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' FROST INVESTIGATION
9Lk - 1945

COMPREHENSIVE REPORT

1, Synopsis. _The frost investigétion program was authorized by
the Chief of Engineers by letter to'the Division’Enginee;, Nevangland
Division datedl7 Jﬁ1y719hh subject "Frost Investigation". The 19&L~1§h5
A'Frésthnvestigation includéd studies at 10 airfieldé in the nortﬁern part
of tﬁe United States; wifh varyi#g §ubsurfac§ co#ditions, fhree traffio‘

) fesfs on rigid-and fléxiblé paveﬁents,‘thé;reticgl éfudiés, cold room‘
eX?eriment,vand 1aboratory and field tests. The pufpose of the investiw

, gation'Was to establish criteria apd methods}for fhe deéign of'aiffield

: pavéménts whéré conditiohs'aré oonducive.to'frost aétionvboth in theaters.

.oﬂ.operatiOn and in thelﬁhifed States and to establish criteria.and'mé%hdds
'fBr eValuatién of airfield pavemehts where éubgfade'soi1S'Qr'Eaéeﬁcoﬁrses
experience frost action. Based upon the stﬁdiesAperforﬁea réééﬁﬁéndeé'
refisions to fhe Engineefing Manual for design of féundations fof flexible
-and figid pavements over subgraaes sﬁsdeptible to frost actionlwefe»pref
pared and forwarded to the Chief'of,Engineerg,:‘Thé recomnended oriteria

~ for design are applicable~for'¢va1uatibn_of airfield pavémehts where sub=.

grade §oils'or.baSe coursgs.éxperiénce frostiacti6n.

P  uIntfoduc£ibn.

2o ’Aﬂthorizatién, -5Thevffoétrinvestigétion program was author=
ized by the Chief of Engineers-by letter to the Diviéion Engiheef, ﬁeﬁ
‘-England,Division,Vdétéd 7‘Ju1y?l9hb subject:"Frost”Invéétigatién". . The
Bbston'Distgict.was éssigned the rpSponSiBility for ofganizing'the program,
obtainihg the cooperation of the.MiSSOUIi‘Ri§¢r Division and Great'Lakes

Cge-
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Division'in thevbrogram,'and analyzing end feporting on all the investi=~

~gat10ns. A Frost Effects Laboratory was est: JllShbd at the Boston District

by dlreotlon of the Chief. of Englneers, as stated in circular 1etter Mo,
3221, 4~ i\d 11 August 19&&, w1th the immediate purpose of carrylng out the

frost 1nvest1gatlon program.and such other frost 1nvest1gat10ns as may be

‘requosted by the Chief of Englneers and the various D1v151ons and Ulstrlcts.

b Pgrposg. - The,purpose,of the frqét 1nvcst1gat;gp is to pro-"
vide tesf datavand analyses produciné éhe foliowing: |
(1) Establish'criterialand methods for the designiof.air- ,
,fiéid~paVemeﬁﬁS'ﬁhere,coﬁditions'are conducive_tb frost .
action both in theaters of ‘operation and in the Tnited
S£at§é.

f' (2) EStablishzcritéfia.ané methéds FQ ‘the nvalﬁ%tlén of
airfiel&'payements‘where sgbgrade soiiS'orQbaée éoufses
experience frost éctidn, |

Tho purposa of thls reooru is to unlfy and summarize the g
resulus -of observations and tos+s made at varlous alrfwelds in the U.vS,
and reported in‘detail as appendiées to thls report and ‘to present the
recomncii :d design and evaluation'criter;a-resﬁlting from a study of the
acéumulafed'data;

" "¢. Scope, - This report with the‘appendices,pfesents in detail

x

the suméaryubfhthe studies, . the observations and tests made, and 't_he'con--~
Clusiops based upon the data includiﬁg the recommendations fér revisi.as
to the'Enginéefing Maguél. The Wo%k présentedihéreiﬁ‘includeg only the
data obtained in 19l and 19L45. The prég%gmtcbnsistéd of.the following

phases: : ' " ;

Y
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(1) A reviow and analysis of previous investigetions of

frost action.

~—~
mn
~—

The performanca of laboratory controlled tests to detor=
mine coefficients of heat transfer of various secils,

(3) The observation and testing of the effect of frost
action during the Winter of 19541-19L5 under paved and
turfed airfield arcas.

(L) The review and qnalysis of the results of investigations
performed,

The laboratory controlled tests consisted of an investigation
of the thermal conductivity of unfrozen cohesionless soils with different
densities and water contents under controlled temperatures to assist in the
.prediction of depth of frost penctration into cohesionless soils for design.
DUrpOSCS, )

The obssrvation and testing of the effect of frost action
was studied at 10 airfields located in northern United States. Flexible
pavements received greater attention than rigid pavements and turf study
was auxiliary. A total of 23 test arcas were investigated at these air=
fields, Thirtsen best areas had flexible pavements esnd six test arcas had
rigid pavements. TFour turf areas were investigated adjacent to paved test
areas, The individual test areas were selccted to encompass the full range
of the following variables influencing frost action:

(1) Air temperatufe ranging from moderate to severe,
{2) Ground water table varying from an elevation near the

surface of the pavement to an elcvation greater than

90 feet below the pavement surface.
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(3)

(5)
(6)

(7)

(L)

(8).

Precipitation prior to freezing period varying from

“light to relatively moderate.

Base and subgrade materials varying in water content

from relatively dry to saturated. .

- Subgrades varyingrfromia:plastic fat clay to a non=--

plastic silty gravelly sand.

Base materials varying from a plasticvsand-clay*gravel
to a crushed rock, |

Rigid and flexible pavements.

Pavement designs which would support light tc heavy

‘aircraft.,
Five airfields wereselected fou obtaining the minimum data be-

lieved basic for an understanding of the ei "=ct of frost action at the site.

These less comprehensiVe’studies consisted of the following:

(1)

.

(2)

(3)

Observation of frost action in base and subgrade
materials.
Measurement of frost heave, ice lenses, density, and
moisture variations in the base and subgrade materials. . |
The correlation of these data with water content, ri:z=

cipitation, ground water table, type of pavement; and

soil types.

The airfields selected to obtain the data described above were

N as foliows: -
f,:E cy (1) otis Field, Sandwigh,,Massachusetts.
L ‘ a . ,
’ “9 (2) Houlton Airfield, Houlton, MNaine.
8 : . o0 ‘ :
’ (5) Bismarck Municipal Airfield, Bismarck, North Dakota.
(. g %




(L) Caspér Airfieid, Casper, Wyoming.
(5) 'Fargo Municiéal Airfield,'Fargo,‘Nérth Dakoté,
The following‘fiye airfieldé Wefe'selécted for a more compre=
“hensive investiéatioﬁ c;ﬁSiSting»of aaditional ﬁests and observatiohs:‘,

(1) bow Field, B;ngor, Maine V

(2) Preséue Isle Airfield,:freSque Isle, Maine.

(3) iruax_pield,'Madison,vWisconsin.

(L) Fierre Airfield, Fierre, South Dakota.

(5) W;tértown Airfield,‘Watgrtown,‘South Dakota.,
 The~additiona1 tesfs and observations ébtained from the five
preéedingrairfields were as follows:
| (1) Traffié'tésts at Do%, Pierre, and Truax Airfields;

'to determine tﬂe load carrying cépacity‘of fhé.pave--

ment during the frost melting pefiod;

(2) Température megsureﬁents‘of the pavement;.base, and
‘sﬁbgradé by:means of thefmo@quples And méréury ther;
momeférs (excéét-at Tfuavaiéid); |

(3) Investigation of turf afea adjécen% té'thefpavement
tést areas With”and without snow cover: (except at Truax
Field). o

' | . bu(b) flaté bearing teéts, inéplace C.B.R;‘testsb.and field
A‘classification tests; _ .
(5) Detailéd labofgtory testé on pa&émeht;‘baée! and sub- .
gradé sampies; ; |

d. Arrangement of Report, - This repo?t presents a summary and

analysis of the data which were obtained from the field'andwlabo%atory

‘
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investigations. Detailed reports of the investigations are recorded in

‘

the following appendices which are the basis for the results contained herein.

Appendix No. : . Title
1. o -~ Report on Déw*Ficld, Bangbr; Maine,.Juns.19h5.
2 ) o Report on Presque Iéle'Aizv'f/‘»i'e'.'ld,"l>r‘t'es,c1u<§Is.le,-.
" Maine, June 19!3. | : .
3& L Reports on Otis ?ield,'Sandwich, Massachusetts,

and Houlton Airfield, Ho&iton, Maine, June'19h5.

