure may be computed as an equivalent fluid having a density of

225 pcf with a maximum earth pressure of 2,500 psf.
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3. When combmlng passive pressure and frictional resistance, the passive pressure
o component should be reduced by one—th;rd :

~4. Al footings should maintain a minimum 7-foot horizontal distance the base of the
footing and any adjacent descending slope, and minimally comply with the
guidelines depicted on Figure No. 18-I-1 of the 1897 UBC (Setback Dimensions).

.F_OUNDATION CONSTRUCTION

- The following foundation construction recommendations are presented as a minimum
criteria from a soils engineering viewpoint. The expansion potentialin the subjecttract has
been tested to be generally in the low to medium range (Expansion Index [E.l.} 21 to 90),
however, soils with very low expansion potential are also anticipated on the site.
' Accordingly, the following foundation construction recommendations assume that the soils
in the top 7 feet of finish grade wiil have a very low to medium expansion potential.

Post-tensioned foundations will likely be recommended for lots where the E.I. exceeds
50 (E.I. >50). In addition, post-tensioned foundations may also be required where final
expansion testing indicates an E.l. >20, and a Plasticity Index (P..) above 15, as per the
Section 1815 and/or Section 1816 of the UBC/CBC (ICBO, 1997 and 2001). The site
structural engineer should be informed of this to aid in preliminary foundation designs.
Foundation design criteria for very low to medium expansion potentials are presented for
planning, design, and budgetary considerations. . These recommendations are not
intended to preclude the transmission of water vapor through the foundations and slabs,
which should be disclosed to all homeowners and/or other interested parties.

- Recommendations by the project's design-structural engineer, per section 1815 and/or -

1816 of the 1997 UBC/CBC (ICBO, 1997 and 2001), or architect, which may exceed the
soils engineer's recommendations, should take precedence over the following minimum -
requirements, Final foundation design wiil be provided based on the depth of fill, and
expansion potential and plasticity index of the near-surface soils encountered during
grading.

Expansion Index - Very Low to Low (E.l. 0 to 50, and P.l. <15)

1. Continuous exterior footings should be founded at a minimum depth of 18 inches

' below the lowest adjacent ground surface, for one- or two-story floor [oads, and in

‘accordance with the minimum requirements of the latest edition of the UBC. The

structural engineer should review and approve these recommendations.

Continuous interior footings may be founded at a minimum depth of 12 inches

below the lowest adjacent ground surface.  Footings should be a minimum of

12 inches wide, or as determined by the structural engineer. All footings should

have one No. 4 reinforcing bar placed at the top and one No. 4 reinforcing bar
placed at the bottom of each footing.
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2. Isolated column footings and piers should be founded at a minimum depth of
18 inches, excluding the landscape zone (top 6 inches), and the cotumn footings
and piers should be tied together in one direction.

3. A grade beam reinforced as above, and at least 12 inches by 12 inches, should be
provided across the garage entrances. The base of the grade beam should be at-
the same elevatlon as the adjoining footings.

4, Concrete -slab' underlayment should consist of 2 inches of sand (S.E. >30),
underlain by a 10- to 15-mil vapor retarder (ASTM E-1745 - Class A or Btype) to be
installed per the recommendations of the manufacturer, including all penetrations
(i.e., pipe, ducting, rebar, etc.). The manufacturer shall provide instructions for fap
seahng, including minimum width of lap, method of sealing, and either supply or
specify suitable products for Iap sealing (ASTM E-1745).

5. A minimum slab thickness of 4 |nches is recommended " The design'engineer

should provide the actual th|ckness of concrete slabs based upon proposed Ioadmg .
and use. - : .
6. Concrete slabs, including garage areas, should be reinforced with No. 3 rebars at

18 inches on center, each way. All slab reinforcement should be supported to
ensure proper positioning at mid-height in the slab during placement of concrete.

7. Garage slabs should be poured separately from living area footings. A positive

separation should be malntalned with expansion joint material to permit relative
movement.
8 Pre-moistening and/or presaturation of the slab areas is recommended for these

soils conditions on a preliminary basis. The moisture content of the subgrade soils
should be equal to or greater than optimum moisture to a depth equivalent to the .
exterior footing depthin the slab areas. Pre-moistening and/or presaturation should
be evaluated by the soils engmeer 72 hours prior to wsqueen placement

9. As an alternative to the above, an engineered post-tension foundatlon system may
be used.

POST-TENSIONED SLAB SYSTEMS

Based on our preliminary evaluation, post-tensmned foundations will likely be
recommended for lots where the E.I. exceeds 50 (E.l. >50, if encountered). In addition,
post-tensioned foundations may also be required where final expansion testing indicates
an E.I. >20, and a P.l. above 15, as per the Section 1815 and/or Section 1816 of the
UBC/CBC (ICBO, 1997 and 2001). The site structural engineer should be informed of this
‘toaid in preliminary foundation designs. Post-tensioned foundation recommendations are
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also provided for very low expansmn conditions in the event such a system isdesired. The -
recommendations presented below should be followed in addition to those contained in
the previous sections, as appropriate. The information and recommendations presented

~ inthis section are not meant to supercede design by a registered structural engineer or
. civil engineer familiar with posti-tensioned slab design. Upon request, GS! can provide
additional data/consultation regardmg soil parameters as related to post-tensioned slab
design.

From a soil expansion/shrinkage standpoint, a common contributing factor to distress of
structures using post-tensioned slabs is fluctuation of moisture in soils underlying the
perimeter of the slab, compared to the center, causing a "dishing" or "arching” of the slabs.
To mitigate this possibility, a combination of soil presaturation and construction of a
perimeter cut-off wall should be employed.

-Perimeter cut-off walls should be a minimum of 12inches deep for low expansive soils, and

18 inches deep for medium to high expansive soils. The cut-off walls may be integrated
- into the slab design and should be a minimum of 6 inches wide, The vapor retarder should
be covered with a 2-inch layer of sand to aid in uniform curing of the concrete; and it
should be lapped adequately to provide a continuous water-proof barrier under the entire
- slab. lf medium to high expansive soils are present an addltlonal 2 inches of sand should
be placed on grade (4 inches total).

Specific soil premoistening or presaturation is required. The moisture content of the
subgrade soils should be 100 or 120 percent of the soils' optimum moisture conient to a
depth of 12, or 18 inches below grade, for very low to low (100 percent), or medium
expansive soils (120 percent), respectively. -

Posi-tensioned slabs should be designed using sound engineering practlce and be in
accordance with local and/or national code requirements, Soil related parameters for
post-tensioned slab design are presented below:

Allowable surface bearing value 1,000 pst
Modulus of subgrade reaction 75 psi per inch
Coefficient of friction 035 -
Passive pressure } 250 pcf

Post-Tensioning Instituie Method: Post-tensioned slabs should have sufficient stiffness to
resist excessive bending due to non-uniform swell and shrinkage of subgrade soils. The
differential movement can occur at the corner, edge, or center of slab. The potential for
differential uplift can be evaluated using the 1997 UBC Section 1816, based on design
specifications of the Post-Tensioning Institute. The following tabie presents suggesied
minimum coefficients to be used in the Post-Tensioning Institute design method.

The Womble Group . . ' ‘ W.0. 5431-A-SC
+15-Acte Site, Sun City : : May 9, 2007
File:e:\wp?1 O\mumrc5400\5431a.gru’ v ' _ Page 23

GeoSoils, Inc.



. Thornthwaite Moisture Index 20 inches/year
Correction Factor for Irrigatibn _ 20 inches/year
Depth to Constant Ssil Suction 7 fest

Constant soil Suction (pf) 3.6
Modulus of Subgrade Reaction (pci) 75
Moisture Velocity ' 0.7 inches/month

The coefficients are considered minimums and may not be adequate to represent worst
case conditions such as adverse drainage and/orimproper landscaping and maintenance.
The above parameters are applicable provided structures have positive drainage that is
maintained away from structures. Therefore, it is important that information regarding
~ drainage, site malntenance settlements, and effects of expanswe soils be passed on to
future owners. -

Based on the above parameters, the following values were obtained from figures or tables
ofthe 1997 UBC, Section 1816. The values may not be appropriate to account for possible
differential settlement of the slab due to other factors If a stiffer slab is desired, higher
values of ym may be warranted. '

- E1 OF SOIL SUBGRADE | VERYLOWE.L LOWE.L MEDIUME.l. | HIGHE..
" e, center lift 5.0 feet 5.0 feet 5.5 feet 5.5 feet
e, edge lift : 2.5 feet 3.5 fest 4.0 feet 4.5 feet

V., center lift 1.0 inch ‘ 1.7inches - 2.7 inches 3.5 inches

Vi, edge lift 0.3 inch 0.75 Inch 0.75 inch 1.2 inches

Deepened footings/edges around the slab perimeter must be used to minimize
non-uniform surface moisture migration (from an outside source) beneath the slab. An
“edge depth of 12 inches should be considered a minimum. The bottom of the deepened
footing/edge should be designed to resist tension per the structural engineer. Other -
applicable recommendations presented under conventional foundation and the California
Foundation Slab Method should be adhered to during the design and construction phase
of the project.

SOIL MOISTURE CONSIDERATIONS

Foundation systems and s!abs ‘shall not allow water or water vapor to enter into the
structure so as to cause damage to another building component, or to limit the installation
of the type of flooring materials typically used for the particular application (State of
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California, 2006). Therefore, the following should be considered by the structural
“engineer/foundation/slab designer to mltlgate the transmission of water or water vapor -
through the slab : :

. Concrete slabs should be a minimum of 5 inches thick for very low expansive soil
~ conditions, and be minimally reinforced as previously discussed. All slab
reinforcement should be supported to provide proper mi_'d-slab height positioning
during placement of the concrete. "Hooking" of reinforcement is not an acceptable
method of positioning. Increase of concrete slab thickness would tend to reduce
moisture vapor transmlssmn though slabs.

. Concrete slab underiayment should consist of a 10-mil to 15-mil-vapor retarder, or
- equivalent, with all laps sealed per the UBC/CBC (ICBO, 1997 and 2001} and the
manufacturer’s recommendation. The vapor retarder should comply with the
ASTM E-1745 Class A or B criteria and be installed per the recommendations of the
manufacturer, including all penetrations (i.e, pipe, ducting, rebar, etc). The
manufacturer shall provide instructions for [ap sealing, including minimum width of
lap, method of sealing, and either supply or specify suitable products for lap sealing
(ASTM E-1745). In order to break the capillary rise of soil moisture, the vapor.
retarder should be underlain by 2 inches of fine or coarse, washed, clean gravel
(80 to 100 percent greater than #4 sieve) and be overlain by at least 2 inches of
clean, washed sand (SE >30) to aid in concrete curing.

. Concrete should have a maximum water/cement ratio of 0.50.

. Where slab concrete compressive strength is increased, admixtures used, and
water/cement ratios are adjusted herein, the structural consultant should also make
-changes to the concrete in the grade beams and footings in kind so that the
concrete used in the foundation and slabs are deS|gned and/or treated for more
uniform moisture protection. :

. The use of a _penetrating slab surface sealer may be considered in rooms where
permeable floortile or wood will be used. In all planned floorings, the waterproofing
specialist should review the manufacturer’'s recommendations and adjust
installation as needed. Homeowner(s) should be advised which areas are suitable

. for tile or wood floors. '

. ‘Additional recommendations regarding water or vapor transmission- should be
provided by the architect/structural engineer/siab or foundation designer.

~ Please be aware that the above should be implemented if the transmission of water or
water vapor through the slab is undesirable. Should these recommendations not be
implemented, then full disclosure of the potential for water or vapor 1o pass through the
foundations and slabs and resultant distress should be provided to all interested parties,
inwriting. Regardless of the mitigation, some limited m0|sture/m0|sture vapor transmission
through the slab should be anticipated. :
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PRELIMINARY FOUNDATION SETTLEMENTS

In addition to designing slab systems (post-tension or other) for the soil conditions
described herein, the estimated settlement and angular distortion values that an individual
structure {including walls, spas, pools, or other settlement-sensitive improvements, etc.),
could be subjected to should be evaluated by a structural engineer. The levels of anguiar
distortion were evaluated on a 40-foot length assumed as the minimum. dimension of
buildings; if, from a structural standpoint, a decreased or increased length over which the
differential settlement is assumed to occur is justified, this change should be incorporated
into the design.

Evaluation of potential primary settlement and secondary compression within the area
under the purview of this report has been conducted, based on the available data. On a
preliminary basis, the footings and/or slabs should be minimally designed to accommodate
a differential settlement of 1 inch (i.e., at teast 1 inch in a 40-foot span {1/480]). Any
post-construction settlement of the fill should be readily mitigated by proper foundation
design, provided the design parameters, provided in this report, are properly utilized in
final design of the foundation systems. In addition to the above, the slab designer and/or
structural engineer should also consider estimated settlements due to short duration -
seismic loading and applicable load combinations, as required by the County and/or the
UBC/CBC (ICBO, 1997 and 2001). Foundation settlements will be re-evaluated once
actual fili depths/thicknesses are known, and shown on the 40-scale plans.

PRELIMINARY WALL DESIGN PARAMETEFIS CONSIDERING EXPANSIVE SOILS

Conventiohal Retaining Walls

The design parameters provided below assume that either very low expansive soils
(typically Class 2 permeable filter material or Class 3 aggregate base} or native onsite
materials are used to backfill any retaining walls. The type of backfill (i.e., select or native),
should be specified by the wall designer, and clearly shown on the plans. Building walls,
below grade, should be water-proofed. The foundation system for the proposed retaining
walls should be designed in accordance with the recommendations presented in this and
preceding sections of this report, as appropriate. Footings should be embedded a’
minimum of 18 inches below adjacent grade (excluding landscape layer, 6 inches) and
should be 24 inches in width. There should be no increase in bearing for footing width.
Recommendations for specialty walls (i.e., crib, earthstone, geogrid, etc.) can be prov:ded
upon request and would be based on site specmc conditions.

F{estrained Walls
~ Any retaining walls that wili be restrained prior to placing and corhpacting backfill material

or that have re-entrant or male corners, should be designed for an at-rest equivalent fluid
pressure (EFP) of 65 pcf, plus any applicable surcharge loading. For areas of male or
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re-entrant corners, the restrained wall design shoUld_ extend a minimum distance of fwice
the height of the wall (2H) laterally from the corner. '

Cantiiev_ered Walls

The recommendations presented below are for cantilevered retaining walls up to 10 feet
high. Design parameters for walls less than 3 feet in height may be superceded by City
and/or County standard design. Active earth pressure. may be used for retaining wall
design, provided the top ofthe wall is not restrained from minor deflections. An equivalent
fluid pressure approach may be used to compute the horizontal pressure againstthe wall.
Appropriate fluid unit weights are given below for specific slope gradients of the retained
material. These do not include other superimposed loading conditions due to traffic,
structures, seismic events or adverse geclogic conditions. When wall configurations are
finalized, the appropriate Ioadlng conditions for supenmposed loads can be provided upon
request :

[ SURFACESLOPEOF . | - EQUIVALENT |  EQUIVALENT
RETAINED MATERIAL | FLUID WEIGHT P.C.F. | FLUID WEIGHT P.C.F.
| (HORIZONTAL VEF{TICAL) (SELECT BACKFILL) | (NATIVE BACKFILL) |

Level* - 38 50
2101 55 : 65

* Level backfill behind a retaining wall is defined as compacted earth materials,
properly drained, without a slope for a distance of 2H behind the wall, where H
is the height of the wall.

