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Warabert and Assaciafes

CONSULTING GEOTECHNICAL ENGINEERS AND MAATEAIAL TESTING

July 30, 2002

Legends Partners, LLC.
P.O. Box 1765
Grand Junction, Colorado 81502

Artenticnm: Mr. Ron aAbsloe
BPN: M02140GE

Subject: Geotechnical Engineering dtudy for the
proposed Legends Subdivision Filing 4 through 8
Grand Junction, Colorado .

Mxr. Abeloe:

Lambesrt and Associates iz pleased to present our geotechnical
engineering study for the subject project. The field study was
completed on June 19, 2002. The laboratory study was completed
on July 28, 2002. The analysis was performed and the report
prepared from July 25, 2002 thronigh July 30, 2002. Qur
geotechnical engineering report is attached.

We sre scheduled to return to the site during the week of July
29, 2002 to obtain additional subsurface information in the
southeast corner of the proposed filing €. The information
obtained from the additional field work and associated
recommendations, if any, will be presented in a supplemental
report when complete.

We zre available to provide material tesving services for 201
and concretve and provide foundation excavation obsarvations
during construction. We recommend that Lambert and Associates,
the geotechnical engineer, for the project provide material

testing services to maintain continuity between design and
congtruction phases.

1f you have any questions concerning the geotechnical
erginesring aspects of your project please contact us. Thank you
for the opportunity to perform this study for you. .
Respectfully submitted, '

LAMBERT AND ASSOCIATES
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1.0 INTRODUCTIOR

This report presents the results of the geotechmical engineering
gtudy we conductad for the proposed Legends Subdivision, Filings 4
through 8 located in Grand Junction, Colorado. The study was
conducted at the request of Mr. Ron Abeloe, in accordance with our
proposal for geotechnical engineering services dated May 20, 2002,

The conclusions, suggestions and recommendations pregented in
this report are based on the data gathered during our site and’
laboratory study and on our experience with similar soil condi-
rions. Factual data gathered during the field and laboratory work
are summarized in Appendices A and B,

1.1 Proposed Construction

It i8 our understanding that Filings 4, 5 and 6 will consist of
gingle family residential structure sites and Filings 7 and 8 will
consist of mtlti-family structures. ¥We understand that the struc-
tures may be single and multi level wood frame superstructures
gupported on reinforced concrete foamdations. We understand that
basements or other retaining wallg may be included in the proposed
construction. SRS

1.2 Scope of Services

Our services included geotechnical enginsering field and labora-
tory studies, analysis of the acquired data and report preparation
for the proposed site. 7The scope of our services 1s outlined
below.

- The field study consisted of describing and sampling the soil
materials encountered in twenty-siz {26} small diamerer contin-
vous flight auger advanced test borings at the proposad subdi-
vision location.

- The materials sencountered in the test borings were described
and samples retrieved for the subsequent laboratory study.

- The laboratory study included tests of sa2lect soil samples
obtained during the field study to help assess:

Fambert and dssociates
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the soil strength potential {internal friction angle and
cohesion) of samples tested, :
the swell and expansion potential of the samples tasted,
the setrlement/consolidation potential of the samples
tested,

. the moisture content and density of samples tested and
the soil sulfate concentraction of soil samples tested.

- This report presents our gectechnical engineering commﬁnts,
suggestions and recowmendations for planning and design of site
development including:

. viazble foundation types for the conditions encountered,
allowable bearing pressures for the foundation types,
lateral earth pressure recommendations for design of
latarally loaded walls, and

. geotechnical engineering considerations and recommendstions
for concrete slab on grade floors.

- Our comments, suggesticons and recoumendations are based on the
subsurface soil and ground water conditions encountered during
our site and laboratory studies.

- Qur study did not inc¢lude anmy environmental or geologic hazard
igsues.

2.0 SITE CHARACTERISTICS

Site characteristics include observed ezisting and pre- existing
site conditions that may influence the gectechnical engineering
aspects of the proposed site development.

2.1 Site Location

The proposed developuent site ig located at the existing Legends
subdivigion which is located southeast of the intersection of 28-
1/2 Road and Patterson Road in Grand Junction, Colorado. A project
vicinity map is presented on Figure 1.

2.2 8ite Conditions

At the time of our field study the proposed development site was
vacant. The proposed development gite slopes down to the south at
an inclination of about ten {10} to one {1} (horizontal to verti-
cal) and flatter. The south edge.of the proposed development site
is bounded by a large irrigation supply canal. Portions of Filing
5 contain large stockpiles of man placed [ill material consisting
generally of excavated shale material. Much of Filing 7 and 8

Lambert and Associates
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appears to have been graded in the recent past with excavation cutse
located along the west portion of the Filings and placed £iill
material lLocated in the easterm portion of the Pilings. The site
contained sparse cover of dryland rype wvegetation,

2.3 Bubsurface Conditions

The subsurface exploration consisted of observing, describing and
sampling the soil materials encountered in twenty-six (26) auger
advanced test borings. The approximate locations of the teat
borings are shown on Figure 2. The logs describing the soil
materials encountered in the test borings are presented in appendix
A.

The waterials encountered in the test borings congisted generally
of silty clay material to depths of about one {1} to fourteen (14}
feat. The silty clay soils tested have a woderate to high swell
potential when wetted and may consolidate under light loading
conditions. '

Man placed fill was encountered in the test borings and was
ohserved stocdkpiled on Filing 5. The man placed £ill appeared to
consist generally of excavated shale and was a mixture of silty
clay and shale fragments. We anticipate that the existing man
placed f£ill is of poor quality.

Formational material wes encountered in the test borings at
depths of about one (1) to fourteen (14) feet. The formationzl
material was a silty clay shzle of the Mancos Shale formation. The
formational shale material tested has a high to very high swell
potential when wetted. The formational shale encountered in the
test horings had very degrees of weathering at shallow depths.

No free subsurface water vas encountered in the test borings at
the time of our field study. We anticipate that the free sub-
surface water elevation may fluctuate with seasonal and othsr
varying conditions., Qur experience in the area indicates that
fractured layers may exist in the formational material and the
fractured layers may carry or storé water.

At the time of our field study the proposad development site was
not irrigated. It has been our experience that after the site is
developed and cnce landscape lrrigation begins the free subsurface
water level may tend to rise. In some cases the free subgurface
water level rise, as a result of landscape irrigation and othar
development influences, can be fairly dramacic and the water level
may bucome very shallow.

Lambert and Qesociates
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It is difficult to predict if unexpected subsurface conditicons
will be encountered during comstruction. Since such conditions may
be found, we suggest that the owner and the contractor make provi-
sions in their budget and construction schedule to accouwmodate
unexpected subsurface conditions,

2.4 Seismic Consideration

Labeled faulite near the site are 71Q, 720, 73, B1y, 82Q, 830,
840, 85C, B&Q, 870, 8BQ, 890 and 1790, approximately twenty (20) to
twanty five (25) miles north, west and south of the site. The
fault labelr are from Colorado Geological Survey Bulletin 43,
*Barthquake Potential in Colorado®. The fault number ILs followed
by letters, the letters signify the oldest and yvoungest units
displaced by the fault, or in the case of only one letter, the most
recent movensnt.

The labeled faults are agsociated with the Uncompahgre block
uplift and have displaced Quatermary period gsologic units.
{(Rirkham, Rogers, 19281). The location of the faults is pressnted
on Figure 3.

Based on Bulletin 43 Grand Junction is located in the Colorado
Platean Geolegic Province., The maximm credible esarthquake esti-
mated by Bulletin 43 for the Colorade Province is a magnitude of
5.5 to 6.%. Spectral analysis for earthgquakes presented in "Site-
bDependent Spectra for Earthguake-Resistant Design* by H. Bolton
Seed, Celso Ugas, and Jobn Lysmer, February 1976, indicates that
for an sarthcuake magnitude of 6 ¥ at a distance of twenty (20)
miles from the gite with a spectral damping of five percent (&%)
for stiff site conditions resgelts in a spactral acceleration of
0.359 with the respective site period estimated between 1 and 3
seconds may be appropriate representation for site conditions.

Based on the subsurface conditions encountered and the 2000
Uniform Building Code we suggast you consider using UBC site class
C for UBRC normalized response spectys shape. Additional site
geophysical studies would be reguired to verify our assumptions
used in our site selsmic assessment. We are available to discuss
this with you.

3.0 ON-SITE DEVELOPMENT CONSIDERATIONS

We anticipate that the subsurface water slevation may fluctuate
with seasonal and other varving conditions., Deep excavations may
encounter s=oils thar tend to cave or a possibility of subsurface
warer,  Our experience in the ayea lndicates that fractured layers
may exist in the formational material apd that the fractured layers

HLambere and dsoociates
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may carry ot store waber. If water is encountered, it may be
nacessary to dewarer construction excavations to provide aore
suitable working ronditions. Excavations should be well braced or
aloped to prevent wall collapse. Fedsral, state and local safety
codes spould be observed., All construction excavations should
conform te Cocupational Safery and Health Admindstration (QOSHA)
standards or safer.

The site construction surface should be graded (o drain surface
wvater away from the site excavations. BSBurface water should not be
allowed to accumulate inm excavations during construction. Accuml-
ated water could negatively influence the site soil conditions.
Construction surface drainage should include swales, if necessary
to divert surface water away from the construction excavations,

Man placed fill material exists on site. The quality of the man
placed £ill is not kunown and may not be suitable. for support of the
structure or structural components. The guality of the existing
wan placed f£ill should be verified or the fill removed and replaced
with compacted structural fill prior to supporting building or
building cowponents on the £ill.

. The formational material encountered in the test borings was very
havrd. We anticipate that it may be possible to excavate this
material; however, additiconal effort may be necessary. We do not
recommend blasting to ald in excavation of the material. Blasting
may fracture the formational material which will reduce the support
characteristic integrity of the formational material.

It has been our experience that sites in developed areas may con-
tain existing subterranean structures or poor guality man placed
fill. If subterranean structures or poor guality man placed f£ill
are suspected or encountered, they should be removed and replaced
with compacted structurzl £ill as discussed under COMPACTED STRUC-
TURAL FILL below.

The soil materials exposed in the bottom of the excavation may be
vary molst and may become vielding under construction traffic
during comstruction. Yt may be necegsary to use techniques for
placemaent of f£ill material or foundation concrete which limits
construction traffic ir the vicinicy of the very moist goll mate-
rial. If yvielding should occur during coastrucction it may be
necessary to construct a subgrade stabilizetion fill blanker or
aimilar to provide construction traffic access. The subgrade
stabilization blanket may include over excavating the subgrade soil

. materials one (1) to several feet and replacing with aggregate

subbase course type material. The stabilization blanket may also
include geotextile stabilization fabric at the bottom of the

Lambert and Qesgciates
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excavation prior to placement of aggregate subbase course stapili-
zation fill. Other subgrade stabilization technigues way be
available. We are available ro discuss this with you.

4 .0 FOUNDATION RECOMMENDATIOHS

Geotechnical engineering considerations, which influence the
foundatior design and construction recommendations presented balow
are discussed in sppendix C.

We have analyzed drilled piers and spread footings as potential
foundation systems for the proposed structure. These are discussed
below. Due to the pumber of possible foundation types available
and design and construction techniques thers may be design alterna-
tives which we have not. presented in this report. We are available
to discuss other foundation types. We have provided design
parameters for several foundation types. Of these, because of the
expansion potential of the site soils, we fgel that drilled piers
will provide the foundation type with the least likelibood of
significant post comnstruction movement.

He recommend that the sntire structure he supported on only one

foundation type. Combining foundation types will result in differ-

ential and unpredictable foundation performance between the varying
foundation Lypes.

2ll of the design parameters presented below are based on tech-
niques performegd by an experienced cowpetent contractor, high
quality craftemanship and cave during comstruction. We recomuend
post comsctruction cognizance of the potential swelling soil hazard
with appropriate post construction maintenance. The spread footing
recommendations include recommended design and construction tech-
niques to reduce the influence of movement of the swelling soil
materials supporting the foundation but should noct be interpreted
as solutions for completely mitigating the potential for movement
from swelling soll supporting footings.

Barause of site configuration and planned construction you may
decide that it is not practical to support the gtructure on drilled
piers. For this reason we have provided spread footing recommenda-
tiong as an alternative foundation te drilled piers. The spread
footing recommendations include recommended design and construction
technicquas to reduce the influence of swelling soils supporting the
foundation but should not be interpreted as solutions for complete-
iy mitigating the potential for movement from swelling soil sup-
porting feotings.

Fambert anb degociates

CORBULTENG BEQTECHMICAL EXGINEERS AND
KRATERIAL TESTING



S

—

7]

MO2140GE

Exterior columm supports should be supported by foundations
incorporated inve the foundation system of the structure not
supported on flatwork. Coluwmn supports placed on exterior concrete
flatwork may move if the support soils below the concrete slab on
grade become wetted and swell or freeze and ralss or settle.
Differential movement of tha exterior columms may cause stréss to
accumlate in the supported structure and translate intoe other
rortions of the structure.

4.1 Drilled Piers

Drilled piers or cailssons that are drilled into the unweathered
formational material may be used to support the praposed structure.
The piers should be drilled into the formational material a dis-
tance egual to at least twe {2) pier diameters, or minimim of five
{5) feat into the hard unweathered formationzl material, whichever
is deeper. The piers should be designed as end bearing piers using
a formational material bearing capacity of 2¢,000 pounds per sguare
foot and a side friction of 2,000 pounds per square foot for the
portion of the pier in the unweathered formational material. The
drilled piers should be designed with a minimum dead load of 5,000
pounds per square foot. Varying weathering and formational compe-
tence may result in a shorter required penetration of the drilled
piers into the formational material to provide the end bearing
capacity discussed above. We should be contacted to observe the
pier drilling operations and provide additional geotechnical
engineering suggestions and recommendations for design bearing
capacity and minimnm penetration into the formational material as
needed.

There are differing theories on the use of side shear as part of
the load carrying assesgsment of drilled pier foundation sysgtems.
The differences are related to the strain compatibility between end
bearing and side shear. Omne theory is that mobilization of the
drilled pier is required to gemerate the side shear soll strength
values. This mobilization would require the wmovement of the bottcom
of the pier which may not be a desirable characteristic. Another
theory is that the support materials will develop static frictionmal
forces in contact with ths materials along the surface of the pier.

It is our ovinion that sufficlent movement of the plers to mobi-
lize skin friction for bearing support may result in undesirable
performance of the pier in the form of settlement. We suggest
consideration to the amount of settlement tolerable to the stzuc-
ture be included in your assessment if skin friction is used in
your desigp as part of the bearing support of the drilled pier.

We suggest that piers he designed using end bearing capacity
only. The side shear in the formational material may be used fox

Fambert and dosoctates
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the design to resist uplift forces. When using skin friction for
resisting uplift we suggest that you discount the upper portion of
the pier embedment in the formational material to a depth of at
least one and one-half {1 1/2) pier diameters into the formational
material.

The bottom of the pier holes should be thoroughly cleaned to
insure that all loose and disturbed materials are removed prior to
placing pier concrete. It is very, important to thoroughly c¢lean
the bottom of the pier holes prior to placement of the pier con-
crete. Loose disturbed waterial left in ths bottom of the piler
hole will likely result in long term settlement of the piers as the
disturbed material consolidated under the pier loads. The piler
holes should be cbserved during the excavation and cleaning opera-
rion and again immediately prior to placement of pier concrete
after steel reinforcement and any casing wmaterials have been
instailed to verify that material was not dislodge into the pier
hole during steel reinforcement or casing placement.

Because of the rebounding potential in the formational materials
when unloaded by excavation and because of the possibility of
desiccation of the newly erposed material we suggest that cencrete
pa placed in the pler holes immediately after excavation and
cleaning.