'

5 ' Report on Truax Field, ladison, Wisconsin, June 1007,
6 Report on Pierte Airfield, Pierre, South Dakota,

June 191;5.‘
7 ' Roport on Watertown Airfield, Watertown, South
Dakota, Jume 19L5.
8, 97& 10 ' Reporfs on Casper Airbase, CasPGr, Wyoming; Fargo
'Mgnicipal Airfield, Fargo, NorthiDakotaj and
Bisﬁarck Municipal Aiffiéld; Bismarck, Ndrth

Dakota, June 1915, -

'

11 & 12 ~ Reports on Subsurface Temperature Investigations
. ' at Pierre Airfield, Pierrs, South Dakota; Water-

’ '

town Airfield, Watertown, South Dakota; Presque
Isle Airfield, Presque Isle, Maine; Dow Field,

Bangor, Maine, Ju: - 945, .

anl m 41

13 Report on Cold Rcom Laboratory Freezing Tests,
June 19L5. . ] ,
1l Renports on Laboratory and Field Test Procedures

for Missouri River Division, Part 1; Great Lakes



Appendix Yo. | | o Title

' .

Division, Part 2; Boston District, Part 3%, June 195,
15 h Bibliography, June 19L5,

s

€. Fhotographic Records, = The appendices contain the more im=

’

" portant and typical photographs obtained during various phases of ‘the work.

A completé record of all photographs has been submitted to the Chief of

Engineers and a copy. is. on file at‘the Froest Effeots‘Laboraﬁory.A.éeveral
reels of motion pictures wére made of the traffic tests at Dow,‘ffuax,_and
Pierre Airficlds. These picfures-é}so show'the varibué phéseé*of field
testing. The mption.piCtures are on file at the Frbsf'Effectsblaboratory
and ab the office of Chiof of Engineers, S

defined as

’

fo  Description of Frost Action, - Frost actioﬁ.ié
the physical phenomena by which layérs or»ienses'of ice are built up within
a soil mass.’.Three Qonditidﬁs must ogéﬁr siﬁultaneously for fhese»iCé layers
to form," These are as follows: |
(1) Soil. = Frost action within a:soil‘is a function ot its .

. void size which may be conveniently expressed as a

,
<

‘function of grain size. In this investigation any soil

) . C-

which contains three percent or more by weight of grains
smaller than 0.02 m.m. is considered frost susceptible
and a soil in which frost action is possible.

(2) Water, - Frost action depends upon the availability of

water either by virtue of an adjacent ground water table

or a capillary supply or as water within the soil voids.,

(3) Temperature., - Frost action within soils requires the’

maintenance of freezing temperature slightly below the

-/ R

e
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» : o o surface of ice lens formﬁtion, The greatestiaccﬁmulaQicm
of ice will occur when the penetration of the freezing
‘temperature is slow; a rapid penetration'may result in
few or no ice lenses.

The process of frost action ma& bé described as follows: The
water in the void spaces becomes céoled below the normal ffeezigg fempcraturc
of‘water; This super—cooied water has a high molécuiﬁr attraction to iée
crystals. Thus the éuper~cooled water travels to ice crystals, Whichlfbrm
in the larger voids, ‘solidifying upoﬁ contact; This proceés repeatad forms
an icz léns. A singlé:léns wili continue bto grow in thickpoSS, always.
against the direction of heat ﬁranéfer, unti1 tbe formation pf a lens at

" o a lowefvelevatién,cufs off thc-sburce,of;wétor, ér.until the femﬁarature
rises above freezing. |

Frost heaving is’directly'assuciéted wifh fr&st‘adtion and is the

visiblé ovidenpe on -the surface that dice :‘TFWE hévevforqu'in'the soil mass.
The frost bhoils aé referred to by highway engincers'afe caused by,a‘rap%d
thawing ~f an area of severe frost action boméathAa flexible pavemente The
thawing oocufs-ldrgely frqm’the surface déwn_undér a rapid thaw and the ex-

. cess water liberated ffom the thewed arca is prevented from‘draihing dovm~
-ward by the sfill frozeﬁ underiying éoilrdnd ice 1éyérs; ‘The excess water
oéuses the thawed séil to becomé exccédingly séft. Likewise the pumpiQﬁ'

ilb of water frbm,joints in concrete slabs during the sbring ﬁay be the result

of excess water in the subgrade liberated from thawed ice layers.

g. _Deofinitions. - The description of the tests and analysis of

2

&

i

S

resulis involve a specialized use of certein terms and words. Thesc wor

and terms .are defined for use in this report as follows:



(1)

(2)

(3)

(L)

(5)

(8)

(9)

(10)

(1)

Test Area, = The test area is the portion of the airfielc
selected for observations and investigations..

Traffic Test Area, = The traffic test area is the portion

of the testvareé subjeoted to traffic tests.

Test Lane. = A test lane is the portion of»tﬂe traffic
teét area subjected;to,éxspeéific number bf.repeated
wheel loads per.dgy;' | |
Turnarbund. - A& turnaround is the portion of the traffic
test area used for turning traffic equipment;,

Pass, - A péss is one movemeﬁt,of fhe traffic test equip*
ment over a test lane. .
Traffic. f'Traffic is the operation of making passes of
thé tesfing.eQuipment over the traffic test areas{-'
vaerage. -'Qne coverage is one application of a d?finite
wheel load over each point_in 4 given traffic lane, -

qu1é. - One cycle of coverages equals the coverages -

‘applied during one day, \

Pavement., - The term pavement i§ &efiﬁed as a cbvering
of a prepared or manufaofured,product superimposed upon
a subgrade‘or base to serve'asﬁan abrasive and ﬁeather
resisting structural ﬁedium.'

Base. - The term base applies to the course of specially

selected soils, minerals, aggregates or treated soils

- placed and compacted on the natural or compacted subgrade.

Subgrade.v— The term subgrade apnlies to the natural soil
in plaEe or to fill material upon which a pavement or
base is constructed, -

-9*.' -

(

]



(12) Flexing, - Flexing is the visible spring or vertical
elastic movement of the pavement under a movihg wheel

load,

i(lB) Map Cracking, E lMap crackiﬁg is' the deveiopment of a

R 1défihitévqrack paftern in the pavement surface under the
action gf repeaﬁed 1pading$. Map cracking is.distinfﬂ
guishéd by fhg formafibn of;continﬁogs connected cracks

genclosing polygonal pavement segments.

§ih)‘»Cbﬂsolidation. - ConSolidapion is the inérgage in unit
weight per unit &olﬁﬁe,;or decreésé in volume of a given
weight of a material due to the action of applied load-
ings. Consblidation is considered to be synonymous with

compaction in this report,

S

(15) Permanent or Verticél Deformation.-; Permanenf'or'ver—
tical deformation is thé accumulati;e'non-elasti§ part
.bf the tdtal ﬁertical‘movemenf of thg surfac; of4thev
.pavement Wﬁich remaips aftar the 1§ad'is removedi
(16) Ffb;en Soil.‘- Frozen soil is»f@fer;ed to in this reporﬁ
. ~as followss' ' _ : o ! -

_ S . . '
(a) Homogeneous Frozen Soil. = A homogeneously frozen

' s0il is a soil in which all the water in the soil
is frozen within the natural voids existing in the
soil, without observable accumulation of ice l-=nses

or frost forms exceeding in volume such natural

void- spaces.,

(b)\ Stratified Frozen Soil. - A stratified frozen soil

;1 0= ;- ;
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is & soil in which a part of the water .in the soil
is frozen in the form of observable ice lenses,
4 S ' . occupying space in excess of the original soil voids.

'

(17) {Ice Crystals. - The formation of ice particles found in

the pores of homogeneous frozen soil is referred to as

ice crystals.

(18) Ice Leﬁses. -~ Ice lenses afe the ice formations in
stratifiqﬁ frozgn s5i1 occurring in repeated 1ayers;
in general, parallel to each"othef and normal té»the
direction of heat loss, ‘

(19) Frozen Zone. - The limits of depth within which the soil
is frOzen is referred ﬁo as the frozen zone. |

L (20) Frost Penetration.. = The maximum depth from the surface

- 4 © to the bottom of the frozen soil,

(21) Deéth of,FreeZing Temperature Penetration, - The depth

of freezing temperature penetration is the'Maximum.dépth
below the surface of freezing temperatures

(22) Frost Action. - Frost action is the accumulatiop of water

in the. form of ice lenses in the soil under natural

freezing conditions.

