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FROST INVISTIGATION

1044 - 1945

~ - APPENDIX 8 - -
REPORT OF

CASPER AIRBASE, CASPER, WYOMING

1. Authorization.

The investigation of frost action beneath the airfield pavements was
authorized ﬁy the léffer dated 7 July 19uk, froﬁ ‘the Office, Chief of Engin-
eérs, to the Division'Engineer, New England Division, subjeet; ¥F¥rost In-
festigation," and by the lettér dated ZSVAugust'i9Mu, ftomaéhé Distric£ En-
gineer, Boston Distfict, to the Division Ergineer, Migsouri River Division;
subject: "Frost Inveétigation", |

2., Purpose.

The purpose 6f this investigation has been the détérmination of the
development of frostch%ion iﬁ pavement elements as affected by Varying con-
ditions of weather, soils,’and groun&'water. The investigation ét Casper
Airbase was mgde'fp déterming the effects of frost in an area and region hav-
ing a fairly low'annﬁal'precipitafion,‘angenerally low water table, and a
naturally dry subsurface soil condition, these Condi£ions existing\simultane—‘
" ously with subsurface soils having g borderline susceptibility to frost
action under proper moisture coﬁditiohs;‘

3. Scope.

!The“sc5p¢.of this report covers an ihvestigation of frost conditions
existing under both flexible aﬁd concrete airfield pévements. The investiga-
tion umder the flexiblé pavements includes the determination of moistu:e and
density changes océurring in the vérious'subsurface pavement elements during

the period from early fall, 1944, through the spring thaw period of 1945,
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together with the measurement of héaving of the pavement caused by frost
action, changes in California Bearing Ratio characteristics of the subgrade
soils due to possible frost action, and the observation of ice lenses.or’

S~

other frost formations beiow the pavement surface‘by means of test'pif excava%
tions. The invésﬁigation,of the concrete pévementbareas includes the deter- |
miaation of‘surface heafe by &eans of wire-line ;ea&ings‘taken at vafious‘in—
£ervéls th;ouéﬁbﬁt the fall, winter, and spring; and moisture, densify and

ice formation data obfained from pit.éxcavations made at various periods
during the investigatiéﬁ.'

L, General Conditions.

a. Location, Terrain, and Drainage.

Casper Airbase, is located approximately & miles nerthwest of the
City of.Casper in Natrona County, Wyoming, The general terrain of the air-
field site is an elevated flat, breaking to the northeast and to the south-

east into Six Mile Draw., Drainage is in general to the southeast. The sur-

rounding terrain varies from draws and gullies to rolling country with the

e

- Caéper Mountain Range rising approximately 10 milgszsouth of>the aiffield;
The elevation~of the airfield is app;oximately 5325 feet aﬁove mean séa level,
The drainagé system on the airfield consists of.é surface and a stérﬁ_sewer
system dischargihg into natural courses to the ﬁortheést and soﬁtheast of the
airfield. No appreciable subéurféce water condiﬁions were encounfered,
neither during construction,‘nor in ény tests subsequently perfermed for the
.frost investigation. The ground water élevation in the airfie;d‘regionxis~,
indicated to be in ekcesé of 90 feet belsw the surface of the airfield. |

b Tyvpes of Pavement.

All airfield pavementé on this airfield are flexible type with the
,exceptioﬂ of apvroximately 277,000 square yards of Portland cement concrete
apron pavement, The briginél design of flexible pavements for taxiways .
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and the center‘runway areas on Casper Airfield called for the constrﬂctioniof
a 5~inéh asphaltic‘concrete surface and an 8-inch sand base cohsfructed over
a minimum of approximatelyiz feet of sultable subgrade soil materials. The
runway sectlons on this airfield were constructed with the center portlons |
150 feet wide, meetlng the requirements heretofore stated,with an addltional
75-foot width of pavgd shoulder constructed on each side oif the center pave-
ment., The runway shouider pavements were déSigned for a 3-inch Eold mix
bituminous mat surface and a b6-inch sand base, conétructed over a minimum of
2 feet of suitable subgrade éoil\material. The center'portions of all taxi-
way-pavements were:designed'to have a seétion similar to the center portioﬁ oﬁ
the runways, this section'oonsisting of a 5+~inch asphaltic concrete surface;

a 6-inch sand subbase and a minimum of é feet of suitable soil materials.
Twelve and one~half foot shouldérévwere constructed bn all taxiway sections.
These pavements consisted.of a l3-inch asphaltic concrete wearing surface, a
6-inch s;nd base, and'a-minimum of 2 feet of suitable subgrade.soil materials?
The concrete apron pévement consists of a 7~inch éoncrete slab, with unsup- :
ported»édges variously thickenéd.frqg 9 inches to.10% inches and construction
joints‘varying from 7~incheévto 9-inches in;;hickness. All concrete pave-
ments were constructed on cpmpadﬁed»ekisting subgrade:soils. A major peryion
of the airfield pavemenfs were censtructed dufing theAperiod. May 1942 to
Octobgr 1942, The 12%-foot widths of taxiway shoulders were constructed in
July 1943,

c. Traffic History.

Aircréft traffic began on this airfield in Fovember 19h2,‘ Traffic
durlng the period of oneratlon of this airfield consisted br1p01pally of B-17
and B—cﬂ type planes. baVIng gross weights of approximately 50, OOO pounds. The
average traff;c during the period of 0perat10n through October 19&&, is estima-
ted to have been approximately’95 landings and take-offs per’day. :
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do .Condition of Pavement.

The condigion of the flexible airfield pavements varies from fair
to good., Humerous small depressed areas éxist on all flexible‘pavement sur-
faces due to differential settlement under traffic, These depressioﬁs are
accentuated by the véry~smallbtranSVerse‘grades employed in the constfuction
of the various airfiéld surfaces and minor ponding of water on the pavement

results during periods of precipitation. Minor cracking, existing on some

surfaces is considered to be due largely to the action of traffic. The con~
dition of all concrete pavement existing on the apron is considered to be good.

e, JFrost Conditions.

The subsurface soils existing under the pavement surfaces on thisl
airfield consist principally of Mi, SF, Sp, SC, SW, end CL tyﬁe materials. |
All sdils and alse all bhase coufse materials in the airfield vavements are
considered to be susceptible in varying degree to frost action,boﬁh in the
form of heaving and iﬁ reduction of supporting pdwer duriné the thaw period{
pfovided these elements are subjected tb the proper moisture condition. Some
materials, such as materials of SF claésification, are considered fb be bor~
derline materials relétivevto the 60¢ﬁfren¢e of frost action, and particuiar
attention has been giveﬁ‘to the observation of frost actions in these and
similar type materials., Pavement behavior data on this airfield since the
date of construction, do not indicate séri;us heaving of the pavement nor
pavemeﬁt distress due to fro;t action, While the soil and base course mater-
ialsg, are considered to be variously susceptible to frost action, other condi-
tions, such‘as the low rate of rainfall and very low water table, tend to re-

duce the occurrence of frost action in the airfield soils.

f, Climatic Conditions.

The genéral weather conditions in the Airfield region are moderate,

and are considerably milder than would be generally indicated by thé latitude
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of the region. The ﬁgfmaicumulative degree-~days below freezing value, based

) " ori&
on a five-year mean, ié%ﬁ}?if\@he 194344 season produced 720 cumulative de~
gree-days below freezing, }The normal accumulative prepinitatiOn for the
period September, Octdbez{‘November, and December for the‘airfield region, is
approximately 4,U 1pqﬁé§. The 1943 accunulative precipitatioﬂ during the
fali period totaled 3 inches, while the 19uu precipitation during a similar
period‘totaled approximately 25 inches, The weather dﬁring the vneriod of in-
vestigation of this aiffield, therefore, was considered to ‘be more se&ere than
normal relative to the cﬁmulativé degreé—days below freezing, while precipita{
tion conditions are considerea to have been less severe than normel. ‘

5. Definitions.

The descripﬁion of the tests and analyses of results invelve a
specialized usé of cértain termé and words, -These words and terms are defiﬁeq'
fofAuse in this réportAas follows:

2. Teét:Area - ?he test area is the portion'of the airfield selected
for investigations and ohservations,

b. Pavement ~ The term pavement is defined as a covering of a pre-
pared or manufactuied product superimpo%ed_upon a subgrade or base to serve as
an abrasion and w?ather resisting structural medium,

c. Base - Thevferm base applies to the course of speclally selected
soils, mineral aggregates, or treated solls or aggregates placed and compaéted
on the natural or compacted subgrade.

d. Subbase - The term subbase refers to a course intermediate betweeh

i
the base and subgrade, and may consist of selected soils, ﬁineral aggregates,
treated materials or highly compected existing soil.

e. Subgrade - The term'subgrade apolies to the natural soil in place

or to fill material upon which a pavement, base or subbase is constructed.

f. Map Cracking -~ Map cracking is.the development of a definite crack
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vattern in the pavement surface under the action of repeated loadings. Map
cracking is distinguished by the formation by cracking of continuous connected
polygonal pavement segments.

g, Consolidation - Consolidation is the increase in unit weight, or

decrease in volume of a material due to the action of anplied loadings., Conz :
solidation 1s considered %to be synonymous with compaction in this report.

h. Permanent or Vertical Deformation - Permanent or vertical deforma-

tion is the accumulative non-elastic part of the total vertical movement of
the surface of the pavement which remains after the load 'is removed.

i. Capacity Operation - Capacity operation is defined as the maximum

traffic that can possibly operate on an airfield for a period of approxiﬁatelé
20 years, The daily operation may be assumed as varying from 100 cycles of )
- landings and take-offs for the very heavy planes to 1500 cycles for very
light weight planes..

Je Zrozen Soil -~ Frozen soil is referred to in this report as
follows:

(1) Homogeneous Frozen Soil, A homogeneously frozen soil is a

soil in which all the water in the soil is frozen within the natural voids
existing in the soil, without observable segregation or accumulation of ice
lenses or frost forms exceeding in volume such natural void spaces.,

(2) Stratified Frozen Soil., 4 stratified frozen soil is a soil

in which a part of the water in the soil is frozen in the form of observable
ice lenses, occunying space in excess of the original soil voids,

(3) Hard Frozen Soil. Hard frozen soil is soil at or below a

temperature of 32°F, which has been hardened due to the solidification, by
freezing, of water films between soil particles,

k, ZFrost Growths - Any observable crystalline or solid frozen forms

of water in soils formed by freezing temperatures,
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1. Ice Lenses — Ice lenses are the observable frozen free water
bodies existing in stratified frozen soil,

me Ice Crystals - Ice crystals are the observable ice particles

existing in the void spaces and pores of homcgeneous frozen soil,
ne JYrost Zone ~ Frost zone reférs to the vertical limits of frozen

soil,

0, Frost Penetration - Frost penetration is the maximum depth from
the surface to the bottom of the frozen soil,

p. Deoth of Freezing Temperature Penetration - The depth of freezing

temperature venetration is the maximum depth below the surface of freezing
temperatyure,

Qe Degree-Days Below Freezing — Degree-days below freezing is the

cumulative difference between the average of the daily maximum and minimum

temperature and 32° Fahrenheit,

r. Terminal Frozen Plane ~ The terminal frozen plane is the final

thawing vplane in the frozen soil.

6. Test Area A,

a, Location and Pavement Descrintion. -

Test Area A is located on the concrete apron pavement, station

1%95 to station 3/U45, beginning 110 feet southeast of the northwest edge of
the apron, and extending 300 feet in a‘southeasterly direction. The pévehent
consists of a 7-inch Portland cement concrete vavement, the construction
joints of which are thickened to 9 inches and the unsupported expansion

Joints and edges are thickened to 10% inches, The concrete’ pavement is laid

-

directly on compacted existing sand and sandy-clay subgrade soils. The loca-

e -
E

tion of the test area is shown oh Plate 2,

b. Test Explorations.

Test explorations in Test Area 4, the location of which are shown
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on Plate 2, consist of the following groups:

‘ ’ (1) Preliminary Soil Explorations.

Preliminary soil explorations consisting of borings made in
the apron pavement within the test area to determine the subgrade soil condi-
tions existing in the proposed site were made in August 1944. The vreliminary

- test boring holes are numbered on Plate 2,

(2) Fall Explorations.

Two Test Pits, numbered TP iA and TP 1B, were excavated in
October 19M¥, to detefmine,density and moisture, In addition to the ?it ex—
cavations, excavations and borings were made adjacent to several contraction
and expansioﬁ Jjoints in the concrete pavement.to obtain data relative to the‘
subsurface moisture conditions existing under such Jjoints, as affected by the
" infiltration of surface water through such joiﬁts.

(3) Winter Explorations.

Winter explorations consisted of two Test Pits numbered
TP 2A and TP 2B, excavated in January_l9h5. Subsurface soil, water and frost
conditions were determined from thesevexcavations°

(4) Spring Explorations.

Two Test Pits, numbered TP 3A and TP 3B, were excavated in
March 1945 for the purpose of determining the condition of the subsurface
pavement elements relative to water content, density and bearing ratio.

Co EqUipmént Instéllations.

The.fpllowing installatipns were made in the pavement areal
\.(l) Bench Marks.
- Six bench marks for use with two. transverse w;re—lines, werse -
placéd in Test Area 4 for the purpose of obtaining readings used for deter-
‘, : mination of heéve in the pavement section. '.?he bench marks consisted of rods

driven into the soil below the frost level and protected thrOugh'fhe frost
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zone by a pipe covering, the rod being surrounded with'a‘soft asphalt mixture
to permit ffee movement of the frozen ground. The location 6f the'bench'marks
in Test Area A are shown on Plate 2. Details of bench mark equipment are |
shown on Plate 3, |

(2) Temperature Measuring EZquipment and Water Observation Wells.

Temperature measuring equipment was not installed on this

airfield, Water observation wells were not used due to the indicated extreme

_depth of the natural water table.

d. Observations and Measurements.

The following observations and measurements were made in Test Area

(1) Wire-line Readings.,
Wire»line readingé we;e'dejermined in Ogtober 19&&,.and dur-
ing January,'ngruary and March 1945. The data so ogtaiﬁed have been u;éd to
determine heave of the pavement area. These data kave been plotféd as heave

contours on Piate 4,

(2) TFrost Penetration.

The deﬁﬁh’of.ffost pénetfation was determined in test pits
excavated during Janany 1945, In the abéence of temperature data in the
test area, the depth of frost penetratiop is considered to be that depih at
'which frozen ground was noted or frost cryé@als or lenses found° 'The depth
_Of frost penetrafion in the excavated pits was determined by'the depth of
’frozen ground, since no ice crystals or ienses were observable in the base or
subgrade materials in these pit(éxgavations. In Test Pif TP ZA; thé subgrade
materials, from a depth of 0,77 feet.to'0.89 feet beiow the surface of the
pavemeht, were froéen ﬁard. The.materiél between 0,89 feet and 1.24 feet be-
lbw the surface was soft and loose, while the material-between‘l?2u feet and

2,45 feet was frogen hard. In Test Pit TP 2B, sand-gravel-clay material,
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existing from 0.73 feet -to 1.0 feet was not frozen,'althbugh a clay-sand

meterial existing from 1.0 feet to 2.5 feet was frozen hard. No ice lenses

R,

or frost crystals were visible in either pit excavation.

>

(3) Ice Lens Survey,

-As noted in the preceding sub-paragravh (2), "Frost Pene-
tration," no ice lenses or crystals were observed during excavation of the
test pits in January 1945,

(L) Water Filtration Investigations.

5 Borings through the pavement were made in October 194l to
determine the conditions of moisture existing in subsurface materials under

,

several types of pavement joints in Test Area 4. The borings consisted of
one hole bored through the vavement directly'above the jbint and a'series of
bored-holes”spaéed one-foot apaft on a line normal to the joint. The holes
were bored through the pavement and auger samples of soil were taken to a
total depthvvarying from 3 to 6 feef° Water contents of the materials were
taken at ‘deéth intervals. of approximately 6 incheé, beginning at the bottom
of the pavement. The vertical‘borings were made in a line normal to one side
of the Jjoint only. Data were obtained from one transverse'contractioﬁy one
exﬁansion, and'twovconétruétion joints. The data so obtained are shown on
Plate L,
e. TField Tests. ‘ .

(1) Subsurfate Moisture Tests.

Subsurface moisture tests were obtained at all pit excava-
tions made in theifall, winter, and spring test meriods. The moisturé deter-
minetions in the test pits were obtained directly under the concrete pavement
énd at intervalé of aporoximately 6 inches to a depth ofv5 feet, and at one—
fbot interyals thereafter. to a total depth of 15 feet., The samples below a

" - 10 -~



5 feet depth were obtained by means of soil augers. The moisture data ob-

tained from the various test »it excavations are shown on Plate 5.

: (é) ‘Subsurface Density Tests;
Subsurface density tests wére obtained from all materials
in the teét pit excavations in the fall and spring test perieds. The density
tests were obpained at‘one-fopt intervals beginning at the.top of the sub-
grade, for aAtotal depth bf approximately 5 feet below the pavement surface,
The results of these tests are shown on Plate 5e

f. ZLaboratory Tests,

The following laboratory tests were performed:

(1) Classification Tests.

Mechanical analysis and Atterberg tests were made for class—
ification of all soils and aggregate materials, ALl materialslwere'classi—
fied.in accordanée with the Casagrénde method and by the‘methods_énd Pro-
cedures given in Appendix 14 of the Trost In;estigatibn Report., Classifica-

tion and analysis data for all materials are given in Table 2.

g, GConclusions, Test Area 4,

(1) Heéving.
The heave measured in Test Area A was indicated to be rela-

tively minor, the maximum heaye not exceeding 0,03 feet, with an average
heave of approximately 0.01 feet. -The absence of suffigient.frost action to
produce heave is indicated by the geﬁeral absence of ice lenses or other
frost formetions in the subgrade during the test pit excavations in the
wintgr test period. Although an appreciable water content is indiéated as
existing in the subsurface.materialé by the data shown on Plate 5, the
quantity of water present within and directly below the frost zone‘i;)indicaa
ted as being insufficient to produce aporeciable ice formationg,which under
the conditions 6f test,.effectively retarded the development of appreciable
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heave.,

(2) ZFrost and Freezing Temperature Penetration.

