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—_ CONSULTING GEOTECHNICAL ENGINEEH'S AND MATERIAL TESTING
' March 13, 2003

Legends Partners LLC
. F.O. Box 1765

Grand Junction, Coloradse 81502

Attention:! Mr. Ron Abeloe

PN: M0O30320E

Subject; G‘otechnical-Engineering S8tudy for the

" Proposed Parkerson Property Development
Grand Junction, Coleorade

. Mr.‘Abeloe%

Lambert and Asscciates is pleased to present our geotechnical
; englneering study for the gubject project, Ths field study was
5 completed on January 30, 2003. The laboratory study was
completed on Maxrch 7, 2003, 'The analysis wag performed and the
. report prepared from March 11, 2003 through March 13, 2003, Our
— geotechnicadl engineering report is attached.
]

We are a%ailable Eo provide material Lesting services for soil
and concrete and provide foundation excavation ohagervations
during congbkruction, We recommend that Lambexrt and Asgociates,
the geotecﬁnical éngineer, for the project provide material
testing services to maintain conkinuity between design and
— constructiqn_phases.

—

If you hJVE any questions concerning the geotechnical
L engineering aspects of your-project please contact us.

Thank you
for the opportunity to perform Chis study for you.

Respectfully submitted,

LAMBERT AND, ASSOCIATRS
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1.0 INTRODUcaION

Thisg reporﬂ presents the results of the geotechnical engineering
study we conducted for the proposed Parkerson property site in
Crand Junction, Colorado. The study was conducted at the redquest
of Mr. Ron Aﬁeloe, in accordance with our proposal for geotechnical

engineexing larvices dated January 30, 2003,

The concluéione, suggestions and recommendations presented in
this report dre based on the data gathered during our site and
laboratory study and on our experience with similar soil condi-
tions, Factual data gathered during the field and laboratory work
are summariz?d in Appendices A& and B,

1.1 Proposéd Construction

It ig our understanding that the parkerson Property Development

‘'will consist|of single, family residential structures and multi-

family structures. We understand that the structures may be single

. and wulbi-story wood frame suyperstructures supported on reinforced

concrete foupdations. We undergtand that scome basement or other
Yataining walls may be included in the proposed congtriction.

1.2 Scope|of Services

our services included geotechnical engineering field and labora-

- tory studies analysis of the acquired data and report preparation
© o For the proposed site. The scope of ouxr services is outlined

below.

- The fielf study consisted of describing and sampling the soil
materials encountered in twenty-fiveé (25) amall diametexr con-
tinuous flight auger advanced test borings at the proposed
subdivision location,

- The mate&ials encountered in the test borings were described
and samples retrieved for the subsequent laboratory study.

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

CONSULTING GECTECHNICAL ENBINEERS ARD
WATERIAL TESTING
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the soil strength potential (internal friction angle and
cohesion) of samples tested, .
. the swe}l and expansion potential of the samples tested,
. the settlement/consolidation potential of the pamples
tested, |
the moisture content and density of samples tested
moisturé content-dry density relationship of select soil
subgrade gamples,

subgrad% support characteristics of select subgrade samples

and :
the soll sulfate concentrabion of soil samples tested.

MO3032GE

- Thig report presents our geotechnical engineering comments,
suggestiqns ang recommendations for planning and deelgn of site
development . including:

viable foundation types for the conditions encountered,
allowable bearing pressures for the foundation types,
lateral |earth pressure recomuendations for design of
laterally loaded walls, and )

geotechnical engineering considerations and recommendations
for congrete =slab on grade floors. :

~ Our comments, suggestions and recommendations are based on the.
subsurface soil and ground water conditions encounterxed during
our pite|and laboratory studies..

- ‘Our study did not include any environmental ox geologic hazard
- lasues.

2.0 SITE CHARACTERISTICS

'gite characteristics include observed existing and pre-existing
site conditicns that way influence the geotechnical engineering.
aspects of the proposed site developwment.

2.1 8ite L%cation

The proposéd development silte is located scuth of Patterson Read
and eapt of 28-1/2 road, The proposed development is located
adjacent to the east of the existing lLegends Subdivision in Grand

Junction, Colorado. 2 project vicinity wap is presented on Figure
1.

2.2 8ite C?nditions

AL the timé of onr field study the proposed development site was
vacant., The|proposed development site slopes down to the south at

2
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an inelination of about tem (10) to ome (1) { horizontal to verti-
cal) and flattér. Man placed fill material is located on the
majority of the proposed development. The man placed f£ill wmaterial
consisting generally of clay soil material with some scattered
conetyuction debrig. The site contained sparme cover of drylangd
type vegetation. : ' :

.- ! .

2.3 Subsurface Conditions

The subsurface exploration consisted of observing, describing and
gampling the soil materials encountered in twenty-five (25) augex
advanced test borings. The approximate locations of the test
yorings are shown on Figure 2. The logs describing the soil
materials encountered in the test borings are presented in Appendix
i, ;

The materials encountered in the test borings consisted generally
of ailty clayl material with varying amounts of sand and gravel to a
depth of about one (1) to.ten (10) feet. The silty clay soils
tested have a moderate.to high swall potential when wetted and may
consolidate under light loading conditions.

Man placed 111 was encountered in mome of the test borings and
wag observed stockpiled on the proposied development slte. The man
placed £fill appeared to consist generally of silty and sandy clay

" with conatruc;ion debris, We anticipate that the existing wman
.placed fill is of poor quality. .

H . R N
- Foymational: waterial was encounterad in the test borings al a
-+ depth of about one (1} to tem (10) feet. The formational material

was a silty clay shale of the Mancos Shale Loxmation. The
formational shale material tested has a high to wvery high swell
potential when wetted, The formabtional shale encountered in the
test borings had very degrees of weathering at ghallow depths.

No free subsurface water was encountered in the test borings at
the time of our field study. We anticipate that the Iree g~
gurface water elevation way fluctuate with ssasonal and other

“varying conditions. Our experience in the area indicates that

fractured laybrs may exist in the formational material and the
fractured layers may Carry or store water.

At the time of our field study the proposed devalopment gite was
not -irrigated. It has been our experience that after the site is
developed and once landscape irrigation begins the frde gsubsurface
water level may tend to rise. In some cages the free subsurface
water level ripe, as a result of landscape irrigation and other

developnent influences, can be fairly dramatic and the watex level

f

may become v%ry shallow.

Lambert and dssociates

CONSULTIHG GEOTECHHICAL EHOINEERD SHD
MATEAIAL TESTING



LT O DTV N

—

-

I,_..._...mm..

MO03032CE

It is difficult to predict if unexpacted subsurface conditions

‘will be encountered during construction, 8ince such conditiong may

be found, we|suggest that the owner and the contractor make provi-
sions in their budget and construction schedule to accommodate
unexpected subsurface conditions. '

2.4 Seis@ic Congideration

Labeled faults near the site are 71Q, 72Q, 73, 81Q, 82Q, 83Q,
84¢), 850, 86Q, 870, 880, 890 and 179Q, approximately twenty {20) to
kwenty five {2%) miles north, west and south of the site. The
fanlt labelsare from Colorado @Geological Survey Bulletin 43,
iRarthguake gotential in Colorado. The fault number is followed

by letters, the letters signify the oldest and youngest units

displaced by|the fault, or in the case of only one letter, the most
recent movement,

The labeled faults are assoclated with the Uncompahgre block
uplift and have displaced Quaternary period geologic units.
{Kirkham, Regexrs, 1981}). The location of .the faults is presented
on Figure 3.;

Based on Bulletin 43 Grand Junction is located in the Colorado
platean Geologlie Province. The maximum credible earthquake esti-
mated by Bulletin 43 for the Colorado Province is a magnitude of
5.5 to 6.5. |Spectral analysis for earthouakes presented in "Bite-
Dependent Spéctra for Barthquake-Resistant Design by H., Bolton
Seed, Celgo Ugag, and John Lysmer, February 1976 indicates that for
an earthguake magnitude of 6 ¥ at a distance of twenty (20) miles

from the site with a spectral damping of S percent for stiff site
conditions résults in a spectral acceleration of 0,35g with the

respactive site period estimated between 1 and 3 seconds may be

. appropriate tepresentation for site conditions.

pased on the subsurface conditjons encountered and the 2000
Uniform building code we suggest you conailder using UBC site clags
O for URC notmalized response spectra ghape. Additional site
geophysical studies would be required to verify our assumptions
used in our site seismic assessment. We are available to discuss
thig with ycb. : :

{
i
3.0 ON-SITE pEVELOPMENT CONSIDERATICONS

We anticipate that the subsurface water elevation may fluctuate
with seasonal and other varying conditions. Deep excavations may
encounteyr so}ls that tend to cave or a possibility of subsurface
waber. Our experience in the area indicates that fractured layers
may exist inl the formational material and that the fractured layers

|
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I .
may carry on store water. If water is encountered, it may be
necesgary to dewater construction excavations to provide more
suitable working conditions., Excavations should be wall braced or
aloped to prevent wall collapse, Federal, state and local safety
codeg should be obgerved, All constructlon excavations should
conform to Opcupational Safety and Health Administration {osun)
gtandards or. safer, . :

The site construction surface should be graded to drain surface
water away from the site excavations. 8urface water should not be
allowed to accumulate in excavations during construction. Accumul-
ated water could negatively influence the site soil conditions,
Conastruction surface drainage should include swales, 1f necessary
to divert surface water away from the construction excavationa,

Man placedifill material exlists on site. The guality of the man
placed.£ill is not knowm and may not be guitable for support of the
structure ori structural componente. The quality of the exigting
man placed fill should be verified ox the £ill removed and replacsad
with compacted structural £ill prier to supporting building ox
building components on the £1i1ll.

The formational material encountered in the test borings was very
hard. ile anticipate that it may be podsible to excavate this
material; however, additional effort may be neceggary., We do not
recommend blasting to aid in excavation of the material. Blasting
may fracture| the Formational material which will reduce the support
charvacteristic integrity of the formational material,

It has beeh our experlence that sites in developed areas may con-
taln existing subterranean structures or poor quality man placed
£fill. If subterranean structures or poor quality man placed £ill

" are suspected or encountered, they should be removed and replaced

with compacted structural £ill as discussed undex COMPACTED STRUC-
TURAL FILL below. '

The soil materials exposed in the bottom of the excavation nay he
very moist and may become yilelding under censtruction traffic
during constiuction. It may be necessary to usge tachnigques for
placement of; fill material or foundation cencrete which limits
construction: traffic in the vicinity of the very moist soil mate-
rial. If yielding should occur during construgtion it may be
necessary toiconstruct a subgrade stabilization £ill blanket or
similar to provide construction traffic access. The subgrade
stabilizatiof blanket may include over excavating the subgrade
soils one {1} to several feet and veplacing with aggregate subbase
pourse typa @aterial. The stabilization blanket may also include
geotextile stabilization fabric at the bottom of the excavation
prior to placement of aggregate subbase course stabilizatlion £ill.

)
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Other subgrade stabilization techniques may be availlable., We are
available toldiscuss this with you.

4.6 FOUNDATIQN RECOMMENDATIONS

Geotechnlcal engineering considerations which influence the
foundation deslgn and construction recommendations presented below
‘are dlscussed in Appendix C.

We have analyzed drilled piers and spread footings as potential
foundaticn systems for the proposed structure, These are digcussed
below, Due to the number of possible foundation types available
and design and construction techniques thexs may be design alterna-
tives which wWe have not presented in this report. We are available
to discuss other foundation types. We have provided design
parametera for several foundation types. Of these, because of the
expanalon potentiasl of the site soilg, we feel that drilled pilers
will provmdelthe foundation type with the least likelihood of
significant post construction movement.

We recommend that the entire structure be supported on only one ..
foundation type. Combining foundation types will result in diffex.
ential and unpredictable foundation performance between the varying
foundatlon types.
© all of the design parameters presented below are based on tech-
nigques performed by an experienced competent contractor, high
guality craftsmanshlp and care during construction. We recommend

" post construction cognizance of the potential swelling g80il hazard

with appropriate post construction maintenance. The spread footing

iﬂ-recommendatiohs include recommended design and construction tech-
 niques to reduce the influence of movement of the swelling soil
‘Waterialg supportlng the foundation but should not be interpreted

ag solutions for completely mitigating the potential for movement
from swelllng soil supporting footings.

Because of 51te configuration and planned congtruction you may
daecide that it is not practical to -support the structure on drilled
plers For this reason we have provided spread footing recommenda-

. tiong as an alternatlve foundation to drilled pierg. The spread

footing recommendations include recommended design and construction
techniques to| reduce the influence of swelling acils suppoxting the
foundation but should not be interpreted as solutiong for complete-
ly mltlgatlng,the potential for movement from swelling soil sup-
porting footlngs

Exterioxr column supporte should be supported by foundations
incerporated 1nto the foundation system of the structure not
i
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| :
supported on!flatwork, Column supports placed on exterior conerete
flatwork may|move if the support soily below the concrete slab on
grade become |wetted and swell or freeze and raise or sattle,
Differential imovement of the exterior columns may cause stress to

accumulate ié the supported ptructure and translate into other
portions of ghe gtructure.

4.1 Drilled Piers

Prilled piérs or caissons that are drilled into the unweathered
formational material may be used to support the proposed structure.
The piers shduld be drilled into the formational material a dis-
tance equal to at least two (2) pier diameters, or minimum of five
(5} feet intg the hard unweatherad formational material, whichever
is deapex. The piexs should be designed as end bearing piers using
a formational material bearing capacity of 20,000 pounds per sguare
foot and a side friction of 2,000 pounds per sguare foot for the
portion of the pier in the unweathered formational material. The
drilled pierq ghould be designed with a minimum dead load of 5,000
pounds per square foot. Varying weathering and formational compe-
tence may redult in a shorter required penetration of the drilled
piers into tlhie formational material to provide the end bearing
capacity diacussed above. Wa should be. contacted to cbsexve the
pier drilling operations and provide additional geotechnical
engilneering suggestions and recommendations for deslign bearing
capacity and minimum penebrabion into the formational material as
needed: : '

There are ﬁiffering theories on the use of side shear as part of
the load carrying asseasment of drilled pier foundation systems.
The différences are velated to the strain compatibility between end
bearing and side shear. One theoxy is that mokllization of the
drilled pier !is raguired to generate the side shear soil strangth
values. This mobilization would require the movement of the bottom
of the pler which may not he a deslrable characteristic. another
theory id thit the support materials will develop static frietiohal
forces in contact with the materials along the suxface of the pler,

it ie our épinion that sufficient movement of the piers to mobi-
1ize skin friction for bearing support. may result in undesirable
performance of the pler in the form of settlement. We suggest
conaideration to the amount of settlement tolerable to the struc-
ture be included in your asgessment if ekin frictlon is used in
your design as part of the bearing support of the drilled pier.

We suggest;that piers be designed using end bearing capacity
only. The silde shear in the formational material may be used for
the design to resist uwplift forces., When using skin friction for
resisting uplift we suggest that you discount the upper portion of

i
7
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the pier embedment in the ermatlonal material to a depth of at

least one and one-half (1 1/2) pier diameters into the forxrmational
material, |

The bottowm of the pier holes should he thoroughly cleaned to
insure that all looge and disturbed materials are removed prior to
placing piexr. concrete, It is very lmportant to thoroughly clean
the bottom of the pier holes prior to placement of the pier con-
crete. Loose disturbed material left in the bottom of the pier
hole will likely result in long term settlement of the piers as the
disturbed matarlal consolidated undex the pier loads. The pier
holes should be observed durlng the excavation and cleaning opera-
tion and again Immediately prior to placement of pier concrete
after steel reinforcement and any casing materials have been
ingtalled tD*V&rlfY that material was not dislodge into the pler
hole during steel reinforcement or casing placement.

Because of;the reboundlng potential in the formational matarials
whan unloaded by excavation and because of the pogsibllity of
desiceation of the newly exposed material we suggest that concrete
ba placed ln'the pier holes immediately after excavation and
cleaning. 5

+ If the plers are designed and constructed as discusped above we
anthlpate that the post construction zettlement potential of each
pler may be 1&53 than about one guarter {1/4) inch.