If the piers are designed and constructed as discussed above we
anticipate that the post construction settlament potential of each
pier may be less than about ome quarter {1/4} inch.

The portion of the pier above the formational surface and in the
wearhered Formational materizl should be cased with a sono tube or
similar cagsing to belp prevent flaring on the top of the pier holes.
and help provide a positive separation of the pier concrete and the
adjacent soils.

Construction of the piers should include axtreme care Lo prevent
flaring of the top of the piers. Enlarged porrions of the drilled
pier excavation near the surface may perform similar to the top
flaring. Preventing flaring may be aided by casing the drilled
pier excavation with a sono tube or similar casing. Raducing
flaring is to help reduce the potential of swelling soils to impose
uplift forces which will put the pier in teasion. The drilled
piers should be vertically reinforced to provide tensile strendgth
in the piers should swelling on site soils apply temsile forces on
che piers. The structural engineer should be consulted to provide
structural design recommendations,

Pree ground water was not encountered in the test borings at the
time of the field study. Our experience in the area indicates that

Lambert and Tegociates
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fractured layers may exist in the formational macerial and that the
fractured layers may carry or store water. If ground water is
encountered, the pier holes should be dewatered prior to placing
pier concrete. Mo pier concrete should be placed when more than
eix (8] inches of water exists in the bottom of the pier holes.

The piers should be filled with a tremie placed concrete imediate-

1y afrer the drilling and cleaning operation is cowplete.

Caving soil materials were encountered in cur test borings. It
may be necessary to case the pier holes with temporary casing to
prevent caving during pier comstruction. If drilled pilers are
considered as a viable foundation system for the proposed structurxe
che ownar should be aware of potential difficulties that may occur
during the drilling of the pier holes. Drilling pier holes in soil
materials that tend to cave may not be possible with the drill rigs
locally available to the area., 0Orilled pier foundations may
require special consideratioms during the design and scheduling of
construction.

Difficult drilling conditions were encountered with our drill rig
Quring our field study., We anticipate that pler drilling equipment
available in the area may have difficulty drilling the formational
material. It may be necessary to obtain specialty drilling equip-
ment, possibly not available in western Colorado, to advance the
drilled pier holes. We are available to discuss this with you,

The contact beatween the weathered formational material and the
uoweathered formational material may be gradual and difficult to
identify. The minimm penstratiom of the drilled pier into the
unweathered formational material as discussad above ig important
for the long term performance of the pier foundation. W#We should be
contacted to observe the pier drilling operation to verify the
conscruction technigques used, the material encountered during the
drilling operation and condition of the bottow of the drilled pler
hole prior to placement ©f pier concrete.

The structural engineer should be consulted to provide structural
design recommendations for the drilled piers and grade bean founda-~
tion system.

4,2 Spread Footlngs

In our analysis it was necessary to assume that the material
encountersd in the test borings extended throughout the huilding
site and to a depth below the maximum depth of the influence of the
foundations. We should be contacted to observe the soils-exposed
in the foundation excavations prior to placement of foundations to
verify the assuwmptions made during our analysis.

Lambert .ant Qusociates
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We anticipate that the surface of the formational material may
undulats which may result in a portion of the footings supported on
the overlying soils and a portion of the foundation members sup-
ported on the formational material. If this happens the founda-
tions will perform differently between the arsas supported on
formational material and the areas supported on the non-formational
material. For this reason we suggest that if formational material
is encountered only in portions of the foundation excavactions at
fcoting depth the foundation in all areas should be extended to
support all foundation members on the formational material oz the
foorings should be supported entirely on a blanket of compacted
structural fill which is supported by the formational material.

The bottcm of the foundation excavations should be thoroughly
cleaned and observed when excavated. Any loose or disturbed
material exposed in the foundation excavation should be removed
prior te placing foundation concrete.

The bottom of the foundation excavations shduld be compacted
prior to placing cowpacted structural fill or foundation concrete.
We suggest the materials exposed be compacted to at least ninety
(20) percent of the materials moistures content-dry density relz-
tionship (Proctor) test, ASTM DISS7. Excavation compaction is to
help reduce the influence of any disturbance that may occur during
the excavation operations. Any areas of lcose, low density or
yielding soils avidenced during the excavation compaction operation
ghould be removed and replaced with compacted structural fill.
Caution should be exercised during the excavation compaction

operationg. Excess rolling or compacting may increase pore pres-

sure of the subgrade soil material and degrade the integrity of the
gupport soils. Loose or disturbed material in the bottom of the
foundabion excavations which are intended to support structural
members will likely result in large and unpredictable amounts of
settlement, if the loose or disturbed waterial is not coampacted.

The bottom of any footings exposed to freezing tewmperatures
should b2 placed below the maximm depth of frost penstration for
the area. Refer to the local building code for detalls.

ALl footings snould be appropriately proportioned to reduce the
post construction differential settlement. Footings for largs
localized loads should be designed for bearing pressures and
footing dimensions in the range of adjacent footings to reduce the
potential for differential settlement., W®We are available to discuss
this wich vyou.

Foundation walls may be reinforced for geotecbnical enginesring
purposes. We suggest at least two (2] numbsr S bars, continuous at
the top and the bottom {4 bars total), at waximum vertical spacing,

10
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This will help provide the walle with additional beam strength and
help reduce the effects of slight differential settlement. The
wolls may need additional reinforcing steel for structural purpos-
es. The structural engineer should be copsulted for foundatvion
design. The structural engineering reinforcing design railored
for this project will be more appropriate than the suggestions
pregsented above.

The structure may.be founded on spread footings. Spread footings
may be placed either on the natural undisturbed soils or on a
blanket of compacted structural £i1l. The blanket of compacted
gtyuctural fill is to help provide uniform support for the foot-
ings, to help mask swelling soils supporting the footings and to
help reduce the anticipated post construction serctlement. The
anticipated post construction settlement and assoclated £il1l
thickness supporting the footings are presented below. KHe suggest
that you c¢onsider the foundation be supported on a blanket of
compacted structural fill at least two (2) feet thick to help mask
the influence of swalling soils supporting the footings, Ths
hlanket of compacted structural £ill will not prevent movement of
the footings frow swelling soils but will mask the influence of
volume changes of the soils supporting the footings. If the
footings are supported on a blanket of coupacted structural £ill
the blanket of compacred structural £ill should extend beyond each
edge of ssach footing a distance at least equal to the £ill thick-
ness. This concept is shown on Figure 4. Geotechnical engineering
recommendations for constructing compacted structural £ill are
presented below.

A blanket of compacted £ill will help to mask the influence of
the very high measured swell pressures when the foundation soils
become wetved. If you choose spread footings we stromgly recommend
high design dead load, deep embedment and a thick £ill blanket.

The bearing capacity will depend on the minimm depth of ewbedm-
ent of the bottom of the footings below the lowast adjacent grade
and the support characteristics of the soils supporting the founda-
tion. Other characteristics may influence embedment. The embead-
ment concept ig shown on Figure 5. The bearing ¢apacity will
depend on the type of marerial supporting the foundation. Bearing
capacity for material types supporting the foundation and associ-
ared minimum depth of embedment of the bottom of the footing below
the lowest adjacent grade are presented helow.
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SPREAD FOOTING
S0Ii REARING CAPACITY

COHTIRUGIS ISOLATED Av¥
{POUNDS _PER SOUARE FCOT! {feat)}
1,000 . 1,250 0
1,250 1,300 1
1,500 1,750 2 R
1,750 . 2,000 3

SPREAD FOOTING
FORMATIONAL MATERIAL
BEARING CAPACITY

CONTIRUOUS ISOLATED A¥
(POUNDS PER SQUARE FOOT) feet
3,000 1,500 0
3,500 4,000 1 -
4,000 4,500 2
4,500 5,000 3

A* Minimm depth of embedment for footings adjacent ro level
areas. .

1f deeper embedment is considered for increased bearing capacity
greater than presented above, we should be contacted to provide
additional analysis and recommendations as needed. The bearing
capacity design value is based on several considerations and cthese
may change with depth.

We understand that as currently planned no foundations will be
within about twenty (20) feat of the sloped area. If thege plans
are changed we should be contacted for additional comments and
recomnendations concerming slope/foundation interaction.

The bearing capacity may be increased by about twenty (20])
percent for transient loads such as wind and seismic loads.

I¢ is our opinion that footings should have a minimum depth of
embedment of at least one (1) foot on all sides to provide a more
predictable long term performance of the footing. We understand
that copstruction techeiques typically used ir the area may rasult
in scme of rhe footings in the crawl space constructed without
significant embedment of the bottom of the fooring below the lowest
adjacent grade. For this reason we have provided design values for
footings constructed with little or no ambedment. It is our
opinion that the performance of foating constructed without embed-
went may bz influenced by erosion, temperature changes, wmoisture
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content changes, swell potential of the soil supporting the foot-
ings and weathering of the soils supporting the footings and will
have a less predictable settlement response than footings with
cmbedment . )

Exterior footings and footings with uneven backfill may result in
movemant of the footings. Exbedment of the footings om all sides
will help reduce the potential for movement of footings with uneven
backfill. We do not recommend exterior footings or footings with
uneven backfill be constructed without a minimum depth of ewbedment
of the bottow of the footing below the lowest adjacent grade of at
least one {1} foct on all sides of the footings.

The soil sample tested bad a measured swell pressure ranging frowm
about 300 to about 3,600 pounds per square foot. When wetted the
site go0il materials have the ability to raise supported foundation
members with loads less than the swell pressure. The foundation
design should be as rigid as possible with as high of a dead load
as can be avalilable. Thé greater the dead lcad on the footings the
less the potential for movem=nt from the foundation soils should
they become wetted. If the soils becoms wetted they will swell and
will raiss the foundation portions supported on the wetted solls.
If the structure ig supported on spread footings the cwner must
realize that post construction movement of the footings is likely.
We are available to discuss the implications of supporting founda-
riong orn swelling soils, :

Interior columm loads supported on spread footings which are
structurally connected to the other foundation members will provide
more uniform performance of the interior footings with respect to
the other foundation memwbers and will help reduce the potential
differential settlement between interior and exterior foundation
members. The foundation wally ghould be designed to act as beams
ra distribute stresses associated with the swelling soils. The
peam design should be addressed by the project structural engineer.

Exterior column supports should be supported by foundations
incorporated into the foundation system of the structure not
supported on flatwork. Columm supports placed on exterior concrete
flatwork may move if the support soils below the concrete slab on

' grade become wetted and swell or freeze and raise or settle.

Differential movement of the exterior columns may cause stresg to
accumulate in the supported structure and translate into other
portions of the structure.

The estimated post construction sattlement and swell potential
may be raduced by placing the footings on a blanket of compacted
structural fill. The estimated post construction settlement ansd
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associated thickness of compacted structural £ill are presented
pelow.

THICEHRESS OF ) BSTIMATED POST
COMPACTED STRUCTURAL FILL CONSTRUCTIOR SETTLEMERNT
SUPPORTING FQOTINGS [INCHEBES]
. 0 About 3/4
£0./2 About ¥ -
B Anout 1/3

*B isg equal to the footing width

The settlement values above are appropriate for footings with a
width of about two (2] feet or less. Larger footings should be
analyzed on a footing, leoad and width specific basis.

The calculated settlement estimates are theoretical oply. Actual
settlement could vary throughout the site and with time.

1f the fcotings are supported on a blanket of compacted structur-
al fi1ll, t¢he blanket of compacted structural £ill should extend
beyond each edge of each footing a distance at least egqual to the
£ill thicknesa. This concept is shown on Figure 4. Compacted
sStructural Fill is discuss=d in section 6.0 below.

‘The site soil samples tested have a measursd gwell pressurs up to
about 3,600 pounds per square foot. This swell pressure was mea-
sured for soils at the initial woisture content of the soil sample
tested. Tha measured swell pressure may be influenced by distur-
bance of the sample during the sampling oparation and the soil
suction potential. '

Changes in the initial wolisture content will significantly influ-
ence the swell pressure of the site soils. If the initial moisture
content of the foundation soils is less than that of the test
sample the actual swell pressures will likely be significantly
higher than measured. If the initial moisture content of the
foundarion soils is greater than that of the test sample the actual
swell pressures may be less than measured.

Our experiepnce with the clay soils and formavional material in
the area indicates that the in situ swell pressure of the clay
soils may be much higher than measured. Should the site soils
pecowme wetted after construction they may develop this swell
pressure which will cause movement of the influenced structurs
components. Much of the anticipated soil volume increase would
cauge differential movement across the structure foundation which
could cause structural damage. Due to the potential for movement
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we do not feel that the conventional spread footing foundation
system lg the best option for the foundavion design.

The hotrom of the foundation excavations should be thoroughly
cleaned and observed by the project Geotechnical Engineer or his
representative when excavated. Any loose ox disturbed material
evpoged in the foundation excavation should ke removed or remedied
prior to additional construction, .

We recommend that we be contacted to observe the foundation
excavations and backfill operations during construction to verify
the soil support conditions and our assumptions upon which our
recommendat iong are based. If necessary we may revise our recom-
mendations bagsed on our observations. We are availabhle to provide
material testing services during the comstruction phase of the
project.

5.0 INTERICR FLOOR SLAB DISCUSSION

It ig our understanding that, as currently planned, concrete slab
on grade floors way be imcluded in the proposed structures. #e
understand that concrete slab on grade garage floors may be in-
cluded in the construction. The geotechnical engineering sugges-
tions and recommendations for interior floor slabs presented below
are appropriate for garage floor slabs. The natural soils that
will support interior floor slabs are stable at their natural
moisture comtent. However, the owner should reallze that when
wetted, the site soils may experience volume changes. The site
soil samples tested had a measured swell pressure ranging frow
about 300 to about 3,600 pounds per square foot and an associated
magnitude of 0.1 to about 7.7 percent of the wetted soil volume at
a gurcharge load of 100 pounds par square. fool.

Conditions which vary frcwm those encountered during our field
study may become apparent during excavation. We should be contact-
ed to observe the conditions exposed at concrate slab on grade
subgrade elevation to verify the assumptions made during the '
preparatior of this report and to provide additional geoteachnical
engineering suggestions and recommendations as needed.

Engineering design dealing with swelling soils is an art which is
atill developing. The owner is cautioned that the scils on this
site may have swelling potential and concrete slab on grade floors
and other lightly loaded members may erperience movement when tne
supporting solls become wetted. We suggest you consider floors
suspended from the foundation systems as structural floors or a
similar design that will not be influenced by subgrade volume
changes. If the owner is willing to accept the risk of possible
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damage from swelling soils supporting concrete slab on grade .
floorg, the following recommendations to help reduce the damage
from swelling goils should be followed, These recommendations are
based on generally accepted design and construction procedures for
construction on soils that tend to experience volume changes when
wetted and are intended to help reduce the damage caused by swell-
ing soils. Lambert and Associates does not intend that the owner,
or the owner's consultants should interpret these recowmendations
as a solution to the problems of swelling soils, but as measures to
reduce the influence of swelling soils.

Concrete flatwork, such as concrete slab on grade floors, should
be underlsin by compacted structural fill, The layer of compacted
£11l should bhe at least two {2} feet thick or thicker and con-
structed as discussed under COMPACTED STRUCTURAL FILL below. A& two
(2) feet thick blanket of structural f£ill material beneath the
concrete flatwork is not sufficient to entirely mask thae settlement
or swell potential of the subgrade soil material but will only
provide better subgrade conditions for construct ion.