The depth 6f freezing temperature penetfration was not-de-
termined in this test area, since subsurface temperaﬁurerméasurements were
not made. The depth of frost penetratién wasvdetermined by the observation
of the depth of frozen ground in thé test pit excavations madé 15 and'l6'
January 19#5. No ice lenses or frost forﬁs vere wisible in either test nit
excavations; however, the depth/%fbfrosﬁ penetration is concluded to have
extended at least to a denth of 2,45 feet in Test Pit TP 2A, and at least to
a dépth of 2.5 feet in Test Pit TP 2B, based on therexiétence of hard-frozen
soil to these depths; :

(3). Ice Lens Surveys,

Mo iée lenses or frost formations were obsérved during
either of the winter test pit excavations, The absence of “observable ice
lenses and frost formations is considered to have been due to therprésence of
moisture content in the soil of insufficient magnitude to cause the formation
vof such ice or frost forms to é degrée,permitting observation, although tem—
peratures in these materials were at or below fre@zing températures.

(4) sSubsurface Hoisture Changes.

The~results of the moisture data obtained in the series of
pits excaVatédain'October 194k, and in January énd March\l9h5,‘indgéate that
the changes in moisture-content of the subsurface materials: occurring through
the investigational neriod were relatively small, with the.exéebtion-of the
‘incréases in observed water content durﬁng the winter, of the materials lying‘
at depths of from 5 tb 7 feet in the B series of test pits. The variations in
moiéture content igdiéated as océurring in the various sﬁbsurface matérials
between depths of 3 feet apd 5 feet are considered as veing due in large part

‘to the nossible effects of fros§ action and the nersistence of avfréezing
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nlane in this area during a large portion of the winter period. The moisture
changes.are‘indicatéd as being relatively small ‘ﬁowever, and the.small amount
of change is considered to be due to the generally low moisture content pre—‘
senf in the sugsurféce materialé to depths.exceeding 15 feet, the effect of .
such lo& moisture content being the retafdation.of any action tendiﬁg to in~
crease appreciably the water content of ﬁhe materials lying in or immediately -
adjacent fo the frozen zone in the upver wmortion of the pavement»structure.

(5) Subsurface Density Changes.

Thé résults of -the density teéts made in the upver portion of
‘the subgrade in October 194Y4, and in March 1945, indicate that, in general,
the changes in density occurring in thé subsurface materials were felatively
small, A very minor incrgase in density was noted aé oqéurring in the upper
nortion of the A series of nits, wﬁile similar soils in the upper portion of
the B éeries of pits indicated a very slight decrease, The remainder of the

A e \
tests, taken at lower depths, indiqate'a trend toward obtaining higher densi-
ties in these materials in the spring thah was obtained in the‘fali. Changes
in density, whether toward increasing or decreasing, are considered to have
been relatively minor and not indicative of the occurrence of frost action of

any appreciable magnitude,

(6) Water Infiltration’Tests-

The resplts of thé waterbinfiltration tests in the construc— .
tion, contraction, and e;paﬁsiﬁn joings in Test Area A in%icate that,in
general, the moisture contents of the subsurface materials direétly«under and
adjacent to these joints have been inflﬁenced only tb a negligible degree by
water infiltratioﬁ. |

7« Test Area B,

a. Location and Pavement Description.

Test Area B consists of a flexible pavement taxiing area located

< :
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on’ Tax1way m_g Statlon 30%75 to Statlon 3371‘('5o The pavement in this are

. consists of 5 inches of asphaltic concrete surface, and a 6-inch@s‘j@,~
‘ — . ‘ ol 4

ohstructed over'séndy-clay subgrade. The soil materials in the upper vortion .

of thls ,subgrade consist, in general, of a CL—SF classification materlal a
I’

llght brown, sandy-clay s011, while material undeer1ng the upver nortion of

the subgrade are pringipally‘C@, SC or CLLSF materials, The lEg—foot widths

of taxiway shoulders consist of a l%*inch thickness of asphaltic concrete sur-
—‘“‘x .““ = = 2

_ -~ St
material, these elements being constructed over compacted sandy-clay material,

facing constructed over a 6-inch sand and gravel:base, classified as

Pavement details relative to the cross sections and profiles of the test area

/ ) N

are.shown on Plate 2, °

be Test Explorations.

A chronological summary of test explorations is given in Table 1,
The test exploraﬁionS‘in 4rea B, the locations of which are shown on Plate 2,
consisted of the following groups: : '

(1) Preliminary Zxplorations,

"Preliminary soils explorations for the pufpose of determiﬁing
,éubsurface condition under proposed tést'areas were made in August 194k, Test
"borings were made throughout the investigated area at 100~-foot longitudinal
intervals, | '_ ‘ o | |
(2) Fall‘ExDlorations.

: 0. ! ,
The fall explorations consisted of the excavation in October

i

19%#, of two Test Pits numbered TP 14 and TP 1B, Density, moisture, and "in-
" place! California Bearing Ratio data from undisturbe& gsamples were gecured in
N Lthése excavations.

(3) Winter Zxvlorations.

. . The winter explorations made in January 1945, consisted of
the excavation of Test Pits TP 24 and TP 2B. Moisture determinations and
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observations of frost conditions were made in these test pits.

(4) Spring Explorations.

Two Test Pits numbered TP 3A and TP 3B were exeavated in
March 1945, These test pits were excavated for the purpose of determining
density, moisture, and "in-place" bearing ratio data for comparison with data
obtained dﬁring the fall and Qinter periods,

Co Eguipment Installations.

(1) Bench Marks,

\Benéh mafks, consisting of.steel réds driven into seil bélow '
frést level and protected by a pipe covering through the frést zone, were
placed in the pavemeht at six points With three bench marks to each transverse
line of measurement. The locations of the bench marks are shown on Plate 2,
The details of the bench mark equipment are shown on Plate 3.

(2) Temperature Measuring Equipment,

No subsurface temperature measuring equipment was installed
in the airfield pavements for this investigation.

(3) Water Observation Wells.

Due to the indicated depth of water table elevations in the
test area, water observation wells were not installed.

d. Observations and Measurements.

The following observations and measurements were made in Test
Area B:

(1) Wire-line Réadings.

Wire-line readings were obtained in October 1944, and in
January, February, and March, 1945. The readings cover the periods nrior to,
and during freeze-up, and after thaw, The data obtained from wire~line read-

ings have been used to determine the period of maximum heave.
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(2) TFrost Penetrations.

The depth qf‘frost penetration was_determined by dbservations
made in the pits éxcavated-durihg Januafy'l9h5, fhe depth of frost penetra-
tion ves difficult to determine in the test @it excavations due to the lack of
sufficient water qontent in the soil to produce hard frozen ground or prominent

frost forms.

(3) Ice Lens Survey,

| Observations of ice lenses and frost formations were made
during the excavation of Test Pits TP 24 and TP 2B in the periocd 13 January
to 1% January 1945, . The cumulative degree-day value during the period of ex-:
cavation was“approximately 320. Thelexcavatios wére made during a period of
above~free2ing.air temperatures, the cumulative degree-day value decreasingt.
from 10 January to 18 January,.by approximately 4O dégree-days‘ The following
conditions were observed in Test Pit TP 24: The base course and subgrade weré
ffoz@h to a total depth of 1,5 feet from the surface. 'Although’this material%
was frozen hard, no ice lenses or frost crystals were visible, either ﬁn the
base course, or the sﬁbgra@e.' In Test Pit TP 2B, the base coursélmaterials )
wefe frozen to a depth of 1.05 feet. The/subgfade, in ﬁhis case, was not
frozen, No ice lenses or frdst cfystals/%ere observeds

c.. Field Te%ts.

(1) Subsurface Moisture Tests.

Hoisture data‘were obtained in the pit excavations during the
fall, winter and épring pericds to a total depth of 15 feet belo% tﬁe surface,
The moisturc contents were detefminad at intervals of (h) four inches through
 the base course and to a depth of 3 feet, and at intervals of’6'iﬁches between

3 feet and 6 feet, the moisture tests then being taken at'intervals of one-foot,

'
v

to a total’depth of 15 feet. Moisture data are shown on Plate 5 and are

~organized in Table 2,
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(2) Subghrfaée Density Tésts,‘
Subsurface density test samples were taken.in the‘fall énd

. spring testvexcavations.  Densities wer¢ oﬁtaiﬁe@’in the base course, top of_€
subgrade, top éf“subbase, and at one-foot intervals thefeafter to gAtofal
depth of aﬁproximately‘T feet, the denéities beiﬁg obfained through>the normai
range éf expected frost penetration, The density teéts obtained during the ‘
spring period in Test Pits TP 3A and fP 3B were taken to a total degth of
approximateiy 2% feet, this depth being indicated as the/approximaté depth‘off
frost penetrgtiqn; Density‘data are shown on Plafe 5 and Table'E.b .

(3) California Bearing Ratio Tests.

"In-place" California bearing ratic tests were made on the
surface of the base course, the surface of the subgrade, and at various depths
below the top of the subgrade during the pit excavations in October 194L and

in March 1945. The "in-vlace" bearing ratio data are given in Table 2,

'fe Laboratory Tests.
The following laboratory‘tests were performed:

(1) Classification Tests.

Mechanicai analysis and Atterberg'Tests were made for the
classification of all soils and aggregate materisls, All materials were
, classified‘in accofdance with the Casagrande Method and by the methods\and
procedures given in-Appendix 14 of this Frost Investigation Report( Classific%—

tion and analysis data for all materials are given in Table 2,

N\

(2) California Bearing Ratio Tests,

Labgratory'California bearing ratio tests were made on undis-
turbed samples obpainéd from tﬁe surface of,thé subgrade and at varipus ele~-
jvatidns beneath the surfade to a depth of approximately 3 feet. - The undis-—
turbed specimens”of-soil were saturated in the labofatory‘and were tested for

bearing ratios under surcharges approximating & dead load imposed on the

-17 -
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material in place in thékpavement, In addition to laboratory bearing ratio
tests on undisturbed saturated specimens, compaction-bearing ratio studies
were made on all.typigal subgrade soils'and on'avt&pical base course aggregéte,
The compaétioﬁ-bearing ratio studies woére made in accordance with procedures
established by the foibe, Chief‘of'Enginéers,\and transmitted to the‘Di;iéiogf
Engiﬂéer, Missouri Rive; Division, in a letter datéd 12 Mayv19ﬁh, subjept:
"Czlifernia Bearing Ratic Procedures.” The compaction-bearing ratio»studiés
were made by compacting *the representative materials in Californis bearing
ratio molds, uéing varying hammer blowsigf 10, 25 end %5 blows per layer in
each series of.teéts, each‘series being répeated,for vaerious moisture contents,

‘

The compacted materials, afier density determinations, were saturated and

tested for bearing ratios. Laboratory bearing ratio data on undisturbed i
specimens are given in Table 2. Data relative to the compactioﬁ—bearing ratio:

studies are shown on Plate 6,

g. Conclusions, Test Area B.

(1) Heaving of Pavemsnt.

Pavement movéments in Test Arga B during the investiéation
veriod consisted of both’increases‘and decreases in elevatidh, subsidénce of
the pavement‘surface-occuriing over a considerable pprtioﬁ of tﬁg testrarea.
The maximum pavement movement is indicaﬁed asvhaving occurred about 5 February_
1945, An iﬁcrease in elevation, or heave, of 0.03 feet was noted on only one
test reading, whereas, subsidence to the extent of 0.0l feet was noted over an
. . . \
area extending‘completely through the test area, The wire-line data, upon
which the pavement‘sqrface movement has been based, indicate that no apprecable
aifferential movement of the shouldér ?aﬁements took-place relative to the
movement of the ceﬂter portion of the taxiway pavement. This reaction is in
contrast to taxiway pavements on other fields in whiéh'a noticeable heaving -of

flexible navements occurred adjacent to shoulders which was considered to be

- 18 -



due to infiltration of sufface water into the lower pertion of the shouLder'
| . pavements, The absence of heave is considered to be due principally to the
type of soils vwresent in the subgrade and to the absence of apprecieble sur-
facevwater infiltration and to the low water content e%isting in the uppef

portion of the pavement subsurface materials., -

Co | - (2) Frosf_an@ Ffeezing Temperature Penetration.‘
Freezing tempereture penetrations were not determined since

- temperature measuringvequipment was not insteiled in this area. The depth of
frost penetration has been based on the‘obsef;ation of frost and ice forma-
tions and the existence of frozen ground in the testvpits\eicaVated on-15 and
16 January 1945. The cumulative degree-day value at the time of excavation
was approximately 325, as compare@Oto a seasonal total of YMS; .Based on the
observations made at Pierre aﬁd Watertown Airfields, the increase in degree-
days after excavation is not considered és changing, to any major extent; the -

- conclusions noted herein.. The results of the winter test pit excavation ob-

servations indicate,thatvthe seil in Test Pit F ZA; excavated on 17 January

1945, was frozen to a depthof 1,5 feet. No‘visible ice lenses were present,

Test Pit TP 2B, also excavated on 17 Jenuary i9u5, was frozen to a denth of

1,05 feet. Only the base course materials in the latter pit were frozen.

(3) 1Ice Lens Survey,

_ The ice lens.survey, consisting of observations made in the
pit excavations in the taxiway pavement, Test Area B, on 17 January 1945, in—.
dicate that»ice lens formations and frost formations were not preeent at the
time of test, in either the base-coursé or subgrade materials., Although hard
- frozen ground existed to denths of 1.5 and 1,05 feet, respectively,.in the two

test pits, It is considered that the lack of development of ice formations
‘ is due orincipally to én existing low moisture content in the materials in .Vthe.
frozen zone aﬁd in the soils underlying the frozen zone, and to the prevalerce
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of subgrade materials having relatively low capillary action.

(4) Subsurface Moisture Conditions,

No major changes‘in the moisture content of any of the
materials existing at depths of less than five feet under Test Area B are in-

dicated to have occurred duriﬁg the period of investigafion. "All materials

above
/ a depth of approximately five feet below the surface, are indicated to-

have/appreciably lower moisture content than the underlying materials. The

variations in moisture content, indicated on Plate 5 as occurring between the
’ i

‘\,

winter and spring periods at depths between 5 feet and 16 feef, may be due
in part, tc the stratification of pre%ious and impervious soils at these
depths rather than to the direct effect of the existence of freezing tempera-—

tures at higher elevations,

(5) Subsurface Density Test., o - co

The results of the field density tests made in October 19Ul
and March 1945, indicate that density changes in the materials undérlying the
" Test Area B pavements during the period of investigation were negligivle,

(6) California Bearing Batio Tests. - ~f:n

| §

Data obtained from the "in—placeﬁ CaliforniaAbeari#giQati§

" tests made in October i9ﬁﬁ and during the spring veriod, in March 1§u5 in-
dicate that some decreases of the beéring ratio éf-the 5ase coursé ané the foP
portion of the subgrade may -have occurred dﬁring thévwinterlpériod,  The fall

‘ ”in—place"-bearing ratio values obtained fr&m the top ;f the base course were
66 and B2 in the 4 and B series of test pits;,respectively, whereas the spring L
.values for the same materials were 26 an@ 32 respectively. The "in-place"
bearing ratio values obtained from the surface of the subgrade likewise in~ N E
dicatec decreéses of bearing rétio values, The fall bearing ratio tests gave
values of 34 and 21 in the A and B series of.tests pits respectively, whereas

the spring va;ues'were reduced to 24 and 1% resvectively, in the same series .
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T of pit excavations, Bearing ratio values obtained from surfaces appraximately

one-foot beldwvthe'top of'the subgrade indicated only minor variatiqns between .
£a11 and spring testing periods. It is indicated that the variations in |
béariné ratio of the "’:'Ln--;r;lace'ﬂ tests may have been dve, to an appréciable
éxtent,”tA slightly greater moisfufe-dontent existing in theée materials
during the spring_testiperiod, although.the moistufe increases occurring in

the'upper portioh of the subgrade are indicated by the test data obtained in

‘in the fall and spring test veriod to have been small, The indicated changes

in bearing ratio values of the base course and the top of the subgrade may

therefore have been due, iﬁ vart, to structural changes in the soils induced
by frost acfion iﬁ these materials, Bearing ratio data obtained from léb-
oratory saturated undisturbedAspecimens indigate that the ﬁéaring ratio
values obtained f:om the saturated undisturbed specimens tend to 36 appreci-~
ably less than the beariné ratio values obtained from either fhe fall, or the

spring "in-place" bearing ratio tests, Bearing ratio data are summarized in

. Table Co

8., General Conclusions, -

The results of the frost invéstigatioﬁ at Casper Airbase indicate
that the frost action occgrring under both the concretes and the flexible -
pavements on this aiffield,under the conditions existing durihg the period of
inves;igation, has been negligible, the'éxistence of froét—susceptible mater-
ials nothwithstanding., The absence of other than very minor frost action
undér the airfield pavements is indicated by the véry small heave noted in
Test Area A, the concrete apron ﬁavement, and in the minor heave and sub-
sidence of the;flexiblé pavément in Test Areé 3. Thevabsencevof frost action
is further indicated in the abéence of observable ice lenses, or frost~fbrma;
tions in the frozen soil eﬁdountered in the test pits excavated in the two

test areas, The lack of pronounced moisture changes in or immediately
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adjacent to the frdzeﬁ zone is considered to be further evidence of neg-
ligible frost action. The results ob£ained from the California bearing ratio
studies are inconciusive and do not indicate that the changgs in bearing ratio
characteristics aré with certainty, due to possible action of frost. .The-

absence of development of major frost action is considered to be due largely

~to the low water content existing in the subsurface pavement elements as

Al

affected, in turn, by regional eclimatic and subsurface water table conditions,
these factors tending to méintain the low moisture content in the subsurface
pavement elements on this,field. The absence of heave on the shoulders of
the taxiway pavement is at variance with the results noted on other airfields,
The‘other fiélds; in general, showed a tendenéy\toward shoﬁlder paveﬁent
heaving due to the infiltration of surface water into ﬁhe'subsurface éayement
materials under the edge of the pavement. The infiltration of surface water

under the paVeﬁent shoulders on this airfield is indicated as having been

‘reletively minor'dufing‘the period of investigation. The generally low rates

of precipitation, high rates of surface evaporation, satisfactory pavement
drainége, and the absence of a defin;ﬁg'waﬁer table near the surface of the
DaQements‘are all considered asbcontributing to the fetardéﬁion‘of the dévelop—
mgnt of major frost actioh in this area under the conditions existing during
the investigation at this airfield. These conclusions are based on normal
conditions existing in the airfield‘pavements and are consi&ered to be valid
only under.conditions of satisfactory maintenance of the airfield pavement-an@.
adjoining surfaces, preVenfing the infilfration of appreciable quantities of
surface water into the pavément. The results of the invéstigation indicate
that the‘migration of wgter from materials at appreciable depths below the
surface, upwards into the frost active zone is generally negligible, dué to

low subsurface moisture contents, and tothe retardation of water migration
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by layers of materials haviﬁg a low cépillarity; these materials aprarently
having sufficiently low caprillarity and sufficient thickness to prevent,
appreciable transfer of moisture through these strata into hatertals having

higher capillary action.
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TABLE 1

CHRONOLOGICAL SUMMARY OF EXPLORATIONS
CASPER AIRBASE, CASPIR, WYOMING

Fall Period '

e

b.

