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Transmitted with this memo is the Geotechnical Report for the
referenced project.

Geatechnical report was written in 1995 and utilized in
Deging/Build New Family Housing in 1858-2000. The geotechnical
report has been revised based on lessons learned.

Whiteman Air Force Base (WAFB) scoils are generally high
plasticity clays that have a "high* potential for wvolume change
with changing moisture content (i.e. shrink/swell).

WAFE geology lends itself to the development of a perched water
table, which can impact excavations for footings and utilities.
Geotechnical report addresses the development of the perched
water table.

Spread and continuous footings should be placed a minimum of 46
inches below the adjacent grade to minimize frost heave and
movement due to shrink/swell.

Select material should be placed within 2 feet of the bottom of
slahs on grade. Utilities require an additional 10 inches of
gelect material .

Pavement subgrades should be compacted to a density of not less
than 20 percent maximum density for non-expansive, cohesive soll
and net less than 95 percent maximum density for non-cchesive
materials per ASTM D-1557. Prior to compaction the material
should be meisture conditioned to 0 to 3 percent wet of optimum.
Expansive, cohesive soils should be compacted to mot less than 88
percent and not more than 93 percent maximum density at a
moisture content of +3 to +8 percent of optimum per ASTM D-1557.

Pavement subbase for rigid and flexible pavements should be
compacted to a minimum 95 and 98 percent maximum density,
respectively, and at a meisture content of -2 to +2 percent of
the optimum moisture content per BSTM D-1557.

The upper 200-mm of the pavement subgrade should ke treated with
5 percent lime by weight. The lime-modified subgrade should then
be compacted to 95 percent maximum density for flexible pavements
and 20 percent maximum density for rigid pavement based on ASTM
1557,

Pavements should be designed with a modulus of subgrade reaction
of 100 pounds per cubic inch or a CBR of 5. Pavement sections
and material reguirements are addressed in the gectechnical
report.
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For questions regarding this report or foundation design
guidelines, please fesl free to contact Jake Owen at 18156) 983-
3238,

ef, Geotechfiical Branch




Documentation for WAFB 03 Family Housing
Project 5/13/03

e A subsurface investigation was performed in 1594 on the
project site for family housing. The project was
scaled back and the project site was not fully
developed. Therefore the soils report finalized in
1995 encompassed the current project site to be
develcoped for family housing.

* Small changes in the gocope ¢f the project required
additional borings.

e A supplemental soils report was written containing
additional data to cover the change in scope from the
previous project.

* Slight modifications were made to the original soils
report finalized in 1995.

* The government developed the specifications for the
earthwork, materials and pavements,

®* The government provided specificationa were taken from
a previous housing project at Whiteman Air Force Base.

* The concrete specifications were design checked by
Scott Loehr EC-GD. SAL 5.18.2003

* The specifications pertaining to pavement and the
original pavement design were design checked by Jim
McBane. Jim McBane EC-GD reviewed modifications to the
originaly soils report and the supplemental soils
report. (ﬁm Ema-j =04

 The specifications for scils and the soils reports were
reviewed, written and modified by Jake Owen EC-GD.
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SOILS REPORT 1995
REVISED 2003

DESIGN/BUILD NEW FAMILY HOUSING
WHITEMAN AIR FORCE BASE, MISSOURI

1. PROJECT DESCRIPTION: This report presents the results
of a subsurface investigation and offers recommendations for
the design of a proposed family housing project located just
outgide the southwest boundaries of Whiteman Air Force Base
(WAFE) , ¥nob Noster, Miszsouri.

We understand the project will be designed and
constructed with 52 units base bid in FY 2003 with the
cption of base bidding an additicnal 100 units in FY 2004.
We anticipate a combination of cne and two story, single or
duplex family housing units. Baszements are considered a
betterment under the design criteria for these structures
and this report assumes that all units will have basements.
Maximum wall loads for the structures will be light, on the
order of 3 to 4 kips per linear foot or less and isolated
column loads on the order of 30 kipas.

The project will include grading, support utilities,
roads, driveways, sidewalks, curb and gutter, landscaping,
and recreational facilities such as fields and playgrounds.
The support utilities include a water diestribution system,
electrical, gas, sanitary sewer and storm sewer.

2. REGIOHAL GEOLOGY: WAFB is located in the northeastern
part of the Osage Plains Section of the Central Lowland
Physiocgraphic Province. The Osage Plains is characterized
by gently rolling plains of low relief, that have formed
within sedimentary rocks of Pennsvlvania age, and are
located along the western border of the state. Geologic
mapping indicates southern limits of glaciation a relatively
short distance north of the project area. During the Kansas
glacial advance, areas to the north of the project were
mantled by thick quantities of unconsolidated materials that
filled previously existing valleys resulting in a greatly
modified topography. Ice blockage and thus the damming of
major tributaries formed lakes which flanked the glacier and
extended south of the present-day Missouri River to with in
18 miles north of the project area. Subsequent erosion and
depositicn by local streams caused several periods of
entrenchment to bedrock and aggradation of alluvial and




colluvial materials grading upwards into loess. As a
result, three distinct alluvial terraces along with thick
deposits of Pennsylvania channel-filled Cype sandstone
{approximately 100 feet in thickness) outcrop northwest of
WAFB from the Missouri southward for over 50 miles. The
WAFB area itself is a large area of wvery low relief and
rimmed on the north, south, and west by low hills rising to
a maximum of 900 mean sea level (m.s.l1.). Relatively thick
unite of overburden “periglacial” deposits exists across the
bage and were derived from the accretion of material
occurring under poor drainage conditions consequent to
glaciation. Today, these periglacial deposits in the WAFB
area overlie relatively flat-lying Pennsylvania age bedrock
units of shale, sandstone, underclays, and thin coals.

3. BSITE GBOLOGY: Whiteman AFE is located atop a gently
sloping plateau within the gently reolling Osage Plains. The
site for the proposed family housing projects encompasses
approximately 77 acres of land and is located just cutside
the southwest boundaries of WAFB, with Lakewview Subdivisicon
located to the north, a newer family housing subdivision to
the east, State Highway 132 to the west, and State Road AB
to the south. Vegetation at the site consgists primarily of
pastureland with a few draws containing woody
vegetation(i.e. drainage swales). Topographically, the site
is hilly with ridgelines located to the scuth, east and
weskt. Elevations on the site decrease in a northerly
directicon at grades approaching & percent towards a draw
located at the center of the site. A total of 110 feet of
relief exists across the =zite, with a high of %15 feet,
m.s.1. to the southeast, to a low of 800 m.2.l. to the
nerth. Surface runcff travels freely across primarily open
pastureland and is directed to the north via draws. The
draws enpty into a medium sized pond located approximately
at the center of the =ite. During periocds of heavy rain,
overflow from the pond moves in a northerly direction off
the site. Soiles typical of the project site consist of
primarily of Pleistocene age periglacial deposits having a
maximum thickness of 40 feet. The sc0il depoasita owverlie
units of shale, sandstone, underclays, and thin coals of the
Cherckee Group from the upper Pennsylvanian Pericd. These
deposits consist predominately of clays having a Unified
SBoils Clagsification of CL or CH. These clays have
demonstrated a medium to high potential for wvolume change
with changing moisture content {(i.e. shrink/swell).

Perched groundwater levels are typically encountered 2 to &
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feet beneath the existing ground surface bassed on antecedent
moisture conditions. A perched groundwater table may
develop after precipitation events and the existence of a
perched groundwater table will vary based on precipitation
events and antecedent moisture conditions. The regional
groundwater surface is typically encountered 15-20 feet
below the existing ground surface. However, groundwater
elevations are variable in this area and should be
considered to fluctuate with seascnal and yearly antecedent
moisture conditiong. 8Soils encountered at WAFB are
typically moderate to severe for corrosicn potential.

4. BSEISMIC CONDITIONS: In reference to data published in
Department of the Army TM 5-809-10, Seismic Design, for
Buildings, dated Oct. 92, WAFB, Misscuri, lies within a
seismic probability area described as Zone 1. This
indicates that should a seismic event occur in the vicinity,
it would prcbably have an intensity such that minor damage
to structures can be expected. The area has a seismic zone
factor "Z° of 0.075 for military building design.

5. BSUBSURFACE INVESTIGATION: A subsurface investigation
was performed by a drill crew from the Kangas City District
Corps of Engineers in MNovember of 1554. The subsurface
investigation consisted of drilling a total of twenty-one 7-
inch diameter hollow stem auger borings, numbered AD-94-15
through ADU-94-35, using a CME-750 drilling rig. Standard
Penetration Tests (SPT's) were performed, which consists of
driving a 2-inch diameter (OD) split-apoon sampler a
distance of 18 inches with a standard 140-pound hammer
falling 30 inches. The field procedure for SPT was conducted
in general accordance with ASTM 1586 at predetermined depths
to a target depth of 21.5 feet or SPET refusal. SPT refus=al
is defined as 50 blows of the standard 140 pound hammer in
one &é-inch depth increment. The field gecologist recorded
the hammer blows for esach sampling interval. The SPT N-
value (which is the number of blows required to drive the
SPT sampler 12 inches after it has seated & inches) is
recorded on the boring logs. The bottom of hole depth,
depth to bedrock, depth of refusal, and tvpe of refusal are
tabulated in Table 1. Table 2 summarizes the results of SPT
testing for each depth increment. Samples of subsurface
materials were cbtained using the 1-3/8 inch diameter
standard penetration split spoon sampler to obtain disturbed
samples through hollow stem augers. Jar samples were
cbtained of representative materials encountered from SPT
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tests and Shelby tube samples. Undisturbed samples were
obtained using a 5-inch diameter, fixed piston, Shelby tube
sampler at a target depth of between 10 to 12 feet.

Torvanes were performed at the top, bottom, and midpoint of
each Z-foot Shelby sample collected. Samples recovered with
the 5-inch Shelby tube samplers were extruded in the field,
logged by the field geologist, double-wrapped with aluminum
toil and sealed with wax in cardboard tubes. Select samples
were then tested in the Missouri River Divigieon laboratory.
The depth of groundwater was measured during drilling and at
the completicon of each boring. All borings were backfilled
with spoils prior to leaving the site.

€. BSUBSURFACE CONDITIONS: Brief descripticns of the
variocus seoils encountered follow. However, the attached
strip logs should be reviewed for actual subsurface
conditions at each boring location. Appendix A contains a
gite map, plan view of boring locations and field strip
logs,

a. Overburden. Examination of the samples cbtained during
the subsurface investigation indicate approximately 1 foot
of topsoil, overlaying typical periglacial deposits of
overburden material (probably associated with Kansas
glaciation) comprised primarily of damp, silty low
plasticity and high plasticity clays, brownish-gray in
color, mottled dark-gray, with some limonite staining and
iron concentrations. The consistency of clays vary from
medium (500-1000 psf undrained shear strength) to hard
(=4000 pef undrained shear strength), with SPT N-values
ranging from 11 to 66 blows per foot, with an average SPT N-
value of 24 blows per foot. A soil described as being
mottled or marked with blotches and spots is an indiecator
that the water table has been in contact with that snil at
gometime and then receded. Therefore mottled =0il can be an
indicator of a variable water table.

b. Bedrock. Bedrock was encountered at deptha ranging from
2.9 to 10.9 feet below the existing surface. Bedrock
consisted primarily of a dense, weathered shale, greenish-
gray to brown-gray in color, with occasional limonite
stains. The hardness of weathered shale is characterized in
rock terminclogy as soft based on SPT WN-values. In soil
terminclogy however, this material could be characterized as
very stiff to hard, with SPT N-wvalues ranging from 17 to
greater than 50 blows per foot. On an average, the
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weathered shale zone extends approximately four feet below
the socil/shale interface as indicated by generally higher
SPT blow counts and decreased water contents prior to
encountering competent bedrock or SPT refusal. A thin
coal/lignite seam approximately 1 foot in thickness was
encountered in boring AD-594-25 at a depth of 8 feet. Boring
AD-94-31 encountersed a moderately hard, dense, brownish-
gray, limestone at a depth of 7.5 feet. Borings ADU-94-17,
ADU-94-18 and AD-94-34 encountered a soft, light-gray,
friable, argillaceous sandstone at depths of 10.9 feet, 10.3
feet and 3.9 feet, regpectively.