The natuvral soil materials exposed in the areas supporting
concrete slab on grade floors should be kepr very moist during
construction prior to placsment of concrete siab on grade floors.
This is to help increase the moisture regime of the potentially
expansive soils supporting flcor slabs and help reduce the ezpan-
slon potential of the moils. We are available to discuss thisg
concept with you. :

Concrete slab on grade floors should be provided with a positive
separation, such as a slip joint, from all bearing members and
utility lines to allow their independent movewents and to help
reduca possible damage thatr could be caused by movement of soils
supporting interior slabs. The floor slab should be constructed as
a floating slab. All water and sewer pipe lines should be isolated
from the slab. Any equipment placed on the floating flooxr siab
should be constructed with flexible joints to accommodate future
movement of toe floor slab with respect to the structure. We
suggest partitions constructed on the concrete glab on grade floors
be provided with a void space above or below the partitions to
relieve stresses induced by elevation changes in the floor slab.

The concrete slabs should be scored or jointed to help define the
locations of any cracking. We recoumend that joint spacinyg be
designed as outlined in ACI 224R. In addition joints should be
scorad in the floors a distance of about three (3) feet from, and
parallel to, the walls.

It should be noted that when curing fresh concrete experiences
shrinkage. This shrinkage almost always results in some cracks in
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the finished concrete. The actual shrinkage depends on the config-
uration and strength of the concrete and placing and finishing
techpiques. The recommended joints discussed above are intended to
help define the location of the cracks but should not e inter-
preted as a solution to shrinkage cracks. The owner must under-
stand that concrete flatwork will contain shrinkage cracks after
curing and that all of the shrinkage cracks wmay not be located in
control joipts. Some cracking at random locations may occur.

1f moisture migration through the concrete slab on grade floors
will adversely influence the performance of the floor or floox
coverings we suggest that a moisture barrier may be insgtalled
beneath the floor slab to help discourage capillary and vapor
moisture rise through the floor glab. The woisture barrier may
congist of a heavy plastic membrane, six (6} mil or greater,
protected on the top and bottom by clean sand. The ¢lean sand will
help to protect the plastic from puncture. The layer of clean sand
on the top of the plastic membrane will help the overlying concrete
slab cure properly. According to the American Concrete Insricute,
proper curing regquires at least threa (3) to six (&) inches of
clean sand between the plastic membrane and the hottom of the
concrete. The plastic membrane should be lappad and taped or glued
and protected from punctures during construction.

The Portland Cement Asscciation suggests that welded wire rein-
forcing mesh is not necessary in comcrete slab on grade floors when
properly jointed. It is our opinion that welded wire mesh way belp
improve the integrity of the slab on grade floors. We suggest that
concrete slab on grade floors should be reinforced, for geotechni-
cal purposes, with at least 6 x 6 - W2.9 z W2.3 {6 x 6 - 6 x )
welded wire mesh positioned midway in the slab. The structural
engineer should be contacted for structural design of floor siaka.

6.0 COMPACTED STRUCTURAL FILL

Material characteristics Gesirable for compacted structural fill
are discussed in Appendix C. Areas that are over excavated or
slightly below grade should be backfilled to grade with properly
compacted structural £ill or concrete, not loose fill material. If
packfilled with other than compacted structural £ill material or
concrete there will be significant post construction settlement
proportional to the amount ©f loose material.

The natural om site soils are not suitable for use as compacted
structural f1ill material supporting building.or structure wembers
because of their clay content and swell potential. The natural on-
site soils may be used as compacted fill in areas that will not
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influence the structure such as to establish general site grade.
We are available to discuss this with you.

All aress Lo receive compacted structural £ill should be properliy
prepared prior to fill placement, The preparation should include
removal of all organic or deleterious material, The areas to
receive £ill material should be compacted after the organic delete-
ricus materizl has been removed prior to placing the fill material.
The area may need to be moisture conditionad for compaction. Any
areas of soft, yielding, or low density soil, evidenced during the
excavation compaction cperation should be removed. The area
excavated to receive £i1l should be moisture conditioned to wet of
optimum moisture content as part of the preparation to recelive
£i11. Fill should be moisture conditioned, placed in thin lifts
not exceeding six (6) inches in compacted thickness and compacted
to at least ninety (90) percent of maximm dry density as defined
by ASTM D1557, modified moisture content-dry density {Proctor)
test.

After placement of the structural fill the surface should not be
allowed te dry prior to placing concrete o additional £111 materi-
al. This may be achieved by periodically moistening the surface of
the compacted structural fill as needed to prevent drying of the
ctructural fill. We are available to discuss this with you.

The soil materials exposed in the bottom of the excavation may be
very moist and may become yielding under construction traffic
during construction. It may b2 necessary to use techniques for
placement of f£ill materials or foundation concrete which limit.
construction traffic in the very moist soil materials, If yielding
should occur during construction it may be necessary to comstruct a
subgrade stabilization £ill blanket or similar to provide <on-
struction traffic access. We are available to discuss this with
you.,

We recommend that the geotechnical engineer or his representative
be present during the excavation compaction and £ill placemant
oparations to ohserve and test the material.

7.0 LATERAL EARTH PRESSURES

lLaterally loaded walls supporting goil, such as pasement walls,
will act as retalning walls and should be designed as such. ¥alls
that are designed to deflect and mobilize the internal soil
strength should be designed for active earth.pressures. Walls that
are restrained so that they are pot able to deflect to mobilize
internal soil strength should be designed for at-rest earth pres-
sures. The values For the lateral earth pressures will depend on
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the type of soil retained by the wall, backfill configuration and
construction technique. If the backfill is not cowpacted the
lateral earth pressures will be very different from those noted
kelow. '

Lateral sarth pressure (L.E.P.) values are presented below:
Level Backfill

with on-site soils
(pounds per cubic oot per foot of depth}

Active L.E.P. &0
at-regt L.E.P. 30
Passive L.E.PB. 250

The soil samples tested have measured swell pressure of about 200
to about 3,800 pounds per sguare foot.. Our experience has shown
that the actual swell pressure may be much higher. If the retained
soils should becowe molstened after comstruction the soil may swell
against retaining walls. The walls should be designsd to resist
the swell pressure of the soils.

The above lateral earth pressures may be rsduced by ovérexcavat-
ing the wall backfill area beyond the zone of influence and back-
£illing with crushed rock type material. The zone of influence
concept is presented on Figure 6.

The lateral earth pressure design parametsrs way change signifi-
cantly if the area near the wall is loaded or surchanged or is
sloped. If any of these conditions ocour we gshould be contacted Ior
additional design parameters tailored to the specific site and
structure conditions.

suggested lateral earth pressure {L.E.P.) values if the backfill
is oversxcavated beyond the zone of influence and backfilled with
crushed rock are presented below.

Level Backfill
with crushed rock material
{poupds per cubic foot per footr of deptih)

active L.E.P 35
At-rest L.E.P. 50

Tf the area behind a wall retaining soil material ie sloped we

should be contacted to provide lateral earth pressure design values
railored for the site specific sloped conditions.
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REesistant forces used in the design of the walls will depend on
rhe type of soil that tends to resist movement. We suggest that
you consider a coeffilclent of friction of 0.25 for the on site
sail. )

The lateral earth pressure values provided above, for desigp
purposes, should be treated as equivalent fluid pressures. The
lataral earth pressures provided above axe for level well drained
packfill and do not include surcharge loads or additional loading
as a resulr of compaction of the backfill. Unlevel or non-horizon-
tal backfill either in front of or behind walls retaining soils
will significantly influence the lateral earth pressure values.
care should be taken during comstruction to prevent congtruction
and backfill techniques from overstressing the walls retaining
seils. Backfill should be placed in thin lifts and compacted, as
discussed in this report to realize the lateral earth pressure
values. .

Walls retaining soll should be designed and constructed so that
hydrogtatic pressure will not accourmlate or will pot affect the
integrity of the walls. Drainage plans should include a subdrain
behind the wall at the bottem of the backfill to provide pogitive
drainage. FExterior retaining walls should be provided with perime-
ter drain or weep holes to help provide an cutlet for collected
water behipd the wall. The ground surface sdjacent to the wall
ghould be sloped to permit rapid drainage of rain, snow melit and
irrigation water away from the wall backfill. Sprinkler systems
should not be installed directly adjacent to retaining or basement
wallsg. ' ‘

8.0 DRAIN 3YSTEM

A drain system should be provided around building spaces below
the finished grade and behind any walls retaining soil. The drain
systems are to help reduce the potential for hydrostatic pressure
to develop behind retaining walls, A eketch of the drain system is
shown on Figure 7.

Subdrajins should consist of a three (3) or four {4) inch diameter
perforated rigid pipe surrounded by a filter. The filter should
wonsist of a filter fabric or a graded material such as washed
concrate sand or pea gravel. If sand or gravel is chosen the pipe
should be placed in the middle of about four (%) cubic feet of -
aggregate per linear foot of pipe. The drain system should be
sloped to positive gravity ountlets. If the drains are daylighted
the drains should be provided with all weather outlets and the
outlets should be maintained to prevent them from being plugged oxr
frozen. We do not recommend that the drains. be discharged to dry
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well type structures. Dry wall structures may tend to £ail if tha
surrounding soil marerial becomes wetted and swells or if the
ground water riges to a elesvation of or above the discharge eleva-
rion in the dry well. We should be called to chserve the soil
exposed in the excavations and to verify the details of the drain
system.

A drain blanket may be constructed beneath the basement concrete
slab on grade floor slab to intercept water that may tend to rise
into the bagement area. The drain blanket should be at least one
foot thick and consist of & free draining sand or gravel material
which is cempacted as discussed under Compacted Structural Fill

~ above, section 6.0, The subgrade balow the drain blanket should be

sloped to collection points prior to comstructing the drain blan-
kat.. A perforated pipe should be installed at the collection
points and graded to discharge similar to the foundation drain
discussed above. The drain blanket concept is shown on Figure 7.
The under slab drain blanket may be considered as part of the
structural fill intended to support the floor slab as discussed
under Interior Floor Slabs, section 5.0 akove. We are available to
discuss this concept with you.

9.0 CRAKL SPACE COMSIDERATIONS

We anticipate that free subgurface water may be shallow enough
during wetter seasons to exist in crawl space areas or create very
moist conditions in crawl space areas. We suggest that if it is
desired to reduce the influence of water in the crawl space area a
foundation drain should be installed as discussed above.

The surface of the crawl space may be provided with a layer of
about six (6) inches of clean washed gravel or an lmpervious
geotextile fabric to reduce the inconveniencs of very moist or
nuddy crawl space conditions if these should occur. The crawl
space should be adequately vented to reduce the potential for
humidity to actumalate in the cravl space area.

Recent experience in the area indicates that wold growth in crawl
spaces is becoming an increased concern. High humidity and mois-
ture provide an accommodating enviromment for wold growth. We
suggest that methods be included in the construction and during the
1ife of the structure to reduce moisture and humidity in the crawi
space. We are available vo discuss thig with you.
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10.0 BACEFILL

Backfill areas and utility trench backfill should be constructed
such that the backfill will not settle after completion of con-
struction, and that the backfill is relatively iampervious for the
upper few feet. The backfill material should be free off trash and
ocher eletarious material. It should be moisture conditioned and
compacted to at least ninety (90) percent relative compaction using
a medified moisture content-dry density (Proctoxr) relatiomship test
(ASTH D1557). Only enough water should be zdded to the backfill
material to sllow proper cowpaction. Do not pond, puddle, float or
jet backfill soil materials,

Improperly placed backfill material will allow water migratvion
more easily than properly recompacted fill. Improperly compacted
£111 is likely to settle, creating a low suriace area which further
enhances water accommilation and subsequent migration to the founda-
tion soils,

Improperly placed backfill will allow water to migrate along the
utility trench or backfill areas to gain access to the subgrads
support soils with subsequent mobilization of the swell or settle-
ment mechanism resulting in movement of the supported structure.
Moisture migration could also result in the inconvenience of free
warar in the crawl space.

Rackfill placement techniques should not jeopardize the integrity
of existing structural members. We recommend recently constructed
concrete structural members be appropriately cured prior Lo adja-
cent backfilling.

11.0 SURFACE DRAIRAGE

The foundation soil materials should be prevented from beconing
wetred after construction. Post comstruction wetting of the soil
support soil materials can initiate swell potential ox settlenment
potential as well as decrease the bearing capacity of the support
coil materials. Protecting the foundaticon from wetting can be
aided by providing positive and rapid drainage of purface water
away from the structure. .

The final grade of the ground surface adjacent to the structure
chould have a2 well defined slope away from the foundation walls on
all sides. The ability to establish proper site surface drainage
away from the structure foupdation system may be influenced by the
existing topography, existing structure elevations and the grades
and elevations of the ground eurface adjacest to the proposad
structure. We suggest where possible a minimm fall of the surface
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grade away from the structure be that which will accommedate other
project grading constraints and provide rapid drainage of surface
water away from the structure. If there are no other project
constiraints we suggest a fall of about one (1} foot in the first
ten (10} feet away from the structure foundarion, Appropriate
surface drainage should be maintained for the life of the project.
Future landscaping plans should include care and attention to the
potential influence on the lonyg term pexformance of the foundatrion
and/ov crawl spade if improper surface drainage is not maintained.-

Downspouts and faucets should discharge onto splash blocks that
extend beyond the limits of the backfill areas. Splash blocks
should be sloped away from the foundation walls. Snow storage
areas should not be located next to the structure. Proper surtface
drainage should be maintained from the onset of construction
through the proposed project life.

erosion potential. A landscape specialist or ¢ivil engineer sheuld
be consulted for surface drainage design, erosion pProtection andg
landscaping considerations.

12.0 LANDSCAPE IRRIGATION

An irrigztion system should not be ingstalled next to foundations,
concrete flatwork or paved areas. If an irrigation system is in-
stalled, the system should be placed so that the irrigation water
does not £all or flow near foundations, flatwork or pavenents. The
amount of irrigation water should be controllegd.

We recommend that wherever possible xeriscaping concepts be used.
Generally, the zeriscape includes planning and design concepts
which will reduce irrigation water, The reason we suggest xeri-
scape concepts for landscaping is because the reduced landscaps
water will decrease the potential for water to influence the long
term performance of the structure foundations and flatwork. Many
publications are available wiich discuss xeriscape. tolorade Btate
University Cooperative Extension has several useful publications
and most landscape architects are familiar with the subject.

Due to the expangive naturs of the 80ils tssted we suggest that
the owner consider landscaping with only mative vegetation which
requires only natural precipitation te survive, Additional irriga-
tion water will greatly increase the likelihood of damage to the

structure ag a result of volume changes of the material supporting
the structure,
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13.0 8OIL CORROSIVITY TO CONCRETE

Chemical tests were performed on a sample of soil obtained during
the field study. The soil sample was tested for pH and water
saluble gulfates. The results are presented in bppendix B. The
rest Tesults indicate a water soluble sulfate content greater than
150 parts per million. Based on the American Conctete Imstuitute
(ACT) information, a water scoluble sulfate content greatexr than 150
parts per million indicates moderate Lo sevére exposure to sulfate
attack on concrete. We suggest sulfate resistant cement be used in
concrete which will be in contact with the on site g0ils. Amsrican
Concrete Institute recommendations for sulfate registant cement
hased on the water soluble sulfate content should be used. The
American Concrete Institute recommends a maximum water/cement ratio
of 0.5 for concrete whare moderate exposure to sulfate attack will
orcur and a maximum water/cement ratio of 0.45 for concrete where
severe exposure to sulfate attack will occur.

14 .0 RADON CORSIDERATIONS

Our ezperience indicates that many of the soils in western
Colorado produce small quantities of radon gas. Radon gas wmay teand
to collect in closed poorly ventilated structures., Radon consider-
ations are presented in Appendix C.