The portlon of the pier above the formational surface and in the
weathared formational material should be cased with a sono tube or
similar casing to help prevent flaring on the top of the pler holes
and help provide a positive separatlon of the pier concrete and the
adjacent 50115

Constructidn of the piers should include extreme care Lo prevent
flaring of the top of the piers., Enlarged portions of the drilled
plear axaavation near the surface may perform similar to the top
flarlng. Preventlng flaring way be alded by c351ng the drilled
piexr excavatlon with a eono tube or similar casing. Reducing
flaring is to help reduce the potent;al of swelling soils to 1mpose
upllft for¢es which will put the pier in tenmgion. The drilled
plers ‘gshould ibe vertically reinforced to provide tensile strength
in the plerxs ishould swelling on site soils apply tensile forces omn
the piers. The gtructural engineer should be consulted to provide
gtructural design retommendations.

Free ground water was not encountered in the test borings at the
‘time of the field study. Our experience in the area indicates that
fractured layera may exist in the formational material and that the
fractured 1ayera may carry or store water. If ground water is

8
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enaountaxed,ithe pier holes should be dewatered prior to placing

. pier concreteé. No pier concrete should be placed when wore than

six {6) inchds of water exists in the bottom of the piexr holes,
The piers should be filled with a tremie placed conurete immedlate-
1y after the ‘drilling and cleaning operation is complete,

Caving soil materials were encountered in our test borings. It
may be necessary to case the pier holes with temporary caging Lo
prevant caving during pier construction. If drilled piers are
congidered as a viable foundation system for the preposed structure
the owner should be aware of potential difficulties that may occur
during the dxilling of the pier holes, Drilling pler holes in soil
materials that tend to cave may not be possible with the drill rigs
locally available to the area. Drilled pier foundations way
raquire special considerations during the design and scheduling of
construckion.

Difficult drilling conditions were encountered with our drill rig
during our field study. We anticipate that pier drilling equipment
available in ithe area may have gifficulty drilling the formational
matezial, It mey be necessary to obtaim specialty drilling equip-
ment, possibly not available in western Colorado, to advance the
drilled pier holes. We are available to discuss thig with you,

The contact between the weathered formational material and the
unweathered formational material may be aradual and difficult to

" .identify. The minimum penstration of the drilled pier into the

unweathered formational material as discusged above is important

-for-the long term performance of the pier foundation. Wa should be

contagted to jobserve the pier drilling operation to verify the

' construction techniques used, the material encountered.during the
.drilling’ operation and condition of the bottom of the drilled pier
. - Holé prior t% placement of piex concrete.

. |
.The stxuctural engineer should be consulted to provide structural

“desigh recomtendations for the drilled piers and grade beam founda-
‘tion system. |-

4,2 Spread ;F'Qotings

In our esnalysig it wag necessary to asgsume that the material
encountered in the test borings extended throughout the bullding
aite and Lo 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 assumptions made during our amalysis.

We anticipate that the surface of the formational material may
undulate which may result in a portion of the footings supported on
T

9
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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 areas supported on
formational materlal and the areas supported on the non-formational
mater1a1 For this reason we suggest that if formational material
is enﬁountered only in portlons of the foundation éxcavations at
footing depth the foundation in all areas should be extended to
support all foundation members on the formational material or the
footings should be supported entirely on a blanket of compacted
structural f111 which is supported by the formational material.

The bﬁttom of the foundation excavations should be thoroughly
cleaned and ¢bserved when excavated. hny lodse or disturbed
material exposad in the foundation excavation should be removed
prior to pla01ng foundation concrete. -

The bottomiof the foundation excavations should be compacted
prior to placing compacted gtructural £ill or foundation concrate.
We suggest the wmaterials exposed be compacted to at least ninety
(90} percent .of the materials molsture content-dry density rela-
tionship (Prqator) test, ASTM D1557. Excavation compaction is to
help reduge the influence of any disturbance that may occur during
the excavaticn operations. Any axeas of loose, low denslty or
yielding soils evidenced during the excavation compactich operation
should De removed and replaced with compacted structural £1i11.
Caution should be exercised during the exeavation compaction

. operations, [Bxcess rolling or compacting may increase pore pres-

sure of the subgrade soil matarial and degrade the integrity of the
support soilg., Loose ox disturbed material in the kottom of the
foundation exaavatlans which are intended to support structural
metmbers will &1kely result in large and unpredlctable amounts of
settlement, 1f the loose orxr disturbed material is not compacted

The ‘bhottom of any footings exposed to freezing temp81atures
ghould be placed below the maximum depth of frost penetration for
the area. Refer to the lkocal building code for details.

All footings should be appropriately proportioned to reduce the
post construction differential settlement, Footings for large
localized loaids shpuld he designed for bearing pressures and
footlng dimensions in the range of adjacent footings to reduce the
potential for! differential settlement. We are available to discuss
this with youl

Foundation walls may be reinforced for geotechnical engineering
purposes. We:suggest at least two (2) number 5 bars, continuous. at
the top and the bottom (4 bars total), at . maximum vertical spacing.
Thig will help provide the walls with additional beam strength and
help reduce the effects of slight differential settlement. The

i
. 10
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. walls may need additional reinforeing steel for structural purpos-

i es, The stxuctural engineer should be consulted for foundation

. . design. Thelstructural engineering reinforcing design tailored
for this projact will be more appropriate than the suggestions

presented above,

- The structire may be founded on spread footings. Spread footings
may be placed either on the natural undisturbed soils or on a

; blanket of compacted structural £ill. The blanket of compacted

L structural £ill ig to help provide uniform support for the foot-

ings, to help mask swelling secils supporting the footings and te

help reduce the anticipated post construction settlement. The

anticipated post construction settlement and asgociated £ill

thickness supporting the footlngs are presented below. We suggest

_ that you gongider the foundation be supported on a blanket of

: cotmpacted structuyral £ill at least two (2) feet thick to help mask

i the influence of gwelling soils supporting the footings. The
blanket of compacted struc¢tural fill will not prevent movoment of

. the footings from swelling @oils but will mask the influence of

| volume changeés of the soils supporting the. footings. "If the
footings are gupported on a blanket of compacted structural f£ill

- the blanket of compacted structural fill should extend beyond each .

i edge of each:footing a distance at least.equal to the f£ill thick-

- -ness. . This dontept iz shown on Figura 4. Geotechnical engineering

. recommendations for consiructing compacted structural £ill ave

[ . presented below. ]

A blanket of compacted fill will help to mask the influence of

| the very high measured swell pressures when the foundation soils

| .. become wetted, If you choose dpread footings we strongly recomnend

- high design dead load, deep embedment and a thick fill blanket,

H

e The bearing capacity will depend on the minimum depth of embedm-
ent. of the bottom of the footings below the lowest adjacent grade

[ and the gupport characteristics of the soils supporting the founda-

_ tion. Other characteristics may influence embedment. The embed-
ment concept s showd on Figure 5. The bearing capacity will

| depend on the type of material supporting the foundation. Bearing

L capacity for @atarial types .supporting the foundation and associ-
ated minimum depth of embedment of the bottom of the footing below

" the lowest adjacent grade are presented below,

I

]

: ! .
i :
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SPREAD FOOTING
SOIL BEARING CAPACITY

CONTINUOUS ISOLATED At
{POUNDS PER SQUARE FOOQOT] {feat)
1,000: 1,250 0
1,250! : 1,500 1
1,500i . 1,750 2
1,750 2,000 3

SPREAD FOOTING
FORMATIONAL MATERIAL
BEARING - CAPACITY

CONTINUOUS . ISOLATED Ak
{(POUNDS PER_SQUARE FOOT) : {feet)
3,000 3,500 0
3,500 ; 4,000 1
4,000 ; 4,500 2
4,500 5,000 3

A* Minimum depth of embedment for footings adjacent to level
areasd, :
If deeper ‘embedment is considered for increased bearing capacity
greater than presented above, we should be contacted to provide
additional apalysis and recommendations as needed. The bearing
capacity design value is based on several considerations and these
may change with depth.

The bearing capacity may be increased by about twenty {(20)

- percent for transient loads such as wind and seismic loads.

It is our bpinion 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 construttion techniques typically used in the area may result
in some of the footings in the crawl space constructed without

" significant émbedment of the bottom of the footing below the lowest

adjacent grade. For this reason we have provided design values for
footings constructed with little or no embedment. It is our
opinion that|the pexformance of footing constructed without embed-
nent may be influenced by erosion, temperature changes, moisture
content changes, swell potential of ‘the poil supporting the foot-
ings and weathering of the solle supporting the footings and will
have a less predictable gettlement response than feotings with
embadment. .
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Exterior footings and footings with uneven backfill may result in
movement of the footings. Embedment of the footings on 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 minimuwm depth of embedment

of the bottom of the footing below the lowest adjacent grade of at
least one 21} foot on all sides of the footings.

The soil .sample tested had a measured swell pressure ranging from
about 300 to about 2,600 pounds per gsquare foot. When wetted the
site soil materiamls have the ability to raise supported foundation
members with loads less than the swell pressuyxe. The foundation
degign should be as rigid as possible with as high of a dead locad
as can be available. The greater the dead load on the footings the
less the potential for movement from the foundation =oils should
they become wetted. If the solils become wetted they will swell and
will raise the foundation portions supported on the wetted soils.
If the structure is supported on spread footings the ownexr nust
realize thab post construction movement of the footings is likely,
We are available to discuss the ilmplications of supporting founda-
tiong on swelling soils. . .

- Interior tolumn loads supported on spread footings which are
structurally connected to the other foundation members will provide
more uniforxm performance of the intérioxr footings with respect to
the other foundation members and will help reduce the potential
differential settlement batween interior and exterior foundation
members. The foundation walls ghould be designed to act as beams
to digtribute stresses associated with the swelling soils. The
beam design;should be addressad by the project structural engineer,

Exterior column supports should be supported by Ffoundations

" ingcorporated into the . foundation system of the structure not

stpported on flatwork. Column supports placed on exterior concrete
flatwork may move if the suppert soils below the concrete slab on
grade become wetted and gwell or freezd and raise or settle.

Differential movement of the exterior columne may cause stress to

accunulate in the supported structure and translate into other
portions of the structure, ' '

The estimated post construction settlement and awell potential
may be reduded by placing the footings on a blanket of compacted
gtructural f4ll. The estimated post construction settlement and
aggociated thickness of compacted structural f£ill are presented
below, ’

13
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THICKNESS OF ESTIMATED POST
COMPACTED STRUCTURAL FILL CONSTRUCTION SETTLEMENT
SUPPORTING. FOOTINGS (INCHES)
0 ) About 1
*B/2 About ¥
B - About ¥

*B ig equal to the footing width

The gettlement values above are appropriate for footings with a
width of about two (2} feet or lassz. Larger footings should be
analyzed on a footing, load and width specific bagis.

The calculated settlement estimates are thecretical only. Actual
settlement could vary throughout the site and with time.

If the footings are supported on a blanket of compacted structur-

-al fill, the blanket of compacted structural £ill should extend

beyond each edge of each footing a distance at least equal to the
£ill thickness. This concept is shown on Figure 4, Compacted
Structural Fill is discussed in section 6.0 below.

. The site goil samples tested have a measured swell pressure up to
about 2,600 pounds per asquare foot. This awell pressgure was mea-

~aured for soils at the initial moisture content of the soil sample

tested. The measured swell pressure may be influenced by distur-
bance of the sample diring the sampling operation and the soil
suction potential, '

... Changes_ in the initial moisture content will significantly influ-
. .ence the swell pxessure of the site soils. If the initial moisture
. conkent of the Foundation soils ims less than that of the test

““gample the actual swell pressures will likely be significantly

highsr than measured. If the initial moisture content of the

fouiidation seils is greater tham that of ‘the test sample the actual

swell presgures may be lessg than measured.

Our experience with the clay soils and formational material in
the area indicates that the in situ swell pressure of the clay
soils may be much higher than measured, ghould the site soils
become wetted after construction thay may develop this aswell
pressure which will cause movement of the influenced structure
componenta, Much of the anticipated soil volume increase would
cause differential movement across the structure foundation which
could cause structural damage. Due to the potential for movement
we do not feel that the conventional spread footing foundation
system ig the best option for the foundation design.

i4

FLambert and Issociatey

CONBULTIRD QEQTECHNIOAL ENGINEERS AND
MATERIRL TESTING



-'-._.._-lu‘.‘w. ™

ST 'T-F..::; -.---—---—-~I o

(.

—

MC3032GE

The bottom of the foundation excavations should be thoroughly
cleansd and ohserved by the project Geotechnical Engineer or his
representative.when excavated, AaAny loose or disturbed material

‘exposed in the foundation excavation should be removed o remedied
prior to additional construction.

e recommend that we be contacted to abserve the: foundatilon
excavations and backfill operations during construction to verify
the soil support conditions and ouyr assumptions upen which our
recommendations sre based. If necesmary we may revise our recom-
mendations based on our observations. We are available to provide
material testing services during the construction phase of the
project.

5.0 INTERIOR FLOOR SLAB DISCUSSION

It is our understanding that, as currently planned, concrete slab
on grade floors may be incliluded in the proposed structures. We
understand that concrete glab on grade garage floors may be in-
cluded in the conmtruction. The geotechnical engineering sugges-
tiona 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
moeisture ¢ontent. However, the owner should realize that when
wetted, the site soills may experience volume changes. The site .
soil sgamples tested had a measured swell pressure ranging from
akbout 300 to about 2,600 pounds per square foolf and an assoclated
magnitude of 0.1 to about 8,0 percent of the wettad scil volume at
a surcharge load of 100 pounds per square foot,

Conditiong which vary from those encountered during our field
study may becowe apparent during excavation. We sghould be contact-
ed to observe the conditions exposed at concrete glab on grade
subgrade elevation to verify the assumptions wade durlng the
preparation of thig report and to provide additional geotechnical
engineering suggestions and recommendations as needead,

Engineering design dealing with swelling solls is an art which is
Btill developing, The ovwner is cautioned that the soils on this
site may have swelling potential and concrete alab on grade floors
and other lightly loaded members may experience movement when the
gupporting seils become wetted. We suggest you consider floors
suspended from the foundation systems as structural ficors or a
similar design that will not be influenced by subgrade volume
changesg. II the owner is willing to accept the risk of possible
damage from swelling soils supporting concrete slab on grade
flooxrs, the following recommendations to help reduce the damage

from swelling soils should be follewed. These recommendationz are
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bhased on gene;ally accepted design and construction procedures for
construction on soilg that tend to experience volume changes when
wetted and are intended to help reduce the damage caused by swell-
ing soils. Lambert and Assoclates does not intend that the owner,
or the ownexr's consultants should interpret theae recommendatbions
ag & solution to the problems of swelling 50115, but as meagured to
reduce tha influence of swelling soils,

Coneretie flatwork, such as concrete slab on grade floors, should
ba underlain by compacted structural £ill. The laver of compacted
£ill should be at least two {2) feek thick or thicker and con-
gtructed az discussed under COMPACTED STRUCTURAL FILL bhelow. A two
{2) feet thick blanket of stzructural £ill material beneath the
concrete flatwork is not sufficient to entirely mask the gettlemant
or swell potential of the subgrade soil material but will only
provide better subgrade c¢onditions for construction.

The natural 20il materials exposed in the areas supportlng
concrete &lab on grade floors should be kept very moist during
conatruction prlor to placement of concret& slab on grade floors,
This is to help inc¢rease the moisture regime of the potentially
expanaxve goilg supporting floor slabs and help reduce the expan-
glon potential of the goils. We are available to discuss this
concept with you.