(23) Frost Heave. = Frost heave is the raising of the pavement
- .surface due to the accumulation of ice lenses. The

7 . , amount of heave in most soils is approximately equal to

’
'

the cumulative thickness of ice lenses.

- (2L4) Frost Susceptible Soil, =~ Frost susceptible soil is a

S o " soil in which frost action is possible. Any soil which

-11-
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confains three pércent or more by weight of grains

"~ smaller than 0.02 mm, diameter shall be considered sus~

(25)

(26)

(27)

ceptible to. frost action,

Non=Frost Susceptible Materials. - Mon-frost susceptible

materials are crushed rock, sand and gravel, gravel,

slag, cinders or any other cohesionless material in which

_ frost action-is‘not possible,

Degree Day; ;VDegreevday=for'one day is the algebraic
difference bétween 720 Fahrenheit and the daily mean
temperature, The degree day is plus when the daily

mean temperature is below 32° Fahrenheit and minus when

above, - For any one day there are as many degree days as

" there are degrees Fohrenheit difference in temperature

between the mean temperature for ‘the day and 32° Fahren=- °
heit. Cumulative degree  days time'curve is obtained by
plotting the cumulative degree days. versus time,

Freezing Index. = Freezing index is' a measurc of the
combined duration and magnitude of beslow freezing air
temperatures occurring during any given winter,

Normal Freeczing Index, = Normal freezing‘indek computed

_-for normal air temperatures based upon a long period of

. record usually 10 years or more,

Ground Water Tables, =~ The gro@nd‘water table is the

¢

free water surface nearest to the ground surface.

.

~ Density, - Density is the unit dry weight in pounds per

.

cubic foot,



™
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(31) Norﬁal,Period. - The normal period isvthe time of the
year. when the foundatién materials are not effected by

frost action,

(32) Water Content., = Wator content is the ratio, expressed
as a percentage, of the weight of water in a given soil
mass to the weight of solid particles.

(33) Degree of Saturation, = The ratio, expressed as a per=

pentagé;_of the voiuﬁe éf water in a given.soii'méss to
the tqtalvolume”of intergranuiar space., Percent satura-
tion is synonymous with degree of satufation-in<this ée-
port, |

)

h. Aoknowledgembnt. f Thpse studles are based upon fundamental

rulatlons developed and presented by preV1ous 1nvost10ators, nart10u1ar1y
S, Tane er, A. Casagrande, P. Rutl@dge, and G Beskow,'

Thls 1anst1gatlon was conductcd under dlrmctlon of personnol of

Office of Chief of Engine?rs by bersonnel of the New England Divi31on, ase

o

"As1sted by personnpl of: the Creet Lakps D1v1s1on and Missouri River D1v1310n.

Dr. A. Casagrande of Harvard Ur 1Vor51ty and’ Dr. P, Rutledge of.
NortﬂNostern nlveroltj acted in thp capacity -of consultants.;.

Acknowledgcment‘is made to the U, -S. Weather Bureau for weather .

‘data used, to the Post Engineers at various test. loeations for assiétance

e
o

given in porforming tests.

3 General Conditions.

fe ) Loéatiéns. - The~ten airfields selected for this investigation

are located in thu wa Enaland D1v151on, Greqt Laxcs D1v1s1on, and. Mise uri'

- River Division, Thpse alrfl 1lds comprise the vqucd condltlons of soil,

~1%= /



s

temperature, rainfall, and ground water that would'Be feqﬁiréd for compar=

' 'ative'studyvin an investigation of this nature.

The following tabulation,‘inleddition +to geographical location

13

map shovm on Plate 1 summarizes the locavions, elevations, and general

physiogruphy:

- NORTH
AIRFIELD ' LAT.
~ Presque Isle L7

Airfield, Maine

i

Houlton Airfield L

Maine

Dow Field = LS
Maine ' . .

Otis :ield Lo

' Massachusetts

Truax Field L3

Wisconsin

Pierre Airfield -l
South Dakota

Casper Airfield L3
Wyoming ’

Watertown Air-. L5

field, South Dakota

Fargo Municinal L7
Airfield, ¥orth ’
Dakota

Bismarck Munici- ‘L7

pal Airfield

LOCATION

WBST
LONG. U.S.E.D, DIV,
68 "New England Div.
é8 NVew England Div.
- €9 Yew England Div.
70 Mew England Div.
v89 " Great Lakes Div.
100 Missouri River ',
‘ . Division
107 Missouri River
Division
97 Missouri River:
Division
97 Missouri River
: Division
101 Missouri River
' Division
-1~ ,
, /

ELEV,

ABOVE .

MSL . PHYSIOGRAPHY
500 Glaciated

170
170

120

860

region of
rolling hills

Yarrow valley
flanked by
high hills

Glaciated’
region of -

~ rolling hills

Flat outwash

.plain

Low level
marsh

- Ravines to

predominat-.

" ing flat

5320 .

l1730

900-

1650

" plateau

Gullies to -
rollineg hills

it

. mountains to

South

Flat to
Rolling

Bed of an- -

cient lake =~
very flat =

Ascending
and descend-
ing benches
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during a similar period in the following order:

‘b. Weather. -'0f the ten airfields inved§tighfed Fargo has the
greatest normal freezing index. The ten airfields are tabulated to show the
normal freezing index and the approximate dates of'the~ffeeziﬁg”period3

NORVAL FREEZLG  NORVAL FREEZ ING

AIRFIELD . INDEX IR . PERIOD
Fargo g o6k 1 Wov. = 1 Apr.
Bismarck ' .. 2552 : : ‘1 ¥ov, = 1 Apr,

- Presque Isle : 2061 .. 10 Nov. = 1 Apr,
Houlton ' -7 80 - 15 Novy - 1 Apr.
Wetertown ‘ . 1742 .. . 1 Nov., = 20 Mar,
Pierre ‘ : <129l ) oo 15 Nove = 15 Mar,

' Dow ' A 1275 25 Nov. ~ 25 Mar.

- Truax ' _ oo leer o : - 1-Dec. = 10 Mar,
Casper : . . 532 o - ' 20 Nov, =20 Mare

Otis L 202 15 Dec. - 1 Mar.

| | ‘freﬁipiéation duriﬁg tﬁe‘tgree months éfior to thé.ffeezing'périod
has been coﬁsidered tovdetermine its effeot,on Water'tahle and.saturationegf
tbe subgréde during this critical p;riod. The normal ﬁrécipitatioh is great-

est at Otis Field where a total of 13 inches is measured for three months ‘

prior to the start of freezing. The other airfields have less precipitation

TOTAL, PRECIPITATION DURING
2 MOFTHS PER IOD PRECTDI\TG

" AIRFIELD . /FREEZING. (IMCdES)
Dow : S 11
Presque Isle o 10

. Houlton B : ‘ 9
‘Truax - 7
Watertown ’ 4 Y I I
Casper . o h.h )
Fargo . : 2.7
Bismarck 2.6 .

?Pierre' oy

Snowfall is greatest iﬁ the'New Eng%and’region'where Presque Isle

has a cumulative total above 100 inches. Snowfall bécomes less toward

Houlton (75 Inches),-Dow (60 Inches), and Otis. (18 Incheéi; Snowfall at

L s15-
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the midwestern airfields rahges from 20 to 35 inchgg cumulative total for

the 19LL-19L5 winter.

+

C. Traffic.Histo}y. - A brief traffic history is‘tabulated fqr"
each airfield as part of Table 1. The cata was obtained from Pavemen Hvalu=-

ation Reports of 194l and in scme cases from the appendices to this report,

d. Type and Coﬂdition of Pavements., - The thickness and type of
each airfield §avemeﬁt-is shdﬁn in Tablegl: ‘The condition of the su;facgs
of thé'*.*ements pfior to investigafions isbbfiefly éummarized below, Qrack
surveys made during the normal perdod and after the frost melting periods
ywere made at Presque Isle and Dow#ﬁiffields. The éuryeys are presented in

the respective appendices. . o \

_ Thickness and Type v
Airfield _ of Pavement (Inches) : Condition

Presque Isle -

' Test Area A° . . "7 P.C.C. Good - Few small cracks
: o and depressions

‘Test Area .B ‘ L B.C. " Good - Few small cracks
' ' ‘ and depressions

Dow Field

‘Test Area A ) _ 7 P.C,C. ' Poor - About L.o% of area
' ‘ : cracked due to previous
tests and frost action.