Retaining Wall Backfill and Drainage

Positive drainage must be provided behind all retaining walls in the form of gravel wrapped
in geofabric and outlets. A backdrain system is considered necessary for retaining walls
that are 2 feet or greater in height. Details 1, 2, and 3, present the backdrainage options
discussed below. Backdrains should consist of a 4-inch diameter perforated PVC or ABS
pipe encased in either Class 2 permeable filter material or ¥%-inch to 1%-inch gravel
wrapped in approved filter fabric (Mirafi 140 or equivalent). For low expansive backfill, the
filter material should extend a minimum of 1 horizontal foot behind the base of the walls
and upward at least 1 foot. For native backfill that has up to medium expansicon potential,
continuous Class 2 permeable drain materials should be used behind the wall. This
material should be continuous (i.e., full height) behind the wall, and it should be
constructed in accordance with the enclosed Detail 1 {Typical Retaining Wall Backfill and
Drainage Detail). For limited access and confined areas, (panel) drainage behind the wall
may be constructed in accordance with Detail 2 (Retaining Wall Backfill and Subdrain
Detail Geotextile Drain). Materials with an E.l. potential of greater than 90 should not be
used as backfill for retaining walls. For more onerous expansive situations, backfill and
drainage behind the retaining wall should conform with Detall 3 (Retaining Wall And
Subdrain Detail Clean.Sand Backfill).

The Womble Group o W.0. 5431-A-SC
+15-Acre Site, Sun City May 9, 2007
File:e:\wp10\ymurrirc5400\543 1a.gru ' Page 27

- GeoSoils, Inc.



DETAILS
S

N . T
2 .
Native Backfill
1t
Provida Surface Drainage >_ Slope or Level
Native Backfill
A - '
Y -
i 1 2« I O: 3! :.:.:; /_ ® Rock
@ Filter Fabric
@Waterproofing 1
Membrane (optional) '
- 1 or Flatter
® Weep Hole
\ Native Backfill
Finished Surface

/_ @ Plpe

@ WATERPROOFING MEMBRANE (optional):
Liguid boot or approved equivalent.

@ Rock:
3/4 to 1-1/2" (inches) rock.

@ FILTER FABRIC:
Mirafl 140N or approved equivalent; place fabric fiap behind core.

@ PpIPE:

4" (inches) dlameter perforated PVC. schedule 40 or approved alternatlve with mmimum of
1% gradient to proper outlet point (Perforations down).

® WEEP HOLE:

Minimum 2" (inches) diameter placed at 20’ (feet) on centers along the wall, and 3" (inches)
above finished surface (No weep holes for basement walls.).

TYPICAL RETAINING WALL BACKFILL
AND DRAINAGE DETAIL

DETAIL 1

Geotechnical e Coastal ® Geologic » Environmental




DETAILS

N.T.8.

Native Backfill

7' Slope or Level

Provide Surface Drainage .

Native Backfill

@Waterproofi ng

6“
Membrane (optional) \
@ Weep Hole —“\

Finished Surface

/— @ Drain . 1
' .

. 1 or Flatter
/— @ Filter Fabric

@ Pipe

(D WATERPROOFING MEMBRANE (optional):
Liquid boot or approved ecuivalent.

@ DRAIN:
Miradrain 6000 or J-drain 200 or equivalent for non-waterproofed walls.
Miradrain 6200 or J-drain 200 or equivalent for waterproofed walls (All Perforations down).

@ FILTER FABRIC:
Mirafi 140N or approved equivalent; place fabric flap behind core,

@ pIPE:

4" (inches) diameter perforated PVC. schedule 40 or approved alternative with minimum
of 1% gradient to proper outlet point. )

® WEEP HOLE:

Minimum 2" (inches) diameter placed at 20’ (feet) on centers along the wall, and 3" (inches}
above finished surface. (No weep holes for basement walls, }

RETAINING WALL BACKFILL
AND SUBDRAIN DETAIL
GEOTEXTILE DRAIN

DETAIL 2
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DETAILS

N.T.S8,.

H

Finished Surface

Provide Surface Drainage ___\

Native Backfill

1
)— Slope or Level

@I Waterproofing
Membrane (optional)

=

1 or Flatter

@ Filter Fabric _'
@ Rocly

® weep Hole ‘_‘\

@ F.'ip

—-——-—-—>| Heel Width ‘ <

@ WATERPROOFING MEMBRANE (optional):
Liquid boot or approved equivalent.

@ CLEAN SAND BACKFILL:

@ Clean
Sand Backflll

Must have sand equivalent value of 30 or greater; can be densified by water jetting.

@ FILTER FABRIC:
Mirafi 140N or approved equwalent
@ ROCK:

1 cubic foot per finear feet of pipe ar 3/4 to 1-1/2" (inches) rock.

® PIPE:

4" {inches) diameter perforated PVC. schedule 40 or approved alternative with minimum of

1% gradient to proper outlet point (Perforations down).
® WEEP HOLE:

Minimum 2" {inches) diameter placed at 20' (feet) on centers along the wall, and 3" (mches)

above finished surface. {No weep holes for hasement walls.)

RETAINING WALL AND SUBDRAIN DETAIL
CLEAN SAND BACKEFILL

DETAIL 3
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Outlets should consist of a 4-inch diameter solid PVC or ABS pipe spaced no greater than
+100 feet apart, with a minimum of two outlets, one on each end. The use of weep holes, .
only, in walls higher than 2 feet, is not recommended. The surface of the backfill should

' be sealed by pavement or the top 18 inches compacted with native soil (E.I. <90). Proper
surface drainage should also be provided. For additional mitigation, consideration should
be given to applying a water-proof membrane to the back of all retaining structures. The
use of a waterstop should be considered for all concrete and masonry jomts

Wall/Retaining Wall Footing Transitions

Site walis are anticipated to be founded on footings designed in accordance with the
recommendations in this report. Should wall footings transmon from cut to fill, the civil |
designer may SpeC|fy either:

a). A minimum of a 2-foot overexcavatlon and recompactlon of cut materlals for a
distance of 2H, from the point of transition. '

b} Increase of the amount of reinforcing steel and wall detailing (i.e., expansion joints
or crack control joints) such that a angular distortion of 1/360 for a distance of 2H
on either side of the transition may be accommodated. Expansion joints should be
placed no greater than 20 feet on-center, in accordance with the structural
engineer’s/wall designer’s recommendations, regardless of whether or not transition
conditions exist. Expansion joints should be sealed with aflexible, non-shrink grout.

c) Embed the footings entirely |nto natwe formational material (|e deepened
footings).

If transitions from cut to fill ransect the wall footing alignment at an angle of less than

45 degrees (plan view), then the designer should follow recommendation "a" (above) and
until such transition is between 45 and 90 degrees to the wall alignment.

TOP-OF-SLOPE WALLS/FENCES/IMPROVEMENTS AND EXPANSIVE SOILS

Expansive Soils and Slope Creep

Soils at the site are likely to be expansive and therefore, become desiccated when allowed
to dry. Such soils are susceptible to surficial slope creep, especially with seasonal
changes in moisture content. Typically in southern California, during the hot and dry
summer period, these soils become desiccated and shrink, thereby developing surface
cracks. The extent and depth of these shrinkage cracks depend on many factors such as
the nature and expansivity of the soils, temperature and humidity, and extraction of
moisture from surface soils by plants and roots. When seasonal rains occur, water
percolates into the cracks and fissures, causing slope surfaces to expand, with a
corresponding loss in soil density and shear strength near the slope surface. With the
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passage of time and several moisture cycles, the outer 3 to 5 feet of slope materials
experience a very slow, but progressive, outward and downward movement, known as
slope creep. For slope heights greater than 10 feet, this creep related soil movement will
typically impact all rear yard flatwork and other secondary improvements that are located
within about 15 feet from the top of slopes, such as swimming pools, concrete flatwork,
etc., and in particular top of slope fences/walls. This influence is normally in the form of
detrimental settlement, and tilting of the proposed improvements. The dessication/swelling
and creep discussed above continues over the life of the improvements, and generally
becomes progressively worse. Accordingly, the developershould prowdethls information
- to any homeowners and homeowners association.

Top of Slope Walls/Fences

Due to the potential for slope creep for slopes higher than about 10 feet, some settlement
and tilting of the walls/fence with the corresponding distresses, should be expected. To

mitigate the tilting of top of slope walls/fences, we recommend that the walls/fences be
constructed on a combination of grade beam and caisson foundations. The grade beam
should be at a minimum of 12 inches by 12 inches in cross section, supported by drilled
caissons, 12 inches minimum in diameter, placed at a maximum spacing of 6 feet on
center, and with a minimum embedment length of 7 feet below the bottom of the grade
beam. The strength of the concrete and grout should be evaluated by the structural
engineer of record. The proper ASTM tests for the concrete and mortar should be
provided along with the slump quantities. The concrete used should be appropriate to
mitigate sulfate corrosion, as warranted. The design of the grade beam and caissons
should be in accordance with the recommendations of the project structural engineer, and
include the utilization of the following geotechnical parameters:. :

Creep Zone: 5-foot vertical zone below the slope face and projected upward
- parallel to the slope face.

Creep Load: - The creep load projected on the area of the grade beam
o should be taken as an equivalent fluid approach, having a
density of 60 pcf. For the caisson, it should be taken as a.
uniform 900 pounds per linear foot of caisson’s depth, located
above the creep zone.

Point of Fixity: Located a distance of 1.5 times the caisson’s diameter, below
' the creep zone.

Passive Resistance: Passive earth pressure of 300 psf per foot of depth per foot of |
caisson diameter, to a maximum value of 4,500 psf may be
used to determine caisson depth and spacing, provided that
they meet or exceed the minimum requirements stated above.
To determine the total lateral resistance, the contribution ofthe
creep prone zone above the point of fixity, to passive
resistance, should be disregarded.
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Allowable Axial Capacity:

Shait capacity : _ 350 psf applled below the point of leIty over the surface area
: of the shait. _
' Tip capacity: 4,500 psf. |

EXPANSIVE SOILS, DRIVEWAY, FLATWORK, AND OTHER IMPROVEMENTS

~ The soil materials on site are likely to be expansive. The effects of expansive soils are
- cumulative, and typically occur over the lifetime of any improvements. On relatively level
areas, when the soils are allowed to dry, the dessication and swelling process tends to
cause heaving and distress to flaiwork and other improvements. The resulting potential
for distress to improvements may be reduced, but not totally eliminated. To that end, itis
recommended that the developer should notify any homeowners or homeowners
association of this long-ierm potential for distress. To reduce the likelihood of distress, the
following recommendations are presented for all exterior flatwork:

1. The subgrade area for concrete slabs should be compacted to achieve a minimum
90 percent relative compaction, and then be presoaked to 2 to 3 percentage points
above (or 125 percent of) the soils’ optimum moisture content, 1o a depth of
18 inches below subgrade elevation. The moisture content ofthe subgrade should
be proof tested W|th|n 72 hours prior to pouring concrete,

2. Concrete slabs should be cast over a relatively non-yielding surface, consisting of
a4-inch layer of crushed rock, gravel, or clean sand, that should be compacted and
level prior to pouring concrete. The layer should wet-down completely prior to
pouring concrete, to minimize loss of concrete moisture 1o the surrounding earth
materials.

3. Exterior slabs should be a minimum of 4 inches thick. Driveway slabs and
approaches should additionally have a thickened edge (12 inches) adjacent to all
landscape areas, to help impede infiliration of landscape water under the slab.

4, The use of transverse and longitudinal control joints are recommended to help
control slab cracking due to concrete shrinkage or expansion. Two ways 1o
mitigate such cracking are: a) add a sufficient amount of reinforcing steel,
increasing tensile strength of the slab; and, b) provide an adequate amount of
control and/or expansion joints to accommeodate anticipated concrete shrinkage
and expansion. '

n order to reduce the potential for unsightly cracks, slabs should be reinforced at
mid-height with a minimum of No. 3 bars placed at 18 inches on center, in each
direction. The exterior slabs should be scored or saw cut, 2 to % inches deep,
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10.

11

12.

13.

 often enough so that no section is greater than 10 feet by 10 feet. For sidewalks or

narrow slabs, control joints should be provided at intervals of every 6 feet. The

- slabs should be separated from the foundations and sidewalks wnth expansion joint

filler materlal

No traﬁic should be allowed upon the newly poured concrete slabs until they have
been properly cured to within 75 percent of design strength. Concrete compression
strength should be a minimum of 2,500 psi.

N Driveways, sidewalks, and patio slabs adjacent to the house should be separated

from the house with thick expansion joint filler material. In areas directly adjacent
to a continuous source of moisture (i.e., irrigation, planters etc.), all joints should
be additionally sealed with flexible mastlc

Planters and walls should not be tied to the house.

Overhang structures should be supported on the slabs, or structurally designed
with continuous footings tied in at least two directions. . '

Any rnasonry' landscape walls that are to be constructed throughout the property
should be grouted and articulated in segments no more than 20 feet long. These
segments should be keyed or doweled together.

Utilities should be enclosed within a closed utilidor {(vault) or designed with flexible
connections to accommodate differential settlement and expansive soil conditions.

Positive site drainage should be maintained at all times. Finish grade on the lots
should provide a minimum of 1 to 2 percent fall to the street, as indicated herein.
It should be kept in mind that drainage reversals could occur, including
post-construction settiement, if relatively flat yard drainage gradients are not
periodically maintained by the homeowner or homeowners association.

Due to expansive soils, air conditioning {A/C) units should be supported by slabs
that are incorporated into the building foundation or constructed on arigid slab with
flexible couplings for plumbing and electrical lines. A/C waste water lines should
be drained to a suitable non-erosive outlet.

Shrinkage cracks could become excessive if proper finishing and curing practices
are not followed. Finishing and curing practices should be performed per the
Portland Cement Association Guidelines. Mix design should incorporate rate of
curing for climate and time of year, sulfate content of soils, corrosion potential of

~soils, and fertilizers used on site.
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PRELIMINARY PAVEMENT DESIGN -

A representative sample was obtained and tested to determine the R-value. The material
is thought to be typical and presumed to be representative of the existing soils within the
subject site. Testing was performed in general accordance with the latest revisions to the
Department of Transportation, State of California, Material & Research Test Method

No. 301. The test results are presented in Appendix C.- -

The preliminary pavement sections presented in the following table are based on the
R-value data obtained, assumed traffic indexes for the project, minimum pavement
~ sections required by the County, and are in general conformance with the guidelines
- presented in the latest revision to the California Department of Transportation "Highway
Design Manual® fith edition. The following table presents the preliminary pavement
sections. ' ' '

RECOMMENDED MINIMUM PAVEMENT SECTIONS

UNTREATED | AC - |  cLASS2BASE
o . , . | SUBGRADE CTHICKNESS | ROCK® THICKNESS
ROADWAYTYPE | T.l. R-VALUE. | FEET (INCHES) . FEET (INCHES)
Collector Street 7.0 10 0.33 (4.0)@ 1.20 (14.0)
Local Street 5.5 10 0.25 (3.0)2 0.90 (10.8)

1 Assumed R-values for base rock R=78 - Cal-Trans standard Class 2 base rock.
2 Minimum required by the County of Riverside,

All pavement installation, including preparation and compaction of subgrade and
placement and rolling of asphaltic concrete should be done in accordance with the City
standard and under the observation and testing of thé project geotechnical engineer
and/or City. ' '

The preliminary pavement sections provided above are intended as a minimum guideline.
If thinner or highly variable pavement sections are constructed, or over-irrigation occurs,
increased maintenance and repair should be expected. If the ADT or ADTT increases
beyond that intended, as reflected by the T.1. used for design, increased maintenance and
repair could be required for the pavement section. Consideration should be given to the
~increased potential for distress from overuse of paved street areas by heavy equipment
and/or construction related heavy traffic (e.g., concrete trucks, loaded supply trucks, etc.),
particularly when the final section is not in place (i.e., topcoat). Best management
construction practices should be followed at all times, especially during inclement weather.
_Positive drainage should be maintained at all times, otherwise the subgrade will become
wet or saturated, and may yield causing pavement and improvement distress.

The Womble Group : W.0, 5431-A-SC
+156-Acre Site, Sun City . T May 9, 2007
Flls:e:wp10imurrre5400\6431a.gru : ' _ ‘ Page 35

GeoSoils, Inc.