¢. OCroundwater. Phreatic groundwater was not encountered
during drilling. However, as previously discussed, ground
water elevations are variable in this area as a result of
the development of a perched water table and should be
considered to fluctuate in accordance with seasconal and
yearly antecedent moisture conditions. 2also, the majority
of overburden material at this site will exhibit low
permeability rates and additional water could accumulate in
borings or excavations left open for longer periods of time.

Therefore, the groundwater elevation will need to be
determined concurrent with construction.

Refer to Table 1 for chart summarizing Bottom of Hole
Depth, Depth of Refusal, and Type of Refusal. Refer to
Table 2 for chart summarizing SPT N-Values,

7. LABORATORY TESTING: Select samples of soil obtained
during the field exploration were tested to determine
engineering and physical properties. Classification
parametera investigated include: natural moisture contents,
Atterberg limits and grain =size analysis. The shear
strength of the scils was evaluated by performing unconfined
compression testz and unceonsolidated, undrained (UU) Q
triaxial compression tests. Finally, swell consoclidation
Leate were performed to ascertain the awell potential of the
goil.

Cverburden material was classified according to the
Unified Soils Classification System (USCS) as either low
plasticity c¢lay (CL) or high plasticity clay (CH), with the
majority being CH.




Table 1. Bottom of Hole Depth, Depth to Bedrock, Depth of Refusal, and
Tyvpe of Refusal.

BORING BOTTOM OF DEFTH TO BEDROCK REFUSAL DEFTH (ft) TYPE OF REFUSAL
HOLE (fi} ()

AD-94-15 ¥ 9.5 (Weathered SH) 1.4 SPT
AD-94-16 * 9.5 10.6 SPT
ADU-34-17 * 10.9 (Sandsons) 1131122 SHELBY / SPT
ADU-94-18 . 10.3 {Sapdstons) 10,7 7 114 SHELBY ! 5FT
AD-74-19 . 19 5.9 SFT
AD-94-20 . 1.7 58 SPT
AD-94-31 * 5.4 (Westhered SH) &8 SPT
AD-94-12 * 5.8 (Westhered 5H) 16.4 SPT
AD-94-13 * B8 (Weathersd 5H) 15.4 EPT
AD-94-24 x 70 L SFT
AD-94-75 * §.0 (Westhered 3H) LY SPT
ADU-34-16 * 9.1 (Westhersd SH) 15.5 SPT
ADU-94-27 215 HIA Hik BiA
AD-04-24 > 6.1 3.1 SPT
AD-4-20 - 4.5 i3 SFT
AD-94-30 * L5 | 5.0 SPT
AD-34-3] . 7.5 (Limesars) 7.7 5FT
ADL-94-32 * 9.5 (Westhersd 5H) 108 / 20.4 SHELBY / 5PT
AD-34-33 - 9.5 (Weathered SH} 154 5PT
AD-0d-34 : 3.9 (Sandnene) 5.9 SPT
AD-94-35 . 8.0 6.2 SHELEY / SPT

* 5ec SFT Refusal Dapih

The Atterberg limits were performed on 15 samples of
overburden material. The overburden material had liquid
limits (LL) which ranged between 22 and 83, with a mean of
57, plastic limits (PL) ranged between 25 and 14, with a
mean of 1% and plasticity indices (PI) which ranged between
7 and 58, with a mean of 38. The moisture content of 48
gamples tested of overburden material ranged between 2 and
35 percent, with a mean of 22 percent. The results are
prezented in Table 2. Forty-eight samples of the overburden
20ills were tested for natural moisture content, the results
ranged from 3 to 35 percent, with a mean of 22 percent.
Thirty-five samples of bedrock material were tested for
natural moisture content, the results ranged between 7 and
41 percent, with a mean of 16 percent. It is important to
note that the in-situ meisture content at the time of the
subsurface investigation is wery near the plastic limit,
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indicating a potential for volume change with changing
molisture content. It should be also be noted that the
shales underlying the overburden material are the parent
material of the overburden. Therefore, the shales will most
likely exhibit similar shrink/swell characteristics with
changing moisture content.

Generally, the classification for potential swell for
this type of material is “high” according to Army Technical
Manual TM 5-818-7, Table 4-1. Other classifications based
on plasticity indices classify this soil as having a very
high potential for swell.

Tabie 2. 5PT N-Values (Family Housing

Units)
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Eesults of unconfined compressive strength testing are
summarized in Table 4 and include the unconfined strength
(d.), dry density, natural moisture content, and the depths
corresponding to the test locations.

Unconsolidated, undrained (UU) Q triaxial compression
tests were performed on a sample obtained from a depth of
10.0-11.9 feet in boring ADU-94-27 at initial confining
pressures of 1.0, 2.0, and 4.0 tons per sgquare foot (tsf).
The results are presented in Appendix B of this report.

Two consolidation tests were performed on samples
of overburden material cbtained from a depth of 10.0-11.9
feet in borings ADU-94-26 and ADU-94-27. Consolidation
testing indicated an overconsclidated scil with a

preconsolidation pressure ranging between 0.07 tsf and 0.16
tet.




Table 3. Liguid Limit and Plastic Index Test Results
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Table 4. Unconfined Compressive Strength and Dry Density Test Results.

Depth Dry Density
(feet) (p.c.f.)

ADU-94-17 10.0-11.2 ; 114.54
ADU-94-26 10.0-11.9 : 103.43

Boring Number

A gwell test was performed on an undisturbed sample
obtained from boring ADU-94-26 at a depth of 10.0-11.9 feet.
The results show a percent swell of 0.3% at a swell pressure
of 500 pef. Based on these results, a layer of material 10
feet in thickness would be expected to swell approximately
0.3 inchee when subjected to a vertical restraining pressure
of 500 paef. It is important to remember this prediction
applies only to the material at the insitu moisture and
density. If the material is allowed to dry excessively
during comnstruction and is then given accesg to water, the
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material has a much greater potential for swell even when
subjected to a greater vertical stress. Historically,
expansive soils have resulted in heaving slabs-on-grade in a
number of structures at WAFEB where imported f£ill material
beneath the slab contained weathered shale materials.
Although in discussicn with the installation, this
apparently has not been a significant problem with the
existing housing units at WAFE. The approximate floor slab
elevations for the new housing units would correspond to the
approximate elevation of weathered shale bedrock, therefore
gpecial precauticns should be imposed during design and
construction to prevent the potential for swelling or
shrinking.

Results of the laboratory testing performed on selected
gsamples obtained from the project site are included in the
appendix of this report.

8. BSITE PREPARATION RECOMMENDATIONS: Site preparation will
include the removal of any debris, stumps, rcots, and/or
other deletericus materials from the =site and disposing of
thege materialas cutside the limites of Government-controlled
property. All existing topsoil should be removed to a depth
of 12 inches and stored at a designated area.

Depending on the final design, some structures could be
placed on engineered f£il1l. Engineered f£ill is any material
with specific compaction requirements. Prior to placement
of engineered f£ill, the native ground surface should be
scarified to a depth of 6 inches and compacted to the proper
moisture and density according to the material type. Sloped
surfaces greater than one wertical to four horizontal should
be benched or stepped pricor to the placement of any new
£fill. Engineered fill consisting of high plastic clays
should not exceed a depth of cne footing width. If an
engineered fill is regquired greater than cone footing width
the high plastic clay material should be mixed with lime to
reduce the plasticity index below 18. Cochesive material
should only be used for construction of engineered fills to
within 2 feet beneath the bottom of slabs-on-grade and the
backfilling of exterior elevations. Undisturbed soil and
compacted cohesive fill within 2 feet of the bottom of
slabs-on-grade should be removed and replaced with a non-
expansive, satisfactory sslect material.




Borrow material for the construction of engineered f£ill
should be obtained from approved on-base stockpiles or from
an approved borrow source off the limits of government
property which has been investigated and classified
according to Unified Soil Classification System by the
Contractor. BSatisfactory and unsatisfactory materials will
be classified according to the Unified Scils Classification
System (USCS) criteria. Satisfactory materials will include
the classifications GW, GF, GC, GM, SW, S5C, SM, ML, CL, or
CH, and unsatisfactory materials will include the
claggifications of MH, SP, OL, OH, or Pt. Cohesive material
with a liquid limit of 50 or greater and a plasticity index
of 18 or greater should be classified as expansive and
requires special procedures stated herein. Stones greater
than 3 inches in diameter will not be allowed in £ill
material. BSoil like materials obtained from the
excavations, e.g. intensively weathered sedimentary rock
such as sandstone, shale, or underclay, will not be
considered satisfactory for use as borrow.

Materials placed in the engineered f£ill should he
placed in loose lifts not to exceed 8 inches in thickness.
Select material to be compacted in areas adjacent to
buildings, under footings or underneath slabs should be
placed in loose lifts no greater than 4 inches in thickness.
Compaction shall be accomplished by approved equipment well
suited to the material being compacted. Prior to
compaction, the moisture content should be adjusted to 3 to
8 percent wet of optimum for expansive material and -1 to +3
percent for nen-expansive cchesive materials according to
ASTM D 1557. It should be noted that the use of a drving;
i.e., type-C fly ash, will be allowed: however use of a
drying agent will be considered a means of aeration chosen
by the Contractor to allow him to meet construction
schedules at no additienal cost to the Government. Each
lift of expansive cchesive material should be compacted to a
range of 88 to 93 percent maximum density and 90 to 95
percent maximum dry dengity for non-expansive cohegive
material according to ASTM D 1557 Methods A, B, C or D.

Each 1ift of select material should be compacted to 95
percent maximum density. In-place densities of engineered
fill should be determined using ASTM D-1556, ASTM D-2837, or
AETM D-2922 in conjunction with ASTM D-3017. If ASTM D-2922
is used for field density control, there should be at least
ohe test performed according teo ASTM D-1556 per ewvery 10
tests performed -according toc ASTM D-2922 for wverification of
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results. Field density tests of the site grading operatiom
should be performed at a freguency not less than one test
per lift per 1000 square yards of every 8 inch lift. Field
density tests of material placed beneath the building
foundation should be performed at a frequency not leas than
one test per 275 sqguare yvards of every 8 inch lift.

Working surfaces should be sloped to prevent the
ponding of water during construction. Excesgsively wet
material will either need to be aerated or removed from the
fill area prior to the placement of any subsequent lifts.
Frozen material will not be not be allowed in the fill.
Approved compacted fill should be maintained at the proper
moisture and density condition until the slab-on-grade,
foundaticn, or pavement is completed. Within 48 hours of
bringing the building area surface to finished grade, a &6-
inch working platform should be placed over the surface to
assist in maintaining the desired moisture content range of
the native materials. Areas disturbed due to construction
activity should be recompacted to the specified moisture and
density. Fill within the building area should be
conatructed to the finished grade elevation before the
foundations are constructed.

5. DESIGN RECOMMENDATIONS: The proposed units should be
constructed on shallow foundations consisting of individual
or continuous spread footings. TFoundations should be sized
usging a net allowable bearing pressure of 2,500 p.s.f. 1In
order to minimize differential settlement, all foundations
should bear entirely on natural subgrade or a minimum depth
of engineered fill equal to one footing width. Total
anticipated settlement of this foundation system should be
on the order of ¥ inch. Foundations should bear a minirmum
of 46 inches beneath adjacent finished grade to be below the
depth of seasonal moisture variation. Foundation trenches
for continuous footings should be excavated to the required
depth and width with a minimum amount of disturbance to the
bearing material and thoroughly “crumbed out”. Adequate
drainage should be provided to prevent ponding of water both
during and subsequent to construction. All runcff should be
collected and directed away Ifrom structures and excavations.