 Test Av-nas B and C : 7 3.5 B.C. S ’ded —JScattered loﬁgitu-
’ " dinal cracks along con-
struction lanes.

Houlton

Test Area A 1.5 B.C. ) , Good~- Minor cracking and

: 6 Soil Cement minor depressions
Test Area B 3 B.C. Good - Minor cracking and

Otis | \ minor depressions
Test Area A 5 to 7 B.Ce o Good =~ Minor crackin; and

’ ' minor depressions.

16~

e~



Pt N

Thickness and Type

Airfield ' of Pavement (Inches)
Truax . )
Test Areas A and ‘B 2.5 B.C.
‘Test Area:C . . - 6 P.C.C.
Pierre
Test Area A 7 P.C.C..
i | SN
Test Area B 5.5 .B.Ce
A o e
Casper
‘Test Area A 7 P.C.C.
Test Area B ©© 5..B.C.
‘Watertown )
Test Area A 8 P.C.C, .
Test Area B e "5 B.C.
- Fargo
Test Area A . 1.5 B.C -
. , S 6.5 011 Cement
Bismarck o .
Test Area 4 -

2 to 11,5 BeCo

T

Condition

Géod.-vMinorvoracking,

Good "= Minor cracking
and depressions.

" Good - Few cracks, minor

ponding condition, -

 Good - Minor cracking and

depressions, ponding.

" Good - Minor cracking.

s

Fair - Numerous small de-

_pressions, minor cradPs,

E

end pondlnv

Good =~ All joints sealed

few craoks.

,Good - Mlnor deores31ons
and pondlng. o

Transverse cracking and
minor deformations. Area

-sealed in -good condition
- prior to start of tests.

. Fair - Checking and minor

cracks, Minor depressions:

~and ponding.

~e. . Bases, - The description, classification and grain size curves

it

for bases in edch teést area are shown in Figure. 2 on Plates 2 to 6 inclusive.

17 o



The pre lominant type of base course consists of sand and gravel'ofAGW clas=
sification ranging fror six to L8 inches in thickness. ' These base courses

arec £lightly frost suseptible since most samples from each test area con-

v
RN

‘tain more than three tercent finer than the 0,02 mm. size. Several airfields

have base. courses whi:h are exceptions to the predominant type. At Truax a.

crushed rock base 1s underlaln by a frost susceptible sub~ base. . At Presque

‘Islo, Test Area B, iwo inches of crushe: rock is underlaln by a sand and’

‘gravel base. it Huulton, Test Area A., and Pargo Airfields a soil cement

base_course, six .nches thick, underlies a bituminous concrete wearing course.

3 ' \ ' L . . » ) . -
Otls: C~ ser, an ]l Watertown Airfields each have pavements constructed direct-

ly on irost sus,eatlble subg*ades.

R f. Subgrade, = The wide ranﬁe of subérade 30113 _encountered, is
indicafeé by whe'deScfiptioﬁ; classifioation,'and grain size eu;ves shown
in.FiRure 2 on Plates 2 tcié ineiuSive. The pr domenant‘type of sxbgrﬂ*°'
consists of silty c]ayev sands and gravels of EL and GC clas51flcotlon re-:

sPectively. All ths soils are frost susceptible since the percentage finer

(

by weight >f the 0.02 mm. graln size ranges from three to 91 percent.

-8 -Ground Weter., - Of thé ten airfields investigated, five air=-

'

fields, Djw, Truax, }resque Isle, Fargo, a1d Houlton nlrflelds have a ground

water talle from four to about elght fest below pavenent surface, Two air= .
fields, Watertowhfand BiSmarck, have a water table at about 12 feet‘and’three
airfield::, Otis, Pierre,vand.Casper;“have‘greund Water'fableé_at a consider-

able depaz below the surface,

h. Drainage. = The surface and subsurface drainage facilities

~

at the s .~ral test aieasrare summarized in the following tabulation:.

-18-



Airfield

v—————-.

Presqus Iz

Dow

_'Houlton

le

Test '

Area

B and C

Surface
Drainage

Surface runoff from
pavement collected
by catch basins in
valley in apron area
and pavement edge. .
Surface runoff from
pavement and shoulder.
collected by shallow
turf or rock gutters
which drain to a catch
basin at end of taxi-
way. )

Surface runoff from é

pavement collected by

catch basins located
75 feet from .;_K_ and
spaced 225 feet longi=-

" tudinelly,

" Surface runoffAfrohrzé

pavement collected by
catch basins located
at edge of pavemei.. -
spaced 225 feet and

catch basins at edge -
of bit., treated shoud~-.

ders and at 250 feet
from é‘in turf area.

Surface runoff from

apron collected in

‘ditch at pavement

edges.

Surface runoff from ¢
pavement collected by
combination drains and
catch basins at runway

edges and ditches along.

outside edge of land-

. ing strip.

~19~

‘conc, runway.

Subsurface_'
- Drainage

Base course continued
through shoulder to edge
of £ill on one edge.

6 inch open joint pipe,-
Ly foot depth backfilied
with sand and gravel at
outside edge of surface

- treated gravel shoulders.

i

8 inch non-reinforced con-
crete open joint pipe, L
foot depth backfilled with

bank-run sand and gravel,

h

Open joint pipe at bit.
conc. pvt. edges and skip
pipe at 175 feet from é

. runway at bit. surface

treated shoulder edges,

~ Open joint pipe, 5 foot

depth to intercept side=
hill seepage at east edge. -
Backfilled with sand and

- gravel.

Open joint pipe, 5 foot
depth, at edges of bit,.

‘ Backfilled .
with sand and gravel,



pavement collected by
combination drains at
pavemant edges.

~20=

N

Test - . Surface Subsurface
Airfield Area Drainage Drainage
Otis Surface runoff col= 6 inch non-reinforced open
" lected by longitu- joint pipe laid in 2 foot
K dinal turf ditches wide trenches at edge of
located 150 feet pavement, backfilled with ~
from ¢ runway with - well graded sand and gravels
- cétch 1 ba51ns to closed  Pipe inverts are about L '
'JOlnt pipe. feet below pavement edge.
Truax Surface runoff from %~ None
of pavement to -edge
- of shoulder collected
"by catch basins in
shallow gutter at
shoulder edge.
Surface runoff from . Perforated tile pipe in
of pavement to edge trenches filled with coarse
of shoulder collected- sand at edges of pavement,
by catch basins in Top 2 inches is clay top
shallow gutter at - soil.
shoulder.edge..
Surface runoff from Trench filled with sand
pavement and adjoining and gravel and containing
turf area collected by a V,C. pipe with open
catch basins in turf joints along south edge,
area at low points., ' None at north edge.
Watertown A and Surface runoff drains . " Yone
to shallow swale at B
, edge of pavement.
Casper - Surface runoff col=~ None
' : lected by catch basins
located-in shallow
-gutters in pavement
. area.
Surface. runoff col- None
lected by 'shallow
.swale at edge of pave-
ment
Fargo Surface ruﬁoff froom Combination draing back=

filled with coarse ag-
gregate located in shoul=-
der with open joint plpe
in trench



<

Test - "Surfacé ‘ ' v Subsurface

Airfield "~ Area . Drainage _ - Drainage
Bismarck Y Surface runoff col=- - - Yone

lected by shallow
‘swale at edge of
_ shoulders. i
Pierre A Surface runoff col= None
‘ lected by shallow- -
- swale at edge of - .
shoulders. .

B Surface runoff col= , None
lected by shallow ©

swale at edge of

shoulders.