Concrete slab on grade floors should ke provided with a pogitive
separation, such as a slip joint, from all bearing members and
utility lines to allow their independent movements and to help
reduGe p0551ble damage that could be caused by movement of soils
gupporting interior slabs. The floor slab should be constructed as
a floating slab. All water and sewer pipe lines should be isclated
from the slab, Any'equxpmant placed on the fleoating floor slab
should be constructed with flexible joints to accommodate future
movement of the floor slab with respect to the structure. We
suggest partitions constructed on the concrete slab on grade flooxrs
ke, provided with a void space above or beslow the partitions ko
relieve stresses induced by elevation changes in the floor slab.

Tha concrete slabs should ba gocored or jointed to help define the
locations of any cracking., We recommend that jolnt spacing be
degigned as outlined in ACI 224R. In addition joints should be
scored in the floors a distance of about three (3) feet from, and
parallel to, the walls.

It sheuld be noted that when curing fresh concrete experiences
shrinkage., This shrinkage almost always results in sowme cramcks in
the finished concrete. The actual shrinkage depends on the c¢config-
uration and strength of the concrete and placing and finishing
techniques. The wecommendsed joints discussed above are intended to
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‘help define the location of the cracks but should not be intex-
preted as a solution to shrinkage cracks. The owner must under-
stand that conorete flatwork will contain shrinkage cracks after
curing and that all of the shrinkage cracks may not be located in
control jeints. Sowe ¢racking at random locations may occur.

If woisture migration through the concrete glab on grade floors
will adversely influence the performange of the floor or floor
coverings we suggest that a moisture barrier may be installed
beneath the floor slap to help discourage capillary and vapor
molsture rise through the [loor slab. The moisgture barrier may
csonsist of a heavy plastic wmembrane, six {6) mil or greater,
protected on the top and bottom by clean sand. The clean 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
glab cuxe prouperly., According to the American Concrete Institute,
proper curing reguires at least three (3} to six (8} inches of
clean gand between the plastic wmembrane and the bottom of the
concrete. The plastic membrane should be lapped and taped or glued
and protected from punctures during construction,

The Portlangd Cement Assoomatlon suggerts that welded wire xein-
foreing mesh is not necessary in concrete slab on grade floors when-
proparly jointed. It is our opinion that welded wire mesh may help
improve the integrity of the slab on grade floors. We suggest that
concrete slab on grade floora should be reinforged, for geotechni-
cal purposes, with at least 6 x6 - W2.2 x W3.2 (6 x 6 - 6 X 6}
welded wire mesh positioned midway in the slab. The structural

. englneer should be contacted for structural design of floor slabs.

6.0 COM?ACTED STRUCTURAL FILL

- Matérial characteristice desirablae for compacted structural £ill
are discussed in Appendix €., Areas that are over excavated or
glightly below grade should be backfilled to grade with. propexly
compacted strucktural £ill or concrete, not loose £ill materxial, If
backfilled with other than compacted structural £ill material orx
concrete there will be significant post construction settlement
proportional to the amount of loose matarial.

The natural on site solls are not suitable for use as compacted
structural fill wmaterial supporting huilding or structure membexrs
because of thelr clay content and swell potentlal The natural on-
gite mollas may be used as compacted £1ill in areas that will -not
influence the structure such as to establish general site grade.

We are avallable to discusa this with you.
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All areas to recelve compacted structural f£ill should be properly
prepared prior to f£ill placement. The preparation ghould inglude
removal ©of all oxrganic or deleterious material. The areas to
receive L£ill material should be compacted aftar the organic delete-
rioug material has been removed prior to placing the fill material.
The area may need to be moisture conditioned for compaction. Any
areas of woft, yielding, or low density soil, evidenced during the
excavation compaction operation should be removed, The area
excavated to receive £ill should be moisture conditioned to wet of
optimum moisture content as part of the preparation to receive
£ill. Fill should be moisture conditioned, placed in thin lifte
not exceeding six (6) inches in compacted thickness and compacted
to at least ninety (90) percent of maximum dry density as defined
by ASTM D1557, medified moisture content-dry density (Proctox)
test,

After placement of the structural fill the gurface should not be
allowed to dry prior Lo placing concrete or additional £ill materi-
al. This wmay be achieved by periodically wmoistening the surface of
the compacted structural fill-as neesded to prevent drying of the
structural £ill. We are available to discuzs this with you.

The soil materials exposed in the bottom of the excavation may be
very molist and may become yielding under construction traffic
during construction. Ik may be necesgsary to use techniques for
placement of f£ill materials or foundation concrete which limit
construction traffic in the very moist soll materiala, If yielding
should occur during congtruction it may be necessary to construct a
subgrade stabilization £ill blanket or similar to provide con-
struction traffic access. We are avallable to discuss this with
you,

We rvecommend that the geotechnival engineer or his representative
be present during the excavation compaction and £ill placement
operations to observe a#nd test the material,

+

7.0 LATERAL EARTH PRESSURES

Laterally loaded walls supporting soil, such as basement walls,
will act as retaining walls and should ke designed as such. Walls
that are designed to deflect and mobilize the intexnal soil
strength should be designed for active .earth pressures. Walls that
are replrained 80 that they axe not able to deflect to mobilize
interpal soil strength should be designed for at-rest earth pres-
sures, The valuee for the lateral earth pressures will depend on
the type of soil retained by the wall, backfill configuration and
construction technigue. If the backfill is not compacted the
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lateral earth pressures will be very different from those noted
below.

Lateral earth pressure (L.E.P.} values are presented below:
Level Backfill

wikh en-zite zaoils
{pounds _pey cubic foot per foot of depth)

Active L.E.7. 50
Ab-rest L.E.P, 8Q
Pagsive L.E, P, . ) . 250

The soil samples tested have measured swell pressure of about 300
to about 2,600 poundsz per square foot. Ouy experience hag shown
that the actual swell pressure may be much higher., If the retalned
soils should become moistened after construction the soil may swell
againgt retaining walls., The walis should be designed to resist
the swell pressure of the soils,

The above -lateral earth pressuras may be reduced by overexcavat-
ing the wall backfill area beyond the zone of influence and back-

.£3lling with crushed rock type material, The zone of influence
. congept is presented on Figure 6, "

. The lateral earth pressure design parameters may change signifi-
cantly if the area near the wall is loaded or surcharged or is

;.glppgd. If any of thése conditions occur we should be contacted For
~‘additional  design parameters tailored to the specific site and
. strueture conditions.

tfiﬁéhé@éébéd lateral earth pressure (L.E.P.) values if the backfill
' s overexcavated beyond the zone of influence and backfilled with

‘ciughed rock are presented below.

Level BRackfill
with crushed rock material
(pounds per cubic foot per foot of dapth)

Active L.E.P - 35
At-regt L.E.F, B0

If the area behind a wall retaining soil waterial is sloped we i
should be contacted to provide lateral earth pressure design values
tailored for the site‘specific sloped conditions.

Resistant forces used in the design of the walls will depend on
the type of soil that tends to resist movement. We suggest that
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you consider a coefficient of frictlon of 0.25 for the on site
so1l,

The lateral earxth pressure values provided above, for design
purposes, should be treated as eguivalent fluid pressures. The
lateral earth preszsures provided mbove are foxr level well drained
backfill and do not include surcharge loads or additional loading
as a result of compaction of the backfill. Unlevel or non-horizon-
tal backfill either in front of or behind walls retaining soils
will gignificantly influence the lateral earth pressure wvalues.
Care should be taken during construction to prevent construction
and backfill techniques from overstressing the walls retaining
soils. Backfill should be placed in thin 1lifts and compacted, as
discussed in this report to realize the lateral earth pressure
valuesg, .

Walls retaining soil should be designed and constructed so that
hydrostatic pressure will not accumulate or will not affect the
integrity of the walls. Drainage plans should include a subdrain
behind the wall at the bottom of the backf£ill to provide positive
drainage. Bxterior retaining walls should be provided with perine-
ter drain or weep holes to help provide an outlet for collected
water behind the wall. The ground surface adjacent to the wall
should be sloped to permit rapid dralnage of rain, snow welt and
irrigation water away from the wall backfill, Sprinkler systems
should not be ingkalled directly adjacent to retaining or basement
wallsgs, :

8.0 DRAIN SYSTEM

" A drain system should be provided around building spaces below
the finished grade and behind any walls yetaining soil. The drain

.systems are Lo help reduce the potential for hydrostatic pressure

to déevelop behind retaining walls, A sketch of the drain system is
ghown on Figure 7,

Subdraing should congist of a three (3) or four (4} inch diameter
perforated rigid pipe surrounded by a filter. The filter should
consist of a filter fabric or a graded material such as washed
soncrete gand or pea gravel. If sand or gravel ig chosen the pipe
should be placed in the middle of about .four (4) cubic feet of
aggregate per linear foot of pipe. The drain system should be
sloped to positive gravity outlets. If the drains are daylighted
the drains should be provided with all weather outlets and the
outlets should be maintained to prevent them from heing plugged ox
frozen. We do not recommend that the drains be discharged to dry
well tyvpe structures, Dry well strudtures may tend te fail if the
surrounding soil material becomes watted and swells or if the
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ground watexr rlses to a elevation of ox above the discharge ¢leva-
tion in the dry well., We should bas called to observe the soil
exposed in the excavations and to verify the details of the drain
system., :

A drain blankst may be congtructed beneath the basement concrete
alab on grade floor slab to intercept water that may tend to rise
inte the basement area, The drain blanket should be at least one
font thick and. consgist of a free draining sand or gravel material
which is compacted as discussed under Compacted Structural Fill
above, section 6.0 The subgrade below the drain blanket should ba
sloped to. collection points prior to constructing the drain blan-
ket. 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 mdy be considered as part of the
gtructural £111 intended to support the floor slab as discussed
under Interior Floor Slabs, section 6.0 above. We are available to
discuss thig concept with you.

.9.,0 CRAWL SPACE CONSIDERATIONS

We anticipate that free subsurface 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 &
foundation drain should be installed as digeussed above.

The surface of the crawl space way be provided with a layer of
about six (6) inches of clean washed gravel or an impervious
geotextile fabric to reduce the inconvénience of very moist or
muddy crawl. space conditions if these should occur. The crawl
space should be adequately vented to reduce the potential for
humidity to accumulate in the crawl space.area.

10.0 PAVEMENT SECTYION DESIGN RECOMMENDAT IONS

it is our understanding that the proposed development will .
include paved roadways and parking areas. The paved areas will
include apphalt paved parking areas, concreta paved aprone and
concrate sidewalks. Our pavement section analysis was based on
estimated traffic volumes, laboratory test results of the soils
sampled during our field study, and on our experience on ginilar
projects. ‘The traffie volume used in our analysis assumed an
18,000 pound equivalent single axle load {B8aL} of 25,000, 50,000,
100,000 and 150,000 repetitions to allow the ¢ivil engineer to
select the pavement section which most appropriately raflects hig
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anticipate traffic loading included anticipated future growth. oOur
analysis included pavement sections based on dynamic loading as
discussed in the Colorade State Highway Design Manual for Design of
Pavement Structures Section 600.

16,1 Subgrade ?reparation

Proper performance of the subgrade support soils reguirea surface
preparation, scarification and woisture conditioning, compaction,
and surfacé and subsurface drainage during construction . prior to
placement of the overlying pavement section materials.

Subgrade praparation may resgult in areas which yield under
construction. traffic, T1f yielding arsas are encountered during
subgrade preparation in the paved axeas, the subgrade material way
be overexcavated to a depth of ‘about one foot below the subgrade
elevation or moxe if needed and backfilled with a compacted sktruc-
tural £111, The structural £ill material may aid in construction
of the paved areas subgrade. The stru¢tural £ill materxrial should
be an aggregate subbage course or aggregate base course Lype
material plaved and compacted as discussed below.

21l organic and other deleterious material ghould be removed from
the areas proposed for pavement section construction, The =solls
exposed by the removal of the organic materxials should be scarified
to a depth of about twelve {12} inches, moisture conditioned Lo
neaxr optimum moisture content, and cowpacted to at least ninaty
{90} percent of maximum dry density as defined by ASTM D1557,
modified woisture content-dry densgity relationghip {Proctor) test.
The moisture conditloning may require addition of watexr, or air
drying if the soil is too molst, in either case, the material
should be sufficiently wixed to promote a uniform goil moisture
content. The solls should be compacted uging machinery designed
for soil compaction. Wheel relling with loaded eguipnent and other

technigues may not provide a uniform, properly compacted roadway
subgrade.

Utility trench backfill in areas supporting pavement or other
gtructural ¢omponents should be placed in thin lifts and compacdted
to at least ninety (30} percent of the maximum dry density as
defined by ASTM D1557 to subgrade elevation,

After the subgrade goils have been prepared the surface should be
crowned or surface graded in the same orientation as the proposad
final surface of the asphalt pavement. The reason for this is to
promote water migration away from the roadway more readily. If the
subgrade soil surface is not graded to properly drain, waker may
accumulate within the pavement section gsoils. The increased
moisture content and subsgedquent goil gtrength decrease way promote
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pavement sevltion support degradation. If a full section asphalt
concrete deaign is used, the subgrade soils should be graded
parallel the final asphalt concrete gurface for drainage so that a
unt form asphalt concrete thickness exiats.

10.2 Aggregate Sub-Base and Base Course Material
Characteristics and Placement

Specific aggregate types and gources for potential use on the
project were not known at the time of the preparation of this
report. Our analysis assumed that the proposed aggregate basge
course would consist of a Clapa 6 type material, and the aggregate
sub-base course would consist of a Class 2 type material, as
designated in the “Coloradc Depaxtment of Highways standard Speci-
fication for Road and Bridge Construetion®, 1991, If it 1s desir-
able to use material which doss not meet these c¢riteria we should
be contacted to assess the specific waterial characteristlics of the
proposed road base and provide additional pavement design sectionsg
for differing materials.

The aggragate gub-base and bade course materialg should be placed
on the prepared subgrade soils as soon ag possible after the
subgrade soils are compacted and graded to drain. Placement of the
aggregate materials will help limit the influence of congtruction
and other traffic on the subgrade soil conditions.

The aggregate materiala should not ha allowad to become segregab-
ad either at the source, prior to hauling to the project gite, or:
during the placement of the materials. The coarser aggregate sub-
hage soils have a greater tendency to become segregated; partiou-

“larly during the grading and placement operations. . Begregated sub-

pase and base course do not provide as uniform support as well
blended materials.

The sub-base and bage course materials should he moigture condi-
tioned and compacted to at least ninety-£five (95} percent of
maximun dry density as defined by ASTM D1557, medified moigpture-
content~dry density relationship {Proctor) test.

1.0.3 Asphalt Concrete Materials and Placement

The asphalt concrete should be prepared using a wix design which
has been prepared by a profeassional engineer experienced in asphalt
concrete materials. The mix design sahould sstablish, as a minimum,
the quality of the aggregates used, asphalt concrete material
properties, asphalt cement content, mix and lay down temperatures.
Bither the Marshall Methed or Hveem Stabllometer method of mix
design may be used for the mix degign preparation. We suggest that

)
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the asphalt concrete be compacted to ak least ninety-five (95)
percent of the maximum mix design density.