) PBEL_IMINARY'PAVEMENT GRADING'RECOMMENDATIONS
General |
All sectibn changes should bé properly transitioned. [fadverse conditions are encountered
during the preparation of subgrade materials, special construction methods may need to

be empioyed. A GSI representative should be present for the preparation of subgrade,
aggregate base rock, and as_phait concrete.

S'ubgrade

Within driveway and parking areas, all surficial deposits of loose soil material should be
removed and recompacted as recommended. - After the loose soils are removed, the

" bottom is to be scarified to a depth of at least 12 inches, moisture conditioned as

necessary and compacted to 95 percent of the maximum laboratory density or the County
of Riverside minimum, as determined by ASTM test method D-1557. :

Deleterious material, excessively wet or dry pockets, concentrated zones of oversized rock
fragments, and any other unsuitable materials encountered during grading should be
removed. The compacted fill material should then be brought to the elevation of the
proposed subgrade for the pavement. . The subgrade should be proof-rolled in order to.
‘ensure a uniform firm and unyielding surface. All grading and fill placement should be
observed by the project soil engineer and/or his representative,

Aggregate Base Rock

Compaction tests are required for the recommended base section. Minimum relative
compaction required will be 95 percent of the laboratory maximum density as determined
by ASTM test designation D-1557. Base aggregate should be in accordance to the
Caltrans Class 2 base rock {minimum R-value=78).

Paving
Prime coat may be omitted if all of the following conditions are met:

1. The asphalt pavement layer is placed within two weeks of completion of base
and/or subbase course.

2. Traffic is not routed over completed base before paving.

3. Construction is completed during the dry season of May through October.
4. Thebaseis kept free of debris prior to placement of asphaltic concrete.
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If construction is performed during the wet season of November through April, prime coat
may be omitted if no rain occurs between completion of base course and paving and the
time between completion of base and paving is reduced to three days, provided the base
is free of loose soil or debris. Where prime coat has been omitted and rain occurs, traffic
is routed over base course, or paving is delayed, measures shall be taken to restore base
course, and subgrade to condltlons that will meet speC|f|cat|ons as directed by the soil -
engineer, :

Drainage

Positive drainage should be provided for all surface water to drain towards the area swale,
curb and gutter, or to an approved drainage channel. Positive site drainage should be
" maintained at all times. Water should not be allowed to pond or seep into the ground. If
‘planters or landscaping are proposed adjacent to paved areas, measures should be taken
to minimize the potential for water to enter the pavement section, such as thickened edges,
enciosed planters, etc. If thickened edges are not constructed, the potentiat for yielding
subgrade and associated distress to lmprovements increases.

‘Additional Considerations

To mitigate perched groundwater and associated distress, consideration should be given
to installation of subgrade separators (cut-offs) between pavement subgrade and
landscape areas, although this is not a requirement from a geotechnical standpoint.
Cut-offs, if used, should be 6 inches wide and at least 12 inches below the pavement
subgrade contact or 12 inches below the aggregate base rock.

DEVELOPMENT CRITERIA

_ Slope Deformation

Compacted fill slopes designed using customary factors of safety.for gross or surficial
stability and constructed in general accordance with the design specifications should be
expected to undergo some differential vertical heave or settlement in combination with
differential lateral movement in the out-of-slope direction, after grading. This
post-construction movement occurs in two forms: slope creep, and lateral fill extension
(LFE). Slope creep is caused by alternate wetting and drying of the fill soils which results
in slow downslope movement. This type of movement is expected to occur throughoutthe
life of the slope, and is anticipated to potentially affect improvements or structures (e.g.,
separations and/or cracking), placed near the top-of-siope, up to a maximum distance of
approximately 15 feet from the top-of-slope, depending on the slope height. This
movement generally results in rotation and differential setilement ofimprovements located |
within the creep zone. LFE occurs due to deep wetting from irrigation and rainfall on
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slopes comprised of expansive materials. Althbugh some movement should be expected,
long-term movement from this source may be minimized, but not eliminated, by placing
the fill throughout the slope region, wet of the fill's optimum moisture content.

Itis generally not practical to attempt to eliminate the effects of either slope creep or LFE.
- Suitable mitigative measures to reduce the potential of lateral deformation typically include:
setback of improvements from the slope facés (per the 1997 UBC and/or adopted
California Building Code), positive structural separations (i.e., - joints) between
improvements, and stiffening and deepening of foundations. Expansion joints in walls
should be placed no greater than 20 feet on-center, and in accordance with the structural

- engineer's recommendations. All of these measures are recommended for design of

structures and improvements. . The ramifications of the above conditions, and
recommendations for mitigation, should be provided to each owner and/or any owners
association. : : : '

Slope Maintenance and Planting

-Water has been shown to weaken the inherent strength of all earth materials. Slope
stability is significantly reduced by overly wet conditions. Positive surface drainage away
from slopes should be maintained and only the amount of irrigation necessary to sustain
plant life should be provided for planted slopes. Over-watering should be avoided as it -
adversely affects site improvements, and causes perched groundwater conditions. Graded
slopes constructed utilizing onsite materials would be erosive. Eroded debris may be
minimized and surficial slope stability enhanced by establishing and maintaining a suitable
vegetation cover soon after construction. Compaction to the face of fill slopes would tend
to minimize short-term erosion until vegetation is established. Plants selected for
landscaping should be light weight, deep rooted types that require little water and are
capablie of surviving the prevailing climate. Jute-type matting or other fibrous covers may
aid in allowing the establishment of a sparse plant cover. Utilizing plants other than those
recommended above will increase the potential for perched water, staining, mold, etc., to
develop. A rodent control program to prevent burrowing should be implemented.
Irigation of natural (ungraded) slope areas is generally not recommended. These
recommendations regarding plant type, irrigation practices, and rodent control should be
provided to each owner. Over-steepening of slopes should be avoided dunng building
construction activities and landscaping.

Drainage

Adequate lot surface drainage is a very important factor in reducing the likelihood of
adverse performance of foundations, hardscape, and slopes. Surface drainage shouldbe
sufficientto prevent ponding of water anywhere on a lot, and especially near structures and
tops of slopes. Lot surface drainage should be carefully taken into consideration during
fine grading, landscaping, and building construction. Therefore, care should be taken that
future landscaping or construction activities do not create adverse drainage conditions.
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Positive site drainage within lots and common areas should be provided and maintained
at all times. Drainage should not flow uncontrolled down any descending slope. Water.
should be directed away from foundations and not allowed to pond and/or seep into the
ground. In general, the area within 5 feet around a structure should slope away from the
structure. We recommend that unpaved lawn and landscape areas have a minimum
gradient of 1 percent sloping away from’structures, and whenever possible, should be
above adjacent paved areas. Consideration should be given to avoiding.construction of
* planters adjacent to structures (buildings, pools, spas, etc.). Pad drainage should be
‘directed toward the street or other approved area(s). Although not a geotechnical
requirement, roof gutters, down spouts, or other appropriate means may be utilized to
- control roof drainage. Down spouts, or drainage devices should outlet a minimum of 5 feet
from structures or into a subsurface drainage system. Areas of seepage may develop due
to irrigation or heavy rainfall, and should be anticipated. Minimizing irrigation will lessen
this potential. If areas of seepage develop, recommendations for minimizing thls effect
could be provided upon request. :

Toe of Slope Drains/Toe Drains

Where significant slopes intersect pad areas, surface drainage down the slope allows for
some seepage into the subsurface materials, sometimes creating conditions causing or
contributing to perched and/or ponded water. Toe of slope/toe drains may be beneficial
in the mitigation of this condition due to surface drainage. The general criteria to be
utilized by the design engineer for evaluatlng the need for this type of drain is as follows:

. Is there a source of irrigation above or on the slope that could contribute to
saturation of soil at the base of the slope?

. Are the slopes hard rock and/or impermeable, or relatively permeable or; do the
~ slopes already have or are they proposed to have subdrains (i.e., stabilization fills,
etc.)?
. Are there cut-fill transitions (i.e., fill over native materials), within the slope?
o Was the lot at the base of the slope overexcavated or is it proposed to be

overexcavated? Overexcavated lots located at the base of a slope could
-~ accumulate subsurface water along the base of the fill cap.

. Are the slopes north facing? North facing slopes tend to receive less sunlight (less
evaporation) relative to south facing slopes and are more exposed to the currently
prevailing seasonal storm tracks.

. What is the slope height? It has been our experience that slopes with heights in
excess of approximately 10 feet tend to have more problems due to storm runoff
“and jrrigation than slopes of a lesser height..
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. Do the slopes ‘toe out” into a lot or a Iot where perched or ponded water may
adversely lmpact its proposed use’? :

Based on these general criteria, the construction of toe dralns may be considered by the
._design engineer along the toe of slopes, or at retaining walls in slopes, descending to the -
rear of such lots. Following are Detail 4 (Schematic Toe Drain Detail)- and Detail 5
- (Subdrain Along Retaining Wall Detail). Other drains may be warranted due to unforeseen
conditions, owner irrigation, or other circumstances. Where drains are constructed during
grading, including subdrains, the locations/elevations of such drains should be surveyed,
and recorded on the final as-built grading plans by the design engineer. It is

- recommended that the above be disclosed to all interested parties, including owners and -
any owners association. :

Erosion Control

Cut and fill slopes will be subject to surficial erosion during and after grading. Onsite earth
materials have a moderate to high erosion potential. Consideration should be given to
providing hay bales and silt fences for the temporary control of surface water, from a
~ geotechnical v:eWpomt

Landscape Malntenance

Only the amount of irrigation necessary to sustain plant life should be provided.
Over-watering the landscape areas will adversely affect proposed site improvements. We
would recommend that any proposed open-bottom planters adjacent to proposed
structures be eliminated for a minimum distance of 10 feet. As an alternative,
_closed-bottom type planters could be utilized. An outlet placed in the bottom of the
planter, could be installed to direct drainage away from structures or any exterior concrete
flatwork. If planters are constructed adjacent 1o structures, the sides and bottom of the
planter should be provided with a moisture retarder to prevent penetration of irrigation
water into the subgrade. Provisions should be made to drain the excess irrigation water
from the planters without saturating the subgrade below or adjacent to the planters.
Graded slope areas should be planted with drought resistant vegetation. Consideration
should be given to the type of vegetation chosen and their potential effect upon surface
improvements (i.e., some trees will have an effect on concrete flatwork with their extensive
root systems). From a geotechnical standpoint leaching is not recommended. for
establishing landscaping. If the surface soils are processed for the purpose of adding
amendments, they should be recompacted to 90 percent minimum relative compaction. -
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 DETAILS

N . T. S

SCHEMATIC TOE DRAIN DETAIL

Drain May Be Constructed into,
or at, the Toe of Slope

Pad Grade __

A

12" Minimum °

¥

A

Permeable
Material

24"

Minimum
Drain Pipe

\ 4

| 12"

.

5\OQ
1;\5’,{\“91:\
<©

ol

NOTES:

1.) Soil Cap Compacted to 90 Percent Relative
Compaction,

2.) Permeable Material May Be Gravel Wrapped in
Filter Fabric {Mirafi 140N or Equivalent}.

3.} 4-Inch Diameter Perforated Pipe (SDR-35 or
Equivalent) with Perforations Down.

4.) Pipe to Maintain a Minimum 1 Percent Fall.

5.) Concrete Cutoff Wall to be Provided at Transition
to Solid Outlet Pipe.

6.} Solld Outlet Pipe to Drain to Approved Area.

7.) Cleanouts are Recommended at Each Property
Line.

SCHEMATIC TOE DRAIN DETAIL

DETAIL 4

Geotechnical # Coastal e Geologic ¢ Environmental




DETAILS

N.T.s.

2:1 SLOPE (TYPICAL) \

|

TOP OF WALL —
‘ |_ BACKFILL WITH COMPACTED ~ NOTES:
NATIVE SOILS
' 1.) Soil Cap Compacted to 90 Percent
______ Relative Compactlon.
-l _____ 12" .
RETAINING WALL e IMiN ' 2.) Permeable Material May Be Gravel
S~ | Wrapped in Filter Fabric (Mirafi 140N

or Equivalent).

3,) 4-Inch Diameter Perforated Pipe
(SDR-35 or Equivalent) with
MIRAFI 140 FILTER FABRIC Perforations Down.
/ OR EQUAL

FINISHED GRADE —\

ElIE=)

4.} Pipe to Maintain a Minimum 1
Percent Fall.

; /_ 3/4" CRUSHED GRAVEL .
: 5.) Concrete Cutoff Wall to be Provided

WALL FOOTING—| at Transition to Solid Outlet Pipe.
6.) Solid Outlet Pipe to Drain to
Approved Area.
24" 7.) Cleanouts are Recommended at
M 4" DRAIN Each Property Line.

8.} Compacted Effort Should Be
Applied to Drain Rock.

A

"TO2"

12—

SUBDRAIN ALONG RETAINING WALL DETAIL
NOT TO-SCALE

SUBDRAIN ALONG RETAINING WALL DETAIL

DETAIL 5

Geotechnical @ Coasté! ® Geologic ® Environmental




Gutters and Downspouts

As previously discussed inthe drainage section, the installation of gutters and downspouts
should be considered to collect roof water that may otherwise infiltrate the soils adjacent
to the structures. If utilized, the downspouts should be drained into PVC collector pipes
or other non-erosive devices (e.g., paved swales or ditches; below grade, solid tight-lined
PVC pipes; etc.), that will carry the water away from the structure, to an appropriate outlet,
~ in accordance with the recommendations of the design civil engineer. Downspouts and
gutters are not a requirement; however, from a geotechnical viewpoint, provided that
positive drainage is incorporated into project design (as discussed previously).

Subsu_rféce and Surface Wéter

Subsurface and surface water are not anticipated to affect site development, provided that
the recommendations contained in this report are incorporated into final design and
construction and that prudent surface and subsurface drainage practices are incorporated
into the construction plans. Perched groundwater conditions along zones of contrasting
permeabilities may not be precluded from occurring in the future due to site irrigation, poor
drainage conditions, or damaged utiiities, and should be anticipated. Should perched

- . groundwater conditions develop, this office could assess the affected area(s) and provide

the appropriate recommendations to mitigate the observed groundwater conditions.
Groundwater conditions may change with the introduction of irrigation, rainfall, or other
- factors.

Site Improvements

If in the future, any additional improvements (e.g., pools, spas, etc.) are planned for the
site, recommendations concerning the geological or geotechnical aspects of design and
. construction of said improvements could be provided upon request. Pools and/or spas
should pot be constructed without specific design and construction recommendations from
(S|, and this construction recommendation shouid be provided to the owners, any owners
association, and/or other interested parties. This office should be notified in advance of
any fill placement, grading of the site, or trench backfilling after rough grading has been
completed. This includes any grading, utility trench and retaining wall backfills, flatwork,
etc.

Tile Flooring

Tile flooring can crack, reflecting cracks in the concrete slab below the tile, although small
cracks in a conventional slab may not be significant. Therefore, the designer should
consider additional steel reinforcement for concrete slabs-on-grade where tile will be
placed. The tile installer should consider installation methods that reduce possible
cracking of the tile such as slipsheets. Slipsheets or a vinyl crack isolation membrane
(approved by the Tile Council of America/Ceramic Tile Instltute) are recommended
between tile and concrete slabs on grade.
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Additional 'Gradig_g

“This office should be notified in advance of any fill placement, supplemental regrading of
the site, or trench backfilling after rough grading has been completed. This includes
completion of grading in the street, driveway approaches, driveways, parking areas, and
utility trench and retaining wall backfills. : '

Footing Trench Excavation

All footing excavations should be observed by a representative of this firm subsequent to
- trenching and prior to concrete form and reinforcement placement. The purpose of the
observations is to evaluate that the excavations have been made into the recommended
bearing material and to the minimum widths and depths recommended for construction.
~ If loose or compressible materials are exposed within the footing excavation, a deeper
footing or removal and recompaction of the subgrade materials would be recommended
at that time. Footing trench spoil and any excess soils generated from utility trench
‘excavations should be compacted to a minimum relative compaction of 90 percent, if not
removed from the site. :

Trenching/Temporary Construction Backcuts

Considering the nature of the onsite earth materials, it should be anticipated that caving
or sloughing could be a factor in subsurface excavations and trenching. Shoring or
excavating the trench walls/backcuts at the angle of repose (typically 25 to 45 degrees
[except as specifically superceded within the text of this report]), should be anticipated.
All excavations should be cbserved by an engineering geologist or soil engineer from GSl,
prior to workers entering the excavation or trench, and minimally conform to CAL-OSHA,
state, and local safety codes. Should adverse conditions exist, appropriate
recommendations would be offered at that time. The above recommendations should be
provided to any contractors and/or subcontractors, or owners, etc., that may perform such
- work. ‘

Utility Trench Backfiil

1. All interior utility trench backfill should be brought to at least 2 percent above
optimum moisture content and then compacted to obtain a minimum relative
compaction of 90 percent of the laboratory standard. As an alternative for shallow
(12-inch to 18-inch) under-slab trenches, sand having a sand equivalent vaiue of
30 or greater may be utilized and jetted or flooded into place. Observation, probing

- and testing should be provided to evaluate the desired resulfts.