\

. LI.. ‘ Results.

a. Tests for Soil Classification, - Laboratory tests, including

sieve‘énalysis, hydroﬁeter'andlysis,JAﬁtefberg limits; and’specific gravity
were conducte& bn representative base, Subfbasé, and subgradé'méferials at
all airfields. The soiis were claésified in aocord@ﬁce with'Casagrande'
classific?tioﬁ<as outlined iﬁ the Engineering'ﬁanual, Chapter XX. -Grain
sizé éufves and olassificatiqn‘datg‘for tyPioai matefials a£d typiéal logs

for each test area are shown on Plates 2 to 6 inclusive, ﬁA sgmmafy tabu-

lation of the results of tests, including»Attérbéfg limits, Césagrande soil

classification, and percentage of particles finer;than‘0;02 mm, is included
in Table 1.

b. Tests for. Availability of Water for Frost Action, -

(1) Precipitation. = Precipitation data for the various aire

fields were obtnined from either the U. S. Weather Bu=
reau Station nearest the airfields or frém the AeAbFa

Weather Officer at the specific airfield.. Curulative

-Dl=
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rainfall for fhe months of Seéfeﬁber td'April and snow=
’;all record are shown in Plgures Ly and 5 on Plates 2 %o
6 inglusive; Tabulatlon of the record of pr601pltat10n
for the three months prlor to the fneezlpg period for °
.all’airfieldé is included iﬁ Tablell,;

Ground Water. - Ground water elevations in both the sub=

grade.and bése were 5btained at periodic‘infervals by
means 5f observation wells in the base and subgrade.:
These ﬁgasurements weré'augﬁentéd by éxcavatioh of test
pifs at §ériodic intervals. Ehe feadinvs in the wells
were ob alned durlﬁﬁ the nor nal perlod and the- frost
"multlng oé?lod. ‘ “PtV of. ground‘water from'the surface'
of the pavements is plotted agalnst time and log pro=
file of sabgrade and base in Flgure 6 on Plates 2 to 6
inclusive. Tabulatlon of the depth of the water table
from tho surface hf the navement for thn var¢ous pericds

is included iu” blo 1,

Water Content and Dcnsity. - Water content and dens ity

determinations éf“the base and subgrade matériéls were

.obtain@d'in test nits'eicﬁvated during the_normal per=
iod, during the frecylng per:od durlno the frost melt-
ing veriod, and durlny the period Whun the subsurface
 éonditions had returned‘to normal'generally 1n'M§y or

. :Juné. .The SpGC%éiC time for the exéav&tién of the test

pits was bQSed oﬁ previous_weaﬁher data and the prégress

of freezing weather., The variation in density and water

=22~




-rized in-Table 1.

J

¢

‘contents for the subgrade anQXbase materials during these

periods-is shown graphioaliy for all test areas in Figure

9 on Plates 2 to 6~inclusive;'iResults,are also surmas’

Degree of Saturation, - The degree of saturation of the
© base and subgrade materials during the normal freezing
~and froét melting periods was computed ffom'fhe~density,:;

water -content, and specific grévity of the various mat--

eriais; Variation in fhe degree‘of éaturation_duriﬁg
fhese éeriods is_sﬁown in Figure 9 on Platés 2 to 6 in=
clusivé; ‘The'average degreezof saturation 6f the base
and subgrade,méterials for the vérious.testing periods

is summarized in Table 1.

c. Tests for Temperature, - Measurements were made, or obtained

from other sources, of the air temperatures at all airfields investigated.

At 15 test areas measurements of subsurface temperature were made. The fol-

lowing paragraphs contain pertinent comments on these observations:

(1)

Air Temperatures, = The air temperatures were obtained

from either the nearest U, S. Weather Bureau Station or
the A.A.F. Weather Officer at the airfield.‘ These were
éunpleﬁéntedat some fields by U.S.E.D., thermographs

located at the test areas. Shown in Figure 3 on Plates:

e to 6 inclusive, are air temperature-data in the-form -

of degree day curves from-1l November 19hh'to 1 May 19L5

‘and rnormal curve for samg period at each airfields The

- . \~, : -
‘normal freezing index,‘ . sezing index for 19L4-19L5;
- 5 Ve ) :
e
/ .
/
.
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(2)

-

"and the percentage above or below normal are included

«

in Table 1.

Subsurface Temperatures. - Subsurface temperatures were

measured by means of copper~constantan thermocouples,

imbedded beneath the surfaces of pavément or turf at .

various depths to about six to eight feet, using a.poten-

tiometer which indicated the temperature directly., - Com=
plete description of installation’and measurements of
thermocouples is presented in Appendices 11 and 12

Thermocouples were installed in the bituminous concrete

pavement and turf test areas at Dow Field, Presque Isle,

and Watertown. At Pierre thermocouples were installed

in the bituminous concrete test areas and in a special

test box;k,At Wafértown temperature méésu;ements were
also made using thérmometer wells containing glass bulb-
thermometers*suspgnded'in antifreeze in saran pipes.
Oﬁly-therﬁomefef‘weils were installed.at Farg§; 'The”‘.
vériatiqns in témperature from,the éprfaCG to aydepfh‘of

six fest between the months of January ahdﬂﬂpril is

~ shown for a'typical installation on Plate 6'of Appendix
- 12. The freezing ﬁempérature of soils is belie?ed.to

‘be between 280F and 32°F depending upon the soil, In

Figure 11 on Plates 2 'to 6 irclusive are shown plots'of
. . / .

~ the 28°F and 32°F subsurface- temperature with respect

to depth and time from December to April. Also plotted

on these charts are the depth of'ffost penetration

” ol
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obtained by excavation of test pits, plotted against

-

the same depth and time. -

d. Tests for Frqsthction;

(1) Ice Lenses. - The prescnce of ice lenses was investigated
by means (i test pits.excavated during the freezing per=-.
jod. Location and measurements of ice lenses referred

to soil profile for each test area are shown in Figure 9

on Plates 2 to 6 inclusive. These data are summarized’
in Table 1. The ice lenses observed in the subgrade oc-
curred‘in non-continuous horizontal layers ranging from

1 3/8 inch to halrlmH thickness and were generally

.\

spaCVd 1rregular1y, less than l/é inch apart, Wlth the

i

1enses»becom1ng thicker and more olosely spaced near the

N

bottom of the fost penetratidn; Mo ice 1enseS'were ob-
served in thée base materlals at the airfields except at
Truax in.the‘base'materials in Test Area C and sub~base
méterials in Test Area B, Photograph of tynlcal ice
lens formﬁtioﬁ; at Dor Field is shown on Plate 7 Ioe

lenses were coqsistenblv cpserved in excavations; during

o

Athekfreezing period, in subgrede soils in order of in-

c?easing.thi¢knessvaﬁd extent af’all'tesé areas at Dow,
Presque Isle, Houlton, and Trggx;' Small, thin, scéf#
tered ice lenses were observed duriﬁgvthe freezing.per~
.iodlatvéllrfést‘areas atnOtis,.Eiefré, Watertoﬁn, Faréo,
and‘Bismarck: Yo ice lenses were found at Caspef.

'925-
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(2) Pavemegf Hea%e. - The pavement heavé was measured by

, me?ns ofulevel surveys suppiemeﬁted by wire liﬁé readings
during the normal, freezing, aﬁd frost melfing periods.
Tﬁé amount of heave is.showﬁ in Table 1 and in Figure T
on Plates 2 to 6 inclusive.' The greatest pavement‘héave
.éccu:fcd’injfest Area A at Dow Field, with an average
heave for ﬁﬁe whole test area of 0.5,f§btiana a maximum
geavevof 0.7 fobt.  The average pavement heave at ali.
utest areas eicéoﬁ‘ﬁhose at Déw, Presque Isle, Houlton,
and Truax wés practically negligiblé b@ing less than
0.07 féot; 'Tﬁe'éavemcnt heavé was relatively uniform
for ail airfields except Dow, Presque Iélé, and Waﬁerj .
vtown;_ In test Areg B at Pierre,yin TestrArea A‘at’Bis-;
marck, and Test Area B at Watertown, pavement heavo‘ob;
‘servations indicate that‘the pavement -at the crown did
not heave, but rathér subsided awvery;small amount‘while
the pavement at the edges heaved. lThis typ¢ of heaving
ié best illustratéd by cOptours on Plate L, Appendix T.

Co Investigation of Frost Penetration, = The investigation of .

frost penetration was made by (1) field observation and measurements in test
pits; (2) subsurface femperature measurements; (3) laboratory studies in the.
cold room of the Soils Mechanics Laboratory at Harvard University and (L)

mathem&tical studies of temoerature changes in soil, The depth of frost

’

7penetra£ion and rate at which the frost penetratesdand leaves the ground‘is"

shown by'solid line in Figure 11 on Plates 2 to 6 inclusive. The laboratory

studies and partlof the mathematical studies are reported'iﬁ,AppenQix 13,

 11-26;1
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A graphical method o predicting th° dept of frost penetration in soil is
presented on Plate 8 of this report. The method is pased on an article by

W. P. Berggren "Preliction of Temperature Distribution in Frozen Soile’,

. Transactions Amerian Geophysical Union 1943, Pertinent comments on the

field measurement: , laboratorw and mathematical studies are presented in

H

the fvilowing paragraphs:

(1) Fiesld ;.;zeasurements. - The“death' of frost péne‘t_ration and

tha rate that frost eitrrs the ground‘wore obtalned by
measurements in a_serles.of test plts excavated at ther,
start of fre921ng ar | perlodlcally to the end of the
frost m u,ltlng pe rlna. At some of the alrflelds test nlts

.were excavated o obtain only the max1mum,depth of frost
- : i ' . . - ‘
‘penetration. I+ will be noted in Figure 11 on Plates 2

S

to 6 inclusive that at most airfields there is a rela-

tively close agreement between the 32°F curve obtained
from results of subsurface temperature readings and the
frost penetration'obtained‘by observation in'test‘pits.