Aggregqate shape maximum size and particle size distribution are
important. factors influencing the performance of an agphalt con-
crete mix. Crushed aggregate with fractured faces and angular
shapep tend to interlock and provide an asphalt concrete with high
strength and limited flexibility. Natural aggregates with rounded
shapes tend to provide an asphalt concrete which is more flexible
and may have lower strengths than mixes produced with angular
shaped aggregates, Incorrect particle or graln size distribution
of the aggregate used to manufacture the aaphalt concrete can
result in poor performance of the in-place asphalt mix. The grain
size distribution of the mix aggregate will influence the size and
volume of voide and the stability of the asphalt mix, Verification
of the asphalt mix design aggregate properties and the daphalt

‘conarete mix ghould be performed by testing prior te and during the

paving operation.
10.4 Flexible Pavement Design Sections

Our laboratory analysis of the support charactaristics of the
subgrade solls on the projeact included visual classification and
California Bearing Ratio tests. The California Bearing Ratio tests
are pregented in Bppendix B, An "R" value of 5 was used in our
analysis. The "R" value was caleulated from the California Bearing
Ratlo test results using "Thickness Pesign-Asphalt Pavements for
Highway and Streets"” Manual Series Number 1 by the Asphalt Insti-
tute dated Sephtember 1981, Alternative pavement sectious are
presented balow, The pavement thickness sections below are bamad
on the gerviceability index 2.5 nomograph as recommended in the
Colorado Department of Transportation Highway Design Manual for
Streets with an ADT (Average Daily Traffiec) greater than 750 and
traffic volume as discugged above,

Constryuction traffic will have a greater influence on the perfor-
mance of the pavement section than the residential use after
congtruction. The design recommendations presented below are based
on typical post construction residential use and do not include
accommodation for heavy loading as a result of construction traf-
fic, It may be heneficial to consider partial pavement section
conatruction for use during cn-gite development construction with
the section xepaired and completed after the heavy construcgtion |
traffic use Hag ended. This technique may provide a more service-
abYe and structurally acceptable pavement for the completed pro-
jeck, I
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PAVEMENT THICKNESS DESIGN SECTIONS
*ESAL = 25,000

Aggregate Aggregate
Bagse Courge Subbaze Coursa
Clage 6 Class 2 Reconditioned
or Similar or Similar Subgrade
{inches) {inghes) (Inches)
418 15 12
14 : 0 12
4y 10 12
11 0 12
0 0 12 '

PAVEMENT THICKNESS DESIGN SECTIONS
*ESAL = 50,000 .

Aggregate Aggregate
Bage Course Subbaze Course
Class 6 Class 2 Reconditioned
or Similar or Similar - Subgrade
{inchesg) {inches) {Inches)
5 15 12
14 0 12
5 ‘ 12 12
13 0 12
0 : 0 12

PAVEMENT THICKNESS DESIGN SECTIONS
*ESATL = 100,000

Aggregate Aggregate
Bage Course Subbagze Course
Class 6 Class 2 Reconditioned
or Similar or Similar Subgrade
(inches) {inahes) {Inches)
5% 18 _ 12
15 0 12
B 10 12
12 0 12
0 0 i2
25
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PAVEMENT THICKNESS DESIGN SECTIONS
*ESAL = 150,000

Aggregate Aggregate
Base Course Subbase Courge
Agphalt Clage & Class 2 Reconditioned
Conerete or Similar or Similar Subgrade
{inches) {inches) {inches) - {Inches)
. 3 é 18 12
3 17 0 12
4 g . 1z 12
4 14 0 12
B 0 - 0 12

* Bguivalent 18,000 pounds: single axie load

Oof asphait ovar aggregate base coursa may be used, although
because of the ghorter life befora Maintenance and the relativel
poor long texm verformance, we suggeat that thig be condidered as
an intermediake design section only. If a lessor de

used we suggesat you consider a latar asphalt overlay of appropriakte

thickness to extend the life of the pavement section. The overlgy

should be constructed prior to any visible distress occurring in
Ehe pavement. N

The asphalt concrate pavement " should be Placed on the prepared
SUpport section as soon as poseible o that interim traffic does
not decreage the integrity of the Support section, )

10.5 Rigia Pavement Thickness Design Recommendations

Our pavement thickness recommendations For rigid Portland cement
concrate pavement are baged on an assumed traffic volume, and a

our field study. A wodulus of subgrade reaction of 90 psi/inch was
uged in our analysis. 'The rigid pavement nay be designeqd using a

toncrete thickness of five and one-half (5%) inches for an agtimated
18,000 pounds equivalent single axle load (BYAL) -less than 150,000,

Conerete sidewalks should have a nominal .thickness of four (4)
inches if no vehicle Lraffic will be allowed on them and at lease
Five and one-half {8%) inches where vehicle traffic will be on or
cross the sidewalks, The concreta sidewalks and aprons may he
placed on a laveling course of aggregate base course Material, The
leveling course should be at least four (4) inches thick and
compacted as discussed ahove for agdragate base coursge.

- Harhbert and Qesociates
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The conorete ghould be supported on prepared subgrade which iz at
least one (1) foor thick. The Prepared subgrade shoulg consist of
either compacted structural £il] to establish subgrade elevation or
natural soils which are scarified to a depth of one (1) foot
moigture conditioned to near optimum moisture oo
tecompacted to at least ninety (90} percent of t
density as defined by ASTM D1557

density relationship test, 1f during eubgrade preparation any

natructed pan-
ed and replaced
I conatructing

placed £il1 aye éncountered they should be remov
with compacted structural Filil, Suggeations fo
compactad structural fil}l are presented below.

Subgrade preparation may result in aveas which yield. If yielq.-
ing areas ars encountered during subgrades Preparation in the
concrata paved areas, such a8 the apr i

subgrade may be overexcavated to a de
the subgrade elevation and backfillaq
£ill, fThe stxuctural f£ill material ma

The Portland cement concrate should be from an approved concrete
mix design stating the Proportions and wmixtures of the mix. .
recommend verification of the mix design prior te raving, The
coarse and fine aggregate used in the concrete mix should be tesgted
for their suitability for use as concrate aggregate. '

The conerets pavement should be appropriately jointed and strug~
turally reinforvced to help conkrel Ehe lacation of cracking. The
structural sngineer should be contacted Lo provide struetvral

design recommendaticns O structural reinforcement and joint design
of the concrete pavement . '

11.0 BACKFILL

Backfill areaz and utility trench backfill should he constructed
such that the backfill will not settle after complation of ¢on-
gtruction, and that the backfill ig relatively imparvions for the
upper few feat. The backfill material should
othar deleterions material. It should be mois
compacted to at least ninety (90) percent rel
a modified moistire content -dry density (Proctor) relat] )
(ASTM D1557) . Only enough water should be added to the backfill

material to allow proper compaction., Do not pond, puddle, float or
jet backfill soil materials,
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Improperly placed backfill material will allow wate
more easily than properly recompacted fil1,
£111 ia likely to se

enhances wator accumulation and subsequent mi
tion soils,

T migration
Improperly compacted

the awell or gettle-
pported structure.
convenience of free

ment wechanism resulbing in movement of the su
Molsture migration could also result in the in

Backfill placement Lechnigques should not Jeopardisz

¢ the integrity
of existing structurgl members, Wea recommend recent

ly constructed

rior to adja-
cent’ backfilling.

12,0 SURFACE DRATINAGE

The foundation soil materials should be Prevented from bec
wettad after “onstruction, Pogtr construction wetting. of the

80il materials. Protecting the found

alded by providing positive and rapid drainage of surface water
away from the structure, :

The fipal grade of tha ground surface adjacent to the structure
should have a well defined slope away from the foundatiopn walls on
&ll sides, The ability to establish proper site surface
away from the struecture foundation gystem may be influenced by the
exiating topography, existing structure elevations and the grades
and elevationg of the ground surxtace adjacent to the proposged
Structure. We suggest whare bPossible a minimum fall of the surfac
drade away from the Structure be that which will accommo

€ Ne other project
constraints we suggest a fall of about one (1) foot in the firat

ten (10) feet away from the structure foundation. Appropriate
surface drainage should he maintained for the life of the project. .
Future landscaping plang should inglude care and attention to the

the foundation
extend beyond the linits of the backfill areas,. Splash blocks
Snow storage

28

| i’[ambégg‘g}]n Asgoriates



Pl

M030320E

areas should not be located next to the structure, Propar surface
drainage should be maintained from the onget of congty i
through the Proposed project 14fe,

way occur. Erogion brotection may be considered to reduce s0i]
£rosion potential, a i

be consuited for surface drainage deslgn, erosion prot
landscaping considerations,

12.0 LANDSCAPE IRRTGATION ‘

An irvigation sygtem shoulg not be installed next to f
Conerete flatwork op paved areas. TIf.an irry
stalled, the system should be Placed so that the irrigation water
does not fall or flow near foundationg, flatwork or pavements. The
amount of irrigation water should be controllad,

Ve recommend that wherever posgible Xerigcaping
Generally, the xerigdape includes Planning and 4
which will reducas irrigation water. The reason we suggest xeri.
s5cape concepts for landscaping is because the reduced landscape
water will decrease the Potential for water e influenes the long
term performance of the structure foundations and flatwork. Many
publicationa are available which discuss Xerigeape, (Colorado State
Univergity Cooperative Extengion hag Beveral umeful bublications
and most landscape architects are familiar with the subjeoct .

Due to the expansive niture of the goils Lested we suggest that
the owner congider landscaping with only native vegetation which
requires only natural precipitation to survive. Additional irriga-
tion water wil) greatly increass the likelihood of damage to the

Structure as a result of volume changes of the m
the structure, .

14.0 8011, CORROSIVITY TO CONCRETE

Chemical tests were performed on a sample of aoil obtained duri
the field study., The soil sample was' tested for pH and.water
goluble sulfates. The resulta are presented in Appendix B, The
test results indicate a water soluble gulfate content graater than
160 parts per million, Based on the American Concrete Institute
{ACT) information, a water goluble sgulfate content greatar thap 1460
parts per million indicates. woderate to Severe exposure to aulfate
attack on concrete. we Buggest sulfate resigtant cement. be used in
concrete which will ba in dontact with: the on site moils, American
Concrete Institute recommendationa_for-sulﬁatefresistant cement
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based on the water soluble sulfate content should be usged. 'The
American Concrete Institute recommends a . maximum water/cement ratio
of 0.5 for concrete where moderata exposure to sulfate attack will
occur and a maximum water/dement ratico of 0.45 for con¢rete whetre
pevere exposure to gulfate attack will occour,

15.0 RADON CONSIDERATIONS

Our experience indicates that many of the soils in western
Colorado produce small quantities of radon gas. Radon gas may tend

to ecollect in closed poorly ventilated structures. Radon consider-
ations are presented in Appendix C.

16.0 POST DESIGN CONSIDERATIONS

The project geotechnical engineer should be consulted during
construction of the project to obsarve site vonditions and open

excavations during conptruction and to provide materials testing of
goil and concrete. .

This subsurface soil and foundation condition study is based on
limited sampling; therefore, it is necaesgary to agsume that the
subsurface conditions do not vary greatly from those-endountered in
the field study. Our expexience has shown that significant varia-
tions are likely to exist and can become apparent only during ,
additional on site excavation. For thies reason, and because of our
familiarity with the project, Lambert and Aspociates should he
retained to observe foundation excavations prior to foundation
construction, to obzerve the geotechnical engineering aspects of
the construction and to be available in the event any unusual or
wnexpectad conditions are encountered, The costt of the geotech-
nical enginesring observations ang material testing during con-
struction or additional enginearing consultation is not included in
the fee for this report. We recommend that your construction
budget include site visits early during construckion schedule for
the project geotechnical engineer to observe foundation excavations
and for additional site vimits to test dompacted moil,

We recommend that the observation and material tegting mervices
during construction be retained 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 sorvices during con-
structlon. It is our opinion that rhe owner, -architect and engi-
neer be familiar with the informatien, _If you have any questions
regarding this concept please contact usg.
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We suggest that your construction plans and schedule include
provisions for gectechnical engineering observations and material -

testing during c¢onstruction and your budgst reflect these provi-
sionsg,

It is difficult to predict if unexpected subsurface conditionsg .
will be encountered during construction. 8ince such conditions may
be found, we muggest that the owner and the contractor 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 way include
compacted structural £ill. The quality of compacted structural
£ill will depend on the type of material used as gtructural £ill,
£fill lift thickness, £ill woisture condition and cempactive effort
used during congtruction of the.structural £ill., Engineering
observation and testing of gtructural £ill ie sssential ap an aid
to safeguard the guality and performance of the structural £ill.

Teating of the structural £ill normally includes tests to deter-
mine the grain size distribution, swell potential and moisture-
dengity relationship of the £111 material to verify the material
suitability for use as structural £ill. Asg the waterial is placed
the in-place molsture content and dry density are tested to indi-
cate the relative compaction of the placed structural £ill., Ve
recommend that your budget include provisions for observation and
testing of structural fill during constyuction.

Testing of the compacted £ill material should include tests of
the moisture content and dsnsity of the fill material placed and
compacted prior to placement of additional f£ill material. We
suggest that a reasonable number of density tests of the fill ,
material can best bhe determined on a gilte, material and constructi-
ot basis although as a guideline we suggest one test per about each
300 to 500 square feet of each lift of £il)l material, Utility
trench backfill may need to be tested about every 100 linear feet
of 1lift of backfill, : ‘

16.2 Concrete Quality

It is our understanding cuvrent plans include reinforced struc-
tural concrete for foundatioha and walls and way include concrete
slabs on grade and pavement. To ingure concrete wmewmbers perforwm as
intended, the structural. engineer should e consulted and should
address factors such as deslan loadings, anticipated movement and
deformations.
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The quality of concrete is influenced by proportioning of the
concrete mix, placement, consolidation. and curing., Desirable
qualities of concorete include compressive strength, water tightness
and resigtance to weathering. Engineering observations and testing

of concrate during construetion is esgential a5 an aid to safeguard
the quality of the completed concrete,

Testing of the conoreta is normally parformed to determine com-
bressive strength, entrained air content, slump and temperature.
We recommend that your budget include provisions for testing of
conerete during construction. We suggest that a reasonable frequen-
Ccy of concrete tests can best be debermined on a site, materials
and construction specific basis although as a guideline American-
Con¢rete Institute, ACI, suggests one test pexr about each fifty

(50} cubic yards or portiocn thereof per day of conerete material
placed. ’ :

17.0 LIMITATIONS

1t is the owner's and the owner's representatives! responsibility
to read this report and become familiar with the recommendations
and suggestions presented. We should be contacted if any questions
arise concerning the geotechnical engineering aspects of thig
project as a result of the information presented in.this reparkt.

The scope of services for this study does not include either
specifically or by implication any environmental or biological
{such as mold, fungi, bacteria, etc.) Asgemssment of the site or
identification or prevention of pollutants, hazardous materials or
conditions. If the owner is concerned about the potential for sguch
contamination or pollution, other studies should be performed.

The proposed building site contains solls with significant swell
potential. For this reason we suggest that, in compliance with
Benate Bill 13 you provide a ¢opy of this geotechnical engineering
report, a copy of Special Publication 11, "Home Construction on
Shrinking and Swelling Soils"; and a copy of Special Publication
14, "Home Landscaping and Maintenance on Swelling Soils" to the

ovner and/or future owners. We are available to digcuss this with
ycu .

The recommendations outblined above are based on our understanding
of the currently proposed construction. We are available to
discuss the details of our recommendations with you and revise them
where necessary. Thig geotechnical engineering ‘report is based on
the proposed site development and scope of services as discugsed
with Mr, Ron Abeloe, on the type of construction planned, existing

L}
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site conditions at the time of the field study, and on our find-

ings, Should the planned, proposed use of the #ite be alterad,
Lambert and Amsociates must be contacted, since any such changes

report should be used ONLY for the planned development for which
this report was tailored and bPrepaved, and ONLY to meet information
needs of the owner and the owner's representatives. In the event
that any changes in the future design or location of the building
are planned,; the coneclusions and recommendations contained in Lhis
réport shall not be considered valid unless the changes are ra-
viewed and conclusions of this report are modified or verified ip
writing. Ik is recommended that the geotechnical engineer he
provided the opportunity for a general review of the final project
design and specifications in ordesr that the earthwork and founda-

tion recommendations may be propexrly interpreted and implementad in
tha design and specifications. - '

This report does not provide earthwork specifications. Ve can
provide guidelines for your uge in preéparing project specific
earthwork specifications. Pleage contact usg if you need thesge for
your project.