Ce

5-15 August. 1944
(1) Preliminary Scil Explorations,Test Area B,

5 October 194k .
(1) Preliminary Soil BExplorations, Tost Area 4,

3.15 October 194k

(1) Installation of Bench Marks, Test Areas i and B.

(2) Excavation of Test Pits TP 14 and TP 1B, Test Area
A; and Test Pits TP 1A and TP 1B, Test Area B.

(3) Concrete Pavement Water Infiltration Tests,
(k) Wire-line Readings, Test Areas A and B,
(5) "In-place" California Bearing Ratio Tests.

Wihter Period{

a.

13-18 January 1945

(1) .Excavation of Test Pits TP oA and TP 2B, Test Area A

and Test Pits TP 2A and TP 2B, TestlAroa B.

(2) Wire-line Readings, Test Aroas A and B,

5 February 1945 :
(1) Wire-line Readings, Test Areas A and B,

Spring Period

Ca,

19-22 March 1945

(1) Excavation of Test Pits TP 34 and TP 33, Test Area. Ay
and Test Pits TP 24 and TP 3B, Test Area B,

(2) Wire-line Readings, Test Areas A and B,

(3) "In-place" California Bearing Ratio Tests,
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REPORT ON

FARGO MUNICIPAL AIRFIELD, FARGO, NORTH DAKOTA i

1. Authoriéation.

‘The investiéation<of frost action beneath thg'éirfieid pavements was
authorized by the letter dated 7 July 19HM, from thé Office, Chief of Engine~:
. ers;‘to the Division Engineer, New England Division, spbject: "Frost Iﬁvesti~
gation," and by the letter dated 28 August»l9uh,‘from'thé_District Engineer, \
Boston District, to the Division Engineer; Missouri Rive: Divisibn,'sﬁbject:"
"Frost Investigationﬁ;' | | |

2e Purpdée. : i BN

Yo

The purpose of this investigation has been the determination of the

-~

development of frost action in pavement elements as affected by varying condi~

tions of wéather,'SOils,-and ground watef.. The investigation at Fargo Muniqié'
pal Airfield was made to determiné'the‘effects‘of frost in a region having a

A fairly high rate of ﬁ?ecipitation, a high water table, generally wet subsur-
face soil éonditions, together withithe existence of soils considered to be
susceptible to frost;action, in a region indicatad as havinglgeherally very
severe winter weather conditions, The conditions existing under the pavement
on this airfiéld afe considered to be favorable ﬁor the deveiopment of severe
frost action conditions, \

The scope of this report coveré the investigation of frost conditions
existing under an asphélt surfaced taxiway pavement, considered to be typical
of the pavements on this airfield.l The investigation includes_the determina-
tion of moisture and density changes occurring in the various subsurféqe
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pavement elements during the winter period, together with changes in California
bearing ratio characteristics, the measurement of heaving, observations of
frost formations and ice lenses, and other data pertinent to frost conditions

in the airfield region.

L4, General Conditions,

a, Location, Terrain, and Drainage,
Fargo Municipal Airfield 1s located approximately one-half mile
northwest of the northwest city limits of the City'of;Fafgo, Cass County, Worth

Dakota, The airfield site is located on a generally Smooth, flat plain, origi~

s

nally the bed Qf‘an ancientfglacial lake, Lake fgassiz. 'Thg i@mediate sur-
rounding area ia very flat and runoff from predipitation in the airfield,rggiog
tends go be slow, Airfield drainage is; in geﬁeral, to the northeast into.the;
Red River which, in'turn, flows norﬁh into Lake Wiﬁnipeg and Hudson 3$y. ‘Thef
elevation of the airffeld is approximately 897 feet above mean sea level, - Thé
airfield drainage system consists of surface drainage and a'system'of‘undef—
ground drains constructed adjacentito a‘major;ty of all pa&ement shoulders,

The underground drain; cénsist of ditches back—filled with coarse aggrggate,
the drains thus carrying bdth surféce andbsubsupface drainaée. The airfield is
pfotected aga;nst overflow of surface water'from othér areasvby an oben drainé
age ditch on the west and north bougdaries of the airfield, the_éurface and
subsurface drainage on the airfield discharging'into this ditch; During
periods of precipiﬁabion, congiderable water is tempqrarily ﬁonded invthe
general airfield region due to the exceedingly flat terrain, and to the lack
of natural water courses in the area; Although subsurface soiis in the_region

generally tend to be impermeable, a natural water table is indicated as exist-

ing approximately 5 feet below the surface of the airfield. ’ : .

b. Types of Pavement.
All ajirfield pavements on this field are of flexible type construc—.
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tion with the exception of two minor areas of concrete apron pavement. The
flexible pavements on all runways and taxiways consist of a soil-cement base,
comprised of a bank-run sandy-gravelly material mixed with Portland cement,

variously surfaced with'an asphaltic concrete or a.cold mix bituminous mat.

\

The soil-cement base course was constructed on a subbase composed of a bank-run

clay-gravel material, All.pavement structures, including the base and supbaseg

.

were built upon the existing ground or old runways surfaces in order to obtainé

5

more satisfactory drainage of the pavements.

¢, Traffic History,

‘

Aircraft operations on this airfield began in 1941, Traffic duriné

the period of operations has consisted largely of small and medium sized com- :

¢

‘mercial planes, small type and C-47 military vplanes, with occasional use by
B-17 and B-24 type planes, . Traffic during the period of operation has con-

sisted of approximately 30 landings and take-offs vper day,

de Condition of Pavement,

The condition of all fléxible type airfield bavements during the
investigational périod was generaily good, Transverse cracking?and minor pafe}'
ment deformations due to the expansion of the soil—cement base exiét in a ;
number of areas on thé runway pavements and to a lesser extent on the taxiwéy
}_ﬁavementsa These cracks and\spalled areas, evidently caused by contraction an@
expansion of the soil-cement base, were sealed and inig§od condition prior to
the frost investigation. The condition of approximately 9,500 équare yafds of

concrete apron pavements on the airfield was good,

e, Frost Conditions.

The select soil materials directly underlying the soil-cemeont base

course consist principally of materials classified by the Casagrande method as

\

CL-SF or SF types. The soils underlying the select materials are generally -
classified as OHT§H and. CH materialsoi All of these materials are considered
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to be susceptible to frost action, ﬁnder proper moisture and temperature con-
ditions, based on the-indicatéd high capillarit& of these materials. The
indicated presence of a water table, approx'mately 5 féet belowlfh@ surface,
is considered as being conducive to"the formation of appreciable frost éction
in the wvarious subgrade and subbasq méterials.

o

fs OClimatic Conditions,

The climatic conditions existing in the Fargo Municipal Airfield

region are considered to bebvery severe, exceeding in severity, the conditions
existing on other fields investigated\during the 19M4—19M5_Frést Investigation
Progfam in the Missouri Riﬁer Division. The normal cumvlative degree-day be~
low freeziﬁg value for the fargo,region is.in‘exoess of 2600. The normal

precipitation for the Fargo Area for the 3 month period prior to winter freeze-

up is indicated to be approximately 3. %/4 inches. Thé cumulative degree-day
value forrﬁhejl9u3~19hu season was approximatelyvlSOO, while the cwaulative
degree-day value.for the‘l9u¥~l9u5 season, covering‘tha pefiod of frost investiw
gation, was aﬁproximatgly 1820 degree~days., The precipitation in the 3 monthé
prior to freeze-up in the fall of 1S4, was approximafely 3L inches, .The E
weather conditioné during the period of investigation for frost conditions
during the 194L-1945 season were, ‘therefore, appreciabiy milder ﬁhan nérmal,
both as respect to‘cumulative degree—~days below freézing and to the precipita-
tion occurring in the 3 months prior to fre¢ze-up,
P

5. Definitions,

The descrintion of the tests and énalyses of results involve a
specialized use oé certain terms and words; These words and terms are definéd
for use in this reéort as fqllows?

2, Test Area ~ The test area is the nortion of the airfield selected

for investigations and observations,

L
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v be Pavement ~ The term pavement is defined as a covering of a pre-
pared or manufactured product superimposed upon a sudbgrade or base to serve
as an abrasion and weather resisting structural mediums

¢, Base - The term base applies to the course of speéially selected
soils, mineral aggregates, or treated éoils or aggregates piaced and compacted
on the natﬁral or compacﬁed subgrade, |
do ‘Subbése - The term subbase refers to a course intermediate bétwéen
the base aﬁd subgfade, and may ponsist of selected séils, miﬁeral aggregates,
treated materials or highly compacted:exiétigg soils |

‘e Subgrade ~ The term subgrade apvlies to the naturalisoil in placé

. ) . » - y N ‘ .
or - to fill material upon which a vpavement, base or subbase is constructed.

f, HMap Cracking - Map cracking is the development of a definite crack
pattern in the pavement surface under the action of repeated loadings. Havp

cracking is distinguished by the formation by cracking of continuous connected

polygonal navement segments,

gs Consclidation -~ Consolidation is the increase in unit weight, or

decrease in volume of a material due to the action .of applied leadings., Con- .

solidation is considered to Dbe synbnymous with compaction in this report,

h, Permanent or Vertical Deformation - Permanent or vertical deforma-

-
A

tion is the accumulative non-elastic part of the total vertical movement of the

1

surface of the mmvement which remains after the load is removed,

>

i. Capacity Operation - Capacity operation is defined as the maximum

£ 3

traffic that can possibly operate on an airfield for a period of approximately
. v
\ . s ! 0] . iy
20 years, The daily operation may be assumed as varying from 100 cycles of

.

landings and take-offs for the very heavy planes to 1800 cfcles for very light
weight plancs,

Je Frozen Soil - Frozen soil is referred to in this report as followss

(1) Homogeneous Frozen Soil. A homogeneously frozen soil is a
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soil in which all the water in the soil is frozen ¥ithin the natural voids
. existing in the soil, without observable scgregation or accumulation of ice
lenscs or frost forms exceeding in volume such natural void spaces,

(2) Stratified Frozen Soil, 4 stratified frozen soil is a soil

in which a part of the water in the soil is frozen in the form of observable

ice lenses, occupylng space in excess of the original soil voids.

(%) Hard Frozen Soil, Hard frozen soil is soil at or below a
- ~ N Y

Q

tempefature'qf_}E F, which has been hardened due to the solidification, by

freeczing, of water films between soil particles,.

k, Frost Growths — Any observable crystalliné or solid frozen forms
- of water in soils formed by freezing temperatures,

.

1  Ice Lenses - Ice~1ensés are the observable frozen free water

bodies existing in stratified frozen soil.

.

me Ice Crystals — Ice crystals are the observable ice particles
o existing in the void spaces and pores of homogeneous frozen soils
ne ¥rost Zone -~ Frost zone refers to the vertical limits of frozen

soil,

0. ZFrost Penetration - Frost penetration is the maximum depth from

N

the surface to the bottom of the frogzen soil,

pe Devth of Freézing Temperature Penetfation —~ The depth of freezing

temperature penetration is the maximum depth below the surface of freezing

temperature.

q. Degree-Davs Below Freezing - Degree—darys below freezing is the

- cumulative difference between the average of the daily maximum and minimum

)

temperature and 32° Fahrenheit,

re Terminal Frozen Plane — The terminal frozen plane is the final

7

. ‘thawing nlane in the frozen soil,

6, Test Area 4.

R



a2, Location and Pavement Description.

Test Area A of the Fargd Hunicipal Airfield was located on Taxi-
way Wo, 2B, beginning at St;tion 3/50 and extending to Statibn 8400. The test
aréa is 50 feet wide and U50 feét in length. The taxiway pavement in Test
Area A coﬁsists of 1.5 inches of asphaltic conérete surface constructed over
a2 soil cement bas; course having a thickness of(gpproxiﬁately 6;5 inches;;a
subbase compésed of a CL—S?»maferial approximately 15 inches in thickneés over%
lying about S‘inches of CE~CH soil, and more than 3 feet of a{E%?nbierial;

The water table elevation in’ the test area on 17 Octobe£ léhh,‘was'BOE feet
below the surface of the pavemeﬁt,.while theiwater tavle elevation on 10
February 1945 was approximately 6.8 feet below thé surface. The subbase mA e Lo
ial in the test area pavement was constructid'directly upon tﬂe compacted
existing ground sﬁrfacev

bs Test Explorations,

Test explorations in Test Area 4, the locations of which are shown
on Plate 2, consist of the following groups:

(1) Preliminary Soil Explorations.

Preliminary soil explorations, consisting of borings made in
the taxiway pavement in the general_test area, were made in September 1944, to
determine the subgrade solls conditions existing in the vroposed site.

(2) Za2ll Explorations.

Fall explorations consisted of the excavations of two Test

Pits numbered TP 1A and TP 1B, respectively, in QOctober 19Uk,

(%) Winter Exnlofationsm

‘Two Test Pits numbered TP 24 and TP 2B were excavated in

February 1945, to determine subsurface moisture and frost conditions.

(4) Spring Exnlorations.
Two Test Pits numbered TP 34 and TP 3B were excavated in

-7 - ‘)
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April 1945, to determine changes occurring in subsurface pavement elements
‘ relative to water content, density and bearing ratio after completion of thaw,

¢e Bquipment Installations.

The following installations were made in Test Area Al
(1) Bench Markgw
A . ) : Six bench marks were placed on the shoulders of the taxiway -

in Test Area 4 giving 3 transverse wire-lines for measurement of heave in the-

\

test area pavement, ‘The-benCh marks consisted of rods driven into the soil
bélow the frést level and projected»fhrough the froét zoune by'a vipe covering,
tﬁe pipe béing filled wifh a mixture bf sofﬁ cutback asphalt and distillate to
permit heaving of frozen ground without disturbance of the begch mark rod, ?he
iocation"bfzthe bench marks in Test Area'A‘is\sh0wn on Plate 2, Details of 4

: ) : .

bench mark equipment are shown on Plate 3,

(2) - Temperature Measuring Equipment,

Subsurface temﬁeratures were measured'iﬁ'the test aréa by
méans of thermome£er wells installed to depths of 2, 4, 6, and & feet ét
Station 5400 on the center—lihé of the pavement. The thermometer wells con-
sisted of lengths of Saran synthetic plastic tubing, fitteq with a standard
meéal pi@e cap on the lower end and a similar removable cap mounted f}uéh |
with thevsurfaCe of the pavemeﬁt at the upper end, AAn armored élass-bulb'
-thermometer was placed in éach well, the thermometers résting in contact with’
the metal cap at the Bottom of the wells, The details of the tﬁermomefer weig
equipment are shown on Plate 3. :
(3) Water Wells,
: A water table observation well consisting-of an iron pipe
approiimately 1% inches in diameter, fitted with a "Well Point," was driven
. into water beariné soil on the west shoulder of the taxiway pavement adjacent

to Test Area A, at Station 5{00, Measurements of water table elevations were
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made by uvncapping the pipe and inSGrting,a measuring stick in the opening in
the top of the pipe. Water table elevations were made at weekly intervals
throughou£ the winter, and a portion-of these data are shown on Plate 5,

d. Observations and Measurements. |

“
'

The .following observations and measurements were made in Test Area.

(1) Wire-line Readings.
Initial wire--line readings were obtained in October 194h, and
further data was obtained in January, February, and April 1945, . The datae so

obtained have been used to determine heave of the pavement areas, and these

data have been plotted as heave contours on Plate 0,

’

(2) Frost Penetration.-

'

Tﬁe depth of, frost penetration‘was determined by angobserya,
tion of frozen materials existing in the pits éxcaVated dﬁring Febrﬁary 1945,
The depth of frost penetratién'was based on the depnth of frozen ground or
depths to which frost crystals or ice lenses were observed. Observations in
the two test pit excavations in February l9hf, indicatéd that ice formations

v

sted neither in the soil--cement base course ndr in the selected subbase

e

ex
mate;ials;kthe latter varying in denth from 0.55 to 1057-feet in Test Pit

TP 24 and from 0.6 to 1.5 feet in Test Pit TP 2B, However, ice formations
were observed in both pité from the boktom of the select subbase materials to
a depth of approximately 3;8 feet below the surféce, which is assumed to have

been the depth of frost penetration at' that date.,.