{2) Labor“*w V Studiese = Tests were made to. determlnc the

temperature chénges in 1aboratory sgécimens q€“s;nd due
fo suddenly impressed surface temperatures and to aeter~
mine the thermal.conductijity,‘in thé-unfrbzen state, of
five;représentétive materials commonly'used for‘base'con-
structloh, sand, sand and gfaﬁél, cr@§hed rock, slag, and
cinders, and one sampie of asphaltic concrete pavement,
The nesu1ts of the t:sts to determiﬁe the temperature

chahgés within test spevimens are reported in Anpendix 13.

'

-.27-



(3)

‘The difference between the temperature of the Speqimen

t

at the top or bottom and the air'tehperature at the top
or}bottom, respectively, iS‘térmed the "boundary temper=
ature difference."” The "boundary températufs difference"
was used princiéally to investigate its effect on the
equilibrium temperaéure gradient within a specimen. The
results of these tests are shown dﬁ Plates 6 t§ 8, Ap=
pendix 13. From four of,thgse same tests, it was also
possible to evaluats the fatio of the coefficient of
thermal cdnductivity of tﬁe frozenAto the‘unfrbgen state.
ﬁor the material tested, a_unifbrmly.graded, cohesionleés;

siliceous, medium sand, this ratio varied from 0.52 to

1 0.85, for the water contents and densities tested,

The results of fests to ﬂetermine the coeffigient of

\

thermal conductivity‘aré summarized on Piate 11 and'tééts

by ancther inveéstigator, on Plate 12, both of Appendix 13.

These tests indicate that the coefficient of thermal cori=

ductivity varies with the water content and density of a

.. given soil and that different soils may have widely dif=

ferent coefficients of heat conductivity.
. ) Ve .

Tests upon cinders and slag indicate that these

materials are good insulators in comparison to the other

materials tested.

Mathemgtidal Studies, = A r%gorous solution was developed

by We P. Berggren for computing the depth of frost pen=

etration. The computations take into consideration,

- =2B-



density, wa#er pontgnt, latént heat'of fﬁsion, specific
heéf, éﬁd'the thermal properties. of the soii injthe
’ffoién‘and'unfrézen éfafe. This solﬁtion'w;s expanded
R in‘graphicél form aﬁd is presentéd on Plate 8. An ex=
ample‘for use in computing the depth of frost penetfation
'rié aisovp;esented on Plafé 8. "Thié solutiop'cannot be
uéed at‘thé preésnt:time due to inadéquaté know}edge of
coefficient of thermal ponductivity of SQils in the

frozen state.

/

f. Tests for.FlQXible Pavement Sﬁpporting Cépacity. - The sup=
.porting cépacity of fquible’pQVemehts waélinvestigated by means' of infplace
C,B.R,~and plate beériﬁg tests conducted duriné the nd&mal'feriod and the
frost meltiﬁg period and fraffic'tests_céndﬁctgd during and after the frost
‘ melting'period. The field ﬁestjproéedures fér the C.B.R. and plate bearing
tests are described in Appendi# lu., Detailed results of all testé and traffic
téstS'conduéted are presented in ﬁhe gppendix>for the‘séecifi; airfield. The'
tests performed.aﬁd pértinent comments.on tbe results afe presented in fhe,

' following paragraphs:

(1) C.B.R. Tests, - In plaéé C.B.R. tests were conductéd on
4 top.of the base material and,oﬁ top of the subgrade at
all flpxible pavement teSt areas.‘ The average résdlts

of tests afe shown on Plates 2 to 6 inolusivé. Bstimated

values where shown are based upon laboratory tests and

" field experienbesiwith similar soils.

(2) Plate Bearing'Teéts. ¥ Static_and repéating load plate

 4bééring tests Wére_conducted oﬂ’the:surface of bi%uminous

N



(3)

: concrete pavements in accordance with procedure described

in Appendlx 1h. A summary of these tests. is presented

 in Tables 2 to 6 inclusive. Both types of bearing tests

were perforﬁed at Dow, Presque Isle, and Truax Airfields
durin g the fall and frost melting perlod. ‘The static
load test results are plotted in Figure 12 on Pla*cs 2 to

6 1nol“51ve to show the varlatlon in the load requlrcd to

_deflect the. test: plate O, 1 inch from fall to sorlng.

Traffic Tests, ~ Traffic tests were conducted on the

flexible pévement dﬁring'the frost melting period at Dow

in Test Area.B (31 and B2) and C (Cl and C2), at Truax -

in Test Areas B (Bl and B2), and at Pierre Airfield in

Test Area B (T1 to T12). A summary of the traffic test

data is pre sented in Table 7. The wheel loada'uséd'wereA
determined to braoket or approximate the Qvaluapion‘of \
the specific pavements for frost melting conditions. The

wheel loads at Dow were 40,000 and 60,000 pounds, at

‘Truax 30,000 and 60,000 pounds, and at Pierre 7,000,

144,500 and 25,000 pounds. The application of traffic was

madeaon,the basis of a specified numbef'of daily cover='

‘»ages during and after the frost melting period to simu=-

late continuous use of a pavement by aircraft. Based

upon the best available information it was assumed that

15 coverages per day were equivalent to operation of
‘runweys and L5 céverages per day equivalent to operation

of taxiways, In all cases it was not possible with. the



“aveilable equipment to apply e%adtly 15 and L5 coverages,
-ihénce individual tests vary ih~daily'coverage. The trafe-
fic pgtfeinEWas so designed to gradually attain by steps
the maximum coverages in the tréffiq lane, Traffic was -
startedgéwjthe beginﬂing-of:the frost‘meltingAperiod and
contin;ed ?hroughkthg frost meiting poriod oy“until imr.
- ﬁinénﬁ’faiiuré had oﬁcurred;‘ Medsurements'for the‘veftif
cal deformation in the traffic_test.areas'ahd obﬁervations
for the,behavibr Qf %he pavemeﬁt were made daily during .
" the traffic'tééts. At the end of the traffic tests dei‘

tailed measuremeﬁtéonre made-of thevpaV¢ment surface

and trenches were excavated in traffiC'tést areés‘wheré
failure and no failure had occurred: to obsérva ai.d
measure ‘and determine thq rélative positions and con=
dition. of the pavement; base material, and sﬁbgrade,'-A
test lane was considered to be in a condition of imminent
failure if‘abéutVQO perc;nt of fhe area was map craoked

or theiflexing of the pavément reéached one inche, It was

e

N

the intent fé reducé the damage of pavement to é minimum

'consistenﬁbwith test results. Immiﬁ@nt faiiure“or the'j

point at which failune'is about to occur was used'ésja

basis tondetérmine whether pavement Wés satisfgctory or

unsatisfécfory;réther than‘complete failure which would

leave thé pavement.impagsibie. The equipment'tovobtaiﬁ..
+ the vgfiéus,ioads ranged from large ruﬁber tired con-‘

struction equipmént to trucks. :in Table 7 are listed
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results §f the tfaffio tésfs‘ with additional related . |
data fof each test.arca. Wheel loads coﬁsidéred unsatis=
facﬁory are identified by a double astorisk ih'Tabl‘e e

As an e¢xample: Dow Fieid.Té§t~Area (é-i)-imﬁinqnt faile -
ure did nof occur for 10,000 pounds Wheel'loadﬁfor 15
coveragés pef day; therefore, pavement waéwconsidered‘
Sétisfactofy fér:the conditions fesﬁed? At L5 coverages

per day ahd»éame wheel load, immineﬁt failu;e oopurred

and the‘pavement is not satisfactory‘fér the conditions

tested.

g« Tests for Rigid Pavement Supporting Capaéity{ - The Suppofting

~capacity of rigid pavements was investigated by»moan§ of plate bearing tests

conducted during the normal period and the frost melting period and traffic

tests conducted during and aftér‘the frost meiting pefiéd. The fiecld tost

“procedures for plate bearing tests are reported in Ap?endix lh; 'Deﬁailed

results. of -all tests and traffic tests cenducted are presented in.the éppen-

dix for the speéific_airfield. The results of plate bearing'tGSts‘and_traffir

tests with pertinent comments thereon are presented in the following para=

graphs:

(1)

Plate Bearing Tests, = Two types of pavement bcafiﬁg

- tests .were made, rupture tests on the pavement surface

aﬁd'subgrade modulus fests. Surmary bf‘rGSults of‘plate

bearing tests are presented in Tables 2-to 6 inclusive

~ and averége fesults afe shown in Figure 12 paniates,B

to 6 inclusive, The‘rﬁpture.tests were made directly

on the surface of the vavement usiﬁg a 2h=-inch plate'

3pe



(2)

placed gt a corner of a‘slab made b& thevintersecﬁionlof
a longitudinal construqtionfjoint‘and-g transversec cX=
pansion joint.' In the4rupture tesfs,‘if fai}ure did not
occur under increment loading, an'aftempt was made to
cause failure by a number of repotltlons of maximum load,
At the same locations, but outs1de the 1nfluence of the

rupture tests, subvrmde modllus tests we re conductcd on

the surface of the base mat@rlal,after the removal of

‘ﬁart~of'the slab., Rupture tests and subgrade nodulus

tests were conducted at Dow, Presque Isle, Truax, Water=

' tqwn,‘aﬁé Pierre Airficlds. It was intended that the

testé be conducted during the fall and again during the
frost'mélﬁing period in order that thé difference in :

bearing capacity between these-peribés could Be obtained.

Hoangr, only at Presque Isle were these tests conducted

during bqth periods. At DOW Wat@rtown, and Plerr‘ the

tests were.conducfed_during the fall;and rupture tests

-dL ing and aft r frost melting. For the rupture tests,
'fallure was reached only at Plerre u~ndWatertown Air-

,fields. .The results of the subgrade modulus tusts show

a d@crqasa in bparingAcapacity durlng the frost melt;ng

“perlod at Presque Islo.

Traffic Tests. = Tra’fic tests Were conductﬁd on portland

. cement concrete pavement during the frost melting period

wt Truax in Test Area C (C1 and C2) and at Pierre in

Test Area A (R to BL).. A summary of the traffic test
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30,000 pounds and for Pierre 14,500 and 25,000 pownds.

data is presented in Table 7. The wheel loads used were

cénsistent,wiﬁhvthe previous evaluation of the specific

~airfields. The wheel loads for Truax'were~15,000’and

The application of traffic was made. on, the basis of 15
coverages per day which was determined from & consider-

ation of runway usage and Li5 coverages per day Qquivalént

to operation of taxiways. With the'équipment available

it was not possible %o obtain the exact 15 and L5 cover=’

-ages. Therefore, the nearest possible figureitovthese

__Weré:used in the analysis of the results. The test 1gne

-

was located with its center line over a'construqtion .

joint. The traffic pattern was 50 designed téwgradually

‘ettain by stepsfthe maximum coverages in the traffic

lane. Traffic tests were started generally just before
the beginning of the frost melting périod &and continued

through the frost melting period or until imminent fail=- )

~ure occurred. A test lane was considered to be in a

condition of imminent. failure if cracks had occurred in

about. 20 percerit of the test lane or when the pérmanent

deformation exceeded one inch, It was the intent to re=..

duce,?he daﬁaée'from tfaffié teéts to a,miﬁimum consiste
ent with test resﬁlts. The equipment was the same aﬁ

QSeq foj.the traffio tésts forabituminoﬁé éonérete pave= .
ment“Which were conducted concurrently. In TableﬁY are

listed the results of the traffic tests.
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" h. ’ Igsts.forfInsuiatidn Qualities Of/TﬁffAénd Snow Coverd + In-

vestigations were conducted at two turfed areas at Pfésque Isle, Dow, and

’

Watertowm Airfields-and at ons turféd”aréa at Pilerre Airfiéld. _The tests

conducted and observations made were for soil classification, availability

.of water for frost.action, air and'subsﬁrface,temperature, frost action;:

depth of frost.penetfation,_and,Snow cover. At Dow and Fresque Isle Aire’
fields one.of the two turfed areas was kept freé'of snow.'as far as practi?

cable and the other turfed aréea was not plowed,_ The pur?ose of these tests

-was to obtain a comparison of frost action, particularly frost,penetration;‘

between turfed areas with and Withqut snow do%er and a éomparison of turfed
areas with paved aneas. Results of tests in ﬁurfed.areaé‘ére suﬁmarized in
Table 1 and included on.Plates 2 to 6 inclusivé; Detailed %esulﬁs of effect
of snow cover gr? presented in Appegd;ces 11 and 12 and dgta1}§d>re§ults of
all tests‘in tﬁ}fea‘areag aré'containéd‘in the reSpecti§e appendioeg_for
de;*Presque Isle, Watertown,iand Pierre Airfib;ds. Thé'sﬁowfall déta for
the-vafiQuSJdirfieIds were sither obtained from the neéresf U. S.'Wéather |
Bureau or from the A.AF, Weather Offioerf These dat%,Were augmented‘by
measurements and.observations at ﬁhéASpecific airfiélds. The pavéd‘gest

areas were plowed and snow removed as close to the pavement as practicable

immediately after each snow. fall. It was not possible to remove the snow

' to the bare pavement with the result. that during the winter months, ‘and de-

pending upon weather conditions, a layer of packed snow or ice from one-half
to two inches in thickness covered the test areas, At the turfed areas, .

measurements of snow cover were made periodically.

"D Analyses;~.

a. Effect of Water Sourée on Frost Action, - For frost action to
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occur there must be a source of water. This water source may consist of a

ground water table at tHe depth of freezing, a flow of water from.a‘rela&

tiVely}clOselground water table to the freéziné soil, or a flow of water

from aijoining- soil. There are a number of different methods by which the

availabiliﬁyuof Water'fof frost aéfion can be measured or indicated. These

mqthods bonsist of‘measuring depth to grougd'water, measuring precipitétion
oocurring‘prior %o‘freezihg pefiod, and méasuring séil water‘con%entvand the
degree of satﬁrétion befo;e freezing., Results of these msasuréments at'ali
test areas are summarized~dn Table 8, In ad&ifion,'there havé been addéd fo
this'tablé data which show the oharactef'and extentvof frost«action.- Frgm
a stuiy of these déta, the followiné cohclusiohs-a}e.présented:

(1) At 1oééfions wherévtﬁe water tablé:ié>lessithanvlé feet
from the'éfoqnd surface and there is no stfatumiwhi%h
will prevent’the upward flow of water whéﬁ freezing
starts (such;as a lever of clean sand) extensi?e to
slightafrost.aotion oocgr“éd;in frost suséeptible.s?ils.

(2) At lééations where the wgter.table is below é5 feet §r

!

where there is a stratum of clean sand above the water

table which cuts off upward flow of water, slight to no
\frpst actipﬁ occurred iﬁ frosf su;cepfible sbiis;. :
(5)‘ The‘magnitude and extent of‘ice lens forﬁationS‘which '
varied from an exceedingly few thin lenses to ﬁaﬁy ﬁhin:‘
to‘thick lenses, was depeﬁdent upon two‘reléteé féctéfﬁ;
- (1) the asgrée_of saturétionat‘sfért of freezing a#d (2).
the relationship befwéen the natural water céntent at
start of freezing and the Atterberg limits. The magni—

tude and extent of frost action‘WaS gre§ter for subgrades
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(L)

[y

Weliwsaturated:dr near the liquid limit. Frost action

was negligible when thc subgrade saturation.was below

'

approkimately 65 percent or near the plastic. limit.

' The degree of saturation beneath paved areas varied
' ! ' . * | X 3 ‘ N
generally with the climatic conditions, the lesser de=

“gree of saturation occurring in the areas of low annual’

rainfall. The degrec of saturation also vgrie@.generally

Wwith the depth to ground waber, ‘the migher the ground
water table the gre“ter the degree of saturatlon.