This report presents both suggestions and recommendations. ‘The
suggestions are presented so that the owvmer and the owner's
representatives may compare the copt to the potential risk or
benafit 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 included
in the design and construction of the project it may result in
unpradictable foundation performance or performance different than
anticipated. We recommend that we be requested to provide geotech-
nical engineering cbservation and materials testing during the
construction phase of the project as discussad in thig report. The

purpose for on site obgervation and teating by us during construe-
tion is to help provide continuity of service from Lhe planning of
the project through the construetion of the project. This service
will also allow us to revise our recommendations if conditions
cccur or are discovered during construction that were not evidenced
during the initial study. We suggast that the owner and the
contractor make provisions in their construction budget and con-
structioon gchedule to accommodate. unexpcted gubsurface conditiona,

We reprasent that our services wers performed within the limity
preseribed by you and with the usual thoroughness and competence 'of
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the current accepted practice of the geotechnical éngineering pro-
fession In the area, No warranty or representation either ex-
pressed or implied is included or intended in this report or our
contract. We are available to discugs our Lindings with you, 1If
you have any questions please” contact us, The supporting data for
this report is included_in'the-accompanying figures and appendices.

This report ig a product of Lawbert and Assoclates, Excerpts
trom this raeport used-in other documents may not c¢onvey the intent
oxr proper concepis when taken out of context, or they may be
misinterpreted or uged incorrectly. Reproduction, in part or

whole, of this document without. prior written consent of Lamherp
and Associates ig prohibited,

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

We have enclosed & copy of a brief discuseion about geotechnical
engineering reports Ppublished by Association of Soil and Foundation.
Engineers for your referance. .

If vou plan to utilize the zervices of Home Buyers Warranty for
the proposed development you should become familiar with their
construction ¢riteria prior to baginning your development. For
further information -we suggest you contact Home Buyers Warranty,

2675 S, Abilene Street, Aurora, Colorado, BCO0L4, 1-800-488-8844 for
a2 copy of their manual.

Please <¢all when further consultation or ohservations and tests
are required.

1
If you have any questions concerning this report or if we may be
of further asgistance, please contact us.

Respectfully asubmitted;

LAMBERT AND ASSOCIATES Reviewed by:

Dennis D, Lambert, P.E.
Principal Geotechnical Engineer

NWJI/nr
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WHO HIRES THE THSTING LABORATORY?

it is one of those velatively small details in
the overall scheme of things. Independent
tasting may be required by local building
codes, of it may be insisted upon by lenders,
Additianal 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
turden—an additional cost imposed prineipal-
ly for someone else's benefit,

What dces this have to do with you? You
may be the only cne in a positien to in-

fluence the use of testing and inspection .

services 50 they'become mare, rather than
less likely to contribute fo a successfil out~
coma. There seems to be an almost irresist-
tble inclination on the part of some .owners
to cast aside their potential value .to the
project in favor of the administeative and
finanolal convenience of plaging responsibili-
ty for their delivery into the hands of the
general contractor.

‘Resist this inelination where you ean. It ig°

not {n vour client's bast intarests, and it Is
certainly not in yours. There are important

issues of quelity 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-eontrol.
Yet it happens altogether too often.

What's Behind this Misadventure?

The culpeit seems to be the Faderal Govern~
ment. I the 1960%, someone came up with

the Idea that millions could be saved by
eliminating the jobs of FPederal workers en-
gaged in.construetion Inspection, The pro-
curement model used to support this stroke
of genlus was the manufacturing segment of
the economy, where producers of goods pur~ -
chased by the Government had been required
for vears to conduct thelr awn quality assur—
ance programs. 'The result was a trendy
new egneept in Federal eonstruetion known

- as Contractor Quality Control (CQCh

It was a dumb idea. Costs were simply
shifted from the Federal payroll to-capital
improvement budgets. Government contrac-
tors, selected on the basis of the lowest bid,
were handed resaurces to assure the quality
of thelr own performance. Some did so;
many 4i¢ not. All found themselves caught
up In an impossible conflict between the
demands of tlme and cost, ¢n one hand, and
the dictates of quality, on the other.

CQC was opposed by the Assceiated General
Contractors of America, by Independent
testing laboratories, by the design profes-
sions, and by those charged with front-line
respongibility for quality contrel in the
Federal Agencies.  Everitually, even the
General Accounting Office came to'the con-
clusion that it cught to be abandoned. But,
once -get in motion and fueled Dby .the per-
vasivé inflience of the Federal Government,

‘the -idea- spread—first to state end loeal

‘goverriments; finally, to the private sector.

Why would the private sestar embrace such

.an - fli-concelved notion? Because 5o mmany

vk
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.codes,
team to fultill its obligatlon %o saleguard

owners viaw testing and inspection as an
undertaking which simply dupticaies some-
thing they are entitled to in any event.
They are confident thay will be protected
by contract documeants which cover avery
detail and contingency. They look to local
bullding inspectors to assure complisnce with
And they fully expect the design

the quallty of the work.
A Pox in the Henhouse
[f testing is perceived as little more than

an ‘unpecessary, but unevoidable expenss,
why not make the general contractor respon-

sible for controlling the cost? 1t mey pro~ -

duae a savings, and it certainly eliminates

an adminstrative headazhs. If contrastuat .

obligations dealing with the project schedule
and budget can be enforced, surely those
governing quaelity can be enforeed, as well,
Possibly so, but who is going to do 2

Some testing consultants wlll not accept
CQC work. The reasons they glve come
from firsthand experience. They include:
1) inadequate to barely adequate scope, 2)
selection based on the lowest bid; 3) non-
negotiable contract terms Inappropriate. fo
the delivery of a professional service;-4)
intimidation of inspectors by fleld supep-
visors; and $) suppression of low or faillng
test resuits. This ought to be fair warning
{0 any owner,

Keeping Both Hands on the Wheal

The largest part of the problem, {rom your
point of view, iz one of artful persuasion.
If you cannot convince your ¢lient of the
value of independent testing and inspection,
noe one c¢an. Yef, if you do not, you are
likely to find yourself responsible for an
assurcance of quality you are In no position
ta deliver. How can you keep.quality controt
where it batongs and, in the process, prevent
the owner from compromising his o¢ her
interests In the project as well as yours?
Consider these suggestions:

{. Put the issue on an early agenda. 1t

needs your attention. Anticipate the owner's
Inelination té avoid dealing with testing and

inspection, and explaln its importance 1o the
sucoess of the project, Persist, if you ean,
until your client agrees to hire the testing
laboratory independently and to establish an
adequale budget to meet the anticipated
codtss ‘A lesling consultant hired by the
owner cannot be fired by the general aon~ .
tractor for producing tess than favorable
results, : .

2. Tailor the testing requirements carefully,
Seisgors and paste can be your very worst
enemies. Specify what the job requires,
retain control of selectlon and hiring, make
certain the contractor’s responsibilities for
notifieation . for scheduling purposes are
elear, and reguire that copies of all reports.
be distributed by the laboratoty direetly to
you,

3. Iwist on a preconstruction testing con-
ferenae. It can be an essential element of

effective coordination, Include the owner,

the general econtractor, major subcontrae—
tors, the testing consultant, 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
eonsyitant prepare a conferencs memoran-
dum for distribution ‘to all participants.

4, Monitor tests and inspections closely.
Make certain your field representative s
present during tests and inspections, so that
deficiencies in procedures or results can be
reported and acted upon quickly. Seale back
testing if it becomas clear it is appropiate
to do so under the circumstances; & not
hesitate to grder additional tests if they are
required,

5. Finally, keep your client informed. With-
ot your help, he or she is not likaly to
understand what the test resullts mean, now
will your actions In response to them make
much sense, [f additional testing Is called
for, explain why. Remember, it is an unex-
pected and, possibly, unbudgeted additional
eost for which you will need to pave the
way. In this sense, independent testing and.
inspection ‘éan serve an important, secondary
purpese.. You might view H as a4 communlea-
tions resource. Use It In this way, and {t

Just-may-yteld unexpected dividends.

THE PROFESSIONAL LIABILITY FERSPECTI‘-"g
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IMPORTANT INFORMATION

_ ABOUT YOUR
GEOTECHNICAL ENGINEERING REPORT

Mo - oastitp tion grabilins aee causeed by st subsue
L i st thabaiiy olhgs Il Ay rnblesome 33
suiurlace problems van g, ther lequengy and extent
fave been lessened considerably in recent years, due
13rge measure o programs and publications of ASFE/
The Association of Enginesring Firms Practicing in

the Geosciences,

The fcllowing suggestions and observations are offered
t0 help you reduce the geotechnical-related delays,
cost-overruns and other costly headaches that can
occur dufing 4 construction project,

A GEOTECHNICAL ENGINEERING
REPORT IS BASED ON A UNIQUE SET
OF PROJECT-SPECIFIC FACTORS

A geotechnical engineering repaort is based on a subsup
face exploration plan designed to Ingorporate a unique
set of project-specific factors. These typically include:
the general nature of the structure involved, g size and
configuration: the location of the structitre op the site
and its orfentation; physical concomitants such as
access 10ads. parking tots, and underground utifities,
and the level of additional risk which the client assumed
by virtue of limitations impeosed upon the exploratory
program. To help avoid costly prablems, consult the
geatechnical engineer to determine how any factors
which change subsequent to the date of the report may
affact 14 recommendations.

Unless your consulting geotechnical engineer indicates
otherwise, your geclechnical engineering report should not
fe used: )

+ When the nature of the proposed structure is
changed, for example, if an office building wilf he
aractect instead of a parking garsge. crif a refriger
ated warghouse will be built inswead of an unre-
frigerated one;

«when the size or configuration of the proposed
structure is alterect,

+whan the lacation or orientation of the proposed
struesure s modified,

»when theee b3 3 change of ownership. or

» for application to an adiacent sit.

Geotechaical stytieers casnut accepl responsitnlity for problems
which niay develop if they are not consulted after factors consid-
grad in thetr reporl’s developnient have chanyged.

MOST GEOTECHNICAL "FINDINGS”
ARE PROFESSIONAL ESTIMATES

Size axploration identifies actual subsurface conditions
only at those points where samples sce taken, when
they are tskan. Daza derived theough sampling and sub-
sequent laboratory testing are extrapolated by gee-

technwat vtgingers who then reader an opimion atout
wvetat! subduriice condibons, they likely reacuon 1o
praposed construction achivity, and appropeiate founda-
tion design. Even under optimal circumstances actual
condittons may differ from those inferred to exist,
because no geotechnical enginger, no matier how
quaslifled, and no subsurface expiaration program, no
raatterhow comprehensive, can reveal what is hidden by
earth. rock and time. The actual Interface between mate-
rtals may be far more gradual or abrupt than a report
indicates. Actual conditions in areas not sampled may
differ from predictions. Nothing can be done lo pravant the
unanticipated, bul steps casn e laken to help minfmize their
inpact, For this teasomn, most experienced owners retain thelr
geatechrical consullants through the construction siage, to iden-
tify vartances. conduct additional tests which may be
needed, and to recotnmehd solutions to problems
encountered on site,

SUBSURFACE CONDITIONS
CAN CHANGE

Subsurface conditions may ba modified by constantly-
changing natural forces. Because A gentechnicat engl-
neering report s based on conditlons which existed at
the time of subsurface exploration, constraction decistons
sfiould nol fre Bused on a geotechnical engineering report whose
adequeacy way have icen affected by time, Speak with the geo-
technlcal consuftant to learn if additional tests are
advisable before construction starts.

Construction operations at or adjacent to the site and
patural evenrs such as floods, earthquakes of ground-
water fluctuations may also affect subsurface conditions
and, thus, the continuing adequacy of a geotechnival
report. The geotachpical anglneer should be kept
apptised of any such events, and should be consulted to
determine if additional tests are necassary

CGEQTECHNICAL SERVICES ARE

PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS

Ceotgchnical enginesrs reports arg prepared to mest
the specific needs of specific individuals, A report pre.
pared for a consulting civil engineer may not be ade-
quate for a construction cantractor, of even sbime other

+ consulting civil engineer Unless Indicated otherwise.

this report was prepared exptessly for the dient involved
and éxprassly for purposes indicated by the dient, Use
by any other persons for any purpose. of by the dient
for a different purpose. may resultin problems. No firdi-
vidual other o the client should apply 1Ris report for its
trtemded purpose withelit first conferring with the geolechnical
engineer. No person should apply this report for any purgose
cther fhan thut ortglally contemplated withoul first confereiing
with ihe gestechnical snginzer,
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A GEOTECHNICAL ENGINEERING
REPORT IS SUBJECT TO
MISINTERPRETATION

Costly probtems can accur when other design profes-
sionals develop thetr plans hased an misinteepretations
of 4 geotechmeal enginesning repart, T hielp avoid
thesa prablams, the gealechnical engineer should be
retained to wark with other approprlate design prales-
sionals to axplain relevant geotachnical findings and o
taview the adequacy of their plans and specifications
relative to geotechnical issues.

BORING LOGS SHOULD NOT BE
SEPARATED FROM THE
ENGINEERING REPORT .

Final boring logs are developed by gectechnleal engi-
neers based upon their interpretation of figld logs
tassembled by site personnel) and laboratory evaluation
of fteld samptes. Only tinal boring logs customarily are
included in geotechnical engingering seports, Thesz logs
should not wider any ¢ircumstances be redrawn for Indlusion in
architectueal or other design drawings, because dealters
rnay commit ereors or omissions in the transfer process.
Although photographic reproduction eliminates this
problem, it does nothing to minimize the possibility of

contractors misinterpreting the logs during bid prepara- -

tion. When this occurs, delays, disputes and unantici-
pated costs are the all-too-fraquent tesult, -

o minimize the likelihcod of buring log misinterpreta-
tion, give conlractors ready access o the complete geotechnical
ehgineering report prepared ar authorized for thelr use,
Those who do not provide such access may proceed un-

der the mistaken impression that simply disctaiming te.
spansibility for the docuracy of subsurtace informaton
always insulates them from attendant liabllky, Providing
the best available information to contractors helps pre-
vent costly construction problems and the adversarial
attitudes which aggravate them to disprapartionste
scale.

READ RESPONSIBILITY
CLAUSES CLOSELY

Because geotechnical englneering is based extenzively
=| oniudgment and opinion, it is far less exact than other
design disciplines. This situation has resulted in wholly
unwarranted clalms being lodged against geotechnical
consultants. To help prevent this prablem. geotechnical
engineers have developed model dauses for use in weit-
ten wansmittals: These are not exculpatory davses
deslgned to foist geotechnical englngers Habilites onto
domeone else. Rather, they are delinitive clauses which -
identify whete geotechnical engineets responsibilities
begin and end. Thelr use helps all parties involved rec-
ognize their individual recponsibllities and take appro-
priate action. Some of these definitive dduses are likely
to appear in your geotechnical engineering teport, and
you are encouraged to read them dosely Your geo-
technical engineer will be pleased o give full and frank
3nswers (o your quegtions. )

OTHER STEPS YOU CAN TAKE TO
REDUCE RISK '

Your cansulting gactechnical engineer will be pleased w
discuss other techniques which can be employed to mit-
igate risk. In additlon, ASFE has developed a variaty of
materials which may be benelicial. Contact ASFE for a

- complimentary copy of fts publications direciory

Publisted by

ASSOCIATION OF SOK, AND FOUNDATION ENGINEERS
3811 Colesville Road/Suite 225
Sliver Spring, Maryland 20910
301/545-2733

Furnished by:

Lambert and Aggociates

CONSULTING GEQTEG!-{MCAL ENGINEEAS AND MATERIAL TESTIH

21% Bodo Drive
burango, €0 81301
970~253-5095

P, 0, Box QOS5
Montrose, CO 81402
970-249-2154

P, U, Box 3986
firand Junetion,C0 81502
T 9707245+6506 |
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This map was reproduced from Colorado Atlas & Gazettaer

Copyright DelLorme Mapping
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NO SCALE

25 ® |ndicates approximate test borl'ng locatidns

This sketch was veproduced firom a sketch provided by others and is intended
to present geotechnlcal engineering data only

TEST BORING LOCATION SKETCH —
Praject Mot HNO3I0320E

Flgure: 2

Lambert and Aevsociates [P rajog




et g

|
|

B

i

e A

"T\%
L
o
P

F3FSTAACARD PAT aLodn
’ 1
ey

‘e .,
] ’ i Moy N,
K t
y , R
ﬂ}lu’." 'ﬁ, . e
= A
; nAL 'i‘.-!‘f?."
ws  **
S -
A;b A1
O &

t

i

i
o] on
e

- — . —
[+]
.
A r
e

L i - —

T

i

" Any 3 o
7 | o % )
H [
i STANDARD|P

I

T ——
b

1 F s

O

JH
eghasd Lity [ i
: L

|
e

= /
/

4\! :

& kL)
ARD P.:,‘RAU.,'E& S0UTH
J-""/. I

; @ Indicates approximate oreject location

»

FAULT LOCATION SKETCH

[l

l

ZLambert and Jesociates

$ Mol MN3032GE

) 3/13/03

Figwa:




apeay
jusoBlpy 1$9mMOT Mo Rg luswpIqea Du)3o04

abp3 Buiicoy puvAeg 4ipim {14 pue
SSPUNTIYL || )4 (24010035 PIIDedwo)
yipin Buizomd

1735 0l LOW

Sliog [BJIN3BY
pezoedion

1 H

=pedy
weselpy 1same] ~

Juaoe[py 1S3m0T

2peJn

S| 10§ |edniey

\ﬂ@uumﬂ.EOU

LXK AKXD
3 1t \ !
U
> g d;ll+k

A

CONCEPTUAL SKETCH OF FOOTING SUBGRADE TREATHENT

Zambert and Associates

LT
jo.o § oy
jon | O
i
=d ha
AR fens
I e
vl Ton Mo
s

-
Ry

—

S




o

[T

—
P .

e

U

Intertaor Grade
T
\Eoncreﬁe Floor 51ab Grade

o %

Minimum
Embedment

Footing

Interior Grade“\\J‘\

Filnished fxterior
Grade

or
Concrete Floor $lab Grade
) )
~ Finished Exferior
Gvade
Foundation Wall gl
Mintmurr /\
fmbedment
" Footing ¢
EMBEDMENT CONCEPT MO SCALE
: Prafect Ne.! MO3d32GE
TLambert and JAssociates ~Bore: YTV
Flawe: 5




o

(—-

.