To reduce the potential for swell in the native shales
and high plasticity soils, the material within 2 feet of the
bottom of the building slabs-on-grade should consist of
gelect material and the capillary water barrier material.

13,




The minimum limits of the area filled with these materials
should be the area inside the foundation walls or, if the
building foundaticn is a aslab-on-grade, the area within the
foot print of the building. In order to protect the
uncevered or placed and compacted expansive soil surface
from drying, select material should be placed on this
surface at least 8 inches deep immediately after uncovering
or placing and compacting material. This laver of select
material should be used as a working platform, with
excavationg for footings and utilities being made through
the layer. Any excavations through the working platform
should be backfilled with select material the entire depth
of the excavation within 48 hours. 8ix inches of capillary
water barrier material should be placed above the top of
this select material. 2all expansive soil surfaces shall be
protected from excessive moisture as directed by the
Contracting Officer.

Slabs-on-grade should be designed using a coefficient
of subgrade reaction of 75 pounds per cubic inch (pci}. &1l
slabs-on-grade floor slabs ghould be isclated from load
bearing walls. HNon-yielding walls backfilled with native
clay materials should be designed using a coefficient of
earth pressure at-rest (K;) of 1.0. The expansive nature of
the native clays must be conaidered in addition to at-rest
earth pressure conditions acting on the wall. HNon-yielding
walls backfilled with granular materials should be designed
using a coefficient of earth pressure at-rest (K.) of 0.55.
Yielding exterior walls backfilled with native clays
materials should be designed using a coefficient of active
earth pressure (K.} of 0.75. The resistance of concrete
against sliding when placed on clay material should be
determined by using a coefficient of sliding of 0.35 for the
area of concrete in contact with the elay. The passive
resistance of the soil ghould not be used to resist lateral
forces. A moist unit weight of 120 pounds per cubic foot
{pcf) should be used for the weight of the backfill
materials.

Backfill material placed adjacent to footings or behind
retaining walls should be placed in loose lift that are a
maximum of 8 inches in thickness when compacted with heawvy
mechanical tampers or a maximum of four inches when power
driven hand compaction equipment is used. Heavy egquipment
for spreading and compacting backfill should not be operated
closer to foundation walls or retaining walls than a
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distance equal to the height of the backfill above the back
of the wall or wall footings.

Excavations for utility trenches will need to be
braced, shored, sloped, or made with a trench block, per EM
385-1-1 to protect workmen, adjacent structures, and
pavements. Excavated material placed near a cut must be at
a distance greater than the depth of the excawvation.
Depending on the season of the year, the loecation of the
excavation, the depth of excawvation, and the length of time
the trench is left open, groundwater control maybe required.
Typical clay materials encountered at WAFB have mcderate to
severe corrosion potential. All recommendations for
buildings should be followed during the installation of
utilities. There should also be an additional 10 inches of
select material placed on the working platform subsequent to
ingstallation of utilities.

10. PAVEMENT SITE PREFARATION AND CONSTRUCTION: Any
remnant of existing construction debris should be completely
removed and properly disposed of in designated areas.
Topsoil should be stripped to a depth of 12 inches and
stockpiled for later use. Due to the potential for high
volume changes of the subgrade with varying soil moisture
content, the upper 6-inch subgrade below all flexible
pavement secticns should be lime-medified according to Army
Technical Manual TM 5-822-14 to reduce plasticity and
provide a working platform for construction traffic. Areas
of subgrade which hawve potential for accumulating high
volumes of water below the roadway pavement (normally at
pavement low points) should be constructed with transverse
under drains to ocutlet trapped meoisture. Sloped surfaces
steeper than 1 vertical to 4 horizontal should be stepped or
benched prior to the placement of any new £ill. New fill
should be placed in uncompacted lifts not to exceed 8
inchezs. Stones having a dimension greater than 3 inches
will mot be permitted in the engineered fill or pavement
subgrade. Native clay materials used for £ill to construct
parking areas should be compacted to a minimum of 30 percent
maximum density as determined by ASTM D-1557 methods B, C or
D. The lime-modified subgrade (upper 6 inches) of flexible
pavements should be compacted to 95 percent of the maximum
density as determined by ASTM D-1557 method B,C, or D. The
subgrade {upper & inche=z) of rigid pavements should be
compacted to a minimum of 20 percent of the maximum density
as determined by ASTM D-1557 methods B,C,or D. Compacticon
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of native clays materials beneath grassed areas or sidewalks
need only be compacted to a maximum density of 85 percent of
the maximum density. The moisture content of the subgrade
materials should be adjusted either by moistening or
aerating as required tc a range of 1 to 4 percent wet of
optimum moisture. Frozen materials will not be permitted in
the £ill. Flexible pavement base course should be compacted
to a minimum of 98 percent of the maximum density as
determined by ASTM D-1557, method B,C,or D. In-place field
density tests should be obtained in accordance with ASTM
method D-15556, or D-2922 in conjunction with ASTM D-3017.
Field density testa should be taken at a frequency not lezas
than one test per each B-inch lift of ewvery 300 aquare vards
of subgrade. Field density tests should be taken at a
frequency not less than one tesk per each 8-inch lift of
every 500 square yards of base course. Material gradation
and moisture testing should be performed at a rate of one
test per embankments or f£ills, the working surface should be
gloped to prevent the ponding of water. After completion,
newly graded areas should be protected from traffic and
erosion. The pavement design is shown in Appendix C of this
LTEpDOEE..
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APPENDIX A

SITE MAP
PLAN VIEW OF BORING LOCATIONS
FIELD STRIP LOGS
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AD-94-16

e SILTY LEAN CLAY - (Topsall), med, dmp,
' CH ak brn, rootlets
2—
21— lss 11 FAT CLAY - siy, med, dmp, mof bra-gry.
el e CLL ‘\ rootiets, limonife throughout
" ’
4T LEANI CL?Y - .sf_'?v Stf, dmp, mat bri-it
3 ' gry, lImonife st, fe conc
R
!
ELS SHl\ SANDY CLAY - stf, dmp, mot gry, limonite
125¢3i—.|:|5_|h|? o 451 extensive fhroughout. cit £7dg
7 8 I%‘é“ \TOP OF BEDROCK
/5 \ SILTY SHALE - so, d. mss. g;'n-tarn. mic

SPT Rerfusal
No Water Encountered




ADU-94-17

10

15

20

FC|

SITY LEAN CLAY -(Topsoll), med, dmp,
cfk brn, rootiers

j_l'
23 EJZ_—E

J-ﬁCL

FAT CLAY - sly, med, dmp, mot brirgry,
fimonite st throughout, roctiets, fe conc

20 IE

"EE
26 &

LEAN CLAY - sif, dmp. mot bro-gry.
tmonite st throughout, occ Te conc, occ cfit
frag

18 '.
14 SG'JG_F
e 12 L 94

SANDY CLAY - sff, dmp, mof bro-gry.
monite st throughout, ccc e conc, ccc ot
frag

7, 5"&|3
'|

SILTY LEAN CLAY -v sif, dmp, mot bri-gry
TOP OF BEDROCK

SHALE W7 S0 -v fy xin, so, mss. ltgry.v T
gr. st by limonite throughout, mic, poorly cmid
tv frilto fol

SPT Refusal

No Waler Encountered
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FL

SILTY LEAN CLAY - (Topsoll), med, dmp, -

— CH

ViR

;4L'| == ll'.

21 5= b

23 so—dSAL \
| 1-30-941

T", 5-| & I %u-

No Water
Encountered

\ gk brn, roctlets

llmenite st throughout, cce fe cone, rootlets

i \ FAT CLAY - sy, med, dmp, mot brn-gry,

FAT CLAY - sly, sif fo v siT, dmp,
\ met It gry, {imonite st throughout, occ reotlets
Y

FAT CLAY - med, dmp, mat It gry,
{imonlte st throughout, cit frag

chf frag

SANDY CLAY - med, dmp, mot gry,
limonlte throughout, fe conc throughout,
mudstone occ

TOP OF BEDROCK

SHALE W/ SD -ar.v fy xIn, s0. mss, If gry,
v I gr, mic, poorly cmfd

SFT Refusal
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e —\ SILTY LEAN CLAY - (Topsoll), med, dmp.

dk brn, roofiets

5
L SILTY LEAN CLAY - med, dmp. mot bro-gry,
4+ roctiet, limonite throughout

g —
”5"_‘——~| . TOP OF BEDROCK

Q;94
T"&1%" STy SHALE - so, d, mss. grovbrn, mic,
\ limonffe on bdd pin

SPT Refusal
No Water Encountered
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No

[FC| SILTY LEAN CLAY - (Topsoil), med. dmp.
s dk brn, rootlefs
3— CL .
ooy 182 B8 g ean Ay sly, stf, dmp, mat bro-gry,
_ = w_dSh Hmenite throughout, rootlet, occ fe conc

12 50— . \TOP OF BEDROCK

I I-3q-94

7" & 1" A ILTY SHALE - so.d. mss, gro-brn, mic

10 SPT Refusal

Water Encountered
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IFC SILTY LEAN CLAY - (Topsoil), med, dmp.
l dk brn, rootlets

21 '35 FAT CLAY - sly, stf to v sif, dmp,
gk brn, lmonite st, rootlets, occ fe conc,
03] . occ f grv size cit frag

22 71 = 50 3? TOP OF BEDROCK

i
153‘55.;1{ e —— v Sy

I ‘2%‘?4 SHALE - with, so. d. mss, gro-gry. lmonlite
&l f(shk on bad pin, occ mudstone, sly throughout

SFPT Refusal
No Warer Encountered
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:rF—C SILTY LEAN CLAY - (Topsoll), med, dmp.
_\ dk brn, rooflers
3]
13—
e FAT CLAY - sly. med fo stf. dmp,
s?:é mot gry, lImonlte st throughout, rootiefs
15 ¥ i
FAT CLAY - sly,v sif, dmp. mot
- rc:;—:: cL \ wht-gry, iimonite st throughout, occ fe conc
s LEAN CLAY - sly,v sif, dmp, mot
: 42-535—*1:_'__ whi-gry, llmonite st throughout, oce fe conc
&p TOP OF BEDROCK
SHALE W/ 5D -wih so, d, mss.%:nfg%w
limonite on bdd pin, dk gry pfgs throug :
wy | \ sly
1§ 50—

5 -2‘?:;-?4 SHALE - wth, 0. d, mss, grirgry, Imonite
&1 \ On bdd pin. dk gry pigs throughout, sly

SFPT Refusal
No Water Encountered
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SILTY LEAN CLAY - (Topsoll), med, dmp,
dk brn, rootiets

FAT CLAY - sit, med to stf, dmp,
brr-gry, rootiets, llmonite st throughout,

— N\ occ cff frag, fe conc

SANDY CLAY - stf, dmp, mot gry,

T
3
I8 jd—
; -
- CH
a2t
20 ;5
| 34_{
20 B—
0
: e 1
18—
18 37 =i
iSh
15
8 504

TOF OF BEDROCK

SHALE -wth so. d. mss, grirgry. fe
st on bdd pin, occ dk gry prgs throughout

\ IImenite st throughout, fe conc

— SANDY SHALE - so, d. It bi-gry. mic, calc, sly

| 1-29-94\

7" & 13" SPT Refusal

No
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EC

CH

2-15h
| | -29-947 0P OF BEDROCK

1250

™ &1 %u

SILTY LEAN CLAY - (Topsofl), med, dmp,
dk brn, roctiers

FAT CLAY - sly, med, dmp. bro-gry,
[Imenite st throughout. occ fe conc, rootlets

LEAN CLAY - sly, sif, dmp, bro-gry.
lImenife st thrpoughout, occ fe conc

SHALE - sly, s0, d, mss, grn-brn, mic,
\ some fri zones

SPT Rerfusal

No Water Encountered
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EC SILTY LEAN CLAY - (Topsoll), med, dmp.
dk brn, rootflets
3=
5
zaﬂ CH F AT' CLAY - sly. med, dmp, mat brirgry,

limonite st throughout, fe conc, rooilefs
EJ—E 64 47

29_ g1} | TOP OF BEDROCK
gl 97
w¥ami—— \ SHALE - wih. so.d, fhick bad, grm-gry,
Coctl—f’/l | -28-94 limenite throughout, mudstone - F grv size
™ &I %"

ggﬂu’ SHALE -so, d. dk brn fo bik. med
d

COAL - so, d, bik, llgnite

S5FT Rerfusal
No Water Encountered




10

15

20

ADU-94-26

FCl SILTY LEAN CLAY - (Topsoll), med, dmp,
f dk brn, rootiets
fEE—_C ;
"6 BEHLET 0 FAT CLAY - sly, stf to v stf, dmp,
611 mot brn-gry, Imonite st throughout, occ Te
B ”—_" conc, occ rootiet
-6 FAT CLAY - siy, med to stf, dmp. mot