16.0 POST DESIGN CONSIDERATIONS

The project geotechmnical engineer should be consulted during
construction of the project to observe site conditions and open
excavations guring construction and to provide materials testing of
soll acd concrete. :

This subsurface soil and foundation condition srudy is based on
limited sampling; therefore, it is necessary to assume that the
subsurface conditions do not vary greatly from those encounterad in
the field study. Our experience has shown that significant varia-
vions are likely to exist and can beccie apparent only during
addivional on site excavation. For this reason, and because of our
familiarity wirh the projsct, Lambert and Associates should he
retained to observe foundacion excavations prior to foundation
construction, to observe the geotechnical engineering aspects of
vhe construction and ro be available in the event any unusual or
unexpacted conditions are encountered. The cost of the geotecn-
nical engineering observations and material testing during con- .
struction or additional engineering consultation is not included in
the fee for this report. We recommend that your comstruction
budget include site visits early during copstruction schedule for
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the project geotechnical engineer to obgerve foundation excavations
and for additional site visits to rest compacted soll.

We recommend that the observation and material testing services
during construction be retaioned by the owner or the owner's engi-
neer or architect, not the contractor, to maintain third party
credibility. We are experienced and available to provide material
testing services. We have included a copy of a report prepared by
van Gilder Insurance which discusses testing services during con-
struction, It is our opinion that the owner, architect and engi-
neer be familiar with the information. If you have any questions
regarding thieg concept please contact us.

®We suggest that your comstruction plans and schedule include
provisions for geotechnical engineering observations and material
testing during congtruction and your budget reflact these provi-,
slons.

Tt ig difficult to predict if unexpected subsurface conditions
w11l be encountered during comstruction. Since such conditions way
be foumnd, we suggest that the owner and the conrractor make provi-
sions in their budget and construction schedule to accommodate
unexpected subsurface conditions.

16.1 Structural Fill Quality

It is our understanding that the proposed development may include
compacted structural fill. The quality of compacted structural
£111 will depand on the type ©of material used as structural f£ill,
£i1l 1ift thickness, £ill moisture condition and compactive effort
nsed during comstruction of the structural f£ill. Engingering
observation and testing of structural f£ill is esgential as an aid
to safequard the quality and performance of the gtructural £ill,

Testing of the structural £ill normally includes tests to deter-
mine the grain size distribution, swell potential and moigture-
density relationship of the f£ill marerial te varify the material
suitability for use as structural fill. B2s the material is placed
the in-place moisture content and dry density are tested to indi-
cate the relative compaction of the placed structural £i1l. ¥e
recommend that your budget include provisions for observation and
cesting of structural f£ill during conscruction,

Testing of the compacted £ill material should include tests of
the moisture content and demsity of the £ill material placed and
cowpacted prior to placement of additional £ill material. We
suggest that a reasonable number of density tests of the f£ill
material can best ke determined on a site, material and construchkti-
o basis although as a guideline we suggest one test pex ahout esach

25

Tambert and degoriates

COMSULTING GEOTECHIIGAL ENGINEERS AND
RATERIAL TESUHD



7T

-

MO2140GE

300 to 500 sqguare feet of each lifv of fill material. Utility
rrench backfill may need to be tested abour every 100 linear feet
of lift of backfill.

15.2 Concreve Quality

It is our understanding current plans include reinforced scruc-
tural concrete for foundations and walls and may include concrete
slabs on grade and pavement. To insure concrete members perform as
intended, the structural engineer should be consulted and should
address factors such as design loadings, anticipated movement and
deformations.

The quality of concrete is influenced by proportioning of the
concrete wmix, placement, comnsolidation and curing. Degirable
qualities of concrete include cowpressive strength, water tightness
and resistance to weathering. Engineering observations and testing
of concrete during construction is essential as an aid to safequard
the quality of the completed concrete,

Testing of the concrete is pormally performed to determine com-
pressive strength, entrained air content, sluwp and temperature,
We recommend that your budget include provisions for testing of
concrete during construction. We suggest that a reasonable frequen-
cy of concrete tests can best be determined on a site, materials
and construction specific basis although as a guideline American
Concrete Imstitute, ACI, suggests one test per about each Fifty
(50} cubic yards or portion thereof per day of concrete material
placed.

156.0 LIMITATIONS

It is the owner's and the owner's representatives! responsibllitcy
to read this report and become familiar with the recommendations
and suggeevions presented. We should be contacted if any questions
arise concerning the geotechnical engineering aspacts of this
project as a result of the information presented ir this report.

The proposed huilding site contains soils with significant swell
potential. For this reason we suggest that, in compliance with
Senate Bill 13 you provide a copy of this geotechnical engineering
report, & copy of Special Publication 11, "Howe Construction on
Shrinking and Swelling Scils®, and a copy of Special Pubiication
14, "Home Landscaping and Maintenance on $Swelling Soils" to the
owner and/or fubure owners. We are availables to discuss this with
you.

26

Lambert and JAssociates

CONSULTIRG QEGTECHRIGAL EHGIUEERS AND
HMATERIAL TESEI2NG




MD2140GE

The recommendatione outlined above are based on our understanding
of the currencly propased construction. We are available to
discuss the details of our racommendations with you and revige them
where necessary. This geotechnical engineering report is based on
che proposed site development and scope of services as discussed
with Mr. REon Absloe, oo the type of construction planped, existing
site conditions at the time of the field study, and on our find-
ings. Should the planned, proposed use of the gite be altered,
Lambert and Associates must be contacted, since any.such changes
may make our suggestions and recowmendatjons inappropriate. This
report should be used ONLY for the plamned develcpment for which
this report was tailored and prepared, and ONLY to meet information
needs of the owner and the owner's representatives. In the avent
that any changes in the future design or location of the building
are plannsd, the conclusions and recommendations contained in this
report shall not be considered valid unless the changes are re-
viewed and conclusions of this repert are medified or verified inm
writing. It is recommended that the geotechnical engineer be
provided the opportunity for a general review of the final project
design and specifications in order that the earthwork and founda-
tion recommendations may be properly interpreted and lmplemsnted in
the desicn and specifications.

This report does not provide earthwork spscifications. We can
provide guidelines for your use in preparing project specific
earthwork specifications. Please contact us if you need these for
your project.

This report presents both suggestions and recdmmendations. The
suggestions are presented so that the owner and the owner's
representatives may cowpare the cost to the potential risk or
benefit for the suggested procedures.

This report contains suggestions and recommendations which are
intended to work in concert with recommendations provided by the
other design team members to provide somewhat predictable founda-
tion performance. If any of the recommendations are not inciuded
in the design and construction of the project it wmay result in
unpredictable foundation performance or parformance different than
anticipated. We recommend that we be requested to provide gectech-
nical engineering observation and materials resting during the
construction phase of the project as discussed in this report. The
purpose for on site observation and testing by us during construc-
tion is to help provide continuity of service from the planning of
the project through the construction of the project, This gservice
will also allow us to revise our recommendations if conditions
sccur or are discovered during constructior that were not evidenced
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contractor make provisions ia their construction budget and con-
struction schedule to accommodate unexpected subsuriace condicions,

We repres=ant that our cervices were perforwed within the limitsg
prescribed by you and with the useal choroughness and competence of
the current accepted practice of rhe geotechnical engingering pro-
Fession in the avea. No warranty oY repressntation either ex-
pressed or implied is included or jntended in this report or our
contract .. We are available to discuss our f£indings with you. I
vou have any guegtions plezse coatact us. The supporting data fox

)

this report is included in the accompanying figures and appendices.

Thig report is a product of Lambert and Asscciates. cerpts |
frem this report used in other documents may not convey the intent
or proper concepts when taken our of context, or they may be
misinterpreted or used incorrectly. Reproduction, in part or
whole, of thig document without prior written consent of Lambart
and Agsociates is prohibited.

This report and informacion presented can be used only for this
site, for this proposed development, and only for the c¢lienc for
whom our work was. performed. 2ny other clroumstances are not
appropriate~applications of this information. Other development

+

plans will reguire project specific review Iy us.

We have enclosed a copy of a brief discussion about geotechnical
engineering reports vublished by Association of Zoil and FPoundarion
Engineers for your reference.

1f you plan to utilize the services of Home Buyers Warranty for
the preposed developmernt you should bacome familiar with thelr
coastraction criteria prior to beginning your development . . For
further informabion we suggest you contact HDome Buyers Warranty,
2675 8. Abilene Strest, AUYOTL&, Colorado, 80014, 1-800-458-8844 for
a copy of their manual.

please call when further consultation or observations and tests
are recuired.

If you have any.quastiozs,concerﬁing thig report or Lf we may be
of further assistance, pleass conbact us.

Respectfully submicted;

LAM@£R¢$%§D@%SSOCEATES
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contractor make provisions in their construction budget and con-
gtruction schedule to accomrcdate unexpected subsurface conditions.

We represent that our services were performed within the limics
prescribed by you and with the usual thoroughness and competence of
the current accepted practice of the geotechnical engineering pro-
fession in the area. Ho warranty or representation either ex-
pressed or implied is included or intended in this report or our
coneract. We are avallable to discuss our findings with you. IXf
vou bave any questions please contact us. The supporting datz for
this report ig included in the accompanying figures and appendices.

This report is a product of Lambert and Asgociates. Excerpts
from this report used in other documents may not convey the intent
or proper concepts when taken out of c¢ontext, or they way be
misinterpreted or used incorrectly. Reproduction, in part or
whole, of this document without prioxr written consent of Lambert
and Associates is prohibited.

This report and information presented can be used only for this
gite, for this proposed development, and only for the client for
whom our work was performed. Any other circumstances are not
appropriate applications of this information. Other developwent
plans will require project specific review by us.

We have enclosed a copy of a brief discussion about geotechnical
engineering reports published by Association of Scoil and Foundation
Engineers for your referencs.

1f you plan to utilize the services of Home Buyers Warranty for
the propased development you should become familiar with their
construccion criteria prior to beginning your development. For
further information we suggest you contact Home Buyers Warranty,
2675 8. Abilene Street, Aurora, Colorado, 80014, 1-B00-488-8844 for
a copy of their manual.

Please call when further consultation or chservations and tests
are required.

If you have any questions comncerning thig report or if we méy e
of further assistance, please contact us.

Raspectfully submitced;

t
FEhR, g@n, P.E. : i
nage fsﬁﬁgﬁfébﬂlcal Engineer Principal bﬂotﬁgﬁplcal Eggxgeer

it
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WHO HIRES THE TESTING LABORATORY?

It is one of those relatively small details in
the overall scheme of things, Independent
testing may be required by local building
codes, or it may be insisted upon by lenders.
Additional testing can usually be ordered by
the design team during construction. What-
ever the source of the requirement, many
owners perceive it to be an unnecessary
burden—an additional cost imposed prineipal-
ly for someone else's benelit.

What does this have to do with you? You -

may be the only one in a pesition to in-
fluence the use of testing and inspection
services 5o they become more, rather than
less likely to contribute to a suceess{ul out-
come. There seems to be an almost irresist-

ible inclination on the part of some owners’

to cast aside their potential value to the
project in favor of the administrative and
financial convenience of placing responsibili-
ty for their delivery into the hands of the
general contractor.

Resist this inelination whece you ean. It is
not in vyour client's best Interests, and it is
certainly not in yours. There are fraportant
issues of quality and even more important
issues of life safety at stake. In the complex
environment of today's construction arena,
it makes very little sense for either of you
to give up your control of quality contrel.
Yet it happens altogether too often.

What's Behind this Misadventure?

The culprit seems to be the Federal Govern-
ment. In the 1960', someone came up with

the idea that milllons could be saved by
eliminating the jobs of Federsl workers an-

gaged {n construction inspection, The pro-
euremant model used to support this stroke
of genius was the manulacturing segment of
the economy, where producers of goods pur-
chased by the Government had been required
for vears to eonduct their own quality assur-
ance programs. The result was a trendy
new concept in Federal construction known

. as Contrector Quality Control {CQC).

It was a dumb ldea. Costs were simply
shifted from the Federa)l payroll to -capital -
improvement budgets. Government eoutprac-
tors, selected on the basis of the lowest bid,
were handed resources to assure the quality
of their own performance., Some did so;
many did not. All found themselves caught
up in an impossible confliet bdetween the
demands of time and cost, on one hand, and
the dictates of quality, on the other.

CQC was opposed by the Assoclated General
Contractors of America, by independent
testing laboratories, by the design profes-
sions, and by those charged with front-line
responsibility for quality econtrol in the
Pederal Agencies.  Eventually, even the -
General Accounting Office came to the con~
clusion that it ought to be sbandoned, But,
once set in motion and fueled by the per-
vagtve influence of the Federal Government,
the idea spread—first to state and locel
governments; finally, to the private sector..

Why would the private seotor embrace such
ant {U-conceived notion? Because so many

Binder Key: Professional Practices
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owners view testing and Inspectlon as an
undertaking which simply duplicates some-
thing they are entitled to in any event.
They are confident they will be protected
by contract documents which cover every
detail snd contingeney, They look to local
building inspectors to assure compliance with
codes, And they fully expect the deslpgn
team to fulfill its obligation to safeguar
the quality of the work. ’

A Fox in the Henhouse
If testing is percelved as little more than

an ‘unnecessary, but unavoidable expense,
why not make the geneval contractor respon-

sible for controlling the cost? It may pro-

duce & savings, and it certeinly eliminates
an edminstrative headache. if contractual
obligations dealing with the project schedule
and budget can be enforced, surely those
governing quality can be enforced, as well.
Possibly so, but who is going to do it?

Some testing consultants will nol accept
CQC work. The resasons they give come
from firsthand experience, ‘They include:
1) inadequate to barely adequate scope, 2)
seleotion based on the lowest bld; 3) non-
negotiable contrael terms inappropriate to
the delivery of a professional service; 4)
intimidation of inspectots by field super-
visors; and 5) suppression of low or faillng
test results. This ought to be fair warning
to any owner.

Keeping Both Hands on the Wheel

The largest pert of the problem, {rom your
point of view, iz one of artful persuasion.
If you cannot convinee your client of the
value of independent testing and inspeation,
no one ean. Yet, if you do not, you are
likely to find yourself responsible for an
assurance of quality you are in no position
to deliver. How can you keep quality control
where it belongs and, in the process, prevent
the owner from compromising his or her
interests in the project as well as yours?
Consider these suggestions:

1, Put the issue on an early agenda. It
needs your gttention. Anticipate the owner's
inelination to avold dealing with testing and

inspaation, and. explain its importance to the
suacess of the project. Persist, i you can,
untll your client agrees to hire the testing
laboratory {ndependantly and to establish an
adequate budget to meet the anticipated
costs, A testing consultant hired by the
owner cannol be fired by the general con-
tractor for groducing less than [favorable
results, .

2. Tailor the testing requirements carefully,
Seissors and paste can be your very worst
enemies. Specify .whal the job requires,
retain control of selection and hiring, make
ceprtain the contractor's responsibilitles for
notification for scheduling purposes are
clear, and require that copies of all reports
be distributed by the laboratory direotly to
you, :

3, Insist on a preconstruction testing con-
ference, 1t ¢an be an essential element of

effeotive coordination. Tnelude the owner,

the general contractor, major subeontrac-
tors, the testing consullant, and the design
team, Review your requirements, the pro-
cedures to be {ollowed, and the responsibili-
ties of each of the parties. Have the testing
consultant prepare g conference memoran-
dum for distribution to all participants.

4, Monitor tests and inspections eclosety.
Make certain your field representative is .
present during tests and [nspections, so that
deficieneles in proecedures or results can be
reported and acted upon guiekly, Scale back
testing if it becomes clear it Is approplate
10 do so under the circumstances; do not
hesitate to order additional tests if they are
required,

-

3. Flnally, keep your.client informed. With-
out your help, he or she fs not likely to
understand what the test results mean, noe
will your actions In response to them make
much sense, If additionel testing is called
for, explain why. Remember, it is an unex-
pected and, possibly, unbudgeted additional
cost for whieh you will need to pave the
way. In this sense, independent testing and
Inspection can serve an important, secondary
purpose, You might view it as a communiea-
tions resource. Use [t in this way, and it
just may yield unexpected dividends.
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IMPORTANT INFORMATION

ABOUT YOUR
GEOTECHNICAL ENGINEERING REPORT

Ao corstesten nioblims ae caused oy it subsue
e e Biriom: than aay otbor facior As tiotesnne oy
sbsneae prootems can oo thelr frequency and sxagnt
rve been lessened considarzoly inrecent years. due in
furge maasuse 1o programs snd publications of ASFE/
The Association of Tneineering Firms Practicing in

the Geosclences.