Foundatlon/Retaining
Wa bl

Conerete slab-on-grad
or finished elevation

AN

Zone of Influyence

—

>

|

N

55°

Foating

= 1

BACKFILL ZONE OF INFLUENCE CONCEPT

Fambert and Associates

a:ﬂ Ne ! N03032GE
' 3/ 13403

(Pigerer ¢




r-

Foundat lon/Retalning ———
' Wall

toncrete
$1ab-on~Grade

DN

f

L/

Molsture Barrier

This sketch is to show concent only.
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M03032GE

APPENDIX A

The field

ntered in
st borings., 'The approximate

orings are shown on Figure 2.  The log of
the soils encountered in the test borings are Presented on
Figureg A2 through Azg,

oll types were obtained. fThe gamplaes
i wera obtained from the t ings using a Modified Califor
Barrel sampleyx i

nia
Penhetration

[

The engineering field descr

iption ana major
are based on our

soil classification : |
interpretation of the materials encountered and |
. 2re prepared according to the Unified Soil Classification System, |
b ASTM D2488, The description and clasgificakio

n which appear on ;
. the test boring log ia intended to he that which most accurately ,

; deseribes a given interval of the test boring {frequently an |
P interval of several feet}, i
0T the Unified goil Clagsification Syatem nomenclature betwean an
, interval of the soil log and i

entified ay 5 sandy silt (Mpn) .
5 digcrepancy is frequently allowed to remain to emphagize the

_ occurrence of local textural variations in the interval,

This

- The stratification lines presented on the logs are intended to
i Present our interpretation of the subsurface conditions
encountered in the teg

E borings. The stratification lines
represent the approximate boundar

, Y between aoil types and the
I transition may be gradual.

Lambert and Associates
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LOG OF TEST BORING

Date Orilled Fisid Eaginasr Borlng Number
Location Elevation
Oiameter .Yotal Depth
Sample ’ , -
Sait Desgription Loboratory Test Reaulls
Typs
1] ?22?,51!ty,medium dense,moist, tan, ‘ Notes in this column indlcata
' tests performed and tast results
L 4 Unified %0il Classification 1l 1f not plotted.
+ e — | .. Indicates Bulk Bag Sample 4+ DO: Indlcates dry density in
pounds per cubie foot
C (Aje—t——Indicates Drive Sample Hiy Indicates mojsture content
1918 indicat Sampler Type: 1 as percent of dry unlt
1 e P ynes ! woeiaht
¢ ~ Modifled Galifornia
} 4y - Standard Split Spoon 4 tL: Indicates Ligutd Limit
H - Hand Samnler
+ 7/12} Iindicates seven blows recuired to L PL: indicates Plastic Limit
. drive the sampler twelve inches . .
1t 1 with a hammer that welghs onea . t Pi: Indlcates Plasticity Index
hundred Forty nounds and 1s dropped
1401 thirty inches. T
] BOUNCE: Indicates no Further [
L penetratlon occurred with 1 .
additiocnal blows with the
+ ¥ hammer ¥+
i1 NR: Indicates no samnle regcoversad
CAVED: indicates denth the test
118 boring caved after deitliing |
Z e - Indicates the location of free [
! subsurface water when measured 1l
=1 1 CLAY HOTE: Symbols are often T
éﬁ used only to help visually |
% SELT identify the described
information oresented on
SAND the log.
i GRAVEL
b GLAYSTOHE !
el SANDS TONE
125+ 1 :
Project Noms Parkerson Property Development Project Numbar MO3032GE  Figure Al

Zambert and Issociates
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LOG OF TEST BORING

Date Orilled _, _1/30/03 Fieid Enginsec 203N Boring Number )
Location See test boring location sketch Elevation
Drametor 4 Tnches Total Oepth 15 Feat Depth to Water at Time of Orilling Hone -
' encounteread
3 Sample ) , '
£ Seil  Descriphon Laborotory Test Reauity
5\ 8’ Tvpe | N
Clay,silty,sandy,gravelly,sttdf,
J. medin moist,brown (CL) ,
ta ~
J' cg -
J 3/6 . ‘ 4 Swell-Consol tdagion Test:
C . H ] H ’ .
51 ‘ 176 ”HE‘, 9.7% D0: 90.0 pcf
Formational materTal,silty clay shalc}
hard,gray,Mancos Shale formation
i CEWG '
u.jOu -
' f
+ 1 Harder with depth 1
15
Bottom of test boring 1| at 15 fect
+ b
-
F 204. L
F o
4 25-0
Projsct Nome . FParkevrson Property Developnent Projeci Numnber _103032GE  figuee A2

FZambert and Jssociates
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Date Oriftad _1/30/03

LOG OF TEST BORING

Johnston

Field Engineer Boring Number ¢
Location See test boaring lecation skoteh __ Elevation
Oiometer 4 Tnches Totai Oapih 15 feet Cepth to YWater at Time of Drilling Mone
: — . ehcountered
j: £ Sample Soil Dascriofi Lobo T3 :
sqriptlion aborator est Redulty
e ”
Clay,silty,sandy,medium stiff,molLst,
} brown (CL) man placed Titl i
- R o
! a Clay,silty,stiff,medlum molist,brown |
(CL)
]c ;f;g Format?oha! materfal,stity clay shate, ag€!‘1802;01'da;6?n Igaté £
&2 hard,gray,Mancos Shale formation + ! ) Y PC
&
.-“} &=
15
Bottom of test boring 2 at 15 feet
: 2
F
42{)4.
25t T .
Project Nome __FParkerson Property Development Profect Number , MO3032GE cinyrg A3

Fambert and Qsgociates
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LOG OF TEST BORING

Qate Orineq 1/30/03 Fisid £nginaer oMLY gorine Number 3
, See test boring location sketch 7
Locgtion T 9 Efevation
Oiomatar nenes Total Oapth 15 feat Depth to Woter at Time of Brilling None
STTTTT— gncountered "
T —
acription Loboratory Tesf
5 3 Tvoe | N Y Resully
Clay,stlty,stiff,medium moist,birawn -
4 1 {CL) {
L L.
ot Formational material,silty clay shale
+ 3 hard,gray,Mancos Shale formation {
| e Wboss {ar 1
4 51> " Y

I I¢ Eswz
.“}l.

Harder with depth

MR

¥

L 4

25

Bottom of test boring 3 at 15 feet

Projact Noms

Parkerson Property Development - Projact Number MO30328E  Figure
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LOG OF TEST BORING

1730703 Kint n
Date Orilfad . Fiald Enylneer nz . Boring Number !
. Sce test boring location sketch
Lacation : g ¢ Elsvatlon
Diaomerer 4 _inches Totoi Dapth_ !4 feet Depth to Water at Tiwe of Dritling None
encountered
Samnle .
g §Tﬂe N Soit Deacription Loboratory Test Resully
|4 ' . .
l Clay,silty,sandy,gravelly,few cobbles;)
1 maedium st1ff slightly moist,brown~tan T
‘ (CL) man placed {11}
S 4
B
< - m

Format{onal material,siity clay shale,
T 1 Lh/6 hatrd to very hard,brownzgray,Mancos L

| sl 50/5 Shale formation i

[o]

-

¥ 4.0 EZMG folar change with depth
25/6

Bottom of test boring & at 14 feet
115t t

25t

Projéct Nome Parkerson Property Development Projest Number _HO30326E  Figurs —.__[S
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[.OG OF TEST BORING

Date Orilied.._1/30/03 Flold Englneer _SONNStON poriny Mumber >
Location See Lest boring location S:katch Elavation ‘
Diemater 4 Inches Total Depth 15 feet Depth to Water at Time of Brilling None
_“"‘“"“' T D ancountered
2 Sampls , .
£ Sl Dasoriphion Latoratory Tast Resuliw
5 8‘ Trpe | N.
Clay,silty,sandy,qravel ly,medium -
+ stiff,molst,brown {CL} man placed -
fin ‘
. J e
2
1 Clay,siity,stiff,medium molst,brown
{cL)
5 C 23,{2 Formational material 51ty ¢lay shale ﬁg?ll;gnggohdaé;}?n H{?;tg pcf
1 &1 hard,gray,Mancos Shale formation T Direct Shear Strangth Test :
| 4 WG 11,6% UD: 123.0 pef
CE 50/ MR
.-,'o-r- o
]
15— -
Bottom of test boring G at 15 feat
'1 o
20 3
4 3
'
1 L - +
25¢ T
Project Nome Parkerson Property Develojment Project Number _MO3032GE  rigyry A6
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LOG OF TEST BORING

Date Oriled _1/30/03 Ftﬂdfnqmcw-__m&_ Boring Number ... 6
Localion See test boring locatlon skelch Etevation
Diametgar 4 inches Yotol Daepih 14 feat Depth to Water ot Time of Driliingﬂ_g_ﬂ_
. gncountered
Scmple
§ §‘1}r " . Soil  Dascription Laboratary Tewt Resulls
o

l 1 CL?;EF ]téiﬁand few gaﬁe}:fm?#wmman placed FI11

C]ay,sT]ty sandy medium stiff,slTghtTy
i molst,brovn~tan {oL)
~ meationm material,silty clay shale)
$4 +73 3tiff to hard brmm-gray Mancos Shalel
«@ formation .
1 "C 26/6 T Swell-Tonsolidation Test:
i 5l b0/6 1 ne: 13.1% BD: 116.0 pef

Dlrect $hear Strength Test:
4 MC: 11,6% PD: 1Mh.0 pef

. ) ﬁ 15/6 Harder with depth T
tiot WY 3576 L

Bottom of test boring 6 at 14 feet

115
1 3

F 1 &=

- -

4204 1

3 4 4

25 t

Project Naoma _Parkerson Property Development Projest Number _MO3032GE  Figure . A7
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LOG OF TEST BORING

Date Orilfed . 1/30/03 Field Englnger .. N0L2 Boring Number 7
, See test horing locatlon sketch
Locatian 9 Etavoiign
Diomerer 1 lnches  * rorer Depth . 14 feet  Depth to Water at Time of Drtiling  Hone
encouniered
Sampie - . C
£ Soil Dasgription Loboratory Test Results
& Type | N '
Clay,silty,stiff,slightly moist,brown-
! tan (L)
X Format fonal material,silty clay shale)
- 2 stiff to havd,brown,Hancos Shale
formation
C|x]50/5
+ 54 -
L 1
o L]
¥
- ;o.- ¥ b
Bottom of test boring 7 at 1k feet
- 15
FY 4
_‘,EOT F
-
- E [ 3
T
1254

Project Name

Parkerson Property Development

Projuf Number M03032GE Figure
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LOG OF TEST BORING

- 1/30/03 Kintz 8
Dote Drilied Fleld Engineer Boring Number
Location So¢ test boring leoecation sketch Elevation
Diemater 4 _inches Total Oepfh 5 feet  Depth to Water at Tima of Drilling Rone
3 Sample _ L '
Soit Dezeription Loboratory Test Resultd
(g Type | N
Clay,slightly sTlty,sandy,gravelly,
o medium dense,slightly moist,brown- [ .
gray (CL-5P) :
3 nx F
+3 [
[Va)
| !
4 -
Bottom of test horing & at § Teet
» 3 o
- 1 4
- *
4,’0- L,
4
- b
-r F b
r 15
4
r 20|..
125¢ )
Praject Name . Parkerson Property Development = . Projuct NUMHrMF@m A9

Lambert and ‘Associates
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LOG OF TEST BORING

Date ODriiled .. 1/30/03 Field Engineer __ Kintz Boring Number 4
Location __3€@ test boring location sketeh

Diamater & inches Total 4 19 feat

Elavgtion

Depth to Water at Time of Drilling MNone
g eAcauntersd

Sumple ) .
S0l Dascription Laborglory Test Resulls
Tipe | N
Clay,silty,slightly sandy,soft,
} slightly moist,tan {CL) 4 -y
-y 4
L & More sand at b to 6 feet F ‘
¢ % B/6 : 4+ Swell-Consolidation Test!
CiAl 11 /6 ) MEt 7.0% DD:  95.0 pof
< 54 . - ,
+ Possible weathered shale at 6 to 9§
feet
= > o
I IO' » b ) -
Formational material,sflty clay shale
stiff,brown-tan,Mancos Shale -
formation .
s ‘54 &
» e [ Y]
Bottom of test boring 9 at 19 feet '
F Eo-ln- !
‘25'[' -
Projact Noma _Parkerson Property Developmant Projec! Number M03032GE Figura Mﬁ_],v@___
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LOG OF TEST BORING

Dote Oritied _1/30/03 Fieid Epglneer . Lintz ~ Boring Number |0
' , Sce test boring location skatch
Lovation Etlevailon
Diometer 4 Tnchos Total Depth 19 feet Depth to Water at Time of Britting None
- o DR ’ encountered -
E Sanmpie .- ,
Sor) Deacription Laoboratery Tast Results .
[E' Trpa | N :
Clay,si!tﬁ,sandy,grave!ly,Few cobbles
i dense,slightly molst,brown-tan (CL) ¢
iy man placed fi1j
E]
o
- . ‘P
L | 18/6 Formational material,siley clay shalel Direct Shear Strength Teost:
¢ 1876 stiff to very stiff,brown,Mancos Shald MC: 11.8% Db: 112.0 pcf
1 54 formation 1
1 Yery hard with depth T
o
4.“}.. L)
$1s :
3
- ' r
Bottom of test boring 10 &t 19 feet
+ 20--
4 -
E 3 4
4 25-]- T
Project MName Parkerson Property Development Project Hummr% Figurs At

TLambert and Assoriates
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LOG OF TEST BORING

Date Orilies _1/30/03 Flokd Enginser Itz

Lecaotion -

See test boring locatlon sketch

Boring Number 1

Diomater

B P S,

Elevation

4 fnches 14 feet e : 1113 M
Depth to Water at Timc of Deilling Mone .
e . Total Depth < ahcounterad

{y

Sam
£
g 8’ Type

N

Soil Descriplion

Leboratory Yest Resylis

Bulk

Ll

25/6

Clay,silty,sandy,medium dense,s]igh
mo?st,tan (cL)

tiy -
1-

+

L

ho/é

Formational materlal,silty clay sha
stiff Lo very stiff,brown,Mancos’
Shate formation

1 15t

-

L3

1254

led

-

Bottom of test boring 11 at 14 feet

>

Project Nome _farkerson Property Development

1

Profect Numbar _MO3032GE  Figure

Tambert and Aesociates
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LOG OF TEST BORING

Date Driied 1/30/03 Floid Englover X107 Boriag number 12
Location _oc® test boring location sketch Elevation
Diamater _t_inches ‘Totol Depth th feet Depth to Water at Time of Drilling_ None
- : encounterad
Sampie ) L.
£ Seil Deseription Loborztory Yest Reaulis
8 Typa | N _
Sand,gravel cobbles ,clavey,dense, . .
1 + | siightly moist,brown-gray=-tan {SC-GCY |
man placed fi1}
R
e r
“ J
b & /6 1+ Sweli-Consolidotion Test:
C§§2U/6 MC:  7.2% pB: '87.0 pef

Formational material,sllty clay shale
R 4 sUIfF,brown-brown gray,weathered, .