2. Exterior trenches adjacent to, and within areas extending below a 1:1 plane
projected from the outside bottorn edge of the footing, and all frenches beneath
hardscape features and in slopes, should be compacted to at least 90 percent of

The Womble Group - : W.0. 5431-A-SC
+15-Acre Site, Sun Cliy May 9, 2007

File:e:\wp10\murrrc5400M\5431a,gru : Page 44

Geo_Soils, Ine.



the laboratory standard. Sand backfill, unless excavated from the trench, should
not be used in these backfill areas. Compaction testing and observations, along
with probing, should be accomplished to evaluate the desired results.

All trench excavations should conform to CAL-OSHA, state, and local safety codes.
Utilities crossing grade beams, perimeter beams, or footings should either pass_'

below the footing or grade beam utilizing a hardened collar or foam spacer, or pass
through the footing or grade beam in accordance with the recommendations ofthe

- structural engineer.

_ SUMMARY OF HECOMMENDATIONS REGARDING
GEOTECHNICAL OBSERVATION AND TESTING

We recommend that observation and/or testmg be performed by GSI at each of the
following construction stages:

During grading/recertification.
During excavation.

During placement of subdrains, toe drains, or other subdrainagé devices, prior to
piacing fill and/or backfill.

After excavation of building footings, retaihing wall footings, and free standing walls
footings, prior to the placement of reinforcing steel or concrete.

Prior to pouring any slabs or flatwork, after prescaking/presaturatioh of building
pads and other flatwork subgrade, before the placement of concrete, reinforcing
steel, capillary break (i.e., sand, pea—grave[ etc.}, or vapor retarders (i.e., visqueen,
etc.). o

During retaining wall subdrain installation, prior to backfill placement.

During placement of backfill for area drain, interior plumbing, utility line trenches,
and retaining wall backfiil.

During slope construction/repair.

" When any unusual soil conditions are encountered during any construction

operations, subsequent to the issuance of this report.

When any developer or owner improvements, such as flatwork, spas, pools, walls, |
etc., are constructed, prior to construction. GSI should review such plans priorto
construction.
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. A report of geotechnical observation and testing should be provided at the
" conclusion of each of the above stages, in order to provide concise and clear
documentation of site work, and/or to comply with code requirements.

. 'GSI should review project sales documents to owners/owners associations. for

geotechnical aspects, including irrigation practices, the conditions outlined above,

~ etc., prior to any sales. At that stage, GSI will provide owners maintenance
guidelines which should be incorporated into such documents,

OTHER DESIGN PROFESSIONALS/CONSULTANTS

The design civil engineer, structural engineer, post-tension designer, architect, landscape
architect, wall designer, etc., should review the recommendations provided herein,
incorporate those recommendations into all their respective plans, and by explicit
reference, make this report part of their project plans.” This report presents minimum
design criteria for the design of slabs, foundations and other elements possibly applicable
to the project. These criteria should not be considered as substitutes for actual designs
by the structural engineer/designer. Please note that the recommendations contained
herein are not intended to preclude the transmission of water or vapor through the slabor
foundation. The structural engineer/foundation and/or slab designer should provide
recommendations to not allow water or vapor to enter into the structure so as to cause
damage to another building component, or so as to limit the installation of the type of
flooring materials typically used for the particular application.'

The structural engineer/designer should analyze actual soil-structure interaction and
consider, as needed, bearing, expansive soil influence, and strength, stiffness and
deflections in the various slab, foundation, and other elements in order to develop
appropriate, design-specific details. 'As conditions dictate, it is possible that other
influences will also have to be considered. The structural engineer/designer shouid
consider all applicable codes and authoritative sources where needed. If analyses by the
structural engineer/designer result in less critical .details than are provided herein as
minimums, the minimums presented herein should be adopted. Itls considered likely that
some, more restrictive details will be required. :

Ifthe structural engineer/designer has any questions or requires further assistance, they
should not hesitate to call or otherwise transmit their requests to GSI. In order to mitigate
potential distress, the foundation and/or improvement's designer should confirm to GSI
and the governing agency, in writing, that the proposed foundations and/or improvements
can tolerate the amount of differential settlement and/or expansion characteristics and

other design criteria specified herein. -

The Womble Group W.0. 5431-A-SC

*+15-Acre Site, Sun City : - ' . May 9, 2007
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PLAN REVIEW

_Final project plans (grading, precise grading, foundation, retaining wall, landscaping, etc.),
“should be reviewed by this office prior to construction, so that construction is in
accordance with the conclusions and recommendations of this report. Based on our
review, supplemental recommendations and/or further geotechnlcal studles may be
warranted. : :

LIMITATIONS

The materials encountered on the project site and utilized for our analysis are believed
representative of the area; however, soil and bedrock materials vary in character between
‘excavations and natural outcrops or conditions exposed during mass grading. Site
conditions may vary due to seasonal changes or other factors.

Inasmuch as our study is based upon our review and engineering analyses and laboratory
~ data, the conclusions and recommendations are professional opinions. These opinions
have been derived in accordance with current standards of practice, and no warranty,
either express or implied, is given. Standards of practice are subject to change with time.
GSI assumes no responsibility or liability for work or testing performed by others, or their |
inaction: or work performed when GSI is not requested to be onsite, to evaluate if our
recommendations have been properly implemented. Use of this report constitutes an
agreement and consent by the user to all the limitations outlined above, notwithstanding
any other agreements that may be in place. - In addition, this report may be subject o
review by the controlling authorities. Thus, this report brings to completion our scope of
services for this portion of the project. All samples will be disposed of after 30 days, unless
specifically requested by the client, in writing.-

The Womble Group - ' W.0. 5431-A-SC
+15-Acre Site, Sun City : ' May 9, 2007
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UNIEIED SOIL CLASSIFICATION SYSTEM

CONSISTENCY OR RELATIVE DENSITY

=

| Group CRITERIA
Major Divisions Symhols _ Typical Names RITER
Weli-graded gravels and gravel-
® @ aw sand mixtures, little or no fines Standard Penetration Test
> E'G
(i} [
i) i .
o gl 3] g " Poorly graded gravels and - Penetration. .
& af8g GP " gravel-sand mixtures, little or no Resistance N Relative
cm: uﬁ: £g E fines (blows/tt) Density
[=] = E o5
o w a ® 25 — Slity gravels gravel-sand-silt 0-4 Very loose
52 Q § 2 g = GM mixtures
7] w e & g
7 5 D @ 4-10 Loose
£g GG Clayey gravels, gravel-sand-clay
g ng mixtures 10-30 Medium
(] } . )
dé ; W Woell-graded sands and gravelly 30-50 Dense
3 % 5 ® cB sands, Iittle cr no fines
o E o 2 5 - > 50 Very dense
8 £ OG o :
£ wd B <+ ‘gp Pootly graded sands and
® Qg S5 gravelly sands, littls or no flnes. .
2 | 558% '
o tg % N sM Sllty sands, sand-silt mixtures
‘g oc i -
E & g TS Clayey sands, sand-clay
8C mixtures
Inorganic silits, very fine sands, Standard Penetration Test
ML rack flour, slity or clayey fine :
sands .
® % At 'ﬁ Uncerfined
H oE 2 Inarganic clays of low to Penetration Compressive
> g 3 ;—‘e cL ma;;‘:a;‘r ﬂzﬂcmygg::s"ylggys' Rasistance N Strength
o (] il i
% g % g8 clays {blows/ft} Consistency {tons/f?)
[}
@
g g Organlc siits and organic siity <2 Vety Soft <0.25
c @ oL clays of low plasticity :
(F_:j_‘ "g_ 2-4 Soft 0.25 - .050
b o Inorganic slits, micaceous or .
= g . R MH dlatomacecus fine sands or siits, 4-8 Medium 0.50 - 1.00
u e @ " slastic siits
- CEg B-15 Stiff 1.00 - 2.00
g ug g Inarganic clays of high plastieity,
o “ 35 CH fat clays 15-30 Very Stiff 2,00 - 4.00
=1d
n B
G oH Organlc ciays of medium to high >30 Hard >4.00
plasticity
. Peat, mucic, and other highly
Highly Organic Soils PT organic solls

3/4" #4

#10

#40

#200 LS. Standard Sieve

Unifled Soil

Gravst

Sand

Cobbles

Classlfication coarse

fine

coarse

medium

fine

Silt or Clay

MOISTURE CONDITIONS

BASIC LOG FORMAT:
coarse grained particles, sic,

EXAMPLE:

File:Mgr: c;\SoilClassif.wpd

MATERIAL QUANTITY

Dry : Absence of molsture: dusty, dry to the touch race 0-5%
Slightly Moist Below optimum moisture content for compaction few 5-10%
Moist Near optimum moisture content little 10-28%
Very Moist Above opfimurm moisture content some 25-46%
Wet Visible free water; below water table '

OTHER SYMBOLS

C Core Sample
5 8PT Sample
B Bulk Sample
¥ Groundwatsr
Qp Pocket Penetrometer

Group name, Group symboal, (graln size), color, moisture, conslstency or relative density. Additional comments: ador, presence of roots, mica, gypsum,

Sand (SP), fine to medium grained, brown, molst, loose, trace silt, little fine gravel, few cobbles up to 4" in slze, some hair roots and tootlets.
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GéoS_oiIs, Inc.

PROJECT: WOMBLE
115 Acres, Sun City

BORING LOG

wo. 5431-A-SC

" BORING B-1 SHEET 1 oOF 2

DATE EXCAVATED 4-18-07

Sample SAMPLE METHOD: Med Cat Sampler & Spt, CME 75 HSA Rig
Approx. Elevation; 1,420" MSL
_ T _ Standard Penetration Tost
3 -E = = £ ¥ Groundwater
e g8l L | & = s | § Undisturbed, Ring Sample
| |2 % |@a S 2| B
g13|8 é § z 2 ﬁ Description of Material
SM B TOPS ILI LLUVIUM:
. N @ ILTY SAND, brown, dry to damp, loose; fine,
| g
%) & [o | wo || W /} PLEISTOCENE-AGE FAN DEPOSITS;
8 / @ 3' CLAY, brownish gray, damp, hard; trace fine sand,
5] % carbonate development.
I |
/) 32 | SP 1.2 |74 @ €' SAND, light brown, dry, medium dense; fine to coarse,
- .:‘-,'-:: trace silt.
% 57 [SM [ 1107 [ 40 | 22 j @ 9' SILTY SAND, brown, dry, dense; some sand layers.
10+ P
- |
Z a7 |8F 1058 | 37 | 17 |-..] @ 12 SAND, light gray, dry, dense; fine, trace sit.
187 18 46 ::j @ 15' As per 12, medium dense.
20 % 62 1Mo7 | 30 | 16 :':':jf‘: @ 20' As per 15, red, dense; fine to coarse.
25 7 et 5.1 /% @ 25 SANDY CLAY, brownish gray, wet, medium sti,
_

GeoSails, Inc. PLATE B2
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GeoSoils, Inc.

PROJECT: WOMBLE

+15 Acres, Sun City

BORING LOG

wo. ' 5431-A-5C

BORING B1  SHEET 2_ OF 2

DATE EXCAVATED - 4-18-07

SAMPLE METHOD:  Mod Cal Sampier & Spt, CME 75 HSA Rig
' " Approx. Elevation: 1,420' MSL

5 Standard Penstration Test
I} a2 - & kv
9 a o= o) < . - Groundwater
. k| . E = = 5 Undisturbed, Ring Sampie
E . B = o K
5.3 28| 5 | 3|°& '
E121281 5138| z (2| 8 Description of Material
Z 76 | SP | 1163 | 35 | 22 @ 30" SAND, light brown, dry, very dense; fine to coarse, trace
n silt. .
35 § 33 4.1 @ 35' As per 30', dense.
X
@ 39' Perched water encountered.
407 % 63 1221 | 118 | 88 @ 40 As per 35', wet; minor clay.
- e 75 15.6 @ 45' As per 40', saturated, very dense; trace clay.
1082 | 184 1 97 @ 50' As per 45', some clay.

501
7

Total Depth = 51'
Groundwater Encountered @ 39'
Backfilled 4-18-07 with Cuttings

+15 Acres, Sun Clty
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GeoSails, Inc.

PROJECT: WOMBLE
+15 Acres, Sun City -

BORING LOG

wo. 5431-A-5C

BORING B-2 SHEET 1_ oOF 2

DATE EXCAVATED .' 4-18-07

Sample

SAMPLE METHOD: _ Mod Cal Sampler & Spt, CME 75 HSA Rig ~

Approx. Elevation: 1,422 MSL

5 : Standard Penafratian Test ‘
' 2 = - | £ 7 ¢
7 g ) e . Y. Groundwater
& g .| & s S| s Undisturbed, Ring Sample
£ |8 2|9 5 g | &
g|lZ1E] 3 | g g ] ) Description of Material
ML — 1 TOPSOIL/ALLUVIUM:

(=41 @ 0 SANDY SILT, brown, damp, medium stiff, fine..
= : :
=1

32 fcL| 834 [170 ] 46 // PLEISTOCENE-AGE FAN DEPOSITS:
% @ 3' SANDY CLAY, brown, damp, very stiff; fine.
% 57 | 8P | 117.0 45 | 28 @ €' SAND, light red, damp, dense; fine to coarse, some silt
N fayers.
] % 38 1061 | 19 | o @ 9' As per &', dry; trace silt.
101 ' '
] % 12 3.5 @ 12' As per 9', light gray, medium dense.
157 ) 1062 | 52 | 25 @ 15' As per 12", some silt.
207 % 19 1.9 @ 20' As per 9.
% %) © | W | 108 |69 | 69 =1 @ 25 SANDY SILT, brown, wet, very st fine.
] B : : R
—~ A
- — A
~
L — A
-1 et ]
— A
~
— —
]

+15 Acres, Sun City
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BORING LOG

GeoSoils, Inc.
. w.o. 5431-A-SC
PROJECT: WOMBLE BORING B-2 SHEET 2 OF 2
+15 Acres, Sun City .
DA TE EXCAVATED 4-18-07
Sample SAMPLE METHOD: Mod Cal Sampler & Spt, CME 75 HSA Rig
Approx, Elevation; 1,422' MSL
_ g Kol Standard Penetration Test ‘
L 2 Y = £ “ ' ¥ Groundwater
[0] ot P . T .
E :Ea E 5 % g % % Undisturbad, Ring Sample
B S :
> 1 . k2] . -
glzl8 & |2 g g § Description of Material
28 7.9

@ 30' SAND w/SILT layers, light brownish gray, damp, medium
dense/very stiff; fine. '

Totat Depth = 3114’
No Groundwater Encountered
Backfilied 4-18-2007 with Cuttings

415 Agcres, Sun City

GeoSoils, Inc. PLATE B-5




BORING LOG

~ GeoSails, Inc. .
- _ w.o. 5431-A-SC

PROJECT: WOMBLE : ' BORING. B3 SJ'-l!EET 1 _0F 2
+15 Acres, Sun City . : 1807
DATE EXCAVATED -
Sample - | SAMPLE METHOD:  Mod Cal Sampler & Spt, CME 75 HSA Rl
: . Approx. Elevation: 1,421 MSL
_ T | §§§§§§ Standard Perietration Test
2 =~ - ® |° .
e % ’ £ % Z;; ;5 77 Undisturbed, Ring Sample L Groundwater
, E‘ ;af g é % E 2 § Description of Material
/
_ > % 1@05 S&ggbl-gﬂl‘]fmdark brown, damp, loose; flne
1| | % @ 3 SILTY CLAY, dark brown, damp, stiff; trace fine sand.
] % 29 823 | 333 | 87 % @ 5' As per 3, wet, very stiff.
7 % 50 107.¢ | 20.1 | 100 % @ 7' As per &', séturated, hard.
; R
/
107 % 57 1188 | 144 | 100 % @ 10" As per 7', trace fine to coarse sand, some carbonate.
| %
Ll % 21 28.1 % @ 15" As per 10', very stiff.
] %
1 /
20 % 26 99.8 | 228 | 92 % @ 20' As per 15", wet.
1 .
0
25 27 sC RS 774 @ 25 CLAYEY SAND, rddish brown, moist, medium dense:
- / fine to medium.
w .