The following sugsestions and observations are offered
to help you reducs the geotechnical-relzted delays.
cost-overruns and ather costly headaches that can
acerr diring a construction project,

A GEOTECHNICAL ENGINEERING
REPORT 1S.BASED ON A UNIQUE SET
OF PROJECT-SPECIFIC FACTORS

A geotechnlcal enginecring report is based on @ subsur
ince explotation plan designed to incorporate a unique
st of project-specific factors. These typically include:
the general nature of the siractuse Involved. its size and
configuration: the location of the structure on the site
and its otientation; physical concomitanis such as
access roads. parking fots, and underground utitities,
and the level of additional risk which the client assurncd
by vhtue of liraivations imposed upon the cxploratory
program. To help avold costly problems, consult the
geotachnical engincer to deteraine how any factors
which change subsequent to the date of tha report may
affect its recommendations.

Unless your consulting geotechnical englnear indicates
otherwise, uity geatechnical engingering report stguld not
Se used: ’

« Whean the natuge of the proposed struciurg is
changed. for example, U an office building will be
sreciad insitead of a parking garage, or it o relriger
ated warehause wiil be butlt tnstzad of an unrg-
irngerned ane,

« when the size or configuration of the proposed
sacture i oltered.

« when the incation or adeniation of the sropossd
stracture 1& modified:

« when theee is 3 chacye of ownership. o

« for spolication to an adjacent site.

Ceolechnioul engiers canmal deeest resvensibility for proplems
which ntay dzvelop if they ace not consulted ajter fuctors censid-
ercd i their e2pert’s development fatve chdnged.

MOST GEOTECHNICAL "FINDINGS"
ARE PROFESSIONAL ESTIMATES

Site explaration identifies actual subsutface conditions
only at those points whete sarnples are taken. when
thuy are taken. Data derived through sampling and sub-
seyuent laboratory testing are extrapolated by geo-

echicat engineaes who thon rendat an orinion abour
ovierall subsieface conditions, their fikely eaction io
proposed construction activity, and appropriate foundz-
tion destan. Even under oplimal circemstances actis
conditions may differ from those Inforredd 1o exist,
oecause no gectechnical enginest no raatter how
ayaiified, and o subsurlace exploration program,
rnatter how compraliensive, can reveal what is hidden by
garth, rock zod tme. The actual interface botween mates
fizls may be far more gradual or abrupt than a fepor:
indivates. Actual conditions In areas not sampled may
differ from predictions. Nething can §¢ done te prevent the
panticipated. bul steps can e lltzn o felp wininize their
impact. For this reason, west axperienced mynees relaia Misir
georgcimical cesudionis through the consiruction stage, to iden-
tify variances, conduct sdditlonal wests which may be
needed. and to recommend solutions to problems
ercountercd on site.

SUBSURFACE CONDITIONS
CAN CHANGE

Subsurface conditions may be modified oy constantiy.
changing natural forees Because 3 geotechnical engi-
neering report is based on conditions which exlsted at
the time f subsurface exploration, construction decisions
siould #ot be Based an @ gectechudeal enghwearing revorl whose
adequary wuy have Heen affected by time. Speak with the geo-
techrical constltant to leatn If additonal tssts are
advisable before construction starts

Construction operatlons at o adjacent 1o he site ancl
natural events such as floods, earthquakss or ground-
water fluctuations may also affect subsurface condidons
ane. thus, the cortinuing adequady of a geotechnicsl
report. The geotechwicat engineer should e kept
apprised of any such events, and should 02 consulted
determing if acldiional tests are necessary.

GEOTECHNICAL SERVICES ARE
PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS '
seoiechnical engicesrs reports 3¢ prepared w0 e
the specilfic needs of specific Individuals. & report prs-

parect for a consulting civit enginger may aor be ade-
quate for 2 construction coptractor, or even some other

* consulting <ivil engineer. Unless Indicated otherwise.

this report was prepared expressly for the dient invol regd
and expressly for purposes indicated by the dlent, Use
by soy othar persons for any purpose. of by the client
for 3 different purpose, may resultin problerns. Ny indi-
vidudl otfeer thai the dient showld upply this veport Jor its
utended peorase withiout first conferring with e geotectnivtt
engiiear. 29 person should applg Hhis veport Jor any puarpesd
olfer an that orlginally contemplated withoul fiest conferring
willl the geatechmical englever
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A GEOTECHNICAL ENGINEERING
REPORT 1S SUBJECT TO
MISINTERPRETATION

t:nstly prolilsing can oucur when nther design profes-
worals develop ther plans based on misinerpretations
9 3 geatechinical enginesnng report To help avaid
-rese problems, the geotechnical englneer should be
semained o work with other appropriate design proles-
sinals to explain selovant geotechnicat findings and o
revloy the adequacy of thelr plans and specifications
relative 1o geotechnical Esues

BORING LOGS SHOULD NOT BE

" SEPARATED FROM THE

ENGINEERING REPORT

final boting logs are developed by geotechnical engi-
neers based upen their interpretation of feld logs
tassembled by site personnelt and laboratory evaluation
of field samples Only final boring logs customatily are
included in geotechnical engineering reports. These logs
skould nov under amy circunistances be eedrawn for inclusion in
architeetural of other deslgn drawings, because dralters
may commit ecrors of omissions in the transter process.
Although photographic reproduction eliminates this
prablem. it dogs nothing to minimize the possibility of
conwactors misinterpreting the logs during bid prepara-
tion. When this occurs. delays. disputes and unanticl-
pated costs are the ali-too-frequent result.

To minimize the likelthood of baring log misinterpieta-
vion, give condractors ready access 1o Hig contplete geotechnical
engingering teport prepared or authorized for their use.

Those wha do not pravide such access may proceed un-

der the wistahen impression that sitnply disclaiming re-
sponsibitity for the accuracy of subsurface information
always insulates them from atiendant fiavility Providing
the best available inforreatiaon to contractors helps pras
yent costly consteutction problems and the adversarial
attitudes which aggravate them to Jdispreportionate
sunle

READ RESPONSIBILITY
CLAUSES CLOSELY

Because grotechplcal engineering is based axtensively
on judament and opinion, it is for Jess exact than other
design disciplines, This situation has resulted in wholly
urrarranted daims being lodged against geotechnicat
consultants, To help prevent this probler, geotechnicat
englneers have developed model clauses for use In writ:
ten keansmittals. These are apt exculpatory dauses
designed to foist geotechnical engineers liabilities onto
someons else. Rather, they are delinitive clauses which
identify where geotechnical englneers’ responsibiities
begin and end. Their use helps all parties involved rec.
pgnize theit indlvideal responsibilities and take appro-
priate action. Some of these definttive clauses are likely
to appear in your geotechnical englneering report. and
you are encouraged to read them dosely Your geo-
technical enginesr will be pleased to give fulland frank
answirs 1o your questions.

OTHER STEPS YOU CAN TAKE TO
REDUCE RISK

Your consulling geatechnical englneer will be pleased ©
discuss other techniques which can be employed to mit-
igate risk. In addition, ASFE has devaloped 3 vadety of
materials which may be beneficlal. Contact ASFE for
coraplimentary copy of its publications directory.

Published by

ASSOCIATION OF $OL AND FOUNDATION ENGINEERS
8811 Colesville Road/Suite 225
Silver Spring, Maryland 20910
3011956542733

Furnished by:

Yambert anty ogociates

CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

P. 0. Box 3986
Grand Junction,CO 31502
970-245-6506

214 Bodo Orive
purango, CO 81301
§70-259-5095

£, 0, Box 0045
Montrose, €O 81402
9?0-‘2&9‘2!514
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APPENDIX A

The field study was performed on Jume 17, 2002 through June 19,
2002. Tha field snu&y'consistad of lexyying and sampling the
solls encountered in twenty-six (26) auger advanced test borings.
The approzimate locations of the test borings are shown on Figure
2. The log of the soils encountered in the test borings are
presented on Figures A2 through A27.

The test borings were logged by Lambert and Associates and
samples of significant soil types were cobtained. The samples
were obtained fzom the test borings using a Modified Califormia
Rarrel gampler add bulk disturbed samples wexe obtained.
Penetration blow counts were determined using a 140 pound hammer
free falling 30 inches. The blow counts are presented on the
logs of the test borings such as 16/6 where 16 blows with the
hammey were required to drive the sampler & inches.

The engineering field description and wajor soil clasgification
are hased on our interpretation of the marerials encountered and
are prepared according to the Unified Soil Classification System,
ASTM D2488. The description and classification which appear on
the test boring log is intended to be that which most accurately
describes a given interval of the test boring (frequently an
interval of several feet). Occasionally discrepancies occur in
the Unified Soil Classification System nomenclature between an
interval of the soil log and a.particular sample in the interval.
For example, an interval on the test boring log may be identified
as a silty sand (M) while one sample taken within the interval
may have individually been identified as a zandy silt (ML). This
discrepancy is frequently allowed to remain to emphasize the
occurrence of local textural variations in the interval.

The stratification lineg presented on the logs are lntend=d to
present our interpretation of the subsurface conditions
encountered in the test borings. The stratification lines
represent the approximate boundary betwean soil types and the
cransition may b2 gradual.

Al
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KEY TO

LOG OF TESY BORING

pData Orilied Fleld Enginesr Boring Number
{ocation Elsvatlon
Diometer Total Depth
pig . .
Soil Desscription Laborotory Test Reasufts
Typs | N
1 . ?gﬁ?'Si‘tY'medi“m dense,moistjtan, Hotes in this“cofumn indicate
F tests performed and test results
L Unified Soft Classification {f not nlotted.
3 ;gm_* bndicates Bulk Bag Sample 4 DD: Indicates dry density In
pounds per cublc foot
s i it Indicates Drive Sample HC: Indicates moisture content
™ . : i L as percent of dry unit
i Indicates Sampler Tyne: | welght .
C » Modlfled California
1 $t - Standard Split Spodon L LL: Indicates Liouid Limit
f§ - Hand Samoler )
. T 77121 Indicates seven blews required to i PL; Indicates Plastic Limit
drive the samnier twelve inches :
with a hammer that weighs one 3 Pi: Indicates Plasticity Index
hundfed forty nounds and is dropoed
110} thirty inches. H
BOUNCE: Indicates no Further
& 4 penetration occurred wi th
additional blows with the
2 ¢ hammer &
L NR: Indicates no sample recoverad
CAVED: [ndicates denth the test
118 boring caved after drifling |
AV Indicates the location of free
; subsurface water when measured i
[ CLAY HOTE: Symbels are often
ysed only to heln visually
SELT tdentify the described
information prefented on 4
SAHD the log.
GRAVEL ‘
S CLAYSTONE
20 O | SAMOSTONE ‘
} 254 i

The Legends Subdivision, Filing

Project Nomae

Project Number MO21MO0CE  Figure Y\ B
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LLOG OF TEST BORING

T

. 6/17/02 , kintz i
Date Drilled FieM Enginser Bering Number
Location See test boring location sketch Elevotion
Diamater 1 TnChES Total Depth 1> (St Depth to Vater at Time of Drilling_Hone
’ encolitered
g Sample ) )
£ Soil [etcriplion Loboratory Test Results
c% 8 Type | N
- Clay,stightly sitty,slightly sandy,
{ soft,slightly molst,brown to gray + -
{cL)
v Weasthered shale at 2 1/2 feat 1
L " . 3
m .
- 1676 Formational material,silty clay shale & Swell-Consolidation Test:
¢ Woave hard,gray to gray brown, Mancos Shale { HC: 10.6% Db: 113.0. pcf
5 ltormation 1 Direct Shear Strength Test:
JHe 9.7% DD: 115.0 pef
: 29/6 -S;«:el!vCQnéoHdatibn Test:
| C E}Né Harder with depth MC:  10.4% PR: 119.0 pef
3 Oo -
"
F
1 .
&
Bottom of test boring ! at 15 feet
4 2{_}- T
L
125+ - )

Project Nome Jhe Legends Subdivision, Filing

FLambert and

thro

5 Project Number MOZVHOGE  Figurs A2 .
Associates
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LOG OF TEST BORING

rOoN Orilted 8417702

Fieid Englnesr _ Rintz 8arlng Number 2
Location See rest boring location sketch Elevalion
E Diameler b inches Total, Dupth 19 feet Dep:h to Hater 2t Time of Drlliing None
i ' T encountered
e~ 3 € Sample Sait Degeriplion Loborgotory Test Regpuils
L1 &| &lee | ¥ ‘
’ Shale and clay,men placed loose (i1l

P

Clay,silty,siightly séndy.mft to
medium st} ff,medium.molst,brown to
gray (cL)

7

syl

s$hale formation

.—-——-} e
in

L L & Harder with depth

Formational material,silty clay shale,
hard,gray to brown,westhered,Mancos ¢

-

CONSULTING GEQTECHNICAL EHG\NElEHS

l—- "IO" T
A N {
L |
r" r L &
13 t
i
P n Y P
- Bottom of test boring 2 at 19 feet
2{}--
- 25% 1 ‘ —
projoct Nome The legends Subdivlsion, Fﬂéng L 5 Project Mumbar MO21HOGE . Figura AL
throy , ‘
- Lambert and dssociates

ANO MATERIAL TESTING



LOG OF TEST BORING

Date Orillsd 6/17/02 Figkd Englneer Kinez Boring Number 3
_Locatien See test boring location sketch Elevotion
| pwometer U inches Yotal Depth 14 fect ovepth to Mater ot Time of Drilling None
" _encountered
Sample
~ |2 £ Soit Descriplion Loboratory Yest Resulls
| | & &jwee | ¥
- . Shale and clay,man placed loose Flil [ ”
S !
N A
5 Clay,silty,slightly sand ,soft,
- 1 s1ightly molst,brown (GL i
i .
' L Formatfonal material,sTlity clay shaled o -1y ol )
" gg;? weathered,dark gray,chemical depositsa HE?HgC?%SOI'dgéion;;s;' ot
r 54 Mapcos Sha1e formation : ' LT pet
4 4 -
i
4 &
B
|
4k!01 b
r Harder with depth
= 1 '
i
i Bottom of test boring 3 at 14 feet
- e 1
i
Z-m; Y 4
: 3
i 1o
r‘; k.
|
i
25t i

I{— Project Nome The Legends Subdivision, "Fillng 4 Project Hﬂmwrm ;‘,wmﬁw
© throu

- Lambert and %ssoctatm
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LOG OF TEST BORING

" Date Oriied ___8/11102__ rieid Enginesc . _Kintz Boring Number 4
’ Location See test boring location skatch Elevatlon
thomealer 4 inchas Total Owpth 19 feat Depth to YWater at Time of Dri'H ing None
D encounterad
| B| g pomel Soit Descriphion Lobaratory Test Resvlir
L | B| & | b -‘
Clay,slightly silty,dravelly,cobbles,. -

~1 1 saft ,medlum moist,brown to gray {CL)
: man placed 1}

in

Clay,silty,s11ghtly sandy,soft to
) medium stiff moist,boown to gray {CL) 4

Weathered shale hecoming less
! : ¢ Swall-Consolidation Test:
o] 1276

Tior Farmational material,silty ¢lay shale]
hard,gray to brown,tancos Shale

formation

0

+ + Harder with depth 1

ST

Bottom of test boring 4 at 19 feet

-

251 ‘ T
o Projast Nome . The Legends Subdivigion, Efling hB Project Number MO2VMQGE  Figurs 83

throu C,
L ambert and ﬁssnczateﬁ
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LOG OF TEST BORING