"
25 #—=d | 82 58 prpeary, limonite st throughout, fe conc,

ocC mudstones
TOP OF BEDROCK

g

Sh

SHALE -wth, so, d, mss, gro-gry, mot w./
—‘\ llmonite si, mud stone rhroughout

2522
20 50

~ SHALE - so, d, mss, gro-gry, occ llmonife
| 1-28-394 on bdd pin, occ dk gry Is on bdd

Tn. 5“ & l %n
SPT Refusal

No Water Encounterad




0

15

20

25

ADU-94-27

£C SILTY LEAN CLAY - (Topsoll), med to so,
| damp, gk brn, rootlefs '
1 SILTY LEAN CLAY - med, dmp, mot brn,
g rootiets, occ fe conc
2| 2 BO 42 %
P FAT CLAY - sly, med fo sff, dmp,
2127 ‘\ met dk gry, limonite st throughout, fe
cone
| CH
it FAT CLAr - sly, stf, dmp, mot ak gry.
lImonite st throughout, occ fe conc
5.4 FAT CLAY - sly, med to stf. mst,
55 "ot mot bro-gry. llmonite st throughout, occ
fe conc
LEAN CLAY - sly,med, wef, mot brn,
5 lImonite st throughout
5 Iz CL| 49 31
| | -23-94 No Refusal
T, 5" &1 %"

No Wafer Encountered




10

5

AD-34-28

FCI
T

\

SILTY LEAN CLAY - (Topsoll), med, dmp,
dk brn, rootlets

FAT CLAY - sly, med to sif, dmp.
mot bri-gry, rootlets, limenite st fhroughout,
occ fe conc

\
Ish| \
zsso" T\ FAT CLAY - siy, stf to v i, dmp,
| | -23-94 mot brn-gry, occ roctlets, extensice stg
7" & | 35" | throughout due Yo limonite

TOFP OF BEDROCK

SHALE - wih, so, d, mss, gro-gry
sdy, dk gry lam

SFT Refusal

No Warer Encountered




33;33‘;
35

AD-34-29

g SILTY LEAN CLAY - (Topsoil), med, dimp,
cu \ ak brn, roofleis
el
13— FAT CLAY -sly, med fo sff, dmp.
23— limonite Throughout, rootlets

5 \ mot bro-gry, fe conc, mudstfone frag,

TOP OF BEDROCK

| |-23-94 WEATHERED SHALE -v sly, so, d, mss,
T & " \grn-brn w/ viens of dk gry throughout, mic

SFT Rerusal
No Warer Encountersd




in

0

/5

AD-94-30

FC; SILTY LEAN CLAY - (Topsoll), med, dmp,
dk brn, rootlets

2 =]
2= cH

G FAT CLAY - sly, med, dmp, mot brn,
PR, S— roatlet, coo fe conc

o | \ T0P OF BEDRECK
Sh|
022 WEATHERED SHALE - so, d, mss, grirgry,
b ) . Is conc throughout, occ lfmenite st on bdd
| 1-23-946in, dk gry lam
&%

SPT Refusal
No Water Encountered




AD-94-3 |

EC SILTY LEAN CLAY - (Topscll), med, dmp.
dk brn, rootlets
0
5 22759 o FAT CLAY - sly, med to sif, dmp,
el mot bri, roctlets
ey :M&n FAT CLAY - siy, v sIT To stf, dmp,
8 50— \mor bra, llmonife throughout, roctiets
Ls—11-23-94
10 T & | %"= num sly claystones
\ GRAVELLY SANDY CLAY - sly, stf, dmp,
mot brn, Himonite , fe conc
\ TOP OF BEDROCK
15 ’

'\ LIMESTONE - mody id, d, brirgry

SPT Refusal
No Water Encountersd




0

15

20

ADU-94-32

FC SILTY LEAN CLAY -(Topsocll), med, dmp,
\ dk brn, reotiefs
e
23 2= FAT CLAr - sly,med to sif, dmp. mot
|CH or brn to gry, mot due fo limonite st
3 55;‘_} throughout, fe conc, rootlets
B ==
b
. it FAT CLAY - sly,stf, dmp, mot gro-gry,
23 iz =] iimonite st throughout, fe conc
e \ TOP OF BEDROCK
WEATHERED SHALE -wth, so, d, mss. mot
gry. llmonite on bdd, frac easlly along &
agcross bdd pin
IT=
<~ —HSh
19 284
T WEATHERED SHALE W/ SD - so,d. mss, If gry
T 50—
I 1=22-94
-I,rn' 5|| & | %H

SPT Rerusal

No Warfer Encountered




ADU-94-33
FCl

CL

SILTY LEAN CLAY -(Topsoll), med, dmp,
ak brn, roofiefs

LEAN CLAY - sly, med fo sif, dmp,
mot brn, y/or limonite blobs, ccc fe conc,

I—]
d rcotlets
30 ?:E! \
o

: %CH ‘FAT CLAY - sly, med, mst, mot brovgry,
22 N

ss 41 Himonite st throughout, occ fe cong, oce cft
\ frag, num hematlle st

TOP OF BEDRGCK

sh WEATHERED SHALE - wth so, d, mss,
mot brorgry, frac easily, limonite st

| 1-22-94 SPT Refusal
5 &I13%"

No Water Encountered




o]

[5

AD-94-34

SILTY LEAN CLAY - (Topsoil), med, amp,
B gk brn, rootlets

FC
24 r—p=—"83 43\ §ITY LEAN CLAY - med, dmp, mot bro-gry,
CH £ \ | rootlet, fe conc, mudstone frag, limonite st
Shl 28 1
e

SANDY CLAY -v sly.v sIT. dmp, mot v-gry,
IImonite st throughout, mudstone Frag
1 1-22-94

7" &1%" | TOP OF BEDROCK

WEATHERED SHALE - ar,
50, mss, v Ty xin, it brn, poorly cmidg, fri

No Water Encountered




ADU-94-35

[FC

s 10FC

28 5]

N

i
22 Tis—

5 —
23 71
sh

7

25—

SILTY LEAN CLAY - (FIil), med, dmp,
dk brn, roctiets

GRAVELLY SANCY CLAY -(Fill), med, mst,
mot brn, llmonite st, occ ¢ sd gr, occ ¢l frag,
roctiets

grv zone

f —\\| 7or oF EEDRaCK
h-, WEATHERED SHALE - med, dmp. whi-brn.

\ occ Mmonite st

SANDY WEATHERED SHALE - sif, dmp, y-bra,
limonfte throughout, org debris

WEATHERED SHALE - so, d, mss, grorgry. claystone

1877 gp—d T\\ conc, some llmonite on bdd pin

§ [=22=94

7", 5" & | %" WEATHERED SHALE -ar,
\ so, v fy xin, It bro, poorly cmtd

SPT Refusal

No Warer Encountered




APPENDIX B

STRENGTH TESTING DATA

CONSOLIDATION TEST DATA
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TYBE OF SPECIMEN | wiosnmeen | | |
| WATER CONTENT % | w | wo | | |~'
5 oo many | il e | 'r |
= | satymanion % | s | sas | | |
DRY DENSITY (ib/fA%) | ] e [
TIME T FAILUBE (min] | H | -
UNCONFINED COMPRERSHVE STREMGTH [t/52) | = 106
UNCRAIMED SHEAR STREMGTH  (1/te%2) | 143 |
| RATE OF STRAIN {%/min] 5 |
INTIAL SPECINEN DIANETER (in) | ol ta | |
NITAL SFECMEN HEIGHT  (in) | W | 2:8 | |
DESCRWTICN OF SFECMENS. 1) BANDT CLaY, O
- 4200 | P 1800 |  m: 2800 || & =
REMARME. FROELCT WHITERMAN 475

1] 1.0 757 TORWANE

BORING HO. ADU 34=-17] SAWPLE WO, 1 W=1

TEEH, 53 | D/ | 100-11.7

LABORATORY [ DATE [ /o895

UNCONFINED COMPRESSION TEST REPORT

Figure 1




FALURE SKETCHES
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b L,
AXIAL STRAIN (%)
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]

SniBcL P =] | |
TEST MO, | | | |
TIFE OF SPECIMEN | unpisTuRzED | | |
WATER CONTENT % [ 232 | | i
o [ Yoo mamo ik _i = 062 | | i
= | samumance = | ¢ | 102 | |
| DRY DEMSTTY (I8/093) o | o | |
TE 70 FALLFE {min} Fonol e | i
UNCONFINED COMPSESSHE STRENCTH (1/H2) | o | 205 |
UNDRAINED SHEAR STRENGTH  (1/1%3) | = |18 |
RATE OF STRA %2/ min] o= |
INTAL SPECIMEN DIAMETER. (in) | b | 13 | |
WTUL SPECUEN REIGHT  fin) e | s | |
DESCRIFTICN F SPECIMENS: 1) FAT CLAY WITH GRAVEL, CH
W 560 | m: 1200 | P mm |  ws: 2z
REMARKS: PRGJEST  WHITEWAN AFE
1) SPECMEN CONTANED LARGE AMOUNTS OF GRAVEL
BORMG MO ADU 54-360 SAMPLENO. | W=l | | |
TECH. 5SS | CEPTH/ELEY | wo-11§ |
LASORATORY | [WTE [ 112,08 |

UKCONFINED COMPRESSION TEST REPORT

Figure 6§




FALURE SMETCHES
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%33 75 0 75 10.0 125
TCOTAL STRESS, p {1/ft2)
?.5:III TZ1 14 . I3 IBARRER] -1 =
E /,ll—-—._lu !{ -_I: SrMECL | (] | A o |
t fﬂ“.____-‘h‘& TEST MO, | a1 | o2 3 |
Lo ‘ WATER CONTENT (%) | . 1w4s | 1832 | x|
§ E ff | 3 IR CENSTTY (bsmen) | wsse | mosE | 1oasd
S s l S| 5[ samumaen (=) | mm1s | seds | 8se
o= ;{ "*--..L____L_; ' 3 | VCHD RATI | 0586 | 0S¢ | o6l
g 2
v i WATER: CONTENT (%) | 1948 1735 | 184l
T 3 § OFY DEMSITY {l/FAZL | [05.46 1140 | 10520
=
; E 1 E SATURATION (%] | &Rg2 71,43 B2.78
B 45 - ; 7 | o0 aamd | osse 0512 0.601
é j | Back PRESS. (/w) | 0.0 2.00 0.00
= 1 | umoR PRM.SRESS (R | o0 | 2oo ap0 |
3 |wsoevsmessqymn | se2 | sss | rw |
| 1| TIME TO FALURE {min) I s 17 5
u-ﬁll pidseinnganggaileesernypyigyyrapanglppaapiail e
2. K i), 1E, 20 25. | RATE OF STRAM MR (%/min) | 05D 0.50 050
VERTICAL STRAIN (o) INTUL DWUETER (in] R 137 | 13
COMTROLLED STRAIN TEST | INTUAL HERGHT (in] | 3m | s | 30
DESCAIFTION OF SPECIMENS: 1) LEAN CLAT WITH SOME SAND, L 2
3
w42 e 14 |m 28 g5 270 | TPEOF SPECMEN UNDSTURBED | TREOFEST  wu {g)
REMARKS, | PADECT  whTEMaN 3
1] GARK TELLOWISH SAOmN | PROJECT NO.2104
L} MOW CALCARECUS | BORING M0, ADU 54-Z7] SAWPLE WO W=1 | W=i | ==