+15 Acres, Sun City . - GGOSOIIS, Inc._ PLATE B-6




BORING LOG-
GeoSails, Inc.

w.0. 5431-A-SC
PROJECT- WOMBLE BORING B-3 SHEET 2 ©OF 2
+15 Acres, Sun Clty S
DATE EXCAVATED : 4-18-07
Sample SAMPLE METHOD: Mod Cal Sampler & Spt, CME 75 HSA Rig .
Approx, Elevation: 1,421" MSL
_ E Standard Penetration Tost
7 3 o 2 g ¥ Groundwater
= g E ES S = 7 ; ®
£ 2 sl @ 2 5 5 % Undisturbed, Ring Sample
slx|2 218 3 | 3| 5
[= = b B E:' =] B . - P
gl1Zis 8192 & 2 3 Description of Material
g/ 85 | CL 98.0 26.0 | 100 % @ 30" SI.TY CLAY, brownish gray, saturated, hard, trace sand.
: : Total Depth = 31"
. | No Groundwater Encountered
| - Backfilled 4-18-2007 with Cuttings
35
40+
45—
50—
551
7 e

GeoSoils, Inc.
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GeoSoils, Inc.

PROJECT- WOMBLE
+15 Acres, Sun Clty

BORING LOG

W.0. 5431-A-SC

BORING B4 SHEET 1 oOF 1

- DATE EXCAVATED 4-18-07

Sample SAMPLE METHCD: 7 Med Cal Sampler & Spt, CME 75 HSA Rig
. Approx. Elevation: 1,417° MSL
5 B Standard Penstration Test .
o g :% = g :M ] Y. Groundwater
g £ g ,,E; % g _‘g!, 7] Undisturbed, Ring Semple
5| .3 w 3 2
21|35 § § I3 2 § _ Description of Material
ML —71 TOPSOIUALLUVIUM:
—1 @ 0"SANDY SILT, light brown, dry, medium stiff; fine.
e
— .
] .
70 [ ML | 111.8 | 67 | 37 |7 PLEISTOCENE-AGE FAN DEPOSITS:
—1 @ 3 SANDY SILT, light brown, damp, hard; fine.
= S
—
=
89 119.8 130 | 80 |~+ @6 Asper 3, reddish brown, wet; carbonate, frace clay.
— -
—~ o
— — A
—
% 35 | SP 112.8 44 | 25 [~ @ 9 SAND, red, dry, medium dense; fine to coarse, trace silt.
10 :
] 21 59 @ 12 As per 9.
15+ % 85 1216 | 65 | 48 @ 15' As per 12, damp, very dense.
207 30 3.6 @ 20' As per 15", medium dense.
- Total Depth = 21%%’
No Groundwater Encountered
B Backfilled 4-18-2007 with Cuttings
25

15 Acres, Sun Clty

GeoSails, Inc. PIATE B8




GeoSails, Inc.

BORING LOG

: flne to fine.

w.0. 5431-A-SC
PROJECT: WOMBLE BORING B-5 SHEET. 1. OF 2 _
+15 Acres, Sun City _
DATE EXCAVATED 4-18-07
Sample SAMPLE METHOD:  Mod Cal Sampler 8 Spt, CME 75 HSA Rig
: Approx. Elevation: 1,419" MSL
g Standard Penetration Test _
B =" :5 .
z £ E = E’E- ) ¥ Groundwater
- o =, = = 5 - Undisturbed, Ring Sampie
& 5| 2 | @ = g g
e a2 2 @ 3 £ 1 -
§ E E| & % z 2 ﬁ Description of Material
- Y 7| TOPSOILALLUVIUM;
- Cfe] @ 0'SILTY SAND, red, dry, medium dense; fine.
77| Si [SM| 1130 | 98 | 57 || PLEISTOCENE-AGE FAN DEPOSITS:
- 4 50-5* o~ @ 2' SILTY SAND, red, moist, dense to very dense; fine.
- e
5 % 3 | CL| 1138 | 162 | 95 % @ 5 SANDY CLAY, reddish brown, wet, very stiff. fine.
] % 34 1.7 | 163 | 90 % @ 7' As per 5', light reddish brown.
10 7 :
% 16 | SM [ 1084 78 | 39 ¥ @ 10 SILTY SAND, brownish gray, damp, medium dense; fine
- =+ tocoarse.
- e '
15 % 5 | cL 310 7 @ 15' SILTY GLAY, dark brown, moist, stiff.
20 % 13 947 251 | 80 % @ 20' As per 15', wet,
7
16.9 | @ 25 SILTY SAND, brownish gray, moist, medium dense; very
o

115 Acres, Sun City

GeoSails, Inc.

PLATE _B-S




BORING LOG

GeoSoils, Inc. .
_ WO, 5431-A-SC
PROJECT: WOMBLE - ' BORING B-5 SHEET 2 OF 2
+15 Acres, Sun City ) _
DATE EXCAVATED 4-18-07
Sample | SAMPLE METHOD: _Mod Cal Sampler & Spt, CME 75 HSA Rig

Approx. Elevation: 1,419" MSL

5 . @ Standard Penetration Test
b3 g f 3 g : ¥ Groundwater
£ I 3 = 51§ Undisturbed, Ring Sample
£l (8 2181 2 | 3| 8
' 2lalsi & | @ g 8 & Description of Material
17 | SM 20.0 | @30 As per 25.
] 2 “Total Depth = 31%%'
' No Groundwater Encountered

"1 Backfilled 4-18-2007 with Cuttings
35+

-
40+

GeoSails, Inc.
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Project Name:
Project Number:
Boring Number;
Sample Number:
Sample Description: |

Mold Volume (ft%;

FELRE

anble i

COMPACTION TEST
ASTM D 1557

Date Tested:

Coarse Fracfion (%): - +Hit4:

Date Received:

il AR
£ +3/8"% 51 50.0%

Moist

Preparation Methad: |

Dry

4 inch 0.0333

- @inch

0.0750

Compaction Method: | X

Rammer Weight&

10 Ibs.

Brop:

Mechanical Rammer
Manual Rammer
18 inches .

VWater addéd {mi):

TEST NUMBER:

Waight of Soil and Wold @) [0

Weight of Mold (9)

Welght of Sail (g)

Wet Soll and Tare {(g)

Dry Soll and Tare (

i i
1 I z OJ. .:HW'

[L‘hd

.&:Ij‘a. e

W :
] -vlill lr“%;«“r\"'tm

Weight of Tare 0.

Wet Densaty (pch) 122.9 129.3. 133 7
Moisture Content (%) 12.0 14.0 16.3

Dry Density (pcf) 109.7 113.5 115.0

PROCEDURE

Procedure A

Soil: Passing No. 4 (4.76mm) Sleve

Mcld: 4 in. {101.6 mm) Diameler

Layers: 5 (ive)

Blows per Layer: 25 (twenty-five)

May be used if 20% or less by weight of the
material is retained on the No. 4 sieve.

DPmcedure B

Soll: Passing 3/8 in. (3.5 mm) Sleve
Mold: 4 in. (101.6 mm) Diameter
Layers: 5 (five)

Blows per Layer: 25 (fwenty-five)

Shall be used If more than 20% by weight of -

the material Is retained on the No. 4 sleve
_ and 20% or less by weight is retained on tha
3/B in, sleve,

DPmcedum c

Soil: Passing 3/4 in. (19.0 mm) Sieve

Mold: 6 in. (152.4 mm} Diameter

Layers: 6 (five)

Blows per Layer; 56 {fifty-six)

Shall be used if more than 20% by weight of
the materal Is retained on tha 3/8 in. sieve
and [ess than 30% by weight is reteined on
ihe 3/4 In. sieve.

[ lover 30% Retained on 3/4™ Sieve

Rock Gorrection needed:

145 x5 A e
WAV F{SPE. G. = 2.65
140 A ~T_1SPE. G. = 2.70
] \> (\</ . -4SPE. G, =2.75
N K.
‘\\ \( v
135 YA ¥
3 N
N RN
: \\\\
130 pe
S oS,
& ANANA
> 125 e
5 OO
3. <ok
a 120 Pl
[ h NN
=] A
115 yd N YW
/i AN
N
/‘r i S
110 - .
N
105
100
0 5 10 15 20
| Molsture Content (%)
Rev, 01-06

Zilini{5431.xsJSHEAR

Plate: C-1
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oﬂ 20 40 ) 60 80 100
LIQUID LIMIT
Sample Depth/EL | LL | PL Pl |Fines | USCS CLASSIFICATION
o B-1 30.0 NP NP NP 5 | WELL-GRADED SAND with SILT(SW-SN)
oz 150 NP! NP| NP 9 | Sand wi Siit -
A | B3 : . 20 - 47 20 27 Claywl Sand
GeoSoils. Inc. ATTERBERG LIMITS' RESULTS
5741 Palmer Way Project WOMBLE : '
q@@ﬁi Carlsbad, CA 92008 :
W ¥ W Telephone: (760) 438-3155 Number: 5431-A-SC
5 Fax: (760) 831-0915 | Date: April 2007 ' . Plate: C-2




0.0 . jl\

15

20

2.5

3.0

STRAIN, %

3.5

4.0

4.5

5.0

55

100 1,000 o 10,000

STRESS, psf

Sample | Depth/EN Visual Classification : Y | MC | MC | H20
Initial | initial| Finai

®| B-1 9.0 Sand w/ Silt 114,1.| 4.0 14.8 | 1440

Stress at which water was added: 1440 psf
Strain Difference: 0.38%

- 674 Palmer Way Project: WOMBLE
P an? fe. Carlsbad, CA 92008 :
o )

Telephone: (760) 438-3155 Number: 5431-A-SC
Fax: (760) 831-0913 Date: April 2007 Plate: C-3
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1.0

1.5

20

25

30} —

STRAIN, %

3.5

4.0

4.5

5.0

55

100 1,000

STRESS, psf

10,000

10

Sample Depth/El. Visual Classification

% | mc | mc | Hzo
- | Initial | Initial; Final

@[ B-1 12.0 Sand wf 5ilt -

106.1 a7 17.8 | 2000

Stress at which water was addad 2000 psf
Sirain Difference: 47%

GeoSails, IncWr
; .. 5741 Paimer Way
Amﬂ'!. aAns il
SJ%T?:;‘E’?L Carlsbad, CA 82008
&b Telephone: (760) 438-3155
Fax (760) 931-0915

CONSOLIDATION TEST

Project WOMBLE
Number: §431-A-SC
Date: April 2007 Plate: C-4
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STRAIN, %

0.0

1.0}

1.6

20

2.5

3.0

3.5

4.0

4.6

5.0

6.5

1,000

STRESS, psf

10,000

10

DepthiEL

Visual Classification

% | Mc | mc | Hzo
Initial | initial | Final

20.0 Sand w/ Siit

107.7 a0 158 | 2880

- Stress at which water was added: 2880 psf
Strain Difference; 0.29%

- s

E}z
‘-r"o

GeoSails, Inc.

5741 Palmer Way

. Carlsbad, CA 82008
Telephone (760) 438-3185
Fax: (760) 831-0815

CONSOLIDATION TEST

Project WOMBLE
Number. 5431-A-8C
Date: April 2007 ' Plafe: C-5




0.0 h‘*‘%

0.5 \‘\

1.0 j

1.5

20

25

3.0

BTRAIN, %

3.5F

4.0

4.5

5.0

5.5

.0 |
100 - - i . 1,000 ' 10,000

STRESS, psf

Sample Depth/EL Visual Classification o % | MC | NMC | H2o
Initial | Initial | Final

® B2 ) 8.0 Sand w/ Siit 105,58 1.9 14,1 | 1500

Stress at which water was added: 1500 psf
Strain Diiferencs: 0.33%

GeaSals, Ine, CONSOLIDATION TEST

5741 Palmer Way Project WOMBLE
T AT O
eﬁs}pﬁsgxﬁ . Carisbad, CA 92008

i Pl Telephone: (760) 438-3155 : Number: 5431-A-SC
Fax: (780) 9310915 Date: Apﬁ] 2007 Pigte: C-6




0.0 .—'—"“‘--..\l\
N
0.5 Al
N
e \\
1.5
2.0 .
2.5
E
E. 3.0
. n
35
4.0
4.5
5.0
55
8.0
100 1,000 '10,000
STRESS, psf
Sample | Depth/EL Visual Classification ' Y, | Mc | mMc | Hz0
' Initial | Initial| Final
®| B-2 ) 15.0 Sand w/-Silt - . . 104.8 52 19.4 | 2000
Stress at which water was added 2000 psf
Strain Difference: ____ _ 0.53%
 GeoSols. (ne, CONSOLIDATION TEST
g ey 0041 Palmer Way Project: WOMBLE
e @@%ml:. Carlsbad, CA 82008
el R i Telephone: (760) 438-3155 Number: 5431-A-SG \




0.0

0.5

1.0

1.5

2.0

. 258

3.0

STRAIN, %

3.5

4.0

NI

4.5

B.0

5.5

6.0
100

1,000

10,000

STRESS, psf

10°

Sample

DepthiElL

Visual Classification Y MC MC | H20

Initial | initial | Final

10.0 Sandy Clay.

118.5 | 144 12.5 | 1000

Stress at which water was added; 1000 psf
- Strain Difference: -0.19%

GeoSails, Inc.
5741 Paimer Way

Telephone: (760) 438-3155

'Fax:_(760) 931-0815-

CONSOLIDATION TEST

. Project WOMBILE
Number: 5431-A-8C .
 Date: April 2007 Plate: C-8




4,000

3,500

3,000

2,500

2,000

SHEAR STRENGTH, psf

1,500

1,000

\

500
0
‘D 500 1,000 & - 1,500 2,000 2,800 3,000 3,500 4,000 -
NbRMAL PRESSURE, psf
Sample Depth/El|Range|  Classification Primary/Residual |SampleType| V% | MC% | ¢ [
o| B2 00 | 05 Sandy Clay Primary Shear | Remolded | 1044 | 155 | 779 19
Ol 82 0.0 Residual Shear | Remolded | 1044 | 155 757 19
<
3
; Note: Sample Innundated priorto testing'
GooSols. Inc. DIRECT SHEAR TEST
o 9741 Palmer Way Project WOMBLE
& ‘m Wum .
N Giaqs,‘gﬂi&“fﬁc. Carlsbad, CA 92008 . ) |
o S 2 Telephone: (760)438-3155 Number: 5431-A-SC