#Mancos Shale Formation
b c 74 /6
32/6

Bottem of test boving 172 at 4 feet
F 15% [

L -

25 r

Project Nome . Parkerson Braoperty Development Projeci Number MD3Q32GE Figkira L D

Fambert and Associates
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LOG OF TEST BORING

Dote Qriflad 1/30/03 Fieid Engineer Johnston

Location

See test boring location sketch

£lavation
Diomater _,__limwf_fﬁ_ Total Ciepth 15 feet Bepth to Water at Time of brifling

Soring Number 13

None

encounterad

g Sample

g.,§'wp, N

Soil Dggaription

Lobtoratery Tast ‘Reauits

F o4
1r-
X
"'E
[2a]
4 *'C 40/6
I sd 5074

. L
c ﬁ 50/2
o

15

Clay,-siTty,stiH,medium mos 5t , byrown
(CL) siightly organic to 1 foot

Fermational material,silty clay shale,

hard,gray,Mancos Shale formation

HR

5

L3

Swell-Consolidation Test:

MC:  10.9% ph: 106.0 pcf

Direct Shear Strength Test:

MC:  11.4% 0B 100.0 pef

-

261

Bottom of test boring 13 at 15 feet

Profect Nama

Parkerson Property Development

Project Numbar POI0ZE_Eigirg

Lambert and Associates
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1/30/03

Dote Drilied

LOG OF TEST BORING

Location Sce test boring location sketch

e FlMd Engyingar

Johnston

Diameter 4 in

ches

Tatal Wh 15 faat Depth to Water at Time of 0"'“”“9

14
Boring Numbar

Elavation

None

3 Sample

£~§Trm N

5o0il Description

Laboretory Tast Resulis

encountered .

Bulk

L]

3 F
A
p =
+ & X

50/5

15

39/6

Clay,sTTEy stITT,madium moist,Drown
(L)

Formational materlal,silty clay shale,
hard,gray,Mancos Shale formation T

254

Bottom of test borlng 14 at 15 feet

[

Profect Name

Parkerson Property Development

Project Number

J

MO3032GE Figues

AlS

Lambert and JAssoriates
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LOG OF TEST BORING

Qate Dn‘ﬂcdmo_?‘_._, Fisld Enpineer __...____"_Joh'15t°” Baring Number !5
, See test boring location skatch
Locdtion Elevailon
Diamater _EJLEEL Tetol Depth 2 Teet Dapth to Water at Time of Oriiling HNone
. encountered”
3] ¢ [ Sampie e
£ Soil Deseriplion Laboratory Tas Resully
| & [
, Clay STy STTTT  medTom MOTSE,Brown
(CL) slighely arganic to 1 foot
Formationat materfal,sllty clay shale,
v hard,.gray,Mancos Shale formation
@
& -
Bottom of test boring 15 af § Teet
0}0- -
15 . i
2 ¥ L ]
oy &
1%'
+
25+ T
Projsct Nama _Parkcrson Property Develupment Projact Number_ M0O3032GE Figura AlG

Lambert and Assoriates
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LOG OF TEST BORING

‘ Lambert and QAesoriates

CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

Oate Orited 1130703 gt Enginger ._JoMMston Boring Number __'°
Location __.__E';ge test horing location sketch Etevation _
Diameter 4 Inches Toral Dapth 15 fect Depth.to Water at Time of Drilting None
- ' - } “ehcounterad
N £ Sample ] L
(g 8?3'.90 " Soil Dascriplion Laborgtory et Results
Clay sTTty st FF med T moi st browa
{cL) . i
“ﬁ Formational material,STTEY cTay shate]
+3 hard,gray,Mancos Shale formatton
T oNj33/6 : T
54 50/4 ' 4
. -
1o ' i
1]
> F 3
=t [5 :
Bottom of test boring 16 at 15 foet
- 20;.
+
4 2 h i
Projact Namae _Parkerson Property Devalopment Project Numhrmﬂﬁwm Al7
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LOG OF TEST BORING

Date Dritieg 1/30/03 Flgid Englnger _J0Mston Boring Number |7
; see test boring location sketch
Lecation PRy ; 9 : Etevatlon
Diometer henes Total Depth 15 feet Uepth to Water at Time of Drilling MNone
N D . enColintErEd
£ Sdumple . Soil Déscringi
' SCription Laboratery Wsi Resus
g Yoo | N | ¥ Reaulty
Clay,silty,stlff,medTum moist,brown |
T {CL)Y slightly organic to 1 foot 4
b+, Formational materfal,siley clay shale]
= hard,gray,Mancos Shale formation
b =] £
Te 0 T Swell-Consolidation Test:
| 51 5075 118 9.7% DD 103.0 pcf
+ < LN
1i b
cﬁ 50/0] MR .|
1O -
4 3 4
g o i
1!
5
Bottom of test boring 17 at 15 feat
4 20..
25 L

. 2 [¥:}
Project Name Parkerson Property Development 1M03032GE &

Profect Number

Zambert and Associates

CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING
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Date Driliad_)/30/03

LOG OF TEST BORING

Johnston

Fiald Engingpr

Location See test boring location sketeh

Diametor U inches

Totoi Depth_ 15 feet

Pepth to Water at Time of brilling

Boring Number 8

Efevation

Nohe

ancounterad

3
&

£

&

Sampie

N

Seit Description

Laboretory Tast Results

oy

I'I'O"

Clay,sTlty,stiff,medium moist,brown
(CL} slightly organic to | foot

5076

50/3

Formational materfal,siity clay shale)

hard,gray ,Mancos Shele formatlon

NR

15

125

Bottom of test boring 18 at 15 faet

Project Nomae

[3

Parkerson Property Development

Projest Number

MO3032GE ATD

Figxira.

Zambert and Associates
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LOG OF TEST BORING

Date Oritied _1/30/03 Field Enginges Johnston Boring Number '9
Location S¢ test horing location sketch Elevation
Diamalter w Total Dapth 15 feet Depth to Water at Time of Drilling Hone
- encountered
£ Stmyle Soil Deseriofi
teriptian Loboratary Tost ARes
Xltoe | N y ults
Clay,silty,stiff,medlum molst brown
(CL) s) Ightly organic to | feot - | -
1! .
4 Formationel material,sllty clay shale|
12 hard,gray,Mances Shale formation e
+ . ¥2/6 T Swe.l]nﬁonso]fdét{on Teél.:
54 42/6 4 MG 3,9% P 109,0 -pef
Direct Shear St rength Test;
$ 10 10,28 DD 107.0 pef
+ior . 3
+ ]
15 -
Bartom' of test boring 19 at 15 feet
1 -
3
L 4 = L 4
3
304
25¢ .
Project Nome _Parkerson Properiy Development Project Numbar _ HO3032GE Figurs _..A20

Lambert and QAssociates
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1/30/03

LOG OF TEST BORING

Date Oriliad Floki Enginser ___10MNston Boring Number 20
. See test boring location sketch
Location 9 Elevation
Diametar _,li___fﬂg@,_‘* Total Depth 15 feat Depth ko Water at Time of Drilling None
N encountéread
g Sampla Soil Descriodi
scription Loeborater R .
£ gtvw N ¥ Test Reaulty
Clay,silty,stiff,medium moist,brown
(CLY s1ightly organjc to 1 Foot $
possible man placed fili
Y4 1
;é L
+ ¢+ 18/6 1 Swell-Consolidation Test:
" CIA] 16/6 MC: 12.7% Db:  96.0 pef
i T Direct Shear Strength Test:
| ] He: 12.0% DB:  83.0 pef
L Foymational material,silty clay shalel
harcl sgray,.Mancos Shale formation
1 ¢ 3576
25/3
1107 é
b p
L}
b Y
15
Bottom of test boring 20 at 15 feet
4 S &
- 204- .
F25 .
Project Name _Parkerson Property Development Project Number N03032GE Figura A2l

1
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LOG OF TEST BORING

Date Driied __1/30/03 Fiold Enginesr .. Nint? Boring Numbaer 21
Location . See. test boring location sketch Etevation
Diomater __ﬂ_‘_'l?ﬁ?__s_ﬁ Totai Depth__LY4 feet  Oepth to Water at Vime of Drilling_ MNone
, \ encolfitered
f: Sampie . )
g §Ty” N ' Soil  Dascription Loborotory Test Resulls
Clay,stity,slightly sandy,medium st1ff,
stightly molst,brown-tan (CL) man
Lol placed fill
;15 Formational materfal,silty clay shale]
hard to very herd,brown-brown gray ¥
Mancos Shale formatton
i <M 2976
L 51 3676
<
r ’Ow -
- -
Botiom of-test boring 21 at 14 feet
» ’5 >
i '
4 20- b
2 " L
Project Nams _Parkerson Property Development Projnct NumbtrMFiwn AZ2

Lambert and Asgociates
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LOG OF TEST BORING

Date Orited ._1730/03 Figld Enginear Kintz Boring Number 22
, See test baring location sketch
Localion Elevation
Diametar L tnches Totgl Oepth th faat  Depth to Water at Time of Drilling None

encounteread

E ‘Sgmple

5| Rfvee [

Soil Desecription

Laboratery Tast Aesulte

t 4+ EHe0/6
34/6

o]

TV s
Lok 3l 50/5

{:Ilay,silty,sl tghtly sandy,medum

stiff,s1ightly moist,brown-tan (CL) |}

Formationpl material,silty clay shalg,

hard,brown-brown gray,Mancos Shale
formation '

&

Swell-Consclidation Test:

MC;

8.0 0D .0 pcf

115

251

Bottom of test boring 22 al th fee

t

b

Froject Naoms Parkerson Property Development

Projec! Hdmbﬂrm Figura _A23

FLambert and Associates
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LOG OF TEST BORING

Oate Orited 1/39/93  roid Enginser _IoNNStOD Boring Number . >3 .
Lacation __3ce test boring location sketrch Elevailon
Diameter 8 _Inches Total ODapih_5 fast Beﬁth to Water at Time of Oriliing Hone L
- unge
£ Sample Sot Descrlafi £hes Lag
gcriplion Loborgtary Test R
3?}% N ¥ eully
Clay,sandy;gravelly, medium stiff,
T (M molst,brown (CL) man placed fill
+ * E 4
4
15
fral &
| 5 ¢ N
Bottom of tost boring 43 &t 5 FEor
..fo“
- -
15t
4 p
- -
+ 204
-~ L ]
25¢ i
Project N:Jmt Parkerson Property Devclopment Projac! Numhrw Figure A2l

Fambert and Associates
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LOG OF TEST BORING

Dote Orilied. 1/30/03 Fieid Enginesr Kintz Boring Number 2
. Seec test horing location skete¢h
Location < Elevation
Ciometer __ 8 _inches Total Depth b feet Depth to Water at Time of Drilling Nenc
. encountered -
Sample ) Lo
£ Soil Description Laboratory Test Results
&lroe [ _
Clay,silty,slightly sandy,soft
- slightly moist brown-gray~tan (L)
" {Formatlonal material,silty clay shale,
- stiff to very stiff,brawn-brown gray
= Mancos Shale formation
> i
A -
Bottom of test boring 25 at 5 feet
+ + +
r-fo-- -
b
b |5
k. 3
1
F 2(}]. N
25¢ |
Project Noma Parkerson Property Development Projeact Number MOB,,.D?'Z.G.,_,E Figure Wm5

ambert and dssociates
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LOG OF TEST BORING

Date Orined ___1/30/03 Figid Enginaer __“W_Kintz Boring Number 25
. See test boring location sketch
Location 9 Elevation
Diomeler 8 {nches Torol Dapth o foet Depth to Water at Time of Brilting MNone
y . ; ehcounterad
p: Sampte oo
5 §Typ. N Soll  Description Laboratory Test Heautts
CTay,sand,sth,saft,s!ightly moist,
T 1Tl brovm-tan (CL-5P) +
&
-p; -
28]
F L
% .
Bottom of test boring 25 at § fest
L 3 p
- 1 <
10T . g
A b F 3
+ ,5!- >
L 3
+ & ' [
4 2{_:}0-
d E 3
125+ .
Project Nome _Parkerson Property Development Project Number MO30320E  rioyn A26

Fambert and Associates
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APPENDIX B
The laboratory study consisted of performing:

- Moisture content and dry density testg,
« Swell-conselidation tests,

Direct Shear Strength tests,
+ California bearing ratio tests,

- Moisture Content-dry density relationship tesks and
. Chemical t&sts.

It should be noted that samples ohtained using a drive type
slgave sampler may experience soma disturbance during the
gampling operations. The tegt results obtained using these

- #amples are used only as indicators of the in situy seil

charxacteriatics.
TESTING
Moistuzre Content and Dry Density

Moisture content and dry density were deterwined for each
gample tested of the sawples obtained. The molsture content wag
determnined according to ASTM Test Method D221s by obtaining the
molsture sample from the drive sleeva., The dry density of Che
sample was determined by using the wet weight of the entire
sanpla tested. The results of the moisture and dry denzity

determinationg are presented on the legs of test borings, Figures
A2 through A26.

Swell Tegtks

Loaded swell tests were performed on drive samples obtained
during the field study. 'These tests are rerformed in general
accordance with ASTHM Test Method D2435 to the extent that the
same equipment and sample dimensions used for consolidation
testing axe used for the determination of expansion. A sample ig
subjected to statie surcharge, water is introduced to produce
gaturation, and volume change is measured as in ASTM Test Method
D2435. Resultg-are reported as percent change in sawple height,

Conselidation Testsa

One dimensional conscolidation properties of drive sawples werxe
evaluated according to the provisions of ASTM Test Method D2435,
Water was added in all cages during the test. Exclusive of
special readings during congolidation rate tests, readings during
an increment of load were taken regularly until the change in
sample height was less than 0.001 inch over a two hour period.

Bl

FLambert and dgsociates

CONSULTING GEOTECHNICAL ENGIHEERS AND
WAYERIAL TEGTING



e

.

MO3032GE |

The vesults of the swell-congolidation load taat are gumbarized
on Flgures Bl through Bil, swell-consolidation tests,

It should be noted that the graphic presentation of
consolidation data is a presentation of volume change with c¢hange

in axial load. As a result, both expansion and consolidation can:
be illustrated.

Direct Shear Strength Tests

Direct sheax strength propertieg of slaeve gamples ware
evaluated in general accordange with tegting procedures defined
by ASTM Test Method D3080, The diryect sghear gtrength test
rasults ars tabulated below,

Dry Molisture Internal Angle
Test Depth  Density -Content Cohesgion of Friction
Boring (P} {PCF) - {Percent) {PSF] {Degreag)
5. 4 123 11,6 230 26
"6 4 114 1.5 10 . 26
10 4 112 11.8 360 37
13 4 100 11.4 15¢ 26
19 4 107 140.2 278 is
22 4 33 12.1 230 22

California Bearing Ratio Tests

California bearing ratio tests were conducted on select soil
samples obtained during our field study. The California bearing
ratio tests were conducted in agcordance with ASTM Test Method
D1883. The results of the Califoxnia bearing ratic keats are
presented on Figure B12.