[V 1 .50 T5 TORMANE

| TECH. US55

| oERTH/ELEV

| LegoRATCRY | pwiE

0p=115 | 0e-irs | too-i1g
| waomes | wiEafes | il

]
1

TRIAXIAL COMPRESSION TEST REPORT

Figure 11
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VOID RATIO

:C:

]

0w
v o [ TR

I

(h

o
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¥

1-1II|I

o
(%3]
o

T T rrrr

e BiEE % T
o N
:n.ac'zr | | L D\ \ |

B

[ ]
in
wo LT LT LN 10T

8.10 3 1.00 10.00
PRESSURE (t/fi2)
1
| BSPORE TEST AFTER TEST
| OVERBURDEN BRESSURE (1/1"2) | WATER CONTENT (%) 73.332 1 23,139
PRECONSOL. PRESIURE (1/41%2) | bRr DEnsTY (b/#73) 100,559 | 104537
| coweRession NDEX | SATURATION (%) 83.188 1 102.901
TIPS SPECIMEN | | VOID RaTIO 0,578 | osn
O (in)  2.500 | wr.gny 1,000 | BACK PRESSURE (t/11%2) l
CLASSIFICATION  Far clay with gravel, CH
L E80 | oL 180 ] P 380 | PROJECT WHITEMAN 478
G5 2.700 | 81g | Deta Fite: 8:WM07.04T
REMARKS | BORWG ND. AU 34-26 | sampLE NO. W-1
| DEPTH 100-11.4" | DATE 2/18/85

| U.S.Army Corps.of Engineers

| CONSOLIDATION TEST REPORT

Figure 3




g aandyg

G6/51/2 31vo ELL-00L Hid30

; SIAUND INWIL W

: I-M  ON 31dHVS 9z~ 6 NOY IHIHOH
1531 NOILYAITOSNOD T R
m._wm:__wcm E.mnﬁ_DQ MEL{,W.D X . A4 HYHILNM  123r0ud

(un) JWIL

_ : _ i _ B
00°00001 000001 00001 0001 Co'l 010 1 Se00
SR U =W A= A-——tHHHH T —| 0200
- (=)
: &
el A=A A s1ee 2
4 5 1118 | ; =
£
” iz
ool i =
SEN L e - -+H—|—J o0
T T P o
¢.®q. A - He
_rlu.‘.IH
,.,m,._mv.ff ! :
o S A HH A= HFFE =l Al Seoo
gt . |- i -
o =00 TG EE WHa-d e :
! L . L1 oooo-

¢ 0 1[0 S0V S200 (zwN): Fuaba




¢ aandjg

SIAUND ANIL s6/51/2 Avo &11-001 nidia
=M ‘OH ATdNYS aZ—F6 Ny 1
1S31 NOLLVAIOSNOD e
: IV EOMM A apd Bndg
sloauibu’y jo'sdio) Awiy's N —
(L) JniL
0000001 0o 000l 00 ool a0 0l 0ol 0lo 100
E T —— —— : —— 7 - - 0900
e a4 TE :
ﬁh\f { _M_._hl_l._. 1) =
. : I ]
o0 SO SR L 0 ﬂ__ﬂ?__ e ad ] [0 00, UM 1} ] o e O 1 8 s | docoo
e N e Bl e . WHEE e —H A :
I...__.,,.ﬂ A.v_m.l.m”.ri? 1 =
m{.@b.,, i —
i A.v.hw- rﬂ..{.dﬂ.r g _“hﬂ
e et AL e A i it 2N <591 Nente N = —1tH-H-H——] oroo B
%ﬂﬁ.ﬁa% W - &
ﬂ |{|r 5 _.a. u
r._‘..__ _.H__I _..H..”_
T it | : 0
| EEEATR i ) 0l " B A —HHA A —ocoo !
g mer i Bt
=
)
e ol
o0 :
tx W ) SRS 4 2 I N A——t U eeeo
.m,_"n._m..v .E....n. =
: . ol __ 2
YHTE
. L = ke = —Joio0

{0

t O gV PO (2w1/1) § pusba




Wed Feb 22 0&:58:38 1993

Project : WHITEMAN AFB
Test Mo. ©

Borimg Mo. : ADU F&-25
Sample Ho. : W-1

Checked by @
Socil Description :
Remarks :
AFPLIED FIRAL
PRESSURE DISPLACEMENT
(trie 2} (in
13 0.25% 0.oo2
2} 0.5 0.002
5] 1.00 0.004
&) 2.00 0.013
5) 4,00 0.034
&) 8.00 0.05%
T &.00 0.04%
83 2.00 0.038

CCHSOLIDATION TEST DATA

Location :

Test Date : 2/15/%5

Sample Type : UNDISTURE

¥olb STRAIN FITTING

RATIO AT END TIME (min}
[#] SO0.RT.

0.573 0.18 0.1

0473 0.19 0.2

0.570 0.28 0.9

0.854 1.20 174

0.&26 3.09 18.0

0.584 5.50 18.4

0.594 4.B28 8.7

0.812 3.80 ra |

Project No. @ 3104

Tested by : J55
Depth = 10.0=11.91

LG

0.0
0.9
3.0
&.0
0.0
0.0
0.0
0.0

Page :

1

COEFFICIENT OF CONSOLIDBATION

59.RT.

&.85E-003
&, ¥ZE-003
9. ZTE-O04
&.73E-005
&, 3&E-005
4. 09E-005
8. L4E-005

3.25E-005 -

(in"2ss)
LEG

0.00E+000
0.COE+000
0.00E-0CD
0.00E=200
0. ODE=300
0. 00E+000
0. C0E-000
0. DOE+QC0

AVE

0.00E+000
0. 00E+000
0. 00E-QCD
0.00E+000
0.0CE+000
0.00E=Q00
0. 00E-000
0.00E+000



0.54 t =
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!: \-G. C | ____'? :
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— |, e 1
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= _F | |
= 0.60 : : : | i
=k -' |11
= B : ]
= r \
L
C | . | \ bl
o . :
a2 | | G Nl
st — =
L i E ﬂﬁ‘H‘LTL_' | :Eé ]
S E | 1
- ]
i.
Bi5E
C.10 1.00 10.00
PRESSURE (t/fi"2)
BEFORE TEST AFTER TEST
QVERBURDEN PRESSURE (1/11°2) | | WATER CONTENT (3} 19,248 2135
PRECONSCL. PRESSURE (1/11°2) | | orr oewamy (m/ne3) 104,125 106,584
COMPRESSION INDEX | | SATURATION (%) 84.360 99.067
TYPE SPECIMEN | voin Ramo DE'S 0.581
DI fin]  2.500 WT.(in)  1.000 | Back PRESSURE (L/fvD)
CLASSFICATION Lean clay with some sand, CL
w420 | L o140 | P 280 | PROVECT WHITEMAN AFS
S 2700 | 61g | Deta Fiie: 2:wnos.DaT
REMARKS | soRmG WO,  ADu 94-27 SAMPLE NO. W-1
DEFTH 10.0-11.4" | oate 2/13/95%
l U.S.Army Corps.of Engineers
| CONSOLIDATION TEST REPORT

Figure 8
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s C : j
+e 1
i \ )
- _n_.D.I.EE B .'.“-
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o fe ]
0.63 -
Q.10 1.00 10.00
PRESSURE (t/’ft"‘Z)
BEFORE TEST MTER TEST
CVERBURDEN PRESSURE (I/n°2) WATER CONTENT (%) 63 52
PRECONSOL. PRESSURE (1/m2) DRY DENETY (B/R03) 9555 199.29
COMPEESTION MDEX SATURATICN (%) g7 105.47
TYPE SPECTMEN UNDISTURE VOO RATHD 0.7% | 0.87
DA (m) 2500 MT.Gm) Q750 | Bacx PRESSIE (1/°2) -—- | e~
CLASSFICATION  FAT CLAYT WITH GRAWEL, (N
L 560 A180 P 30 PROVECT WHITEWAN &5
gs 2700 e 10
REMARKS FREE SwELL TEST BORING NO. ADU 5416 SAMPLE NO. W=1
DEFTH 100=-11.9 DATE Q3/19/9%
USACCE

CONSOLIDATION TEST REPORT




Wed Feb 22 07:01:13 1995

Project : WHITEMAN AF2
Test Mo. :

Boring We. @ ADU S4-2T7
Sampile Ne, & Wl

Checked by :
S0il Descriprion 1
Remarks @
APPLIED FIMAL
FREESSURE DISPLACEMENT
trrfe 2} fin)
b 0.25 0.001
2) 0.50 0.002
5 1.00 0.004
3) = m 0.008
L3 4.00 0.015
&) 8.00 0.028
L} &.00 0.02%
&} 2.00 0.023

COMSOLIDATION TEST DATA

Location :

Test Date @ 2/13/95

Sacple Type @ UNDISTURE

woID
RATIO

0.517
0.5186
f.812
0.505
0.555
Q.577
0.578
0.581

STRAIN
AT END
S

0.13
0.18
0.41
0.582
1.43
2.5%
2.5
2.31

FITTING
TIME (min)
5Q.AT.

0.2
10.0
26.0

- 12,9
19.8
15.1

1.4

5.7

Project No. @ 3104

Tested by : JSS
Depth : 10.0-11.§

LoG

0.0
0.0
0.0
8.0
0.0
0.2
0.2
0.0

Page :

COEFFICIENT OF CONSOLIDATION

S0.RT.

5.25E-003
8. 19E-005
3. 1LE-00%
4. 2BE-D05
&.DSE-DOS
5. 23E-005
2.26E-004
1.37E-004

- 0. 00E-000

{in"2/s)
Log

0.00E-000
0. 0OE+000
0. COE+000

0.00E+0C0
0. 00E-200
0.0CE=000
0.00E+000

AVE

0.00E=000
0.C00E-000
0. 00E-000

- —. 0. COE+000

0. 00E+000
0.00E+000
0.00E+000
0.00z+000
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Thu Mar 25 OT:ZT:2% 1993

ComSOLIBATION TEST DATA

pProject @ WMITEWAN AFE Locstion @
Boring ¥o.: ADU Ph-26 Teated by @ 355
Tamie Bo.z W=1 Test Date : OESIPS
Tt Mo fample Type: LNDIITIEE
Soil Description ; FAT CLAY WITR SRAVEL, o=
Nemmres :
prLIE T PR voip STEALN FITTING
MESEME  DISPLACIENT  RATID AT END ™0 TIME (win)
CoeeeTdd ciny : (z2 $.IT.
13 0.3 p.001 0.7 0.10 3.2
o 0.50 0.0 0.73 2T 12.6
N 1.00 0008 0.733 .73 8.7
&3 2.00 0.015 g.n2 1.7 7.2
3] 4.00 0.3 0.4 .n 103
&) 8.00 0.045 0.7 &.02 "4
4| &.00 0.0&0 D.852 5.5 5.4
15.2

2) 2.0 0.m2 0.6M &3

PFroject de.: J10%

Checked by =
z 10.8-11.9

Depth

B.0
2.0
.2
0.2
0.0
0.0
t

0.0

COEFFICIENT OF COMEDLIDATION

AT

1.07E-006

I_S5E-005
. -005
. 00E-005
&, ORE-O0F
!-T-'!-W!
7. 55005
2. TEE-005

Lin"L/83
=

0. 00E+000
0. D0E+000
0. J0R--000
Q. 00E+000
0.00E-000
9.00e+000
&. TZE-005
0. DOE-+OCR)

AYE

1.07E-006
3688005
6. 5N -005
&.00E-005
& 26E-00%
I.TTE-005
[
2.TEE-00%

TOTAL P.BS
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Design/Build New Family Housing
Whiteman AFB, Missouri
FLEXIBLE PAVEMENT DESIGHN

{Access Roads)

I. Design FParametars.

Composition: Group I Vehicles = 676 / day (98%)
Group II Venhicles = 8 / day (1%)
Group III Vehicles = 4 / day (1%)

Type terrain: Rolling

Designaticn: Street

DHV: &3

NOTE: Dasign composition was provided by Whiteman AFB,
CES/CEV, Dale Edmundscn on 10 Fabruary 1985.