(3) Preezing Temmerature Penetration,

Freezing temperature penetration was determined by thermometer

.

‘readings obtained from the thermometers inserted in the plastic tubing wells
installed in the test area pavement. The depth of freezing temperature pene-
‘tration is based on the meximum depth of penetration of a 32-degree
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Féhﬁenheit temperature. The meximum depth of freezing témpe;ature penetra-
‘ tion is indicated to have 'occurred'during the peri.od_ of 3 March’ to 1_\2 March

1945 when a maximum depth ofvaeezing temperature penetratign of 4,8 feet was

reached. The cumulative degree-day value at the time of the maximum ffeezing

temperature penetration was approximately 1806, Temperature data have been

~

y shown on Plate U,

(4) Ice Lens Survey.

An ice lens survey was made concurrently with the determina-
‘tion of frost penetratioﬁ in the pit excavation§ madé in February 1945, As
previously noted in the descripntion un&er frost»peﬁetration, ice lenses were
not observed in the soil-cement base nor-in the Svaatoriallcomprising the sub-

base underlying the base course construction., ZFrost lens formations were ob-

served in all subgrade materials from the bottom of the subbase to a maximum

- Y
g

depth of 3,5 fetet, with the maximum-lens formation occurring in a black CH
.so0il at elevatiqns of from 2,4 to 3.1 feétwn The ice lens formations were
‘generally irregular in shape, and were formed'with.their,axeé both horizontal
andvvertiqal; The ice lenses were approximateiy 1/16 of an inch thick and
were from 3/8 t1 1/2 iﬁchesvapart.' The ice paﬁterns tended to form polygonal
shapes in the subgrade soil,. ‘

(5) Water Well Observations.

\

Water well observations to determine chahges in the elevation
of the indicated water table in the test atea were made weekly during the
period 2 December 1944 to 2 June' 1945, and elevations were also obtained dur-

ing test pit excavations, The results of the water table readings obtained

. during pit excavations are shown on PlatT:§z>and weckly data are shown on
Plate X
‘ : - ee Field Tests,

(1) Subsurface Moisture Tests,
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Moistﬁre data were obtained in the »it excavatioﬁs made dur-
ing the fall, winter, and spring periods, the;e data being taken to a tofal
denth of approximately Y'feeé,below the surface, Moisture contents were de—
termined at approiimately one~foot intervals through the base course and to a
deoth of 7 feet. Test.bofingé in tﬁe'test pits were terminated at a depth sz
7 fect. Moisture data are shown cn Plate 5, and are summarized in‘Tablc 2.

(2) sSubsurface Density Tests,

Subsurface’dens?ty tests of the various vpavement elements
’weré mads during the fall and soring test pit eicavations.’ Densities were
taken to a depth of anvroximately 5 feet.during the, fall test period, and to
a denth of approximately L,8 feet during the.spring test period., Density daté
are shown on Plate 5 and are-further summarized in Table 2.

(3) MIn-place" California Bearing Ratio Tests.

Uin—olacé" California Bearing Ratio Tesfé were made on the
surfaces of the soil-cement baée course, the sﬁbbase and the subgrade, and aé
approximately'on¢~foot intervals of depths to a total of,5 feet in the test |
vits excavated inlOctober 194k, MWIn-vlace" California bearing ratio data were
also obtqined during the spring test »nit excévations in April 1945, with data
being obtained at elevations simila; to those used in tﬁe fall test pit eica—~
vations. These data are summarized in Table 2,

f. Laboratory Tests.

The following laboratory tests were performed:

(1) Classification Tests;

Mechanical analysis and Atterberg tests were made for the
classification of all soils and aggregaté materials, All materi@is were
classified in acéordance with fhe Caségrahde method, using the methods and

procedure given in Appeﬁdix 14 of the Frost InvestigatiQn Report. Classifica-
tion and analysis data for all soil and aggregate materiéls are given in A

! . ) '
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Table 2,

(2) California Besring Ratio Tests.

Laboratory.California Bearing Ratié.Tosts‘were made on the
subbase and on the’various éubgrade materials obtained as ﬁndisturbed Specimen§g
The specimens were saturated.prior to testing and were tested uﬁdgr suréharges;

’ i . ¢
*approXimately equivalent to the dead loads existing at the elevation of the :
undisturbed sample in the airfield pavément.' The saturated undisturbed speci~§
men bearing ratio data are giVon in Table 2, In addition to thé undisfurbed .
sample tests, compaction~beéring ratio studies were also made on all reﬁresentgw
tive pavement subsurface materials, Thesec tests were péfformed in accordance ?
with the procedure established by the Ofiice, Chief of éngineers, in thevlette? '
to the Division Engineer, Missouri River Division, dated 12 May 1§uu, subject?i,
“California Bearing Rétio-Procedure.” The coﬁpaétion*bearing ratio studies |
were made by gompactiﬁg the various.materials in standard molds in a sefiesyof
tests, uéing varyiné hammer bldws'pf 10, 25 and 55 blows per layer, each
series of comp;ctions being repeated for various mdisture contents, The com—
pécted materials, after density detorginations, were séturated and tested for -
béafing ratio., The data:obtained frbm the laboratory.compacfiqn—bearing Tatio
s%udieé are -shown on Plate 5,

gs Conclusiong, Test Areca A.

i. (1) Eeaving,

The.period~of mgximum heaving, as dctefmined from wire-line
readings made at intervals throughout the fall, winter, and spring periods;
occurred on approximately 13 februéry 1945, Heévingrdété,vas shown on Plate 6,‘
indicate that appreclable heaving’took place throughout the tQSt arca with a
maximum heave of 0.12 feet occurring at the northwest corner of the test area
whiletthé a%erage heave ovér the test area was approximatély 0,07 feet.
Differential'héaving in the test area was indicated to be generally émall,

i
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except in the area of maximum heave in the northwest corner of the test area,

The degree of heaving occurring in the test area ihdicates that appreciéble
frost action took place under ﬁhe @iffield pavementé, The cause of the,heavin%
noted in the area is indicated by the presence of tlhe ice lenses observed in :
the test pits éxcavated in the area during the period of heave.

(2) Frost and Freezing Temperature Penetration.

Basedvon the, results of observations made in the test pit ex—;
cavations in February 1945, the depth of frost ?eneﬁration in the airfield |
regions at ﬁhat:time was apprpxiﬁately 3.5 feet; whergas, the depth of freezin%
temperature, as determined from thermometer readings made in an adjacent area E
at thebéaﬁe-time was approximately L. feet, Although the cumulative degree~
day value at the time 6f the indicated maximum7ffeezing temperature penetratiog
in March'Was approximateiy 1806, the degree-day value at the time of the pit |
excavations. on 12 Tebruary was approximately 1400, The'difference between the
deﬁth of frost penetratién as_détermined by the preéence of,frost,fqrmations,
and the depth of<freezing temperatures as measured by fhermometerg_may be due
to the_possible existence of a zone of appreciable thicknesé having a tempera—
ture of 32;degreés Fahrenheit, the upper portion containing‘frozen'water at
32-degrees, with the loWérvpértion in an unfrozen condition pehding furthe:
heat lqss.equal to the laten@yheat required to freezé the scil water., A4n

appreciable distance may thus separate the maximum depth of freezing tempera-

ture penetration and the maximum devth of the frozen zone. This condition is

probably accentuated on this airfield by the relatively large quantity of water
present in the subgrade soils requiring the transfer of’large quantities of heat

to produce actual freezing of the soil water,

(3) Sub~surface -Temperatures.
The temperature.data obtained on this airfield indicate that
¢ : .

the maximum penetration of freezing temveratures occurred approximately during
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the period of maximum cumulative deg?ee—days below freezing. This behavior'isi
considered to be due, to a large dégree, to the existence of apnreciable
quantities of moisture in‘the-sﬁbgrade soils, The data obtained from subsurw-
face £emperéture readings, as shown on ?late L, indicate that heat transfer
from tﬁe interior of the earth pr&éucing thawing of ice in the frozen zone, waé
relatively minor oﬁ this airfieid as COmpared with other airfields,inoﬁably thé
Pierre Airfield at Pierré,-South Dakota. The subsurface temperature data in- .
dicafe rather slow changes in temperature occurring atAdepths greater than
approximately 3 feet below the surface,whereas, materials lying above this

depth are indicated to be much more responsivle to changes of air temperatures,

§

particularly changes occurring during short periods of time,

4

() vIce Lens Sufvey,

» The prénoﬁnced iée léps formatiohs'noted in the subgrade\maw E
terials between the bottom of the égbbase and-a depth of approximately 3.8 fee?
are indicated to be thé result of frost action in subgrade soils having high
capiliarity with a wéfer source'in‘the wdter table, fluctuating betweeﬁ 5jand i

7 feet below the surface of the pavement during the frost invéstigation period.
The distribution of ice lenses throughout an appreciable range of depths of -
thg subgrade soils indicates a slow penetfation of freezing temperatures. The

absénce of thick ice leﬁses indicate, in general, a slow rate of capiliary flow

of moisture into the freczing zone. The observed ice lenses indicate the

probably cause of the pavement heaving noted in the test area.

(5) Subsurface Moistﬁre Conditions,
| HMoisture changes at elevations above a denth qf 2% feet are
indicated to have been relatively minor during the investigational period,
However, appreciable changes in'moisture cbnteﬁts occurred at denths below-

2L feet, extending to a 5-foot depth in the A series, and to a 7-foot depth in

- the B series of test pits. The variations in moisture contents, beginning at
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a depth of 2% feet and extending downward; are indicéted as probebly being dué_
. to the action of frc;st, since such actidn generally tends to accumulate water
and ice in the upper part of-this region.' The %ariations in water content
corréspond approximately to the depth of the frozen zone which extended to a
‘denth of avproximately 3.8 feet,‘ahd to the deoth of freezing.teﬁpérature pene-
“tration, which extended to amproximatély 4.8 feet in the test afea. The effecé
of the thawing of the ice lenses and ice formations in the frozen zone is in- %
dicated in the pronounced increase in moisture content occurriné at a depth of;
‘approximately 4% feet in each test pit in the excavétions made on 11 and 12
April 1945, The high moistufe contents of apnroximately 3& percent, existing E
in the two test mits are considered as being due to the melting of ice forma-

o o~

tions at and above fhis elevétién in thé original frozen zone, followed by

slow drainage of phis excess moisture into the area below the frozen zone, Th?

effécf of frost action, occurring in the frozen zone in the upper porti&n of

- the subgrade, on the elévation.of the water table in thé area, may be noted in-
the water table elevations shown on Plate 5. The changes in water table ele-
vations are indicated as due, in part; to the migration and accumulafion of
water in the frozen zone; and in pert to the freezing of the upper portion of
the ground, préventing absorption of surface water, which in turn, would like-
wise tend to reduce the elevationiof.ground water, |

(6) "Subsurface Density Tests.

’.

Density tests obtained in the test pit excavations during the

.

fall‘énd spring period indiéate that’an increase in density may have occurred
in the subbase, and in the upper portion.of the subgrade to a depth of approxi-
mately 4 feet. The reasons for the apparent increase in density of these ma-
terials are not knownf Attention is invited to the fact thaf the areas indicat-—
” ing density increase lie within the observed frozen zone and depth of freezing

temmerature penetration,
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(7 Califofnia Bearing Ratio Tests.,

4 comparison of "in~placé"lbearing ratio data obtained during

the fgl}.andTSpring period indicates that, iﬁ general, the M"in-place” bearing':
ratic'falué obfained on the surface of a éiven material in the spring was

appreciably less thanithe original fall Yearing ratio for the same material,
The reasons for the decreases in bearing ratio values in the épring tests are
not apparent since both lower moisture contents and higher densities are in-

dicated as existing during the spring period as contrasted to the fall period.

A comparison of saturated bearing ratio date with the "in-place" bearing ratio :

data obtained in the spring of 1945, indicates, in general, that the bearing
ratios obtained from the “in—place“ test during the spring were less than the
saturated undisturbed sémple bearing ratios obtained in the fall, although the '

moisture contents of the saturated samples, in general, exceeded the moisture

contents of the Min-place® materials tested in the spring. The differences in

, S

bearing ratio characteristics noted in the various materials may possibly have
been due to structural changes induced in the materials by the action of frost

during the wintéf period. The action of frost in producing changes in soil

structure have been noted by observations of soils immediately after the thaw-

ing of the frost, the frost lenses and other formations tending to produée a

‘separation of the soil into small 5locks and segments, resulting in a hetero=

geneous soil structure in place of thenhomoggneous:structure existing prior to
freezing., The heterogeneoﬁs structure, althﬁugh possibly haviﬁg-greater
density, apparently‘does not have the strength characteristics of the homo-—
geneous condition.:

7o General Conclusions,

The frost investigations at Farge Airfield indicate that relatively
severe frost action ocqurred‘in the subsurface pavement elements during the
investigational period, The occurrence of severe frost action is indicated in
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the appreciable heaﬁe,obtained in the test area and by the extensiVG frost

. v _
lens formations observed in the excavated test pits. A lowered pavement

cérrying capacity due to frost action is indicated in the decreased California
bearing ratio’vaiues obtained in the spring as éompared to the higher values.
obfain?d in the original faii'tests. The‘effect of frost action in producing
moisture -and density changes.is also indicated in the moisture and density
data obtained>in these investigations. The further effect of froét action
toWards reducing fhe elevation of the ground water table has been nqted‘in the‘
lowering of the water taﬁlé under the airfield té the ektent_of éppfbximately ‘

2 feet during the winter period. The development of frost action under the

airfield pavement is considered to have been somewhat retarded by the existence

of a subbase having a low degree of frost action susceptibility 'since frost

formations were no% observed'iﬁ these materials durihg the frost period. The
disfuptive effects of frost action on the alrfield paveﬁents also teﬁded,to
be minimized by the fairly uniform heave conditions occurring throughout the
pavemeﬁt area, the lack of diffcregtial>ﬁeamﬁgganeﬁ&ing to.decrease'pavgment

stresses during the vertical movement of the pavement, ,

9.8
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2o,

TABLE 1

: CHRONOLOGIuAL SUMMARY OF EXPLORATIONS
FARGO MUNICIPAL AIRFIZLD, FARGO, NORTH DAEOTA

Fall Peried

a,

b.

Co,

47 September ISMM
(1) Preliminary Soil Explorations.

11~17 October 19l

(1) Instellation of Bench Marks,

(2) Installation of Well Point, - '

(3) Excavation of Test Pits TP lA and TP 1B,
(4) vire-line Readings.

(5) "In-place™" California Bearlng Ratlo -estse

30 November 19u4lL
(l)v‘Installation of Thernometer Wells0

Winter Period

8,

Cs

2 December‘i94h -~ 1 March. 1945
(1) Weekly Thermometer Readings.
(2) Monthly Ground Water Level Readings.

12-27 January 1945
(1) Wire-line Readings(

. (2) Thermometer Readings.

(3) Ground Water Level Roadlnvs¢'

'10—13 February 1945

(1) Bxcavation of Test Pits TP 24 and TP 2B, '
(2) Vire-line Readings.

Spring Period

&o

1 March —~ 2 June 1945

(1) Weekly Thermometer Readings.

(2) Monthly Ground Water Level Readings,

10-13 April 1945 ‘ :
(1) Excavation of Test Pits TP 34 and TP 3B. \
(2) Wire-line Readings.

(3) "In-place" California Bearihg Ratio Tests.:

TABLE 1.
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FROST INVESTIGATION
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~ _ APPEDIX 10 - -
REPORT ON

BISMARCK MUNICIPAL AIRFIELD, BISMARCK, WORTH DAKOTA

-

1, Authorization.

The inve%tigation of frost action beneath cerfain airfield paveﬁents
was authorized by the letter dated 7 July~19hM; from the Office, Chief of
Engineers, %o the Division‘Engineer,_New England Division,isubjectbv "Prost
Investigétion," and by the letter dated 28 August 194k, from the District
Engineer, BOStoﬁ District, to the Divisioh Engineer, Missou;i Ri;er.Division,:
A subject;‘ "Frost Investigation', |

2, Purpose,-

}Thé purpose of thié iﬁvestigation has been the determination of the de~
velopment of frost aption in paveﬁent elements as affected by varying condi- |
\tions'of weather,‘soils'and ground wéter,"The investigatién at Bismarck
Municipalvﬁirfield was méde to deéermine the effects of frost in a region
having a fairly low annual precipitation but witﬁ severe winter weafher con-
ditions, and on anlairfield having subsurfacé materials, including subgrade
soils, which may generaily be;considered as suscéptible to frost action, the
péésibility‘of fro§t=action in these materialé‘being increased by the presence
of a perched water téble at a.depth of appfoximately twelve feet below the |
surface, | |

3+ Scopes ) .
| The seope of this,repoft coveré an‘investigat}on,of frost conditions

existing under a flexible runway pavement, The investigation includes the de-

- ' v V . 1 ’ * . 3 ) - . )
termination of moisture and density changes occurring in the wvarious subsur-

-1 -




¢

face pavement elements, together with changes in the California bearing ratio
Y

" characteristics of the materials in the base course, and upper pertion of the -

subgradie. The period of testing extended from 30 August 194k to 16 April

' 191450 The observation of frost and ice lens formations in the subsurface

materials during the winter period has been included in this investigation,

4, General Conditions.

a. Location, Terrain, and Drainage.