Moisture Content-Dry Density Relationship Tests

Molgture content-dry density relationship tests were conducted
on select soils gubgrade samples cobtalned during our field study.
The moisture-density relationship tests were conducted in
accordance with ASTM Test Method D1557. The results of the
moisture-density relationship tests are presented on Figure B13.

B2

Lambert and desocinfes
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Chemical Tests

Chemical tests for water soluble sulfates and pH were performed.
on gelect samples obtained during the field study.
of the chemisal tests are tabulated below.

The results

Test Depth ' Water Soluble
Boring {feat) PH Sulfates
1 1 to 4 7.2 greater than 160 ppm
5 L to 4 7.1 greater than 160 ppm
) 1 to 4 7.3 . greater than 160 ppm
9 1 to 4 6,9 greater than 160 ppm
10 1l to 4 7.2 graater than 160 ppm
12 1 to 4 10.7 greatex than 160 ppm
i3 i to 4 7.0 greater than 160 ppm
19 1 to 4 65,8 greater than 160 ppm
22 1 to ¢ 7.2 greater than 160 ppm
B3
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PRESSURE (POUNDS PER S‘QUARE FooT)

1o 100 - 1900 10,000
Swell Under Constont Pressuyre
Due To Watting
1
o .
~1 1L hﬂ"‘*\
1 i N
. N
A 2 \
3
" \
5 k
= 6
B
]
7
2
5 ¢
3 \
k- 9 .
. ¥ Woter added
8 to sample
13 - \
11
h t2 \\
Boring No, 1 SUMMARY OF TEST RESULTS
. |Moisturs Ory Denaity | Height | Diameter | Swell Pressure
Depth 4-5 faot |content o) | (BC.E) | Cind | (in) (F5E)
initial 9.7 90,0 1,0 1.94 '
Einal 22,7 1 110.0 810 | 1.9% oo +
Soli_Desgription Llay,stl Ty, sandy,gravelly,brosn
SWELL - CONSOLIDATION TEST Froject No.:  HO3032GE
: ' Oote : 3/13/03
Tambert and Assoriates P
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PRESSURE (POUNDS PER SQUARE FOOT)

10 100 1000 10,000
Swall Under Constant Pressurc
: Uue To Wettlng
l""lwb‘.,,q_‘_“‘.“ .
[
0 g o
)
"-4;\_“ '\.\
] ] \
J 2 \
3 \
1, \\
5 \
= 6 \
¥
tn
7
g
8 8
3
3 9
g * Weler added
3 o sample
i0 N
11
b 12
Horing No, 2 SUMMARY OF TEST RESULTS
Moisture | Dry Density | Height | Diameter | Sweil Pres
Depth 4-5 Fect |content (%) | (BC.E) | tim) | (in) s
' | Initial 10.6 108,0 1.0 1.54
Filma! 21,2 . 15,0 941 I, 94 o0
20il Desgriptigni Formationg] matérial gray
SWELL - CONSOLIDATION TEST Project Not M0O3032GE
Lambert and Assoriates e S
Figura: B2




Swalf

Cansoiidotion

10 .

PRESSURE (POUNDS PER SQUARE FOOT)

0 1000 19,000
Swell Under Constant Prossure
Due Te Wettling
‘-&-‘__“\h \\
N
N
me \
* Woter addad
to sample
Boring No. 5 SUMMARY OF TEST RESULTS
Moisture Dry Dwnsity | Height | Diamater Swell Pretsure
Depth 45 feet imonant {94} Be £t - | ling i (in.) (P S.E)
Iﬂ‘rﬁd' 1 L3 i 1?;0 1.0 i.gh oo %
Finci 18.4 22.0 953 1.94
Soil Dascriptiopl Formational matevial,gray

SWELL ~ CONSOLIDATION TEST

Froject No,: MO3032GE

Fambert and Associates

Dote ! 3/13/03

Figura: B3
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PRESSURE (POUNDS PER SQUARE FQOT)

Lambert and dssociates

10 100 1000 10,000
Swell Under Constant Pressurc
8 Due To Watking
7 B
6 A
N
J S ot
i N
, \
' 3 \\\
| \
= 1 )
ug; \
o 5
S L \
£ T \
8 I
5
Ed 2
g ¥ Woter added
§ to sample
3
4
A 5
Boring No, 6 SUMMARY OF TEST RESULTS
’ Moisture D:g Dansity | Height | Diametsr | Swall Pressurs
Dapth -5 feet lcontent{%) | (EC.F) {in.} {in,) . {RS5F}
" |initial 13.] 116.0 1.9 1.94 2600 *
Final 20.2 118.0 938§ 1.9 .
| Safl Desgription] Formational material,brown-=gray
SWELL - CONSOLIDATION TEST Project No,: MO30326E
Date : 3/13/03

Figurs:

BY




PRESSURE (POUNDS PER SAOUARE FOOT)

tQ : 100

-

1000, 10,000
Mo HMovemant Under Constanl
Pressure Due To Wetting
0 -y )
hf;‘
1 o
2 \\
\\
h \
5 \
6 \
s 7
[ 1]
&
8 A
5 9
% 10 h Wafer odded
S fo sample
it
|TZ \
Y 13 \\
e No. 9 SUMMARY OF TEST RESULTS
Boring Ho. Moisture Dry Danslty | Height | Diamater Swell Prespucs
Depth -5 FeetiContens (%) | (AC,EL - | (in) | (in.) (R §.F}
initigl 1.0 45,0 1.0 1,94 00 t
[ Fiog! 19.6 116.0 821 1.4 3
[ Sof! Desariptigni Clay,siity,slliohtly sandy.tan
SWELL -~ CONSOLIDATION TEST Project Ne.: MO30326E
, Date ! 3/13/03
Fambert and dssociates v
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PRESSURE (POUNDS PER SQUARE FOOT)

10 100

19900 10,000
Consolidation Under Gonstant
0 Pressure Due To Wetting
.T“-"'""'-v e
2
4
] ° ' '\
8 \
10 \u\
12 .
o b \
2 \
16 A
8 \
& —i8
X
3 20 | N
£ ¥ Water odded
3 10 sample !
22 - \
24
N
Boring No. 12 SUMMARY OF TEST RESULTS
. Molsture Dry Denslty | Height | Diometar | Swell Pressure
Pepth 5-6 feet Content (%) n{c.m {in.} fin.} " (RS F)
initia! 7.2 87.0 1.0 1.9
hﬂmf ‘9.6 ‘11‘}‘& 7 .?61 1.91{ tESS thﬂﬂ 100
Soil Dascription| Sand,gravel,cobbles,clayey ,brown_gray-tan
SWELL - CONSOLIDATION TEST Project No.:  MO3032GE
Dofe : 3/13/03

Fambert and dAssociates

Figure:
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PRESSURE (POUNDS PER SQUARE FODT)

100

1000 10,000
Swell Under fonstant Pressupe
Due To Wettlng
t .
¢ ; Pt
a \\
==t=d ]| \\‘
i k. \\
[3
\
A 2 \\
3 \
4
N
: \
: 6
£ .
0
’ \
2
5 )
3
s 9
2 “Waoter added
3 to sample
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Depth 4-5 Fect |cuirent(o4) | (BG.E). | (in) | (in) (PSE)
initigi 10,9 106.0 1.0 1,94 600 +
inal : 22 .k FRE ] L026 1,94
‘ fét Description | Forgational material.aray
SWELL - CONSOLIDATION TEST Byoject No.:  MQ3032GE
Lambert and Fssoriate Date . 203703
3 Figure: B7
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Boring Ne. 17 __SUMMARY OF TEST RESULTS
Moisiure Ory Density | Height | Diamatar | Sweil Presaure
Dapth 4-5 feet ieanpent{%) Ufc.s:) (in) {in.) (PS.E)
Initiai 9.7 103,090 1 1.0 1.94 N
W, 7.8 T 1 - M

Soll Desgriptiop | Formational matarial.gray

SWELL -~ CONSOLIDATION TEST
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Dapthh~5 feet |Content(%)| (RC.E) L {in} {in.} {RSE)
inita] 9.9 109,9 1.0 1.94 500 *
Fipal 21,2 115.0 940 1,9
Sail Dascription| Formational material,dray
SWELL - CONSOLIDATION TEST Projecs No.: HO3032GE
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Dapth 45 feet |eontant {%) l’gC.F.‘) {in} {in.} {R5.E)
inftial 19 7 94,0 1.0 j.ab
| Eing! 27,3 106,10 . 901 1.84 4og &
Soil Description Clay,sllty.brown
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Bori 22 SUMMARY OF TEST RESULTS
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Depth 4-5 Feet lcontent(%) | (BC.EL | (in) _ | (in.} (B S.F)
initia! 8,4 124.0 1.0 1,54
Finga! 15.5 1500 0681 1.9 800 &
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SWELL - CONSOLIDATION TEST Projuct Ma.: MO3032GE
Date : 3/13/03
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APPENDIX C

GENERAL GEOTECHNICAL ENGINEERING CONSIDERATIONS
CL.0 INTRODUCTIOM

Appendix C presepts general geotechnical enginsering
considerations  for design and construction of structures which
will be in contact with soilg. The discussion presented in this
appendix are referred to in the text of the raport and are
intended as tutorial and. supplemental information to the
appropriate sections of the text of the repoxt.

C2.0 FOUNDATION HECOMMENDATIONS

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

contact stresges must be low encugh to preclude shear
failure of the foundation #oils which would result in

lateral movement of the soils from heneath the foundation,
‘and

., settlement or heave of the foundation must be within amounts
tolerable to the superstructure.

The poils encountered during our field study have varying
engineexring characteristics that may influence the design and
canstruction ‘considerations of the foundations. The
characterigtics include awell potential, settlement potential,
bearing capacity and the bearing conditions of the goils
supporting the foundations. Tha general discussion below is

intended to inareass the readers familiarity with characteristics
that can influence any structuzrs.

C2,1 Swell Potential

Some of the materials encountered during our field study at the
anticipated foundation depth may have swell potential . Swell
potential is the tendency of the scil to increase in volume when
it becomes wetted. The volume change occurs as moisture ig
absorbed into the soil and water molacules bacome attached to or
adsorbed by the individual clay platlets, Associates with the
process’ of volume change is swell pressure, The swell pressure
is the force the soil apples on its surroundings when moisture is
absorbed inte the goll. Foundation design conziderationg
concerning swelling soils include structure tolerance to movement
and dead load pressure to help restriot uplift. The structure's
tolerance to movement should be addressed by the structural

1
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engineer and is dependent -upon many facets of the design
including the overall:structural concept and the bullding
material. The uplift forces or pressure due to wetted clay soils
can be addressged by deslgning the foundations with a minimum dead
load and/ox Elacing the foundations on a blanket of compacted
structural fill.. The compacted structural £111 blankebt will
ingrease the dead load.on the swelling foundation soils and will
increage the separation of the foundation from the swelling
golls. Suggestions and recommendations for design dead load and
compacted structural f£ill blanket are presented below. Comnpacted

structural £411 recommendations are presented under COMPACTED
STRUCTURAL FILL below.

C2.2 Settlement Potential

Settlement potential of a soil is the tendency for the soll Lo
experience volume change when subjected to a load. Settlement ig
characterized by downward movement of all or a portion of the
supportad structure as the scil particles move closer together

resulting in decreased soil volume. Settlement potential is a
function of; :

. foundation loads,
. depth of footing embedment,
. Ehe width of the foodting, and

the settlement potential or oompressibility of the influenced
soil.

Foundation design considerations concerning settlement potential
include the amount of movewent tolerable to the structure and the
design and construction concepts to help reduce the potential
movement, The settlement potential of the foundation can be
reduced by reducing foundation pressures and/or by placing the
foundations on a blanket of compacted structural fill. The
anticipated post construction =mettlement potential and suggested
compacted £ill thicknems recommendations are based on site
specific geil conditions and are presented in the text of the.
report . ‘ '

C2.3 Soil support Characteristics
The sgoll bearing capacity is a function of;

the engineering properties of the sgoil waterial supporting
the foundatlons,

the foundaktion 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,

<2

FLambert and dssociates

COMSULHAG GEOTECHNIOAL EHGIHEEAD anD
HATERIAL TESTING



MO3032GE

S0il bearing capacity and asgociated winimum depth of ewmbedment

‘are presented In the text of the report.

The foundation for the structure should be placed on relatively
uniform bearing conditions. Varying support characteristlcs of
the soils supporting the foundation may wvesult in nonuniform or
differential performance of the foundation, Soils encountered at
foundation depths may ¢ontain cobbles and boulders. The cobbles
and boulders encountered at foundation depths wmay apply point
loads on the foundation resulting in nonuniform bearing
conditions. The surface of the formational material may undulate
throughout the building site, If this 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, Varylng support material will
result in nonuniform bearing conditlions. The influence of
nonuniform bearing conditions wmay be reduced by placing the
foundation members on a blanket of cowpacted structural Lill.
guggestiong and recommendations for constructing compacted

strugtural fill are presented undax COMPACTED STRUCTURAL FILL
below and in the text of the report

¢3,0 COMPACTED STRUCTURAL FILL

Compacted structural £ill is typicall? a material which is
conatructed for direct support of structures or structural
components. '

There are several material characteristics which should be
examined before choosing a material for potential use as
compacted ptructural f£ill, These characteristica include;

. the size of the larger particles,

. the engineering characteristics of the fine grained portion
of material matrix,
the moisture content that the material will need to be for
compaction with respect to the existing initial moisbure
content, the organic content of the material, and
the items that influvence the cost to uze the material.

Compacted £ill should be a non-expangive material with the
wmaximum aggregate size lesgs than about two (2) inches and less
than about twenty five (25} percent coarser than three quarter
(3/4) inch size.

The reason for the mazximum size is that larger sizes may have
too great an influence on the compaction characteristics of the
material and may also impose polnt loads on the footings or floor

<3
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slabs that are in contact with the material. Fregquently pit-run
material or crushed aggregate material is used for structural
£ill material. Pit-run material wmay be satisfactory, howaver
¢crushed aggregate material with -angular grains is preferable,’

Angular particles tand to interlock with each other better than
rounded particlesn,

The fine grained portion of the f£ill material will have a
significant influence on the performance of the £ill, Material
which has a fine grained matrix composed of silt and/or clay
which exhibits expansive characteristics should be avoided for
use as gtructural £ill. The molgsture content of the material
should-be monitored during construction and mmaintained near
optimum woisture content for compaction of the material.

Soil with an appreciable organic content may not perform
adequately for use as structural fill material due to the
compressibility of the material and wltimately due to the decay
of the organic portion of the material,

C4.0 RADON CONSIDERATIONS

Information presented in "Radon Reduction in New Congtruction,
An Interim Guide: OPA=87-009 by the Environmental Protection
Agency dated August 1987" indicates that eurrently therxe are no
standard soil tests or specific standaxrds for correlating the
regults of soil tests at a building eite with subsequent indoor
radon levels. "Actual indoor levels can be affected by
congtruction techniques and way vary greatly from soil radon test
resgults. Therefore it is recowmended that radon texts be
conducted in the structure after construction is complete to
verify the actual radon levels in the home.

We suggeat that you cgonsider incexporating construction
tedhniques into the development to reduce radon lavels in Lhe
residential structures and provide for retrofitting equipment for
radon gas removal if it becomes necegpary.

1

Measures to reduce radon levels in structures include vented
crawl spaces with vapor barrier at the surface of the crawl space
€o restrict radon gas flow into the structure or a ventad gravel
layer with a vapor barrier beneath a concrete slab-on-grade floor
to allow venting of radon gas collected beneath the floor and Lo
restrict radon gas flow through the slab-on-grada floor into the
structure., These concepts are shown on Figure C1.

If you have any quegtions or would like more information about
radon. Please contact us or the State Health Department at 303~
692-3030.

1
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