II. Strength Design.

1. Clasg = E (Fade 3=1; THM §=822-2)
2. Catsgory = IITI (Page 31-6; THM S5=82i=2)
3. Design Index = 3 (Table 23-1; TM 5-8232-5)

4. CBR = 5§
5, Reqgquired Thickness = 15 inches (Fig. 8-1; TM 5-822-5)
III. Frost Design.
A. Reduced Subgrade Frost Methed.
1. Design Freezing Index: 500 (Fig 3-2 of 5-818-2)
21 Boil Group: (F=32
3. Soil Suppert Index: 3.5
4., Required Thickness = 12 inches
B. Limited Subgrade Frost Fenetration Method.
1. Air Freezing Index = 500 (Fig. 3-2 of TM 5-818-2).
2. Water Content of Base Course = 4%
3. Density of Subgrade Base Course = 135 p.c.f.

4. Freost Penetration = a = 38.5 inches (Fig. 3=5, TM 5-

5. Min. Asphaltic Pavement Thickness = p = 1.5 inches.
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Design/Build New Family Housing
Whiteman AFB, Misscuri
RIGID PAVEMENT DESIGN

{For Driveways)

Design Parameters:

Compecsition: roup I vehicles =
Group II vehiclas

Group III vehicles

0 / day ([0%)
0 / day (0%)

flat
Etreat

Type Terrain:
Designaczion:
DHV: 3
Strength Design.

a; lass = T (Page 3-2; THM B-322=-2)
b. Catagory = T (Page 3~1; TH S=822=0j

¢: Pesign Index = 1 [Table 3-1; TM 5=8322-5)

d. Modulus of =Scil Reaction (kX) = 75 p.c.i (Table
B=ga—h]

&. 28-day flewxural strength = 650 p.s.i.
f. PC Thickness Reguired = 5.0 inches. (Fig 1i2-1,

RECOMMENDED PAVEMENT SECTION:

20 / day (100%)

S—822-5}).

6" PC Concrsts Paveament
4" Rigid Base Course
E" Compactaed Subgrade

HOTE:

The paving crcss sections shall show the basze course

and subgrade placed and compacted one foct beyond the back
side of concret= curdb and gutter or the outer edge of
pavement 1f no curb and gutter is used,.




Design/Build New Family Housing
Whiteman AFE, Missouri
FLEXIBLE PAVEMENT DESIGHN

(Access Roads)

£. &£ =a —p= 38.5 - 1.5 = 37.0 inches
T. ¥ =3.0 (13% S 4%
8. Design Base Thickness = b = 24 inches

9, Design Thickness = b+p = 24 + 1.5 = 25.5 inches.

2. Reduced Subgrade Frost Metheod Controls. Design for 18.0
inches.

T =]

IV. BStructure of Pavement Section.

Minimum Thickness: Asghalt = 1,
Base Course

inches
4.0 inches

Il w

Eguivalancy rFactors: Subbaze =
Base = 1.1

3 inches
inches

LA B

€.5" Subbasef2.3 = 2.83" Asphalt
Y. Recommended Favement Section.

* 2" A=zphaltic Concrete Surface Course

* Bituminous Tack Coat

# 3" BAsphaltiz Ccocncretea Intermediaﬁe Leveling Course
* Eituminous Frime Coat

* 4" Graded Crushed Aggregate Base Course

# A" Subbase Material

* 8" Compacted Lime-Stabilized Subgrade

NOTE: The paving cross sections shall show the base, subbase and
subgrade placed and compacted one foot beyond the back side of
concrete curb and gutter or the outer edge of pavement if no curb
and gutter is used,
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Supplemental Geotechnical Report
Design/Build 03 Family Housing Project
Whiteman Air Force Base

1. INTRODUCTION: This report is a supplement to the report
prepared in 1955 and revised in 2003. This report is to be
read and interpreted in conjunction with the report prepared
in 1995 and revised in 2003. BAdditicnal soils data wase
needed to confirm subsurface conditions for proposed roads
and access points to the proposed project site.

2. SUBSURFACE INVESTIGATION: A subsurface investigation
was performed by a drill crew from the Kansas City District
Corps of Engineers in March of 2003. The subsurface
investigation consisted of drilling a total of three 7-inch
diameter hollow stem auger borings, numbered ADU-03-4
through ADU-03-06, using a CME-750 drilling rig and one hand
auger boring labeled HA-03-07. Standard Penetration Tests
(SPT'e} were performed, which consist of driving a 2-inch
diameter (OD) split-spoon sampler a distance of 18 inches
with the standard 140-pound hammer falling 30 inches. The
field procedure for SPT was conducted in general accordance
with ASTM 1586 at predetermined depths to a target depth of
21.5 feet or SPT refusal. SPT refusal is defined as 50
blows of the standard 140 pound hammer in one 6-inch depth
increment. The field geclogist recorded the hammer blows
for each sampling interval. The blow counts are recorded on
the boring logs. The results of SPT testing for each depth
increment are summarized in Table 1. Disturbed samples of
subsurface materials were obtained using the 1-3/8 inch
diameter standard penetration split spoon sampler to obtain
disturbed samples through hollow stem augers. Jar samples
were obtained of reprezentative materials encountered from
SPT tests and Shelby tube samples. Undiasturbed samples were
obtained using a 5-inch diameter, fixed piston, S8helby tube
sampler at a target depth of between 4 to 6 feet and 6 to 8
feet. Torvanes were performed at the top, bottom, and
midpoint of each 2-foot Shelby sample collected. Samples
recovered with the S-inch Shelby tube samplers were extruded
in the field, logged by the field geologist, double-wrapped
with aluminum foil and sealed with wax in cardboard tubes.
Select samples were then sent to an independent laboratory
for testing. The depth of groundwater was measured during
drilling and at the completion of each boring. All borings
were backfilled with speoila pricr to leaving the site.




Table 1. SPT N Values

Dapth SPT M-Value Uncorrected
Incremant blews/£t)
[£E] ADUT-03-4 AD-03-5 BOU-03-6

2.0-4.0 8 15 < [

5-6.5 10 - -

8.5-10.0 = g 36

I3 R-EEid = 11 23

18.5-20.0 . 20 8
23.5-135

i 1E 43

3. SUBSURFACE CONDITIONS: Brief descriptions of the
various soils encountered follow. However, the attached
strip logs should be reviewed for actual subsurface
conditions at each boring location. Appendix A contains a
gite map, plan view of boring locations and final boring
logs.

a. Overburden. Examination of the samples obtained during
the subsurface investigation indicate approximately 1 foot
of topsoil, overlaying typical periglacial deposits of
overburden material (probably asscciated with Kansas
glaciation) comprised primarily of damp, silty low
Flasticity and high plasticity claye, brownish-gray in
color, mottled dark-gray, with some limonite staining and
iron concentrations. The consistency of clays vary from
medium to hard, with SPT N-wvalues ranging from 8 te 70 blows
per foot, with an average SPT M-value of 26 blows per foot.
A g0il described as being mottled or marked with blotches
and spota is an indicator that the water table has been in
contact with that scil at sometime and then receded.

Therefore mottled =o0il can be an indicator of a wvariakle
water table.

b. Bedreock. Bedrock was encountered at depths ranging from
6.9 to 26.5 feeC below the existing surface. Eedrock
consisted primarily of dense, weathered shale, greenish-gray
to brown-gray in color, with occasional limonite stains.
The hardness of weathered shale and mudstone is
characterized in rock terminoclogy as soft based on geologic
evaluations. In scil terminology however, thia material
could be characterized as wvery stiff to hard, with SPT N-
values ranging from 18 to greater than 50 blows per foot.

2




EPT refusal was encountered at 5.9 feet below ground surface
in ADU-03-4, which is located at the extreme northwest
portion of the project. Boring ADU-03-4 encountered a
moderately hard, dense, brownisgh-gray, limestone at a depth
of 6.9 feet. Borings ADU-02-05 and ADU-03-06 encountered a
soft, siltstone and mudstone at 26.5 and 25 feet,
respectively.

e¢. OGroundwater. Phreatic groundwater was encountered
during drilling. Borings ADU-03-05 and ADU-03-06
encountered water at 15.5 and 15.2 feet respectively. The
water level measurements were taken for these two borings
the day after drilling was complete. However, as previously
discussed, ground water elevations are variable in this area
ag a result of the development of a perched water table and
should be considered to fluctuate in accordance with
seasonal and yearly antecedent moisture conditions. Also,
the majority of cverburden material at this site will
exhibit low permeability rates and additional water could
accumilate in borings or excavations left ocpen for longer
periods of time. Therefore, the groundwater elevation will
need to be determined concurrent with construction.

4. LABORATORY TESTING: Select samples of soil cbtained
during the field exploration were tested to determine
engineering and physical properties. Classification
parameters investigated include: natural moisture contents,
Atterberg limite and grain size analysis. The undrained
shear strength of the soils was evaluated by performing
unconfined compression tests. Finally, a swell
consolidation test was performed to ascertain the swell
potential of the s0il. Appendix B contains results from
laboratory testing.

Overburden material was classified according to the
Unified Soils Classification System (USCS) as either low
plasticity clay (CL) or high plasticity clay (CH), with the
majority being CL.

The Atterberg limits were performed on 6 samples of
overburden material. The coverburden material had liquid
limits (LL), which ranged between 38 and 66, with a mean of
49, plastic limits (PL) ranged between 22 and 15, with a
mearnn of 18 and plasticity indices (PI), which ranged between
16 and 47, with a mean of 30. The moisture content of 17

3




gamples teasted of overburden material ranged betwesen 10.5
and 23.2 percent, with a mean of 19 percent., The results
are presented in Table 2. It is important to note that the
in-situ moisture content at the time of the subsurface
investigation is very mnear the plastic limit, indicating a
potential for wolume change with changing moisture content.
It should alsoc be noted that the sghales underlying the
overburden material are the parent material of the
overburden. Therefore, the shales will most likely exhibit
gimilar shrink/swell characteristics with changing moisture
content .

Table 2. Atterberg Limits and Moisture Contents

. . Moisture
. Liguid | Plastic | Plastic
Boring | Depth s : Content
Limit Limit Index
(EE) (%)
ADAT-03-4 d.0-4.9 ag 22 1l& 17.5
BDU-03-5 4,0=6,0 50 1B 32 18.6
ADU-03-6 2.0-3.0 £5 14 47 H/A
ADU=03=8 4.,.0-6,0 49 15 X4 17.8
ADU-03-8 8.0-10.0 459 17 32 17.8
ADU-03-8 24 .0-24 .6 i9 1B 2% 13.5

A grain size analysis was performed on 3 samples from
ADU-03-4 and ADU-03-6. Material ADU-03-4 at a depth of 6.5
ft contained 17% gravel, 36% sand and 47% silt and clay.
The majority of the size of the material tested classified
as a silt or clay according to ASTM 421/4232.

Results of unconfined compressive strength testing are
summarized in Table 3 and ineclude the unceonfined strength
(g}, dry density, natural moisture content, and the depths
corresponding to the test locations.

One consclidation test was performed on a sample of
overburden material obtained from a depth of 4-4.3 feet in
borings ADU-03-4. Consolidation testing indicated an
overconsclidated soil with a preconseclidation pressure of
.5 Lar.