Date Dritted . 0/17/02 Fiskd Englnser _Hint2 __ Boring Number 5
Location o8¢ test boring locatlion sketeh Elevation
k inches 5 feet ) Cy s N
iy banth to Water at Time of Drilling one
Dameter _, Toral Oepth e e VEI EREOURtSYad
8 !
3 £ e Sait Dexcription Laborgiory Tex Reaulls
5| Blwee | w
Clay,s)ightly silty,gravelly, cobbles,
soft to madium stiff,slighely moist, ;
N brown to gray (CL) man placed fi1]
"y
Te 16/6 T Swell~Consolidation Test:
17/6  Softer with depth Me: 12.6% Ob:  120.0 pcf
5 ' T Birect Shear Test:
l #e: 10,2% pD: 106,00 pef
SR 17/6 + Swell-Consolidation Test:
¢ Ezws CMe: 1.1z pDr 11h.0 pef
107 Possible tormational material,«i.
| weathered shale,medium hard to hard, |
brown to gray
+ - N
; i terl i a al .
© JPee | FRrasond T uaPheeun nandst Sh8le" iR ion
- Bottom of test boring 5 at 15 feet
-+ -~
4 2\(_}. -+
t
-+ *
25 T
Project Nome The lL.egends Subdivision, Filiny & Projact Number HO2140QGE . Figura DO

through o
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. 6/17/02 Kintz &
{ate Drillad 4 Fiokd Enginser Boring Numbar
Locdtion See test boring location sketeh Elevation
L Owameter Y4 inchzs  Tora! Depth 19 fesr Depth to tater at Time of Dreilling  Hone
. encountered
ample
E £ Jamp Soll Descriplien Loboratory TYest Resulty
5l Elype|n
Clay,slightly silty,gravelly,cobbles,
! soft ,medium molst,brown to gray {CL) ¢
man placed fil)
54' R,
Yieathered shale from & to 7 1/2 feet ¢
$ Formatfonal material,silty ¢lay shale,s
hard,gray brown,slightly weathered,
Hancos Shale formation 1
> 1Ot e
HBatdev with depth
- L
154 1
Bottom of tast boring 6 at 19 feet
20..
25¢

LOG OF TEST BORING

Project Nema The Legends Subdivision, Filin &

hrough, 8 .
Lambert and Associates

CONSULTING GEOTECHNICAL ENGINEERS ANO MATER(AL TESTING

Project Number _ MO2VHOGE | Figurs AT




.

M

]

Date Drilied _8/17/02

LOG OF TEST BOR

Fiold Englnser _Kintz

see

test boring locatlion sketch

ING

Boring Number

P

Locotion . Efevdtion
Owenater __ b inches  Torar Depth. 4 feet  Depth to Wzter at Time of Orilling Hone
encountered
3 Sampie i .
£ Seil Deacriplion Loboratory Test Reaulir
&| &lee | ¥ A
. Clay,slightly silty,graveily,cobbles,
) soft,medlum wmoist,brown to gray (CL) |
man placed €i1)
X
1 ta& Weathered shale at 3 feet ¥
£ 29 /6 4 Swell-Consolidation Test:
ClAls2/6 _ —11c: 8.9% DD: 120.0 pecf
LT Formational materis),silty clay shale ¥ Direct Shear Strength Test:
hard,qray,slightly weathered, Mancos ME: 10.1% DD: 118.0 pcf
Shale formation T ;
4»!0‘. b
Bottom of test boring 7 at 14 feet
s
2{}»
&
t+ 254 . 11
Projoct Mome The Lecends Subdivision A%

Lambert and dsso
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LOG OF TEST BORING

’ 6/18/02 Kintz 8
Oate Orllled Fiald £Enoineer .o ——  Boring Numbar :
{ocation See test boring location sketch E£levation
Dgmeter 4 inches  yotql Duﬁfh__l?,,,fﬁ‘it__ Depth to Yater at Time of Drilling Mone
encountersd
Sample
E £ : Soil Description Laboratory Tést Repufis

S| &lmee [ ¥

=] Clay,slightly sitty,sendy,graveily,
some cobbles,soft,medium molst,brown ¢
to gray {(CL) man placed fill

Clay,silty,sandy ,gravelly,soft to
r o+ madium stiff,medium molst,brown to
gray (Ct)

Formational materlal,silty clay shale,
oy hard,gray,somewhat weathered,Mancos
: Shale- formation ]

Harder with depth

Bottom of test boring 8 at 19 feet

L. 20-- ;-
25 - :
Project MNome The Legdends:Subdivislon, Filing b project Number LOZIAOGE  rine 89

throu

N ,
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LOG OF TEST BORING

Date Drilled _..2f18/02 Fiold Engineer _ Kintz Soring Numbar K
Location Sae test boring locatlon sketch Elevatlion
rameter 4 _dinches Total Depth Ih feel  paprh to Water at Time of Orilling Hone
) ' encolnteied
Sample
2 & £ Sail étcription Loboratory Test Rewulix

S{ Blvee | v

Sulk

18/6
17/6

L]

1 cgm’é
ot 12/6

Clay,sandy,gravelly,some cobbles,
soft,meditm moist,brown to gray (CL)
man placed 111

clay,slightly silty,sandy,soft,moist,

brown {CL)

Soft from 9 to 14 fest
Shale fragments

L

L Swell-Consollidation Test:

MC:  11.4% Db: 12L.0 pef
Direct Shear Strength Test:
Me:  10.2% No: 12000 pef

25¢

Bottom of test borlpy 9 at 1h feet

Project Noms

The Legends Subdivision, Filing &

throu

Proj

g
Lanmbert and %mnciateﬁ
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i, Qate Orilled
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T
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1

J

o
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ey

T

6/18/02

LOG OF TEST BORING

Fiold Englneer __Kintz __ Borlng Number 10

Locaton Sea test boring location sketch Elevation
Domeler _,_l‘_fc_}iis____, Total -Dcpfh_!zwiﬁ_, Death to Water af Time of Brilliag Hone
encountered
3 Sumpie , .
£ Soil Pescriplien Loboratory Test Resully
&| &y | N
Ciay,sandy,aravel Ty, soft,slightly .
i molst,brown to gray (CL) man placed
Till
T Weathered shale,gray,becomes less
& weatherad with depth : 3
£ +
Formational material,silty clay shale
hard,gray,tancos Shale formation ;
4.10:? P .
< Very stow driliing from Uk to 19 feetr
i%
E
Eottom of test boring 10 at 19 feet
20t .
4
25¢ T

Project Nom

« The Legends Subdivision, Filing 4

thro

Projec! Mumber . MO2VHOGE  Figyre ALl

- 7 T
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. , 6/18/02 Kintz i
P Date ODrilled Field Englhesc Boring Number
Location See test borlng location sketch __ Etlevotion
Someter b inches Totar Depth 14 feet _ Oepth to Water at Time of Drilling__ None
encountered
Sampl
E & I Seil Description {.oboratary Tesmt Rewlls
| &fooe [
« $CYla htiy si)t sand 1vel1
SO'HZ cobgiesymedmf{ st tj ,g ((i Y’ | .
; ‘\} ‘st b'own to gray (Cl)wman p ac‘.ed [‘
L IR e Clay,silty,sandy,soft,slightly moist,s
@ brown to gray {(CL)
Fc 31/6 [ Formational material,silty clay shals] ;\gfl_lé(:cz)gsolidg;{on}'{gsg:pcf
sl 50/6 | hard,gray,Mancos Shale formatich A ! '
1107 i
Bottom of test horing 11 at 14 Feet’
'5 *,
wh
4 1
254- . *
Project Nome Ihe Legends Subdivision, Filing X Project Nummrm Figura A2

LOG OF TEST BORING

through

Fambert and ﬁssomateﬁ
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LOG OF TEST BORING

) 6718702 Kintz
Dats Orilted 718/ Filekl Englneér Boring HNumber 2

Locdlion See test borling locatlon sketch Elevotion

Diameter b inches Total Depth 19 feet bepth to Water st Time of Drlilsng None i

Sample

£ §e

N

Soit Deseriplion

Labdoratary Tast Rewulls

5.1

Tay,s116y,51TGNL [y sanay ,medium s$TITT
JYiahtly moist,brown to_aray (CL)
Formational material,silty clay shale,
hard,gray,Mancos Shale formetion

1% 3
1 Harder with depth . +
1z &
-5 +
Bottom of test boring 12 at 19 feet

1 204
'ir b |l
\25r +

Project Name Ihe Legeqnds Subdivision, Fqu b projact NumberOZINOGE _ Figyrs L

throu

Lambert and kssamatw
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LOG OF TEST BORING

b :
r Dote Orilled /18/02 Figid Englnesr Kincz Boring Humbar 13
Location See test boring location sketeh Elevatlon
?ﬂ Oiametér % Tnches Total Daplh 14 feet. Depth to Water at Time of Drilling Nane
L — encounteced
i
" 2 £ 2am '. Soit Dascription Loboratory Test Resully
L& &mee | N .
Cla ,aiigntly stlty,san ravell
es?me&{um styéf quqﬁ E ?oT?
ol I O ¢ uown £& gray (CL) man piace t
Farmational material,siity clay shales
hard ,gray,Mancos Shale formation
i .
CEQO(G : + Divect ghear Strength Test:
— . 6.8% : .
P 54 3176 Harder with depth < He iy DD. 114.0 pef
+ &
™
: '
L
b T cgzs/o MR t
..!O(- b=

o

Bottom of test boring 13 at 14 feet

R B

v

235
!;_ Project Nome

The Leqends Subdivisien, Fsl:nq I project Number _ HO2VH0GE rigire ,,_&lﬂ._...

through

ZLambert and ﬁwac:ateﬁ
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LOG OF TEST BORING

6/18/02 Kintz 1
Date Drilted Field Englneet oo Borlng Numbar
Location See test boring locatlon skatch Elevalion
Damater b 1nches Total Chﬂﬁh_ng“§E§£mﬁ Denth to Water st Time of Drilling None
encountered
k] Sumple ) ) .o
Soit Dascription Loboratory Test Resviis
éé Trpe | N
Clay,slightly stity,sandy,gravelly, .
some cobblas,medium stiff,s)ightly ¢
moist,brown to gray {CL) man placed
fill 1
1 Formational materfal,silty clay shale/
hard,gray,Hancos Shale formation
5 4 5
{tot Harder with depth -
£
;
- Bottom of test boring 14 at 19 feet
4 2\:},
|
4»
225+ $
Project Nome Lhe_Legends Subdivision, Filing & Projact Number MO2 TH0BE  Figurs _ALS .

through 8

Tambert anb Associates
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LOG OF TEST BORING

I" Cate Orillad 6/18/02 Fiekd Engineer _4.____Ki”_t_z._. e Borlng Number . 1
" ocation . See test boring location-sketch Elevation
H hamelter 4 inches Toto! Dapth. th feet Depth to Water at Time of Dritling None
i ’ encountetrad
% Sample . X :
. £ : Suil Description Loboratory Tesl Resuils
- &| Bivee | ¥
. Clay,slightly sTity,sandy,gravelly,
—_ . some cobbles,soft,slightly moist, ! .
' brown to gray (CL) man placed {11}
4 . 4
'; ‘
~ - .
: Formational material,silty ¢lay shale -
1 1 hard,gray,Mancos Shale formation ¢+ Swell-Consolidation Test:
CIA} 50/6 He:  8.9% Db: 127.0 pef
E—— b £ > P
! 5 S Harder with depth i
ot -
i
.
L1 ¢
l_v Botton of test boring 15 at 14 feet
P 3 15
;—-—-; -
1;; L
o h,
I
L
r -4 a:}-.
5'1
1.
N
4 254- F 9

Alb

The Legends Subdivision, Filing % eoroiact Mumber MOZTHOGE  ricyre
throu (

a
Lambert and Assoriates
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Date Drilled

LOG OF TEST BORING

6/19/02 Fieid Englneer __KintZ . Boring Numbar 16

Location See test boring location sketch Efevation
Diometes 1 tnches Toto! Depth_'2_fe8t  pepth to Water at Time of Drilling None
- encountered
Sample
g £ Soil Descriplion Loboratory Test Resulls
Ll Rwoe i n
tlay,stightly silty,slightly sapdy, .
1 soft,sliahtly moist,brown to gray (CLY .
possible weathered shale
Farmational material,siity clay shale]
5 hard,gray,Mancos Shale formation +
4
- ;O.» o
1 BHarder with depth
12
Bottom of test boring 16 at 19 feet
F 201. ¥
{25 13 o

Project Noame

The legends Subdivision, Flling 4  project Number K02 VA0GE | Figurs .12

throu

8 Fa
Fambert and Associates
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LOG OF TEST BORING

Oote Oritted _6/138/02 Fiak Engingsc . Kintz __ Boring Number ... !/
Localion See test boring location sketch Elevetion
Oemater 4 _inches Total Depth _ |1 T88L _ Doptn to Watzr at Time of Dritling Hone
encounteread
e
3| gl Same Soit Dascription Loboratory Texl Reuils
% 8‘ Typd | N
- Clay,slightly silty,s)lghly sandy, .
soft,slightly moist,brown té gray
{cL)
+
b 3 L

Swell-~fonsolidation Test:

<

{ 13/6 |hard,gray,chemical deposits,Mancos
Shale formation .

L 2576
E:Ezsfé

¢ % 32?6 formational maéeriaj,silty c[ay shale, ue: 8% D0: 112.0 pcf

4

Direct Shear Strepgth Test:
MC: 9.1% PB:  111.0 nef

&

+ ’Ov S
{ Havrder with depth b
Bottom of test boring 17 at 14 feet
5
F 2.3-
L'
251 I

Project Nome The Legsnds Subdlvision, Fillng 4

Project Number MD2 1 40GE Figure Al8
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T

LOG OF TEST BORING

Date Orilled __8/13/02 pioid Englneer _Kintz __ Barlng Number 18
' Location Sae rtest boring location sketch Elevation
[ owmerer 1 tnches pepth 12 Teet popen to Water st Time of Oritling None
L. encounterad
E Sample . .
£ Soil Dascription Loboratory Test Rezulis
§~ g Typa | N
Clay,slightly sth,-tinqhtly sandy,
: sofr,slightly molst brown to gray (CL)T -
4r p= -
1 formational msterial si}gy ¢lay shale,
54 hard,gray,stightiy Weathrred Mancos 4
Shale formation
,.!O-F -
} L
T Harder with depth at 15 feet
T
i l
Bottom of test boring 18 at 19 feet
X1 i3
L e
&
254 T

Projgct Mome

The Leqends Subdivision, Fil?nq Q
: through

Projsct Numbar m&l_‘{?féﬁm Figrics . b

Lambert and gsssmateﬁ
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LOG OF TEST BORING

Date Orilted __£/19/02 Fiskd Englneer _ KINtZ_____  Borlng Number 19
Location See test boring location sketch Eleveolion
Dameter h inches Tetol Dspth 14 feat pepih to Watar at Time of Drilling None
; T " éncountered
Samgle
g £ Soit Dascriplian {oboratory Text Retulls

5| §lee [ »

Bulk

1 26/6
39/6

Lol

x

Clay,slightly sittdy,slightly sandy,

soft,s1ightly moist,brown to gray (CL)T

Swell»Consolidation Test:

hard,gray,Mancos Shale format ion

Formational material,silty clay shale,, He: B8.6% p0: 111.0 pef

3

J

250

Bottom of test boring 19 at 14 feet

-

Project HName

The Leqends Subdivision, Flling 4

Projest Humber _HOZ1LOGE _ Figura

through 8 ,
Lambert and éﬁgcmatm
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LOG OF TEST BORING