CPJ US LAB

RELT BHE,

us

4,000
: [
3,500 : . : / /
3,000 : //
/ i
/ 9 ! //
2,500 <]
G '/ m L
E 2,000 // N //
1 g1 . /
@ :
w wm
1,500 //
1,000
500
u .
) 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
MORMAL PRESSURE, psf
Sample DeptvEl{ Range|  Classification Primary/Residual | Sample Type| % MC% c (]
o| BS 50 | Sandy Clay  Primary Shear | Undisturbed | 1128 | 182 | 1827 | 25
of &5 50 | Residual Shear | Undisturbed | 1128 | 182 | 1383 | 22
Note: Sample Innundated prior to kesting '
GeaSoils. Inc - DIRECT SHEAR TEST
£ 5741 Palmer Way Project: WOMBLE
3eoSoils, Inc. Carlsbad, CA 92008
GV {5 Telephone: (760) 438-3155 | Number: 5431-A-SC |




U5, SIEVE OPENING IN JNCHES - * | U.5. SIEVE NUMBERS | HYDROMETER
00 g 43 245 1 V23 3 4 6 g'0 1416 39 30 4o 50 gg 200449200 '
T[T T T I? TR F R T 1T T e
95 : ‘h:\ \LH\ ¥ '
| \
50 : ; \
80 \
75 . \ :
70 \
165 i . ;
Q : : \ i i
EEO : \ ! :
= i ;
14 : : : :
2% : : 1\
45 : . :
40 : -
i VT
35 U{
»
> Nl
20 3\\ R
15 : \;\ :
10 L \\,s
i
0 5. : :
100 10 1 0.1 0.01 0.001
_ GRAIN SIZE [N MILLIMETERS
COBBLES GRAVEL SAND SILT OR CLAY
coarse | fine €Oarss | madium l e
- Sample Depth Visual Classification/USCS CLASSIFICATION * . | 1L | PL | PI | 'Cc | Cu
o[ B 200 | WELL-GRADED SAND with SILT(SW-5M) ' NP | NP | NP | 128 | 7.42
fo| B2 150 | Sandwi Sil NP | NP | NP | 137 | 530
Sample Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
sfel B-1 300 18 1.248 0.557 0.168 15 83.2. 5.3
o[ b2 150 19 0.432 0.22 0.081 0.2 80,9 8.
5 _
3
]
L
g GeaSoils, Inc. GRAIN SIZE DISTRIBUTION
o e oo D141 Palmer Way Project: WOMBLE
TR AT
: ¢Zo8dfi Tae. Carlsbad, CA 92008 -
z v B B Telephone: (760) 438-3155 Number: 5431-A-SC _




TEST SPECIMEN A B c D
Compactor air pressure - Psl 250 110 50
Water added % 4.1 57 7.2
Moisture at compaction %: 18.5 201 22.0
Height of sample IN - 2.52 2.68 2.68
Dry density PCF 100.4 - 1057 103.5
R-Value by exudation 12 10 9
R-¥alue by exudation, corrected 12 11 10
Exudation pressure Psl 690 355 277
Stability thickness FT 1.13 1.15 1.16
Expansion pressure thickness FT 2.30 1.23 0.43

DESIGN CALCULATI_ON DATA _ SAMPLE INFORMATION
, Traffi(_: index, assumed 5.0 Sample Location: B-2 @ 0-5'
Gravel equivalent factor, assumed 1.25 | Sample Description: Brown Silty Clay
Expansion, stability equilibrium . 1.15 Notes:
R-Value by expansion ' 10 0% Retained on 3/4 Inch sieve
R-Value by exudation 10 Test Method: Cal-Trans Test 301
R-Value at equilibrium ' 10 -
R-Value By Exudation
: 80 :
Expansion, Stability Equilibrium
3.00 \ 70
g2.60 50
E 50
B2.00
& |
-y £ 40¢
#1.50 2
']
i )
£1.00 T
) 20
3
0.50 10 .
0.00 44 ] 1]
000 050 100 150 200 250 - 3.00 800 700 600 500 400 300 200 100
Cover Thickness by Expansion Pressure (ff) Exudation Pressure (psi)
. ‘ R - VALUE TEST RESULTS
GeoSails, Inc.
S 5741 Palmer Way Project WOMBLE
L . Carlsbad, CA 52008 _
/@2 Telephone: (760) 438-3155 Number. 5431-A-SC
Fax: (760) 831-0915
' Date: Apr-07 - Plate: C-12




) SCHIFF ASSOCIATES

www schiffassociates.com
Consulting Comoslon Engineers - Since 1959

Table 1 - Lubnfnmry Tests on Soll Sampl.es'

GenSolls, Ine.
Womble
 Your #3431 A-SC, §4 407-0601LSD
' 26-4pr-07

Sample ID

Resistivity = Units

agreceived ohm-cm 48,000
sanwrated ohm-cm 2,760
pH - 80
Electrical ‘
Conductivity nSicm 0.16
Chemical Analyses
~ Catlons
oulcium . Ca*  mglg 9
magnesium Mg wgkg 10
godium ~ Na"  mgkg . 87
potassiom K™ mghkg 9.1
. Aniong _
carbomate  CO;* mgkg ND
 bicarbomate  HCO," mg/ke 81
. floutide F' mghg 4.3
chloide  C"  mgAg 14
stifate 50, mgkp 53
phosphatz PO wmg/kg 2.0
Crther Teats :
ammonivm  NH," mgikg ND
vitrate NO*  mghkg 33

Elcotrical condnctivity in millisismans/cm md chemical analysia were made on a 1:5 soil-to-watcr a:draet.
mg/fkg ~ milligrama per kilogram (parts per million) of dry soil,

Redox = exidation-reduction potenval in miflivolts

ND = not derected

xs = not analyzed

431 West Baseline Rogad - Clararmont, CA 91711
Phona: 909.424,0947 « Fox 909.626.3316

Plate: C-13
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EQSEARCH
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*
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version 3.00 *
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Shdhh btk ke hn

ESTIMATION OF
PEAK ACCELERATION FROM

CALIFORNIA EARTHQUAKE CATALOGS -

JOB NUMBER: W.I. 5431-A-SC

JOB NAME: The womble Group

EARTHQUAKE—CATALOG*FILE NAME: ALLQUAKE.DAT

MAGNITUDE RANGE:
MINIMUM MAGNITUDE: 5.00
MAXIMUM MAGNITUDE: - 9.00

SITE COORDINATES: .
SITE LATITUDE: 33.6905
SITE LONGITUDE: 117.1898

SEARCH DATES:
START DATE: 1800
END DATE: 2007

SEARCH RADIUS:
62.0 mi
99,8 km

DATE: 04-19-2007

ATTENUATION RELATION: 17) cCampbell & Bozorgnia (1994/1997) - Alluvium

UNCERTAINTY (M=Median, S=Sigma): S

Number of Sigmas: 1.0

ASSUMED SOURCE TYPE: SS [SS=Strike-s1ip, DS=Reverse-slip, BT=Blind-thrust]

SCOND: 0 Depth Source: A

Basement Depth: 5.00 km Campbell SSR:

COMPUTE PEAK HORIZONTAL ACCELERATION
MINIMUM DEPTH VALUE (km): 3.0

Campbell SHR: 0

Plate: D-1
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34.0170
34.3000
33.5750
34.3100
33.6170
34.3400
33.2000
33.0000
34.3000
33.0000
33.9330
33.6830

34.3690

116.
116.

116.
116.

116.

04/21/1918
06/06/1918
05/13/1910
05/15/1910
04/11/1910
12/25/1899
12/19/1880
09/23/1963
05/31/1938
07/23/1923
04/22/1918
09/28/1946
12/16/1858
07/15/1905

06/1271944

06/12/1944
09/20/1907
10/24/1935
01/16/1930
01/16/1930
07/22/1899
06/12/2005
06/28/1992
08/17/1992
07/08/1986
02/07/1889
10/31/2001
06/28/1992
02/25/1980

09/30/1916]

08/29/1943

02/28/1990

07/09/1992
02/10/2001
01/01/1920
09/12/1970
03/11/1933

07/25/1947 |

07/25/1947
07/24/1947
07/26/1947
07/22/1899
03/11/1933
02/22/2003

103/14/1933

11/27/1992
1071271920
11/22/1800
07/30/1894
09/21/1856
12/04/1948
03/11/1933
12/04/1992

223225.
2232 0.
620 0.
1547 0.
757 0.
1225 0.
00 0.
144152,
83455
73026.
2115 0.
719 9.
10 0 O.
2041 0.
104534,
111636.
154 Q.
1448 7.
034 3.
02433.
046 0.
154146.
144321.
204152.
92044.
520 0.
075616.
150530.
104738.
211 0.
34513,
234336.
014357.
210505.
235 0.
143053.
154 7.
04631.
61949.
221046.
24941,
2032 0.
518 4.
121910.
19 150.
160057.
1748 0.
2130 0.
512 0.
730 0.
234317.
658 3.

020857.

=

g -
COO00000OOCODNOOO0O0

=)
[op

e EEbOb P eEEo0toC0CotEEnDOONO0000000000000000000000

WoOOOOCOOHOHOOOOOOOROWVLOWVIOO

mmc‘;mmmmmmLnl.ncnl.nu‘lmmmmmmmmmmmmmu‘:mmmmmmmmmmmu‘l\lu-lu‘lcnr.hmc\mmmmmm
e - = = = = ®= x z2 = = % = = « &L 3 % ™ ®m = ® ® w 3 2 3 w = = oz o= o « ® ¥ 2 = 3 = ‘w omom

.022

.025
.032
-025
.026
.025
.032
-025
.020
.083
.028
.018
.028.
.021
1022
.018
.016
.023
.052
.016
.019
.025
.017
. 060
.018
.018
.016
.019
.019
.057
.036
.014
.055
022
.018

APPROX.
DISTANCE
mi  [km]
11.6( 18.7)
11.6( 18.7)
12.1¢ 19.5)
12.1¢ 19.5)
s
14.SE 23.3)
15.3% 24.6).
18.5( 29.7)
21.6( 34.8)
24.7( 39.8)
e
29.0E 46.6)
33.3E 53.6)
34.5( 55.5)
35.SE 57.2)
36.0( 58.0)
37.2( 59.8)
37.2( 59.8)
37.2( 59.8)
37.2( 59.9)
37.8( 60.9)
39.6( 63.7)
39.6( 63.8)
39.8¢( 64.13
40.9( 65.7
41.0( 66.0)
41.1( 66.1)
- 41.8( 67.3)
41.8( 67.3)
42.6( 68.6)
42.QE 69.1)
43.7( 70.3)
44.1( 70.9%
44.8( 72.0
45.0( 72.3%
45.5( 73.3
45.5( 73.3)
45.5( 73.3)
45.5( 73.3)
45.7( 73.5)
46.3( 74.5)
47.0( 75.7)
47.8( 76.9)
47.8( 76.9%
48.0( 77.2
48.1( 77.4)
48.2( 77.5)
48.9( 78.7)
49.2( 79.2)
49.4( 79.5)
49.7( 80.1)

Plate: D-2



Page 2
_ TIME _ SITE |SITE| - APPROX.
FILE| LAT. LONG. DATE (UTC) |DEPTH|QUAKE] ACC. | MM DISTANCE
CODE| NORTH WEST : .| H M sec| (km)j MAG. g INT.| mi [km]
e e o o= o o it Rk ettt
DMG ]33.7000|118.0670|03/11/1933| 85457.0} 0.0| 5.10| 0.015 v 50.4C 81.1)
DMG |33.7000|118.0670}03/11/1933| 51022.0| 0.0| 5.10| 0.015 v 50.4(C 81.1)
MGI |34.0000|118.0000|12/25/1903}1745 0.0 0.0| 5.00| 0.013 III| 51.1(¢ 82.3)
DMG |33.7500]118.0830]03/11/1933| 230 0.0 0.0| 5.10| 0.015 v 51.5(C 82.8)
DMG |33.7500{118.0830103/11/1933| 2 9 0.0 0.0| 5.00] 0.013 IIT| 51.5( 82.8)
DMG |33.7500|118.0830|03/13/19331131828.0| 0.0| 5.30| 0.018 v 51.5¢ 82.8)
" DMG |33.7500|118.0830|03/11/1933] 910 0.0 0.0| 5.10! 0.015 Iv 51.5¢ 82.8)
pmG |33.75001118.0830(|03/11/1933( 323 0.0 0.0} 5.00f 0.013 IIT| 51.5¢ 82.8)
GSP 134.1390(|116.4310|06/28/1992|123640.6] 10.0{ 5.10| 0.014 v 53.4( 85.9)
GSP [33.9610[116.3180|04/23/1992|045023.0| 12.0| 6.10| 0.034 v 53.4( 85.9)
GSP |34.1080}116.4040]|06/29/1992(141338.8 9.0| 5.40| 0.018 Iv 53.5( 86.0)
DMG |34.2000|117.9000|08/28/1889| 215 0.0{ 0.0| 5.50| 0.020 | v | 53.8( 86.5)
DMG |34.3700)/117.6500{12/08/1812|15 0 0.0| 0.0| 7.00| 0.076 | vII{ 53.8( 86.6)
GSP {33.9020]/116.2840|07/24/1992|181436.2 9.0 5.00] 0.013 ITI| 54.0( 86.9)
GSP |34.0640|116.3610{09/15/1992]{084711.3 9.0| 5.20] 0.015 v 54.1( 87.0)
DMG |33.3430/116.3460|04/28/1969]232042.9| 20.0| 5.80} 0.026 " 54.25 87.2)
GSP |33.8760|116.2670(06/29/1992|160142.8 1.0 5.20] 0.015 v 54.5( 87.7)
DMG |33.7830(118.1330|10/02/1933| 91017.6 0.0] 5.40{ 0.018 v 54.5( 87.7)
pMG | 33.4000]116.3000|02/09/1890(12 6 0.0| 0.0] 6.30| 0.040 v | 55.0( 88.5)
GSP |34.0290|116.3210(08/21/1993|014638.4] 9.0| 5.00| 0.012 | ITI| 55.0( 88.5)
DMG |34.0670|116.3330{05/18/1940| 72132.7] 0.0| 5.00| 0.012 | III] 55.6( 89.4)
DMG |34.0670|116.3330|05/18/1940| 55120.2| 0.0| 5.20| 0.014 | Iv | 55.6( 89.4)
GSN |34.2010(116.4360|06/28/1992|115734.1 1.0 7.60| 0.122 vIiI| 55.7C 89.7)
DMG |33.4080|116.2610(|03/25/1937|1649 1.8| 10.0| 6.00| 0.029 v 56.9( 91.6)
PAS 134.0610|118.0790}{10/01/1987|144220.0| 9.5| 5.90| 0.026 Vv 57.0( 91.8)
DMG [34.0830!116.3000|05/18/1940| 5 358.5 0.0| 5.40f 0.017 v 57.7( 92.9)
PAS |34.0730|118.0980|10/04/1987|105938.2 8.2] 5.30] 0.015 Iv 58.4E 93.9)
GSP |34.3410|116.5290|06/28/1992|124053.5 6.0{ 5.20| 0.013 ITI| 58.7¢( 94.5)
MGI |34.1000|118.1000|07/11/1855| 415 0.0{ 0.0| 6.30| 0.036 v 59.3(¢ 95.5)
GSP |34.2680]116.4020(06/16/1994|162427.5 3.0/ 5.00| 0.011 | III| 60.2( 96.9)
GSP |34.3320(116.4620|07/01/1992|074029.9 9.0| 5.40| 0.015 IV | 60.8( 97.8)
GSP |34.2620|118.0020|06/28/1991{144354.5| 11.0| 5.40| 0.015 | Iv | 61.0C 98.1)
pDMG |33.7830)|118.2500111/14/1941| 84136.3| 0.0| 5.40| 0.015 v 61.2( 98.5)
PAS |34.3270|116.4450|03/15/1979|21 716.5 2.5 5.20| 0.013 ITI Gl.ZE 98.5)
MGI |32.8000|117.1000|05/25/1803] 0 0 0.0f 0.0| 5.00{ 0.011 | III| 61.7( 99.3)

PRt e P T PR T TR R PP PR L L SR E
-END OF SEARCH- B8 EARTHQUAKES FOUND WITHIN THE SPECIFIED SEARCH AREA.