A gwell test was performed on an undisturbed sample
obtained from boring ADU-03-4 at a depth of 4 to 4.3 feet.
The results show a swell pressure of 500 psf based on ASTM D

4




4546 Method C. It is important to remember this prediction

applies only to the material at the insitu moisture and
density.

Table 3. Unconfined Compression Results

Qu (tss)
Moisture Dry
Foring Depth {uncnnfiged Content | Density
(fE) compressive (W) T
. strength) Ta) Pe
ADU-03-4 | 4.0-4.9 1 S 5 B i Ak E
ADD-03-5 |4.0-6.0 2 18.6 98 .4
ADU-03-6 |4.0-6.0 3.9 17.8 D0
ADIT-02-6 | 6.0-B.0 4.8 bt o s B

Results of the laboratory testing performed on selected
samples obtained from the project msite are included in the
appendix of this report.

This report is a supplemental report that includes
presentation of additional data. This report should be read
in conjunction with the main report. No design decision
should be made based solely on the results of this
supplemental report.




APPENDIX A

Site Map, Plan View of
Borings and Final Boring
Logs
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Appendix B

Laboratory Results



= GEOTECHNOLOGY, inc

ENGINEERING AND ENVIRONMENTAL SERVICES
SAINT LOUIS = COLLINSVILLE » KANSAS CITY

May 7, 2003

Mr. Jake Owen

U.5. Army Corps of Engineers
EC-GD, Room 824

601 East 12" Street

Kansas City. MO 64106-2896

Reference:  Indefinite Delivery Contract No. DACA41-03-D-0003

Dear Mr. Owen:

Please find attached laboratory testing results for the Whiteman AFB project under
the referenced contract. We appreciate the continued opportunity to provide services to the
Corps under this contract. Please feel free to call with any questions.

Very truly yours,

Geotechnology, Inc.

Whel

William C. Jones, P.E.
Division Manager

WCI:wej

Copies submitted: (0

Attachments; Whiteman AFB Laboratory Testing Results

pviisd on recpoied paper

9136 CODY » OVERLAND PARK, KANSAS 66214 = 913/438-1900 » FAX: 913/438-1923
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= GEOTECHNOLOGY, inc.

EMGIMEERING AND ENVIROMMENTAL SERVICES
ST LOUIS - COLLINSVILLE - KANSAS CITY

SUMMARY OF CLASSIFICATIONS TESTS

Project: Whiteman AFB

Note: By visual examination and classification, samples not tested were compared and grouped
with typical test samples described below:

1)

2)

3)
4)
5)
6)

7)
8)

Lean Clay (CL)

Fat Clay (CH)

Fat Clay (CH)
Lean Clay (CL)
Lean Clay (CL)
Fat Clay (CH)

Lean Clay (CL)
Lean Clay (CL)

Yellowish Brown and Gray, trace fine sand, Fe stains, sandstone
nodules
(LL-38, PI-16)

Dark Olive Brown, medium plastic, trace silt, rock trags
(LL-50, PI-32)

Dark Yellowish Brown. slickensided, trace silt
Olive, silty, laminated, with shaley zones
Dark Brown, trace silt, fine sand

Light Brownish Gray. trace fine sand, silt, Fe staining
(LL-66, PI-47)

Gray. with silt, Fe stains and nodules, trace fine sand

Gray, w/ shaley zones, silt

(LL-39, PI-21)
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LLS. SIEVE OPEMING IN INCHES | L5, SIEVE NUMBERS | HYDROMETER
& 4 3 2 15 1 %4 1'123»!'6 3 ‘ & a"lﬂ 1416 20 30 40 E'I]-ED ‘ll'.'II:I“DMIJ
100 [ ; TR T Tyl T T M '

95 ]\ : = i x =

90 " M !
: N : \}N :

: I

80 : \-‘“‘m. g H

75} e 11SREE :
; oy il

85 | : ™

a8 &

PERCENT FINER BY WEIGHT
o
=]

a0 1
25 - B | !
20} : ' LY
15 st .\._
10 - -
: 1 . !
g ; ' H 1
0 5 1 | 1 l ; | | 1
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES L I‘ _SAND SILT OR CLAY
£oarse | fine | coarse | medium | fine -
_SbéciME[l_lglentiﬁ:atinﬂ - Classification LL | PL | Pl | Cec [ Cu
®| ADU 34 50 | Shale, Olive, silty, with clayey/sandy zones, mica | 38 | 22 | 16 By
T ADU 34 6.5 See Log of Boring
A ADU 3-8 240 See Log of Boring B 39 18 | 21 |
: _ S |
Specimen Identification D100 DE&O | D30 D10 %Gravel | %Sand | %Silt | %Clay
g ®| ADU 34 5.0 4.75 0.038 0.007 0.0 22.3 50.8 26.9
oj®| ADU 34 6.5 254 0.128 17.1 35.8 : 47.1
ilal abu3-s 240 | 118 00 | 154 | 846
. L
N |
3 GRAIN SIZE DISTRIBUTION

= GEOTECHNOLOGY, inc.

ENGINEERING AND ENVIRONMENTAL SERVICES
ST, LOUIS « COLLINSVILLE « KANSAS CITY

Whiteman AFB
Family Housing
6808.01.3213




Boring Mo, ADL-3-4 GEOTECHNGLOGY Job Mo, GR0E.01

Sample No. - Wax-| ENGINEERING AND ENVIROMMENTAL SERVICES Job Name Whiteman AFE
Depth (ft) 4-49 SAINT LOUIS, BISSOURT Tested By ARK
Diate 4122000 UNCONFINED Calculated By AW
Sheet Ma. COMPRESSION TEST Checked By
Siress-Strain Plot
Max. Shear Strength = 1.65 tsf Water Content = 17.5%
Failure Strain = 333 % Dry Unit Weight=  112.2 pcf
1.8 ¢
e : !/"—-\\ =
|4 2
1.2 - =
%
=
I
¥ i}
| L
2 |
E]
l; - N R — I
8
— |
1] 1 2 3 4 il i
Axial Strain (%)




Boring Mo, ADU-3-5 GEOTEC H N OLGGY Job Mo, 6ROE.01

Sample No.  Wax-1 ENGINEERING AND DNVIROMMENTAL SERVICES Jobs Marme Whiteman AFR
Depth (1) 48 E T R Tested By ARK

Date 42201 UNCONFINED Calculated By AW

Sheet Mo, COMPRESSION TEST Checked By

Stress-Strain Plot

Max. Shear Strength = 2.03 tsf Water Content = 18.6 %
Failure Strain = | .88 % Dry Unit Weight= 98.4 pef

Deviator Stress (isf)

Axial Strain (%)



Boring Mo

a4 GEOTECHNOLOGY ' .susu

Sample Mo, Wax-| EM{HINEERENG ANT ENVIRONMENTAL SERVICES Job Mame Whiteman AFR
DC|][h. i ﬂ_'l -l SART LOUE, MISS0URI Tested E]r ARK
Date #22/03 UNCONFINED Calculated By AW
Shest Mo, EUMI‘RESSIHN TEST Checked By
Stress-Strain Plot
Max. Shear Strength = 3.93 tsf Water Content = 17.8 %%
Failure Strain = 2.24 % Dry Unit Weight= 105.0 pef
50
4.1

= Sl

B

=

&

=

W

1]

=3

=

=

=

=

1.0

(.0
0 2 3 4

Axial Strain (%)



Boring Mo,

— GEOTECHNOLOGY

Jobh Mo, 630801

Sample No. EMGREERING AND ENVIRONMENTAL SERVICES loh Mame Whiteman AFB
Depth {1} i SAINT LOLE. MISSOURS Tesied By ARK
[ate E T lix UNCONFINED Caloulated By AW
Sheet No. COMPRESSION TEST Checked By
Stress-Strain Plot
Max. Shear Strength = 4.94 1 Water Content = 17.0 %
Failure Strain = 2.72% Dry Unit Weight=  101.5 pef
5

=

A

b

o

£

uw

e

2

|

z

=

Axial Strain (%)




Boring Mo, ADU3-4 E Joh No. GROE.01
Sample Mo, Wax-1 ig;ﬁﬂﬂg&?mﬁr Job Name COE-Whiteman AFB
Depth (ft) 443 SAINT LOUIS, MISSOURI Sheet Mo.
Tested By ARK One-Dimensional Consolidation Test TestDate 41503
Computed By ARK (ASTM D 4546-96-C) Checked By
Plot of Void Ratio versus Log of Pressure

Compression Index, C, = 013 Yoid Ratio, e, = 0.722
Recompression Index, C, = 0.03 Preconsolidation Pressure = 0.4 (tsf)

0.80 e e ; ; .

"""" y B e e e S e
0.75 : : : : : i : f :

Void Ratio, e

0.70 -+

0.65

0.60 - : : :

0.5 = s H
e e e

0.50 T R R i 'L“.-:-i_i-jl ------- R
0.1 1 10 100

Applied Pressure, (tsf)




Boring No. ADU3-4 Job No. 6808.01
Sample No. Wax-1 = ﬁiﬁgﬂ?ﬁﬁgﬁ; Job Name COE-Whiternan AFB
Depth (1) 4-4.3 A e et Sheet No.
Tested By ARK One-Dimensional Consolidation Test Test Date 415/03
Computed By ARK (ASTM D 4546-96-C) Checked By
Summary and Computation Sheet
SAMFLE DESCRIFTION
Specific gravity Gs 2.70 {cal. Gs) 294
Ring No. #1 BEFORE TEST AFTER TEST
Heighi 1.0000 (in.) 0.9509 (in.)
Diameter m{in.} m{in.}
Area W{sq.in.] W{sq_in.}
Volume T 49087 (cuin.) 46677 (cu.in,)
Wt (ring + wet soil) 370.31 {gm) 376 (gm)
WL iring + dry soil) 342,43 (gm) 342.45 (gm)
Wt of ring 216.38 (gm) 216.38 (gm)
Wi of wet soil 153.93 (gm) 159.62 (gm)
Wt of dry soil 126,07 (zm) 126.07 {zm)
Moisture content 221 (%) 26.6 (%)
Wet density 119.5 (pef) 130.5 (pef)
Diry density 97.8 (pef) 1029 {pef)
Solids height 0.5807 (m.) 0.5807 {in.)
HL. of water 0.3465 (in.) 0.4173 (in.)
Saturation T4 (%) 100 (%)
Dial Reading Factor 0.0000 (in)
Initial Dial Reading 327
Method for Final Reading (1. Use D 2. D at end of load, 3. I at specific time): 2
Elaspsed Pressure Dial Correc- Digl Change of Specimen  Void — Average Cv
Time Increment Reading tion Reading Reading Height Ratic  Pressure (in.*/min}
{min) (tsf) Corrected (in.) (tsB)
0.01 327 0 327 0 10000 0.722
0.25 351 21 330 3 (.9007 0.721
0,500 374 37 33y 7 0. 9900 0,720
1.000 320 4 466 129 0.9861 0.698
2.000 714 76 638 172 0.9630 0.668
4.000 933 102 &31 183 0.9496 0.635
E.000 1213 119 10r4 263 0.9233 (0,590
2,000 1113 104 10059 -85 0.9318 0,605
0, 500 903 8O 906 =103 0.9421 0622
0.125 BES 67 818 -88 0.9509 0.637




Logged Data Printout 3a - W/\.; Te~

Configuration Dala
Channel: 01 : Consoll Linits i
Sarial Mo 0214142096 Alarms: lgnored
Zoro (divs) (i} Filtar: 1
FSD (divs) 10000 Polarity: Bipatar
Zero (eng) 0.0000 in. Cal Factar: Uses Scaling
FSD {eng) 1.0000 in. Travel: Direct
0.0300
— t
00306
0.0311 !
0.0317 \
— 0032 —
< \<
E o . -
L
] — g -‘/
]
Rceh 00.0 07.4 14.2 222 206 ar.no

Elapsed (2qr mins)

DRAFT

Dparator;