- . 6/19/02 . Kintz 20
- Date Oritlad 19/ Field Englnaec nt Boring Number
" Locotion __See test boring location sketch Elevatlon
Dhometer b inches Total Dapth 19 feet Deprh to Mater at Time of Britling_ None
' encountered
Sampls
3 g 2= Soil Descriplion Laboratory Test Resulls
§| &ee [
. Clay,stightly silty,s}ightly sandy
1 soft,sligthly moist,brown to gray (CLF
g FS
Formational matertal,silty ciay shale]
{ hard,gray,Mancos Shale formation [
+ 5 g
Harder with depth )
tiot o
r
- +
& 13
Bottom of test boring 20 at 21 feet
F 2,9.;.
25+
Project Noms The Legends Subdivision, Filing B  mroject Number MO2140GE | fioure B2l

throu

ah, B ,
Fambert and hﬁ*ﬁcaatm
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LOG OF TEST BORING

i .
:  Date Oriied . $/12/02 Fiakt Enginser _.X00t2__ Boring Number .. 2!
{ ocation See test boring location sketch: Elevation
r Cameter 4 _inches Total Dapth ‘4 feet Depth to Water at Time of Oritling Nope
. e : encountered
ample
. E £ 2 Soif Description Laboratory Tes! Resullz
| &l & v
~ 3 Clay,shala man.placad fill b
Clay,slightly slity,slighly sandy,soft
T stighly moist,brown to gray {cL) 1
[ L o
i . .
T 3476 Formational materlal,silty clay shale,f Swell-Cdnsolidation Test:
- ¢ 30/6 hard to very hard,gray,vertical MC:  8.4% DD: 126.0 pcf
i £ fractures with chemical deposits Tlirect Shear Strength Test:

 HC: 7.6% bh: 106.0 pef

r ¢ 4 2h/6 4 Swell=Consolidation Test:
c E%/é ' HC: 7.0% Dbr 116.0 pef

— 10T . 3
— 1
; |
N b
[ﬁ - Bottom of taest boring 21 at 14 feset

e

S

T

. . 1

1 feo
‘ -
_ $25 T
" Project Neme The legends Subdivision, Fillng b Projec! Number __ MO21H0GE | Figure —. 827

throu R
Zantbert and Aesotiates
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LOG OF TEST BORING

Dote Orillag 0713702 Fisid Enginsge _RIOXZ _  Boring Number 22

Locatton Ses test horing location sketch Elevotion

Sameler 5 jnches Totol Dapth .19 fget Depth to Hatgr al Time of Grilling None
encountered

E £ Samele Seif Description Loboratory Yest Resully

S| & lvee

N

Tay,sTIGhETY s11ty,511antly sandy,

1 soft, slightly moist . brown_to gr. !
formational materlal,silty clay shale

hard,gray,Mancos Shale formation

1941 Harder with -depth ‘
| Bottom of test boring 22 at 19 fest |

4 2(:1.»

|

Project MName Ihs legends Subdlvision, Fiimq h

Project Number _ MO2VHOGE Figurs ... 823

Lambert anb ﬁssoaates

CONSULTING GEOTECHNICAL ENGINEERS ANO MATERIAL TESTING



r@

1

LOG OF TEST BORING

Date Orliled /12702 Fieit Enginesr Rintz Borlng Humber .. 23
" Location See tast boring location sketch Elevotion
Oiameter 0 _inches Total Depih M4 feet oepth to Water at Time of Drilling HNome
- encountersd
Sample .
8 £ Soil Pescription Loborgiory Tesl Rewyils
5| &l v
Clay,slightly st1ty,sandy,soft, . .
slightly maist brown ta gray {(cH)
Formational material,siluy clay shale
T o medium hard,gray,somewhat weathered, 1
e Mancos Shale formation
D
! 1276 Swell-Consolidation Test:
¢ 1976 MC: 8,.8B% nD:  110.0 pef
5¢ 4 Direct Shear Strength Test;
MC: 5.5% 0D:  99.0 pcf
, +
1
1ot L
!
Yery hard at 14 feet
Bottom of test horing 23 at 14 feet
18
3
20
251 T

Profect Name

The Legends Subdivision,

Fiting 4

through o

Projsct Humb&ﬁ% Figuars A2k

Fambert and Associates
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LOG OF TEST BORING

' Date, Orilied _6/13/02 Field Englneer Kinty Boring Numbaer .. 24
Localion See test boring location sketch Elevation
ameler 4 inches Toral Depth 19 faet  Depth to Yatee et Time of Brilling  Hooe
- T . ancountered
3 Sgmple , ,
£ Soil Detceiphion Loboratory Test Resuils
Sl &lovpe | v
Formational materiat,silty clay shaie, .
1 medium hard,gray,somewhat weathered, $
lancos Shale formation
4 IS
.
£1 ‘|Harder with depth . T
- i -
«»}o-» 4+
& &
IE
Bottom of test boring 24 at 19 feet
&N
25+ t

Project Nomas JThe Legends Subdivision. Eiling &4

Projsct Number H0214 Figurs . A25 .

through ,
ZLambert and degaciates
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6/19/02 Kintz 25
r{)an Drilled Fioki Enginesr Soring Number
Location Sae test boring location sketch Etevalion
Dameier 4 Inches Toral Ospth ”*_,__’fffitaep h to YWater at Time of Drilling  None
. encountered
ample
2 £ 2dmg Soil Dascription Loboratory Tast Resulls
| &lvee | &
Clay,slkghtty stlty,sandy,soft,
J N walar brown to gre 1 ‘
Formaticnal material,siley clay shale,
-, hard,gray,Mancos Shale formation
5
+ o 8
! /6 L Sweli=<Consolidation Test:
¢ AN 30/6 MC: §.5% bD:  117.0 pet
Lok ) < !
Harder with depth 4
| { Uivect Shear Strenath Test:
CESO/S MC: 918 op: 114.0 pef
I{OII' =
I
Bottom of test boring 25 at 14 feet
+
207
254 i .
project Nome The Lqunds Subdivision, Fi!tnq 4 Project Numbser MO2VAOGE  Figurs A28 -

T

LOG OF TEST BORING

Lambert and @ssomates
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LOG OF TEST BORING

Date Orined . 8{19/02 Fiold Enginser _ KIntZ ____ Boring Number 26
Location See test boring locastion sketch Elevoilon
o) ' 4 jnches i9 feet Oepih to Water at Tima of Orilling Nane
ameler - Tortal Dapth 19 fest e Y T, -
ampis
E E 2ame Sait Descriplion Laboratory Test Resullr
S| Blwoe | v
- Clay,31ightly silty,sandy,gravelly,
soft to madium stiff,slightly moist, ”
brown to gray {CL) possible man placed
£ill = 1
+ fFormational material,silty clay shale,y
hard,gray,Mancos Shale formation
54 4
L {ob Very hard at 10 feet T
115t 1
<+
Bottom of test boriang 26 at 19 feet
. 20. "
25¢+

Project HNoma

The Legends Subdivision, Filing &

throug

Projact Number _ HOZVHOGE  Figuen  AZT.

8 r
Lanbert and Associates
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APPENDIZ B
The laboratory study consisted of performing:

. Moisture content and dry density tests,
Swell-consolidation tests,
pirect Shear Stretgth tests and
Chemical tests.

1t should be noted that samples obtained using a drive type
sleeve sampler may ezparience some disturbance during the
sampling operations. The test results obtained using these
samples are used only as indicators of the in situ soil
characteristics.

TESTING
Moigture Content and ry Density

Moisture content and dry density were determined for each
gsample tested of the samples obtained. The moisture content was
determined according to ASTM Test Method D2216 by obtaining the
moisture sample from the drive sleeve. Ths dry density of the
sample was determined by using the wet weight of the entire
pample tested. The results of the moisture and dry density
determinations are presented on the logs of test borings, Figures
A2 through A27. '

Swell Tests

Loadsd swell tests were performed on drive samples obtained
during the field study. These tests are performed in general
accordance with ASTM Tast Method D2435 to the extent that the
same equipment and sample dimensions used for consolidation
resting are used for the determination of expansion. A gample is
subjected to static surcharge, water is introduced to produce
gaturation, and volume change ip gmeasured as in ASTM Test Method
pP2435. Results are reported as percent change in sample height,

Consclidatlion Tests

One dimensional consolidation properties of drive samples were
evaluated according to the provisions of ASTM Test Method 02435,
Watar was added in all cases during the test. Exclusive of
special readings during comsolidation rate tests, readings during
an increment of load were taken regqularly until the change in
sample height was less than 0.001 inch over a two hour periad.
The results of the swell-consolidation load test are summarized
on Pigures Bl through Blé swell-consolidavion tests.

Bl

Fantbert and degociates

COHSULTING QEQTECHNICSL ENGINEERS AND
RATERIAL TESTING
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It should be noted that the graphic pregentation of
consolidation data is a presentation of volume change with change
in axial load. B&s a result, both expansion and consolidation can
be illustrated.

Direcc Shear Strengtn Teshs

Direct sheay strength properties of sleave samples were.
evalusted in general accordance with testing procedures defined
by ASTM Test Method D3G80. The results of the direct shear
strength tests are tabulated below.

Dry Moisture Internal Angle
Test Depth  Density Content Coheslon of Priction
Boring {FT) {PCF} {(Percent) {PSF)} {Dearees)
1 4 115 9.7 425 20
5 4 108 10.2 425 .20
7 4 118 10.1 i50 30
Y 4 120 10.2 200 25
13 4 114 6.8 210 a0
17 & 113 g.1 275 24
21 4 106 7.6 375 25
23 4 99 5.5 400 21
25 8 114 8.l 410 21

Chemical Tests

Chemical tests for water soluble sulfates and pH were performed
on select pamples obtained during the field study. The results
of the chemical tests are tabulated below.

Test Depth Hater
Boring _ feer) pH Soluble Sulfates
1 1 to 4 B.4 greater than 130 ppu
3 1te £ B.2 greater than 150 ppa
9 1 o 4 8.5 greater than 150 ppm
11 1 to 4 8.5 greater than 150 pom
13 1 ro 4 8.4 greater than 150 ppm
15 1 to 4 8;4 greater than 150 ppm
17 | 1to 4 8.2 greater than 150 ppm
23 1 to 4 8.2 greater than 150 ppe
25 1 vo 4 8.2 . gqreatey than 150 ppm
B2

HLambert and Qssociates
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Serei!

(%)

PRESSURE (POUNDS PER SQUARE FQOT)

10 100 1000 10,000
Swall Under Constant Pressure
: Pue To Wetting
g M
T
“\_\\
} WMM"‘ e ™
\\\
2 \
2 D
,, N
o \

5 L
6 \
7
5 .
qp-

* Water added

to sample

10
11
12

Becing Ne. | SUMMARY OF TEST RESULYS

Molsture Ory Donsity | Height | Diameter | Swell Pretsure
Depth -5 feetjcontent ("] (PC.F) {in.) {in,} . (P S.E)
{nitigl 10.6 113,01 - 1.0 1.9 "
2l VSO NIV B3 M T B A
Soll Deseription ) Formational material,diay to aray brown

Projeot” No,: -FD2140GE

SWELL - CONSOLIDATION TEST

Lambert and Fesociates

Date:  7/30/02

Figurat 81
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Swafl

Corsolidation

PRESSURE (POUNDS PER SQUARE FOOT)

10 100 ' 1000 10,000
Swell Under Constant Pressure
Dug To Wetting
7 ,\
6 L
N
f N
5 N
! 0
N
b W

2

3 b
< Water added
fc sample

4

5

6
Bering No. 1 oy SUMMARY OF LZSI Ri;suf.rs T

shuera Ory Densit, ght ameter $ sure

Depthd-10 feet nif%l | (BC.E) Y {in) {in.} {(RS.E)
Inftial 0.4 MR LN g {19k 3600 *
Eipal 9.5 18,0 1.0 1,98 .

| Sol) Daseription|Formatlonal material.gray to grey brown

SWELL ~ CONSOLIDATION TEST

ProJact Ne.:  H02140GE

Lambert anb JAssociates

Dofe: 7730702

Figure: B2 -
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Sweif

Consoiidetion

PAESSURE {POUNDS PER SQUARE FOOT)

16 100 1000 10,000
Swell Under Constant Prassure
1 Due To Wetting
0
] --NJE—:‘:—“M‘“""-‘-‘WMM
. \_\\
2 \\
3 \\
b \\ :
5
6 ¥
7
g
,9 * Yoter odded
to sample
10 N
11
12
Boring No, 3 SUMMARY OF TEST RESULTS
" Molsture | Dry Denslty | Height | Diamater| Swell Pressura
Depth 4-5 Ffeetloaniont(o) | (RC.E) " L (in) | (in] (BSF)
{nitial 8.3 119.0 1.0 1.9 500 %
Final 5.5 24,0 2951 1,94
Solf Owseription! Foreationa) paterial.dark aray

SWELL = CONSOLIDATION TEST

Project No,i HO2140GE

Lambert and Qggoridtes

Dafe 7/30/02

Figurs: B3




PRESSURE (POUNDS PER SQUARE FOOT)

10 100 1000 10,000
Swell Under Constant Pressure
Due to Wetting
i
‘ﬁh___‘-‘.“
M‘.\‘\
v ™. \,\
“‘"--.. ;._ N
i \"\
F B N
3 \\
| _\\
5
= 6 -
£
(7
7
2
o8
8
43
=
B 9 P ;
§ “¥aler addad
Qo te sample
10
1
X 12
Boring No. b L. SUMMARY OF 'TEST RESULTS
. InMolsture Dry Density | Héight | Diomefer i Swell Pressiire
Degth 9-10 Feetlcontont (41 | (BC.E) | (in) | (in) . (PS.E]
inftiol 11} i F S ) Ak 800 £
Baliedi 1.8 121.0 L 955 94
Sol) Deseriptiont Clay slightly silty. s)ldhtly sandy brown to 8ray
SWELL ~ CONSOLIDATION TEST | Projact Mo HO21LOGE
Dot s - 7730702

Lambert and désociates

F"fgiﬁ"& '
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Swell

(%}

10

1A

12

PRESSURE (POUNDS PER SQUARE FOOT)

10 100 1000 10,000
' Swell Under Constant Pressure
Dug To Wetting
[
™
2! M
£ \\\\
\\
\
b
\‘.
\\
N
\
s Water added W
to semple
Beeing No. 5 “SUMMARY OF  T&ST RESULTS
Moisture br Dajmy Height | Diomaeater Swail Pressuré
Desth -5 Teet loonrentioal | (BC.E) - | (i) | (in] (RS.F)
 Initial 12,6 120.0 1.0 1.94 460 +
LEng! 173 . 126,0 935 1 1,94 ‘
| Soll Description | Clav.cslightly siltv.aravellv,cobbl ag.,.hﬁmn_tg_g.cﬁx...mm_. .t

SWELL - CONSOLIDATION TEST

Project No.+ MO2140GE -

FLambert and Associates Oate._

7/30/02

Figure) B85




M

(POUNDS PER SQUARE FOOQT)

PRESSURE
10 ' 100 1000 10,000
Swell Under Constant Pressure
Due To Wetting
i .
0 3.
\‘\
e ERY N
1 L \\ -
f I \\
: \
;, \\,
5
U
H
0
7
It
L L 8
.31:‘
b
T 9|
a 17 Woter added
8 e somple
16
1
Y 12
Baring No, 5 SUMMARY OF TEST RESULTS
. Molsture Dry Density | Height | Diameter | Swell Pressura
Depth3-10 Teeticontent (%) {AC.E) (ind | fin}. (RSE] -
Initiel 11,1 114,0 1.0 1.94 1000 %
Einal 18,0 14,0 955 1,94 .
| Soif Daseription| Formatiénal . mpterial.westhered shale brown fo gray
SWELL ~ CONSOLIDATION .TEST Project No.: HQZ14OGE |
. PV, Date :. 7/30/02
Hambert and Jssociates L2