Bismérck Municipal Airfield is locgtedAiﬁmediately‘south of the
southeast limits of the Cify of Bismarck-in Burleigh Cbﬁnty, North Dakot§,
Fort Lincoln, a military reservatioh, adjoiné the'airfiéld on the westlénd
sogthg The airfield site iéliogated on a relatively flaf; eleyated bench
above. and apnroximately é miles eas£ of the MissourivﬁiVer. The terrain to
the éas£ and north of the airfiéid consists of a series of ascending ele~
vated benches of the Miséouri River Valley, while the terrain to the west aﬁd
south of the airfield descénds into river bottom landé° brainage in‘tﬁe
Iregion\of the airfield is cbnsideréd to be generally gobé due to>the eleva-
tion of the site and the character.of the surrounding tefrain; The normél
elevation o f natural grqund water on the ajrfield site is indicated to be
approximately ﬁO feet below the surface{ however, é perched water table was
found to exist under some porfions of the airfield pavemeﬁts, including the
frost investigation site, at a depth of apbroximatély 12‘feet below the"
suffaoe; The elevation of the airfield is anproximately 1650 feet above mean.
sea level, The drainage system on the aiffieldkconsists principall& of sur~.
féce dfainage with a portion of the field drained by a étorm sewer system,
discharging into ngtural water courses to the south of the airfield site. The
perched water téble is indicated to be due to the»présence of an impervious

. SN
clay pan, underlying sandy and gravelly ﬁaterials, produéigg a subéurféce
\

ponding condition during a large portion of the year,

P,



be Types of Pavéments,

Tﬁe vavements on this airfield consist of four bituminoué paved
TUNWaYS one bituminous paféd'faxiway, a bituminous paved aprgn,xand three.
small‘Portland cemenf cohcfete'apfonS, the latter averaging appfdximately 100
by 120 feet each in'size, with a combined area of approximately 2,560 square
yards. The bituminou§ paved surfécesconsist of cold mix bitﬁminous mat wear-
ing surfaces,having thicknessesvvarying*from-a inches to approximately H%
inéhes, laid in turn on gravel base courses having thicknesses varying froﬁ
6 to 6% inches. :The base courses are constructed on compacted subgrade
materials classified as SF-ML and ML type soils, A major porfion of fﬁe-air—
field runway pévements were_construéted’during 19Ué. Cne of the concrete
apron‘pavements'was constructed during 1935 and 1939, while the two remaining
conérete paved aprons Qere constructed in 1942 and 1943, All pavements were

constructed by the City of Bismarck and the Werks Progress Administration.

¢, Traffie History.

Aircraft traffic prior to 15 September 1943, consisted principally

of 6 landings and take-offs‘per day of commercial airline airdraft, Military

operations beginning 15 September 1943, and continuing thereafter through the:

date of this report, have consisted of an averagé_of approximafély 20 landing§
and take-offs per day, consisting principally of P~39 énd P-3g t&pe aircréft,%
and also including P-U7, B-17 and B-24 tyve craft in addition ﬁo the normal

civilian commercial airline service. The traffic distribution on the runway ¢

pavements during the period of operation is estimated to have been as

follows: IW-SE, 60%; NE-SW, 25%; N-S, 106; B-W, 5%,

do Conditiqn of»Pa%ément.
© The condition of all airfield vpavements is considered to be fair,
with checking and minor créckihg existing in hearly all flexidle navement
surfaces, The checking and cracking gxisting in'tﬁé flexible pavement
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éurfaces is indicated to be due, in part, to a somewhat brittle condition of
the cold mix bituminous mat, the cracking of the mat possibly being acceleraw :

ted by pavement flexure occurring in the subsurface pavement courses under

‘traffic. The prevalence of‘éracking may alse be due, in ﬁart, to the occur~

rence of contractive forceslduring the winter period as a result of low tem-
peraﬁures, producing the equivalent of shrinkage cracks in fhé pavement sur—
face, Minor>depressions exist on ;arious nortions of.fhe surfa;es of the aif%
field‘pavements, and this condition, together with the noted cracking, is infg
dicated as possibly inducing the‘infiltration'of’séme sufface water into the

base and subsurface courses., The surfaces of the airfield pavements have not:

been recently sealed,

ea Frost Conditions,
The soils dnder;ying the aiffield pavemehts consist principally
of materials of SF and ML ciassifications, and combinations of thése materialé,
principélly SF-ML and CL—ML_groups, together with some matefialsqu SP class~%g
ificpticn, The gravel base courses existing undervthé bituminoué sﬁrfaces .

are generally classified as SC materials, and are considered to be susceptible

to frost action due to the quantity of silt material incorporated into the

‘base, The subgrade soil .materials and the existence of a perched water table

at a distance of 12 feet below surface, create conditions which are considered;
to be favorable toward the occurrence of frost action in the subsurface pave—l
ment elements, Prior to the periﬁd of the frost iﬁvestigation,‘no indications -
of frost heaving or other major pavement changes due to frost action had been
noted,

£. Climatic Conditions.

The winter weather conditions at this airfield are considered to
be relatively severe, with a normal freezing index of,approkimately 2,550
cumulative degree—days.below freezing. Normal precipitation for the 3 months

' o
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preceding fréézeaup in~the fall is indicated to be approximately 2,6 inéhes.
Rainfall during the 1944 season was approximately 3 inches. The winters of
19&3_19u¥ and 19441945 were generail& less sevére than normal, the cumu-~
lative degree-days for these periods being, resvectively, 1710 and 1740. - Thei
Qeather conditions during the pe;iod of in&estigatiéﬁ on this airfield, thére%
ifore, have been considered to have been appreciably less sevére than normal,
relative to the duration of ﬁinimum temperatures, while precipitation during %
3—month peridd nrior to freeze-upiis indiéated to have been slightly more
severe than normal, - |
5« Definitions,

The description of the tests and analyses of results involve a
‘specializéd use of certain éerms and words, -These words and terms are de-
fined-for use in this report as followé:

Se Te$t Area ~ The test area-is the portion of the ;irfield selected
for invesfigations and obser#atioﬂs.

be Paveﬁent - The term ﬁavement iS»defined as a coveriﬁg of a pre-
pared or manufactured pfoduct superimposed upon a :subgrade or base to serve
as an abrasion and weather resistiﬁg structural medium,

Co Base - The term'ﬁase apﬁlies to the course of specially selected
soils, miﬁeral aggregates, or treated so@ls‘or aggregafes placed and compaéte@
on the natural or compacted suﬁgrade. - :

a,. Subﬁase'- The term subbase refers to a course intermediate be~-
tween the base and subgréde, and may consist éf selected séils, gineral
aggrégates; treated materials or highly compacted exiéting soil,

e, Subgrade - The term subgrade applies to the natural soil in place

or to fill material upon which a pavement, base or subbase is constructed,

£, Map‘Crackiné,a Map cracking is the development of a definite
crack pattern in the pavement surface under the action of repeated loadings,
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‘Map cracking is distinguished by the formation by cracking of continuous

connected polygonal pavement segments.

g+ Consolidation - Consolidation is the increase in unit weight,

Y A !
.or decrease in volume of a material due to the action of applied loadings.

Consolidation is considered to be synonymous with compaction in this report.

L. Permanent or Vertical Deformation - Permanent or vertical de~-

formation is the accumulative non-elastic part of the total vertical move-

ment of the surface of the pavement which remains after the load is removed,

i, Cavacity Operation - Capacity operation is defined as the maximum

traffic that can possibly operate on an airfield’fof a period of approximately
20 years. Tﬁe daily operafgon may be assumed as farying from 100 cycles of
landings and take-offs for the very heavy planes to 1500 cycles for Yery
light weight planes. | |

je Frozen Soil - Prozen soil is referred to in this reporf as
follows: | |

(1) Homogeneous Frozen Soil. A homogeneously frozen soil is a

X

soil in which all'-the water in the soil is frozen within the natural voids
existing in the soil, without observable segregation or accumulationof ice
lenses or frost forms exceeding in volume such natural veoid spaces.

(2) Stratified Frozen Soil, A stratified frozen soil is a soil

in which a part of the water in the soil is frogen in the form of observable
ice lenses, occupying space in excess of the original soil voids.

(3) Hard Frozen Soil. Hard frogzen soil is soil at or below a

temperature of 329F, which has been hardeneq due to the solidification, by

freezing, of water films between soil particles, -

k., Frost Growths - Any observable crystalline or solid frozen forms
of water in soils formed by freezing temperatures.

.

1. Ice Lenses — Ice lenses are the observable frozén free water
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bodies existing in stratified frozen soil.

'm, Ice Crystals - Ice crystals are the observable ice particles

existing in the void spaces and pores of homogeneous frozen soil.’
n, Frost Zone ~ Frost zone refers tc the vertical limits of frozen
soil,

0y Frost Penetration - Frost penetration is the maximum depth from

the surface to the bottom of'the frozen soil.

Do Depth of Freezing Temperature Penetration — The depth of freezing

temperature pénetration is -the maximum depth below the surface of freezing

temperature,

‘

gs Degree-Days Below Freezing - Degree«dayé below freezing is the

cumulative difference between the average of the daily maximum and minimum
temperature and 32° Fahrenheit,

ro Terminal Frozen Plane — The terminal frozen plane is the final

thawing plane in the frozen soil.
s, Zflexing - Flexing is the visible springing or vertical elastic
movement of the pavement under a moving wheel load.
Z
o

o Test Area A,

a, Location and Pavement Description.

JTest Area A is lécated on the E-W Runway, Station 8%25 to Station
11#25. The runway pavement in thé test area is 150 feet wide. The'ruﬁway
shoulders are turf, ~The pavement in Test Area A consists 6fa1+%inch thickﬁesg
of a cold mix bituminous mat surface dourse; constructed with sand-gravel
aggfégate and a medium curing cutback asphalt, a grével base course‘approxi;
mately 6% inches in thickness and approximately'}vfeet of CL-ML type subgrade‘
soils. The CL-ML tyve subgrade soils are underlain by strata of ML, SP and S?
materials, Séhdy and gravelly matérials exist below the upper subgrade soils
to a depth of approximately 12 feet, at which point é élay hard pan is
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encountered‘of such character and elevation that water is entrapped in the

~ permeable materials overlying the hardpan, resulting in the formation of a

- . 4
‘perched water table,

b, Test Explorations, : .

Test explorations in Test Area A, the location of which are shown
on Plate 2, consist of the following!

(1) Preliminary Soil BExplorations,

Preliminary soil explorations were made in August and
September 1944, for the purpose of determining the uniformity of soil condi-

tions under_the nrovosed test area,

(2) Fall Explorations,
' The‘fall explorations consisted of the excavation of two
Tgst Eifs, numbered TP 14 and TP 1B, during October 194k, .The exnlorations
inclu@ed the determination of moisture, density; and "in-place" bearing ratio

characteristics of the subsurface elements,

(3) Winter Explorations.
Two Test Pits, numbered TP 24 and TP 2B, were excavated in -
February 1945, Observations of frost formations in the subsurface pavement

elements and moisture tests were made in these excavations.

(4) Spring Zxplorations.
| Test Pits numbered TP 34 and TP 3B were excavated in April
19L5, ,Mpisture, density, and Min-place" bearing ratio data were obtained
in this series of testse |

" c. ZEquivment Installations.

The following instellations were made in Test Area A;
(l)"Bench Marks.,
Six bench marks were,ipstalled'ih the test area giving two
transverse wire-lines for_the measuremént of heave in the mvement surface,
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The bench marks consisted of steel rods drivéﬁ into the soil below‘the frost
level and protected through the frost zone by a pipe covering, the pipes, in
turn, being filled with a mixture of soft asphalt, ;nd distillate to prevent
disturbance of the‘rod &tring pavement heaving. The location of the bench
marks in the test area are shown on Plate 2, Details of bench mark equipment .
are shown on Plate 3.

(2) Water Wells.

A water ﬁell,~for the purpose of observing changes in ele-
vation of tﬁe perched water tab;e during the investigational period, was in—
staelled at the edge of the runway pavement adjacent to Test Area 4, at
\Station 9%75.’ The water well consisted of a iength of iron pipe, one and ohe,
quarter ihches in diameter,- equipped with a pefforated well point, the point

being driven to aporoximately 16 feet below the surface of the pavement,

(3) Temperature Measuring Equipment,
Temperature measuring equipment was not installed in the test
area on this airfield,

de Observations and Measurements.

The following observations and measurements were made in Test
A N
Area Al

(1) Wire-line Reading:

Wire-line readings for the determination of vavement heave
0] ’ . ’_ A .
were made in October 1944, and in January, February and &pril 1945. The data
obtained from wire-line readings have been used to determine heave contours

as shown on Plate 5,

(2) Frost Penetration.
The depth of frost penetration was determined in the pits
\ ) :
_excavated in February 1945. The depth of frost penetration is considered to

be the depth at which observable ice foﬁms or hard frozen ground was
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encountered in the test pit excavations. The depth of freezing temperature
penetration was not determined on this airfield since subsurface temmerature./

measuring equipment was not installed at this airfield., The observations of

frost penetration, as determined by the denth of frozen ground, indiqatea,

\

that the depfh 6f frost penetration was 3;7 feet bélow thé surface of the-
pavement in Test Pit TP 24, while in Test Pit TP 2B, the frost penetration
reached a depth of 3¢8~feet.‘ The observations indicated that the material
was frozen éontinuously from the bottom of the bituninous surface to the

N

maximum depth of frost penetration noted.

(3) Ice Lens Survey.

\

In the test pits excavated on 3 February 1945, no ice cry-

- stals or frost formatiohs were noted in the gravel base course, although this

course was hard frozen, In the subgrade, however, qéntinuous hairline lenses
in layers from 1/16 to 1/8 of an inch apart, existed in large numbers in the
upper 0,23 feet of the subgrade in Test Pit TP 24 and similar ice lenses ex-

isted in the upper 0.3 feet of subgrade in Test Pit TP 2B, No ice formations

were observed below these depths, although frozen ground existed to an

appreciably greater denth,

é. Field Tests.

(1) California Bearing Ratio Tests.

Field "in-place!" California bearing ratic data were obtained

in 4he test areé'during both the fall and the spring test pit excavations,

3

The bearing ratio tests were made on the surfaces of the base course and sub-—:

grade, and on several elements at varying denths below the top of the sub-~

grade. The data obtained from the "in-place" bearing ratio tests -are given in

Table 2.

(2) Subsurface Moisture Tests.
Moisture data were obtained at various depths and in the
various elements of the pavement during the fall, winter, and spring test pit

excavations, The water contents of the various elements were taken to a total -
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depth of approximately 12 feet, at which elevation the perched water table
‘was encountered, The fall moisture tests were made in October l9¥¥, the

winter tests in February 1945, and the spring tests in April 1945. The mois-

ture data obtained from these tests are shown on Plate 4,

(3) Subsurface Density Tests.
Densitj data were obtained to a devth of approximately 4,5
feet during the fall and spring test periods. These data are given in Table
2, and are sthn in graphic form on Plate U,

f. Laboratory Tests.

The following laboratory tests were nerformed:

(l) Classification Tests.

lMechanical analyéis and, Attérbérg tests were made for the
clagsification of all soil and.aggregate meterials, All materials were
classified,in accordance with the Casagrande méthod; usiﬁg the methodé and
procedures giveﬂ in Appendix 14 of the Frost Investiga£ion Re#ort, Class-
ification and analysis data for all so;l and aggregate materials are given in
Table 2

o (2) California Bearing Ratio Tests.

Laboratory detefmipationé of California. bearing ratios were
ﬁade on all base courses, and on typical‘subgrade materiais’existing within
the depth of pit excavations. Laboratdry‘tests were made on undistﬁrbed'
épeciménsof subgrade soils‘whiéh were obtained in steel cylinders and sat-
~urated in the laboratory prior to testing, All subgrade materials were

tested in the ;aboratory under appropriateAsurcharges, us%ng surcharge load-
ings equivalent to the dead load imposed on the same material iﬁ the airfield
pavement.‘ Labqratory tests were made Qn samples obtained during the fall
test period in Qcpcber 19&#. The results of the satgfated bearing rétio tests
4on the undisturbed specimens are given in Table 2. In addition to the field
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and undisturbed’laboratory sPécimen tests, a compaction—bearingbratio study
was made in’the laborafory on disturbe& specimens of soil and Base course
materials recoﬁpacted to various densities at different . moisture contents and
under varied cdnditions of compaction; using méthods established by the Chief
of Engineers, These methods are described in Avpendix 14 of the Frost Investif
gation Report. Bearing ratio data‘were obtéined from the saturated recompacted
specimen. The data from the compaction-bearing ratio study are shown on Plate

-

o

go Conclusions, Test Area A,

(1) Heaving of Pavement, -

Pavement heave is indicated as having reached a maximum on
about 13 January 1945, 'A maximum heave of 0.10 foot was noted at one corner

of the test area, and the average heave was approximatelyAQ;Ou feet on that

date. Heaving was fairly uniform in the test area, except that the average

heaving of the south half of the test arca was aporoximately 0,02 feet, while
the average heave of the horth hélf of'the»pavemegﬁ was about 0,05 feet., Al- -
though temperature, soil, Qater-tablé elevation and the water contents in ﬁhe
subgradé soils were favorable for the developmen£ of severe frost action, the
observed resul@s indicate oﬁly relati%e;y minor heaving. The effegt‘ofvthis
heaving on the reductiqn of carrying éapacity of the pavement waé not

determined.,.

(2) Frost Penetration.