TIME PERIOD OF SEARCH: 1800 TO 2007

LENGTH OF SEARCH TIME: 208 years

THE EARTHQUAKE CLOSEST TO THE SITE IS ABOUT 11.6 MILES (18.7 km) AWAY.
LARGEST EARTHQUAKE MAGNITUDE FOUND IN THE SEARCH RADIUS: 7.6

LARGEST EARTHQUAKE SITE ACCELERATION FROM THIS SEARCH: 0.329 g
COEFFICIENTS FOR GUTENBERG & RICHTER RECURRENCE RELATION:

" a-value= 1.210 ,

b-value= 0.363
beta-value= '0.835

: Pla_te: D-3
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Earthquake | Number of Times | Cumulative

Magnitude Exceeded No. / Year

——————————— +—_—..—.«_.—.-.—-—..—..u.__..._..._._.,.i_......_.—...————_—n
4.0 88 0.42308
4.5 88 0.42308
5.0 88 0.42308
5.5 29 - 0.13942
6.0 19 0.09135
6.5 8 0.03846
7.0 3 0.01442
7.5 1 0.00481

Plate: D-4



- EARTHQUAKE EPICENTER MAP

\ \\'

|1

|\
N\

1100

1000 -

800 -

T 1,0 1T 17T T T 1

800 -

700 -

600
500
400 T
300 -

200 4. LEGEND

—~

(=]

o
!

Q
i

TTrrirrqyqy1r7+1r&i FTI'T P11 vy1r1TITFE7 T T 1T T T T ETTTTEFTTITIET T

OO0 x

~100 gz
-400 -300 ~200 -100 0 100 200 300 400 500 600

Plate: D-5



Cummulative Number of Events (N)/ Year
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10
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EARTHQUAKE RECURRENCE CURVE

“The Womble Group

35 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
: Magnitude {M) :

Plate: D-6
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APPENDIX E

GENERAL EARTHWORK AND GRADING GUIDELINES



IQ_ENERAL EABTHWOFII_(_ A_ND__GRADING GUIDELINES
'General

These guidelines present general procedures and requirements for earthwork and grading

“as shown on the approved grading plans, including preparation of areas to filled,
placement of fill, installation of subdrains, and excavations. - The recommendations
contained in the geotechnical report are part of the earthwork and grading guidelines and
would supercede the provisions contained hereafter in the case of conflict. Evaluations
performed by the consultant during the course of grading may result in new or revised
recommendations which could supercede these guidelines or the recommendations
contained in the geotechnical report.

The contractor is responsible for the satisfactory completion ofall earthwork in accordance
with provisions of the project plans and specifications. The project scil engineer and
engineering geologist (geotechnical consultant), or their representatives, should provide -
observation and testing services, and geotechnical consultation during the duration ofthe
project. : '

EARTHWORK OBSERVATIONS AND TESTING
Geotechnical Consultant

Prior to the commencement of grading, a qualified geotechnical consultant (soil engineer
and engineering geologist) should be employed for the purpose of observing earthwork
procedures and testing the fills for general conformance with the recommendations of the
geotechnical report, the approved grading plans, and applicable grading codes and
ordinances. . _ o

The geotechnical consultant should provide testing and observation so that determination
may be.made that the work is being acconmplished as specified. It is the responsibility of
the contractor to assist the consultants and keep them apprised of anticipated work
schedules and changes, so that they may schedule their personnel accordingly.

All remedial removals, clean-outs, prepared ground to receive fill, key excavations, and
subdrain installation should be observed and documented by the project engineering
geologist and/or soil engineer prior to placing and fill. It is the contractor’s responsibility
to notify the engineering geologist and soil engineer when such areas are ready for
observation. '

Laboratory and Field Tests

Maximum dry density tests to determine the degree of compaction should be performed
in accordance with American Standard Testing Materials test method ASTM designation
D-1557. Random or representative field compaction tests should be performed in .
- accordance with test methods ASTM designation D-1556, D-2937 or D-2922, and D-3017,

GeoSoils, Inc.



atintervals of approximately +2 feet of fill height or approximately every 1,000 cubic yards
placed. These criteria would vary depending on the soil conditions and the size of the
project. The jocation and frequency of testing would be at the drscretron of the
~ geotechnical consultant.

Contractor's Resgonsibilit\i

. All clearing, site preparation, and earthwork performed on the project should be conducted
by the contractor, with observation by a geotechnical consultant, and staged approval by
the governing agencies, as applicable. It is the contractor's responsibility to prepare the
ground surface to receive the fill, to the satisfaction of the soil engineer, and to place,
spread, moisture condition, mix, and compact the fill in accordance with the
recommendations of the soil engineer. The contractor should also remove all non-earth
material considered unsatisfactory by the soil engineer.

It is the sole responsibility of the contractor to provide adequate equipment and methods
to accomplish the earthwork in accordance with applicable grading guidelines, codes or -
agency ordinances, and approved grading plans. Sufficient watering apparatus and
compaction equipment should be provided by the contracter with due consideration for
the fill material, rate of placement, and climatic conditions. [f, in the opinion of the
geotechnical consultant, unsatisfactory conditions such as questionable weather,
excessive oversized rock or deleterious material, insufficient support equipment, etc., are
resulting in a quality of work that is not acceptable, the consultant will inform the
contractor, and the contractor is expected to rectify the conditions, and if necessary, stop
work until conditions are satisfactory.

During construction, the contractor shall properly grade all surfaces to maintain good
drainage and prevent ponding of water. The contractor shall take remedial measures to

‘control surface water and to prevent erosion of graded areas untit such time as permanent

drainage and erosion control measures have been installed.

SITE PREPARATION

All major vegetation, including brush, trees, thick grasses, organic debris, and other
deleterious material, should be removed and disposed of off-site. These remaovals must
‘be concluded prior to placing fill. In-place existing fill, scil, aliuvium, colluvium, or rock
materials, determined by the soil engineer or engineering geologist as being unsuitable,
should be removed prior to any fill placement. Depending upon the seil conditions, these
materials may be reused as compacted fills. Any materials mcorporated as part of the
compacted fills should be approved by the soil engineer.

Any underground structures such as cesspools, cisterns, mining shafts, tunnels, septic
tanks, wells, pipelines, or other structures not located prior to grading, are to be removed
or treated In a manner recommended by the soil engineer. Soft, dry, spongy, highly
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fractured, or otherwise unsuitable ground, extending to such a depth that surface
processing cannot adequately improve the condition, should be overexcavated down to
firm ground and approved by the soil engineer before compaction and filling operations
continue. Overexcavated and processed soils, which have been properly mixed and
moisture conditioned, should be re-compacted to the minimum relatlve compaction as
specmed in these guidelines.

' EX|st|ng ground, which is determined to be satisfactory for support of the fills, should be
scarified to a minimum depth of 6 to 8 inches, or as directed by the soil engineer. Afterthe
scarified ground is brought to optimum moisture content, or greater and mixed, the

“materials should be compacted as specified herein. If the scarified zone is greater than
6 1o 8 inches in depth, it may be necessary to remove the excess and place the material
in lifts restricted to about 6 to 8 inches in compacted thickness. :

‘Existing ground which is not satisfactory to support compacted fill should be
overexcavated as required in the geotechnical report, or by the on-site soils engineer
and/or engineering geologist. Scarification, disc harrowing, or other acceptable forms of
mixing should continue until the soils are broken down and free of large lumps or clods,
until the working surface is reasonably uniform and free from ruts, hollows, hummocks, or
other uneven features, which would inhibit compaction as descrlbed previously. -

Wherefills are to be placed on ground with slopes steeper than 5:1 (horizontal to vertical
[h:v]), the ground should be stepped or benched. The lowest bench, which willactasa
key, should be a minimum of 15 feet wide and should be at least 2 feet deep into firm
material, and approved by the soil engineer and/or engineering geologist. In fill over cut
slope conditions, the recommended minimum width of the lowest bench or key is also
15 feet, with the key founded on firm material, as designated by the geotechnical
consultant. As a general rule, unless specifically recommended otherwise by the soil
engineer, the minimum width of fill keys should be approximately equal to 'z the height of
the slope

Standard benchlng is generally 4 feet (minimum) vertically, exposing firm, acceptable
material. Benching may be used to remove unsuitable materials, although itis understood
that the vertical height of the bench may exceed 4 feet. Pre-stripping may be considered
for unsuitable materials in excess of 4 feet in thickness. '

All areas to receive fill, including processed areas, removal areas, and the toes of fill
benches, should be observed and approved by the soil engineer and/or engineering
geologist prior to placement offill. Fills may then be properly placed and compacted until
design grades (elevations) are attained.
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COMPACTED FILLS

Any earth materials imported or excavated on the property may be utilized in the fill
provided that each material has been determined to be suitable by the soil engineer.
~ These materials should be free of roots, tree branches, other organic matter, or other
deleterious materials. All unsuitable materials should be removed from the fill as directed
- by the soil engineer. Soils of poor gradation, undesirable expansion potential, or
. substandard strength characteristics may be designated by the consultant as unsuitable
and may require blending with other soils to serve as a satisfactory fill material.

Fill materials derived from benching operations should be dispersed throughout the fill
area and blended with other approved material. Benching operations should not result in
the benched material being placed only within a single equipment width away from the
fill/bedrock contact. :

Oversized materials defined as rock, or other irreducible materials, with a. maximum
~ dimension greater than 12 inches, should not be buried or placed in fills unless the
location of materials and disposal methods are specifically approved by the soil engineer.
Oversized material should betaken offsite, or placed in accordance with recommendations
of the soil engineer in areas designated as suitable for rock disposal. Per the UBC/CBC,
oversized material should not be placed within 10 feet vertically of finish grade (elevation)
or within 20 feet horizontally of slope faces {any variation will require prior approval from
the governing agency).

To facilitate future trenching, rock (or oversized material) should not be placed within
10 feet from finish grade, the range of foundation excavations, future utilities, or
underground construction unless specifically approved by the soil engineer and/or the
developer’'s representatlve

If lmport material is required for grading, representative samples of the materials to be
utifized as compacted fill should be analyzed in the laboratory by the soil engineer to
determine it's physical properties and suitability for use onsite. If any material other than
that previously tested is encountered during grading, an appropriate analysis of this
material should be conducted by the soil engineer as soon as possible,

Approved fill material should be placed in areas prepared to receive fill in near horizontal
layers, that when compacted, should not exceed about 6 to 8 inches in thickness. The soil
engineer may approve thick lifts if testing indicates the grading procedures are such that
adequate compaction is being achieved with lifts of greater thickness. Each layer should
be spread evenly and blended to attain uniformity of material and moisture suitable for
compaction.

Fill layers at a moisture content less than optimum should be watered and mixed, and wet

fill layers should be aerated by scarification, or shouid be blended with drier material.
Moisture conditioning, blending, and mixing of the fill layer should continue until the fill
materials have a uniform moisture content at, or above, optimum moisture.
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After each layer has been evenly spread, moisture conditioned, and -mixed, it should be
uniformly compacted to a minimum of 90 percent of the maximum density as determined
' by ASTM test designation D-1557, or as otherwise recommended by the soil engineer.
Compaction equipment should be adequately sized and should be specifically designed
for soil compaction or of proven reliability to efficiently achleve the specified degree of
compactlon : .

Where tests indicate that the density of any layer of fill, or portion thereof, is below the
- required relative compaction, or improper moisture is in evidence, the particular layer or
portion shall be re-worked until the required density and/or moisture content has been
attained. No additional fill shall be placed in an area until the last placed lift of fill has been
tested and found to meet the densﬂy and moisture requirements, and is approved by the
soil engineer.

In general, per the UBC/CBC, fill siopes should be designed and constructed at a gradient
of 2:1 (h:v), or flatter. Compaction of slopes should be accomplished by over-building a.
minimum of 3 feet horizontally, and subsequently trimming back to the design slope
configuration, Testing shall be performed as the fill is elevated to evaluate compaction as
the fill core is being developed. Special efforts may be necessary to attain the specified
compaction in the fiil slope zone. Final slope shaping should be performed by trimming
and removing loose materials with appropriate equipment. A final determination of fill
slope compaction should be based on ebservation and/or testing of the finished slope
face. Where compactedfill slopes are designed steeperthan 2:1 (h:v), prior approval from
the governing agency, specific material types, a higher minimum relative compaction,
special reinforcement, and special grading procedures will be recommended.

If an alternative to over-building and cutting back the compacted fill slopes is selected,
then special effort should be made to achieve the required compaction in the outer 10 feet
of each lift of fill by undertaking the following:

1. An extra piece of equipment consisting of a heavy, short-shanked sheepsfoot
should be used to roll (horizontal} parallel to the slopes continuously as fill is
placed. - The sheepsfoot roller should also be used to roll perpendicular to the
slopes, and extend out over the slope to provide adequate compachon to the face
of the slope. :

2. Loose fill should not be spilled out over the face of the slope as each lift is.
' compacted. Any loose fill spilled over a previously completed slope face should be
trimmed off or be subject to re-rolllng

3. Field compaction tests will be made in the outer (horizontal) +2 to =8 feet of the
slope at appropriate vertical intervals, subsequent to compaction operations.

4. After completion of the slope, the slope face should be shaped with a small tractor
and then re-rolled with a sheepsfoot to achieve compaction to near the slope face.
Subsequent to testing to evaluate compaction, the slopes should be grid-rolled to
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~achieve compaction to the slope face. Final testlng should be used to evaluate
- compaction after grid rolling.

5. Where testing indicates less than adequate compaction, the contractor will be
responsible to rip, water, mix, and recompact the slope material as necessary to
achieve compaction. Additional testing should be performed to evaluate
compaction. o '

6.  Erosion control and drainage devices should be'designed by the project civil
' engineer in compliance with ordinances of the controlling governmental agencies,

andfor in accordance with the recommendation of the soil engineer or engineering -

geologist.

SUBDRAIN INSTALLATION

Subdrains should be installed in approved ground in accordance with the approximate
alignment and details indicated by the geotechnical consultant. Subdrain locations or
materials should not be changed or modified without approval of the geotechnical
consultant. The soil engineer and/or engineering geologist may recommend and direct
changes in subdrain line, grade, and drain material in the field, pending exposed
conditions, The location of constructed subdrains, especnally the outlets, should be
recorded by the project civil engmeer

'EXCAVATIONS

Excavations and cut slopes should be examined during grading by the engineering
geologist. Ifdirected by the engineering geologist, further excavations or overexcavation
and refilling of cut areas should be performed, and/or remedial grading of cut slopes
should be performed. When fill over cut slopes are to be graded, unless otherwise
approved, the cut portion of the slope should be observed by the engineering geologist
prior to placement of materials for construction of the fill portion of the slope. The
engineering geologist should observe all cut slopes, and should be notified by the
contractor when excavation of cut slopes commence.

“If, during the course of grading, unforeseen adverse or potentially adverse geologic
conditions are encountered, the engineering geologist and soil engineer should
investigate, evaluate, and make appropriate recommendations for mitigation of these
conditions. The need for cut slope buttressing or stabilizing should be based on in-grading
evaluation by the engineering geologist, whether anticipated or not.
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Unless otherwise specified in soil and geological reports, no cut slopes should be
excavated higher or steeper than that allowed by the ordinances of controlling
governmental agencies. Additionally, short-term stability of temporary cut slopes is the
contractor's responsibility. ' :

Erosion control and drainage devices should be designed by the project civil engineerand
- should be constructed in compliance with the ordinances of the controlling governmental
agencies, and/or in accordance with the recommendations of the soil engineer or
engineering geologist.

COMPLETION

Observation, testing, and consultation by the geotechnical consultant should be
conducted during the grading operations in order to state an opinion that ali cut and fill
areas are graded in accordance with the approved project specifications. After completion
of grading, and after the soil engineer and engineering geologist have finished their
observations of the work, final reports should be submitted subject to review by the
“controlling governmental agencies. No further excavation or filling should be undertaken
without prior notification of the soil engineer and/or engineering geologist.