PRESSURE {POUNDS PER SQUARE FOOT)

tQ 100 1000 10,000
Swell Under Constant Pressure
fue To Wetting’
i
‘\\\
[
0 N
]| N
"’I"<r.“: \'
: \\
J ? N
§ : \
5 1 b
% b
B
7
_7
£
5 e 9 .
3
R
B 9 .
g % Woter bdded
O
O to somple
10
i1
Y 12
Sccing No. 7 SUHMARY OF TEST RESULTS
Molsturs Dry Density | Heipht | Diometer | Swell Fressvre
Depth 4-5 feet teni (%) | (BC.E} (in,)_ {in.) . (£ S.E)
Initial 8.9 f20.0 1. 9% 900 *
Elnar 16.1 125.0 9119 1.9%
Soll Description] Clay,sl qhtty siity, gravei!y,cobb]es brown to gray
SWELL ~ CONSOLIDATION TEST Project Ne,: MNMO2140GE
Dots ¢ 7/30/02

ZLambert and Associates

Figirer 87




PRESSURE (POUNDS PER SQUARE FOOT)

10 160 1000 10,000
' Swell Under fonstant Pressure
Due To Wetting
I -
g .
H‘MMMMW—““-“‘M\
| e o~ .
N
P
N
y 2
’ <
\ A
5 N
.6
&
7
8
g 8
3 .
3 ; (S
2 e Water added
8 e sampls
12)
11
Y 12
Boring No. 9 SUMMARY OF TEST RESULTS
oring Molsture Dry Density | Heipht | Dlameter | Swell Pressure
Dopth 4-5 feet bonmnsroe) | TACE) * | (in) | lin) (R S.E)
initigl 11.4 t2h.0 {1 1.0 L 3
Einal SO ISR 0 MRS YO L3 S A

| S0il Descriptio Glay,sandy gravelly, browa to aray

——

SWELL ~ CONSOLIDATION TEST | | Projest No,: . 02 LA0GE_

| Dot : 7130/02

1ﬂmbm and gﬁﬁﬁaﬁteﬁ ‘  [Figurer. B
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Consolidotion
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10
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12

PRESSURE (PQURDS PER SQUARE FODT)

10 100 1000 {0,000
Swell Under fonstant Pressure
Due To Wetting
*\\N\ .
4 —W“ﬁ"’\\
N
N
N
2N
N
N
\\ |
i Water odded '
to somple
: L SUMMARY OF TEST RESULTS
Doy No, ;
" " Moisture | Dry Dansity | Height | Diometer ] - Swell Pressure
Dopth b5 foet lontent %) | (AC.E) o LLin) | {ind (B5F) .
Cinitlal 8.2 115.0 1.0 [.1.9% 300 ¢
| Eimal 16.5 126,0 L9057 1,94
| Soli Dageription | Formatlonal meterial .gray

SWELL - CONSOLIDATION TEST

Project No.r.  MD2140GE

Fambert and Associates

Date ¢ 7/30/02

Figure: 89
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Swall

Consofidation

10

11

12

PRESSURE {POUNDS PER SQUARE £00T)

i0 100 1000 10,000
Swell Under Constant Pressure
Bue To Wetting
‘-m__‘*ﬁ-».-_ :_NH‘
eed ) R
n "\\
< \\
\\
: e
*Water added
to sampia
8oring No. 15 SUMMARY OF TEST RESULTS
- Moisture Ory Denslty | Height | Diometer} Swell Pretotre .
Dapth b~5 feet iContent (%) (KC‘EL {in. tin.} {£ 8.E)
{nltial 8.4 127.0 ..t 1.0 1.9k " 900
Finnl 12,7 126.0 af,1
Soll Dgscription Formationa! material,gray

SWELL - CONSOLIDATION TEST

Project -No.: . $021L0GE

Fambert and Qssociates

Odta 7/30/02°

Flgure: 810
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PRESSURE (POUNDS Pﬁﬁ SQUARE FOOT)

10 00 1060 10,000
Swell Under Constant Pressure
ODue To Wetting
1 \
0 e
~ \\‘\
i T >
¥t \
N
2
4 g
3 ﬁ -. \\
h " \\
5 \
X __\\_
7 -
~
\
e = 8
£
A
S 9
£ " Water added
8 to somple
10
R
N 12
Bering No. 17 SUMMARY OF TEST -RESULTS ) :
‘tMolsture Dry Dansity { Height | Diomefer | Swell Pressura
Depth 4-5 feet loontant (%)) (8C.F) Ltind { (i) (RS.E)
[nitiat 8.4 112.0 L.l LA 600 +
L Eimal 182 _l2a.0 Q22 1
Soll Dascription]| Formational material,qray

SWELL -~ CONSOLIDATION TEST.

Projest Forr. H021h0GE

Lambert and Agsociates

Date ! - 7/30/02

Eigure: B
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PRESSURE

{POUNDS PER SQUARE FOOT)
10 00 1000 10,000
Swell Under Constant Pressure
Due To Wetting
i
0 -
N
=iy N
‘ Q
\
I :
3 \\
4 N\
: \\-
= b -4
£ t
n
7
§
g @8
2
-
3 9 b=
a T Water odded
§ to sample
1G
11
h 12
Boring No. 19 SUMMARY OF TEST RESULTS
Moisture | Dry Density | Height | Dlameter| Swell Pressure
Depth -5 Fect lonsent il | (BC.EL - | Lin) | {in.) . (RS.E]
Initiel B.6 111,01 1.0 1.94 €00 *
final . - 18,9 118.0 ., 9132 1.94 o
$oi! Descrition | Formational material,gray
| Bate: ' 7/30/02
FLambert and Associates 1L
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Swelt

Consofidation

{%o!

10

11

PRESSURE {POUNDS PER SQUARE FOOT)

10,000

10 100 1000
Swell Under Cdnstant Pressure
fue To Wetting
P‘\-___-”‘
e
R
't
\“"\
T St
\ N
N
* water odded
to semple
Boring No, 21 SUMMARY OF TEST RESULTS
Moitturs Oirj wity | Height | Diometer | Swell Pretsure
Depth!i-5 feet Content (%] cé'c%'} ’, {in} {in,) . (RS £}
| _{nitial 8.k 126.0 1.0 1,34 1200 + ’
LEinal {3.2 131.0 La68 LG94 .
Soll Description] Formational materlal.gray

SWELL ~ GONSOLIDATION TEST

Profect Noi02140GE

Lambert and Yssociates

Date:  7/30/02

Figurer =~ 813
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Swell
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PRESSURE (POUNDS PER SQUARE FOOT)

10 100 1000 10,000
swell Urder Constant Pressure
Pue To Wettinag
1
a j\
M"“-..‘_‘- ‘*\
kA \_\
! <
\\.

2 \\\
3 - - \
. \
. \
5 \\
6 N
7
8
5 I woter odded

tc sompia
10 3
B
12
1 ,
’ Bering No. 21 SUMMARY OF TEST RESULTS

Moisture | Dry Deasity | Helght | Diamater | - Swell Fréssure

Depth9-10 feet loontant reet i (AC.E) ~ Lin} | (in) (RS.F)

initio! 1.0 16.0 1.0 1.al 500 %

Fiml 17:0 21.0 (987 11,94

Soll Deseription | Formational material .aray .

SWELL ~ CONSOLIDATION TEST

Profect No.© _ M02140GE

Lambert and Jssociates

Oate: .~ 7/30/02

Figure Bl
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PRESSURE {POUNDS PER SQUARE FOOT)

10 100 1000 10,000
Swell Undor Constant Pressure
Due To Welting
g ey
N\lh"“r--,. \\
it M
AN
N
Y
N
\
—\ :
s Water added
to somple
Bocing No. 23 SUMMARY OF TEST RESULTS
| Moisture © ] Dry Denshty [ Helght | Diameter ) Swell Pressure
Dopth '-5 feelleontenseit) | (RCE) ~ I (in) 1 f{in}. | (RSE)
Inftiat 8.4 10,0 L 1.9 1,34 500
Einol 19.0 121,06 L .917 | _1.9h .

‘_§oH Description IFormationsl material ,qray

SWELL - CONSOLIDATION TEST

Projoct No.: MO21HOGE

FLambert and Associates

Date : 7/30/02

Figuras 1S
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PRESSURE (POUNDS PER SQUARE FOO0T)

10 100 1000 10,000
Swell Under Constant Pressure
. Due To Wetting .
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APPENDIX ¢

CENERAL GEOTECHNICAL ENGINEERING CONSIDERATIONS

¢1.0 INTRODUCTION . . .

Appendix C presents geuneral geotechnical engineering considerations
for design and construction of structures which will be in contact
with soils. The discussion preseuted in this appendix are referred
ro in the text of the report and are intended &s tutorilal and supple-
wental information to the appropriate sactions of tha text of the

report.

2.0 FOUNDATION RECOMMENDATIONS

Two ceriteria for any foundation which must be satisfied for
satisfactory foundation performance are:

contact stresses wust be low enough to preclude shear
failure of the foundation soils which would result in
jateral movement of the soils from beneath the

foundation, and
sebtlement or heave of the foundation must be within

amounts tolerable to the suparstructursa.

.

The soils encountered during our field study have varying engineer-
ing charvacteristics that may influence the design and construction
considerations of the foundations. The .characteristics include swell
potential, settlement potential, bearing capacity and the bearing
conditions of the soils supperting the foundations. The general
discussion pelow is intendsd to increase the readers familiarity with

charactaristics that can influence any struckurse,

¢2.1 Swall Potential

Some of the materials encountared during our  Field study at the
anticipaced foundation dspth way have swell potential, Swell
potential is the tandency of the soil to iacrsase in volume when it
pacomas wetted. The volume change OCCUrs &3 moisture is apsorbed intc
the solil and water molecules become attached to or adsorbed by the
individual clay platlets, Assoclated with the process of volume
change is swell pressure. The swell pressure is the force the soil

Ccl
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apol:i23 oo lus surrsuadings when molsture is absorbed into the soil.
oundation design considerations c¢oncerning swalling soils include
seructurs rolerance btoe wmovement and dead load pressures Lo help
regtrict uplift. The structure's tolerance to wovement should be
addressad by the structural engineer and is dependent upon many facets
of the design including the overall atruckural concept and the
building materisl. The upliff forces or pressure due to wetted clay
soils can be addressed by designing the foundations with a minimum
dead load and/or placing the foundations on a blanket of compacted
structural £i1l. The compacted structural fill blanket will increase
the dead load on the swelling foundations soils and will increase the
gseparation of the foundation from the swelling soils. Suggestions and
recommendations for design dead load and compacted structural f£ill
planket are presented below. Compacted structural f£ill recommenda-
tions ars pregented under COMPACTED STRUCTURAL FILL helow.

¢2.2 Settlement Potential

Settlement potential of a soil is the tendency for the soil to
experience volume change when subjected te a load. Settlement is
characterizad by downward movement of all or a portion of the
gsupported structure as the soil particles move closer together
resulting in decreased soil volume. Sebtlement potential is a

function of,

. foundation loads,

.. depth of footing embedment,

the width of the footing, and

the settlement potential or compressibility of the influenced

soil.

4

Foundation design considerations concerning settlament potential
iaclude the amount of movement tolerable to the structure and the
design and construction concepts to help reduce the potential
movement . The settlement potential of the foundation can he reduced
by reducing foundation pressures and/or by placing the foundations on
a blanksc of compacted structural £ill, Tha anticipated post
construction settlement cotantial and gsuggested compacted Fill
Enickness recommendations are based on site specifiz soill conditions
and ars presactad ip the taxt of the report.

c2
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2.3 Seil Supoort Characteristics
The 30ll bearing capacity is a functlon of;

the engineering propsrties of the soll material supporting the
foundationg,

. the foundation width, .
the depth of embedment of the bottom of the foundation below the
lowest adjacent grade,
the influence of the ground water, and
the amount of settlement tolerable to the structure.

o

$oil bearing capacity and associated minimum depth of -embedment are
presented in the text of the report.

The foundation for the structure should be placed on relatively
uniform bearing conditions. Varying support characteristics of the
soils supporting the foundation may result in nonuniform or differen-
vial performance of the foundatioun. Seils encountered at foundation
depths may contain cobbles and boulders. The cobbles and bouvlders
encountared at foundation depths way apply point loads on the
foundation resulting in nonuniform beaxing conditions. The surface
of the formational material may undulate throughout the building site,
If thig is the case it may result in a portion of the foundation for
the structure being placed on the formational material and a portion
of the foundation being placed on the overlying soils. Varying
support material will result in nonuniform bearing conditions. The
influence of nonuniform bearing conditions may be reduced by placing
che foundation members on a blanket of compacted styuctural £111.
Suagest ions and racommendations for constructing compacted structural
£111 are presented undey COMPACTED STRUCTURAL FILL below and in the

raxt of the report,

C3.0 COMPACTED STRUCTURAL FILL

Compactad structural fill is typlically =2 naterial which 1is
" e

constructad for direct support of structurss or structural componsnls,
Theprs arz saveral material charactiarisiics which should be examinad
b

befora choosing a material for potential use as compacted structural
£ill., These characteristics include;

3
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rne size of the larger particies,

she angiraerlag charvacteristcics of the fine grained portion of
material matrix,

rna molsture content that the material will nead to be for
compaction with respect to tne existing initial moisture content,
the organic content of the material, and

the items that influence the cost to use the material. . .

Compacted £ill should he a non-expansive materlal with the maximum
aggregate size less than about two {2) inches and less than aboit
gweanty five (25) percent coarser than three guarter (3/4) inch size.

The yeason for the maximum g¢ize is that larger sizes may have too
great an influence on the compaction characteristics of the material
and may alse impase point loads on the footings oxr floor slabs that
are in contact with the material. Frequently pit-run material or
crushed aggreyate waterial is used for structural £ill material. Pit-
cun material may be satisfactory, however crushed aggregate material
with angular grains is preferable. angular particles tend to
interlock with each other better than rounded particles.

The fine grained portion of the fill material, will have a signifi-
cant influence on the perforxmance of the £i11, ®daterial which has a
fine grained matrix composed of silt and/or c¢lay which exhibits
expansive characteristics should be avoided for use as structural
£111. The moisture content of the material should be monitored during
construction and maintained near optimum moisture content for

compaction of the material.

soil with an appreciable organic content may not perform adequately .
for use as-structural £111 material due to the compressibility of the
pacarial and ultimately due to the decay of the organic portion of the

naterial.

C4a .0 RADON CONSIDERATIONS

TnZormaticn presentad in “Radon Reduction in New Construction, Al
“ararim Guide: OPA-87-009 by the Environmental Protaction Agency dated
august 1387 indicates that currentiy thers are no standaxd soil tests
oy specifiic standards for correlating tha results of soil tesis at &
ruilding site with subssquent indoor radon levels. Actual indoor
lavels can be affected by construction tachniques and may vaxy greatly
from soil radon rest results. .Therefore it is recomuended that radon
rests be conddcted in the structure aftexr construction is complete to

varify the actual radon levels in the homs.

C4
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Ne suggest tpnat you consider incorporating construction techuniques
intes the developmant to’ reduca vadon levels in the residantial
struchures and provide for retrxofitting equipment for radon gas
ramoval 1€ it becomes necessaxy.

Measures to reduce radon levals in structures include vented crawl
spaces with wvapor bharrier at the surfdce of the crawl space to
rastrict radon gas flow into the structure or a ventad gravel layer
with a vapor barrier bensath a concrete slab-on-grade floor to allow
venting of radon gas ¢ollected beneath the floor and to restrict radon
gas Elow through the slab-on-grade floor into the styructure. These
concepts are shown on Flgure C1.

If you have any questions or would like more information about
radon, please contact us or the State Health Department at 303-63%2-

3030, '

.S
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