‘ The'depth of frost_penetratioﬁ,indicatéd to be approximately
3;8 feet as determined from the depth bf ha;d frozen grognd in the test »its
excavated on 7 and & February 1945, corresponded to a cumulative degree—day"
below freezing value éf approximately 1280. The depth of frost penetration
determined from the test pit excavations is indicated as having been at or
near the maximum depth of frost penetration in the test arsa during the |
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investigational period.

(3). Ice' Lens Survey,

Observations in the test pit excavations indicated that ice

lens formations tended to be concentrated in the upper portion of the sub-

/

grade, thin lenses and crystals existing from the top of the subgrade %o

distances of 0,23 feet and 0.3 feet below the top of the subgrade in Test

Pits TP PA and TP 2B, respectively. Ice formations were not present, neither
in the base course, nor at elevations iower thah the first O.és’feetxéf sub-
grade iﬁ TesflPit TP EA.or_the first 0.3 feet of subgrade in Test Pig TP 2B,
although frozeﬁ gfound was noted as extending to a depth of approximately

3.8 feét below the pavement surface.-in each test pit. An examination of
moisture data obtained in the tﬁo test pit excavations indicate that high
moisture qontents were present in the soils exhibiting the frost formations.
It is further indidated thét the soils directly underlying the upper portion
of the subgrade had water contents appreciably leSS<thén the soil above, it
is considered possible that some dehydration of the lower soils may have
occurred, this water migrating into the upper portion‘of the suﬁgrade to form;
the observed frost formations,

(4) Subsurface Moisture Changes.,

The subsurface moisture changes, occurring in Test Area A
during the‘frost investigatignal period, are indicated to have been relatively
minoro. In the A sgriés of tests, small increases of moisture content OCéurre?
from the top‘of the subgrade tb a depth of approximétely 3.5 feet, The.totai
change iﬁbmoisture content between the fall and the spring readings was
approximately 5 percent, the spring period indicating the higher moisturé
content, The moisture increases occurring in the B series of nits were less
than those occurring in the A seri?sg The B series of pits indicated mois-

ture content increases of approximately 3 to L percent between the top of the
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gubgrade‘and a depth of approximately 5 feet, The moisture changes are in-
dicated as having occurred principally in the CL-ML soils q;isfing in the’
upper pqrtionjof the sﬁbgrade° fhe CL-ML soils overlaid material of SE-ML,
SP, and SF type soils, the latter soils extending to the’perched water table
elevation,- It is possiﬁle that the SF—ML, ST and SPbéoils’may have pos-—
sessed sufficiently low capillarities to have retarded the migration of

water from the perched water table into the frost active zone of CL-ML mater—
iais. The resﬁlt of such‘action would bé a retardation of water accumulation

and frost action in the materials lying above the low capillarity soils,

(5) Subsurface Density Test,
~Thé éubsurface dénsity data obpained during the fall and
spring test pit excavations indicate almost negligible variations in density
in the subsu;face materials during the winter test’pefiod, It is considered
that the frost action occurring at these levels in the test pit was in-
sufficient.to produce any'majqr change in deﬁsity»of the subsurface materials:
within the frost active zone.'

(6) California Bearing Ratio Tests,

California bearing ratio data ébﬁained from the tests made
.in October 1944 and in April 19&5,lindicate that the changes in "in-place"
bearing ratios of the various subgfadé elementé below the surface .course
‘during the winter peried were very small, Field bearing ratio data were
somewhat erratic, the field "in-place" bearing ratio of the basé:course being
indicated as having decrease@ from a féll bearipg ratio value of 32 té a
value of 26 in the svring A series of test pits, while in the B séries‘of
test pits, a base course "in-place" bearing ratio éf 15 was obtained during
the'fall, and.a ratio of 23 was obtained during thé spfiné, Small decréases
of subgréde bearing ratio values were noted in the spring\"in—plage" data
as compared to the fall test data, The begring fatios of materials below the
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top of the subgrade ére indicated as having undergone only negligibie,or
extremely small changes. The results of tﬂe following.spring "in-place®
bearing ratio tests do not indicate major changes as having occurred in the
bearing ratio characteristids of the pavement subsurface materials during the

winter period, due to frost action,

7+ General Conclusions.

Frost action occurring under the fiexible airfield pavemenf test area
on the Bismarck Airficld during the l9hu~i9h5 winter season is indicated to
have been relatively minor déspite.weather, soil, and mqisture conditions
‘'which might be considered as conducive to the development of severe frost
" action, The abseﬁcé of severe frost action is indicated in the minor heaving
ogserfed in the test arca and in the absence.of pronounced development of iée
or frost formations'in the éubSurface pavement>elements during the wiﬁter.
The changes in moisture contgnts of the upper portion of the subgrade soils
lying.within the frozen zone and density variations of the same materials,
both indicate only very.minor effects due to froét action. »Thg result of
California,beariﬁg‘ratio ﬁata obtained from the field "in-place" tests like-
wise indicate only relatively minor changes as occurring during the winter
period as a resﬁlt of frost action. The absence 6f more pronounced frost
action is considered tq have been-due possibly to the existence of low capil-
larity soil types of SF, SP and GP classifiCatiOn, lying between the high
capillarity upper subgrade soils and the pefched water table., The low capil-
larisy is.indicated to have\rétarded the migration of water from the water
source into the ffost active zone, thus diminishing heave and retarding the
formation of ice lenses and'othgf frost action phenomena which mightvothér—
wise have been expected under the temperature and woather conditions

existing on this airfield.
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TABLE 1

CHRONOLOGICAL'SUMMARY OF ZXPLORATIONS
BISMARCK MUNICIPAL AIRFIELD, BISMARCK, WORTH DAKOTA

"Fall Period

30 August - 2 Septemoer 194k

(l) Preliminary S6il Explorations.

1924 Octobver 19HH .

(1) Excavation of Test Pits TP 14 and TP 13,
(2) Installation of Bench Marks,

(3) Installation of Well Point.

(1) Wire-line Readings.

(5) MIn-place" California Bearing Ratlo Tests.

Winter Period

Se

b

15-30 January 1945
(1) Wire-line Readings.

v6—9 February 1945

(1) Excavation of Test Pits TP 24 and TP 2B,
(2) Wire-line Readings.

Spring Period

a,

13-16 April 1945 \
(1) Excavation of Test Pits TP 3A and TP 3B,
(2) Wire-line Readings,

(3) Ground Water Level Readings.

(L) "In-place® California Bearing Ratio Tests,

-~ . /

TABLE 1
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WAR DEPARTMENT

CORPS OF ENGINEERS, U. S. ARMY
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WAR DEPARTMENT

ML

PANEL "B"

STA. 1+95 (APRON) M

®8M 10 oBMIS
° — v N
X1 -
I
; \ - -
0 —_
‘)
< o %
_ _b

STA.2+70
§ S . B ‘ \ . !' N / . .é

’ T - o . |

e
] 03, ) S
STA.3 +45 o o ~02 ———t——p/}
W o8M 12 W s D BM 15
SURVEY 5 OCT. 1944 TO 5 FEB. 1945 CONTOUR - INTERVAL =ONE.
FOR TEST AREAS A AND B. TEST AREA A ‘ e .
20 9 20 40 % 0 -
E— — SCALE IN FEET
'GBB” 4 aBM7
T r4 —— )
i - ——SHOULDER— '

—

%/ TRIANS. EXPANS/ON| JOINT4~~
CONTRACITION _JOINT |
AL pANEL 4
§: CONS TRUC-T/DN JOINTS <
22'-0" 1 {\ 220"
o ) I
5| STAI#95— 2+70 S STA.3+307)
EXPANSION o JOINT— \ Q ; CONTRACTION JOINT—
o : B 3 [ N
“w X < X N ;
Y70 - S 2 < 3 2 s
» ] D BN g S ANARAES
1 T Q
§ 3 X S S %
] N [ . o o
2 § § \ § g, - 012 ' s ! § 2
5 ~ \|_+—{CONTRACTION JOINT § J—oug §
§ CONTRACT AR Sy ] ,1% g ot 9
_CONTRACTION JOINT — 3445 N i 1 ‘ 4 =  CONTRACTION JT} 3
STA.2+10 W ] ) STA. 3+45—7 |9 17 -0" ‘
PLAN- PANEL ‘A" LOCATION PLA; . PLAN- PANEL "8"
SCALE IN FEET
Cor CONSTRUCTION JOINT v CONTRACTION _/b//vr 1 -0
e R __an,p liza T J,:_; -
" les Tse 12a 122 | I 1 ‘ |
l I ‘ S0 Slos __414e4 0106
t __8o 58 6.7 483 l ] I l ) -
g 2r Ics L: Ls l55 — L otee s 142 l':l‘
R ] NE
= ‘ : _ 79 9.7 93 500 s
E .S A 8.7 7.5 o047 . T I . | T
<.l l | [ | _Jus P YR P
Q _ a2 CALS 522 038 I I 1 . I g
1, . I o2 5.8 8.7 a0
__ sy 3.5 3. 40 I | l
af 1 1 T ez 59 6o . 89 ],
PP PR PR PP | | ]
I I I a0 Lot s se.8
_lsa 38 la2 . .
s S - s
HOLE NO. | 2 3 4 HOLE NO.9 10 o 12
DATE 10-iI- 44 DATE [0-11-44
SECTION SECTION
or EXPANSION JOINT CONSTRUCTION JOINT
o
C. CONCRETE PC CONCRETE
s : ;Lno.o' S L2z J,l_.a -1
11 e o139 [ . .
I I S108 ou.a 10.7 1.7
_Jlee 99 pAIN] l l |
~ ~
wol l | | —qze g2z dus  Jiee 44
ﬂ - Ase 8.8 or2 I T E.
2 I I I 87 17 10.4 (1N} 2
= —082 580 550 | : l =
X x
ks - | | l _Jlss 8.0 1.8 19:_4,-3'\
g _380 048 L83 . | I | &
l . I __AROCK 9.1 PY-X 02:2 Q
—4sa 5. .2 | I : l |
N | | _ " e lus
—030 50 49 T I ‘ [
l l T_ —Q olo0 - olo8 S8t
—olos 53 53
5 ' s
HOLE NO. 5 6 ) 7 8 HOLE NO.13 14 15~ 16
DATE 10-]1-44 DATE.- 10-11-44
SECTION SECTION -
PANEL “A"

=L

.bé.d'/ i

/ T
—0

o

TEST AREA B

o 20

.

40
4

K SELR —SHOULDER—. -

SCALE IN FEET

" CORPS OF ENGINEERS, U.S. ARMY

MISSOURI RIVER DIV.,,OMAHA, NEBR.

FROST INVESTIGATION

CASPER AIRBASE, CASPE R,WYO.

FROST HEAVE CONTOURS
WATER INFILTRATION DATA
TEST AREAS A AND B

SCALE: AS SHOWN

A4 D
H0+

/|
4

JUNE, l%ds

PLATE 4.



VAR DEPARTMENT

CORPS OF ENGINEERS U. S. ARMY
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o | INFEET |aiassooos|00z | 005 [0.10(0297| 2.0 | 47 |1gy | LIQUID| PLASTICIS! CONTENT|WEIGHT [CONTENT |DENSITY| G.I"  [CONTENT|DENSITY| “0.1" [BEFORE | AFTER % |oensmy| o
om | mm | 'mm | mm | mm | mm | mm [ mm | UMIT] INDEX (GRAVITY| o/ nrywi | pef. |%DryWt| pcf | Pen. |%DryWt.| pef | Pen. [SOAKING|SOAKING|SWELL | pcf | Pen
1A 10-'44 | Surface| 0.0 =-0,1 Asph] | - _ S [ . o T
‘Base |0.1 - 0.6 soilqCement | RS R R ' 10,0122 [10,0® 122 @ — AR :
/(\ Subgr, | 0.6 = 1.5/ CL-3K -9 | 16 . le9l | 961 97 | 30 | 12 2,70 |.9.8@ 127 @® | 9,8@ 127 @ | 19 | 10,53 126@| 27® |
ol | 1.5 = 2.5/ OH=CH 22 | 45 | (91| 98 1100 | 64 | 29 | 2.57 |22.7@) 90 (2)122,7 @) 90 @=F3Ar27.2@) 88 ™| 9,0@) o
(v - 7 |2.5 = 3.2 CH | 571 87 | 1977199 100 .| == | 73 | 40 | 2.64 |3L.7@)| 88 (2 (31, 7(M| 88 (D | 4,30)] 32.20) 88 ®W| 6,.8@ 7 (5
CAPE 3.2 - 4.3|CH | 63 | 91 | 9 100 | == | == | 760 47 2.70 |28.6@)| 90 (2 128,62 90 )| 3,18] 28,1 91@| 4 0@ s i
( | 4.3 - 5.0 CH e . o [ 130,12 922 |30,1 ) 92 @ | 3 3@ 76 3
: 5.0 - .6,0| CH , Lo ’ B=s | - | : P -
1B | 10-'44 |Surface|0.0 - 0.1 Asph| - |- e E . | - | 5
o -] Base [0.1 = 0.7 S0il4Cement | | | || ‘ 0 [12,2@ 122( 12.2() 122 @ e
Subgr, | 0.7 = 1.5{CL=8§ ~7. | 11 | 16 | 22 {42 | 92°{100 | — | 31 | 12 2.67 |11.3@|12, @11, 3@ 02, @ | 7,20 11,9@ 12,3 | 11 @
| 1.5 - 2.4{OH-CH 32 | 56 | 68 |75 |84 | 97 (100 | — | 62 | 31 2,52 |30.7®| g8 @) 30,70)| 88 @ | 6.0@) 24,.8® 93® | 10.®@
2.4 = 3.2JCH | 43| 75 |"88 [ 92|97 | 99 {100 | — | 75 |47 2,66 (33.1@)| 86 @ [33.1@| 86 @ |- ,.92] 32,200 @8®| 5,30
3e2 = 4.2|CH |64 | 92 |98 | 99 |99 | 99 |100 | == | 80 | 56 2.69 |31.3W)| g6 |31,3@) 86 @ | 3,748 32, 2“9 86@® | L.0@
he2 = 5.0[CH" [ | [ ] | * | C o |31.9@] 90 @ 31,9@) g0 W 1,4®)
500 “ 6ogtgH B L —-397?‘ 1= - - . EZ
6.0 ~ 7.0KCH - 1 309 /9 - ) 3
26 | 2-'45 |Surface|0.0 - O.lAsph.| | 1
Base |0.1 = 0.6|Soil+Cement 10.5@ | - ‘ c¢ ]
| suber.|0.6 - 1.6%sF | | L g
245 = 3, 5F BL@| e /
o 3.5 = 6.0fCE 29.1@ -
I R ! A I SbBoae cBE= (199
2B 2='45  |Surface|0.0 = R . ‘ JYe (7,7”52,) '
B ‘Base 0.1 - 13.9 @ | T
Subgr. | 0.6 = S hlaw —=775 %""’"’ ;
o |15 - _ hoiw@ | ¢/79.7 &
S |2 - - 3755);,%5,;1-- /45—
.' @M(/ﬁf‘, 513 ‘
é;/;fyl 3’1____& N
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F'ARGO MUNICIF%\L AIRFIELD,

FROST

INVESTIGATION
SUMMARY OF SsolL AND . PAVEMENT TEST DAT'A

FARGO, NORTH DAKOTA

L]

TEST AREA A . |
SOIL; 'DATA o : C.BR. DATA ,
TEST | pate | TYPE Ai.)EPTH | SeFiner ,h%':“,L':,,fo',ze% arain size ATTERBERG LiMITs | RATURSL FIELD IN-PLACE TESTS |UNDISTURBED CYL.TESTS| = REMOLDED TESTS=I00% DENSITY
PIT 1 | reer |95 T Liouol pLasticlspeciFic] WATER [ UNIT [WaTER CBR. [WATER C.B.R. |WATER CONTENT ‘ CBR.
_ CLASS|0.005{0.02 | 0.05 | 0.10{0297| 2.0 | 47 |9l RAVITS CONTENT|WEIGHT [CONTENT[DENSITY| 0.1" |CONTENT|DENSITY|{ ©.1" [BEFORE|[AFTER | %  [DENSTY| O.I"
v mm |mm | mm [mm| mm | mm{mm]| mm LIMIT 'NDEX_..G, AVITY %DryWt| pef. | %Drywt| pcf Pen. |%0ryWt.| pcf Pen. |SOAKING|SOAKING|SWELL | pcf. Pen.
38| 4='45 |Surface| 0,0 - 0.1 Asph. .
A ‘Base | 0.1 -~ 0.4 SoiltCement 7 ﬁ 9.7131120 @ | 9,76Y 120 ®
{ | Subgr. 0.6 = 1.6¢C L A0 10,7133 @ 10,7(2){\133 @ (12 @ .
ale | 1.6 - 2, : L\\\ 24,3 97 @ [24,3@F 97 @ L 5.,® e . :
W SR 2.4 - 3. M}é& 29.0@ 97 @ |29,0@ (097 @ | 4,9®| CBR = Slbbese~ 5710(,”1)
. /}hz&,’_ 3.7 = ke %{ 36.6™| 84 (@ |36,6®]| 84 @ | L.2® T 17.9¢ 5
122 ?3 - 2 0 | | 2991 B 26 T @ 9T T2 H 2~ #3D)
jf 5-0.-;‘75 ’Q\( I 3779 S LH'?_
. . . . o ‘ t ' g,z
3B L='L5 |Surfacel 0,0 - O, v . % 1 ’ v .
' o - g:%ef 0.1 - Q. nt B § . 12,6120 @ |12.6® (120 @ , N
. g s 0.7.- 1. . i | © {113 128 @ [11,3@ (128 @ | 5.9@ Cé/?;( - \?
1.5 -2, j 129.6m| 95 @29, 6@| 95 @ | 3,8® T Spede 5y
i 7. \ ¥ .
2.5 = 3. \\,g 33.0@| 91 @ 33.0@| 91 @| 2,5@ R 4.q
Seb "2 Ny |37.7® -'81—@ 377 -gL-@-- 5,8@ s Y2
g.g - 6. T 32.0-@W e | 2o5 3 I F
70 - &, {39 5 kg
0 - 8. 35,3 L~ > AT
» & Ty
—_—
AL 4
™9
I
/7')
% Fileld Classification a
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CORPS OF ENGINEERS, U.S. ARMY