All finished cut and fill slopes should be protected from erosion and/or be planted in
accordance with the project specifications and/or as recommended by a landscape
architect. Such protection and/or planning should be undertaken as soon as practical after
completion of grading.

JOB SAFETY
General

At GSI, getting the job done safely is of primary concern. The following is the company's -
safety considerations for use by all employees on multi-employer construction sites.
On-ground personnel are at highest risk of injury, and possible fatality, on grading and
construction projects. GSl recognizes that construction activities will vary on each site, and
that site safely is the prime responsibility of the contractor; however, everyone must be
safety conscious and responsible at all times. To achieve our goal of avoiding accidents,
cooperation between the client, the contractor, and GSI personnel must be maintained.

In an effort to minimize risks associated with geotechnical testing and observation, the
following precautions are to be implemented for the safety of field personnel on grading
and construction projects: ' ' '
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Safety 'Meetings: GSl fleld personnel are directed to attend contractorsregu[arly
scheduled and documented safety meetings.

Safety Vests:. Safety vests are provided for, and are to be worn by GSI personnel, |
~ at all times, when_ they are working in the field.

Safety Flags: Two safety flags are provided to GVSI field technicians; one is to be
affixed to the vehicle when on site, the other is to be placed atop the
- spoil pile on all test pits.

Flashing Lights:  All vehicles stationary in the grading area shall use rotating or. flashing
amber beacons, or strobe lights, on the vehicle during all field testing.
While operating a vehicle in the grading area, the emergency flasher

on the vehicle shall be activated.

In the event that the contractor's representative observes any of our personnel not
following the above, we request that it be brought to the attention of our office.

: Test Pits Location, Orientation, and Clearance

The technician is responsible for selecting test pit locations. A primary concern should be
the technician’s safety. Efforts will be made to coordinate locations with the grading
contractor’s authorized representative, and to select locations following or behind the
established traffic pattern, preferably outside of currenttraffic. The contractor's authorized
representative (supervisor, grade checker, dump man, operator, etc.) should direct
excavation of the pit and safety during the test period. Of paramount concern should be
the soil technician's safety, and obtaining enough tests to represent the fill.

Test pits should be excavated so that the spoil pile is placed away from oncoming traffic,
whenever possible. The technician's vehicle is to be placed next to the test pit, opposite
the spoil pile. This necessitates the fill be maintained in a driveable condition.
Alternatively, the contractor may wish to park a piece of equipment in front of the test
holes, particularly in small fill areas or those with limited access.

Azone of non-encroachment should be establi’s_hed for alltest pits. No grading equipment
should enter this zone during the testing procedure. The zone should extend
approximately 50 feet outward from the center of the test pit. This zone is established for
- safety and to avoid excessive ground vibration, which typically decreases test results.

Whentaking slope tests, the technician should park the vehicle directly above or below the
. test location. If this is not possible, a prominent flag should be placed at the top of the
slope. The contractor's representative should effectively keep all equipment at a safe
operational distance (e.g., 50 feet) away from the slope during this testing. .

The Womble Group , ' . - Appendix E
Fite: e:\wp7muri\5431a.gru : _ ' _ _ Page 8

GeoSoils, Inc.



The technician is directed to withdraw from the active portion of the fifl as soon as possible
following testing. The technician's vehicle should be parked at the perimeter of the fill in -
a highly visible location, well away from the equipment traffic pattern. The contractor
should inform our persennel of all changes to haul roads, cut and fill areas or other factors
that may affect site access and site safety.

In the event that the technician’s safety is jeopardized or compromised as a result of the
contractor’s failure to comply with any ofthe above, the technician is required, by company
policy, to immediately withdraw and notify his/her supervisor. The grading contractor’s
representative will be contacted in an effort to affect a solution. However, in the interim,

no further testing will be performed until the situation is rectified. Any fill placed can be - |

considered unacceptable and subject to reprocessing, recompaction, or removal.

In the event that the soil technician does not comply with the above or other established
safety guidelines, we request that the contractor bring this to the technicjan’s attention and
notify this office. Effective communication and coordination between the contractor’s
representative and the soil technician is strongly encouraged in order to implement the
above safety plan. :

Trench and Vertical .Excavatirbn

Itis the contractor's responsibility to provide safe access into trenches where compaction
testing is needed. Our personnel are directed not to enter any excavation or vertical cut
which: 1) is 5 feet or deeper unless shored or laid back; 2} displays any evidence of
instability, has any loose rock or other debris which could fall into the trench; or 3) displays
any other evidence of any unsafe conditions regardless of depth.

All trench excavations or vertical cuts in excess of 5 feet deep, which any person enters,
should be shored or laid back. Trench access should be provided in accordance with
CAL-OSHA and/or state and local standards. Our personnel are directed not to enter any
trench by being lowered or "riding down" on the equipment.

If the contractor fails to provide safe access to trenches for compaction testing, our
company policy requires that the soil technician withdraw and notify his/her supervisor.
The contractor’s representative will be contacted in an effort to affect a solution. All backfill
not tested due to safety concerns or other reasons could be subject to reprocessing and/or
removal. : '

If GSI personnel become aware of anyone working beneath an unsafe trench wall or
vertical excavation, we have a legal obligation to put the contractor and owner/developer
on notice to immediately correct the situation. If corrective steps are not taken, GSI then
has an obligation to notify CAL-OSHA and/or the proper controlling authorities.
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CANYON SUBDRAIN DETAIL
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- CANYON SUBDRAIN ALTERNATE DETAILS

| ALTERNATE 1: PERFORATED PIPE AND FILTER MATERIAL -

. 12" MINIMUM_
- /
FILTER MATERIAL: MINIMUM VOLUME OF 9 FT.? 2= ;.-;’SW
/LINEAR FT. 6" @ ABS OR PVC PIPE OR APPROVED HI'.:JwiiZ
SUBSTITUTE WITH MINIMUM 8 ml.'gl PERFS. e
LINEAR FT. IN BOTTOM HALF OF PIPE, L NS
ASTM D2751, SDR 35 OR ASTM D1527, SCHD, 48 77 g+ \iNIMUM
ASTM D3034, SDR 35 OR ASTM D1785, SCHD. 40 -1
FOR CONTINUOUS RUN IN EXCESS OF 500 FT.
' USE 8" ¢ PIPE

-FILTER MATERIAL

SIEVE SIZE PERCENT PASSING
~ 1INCH 100
-3/4 INCH .90--100
3/8 INCH L0=100
- NO. 4 25—40,
NO. 8 18—33
.NO. 30 5—15
NO. 50 : S 0=7
NO. 200 0-3

ALTERNATE 2: PERFORATED PIPE, GRAVEL AND FILTER FABRIC

6" MINIMUM OVERLAP 1

.6 MINIMUM COVER
{' — 4" MINIMUM BEDDING

4" MINIMUM’ BEDDING:\
A2 ' GRAVEL MATERIAL 9 FT*/LINEAR FT.
- PERFORATED PIPE: SEE ALTERNATE 1

GRAVEL: CLEAN 3/4 INCH.ROCK OR APPROVED SUBSTITUTE
FILTER FABRIC: MIRAF! 140 OR APPROVED SUBSTITUTE
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DETAIL FOR FILL SLOPE TOEING OUT
'ON FLAT ALLUVIATED CANYON
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~ TRANSITION LOT DETAIL

CUT LOT (MATERIAL TYPE TRANSITION) -

. NATURAL GRAE‘I::'________

—-—-/
/

.——"‘""-_‘. /
— - 5' MINIMUM

PAD GRADE / .
OVEREXCAVATE AND RECOMPACT W

COMPACTED FILL '
| — </\\\///\\\///\\V//\\\*‘7/_\\\/Y/\\\///\\\///\\V// W7 3" MINIMUM*
— \ UNWEATHERED BEDROCK OR APPROVED MATERIAL
\(/\\‘1’//\\\’//%\///\\\'//
TYPICAL BENCHING

CUT—FILL 1L.OT (DAYLIGHT TRANSITION)

PAD GRADE - oLt

- A1 V
— m\S“/ OVEREXCAVATE /(\(él\\\

COMPACTED FILL " W\ AND RECOMPACT

W AR NNRNANY 3 MINIMUM*
N
7
UNWEATHERED BEDROCK OR APPROVED MATERIAL

Y,
NGRS

& TYPICAL BENCHING

NOTE: * DEEPER OVEREXCAVATION MAY BE RECOMMENDED BY THE SOILS ENGINEER
AND/OR ENGINEERING GEOLOGIST IN STEEP CUT— FILL TRANSITION AREAS.

PLATE EG—11



SETTLEMENT PLATE AND RISER DETAIL

2'X 2°X 114" STEEL PLATE

|- STANDARD 3/4” PIPE NIPPLE WELDED TO TOP
OF PLATE.

—— 374" X 5' GALVANIZED PIPE, STANDARD PIPE
THREADS TOP AND BOTTOM. EXTENSIONS
THREADED ON BOTH ENOS AND ADOED IN &'
_INCREMENTS. '

3 INCH SCHEDULE 40 PVC PIPE SLEEVE, ADD IN
5'INCREMENTS WITH GLUE JOINTS.

FINAL GRADE

i

] I
“ ) MAINTAIN 5' CLEARANCE OF HEAVY EQUIPMENT.
—_A,MECHANICALLY HAND COMPACT IN 2°VERTICAL

YF— =T\~ LIFTS OR ALTERNATIVE SUITABLE TO AND
5'

ol ACCEPTED BY THE SOILS ENGINEER,
|

N MECHANICALLY HAND COMPACT THE INITIAL 5*
VERTICAL WITHIN A 5'RADIUS OF PLATE BASE,

4¢

N
~
~
N

[ . — |

RN E-OULC BOTTOM OF CLEANOUT

PROVIDE A MINIMUM 1° BEDDING OF COMPACTED SAND

NOTE:

1. LOCATIONS OF SETTLEMENT PLATES SHOULD BE CLEARLY MARKED AND READILY

. VISIBLE (RED FLAGGED) TO EQUIPMENT OPERATORS.

2. CONTRACTOR SHOULD MAINTAIN CLEARANCE OF A 5'RADIUS OF PLATE BASE AND
WITHIN 5'{(VERTICAL) FOR HEAVY EQUIPMENT. FILL WITHIN CLEARANCE AREA SHOULD
BE HAND COMPACTED TO PROJECT SPECIFICATIONS OR COMPACTED BY ALTERNATIVE
APPROVED BY THE SOILS ENGINEER.

3. AFTER 5'{VERTICAL) OF FILL IS IN PLACE, CONTRACTOR SHOULD MAINTAIN A 5° RADIUS
EQUIPMENT CLEARANCE. FROM RISER.

4. PLACE AND MECHANICALLY HAND COMPACT INITIAL 2° OF FILL PRIOR TQ ESTABLISHING
THE INITIAL READING,

5. IN THE EVENT OF DAMAGE TO THE SETTLEMENT PLATE OR EXTENSION RESULTING
FROM EQUIPMENT OPERATING WITH{N THE SPECIFIED CLEARANCE AREA, CONTRACTOR
SHOULD IMMEDJATELY NOTIFY THE SOILS ENGINEER AND SHOULD BE RESPONSIBLE
FOR RESTORING THE SETTLEMENT PLATES TO WORKING ORDER,

6. AN ALTERNATE DESIGN AND METHOD OF INSTALLATION MAY BE PROVIDED AT THE

DISCRETION OF THE SOILS ENGINEER,
PLATE EG—14



TYPICAL SURFACE SETTLEMENT MONUMENT

FINISH GRADE

i ot i degp S iy v -

~ 3/8" DIAMETER X 6" LENGTH
CARRIAGE BOLT OR EQUIVALENT

«—6" DIAMETER X 3 1/2' LENGTH HOLE

<41~ CONCRETE BACKFILL

PLATE EG—15



TEST PIT SAFETY DIAGRAM

SIDE VIEW

[ NOT TO SCALE )

TOP VIEW
0 FEET l
.
i
[+
50 FEET B -
o - , o ety 50 FEET -
LE —
" a"*. L
. / E‘}- FLAG
. APPROXIMATE CENTER Ty —
OF TEST PIT o

PLATE EG~—16




OVERSIZE ROCK DISPOSAL

VIEW NORMAL TO SLOPE FACE

PROPOSED FINISH GRADE

ILO MINIMUM (E)
[ag [s &) oc [0
‘ fe-»| - 15" MINIMUM (A} o
20" MINIMUM Bl
| (o)
oo o e o D =%
15° MINIMUM (A co oo colF}

5'MINIMUM {C)

IR NI 7R PR NN N AN N RN RRNCANNNY
_ BEDROCK OR APPROVED MATERIAL

VIEW PARALLEL TO SLOPE FACE

PROPOSED FINISH GRADE

f
10" MINIMUM (E) l.100'M,z\x||v|um (B
IR IR
15" MINIMUM J3* MINIMUM
e O oo
15°' MINIMUM _ 7
A v e g e e e b ik A Cj m“:} //
SMINMUMIC) 7\
) - A A
FROM CAF WALL SR MINIMUM 10) 7 //

/.
\ v, 774
AN NN N/ BEDROCK OR APPROVED MATERIAL

NOTE: (A} ONE EQUIPMENT WIDTH OR A MINIMUM OF 15 FEET,

(B) HEIGHT AND WIDTH MAY VARY DEPENDING ON ROCK SIZE AND TYPE OF
EQUIPMENT, LENGTH OF WINDROW SHALL BE NO GREATER THAN 100" MAXIMUM.

(C) IF APPROVED BY THE SOILS ENGINEER AND/OR ENGINEERING GEOLOGIST,
WINDROWS MAY BE PLACED DIRECTLY ON COMPETENT MATERIAL OR BEDROCK

' PROVIDED ADEQUATE SPACE IS AVAILABLE FOR COMPACTION,

{D) ORIENTATION OF WINDROWS MAY VARY BUT SHOULD BE AS RECOMMENDED BY
THE SOILS ENGINEER AND/OR ENGINEERING GEOLOGIST. STAGGERING OF
WINDROWS IS NOT NECESSARY UNLESS RECOMMENDED,

(E) CLEAR AREA FOR UTILITY TRENCHES, FOUNDATIONS AND SWIMMING POOLS,

(F} ALL FILL OVER AND AROUND ROCK WINDROW SHALL BE COMPACTED TO 90%
RELATIVE COMPACTION OR AS RECOMMENDED,

{G} AFTER FILL BETWEEN WINDRQWS IS PLACED AND COMPAGCTED WITH THE LIFT OF
FILL COVERING WINDROW, WINDROW SHOULD BE PROOF ROLLED WITH A
D~9 DOZER OR EQUIVALENT, _

VIEWS ARE DIAGRAMMATIC ONLY, ROCK SHOULD NOT TOUCH
AND VOIDS SHOULD BE COMPLETELY FILLED IN. PLATE RD-—-‘]



ROCK DISPOSAL PITS
VIEWS ‘ARE DIAGRAMMATIC ONLY, ROCK SHOULD NOT TOUCH
AND VOIDS SHQULD BE COMPLETELY FILLED IN.

FILL LIFTS COMPACTED OVER
ROCK AFTER  _EMBEDMENT

ity by m S ———

GRANULAR MATERIAL

[
|
l
I

LARGE ROCK

- COMPACTED FILL

i
|
SIZE OF EXCAVATION TO BE :
COMMENSURATE WITH ROCK SIZE )
|
J

r——-—ﬂ——

ROCK DISPOSAL LAYERS

GRANULAR SOIL TO FILL VOIDS, COMPACTED FILL
DENSIFIED BY FLOODING . o e ————

LAYER ONE ROCK HIGH @QO@QQ(_

———
-u-.c—-..__u - e

PROFILE ALONG LAYER

}}.

MINIMUM

FiLL|SLOPE

CLEAR ZONE 20" MINIMUM

LAYER ONE ROCK HIGH

TOP VIEW | | PLATE RD—2