Logged Data Printout

2 Xailage “Toin

Configuration Dafa
Chanmnal: 01 : Gonsoll Linits i,
Seral Mo 0214142086 Alarms: Ignored
Zero (dive) 0 Filter: 1
FSD (divs) 10000 Palarity: Bipolar
Zero jeng) 00000 in. Cal Factar: Uses Scaling
FSDr {eng) 1.0000 in. Travel; Direct
0.0310 e
0.0323
0,0335
0.0350
— D033 \
€ \
|
= H-‘-"""\-\.\_\_\__.___\_“
H-H"'h.\_‘_ e
HEE 040.0 07.6 16.2 228 30.4 38.0
Elapsad (sgr mins)
PRAFT
i)
Chacked: Approved:




Logged Data Printout

C38M- V\Tow
Configuration Data
gEWML 01 : Consold Uinits I,
a 021414205 Alarms: Ignored
Zera (divs) 0 Filter: 1
FSD (divs) 10000 Palarity: Bipalar
Zero (eng) 0.0000 In. Cal Faclor: Uses Scaling
F5SD {eng) 1.0000 in. Travel: Direct
0.0360
0.0394
0428
0.0462 \
£
= 00406 \
: =
=
0.0530
00.0 10.6 21.2 a8 424 53.0
Elapsed (sgr mins}
DRAFT
= O
Chacked: Approved:

Diparatar:




| Logged Data Printout |

CA-SI'{" ul_tmq

Configuration Data
Channal: 01 : Conspll Lnits in,
Serlal No 021414298 Alarms: lgnored
R S By oo
ivs rify: ipolar
Zefo (ang) 0,000 in. Cal Factor: Uses Scaling
F5D (eng) 10004 In. Travel: DHrect
00690 —
0.0740
00780 !
0.0840 .
~ (.0B80
< \
] T
: e
== |
D
00sd —— !
0.0 O7.6 152 22.8 30.4 38.0
Elapsed {=qr mins)
DRAFT
Clperatar: Chesked- rﬂmrf:"u'e? o




| Logged Data Printout

CRANM P Tow,

PRAFT

Canfiguration Data g
gharln-al'. 01 : Cansol1 Units im.
erial Mo 021414296 Alarms: Igrored
Zero (divs) 0 Filter: 1
FSD (divs) 10000 Palarity: Bipalar
Zaro {eng) 0.0000 in. Cal Factor: Uses Scaling
FSD ({eng) 1.0000 in. Traval: Diract
00910 T
00972
0.1034
01098
- (L1158 \
£
3 s
2 e
= _._\___\_‘___‘_‘-_‘_‘_-_-_-_
——
01220
000 or.4 14.8 222 2896 ar.a
Elapsad {sgr mins)

Checked:

Approved:




Logged Data Printout CoaH 2 Tew Untasd

Configuration Data
Channel: 01 : Conaoli Units in.
Serial No 021414296 Alamms: lgnared
Zero (divs) 0 Filter: 1
FSD (divs) 10000 Palarity: Bipolar
Zero {eng) 0.00040 in, Cal Factor Uses Scaling
F3D (eng) 1,000 im, Traval; Direct

0.1220

0.1176 —

01132 \\H

01044

waiud i)

|
00.0 07.6 15.2 228 304 35.0

0.1000

Elapsed {sgr mins)

~mAET

Clperatar: Checked: ' Approved:




Logged Data Printout

(35‘ ¥ V’t_'ﬂ‘-‘“ Uu’laﬂ-J

Configuration Data
Channel: 01 ; Conzalt Limits in,
Serial Mo 021414206 Alarms: Ignored
Zero (divs) o Filter: i
F5D (divs) 10000 Potarity: Bipcdar
Zero (eng) 0.0000 in, Cal Factar: Usas Scaling
FSD (ang) 1.0000 in. Travel: Diresct
0.1120
01080 L =
0.1060 \
0.1030 \\
\\.,_H‘ =
P |
~ 01000 i =
3 =
g [ -
T
-
|
g 00.0 0r.e 15.2 bl 30.4 38.0
Elapsed (sqr mins)
PRAFT
| —
Opsratar Checked: Approved:




Lnggeﬂunata Printout ,~ .« /5 Vaead

Configuration Data
Channal: 01 : Consolt Units in.
Serial Mo 021414256 Alarms: Ignored
Zero (divs) 0 Filtar: 1
FSD (divs) 10000 Polarity: Bipclar
Zero (eng) 0.0000 in. Cal Fachor: Usas Scaling
FSD {eng} 1.0000 In. Travel: Direct

| 0.1000

0.0972 \

00844 \

0.0816 \
=l !
= =
= 00888 — sy
3 |
: |
s
1
00860 455 10,6 212 318 424 53.0

Elapsed {sqr mins})

DRAFT




Pace Analytical Servicas, Inc.
. 9638 {oiret Bivd,

_face Analytical Lonsia & 6619

s Fhone: 913599 5665
www. pacelabs.com Fax: §13.589.1750

April 21, 2003

;Et )
Mr. Andrew Kline ECEIVED
Geotechnolegy, Inc. APH 2# .ZUL'J

9136 Cody
Overland Park, K5 66214

RE:  Lab Project Mumber: 6069488
Client Project ID:  WHITEMAM

Dear Mr. Kline:

Enclosed are the amalytical results for sample(s) received by the laboratory en Mpril 16, 2003. Results reparted
herain conform to the most current NELAC standards, where applicable, unless atherwise narrated in the bedy of
the report.

If you have any questions concerning this report please feel free to contact me.

Sincerely,

e '
(i Lok
Adam Taylar

adam. taylor®pacelabs . com
Project Manager

Kansas/NELAP Certification Mumber E-10116

Enclosures

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, excapt in full,
without the written consent of Pace Analytical Services, Inc.
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Pace Analytical Services, Inc.

ace Analytical Lanex, K. 66219

Phone: 913.599.5665
www. pacelabs. com SAMPLE SUMMARY Fax- 913.599.1759

Lab Project Mumber: G069488
Client Project ID: WHITEMAN

Project Sample

Sample Mumber Number Client Sample ID Matrix Bate Collected Date Received
E060458-001 B05992841  ADU-03-5 J-1 Spil 04/15/03 04/16/03 10:45
B069458-002 605992858  ADU-03-5 J-1 5071 04/15/03 04/16/03 10:45

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in ful,
without the written consent of Pace Analytical Services, Inc.
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Pace Analytical Services, Inc.

aceAnalytical

www.pacelabs.com  SAMPLE ANALYTE COUNT

Lab Project Wumber: 6069488
Client Project ID: WHITEMAN

Project

B608 Loiret Blvd.
Lengxa, K5 66219

Phome: 313, 560 5665
Fax; 913 598 1759

Analysis Analytes
Sample Wumber Sample Mo Client Sample ID Code Analysis Descriptisn Reported
GOEINEE-001 605992841 ADU-03-6 J-1 3000 SPAC  Anions Ton Chromatography Seil 1
B0G9488-002 605997858 ADU-03-5 J-1 000 SPAC  Amions Ion Chromatography Soil 1

REPORT OF LABORATORY ANALYSIS

This report shall mot be reproduced, except in full,
without the written consent of Pace Analytical Services, Ing.,
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Pace Analytical Services, Ing.
3608 Loiret Blvd.

ECEAHH Mfca[ i Lenexa, KS 66219

Phone: 913 599 5665

www. pacelabs. com Fax; 813.589.1759

Lab Project Number: 6069488
Client Project ID: WHITEMAN

Solid results are reported on a wet weight basis

Lab Sample Mo: 605992841 Project Sample Wumber: 6069488-001 Date Collected: 04,/15/03 00:00
Client Sample ID: ADU-03-6 J-1 Matrix: Soil Date Received: 04/16/03 10:45
Paramoters Results Units  Report Limit Analyzed By CAS Mo, Qual Reglmt
Wet Chemistry
Anions Ion Chromatography Soil Method: EPA 300.0
Sulfate 53.3 ma/ kg 1.00 04/18/03 16:42 HTH
Data: SR/20700 Fage: 1 of &

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced. except in full,
without the written consent of Pace Analytical Services, Inc.
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Pace Analylical Services, Inc.
@ 8608 Loiret Bivd.

38814” al'J/TfC&'I Lenexa, K§ 66219

Phone: 313, 5095665
www. pacelabs. com

Fax: 913.599.1759
Lab Project Number: é069483

Client Project ID: WHITEMAN

Lab Sample No: 605992858 Project Sample Number: GOGD488-002 Date Collected: 04,/15/03 00:00
Client Sampie ID: ADU-D3-5 J-1 Hatrix: Soil Date Received: 04/16/03 10:45

Parameters fesults Units Report Limit Analyzed By CAS Ha. Qual Reglmt
Wet Chemistry

Anions Ion Chromatography Soil Methed: EPA 300.0
Sulfate 51.8 g/ kg 1.00 04/18/03 17:20 HTN

Date: 03/21/03 Pager 2 of &

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.
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Pace Analytical Bervices, Inc.
BE08 Loiret Blvd.

ace Analytical Lonon kS 56219

Phaone: 913,599 5665
wiww. pacelabs. com Fax: 313.589.1759

Lab Project Number: 6069488
Client Project ID: WHITEMAN

PARAMETER FOOTMOTES

ND Kot detected at or above adjusted reporting limit
NC Kot Caleculable
J Estimated concentration above the adjusted method detection 1imit and below the adjusted reporting limit

MOL Adjusted Method Detection Limit

Bare: 0420503 Page: 3 of 5
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Pace Analytical Services, Inc.
S608 Loiret Blvd.
Lenexa, KS 662719
Phong: 913 599 5665
Fax: 913.599.1759

QUALITY CONTROL DATA

ace Analytical®
www.pacelabs.com
Lab Project Number: GOG9488
Client Project I0D: WHITEMAM
QC Batch: 143133 Analysis Method: EPA 300.0
OC Batch Method: EPA 300.0 Analysis Description: Anioms Ion Chromatography Sodl
Associated Lab Samples: 505992841 B05992858
METHOD BLANK: GO5995509
Associated Lab Samples: 605992841 605992858
Elank Reparting
Parameter Units Result Limit Footnotes
Sulfate mg. kg ND 1.00
LABORATORY CONTROL SAMPLE: 605998517
Spike LCS LCS % Rec
Parametar Units Canc. Result % Rec _Limits Footnotes
sulfate g/ kg 100.00  93.10 93 85-115
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 605998525 605998513
605292541 Spike ME M50 s MSD % Rec Max
Parameter Units Result Conc. Result Result % Rec % Rec _Limits RPD RPD Footnotes
Sulfate g/ kg 53.35 50.00 97.51 96,52 B8 & 75-125 1 10
SAMPLE DUPLICATE: 605998541
GO5992858 Dup Max
Farameter Units Resul t Result RPD RPD Footnotes
Sulfate mg/ kg 51,80 50. 20 31 10

Page; 4 of §

Date: D3/21/03
REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
without the written consant of Pace Analytical Services, Inc.
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Pace Analytical Services, Inc.
Q608 Loiret Blvd,

3C€AH3MIC&'F Lenexa. KS 66219

{abs Phone: 9135 589 5665
www.pacelabs. com

Fax: @13.599.1759
Lab Froject Number: 6069488

Client Project ID: WHITEMAM

QUALITY CONTROL DATA PARAMETER FOOTNOTES
Consistent with EPA guidelines, unrounded

LL5(0) Laboratory Control Sample (Duplicate)
M5{D) Matrix Spike [Duplicate)

DUP Sample Duplicate

L1} Not detected at or above adjusted reporting limit

NC NHot Caleulable

J Estimatad concentration above the adjusted method detection 1imit and below the adjusted reporting limit
WOL Adjusted Method Detection Limit

RFD Relative Percent Difference

Dates 04/21/03 Page: 5 of &5

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.
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concentrations are displayed and have been used to calculate & Bec and RPD values.
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