WAR . DEPARTMENT

DAKOTA A"

YBISMARCK - Y

FARGO

" LEGEND
V COMPREHENSIVE

V SURVEY

AMONT

FROST INVESTIGATION

GEOGRAPHICAL LOCATION
- MAP

K 50 28 S0 100 200
SCALE INMILES

MISSOURI RIVER DIV., OMAHA NEBR. JUNE, 1945
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WAR DEPARTMENT -

i

_PROFILE ALONG CENTERLINE
JEST AREA A

R /50" 75’
:
d BME D — ‘%
le: M eel-N -}
- - S . Q
L X | ®
. [, @nr
BM 6@
Q-
3 9 R
N
5 &8
EGEN TEST AREA A
80 4] 50 100
e — e
BENCH MARK oo oo oo oo e (2]
OBSERVATION WELL - - o i g
THERMOMETER oo e e m oo e )
Note: ’
Pavement thicknesses shown sre
design thicknesses. :
899— 7 808
898|— A/ ' / 808 -,
/. / CL-SF(Sen]
87— \ \ OH-CH( Black Clay vif 807
> N ‘ 1 f 53 u
S . 3
3 N 5
a s08l— \ \\ CH(ﬁ/SCk MEd/U 896 s
_ g895— \‘ 895 §
§ 894 |— ' 894 §
803|— 893
892'—

T

. eee—

| MEAN SEA LEVEL ELEVATION

888—

B i . ‘ N\ e
- 897 :;-CH Bleck Clay ugfh nd, avel and Cipders 8
ubgrade J

20

8o6f— GHI Bige

RN

T 460 800 -
BCALE IN FEET

899

698

2
N _ g
dium /8 ) Sub_g aqe \\\\ —{808 E
\ A NN g
\ ‘ —805 3 ~
Brown Rt Qlpy ) Subgrede ) g
‘ inl
N -
b ' —es3
, l i ,\‘/ —Jlag2
CROSS SECTION A-A .
: 20 40 -

SCALE N FEET

CORPS OF ENGINEERS, US.ARMY 1

FROST INVESTIGATION

FARGO MUNICIPAL AIRFIELD.
FARGO,NORTH DAKOTA

PLAN AND PROFILE
TEST AREA A

SCALE:AS SHOWN

MISSOURI RIVER DIV.,OMAHA,NEBR. JUNE, 1945
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;———-Pii CORPS OF ENGINEERS , U. S. ARMY
WAR DEPARTMENT —~ -
‘ . .

' ’ ' s Slot
[ Flling [} ns o
2"Dia. : ’ . ' 7 :
f } : ) : . ) I—» B8 2°
. % *Plate - - Bolt %% 0%3 42" _ ' . ;
In"Plate \ ' Copper Ggske’f Piano Wire -.022 "dia. N\ ' Tap plate .
— 727777, 7, : -1 " y 0 T L.
t n %" Plate-3%"Dia.- Weld . 1! X Wire i . r=27%% Bar . )\ %" Thumb Screw
= x . : Wire . 4 .
= = 42"Bar -bent down For stop Stand-off |,
8 S, i (o ' ) N —- - Wire Tension Device A~--b4-—H ¢ %" %25 Rod N / %
N N~ s~ 5= - ’ : ~ % N (See Detail Below ) : ~ b <
Q Clear each end o _ Housing . Weld AN N \\\
N ' 2% Dia. + ' N—— Fosition of Selector Switch Svupport Extension N — Top of pavement | e N
' \ = ‘o 76" : ! [ . —2" Pipe ‘
y~ 2'Pipe or conauit-6* fong : }’—T | T . Tap Bar
3& . AN | (=——0 L. :
3 T lf“"l H '<J — 8 SECTION
L : B e ey, I e ’ VIEW c-C - SECTION
§’ Wold water tight _/H o] .7r” Circular Gaske? 24 thick 1 pipe %: |‘T‘|| A ( SHOWING HOUSING EXTENSION ) -
. 3 ‘ J—-F 17N 11\ .o U : ! | : Housing
it t\vf |-_‘-‘ b ) N Plate Cover I [ 1
SECTION N . T Rod '
N L It I
| N - | SECTIONAL ELEVATION | c(,@é: | : - -
LA . _ | A ( SHOWING WIRE STAND-OFF 8 HOUSING EXTENSION ) -%—— — . .
| [p—ed 25 |u ._ :3
15" Bar- bent down L\ 7" Ze " . ’/4"7'/)(/”75 Screw 2 %" CVIEW A-A .. - " :
== o =TT T DETAIL AT TOP VIEW D-D ' T 224" %" Thomb Screw ) -
(] 1
fr—p e | A | . B N . 3” l \ — ) .
L*f . b Washer f— | _* ’ . 1%'x 2 Plate
72 or-bent down . W it v NN t—o A 4 % H\’//M/Ck
% ) f FV/ N viEW
N “Y\ “ “ im “ﬂ“ Z NN // IEW B-B
. N 4 : . .
e e —ﬁ < .
1 N L WIRE HOLDER
IR 2 Ay ‘R\\‘ I —
PLAN v A N .
( Cover Removed ) 1 A G777 7 NN\ Tap Bar
X ' : “ lep s A% Pin S| “Spring-Compress 1"for 25%.
B /
THERMOCOUPLE ' \//%‘Xz_/l Plate - Q : SECTION
TERMINAL BOX ' o view ek X SESHON
—_—— END VIEW © - WIRE TENSION DEVICE
WIRE LINE APPARATUS
] BRNPR» : 2P '
Backfill with ) Backfill with & N Y6 “DialHote » 2 ug .
like material Joint Filter ///(e mater/a/ <—coP P e,f ﬁ/bmq___ :", r wite ;_L .
= f /’5 '/Zf L7 2 Davement = f ‘ "Concre/e Payemm/ ﬂ . %" Plog TR IO -2"Coupling
1.0 Base ' S A AR e , |
A AR ' Switch —lgt ) N T T F—=2%"Pirs Coupling N
Sy il I RS i AT T s |38 o .
Sealing Compound — 1! M H |:| Suvbgrade Sealing Compound :II il no2 e N ::i IR " pipe
Y | I con '1‘# |“ I I | §\ BN Yo" %3 Rod welded to  ~|
io i3 ||I| 'll “I 2072 Wy |” ||| M H t §, ‘2 coupling 7o provide ;§ \‘Q ‘
] ! | ! ! i 3 .
Ny M :'l ||l T i 3 -E E anchor into pavement é: Q | Fill space  with
: - Sl Wi R K R pump grease
S 14 i ||| N al II: 1IN . S %" Black Saran Tubing @ ‘E '
< 14 “| S I i ! 3 E ‘\}:‘ | DouvbleStrength . B
. 9 1
3 ts ) fa !l s 1 R § §
S It gl ! M NER
~ I| ~Steel Box i g d .:u'/ & Ay L N
N lJ'| 6 : l‘l" 6 Position of _|1 ] . & T g 8 gl :
N |T| PLAN ||| T/Iermameferl-: ! - ) o S| e AL -
- i 'l' ¥ Nete: S s FROST INVESTIGATION
| ] [N ‘B 2" of anti-freeze solution ”a U A
3 llf 7 M 7 : : " at bottom of well for thermal . & ' ) B :
o | “I Note : I ™ econtact. /
< |:| i End of thermometer || (b8 y 11 )
| wrapped with' dry ! 1 . -
¥ Y s etten toprowite oion,| 1 =~/"*Plain Rod EQUIPMENT DETAILS
. . . : 4y . . . . .
SECTION THRU BITUMINOUS PAVEMENT . SECTION THRU CONCRETE PAVEMENT \/ \J ‘ B % Fipecap X\ -
. ' ’ . FRONT VIEW SIDE VIEW : o
THERMOCOUPLE' INSTALLATIONS THERMOMETER HOLDER THERMOMETER WELL BENCH MARK
. - e =

[MISSOURI RIVER DIV., OMAHA,NEBR.  JUNE,1945
PLATE 3




WAR DEPARTMENT

CORPS OF ENGINEERS, U S. ARMY

Sk N
o 3o ‘o D’:’ PIE P~ ,,,f' g; % ‘Io 4‘%" "T to ML&: 30
i 1 . e | |
£f RT ‘ i *
. o ,
| 5 | N\ A
, 200 s O
. . i \ |
2 . ,
) , % FROAEN _(‘\ _ '
400, T4k N ) Zoak ——
2 o 500 :z" A \ I
g 3 Sy 4 : \Q//} ;
2 B :
: 800 ¥° S5 : o 5Nov. DEC. . JAN. FEB. MAR - APR.
% § & 1000 2 1044 1948
: . 48 I N FREEZING TEMPERATURE PENETRATION
: 800 %, @ ‘\ & / |
: N
Lo S B 38 1500 TN =
s 3B 3 4
maans = 1000 O 3
y L 2000 oV DEC. JAN. FEB. MAR. APR.
; X T - “MP 594%:': VS. TIME
N 1200 o o SEPT i o‘c-‘,-:.:' No;/ TEMPERATURE VS. _ pare ©
v 3 ‘ : \ e & Y R o & o § o (e
Wy CUMULATIVE PRECIPITATION ul 8 d 2| 2Z E % g 'E:‘ > ,};e‘.-‘_‘l
moo§ (MONTHLY) o B 8 S 3.3 3 < 3 3 s
: - q DEPTH IN FEET . Sana s AL
0 L 2. 3 4 s 8 7____® 7
7 lis0o —so 60%- H S
' AIR N
v C":ZVE oate | PEOREE | oo ipER- [ = f i J
H . DAYS | ATURE o : } .r
o 1600 ! 12-9-44| 138 2% g kso’— e 3
H . 2 12-16-44 | 224 34 &
4 3 @ .
hﬂrmzn: ; i ; 3 |r2-30-44| s/ 17 § ﬁ PNk : P E g‘
' o i t 2000 p] r-13-45| 939 21 g 40%- - AT i '34' 3
ais A 5 2-24-45| 1574 32 N K SRS AF s
. 6 J-12-45 1806 46 '&l 2 E g |
o 7 3-17-45| 176/ 49 S92 : z $ b
. 2200 i & 302 : 81 T
- ‘ d 977795 1302 22 . TEST AREA A’ _ % e 1"
= §_ |<4-2inds] 1406 =L SUBSURFACE TEMPERATURES , % AN
T ° ’ 1Y
%:L 2400 . N ! '\fo‘ﬁu. | . I : [3 /
;: P
HH T 7
2600 102~ § :.'!:_'. 7
T . \\ § -
= E ! . \\ X i o i N i .
B HEHE i LEHH o il 2800 . — < o2~ = ‘ 8«
NV, DEC. JAN, FEB. MAR.  APR. i T naay TEST AREA A -STA. 5+00
TOTAL CUMULATIVE DEGREE DAYS _ ?“_,-—--- — " F TEMPERATURE SUMMARY
BELOW 32°F Ke L rop—de PAEMENT | "7 | 2 '
- t‘ MTER_L@_L_E_,EE— -"‘"‘\\. B - v"’»\« /;' Paad f’ \\/,’. - .. )
, S e L §7 e _‘(’-_—_M WA&# : - .
——SNOWFALL 1944 i Tal—tp 2 - YT AL e m— _ | - FROST INVESTIGATION
PRECIP- [DEPARTURE ynmeLTED Q %15«"’ TEMPER £ . o . . :
MONTH | TATioN | (GO, | SNow Y | preezt——""| | X ‘ FARGO MUNICIPAL AIRFIELD
INCHES | "|Nches | 'NCHES . ' FARGO, NORTH DAKOTA "
oct 0r7 -1.52 0 2 / ' » : . .
wov 185 %95 53 7 , WEATHER AND SUBSURFACE
oeC o9 | -as3 3.0 : " ( : : TEMPERATURE DATA
VAN, 033 | 034 43 A o ‘ . . ] 7@
8. 287 1078 PP . ) 200 400 600 800 1000 1200 1400 1600 1800 2000 SCALE: AS SHOWN 4
MAR, 1.20 +a./9 10 DEGREE DAYS . ALE: i
’ FREEZING TEMPERATURE PENETRATION AND WATER TABLE DATA MISSOURI RIVER DIV, OMAHANEBR,  JUNE, 1945
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CORPS OF ENGINEERS, U.S. ARMY

DEPTH IN FEET

DEPTH IN FEET -

WAR DEPARTMENT

DENSITY " WATER CONTENT
DRY WEIGHT LBS. PER CU. FT. PERCENT DRY . WEIGHT _
J40 130 120 110 100 90 80 5 10 i5° 20 25 30 35 40 . °
-
-
[
= A
L. |
TPIA !
2 —1
rpaA»l
1
1
3 i
4 : C\;\
" BORING .
6
wrlrepliojeas 5| |\

- DENSITY L
DRY ‘WEIGHT. LBS. PER CU, F-
140 80

" TEST AREA TEST PIT -
S

TPIA
TP2A
" TP3A

. 3+92 IZ'/z R

STAT ION '
4400 12/

" DATE
10-13-44 .
- 2-10-45 "
4-12-45

44

_SymBoL

130 120 110 100 90
(RS
2r —
{TP3
3
4
5 : :
WT.qcTIgisad— | | f Al
. § L7 L
_WT. APR.12,1945 / -
s BORING|— 1] i
‘ I
. I
e
‘W.T. FEB.I1R,1945—~ I
L 'F’ | N 8
TEST AREA TEST PIT- STATION DATE SYMBOL -
A TPIB  5+00 12/4'LT. 10-16-44 )
A TP2B 4492 12LT.  2-12:45 A
A TP3B  5%08 12Y4LT. 4-11-45 o

WATER CONTENT - PERCENT DRY WEIGHT

‘ONTENT vSs: DENSITY&CBR MOLDED DENSITY VS C.B. R .. WATER CONTENT VS C.B.R

RS UL JE

 TEST: AREA A
. TEST PIT iB
'COURSE": SUBGRADE'

: -VDEPTH '2.4.70 3.2 FT.

MATERIAL CH LEAN CLAY

SURCHARGE ‘DATA:

FENAY
f

3

bt e

S

t-4-

h]

ﬁ

14 I

1
1

o
-
5

. 1T

LT

{25

TS

140 —
L% : - -mTEST AREA A ¢ A SOILS SYMBOLS
N 3 T - . )
vf,‘,- ) H . ':TEST PIT 18 130 b SOI_ CEMENT.__O
s 4 _'COURSE: SUBGRADE o _ -
- i [ 5 syt
8 MATERIAL: CL-SF,"SAND " == " "~ . A A o
E / DEPTH 0.7. TO IS FT: . i : L o \P
R SURCHARGE DATA: " ‘Yoi20 N
“a f "1 SOAKING. 16 " LBS: O SN : G
o 1 _PENETRATION 16 _ LBS. : e Py
7 b L ST _ 'gf'- %_
o FH] H mas LW o 3
FH s EE e
BEH N: T & TP I ) 'O‘é
: Wl PN . .
: s . NG
1 . BT P
! i 22 2 100
98 13l 9 i
. £ 1) Wz:ﬁ THE N ) g oo
Il = -
B . P | T
. BENA - ] ng ﬁb"""" - § )
: . | A W 1 - .. .
el ] NG 40 . - R a AN
B O 1 ri . N At 0 T
pry = ¥ L X ] A\
.z X Y = : 1 & a > .
. :g f o b \\
> 201 T e : a4 ™
a | ] Iy ©. 80
) : ! 7 i ! :
: 4 A n dﬂ B
arf 420 | 115 | 05T {125] [ 21 ' [ 9.1 411 | P ‘_ i S - . . X l .
DING; WATER CONTENT=%  MOLDED DRY DENSIT Y-LBS/GF. MOLDING WAT ER CONTENT-, '/.EI 70 o 5 ETR %30 35 a0

WATER CONTENT

GENERAL NOTES
FOR 4 DAYS.

LB HAMMER, 18 DROR, IN CBR MOLD.

VERSUS NATURAL DENSITY

LEGEND
DENSITY -WATER CONTENT
bsood - PAVEMENT
SOI/L CEMENT BASE

'SUBBASE

.SUBGRADE

. CALIFORNIA BEARING RATIO

55 BLOWS PER LAYER
25 BLOWS PER LAYER
10 BLOWS PER LAYER
WATER CONTENT, TOP INCH

e pOO

ALL SPECIMENS SOAKED TOP AND BOTTOM
ALL SPEC‘/MENS COMPACTED - /N 5 LAYERS, 10

FROST {NVESTIGATION."

FARGO MUN ICIPAL AIRFIELD,
"FARGO, NORTH DAKOTA

DENSITY, WATER CONTENT DATA
CALIFORNIA BEARING RATIO
STUDIES 7A

‘RCALE: AS SHOWN

ISSOUR! RIVER DIVISION, OMAHA,NEBR. JULY, 1945

Z
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WAR DEPARTMENT

STA. 4 + 25

/50’

CORPS OF ENGINEERS. U.S. ARMY

STA. 7+ 25

. BM|

BM3

1 4'

— 07 —

08

— — —

e

S T

P

. _CENTERLINE OF =~~~

i

/-oa/u;m 28

.07

07

oT .=

\

x4

.06

BM2

bm4

06

",25'

06

e 07—

=L

 SURVEY-OCT. 10, 1944 TO FEB 13,1945

'.'20 R o T 20

SCALE IN FEET

<L

(=]e] 80 -

CONTOUR INTERVAL=ONE HUNDREDTH OF- A FOOT .

BMG

FROST INVESTIGATION
FARGO MUNICIPAL AIRFIELD
FARGO, NORTH DAKOTA

FROST HEAVE CONTOURS
TEST AREA A

SCALE: AS snoyn f}{” o

MISSOUR! RIVER DIV, OMAHA,NEBR.

JUNE, 1945
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FROST INVESTIGATION

SUMMARY OF SOlIL AND PAVEMENT TEST DATA

BISMARCK MUNICIPAL AIRFIELD, BISMARCK, NORTH DAKOTA

TEST AREA A

SOIL DATA S CBR. DATA
TEST Soiner e S AEE arain size ATTERBERG LIMITS | J210T0F | FIELD INPLACE TESTS |UNDISTURBED CYL.TESTS|  REMOLDED TESTS-100% DENSITY
piT | PATE | TYPE | DEPTH soiL B ) ericleorcie | WATER | UNIT |WATER | | CBR. |WATER CBR. |WATER CONTENT CBR
IN FEET (1ASS]0.005/0.02 | 0.05 | 0.10|0297| 2.0 | 4.7 |19 | LIQUID| PLASTIC/SPECIFICI . renrlvwe o T |CONTENTIDENSITY|  G1" [CONTENT|DENSITY| O 1" [BEFORE | AFTER | %  |DENSTY| O.1"
mm |mm | mm |mm | mm ! mm | mm | mm UM_IIW_I.PDEX. GRAVITY %DryWt| pct | %DryWr| pcf - Pen. [%DryWt | pcf Pen. [SOAKING SOAKING|SWELL | pcf. Pen.
. ~— SOAKE[D——]|" /
1A | 10=144 Surfacor 0.0 - 0, - , : . ' ,
Base | 0.3 = 0. V4| 71 9| 1028 j| 55| 59| 85| 19 4 2.68 | 4.7/ 135 @ | 4.7® 135 @ |32 @ , - ,
Subgr.| 0,6 = 1, L9 | 31| 55 ) 67 (88 /| 99 100 | == | 29—~ | 7 2.64 [16,6?1102 ® (16,6®(102 @ |21 ® [20,4®@[102® |21 @ |- g/
-] 1.5 = 2, L “8 | 34| 61| 71191 | 99100 | -~ | 33 | 10 2.61 |16.81| 84, @ 16.8®) 84 @| 5,54/ 34,00 83® | 3,00|
2.6 - 3, Lo om o e O LT B P B n117.4%0 77 @117,4@) 77 @) 3,20 . -- -
3.6 = 4o MLVIO | 28 | 47 | 57 |91 | 99 100 | <= | 247 | 7 | 2.65|15.0%) 88 ® 15,0 88 @| 5,6 31,30 g8 ®| 1,1®
be3 = 6,9 S 6| 11| 17 | 20 /60 ; 83| 91 |100 | 15. 0 - | 8,1®@ 99 @| 5,19 99 @] 356 |
6.5 =110 1| 31 5,.8..9.1.63]| 8510029 .| 0 | ‘ee | o 2.8@ wa -
] ll._;o ;12;; ..,MI..A.‘...- 2“,.4 -.w_.-«B\..ﬂ.....MI‘M,_.”'.?—:M@M!. ,r,.,;lr..u,x 82 N 95 . 20 . v 0 - !
1B 10-144 | Surfacel 0,0 b , #
o ' Base | 0,2 571 69| 97| 18" 1 2,65 | 4.7@ 124, @ 4.7® 124 @15 @ ¢
Subgr | 0.6 199 1100 | =={ 30~ 8 2.64 |17.9®@ 98 @17, 9(2) 98 @22 @ |23,0@ o9g@ | 1g @ f
1 1.5 99 | 100 | == 30 9 2.63 | 17. 2 @ 83 (2) 17.2@ 83 @ 7.4(3] 31.5@ 85 (2) 3,7 (2)
2.5 " n o " " " 15, 7(2) 80 @ 15.7 @ 8o (@ 6.5(3) é 7
3.5 U T T R B n "o 115,99 g4 @W15,90@ g, @ 2 4 o
45 99 (100 | =- | 25 7| 2,68 [14.6@ 92 @[15.6® 92 @] 416 26,8@ 94, @ 2,1@
' 5-3 99 . ]_:Oo - ,,,,2(“0:«, . L,.-YQk\wm. L ~’ u- K ' 7 9 (3) - - : ’ '
8.2- 51 k7i,;»ﬁ 98“19 0 o 3.9 @) ew ‘ -
.5 859410077 v 2 --
24 2-145 | Surface 0,0 = 0, :
Base | 0,3 - O, Pl
Subgr | 0.6 - 1, L ,;'&,Mw
11.5 = 3, L P o
3.7 = 4 ‘i
4.7 - 6. | b .
604 - 7- by ‘
7.0 =10,
1000 -.ll.
2B 2-145 | Surfacd0.0 - 0.3 Asph
Base [0,3 = 0.6|%SC o
Subgr (0,6 = 4.8ACL=HKL 7
4o8 = 5,84SF-HL v A
5,8 = 6,8|%SF #
6.8 = 7.8|%SF ,
7.8 = 9,9|%GP b
9.9 =11,.5|%*SP :
# Field {lassifibation . e
' | | ; ; | 27"
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A ATTERa,ER‘G 'Ll-M‘J&;
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_ DENSITY

o FI,ELD IN- PLACE TESTS
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mm

0.005

0.02

mm

0.05

0.10
mm

0.297
“mm
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oI
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(% DryWt,
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o
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o. lll .

34
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WAR DEPARTMENT : v ' . . CORPS OF ENGINEERS, U.S.ARMY

300' Test Section . . , N

. . ’ , 'y
Ole— 73", 150 v 75 —
3 75° 7| L 75 N N
A sl A *:‘,
@ .
\ @BM ! ® BM 4 |
. Q0 Q . 3
2 a 7 o & 13 16 5
Q o] o o g OYRR R ] @ ~ © ? :
? + ~ ose— “Q ﬁ \
N (LY \Q ol [N [N . z
. . N YN ) i
‘E VRN E g A NP ’& bf
- ) 538 s 2o A 2l FBMo] 15 18 Py y— & of Last-West Runway
= ~ s PESES BM 2 :|< -| hd R .
N 3 ol o 0y r|9) N ~
N '8 bt QD .
" ik © s : TEST AREA A
sae— ‘[\0 14} E-W Runway
o o ®8§§§ o 1 o o7 -
INININ ‘ [
Dam 2 Ogme SITE MAP ©
' ‘ _ _ 400 0 400 800
A - . : . B : : SCALE IN FEET
. : LLEGEN .
‘ . AUGER BORING_____ __ O
~ PLAN-TEST AREA A TESTPIT-_l M
50 o 50 100 A BENCH MARK___._______ 8
e e— OBSERVATION "WELL __ _ _ _ e . , . .
SCALE IN FEET
' * Note:
I Pavernent thicknesses Shown sre . .
i design thicknesses. 150’
3 ,
~ ! ' ' ) 75° ; 75"
\S S . ’ ’
S N .
1648 \ . N 1648 1648 K\ . . — 1648
: iz 15 8 | B k) N : ,
O SRS . . i UL LA —
bl ) T Base. .t il b v e e o B . “sC ( 3and and Gravey/)
1646 / / ) y i — 1646 1646 [— —1 1646
7 ' g g
p Sana) Subgrade — o2 L CL-ML (S}t and Fine Sand ) | 2
; \18 / Sdbgrade ;“
<k S ' =
1644 s — lea4 g;ﬁ; 1644 |— —i 1644 XY
~ /Y o N
G . ' g e [ LALL 7 32
3§ ML ( Sand and Silt) S de ‘N / ] %h‘ g — ML ( Sand, and Sil{)} Subgrade - }‘
-‘9 ~7" ZAR VA o 7./ SP (Sand) Su grade/ l:: 3 > / . 3
DINEEE SP (Sand ) Sybgrids SFf-Sand) » — 16423 1642 — SE (Sand) ebgrade — 1842
N (20 277 0] Yy L] 4
o ' - u3 '
§ | 3 .
1640 {— ' ' —| 1840 1640 |— . ! — 1640
1638 — —] 1638 o ‘ CROSS SECTION A-A
1638 |— — 1838

CENTER LINE PROFILE

TEST AREA A . FROST INVESTIGATION

BISMARCK MUNICIPAL AIRFIELD
-BISMARCK , NORTH DAKOTA

PLAN AND PROFILE
TEST AREA A

SCALE:AS SHOWN %VO |

‘ MISSOURI RIVER DIV.,OMAHA,NEBR. JUNE, 1945| J
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WAR DEPARTMENT
P —————a——

CORPS OF ENGINEERS , U. S. ARMY

%s” Slot
c ~
fZ "Dia. . 7
- B )
%4 “Plate - Bo/t "% 0L3 42" , N r £
%'/;//ﬂ/f 8/ ay] 'S Copper Gasket Piano Wire -.022 "dia. : \\\; o Tap plate
p— 7/, AL -7 .
L %" Plate-3%"Dia.-Weld B Wire le- 2% %" Bar < ’ Y4 Thumb Screw
= 5 ” Wire ’ C\_/£> o
° Bar 250" b~ Tap bor ﬁz[ﬁ;r-ben/ down for stop Stand-off » » N .
Cofter Pi : i
L ===== :::::;”:a’;_-lz_— :\‘ —i-- —’ Wire Tension Device A- -t'_-j % XZ/,ﬁ”/?Od & /////1//4/A
Q) * Clear each end K N e N (See Detail Below ) E ?] 4
A . " : . lovsin . : L ap
N /2% Dia. + N—— Fosition of Selector \.S'W//cly Svpport Exten .s'/'oir| / 7 —Top of pavement | Weld 4 Pin \
i{ N yp 2%pipeor condvit-6"/ong }_r/ | | ;‘r 1 ) T"Z'P/}oc ronB
X Sl || 1 } L_ ap Bar
N | | i LJ °
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2 _t__g o, '7\ ‘ e
Ye"Prate }T l"?—si b M4 Pute Cover L!: : | Il'|
SECTION = I } Rod '
— : — { | T :
3 ) ) N
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| © — DETAIL AT TOP  VIEW D-D - : ] " Thomb Screw D
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3 oo 1 A 7 NN // % EW B-B
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e END VIEW - WIRE TENSION DEVICE
WIRE INE APPARATUS
Backfill with , Backfill with ] . N L D ore ) s | 2" Prug
Ji " like material Joint Filler - /ike material -—CO_@/’:,’,‘ /.7'25./09 //':,. wike . v
7 7 7, e T AT . 3 : - .
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T REST77ANTTRST - T R s -
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o ] ] 1 /)
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[ tton t id, ! le—ypu® . .
b Ve T e ) 17 #rain Rod EQUIPMENT DETAILS
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ERONT VIEW SIDE VIEW . _ : !
U
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WAR DEPARTMENT

B 1

(MONTHLY)

CUMULATIVE PRECIPITATION
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-
et T -
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] 1
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i E 4 :
1 i = yos ST I
anmn t 1k ! - : Chf it
T 10 20 10 20 . o .20 10 20 [ 20 slos .20
NOV. - DEC. JAN. . FEB. MAR. APR.
TOTAL CUMULATIVE DEGREE DAYS
- BELOW 32°F e :
1 [
3 N
“ SNOWFALL 1944 -9
y 2 - B DEPARTURE] _
¥ 5 1] MONTH | PRECIP=[""From |UNMELTED
g . ) 2 ‘ ITATION NORMAL |~ SNOW
<[ 2 z INCHES INCHES INCHES
? ’ v [Coer 0/2 -0.79 7
* 2 NOV. 256 +1.99 7.7
N 2 DEC. T ~0.48 T
é 7 - JAN. 039 -0.06 49
-3 ; FEB. 0.2/ -0.23 4.2
. ! T MAR. 0.98 +0.09 325
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o :
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S DENSITY L
ORY WEIGHT- LBS. PER CU. FT.
90

WATER CONTENT

CONTENT ONLY)

- DENSITY
ORY WEIGHT-LBS. PER CU. FT.

100 90 80

14.APR1945 -

. WATER CONTENT
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20 25
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. S i
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t3 8 !
N 7 l
~
Q- 16 dllrp2p
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CORPS OF ENGINEERS, U. S. ARMY

NATURAL WATER CONTENT VERSUS NATURAL DENSITY

WATER CONTENT—PERCENT. DRY WEIGHT

LEGEND

B pavement

BASE

‘ SUBGRADE -

FROST INVESTIGATION

BISMARCK MUNICIPAL AIRFIELD
BISMARCK, NORTH DAKOTA

WEATHER, WATER CONTENT
| AND DENSITY DATA

117

JUNE, 1945

SCALE: AS SHOWN

MISSOURI RIVER DIV.,OMAHA NEBR.
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% BMD

SURVEY OCT 10,1944 TO JAN. 13,1945

© SCALE IN FEET

N
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BMe

- CONTOUR INTERVAL=ONE HUNDREDTH OF A FOOT

~ FROST INVESTIGATION
' BISMARCK MUNICIPAL AIRFIELD
~ BISMARCK, NORTH DAKOTA
FROST HEAVE CONTOURS
'TEST AREA A

| SCALE: AS SHOWN - )

MISSOURI RIVER DIV..OMAHA,NEBR. JUNE,(985] .

.

PLATE 5



¢

WAR DEPARTMENT - L - _ . : CORPS OF ENGINEERS, U. S. ARMY

8 TEST- AREA A = TEST AREA A ’
x X B
¢ - TEST PIT 1A « = v TEST PIT IA
3 & " .
3 ) COURSE: BASE o ‘COURSE: SUBGRADE
]l
e / MATERIAL: SC, GRAVELLY SAND a ! : MATERIAL: SF-ML, SANDY LOAM
5 : DEPTH 0.3 TO 0.63FT. 5 ] DEPTH 3.7 TO 43 FT.
b2k SURCHARGE DATA: weo THf r ‘ SURCHARGE DATA:
24 ‘\ SOAKING 10 LBS. . [+ 4 1 SOAKING 70 LBS.
ag : PENETRATION 10  LBS. N : e 8 ] : PENETRATION 30 LBS.
- win . E )
45 ) T ﬁ e atr aan _ , ' I ; TR ﬂt
i o n 4 . v -
. K )
L ﬁ . it ' 5 2 N 60,
Q 13 Z'_E N an
3 \ : g
1 3
- e % X AY - ‘H"*‘ T
> - '“,.0 > s H " m Piit A 7o
340 1] I - P25 T E Lmi 5
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> 113 Qf0 . : : > 11 nu 20 1 - :
: E 14 g .
& | ] & A5 s rdise e 1
] . ot . : . = %_:EL - o . : i K \a
hy . i . ' . g 11 T -
H T I & - N T TP H I . . ‘
samy 8] o 12 v Lk e | 41 | 18} : H-H 8°F [12] {16} 105 R s fr25] [ & ] J 1o fHEH a6l o s S
. MOLDING.WATER’ CONTENT % MOLDED DRY DENSITY-LBS/GF. MOLDING WA'I'-RCONTENT- Yo MOLDING. WATER CONTENT-% MQLDED DRY DENSITY-LBS/GF, MOLDING WAT RCONTENT- 7 S E oo ‘
WAT‘ER CONTENT VS DENSITY&CBR MOLDED DENSITY VS C.B.R. WATER CONTENT VS C.B.R, WATER CONTENT VS DENSITY 8 C.B.R. MOLDED DENSITY VS C.B.R. WATER CONTENT VS ‘C.B.R. c :

I
s : TEST AREA A . ' ' : T
o L { v ~ TEST PIT IB : o i i .
a - COURSE: SUBGRADE . . ' '
a r MATERIAL: CL-ML, SILTY LOAM o . . )
5 P ¥ DEPTH 0.7 TO 1.3 FT ‘
g B SURCHARGE DATA:
@ © SOAKING 16 LBS. ) . ' g Cels
8 P PENETRATION 16 LBS. B ’ l R - R .
: LEGEND" o
! 0 55BLOWS PER LAYER .
*a 1 GUEYE g 0. 25'BLOWS PER LAYER |
H N t 3 X &' 10 BLOWS PER LAYER. 6 | -
i T H ¢ WATERCONTENT. TOP INCH
) H et sie iEK H
uw [129 3 2 . : GENERAL NOTES.:
O 3 ra7i f : ‘ ALL SPECIMENS SOAKED T0P. AND BOTTOM
> b . * " FOR 4 DAYS.
o - 2HHH . : . v ALL SPECIMENS COMPACTED 1N 5 LAYERS, 10
J ) - 2K ) "LE. HAMMER, 18" DROR IN CBR MOLD.
> . .
g =
a us -
z i fit ,
o - B =4 M B AP R . . ’ 1
- g b i L ‘ . FROST INVESTIGATION
| bRt (yd .
° ; ' pan ‘ BISMARCK MUNICIPAL AIRFIELD
1 o 7] - .
- ] 1 Hmﬁ £ ) BISMARCK. NORTH DAKOTA
HH 15 T20 B [1 HH-HMad J10] [k FHHH18 - 1
MOLDING WATER' CONTENT-% MOLDED DRY DENSITY-LBS/GF. MOLDING WATER CONTENT- % . ! :
WATER CONTENT VS DENSITY 4 G.BR.MOLDED DENSITY VS C.B,R. WATER CONTENT VS C.B.R. CALIFORNIA BEARING RATIO
' STUDIES : Z/
SCALE: AS SHOWN ?/%
MISSOUR! RIVER DIVISION,OMAHA NEBR. JUNE, 1945
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