At three test aruas, frost heaving was . groqtcr at the

s

pavement cdge than at the center. This condition is

believed to be the rﬂsult of water seepage from a6301n~

ing turfud areas 1nto the subgrade bonLath thn p vement.
Some test areas deve ]oged a leght sc++1emont durlnv the
winter. Greafef heaving at edges than at contor Qf
pavemcnts occurfed only at teét aréas ﬁith bifﬁﬁindus.’
concrete pavémenﬁs without éﬂbsurfa@g drains at pa&bment
4ges; |
At all concrete pﬁved test aréa;, it is believe d that
surfa ce’ Water infiltratin thfough joints into.the base
and subgrade prior to f;eezing augmentad tb a>slight

s

degree the aﬁailable WaterAer'frost action. At.fhreé

of these test areas the heaving of the concrete paved

test areas was more wniform compared to adjacent bite
uminous paved arcas end the settlement which occurred

at threc bituminous paved test areas did not occur in
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the three concrete test areas,

5; : Bffecﬁ of‘Tempgrature én FrbSﬁ‘ACtion. - In1genera1; the | U
observetions maée do rot indicéfé the effect of'below4fféezinglaif.temper-
ature on‘frost action. Fof such a stﬁd?; it‘Will be necéssary‘to'carry oﬁt
-observations over a‘nxmaer ofvvears at the same locatlons to 1nvest1gate\
this effeot | It is the general ere”leQCe of hlghway engineers that the

. damagwng effects of - rost action at'the samewlocatlon vary from.year‘tq

year dependlng upon the fr6821ng index #nd avallablllty of water.

Ce Effect of 8011 on Frost '“tion. - In all'cases the base

 materia.s from eac test;area had s llghtly more than three percent by Welght

finer then 0,02 m . diameter with the exception of Test Areas A and B,;Tru@x

Field. ‘owever, only occasional ice crystals aﬁé in one 1nstance a fewzlce
1eﬂseS'were fourﬂ despite the sllghf frost susceptlblllty of the base mat~
erial These results may. be con31aered a oontradlctlon of the crlterla-‘

_ however, it may be explalned on the basis ‘that there was no readily avall-
able Water Supply except in the one instance where a few;lce lenses werei
observed. In thi? caSe_waéer is believed to have enteréa the~ba§e'thrbugﬁ
joint&.in thelyaygmenf just »rior té freezing and dﬁriﬁg the early stagég

 of’freezing when sﬁrfacé'thaw ng occasionally occurfed.- Since fhe_iqe '
lenses %efe observed‘;n the base immediately béneath the pavement aﬁd ﬁot’
in dépﬁh this conclusion appearé reasonable, |

At water£an;and Fargo'organicvsoils Were‘encountered~Within
the depth of frosfvpenetrafion. At boti: airfields, ice lenses were Qbsered
in the organic soii; _From these obéervations it may be‘coﬁoluded, lacking
further proof, tﬁét.a slight organic coﬁtéﬁt does not act té prevent frost

action in a frost susceptible soil,
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At Otis Field, a,non—uniform.soil profile with pockets of

: frost susceptible soilaeaused differential heaving of the pavement, .

The observatioﬁs performed do not indicate which soils are

" . more susceptible to frost action than others since other factors, such as

~ water availability and freezing index, were different at the various loca= |

tions tested and mask the effect of the soil tvpe on frost action. IHowever,
other factors conqtant the observatﬂons indicate tha+ the‘flner graand
soils are more susceptlble to frost. action than those w1th gravel and coarse

sand sizes,:

d.  Analysis of Frost Penetration. = The depth to which a paves=.

: ment; base;vend underlying subgrade will be frozen during a winter will.de=

pend;prihcipally upon the magnitude and duration of below freezing air tem=

peratures,:the cbeffieient,of the thermal conductivity of the several mats

: erials in a frozen state and to a lesser degree upon the other thermal prop=.

erties, and the subsurface temperature conditions at start of froezlngo.'

All these factors are analyzed by'W P, Berggren whose_solutlon is proseﬁted
in a simplified form on Plate 8. This_Solutipn,cannot_be used to predlct
frost penetration ae’yet, since reliable data are not>evailable'on>the ther=

mal prODertles of varlous s01ls in both the frozen and unfrozen stateo This

vanalv31s does oermlt the making of comp1+atlons whlch show that the donth of

frost penetration Vs, freczing index‘varles approx1mately as a strelght\
line function when plotted on log log plot as shown on Plate 9, On Plate 9
there are-plotted all observations of frost penetrationvin frest Spsceptible

and nen—ffost susceptible soils beneath paved areas. Figure 1 shows data

‘for portland cement concrete pavements, Figure 2 for bituminous concrete

pavements; and Figure 3 contains all resﬁlts. The straight line sden on



éach ofj:hese‘figures is the same and was deuar@inéd>basedvupon a study of
these test data. Figure 3 nay be used to predict the depth of'frost pene=
tra+1o “neath all typ 5 of paved areas which are ma1nta1ned snow free and
vhich have bases constructed of non—lnsulatlng materlals oUCh as sand, gravel,
or crushed r§ck.- | .

~ Based ﬁ;ion the tests for thermal COnducti‘xrity Qondﬁcted upon ‘
5plected sanéies of base matarlalé in unfrozen statu 1+‘may be concluscd
" that the thermal oonduct1v1ty of slag and 01nders is about one-half that of
cther bﬁﬁe matefials such as sand, sand and vravel, or ‘crushed rock. Since

1

the do nth of frost penmtratlon, all other condltlons the same, varles ‘with

the square root of the coo;f;01ent of 'i:herma'I conduct1v1ty in frozen state

it may be concludod that the depth of fros+-penetrat10n 1nto c1nders or slag
would be about two thlrds of that into sand, sand . and gravel, or crushed |
rock, This conclusion is contingent upcn cinder or slag having approx1mately
tﬁe same ratio of fhefmal conductivity in the. frozen state as.in the unfrozen

state to that of sand, sand and gravel or crushed rock, .

The results of frost penctrations measured in the turfed areas

with sr .. cover ars summarized in the following table and compared with

frost penetrations in adjacent paved areas. ’ N o : N
Location of Average Snow ’ Average Total _
Turf Test Cover During Winter - * Frost Penetration in‘Feet
Area : " In Turf Areas v Turf " Pavement
(Feet) o ' Bit.  P.Col.
Dow Field W R 2,0 - L7 LS
,PrGSque Tsle : 2.5 ‘ . o 3,0%. 5.9 5.5
Watertovwn: ) , . ‘AO;75 oo T B.5% ‘h{l G

Pierr: o S 0.75 - 0,5 * C2.1%% 3,5

* Trom Subsurface temperaturo readings at 52°F.
** Frost penectration 3 February 1945
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Thése data indicate that snow cover and turf together,p?ovide
an insglating blanketfwhich_%etards frést penetration to a considerable ﬁag-
" nitude, “ | |
A-statistical study has been made of the normal freeging index

with fespecﬁ to-gedgraphical location. in the United States. From this studyw

a ﬁap, Pléﬁe 13, has beén prepared on Which aré plotféd cohtours of equal i ”fj
normal freezing indices fof the United States; Using this'piate,'the depth
of frost pénetratioﬁ mey be estimated from Flate 9’for any partiqulaf 1oca;~“;
’tiongin the United States. ‘This.appréximgte'value for frost peﬂetrgtion S0
determined ié an averagervaiue and noan maximum value. .
Co 'Effect_qf'Frcst Aqtiqh on.Rigid Pavcm@nt.Supporting_Cgpacity.
'(l) IEEEE; - A{.Trugx, ice lens fqrmations occurred in the.

top foﬁr inches of the base éﬁd ice lenses adhered to the

bottom.ofvthe pavements Ne other iqg lens f?rmaﬁion

1oc§urrea in the-bﬁse, ho%évef; numerous ice lenses formed

in’thg subgrade at depths of 3,0 to h,7‘feétq The bave-

ment heave ranggd frdm 0,08 feet to 0,12 feet'in the

traffié’teét éreasf‘ Results of traffic tests are shéwn',4

iﬁ Table.7.‘ Traffic tests»With 15,000 énd 50,000 1bse - = .

wheeal 1oads, traffic test areas C-1 and C-2 réégectivcly,
were cénéﬁctea{ through the fyést mélting pefiod, from
"7 to 20 March 1945 inclusive using L5 and 15 coverages
daily, o raﬂu;e:m;as obtained with ‘the 15,000 1{;>s:.‘—.‘,
wheel load, howeﬁér, érogressivé graéking ae§elo§ea for
" the 30,000 1bs. whool load and tho traffic test arca 0-2
wos considered failed., -Pumping of water at the joints"

/
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Li5 coverages respectively.

4

Adays of trafflc appllcatlon. In traffic test area C-1,"

previously test ted Wlth 15,000 1bs. wheel load, a 30,000

lbs. wheel load traffic 'test was conducted fromv21 llarch v

/

to 3 April 1915, after thetfrost meltingloeriod. No.
failure occurred anfq 1o pumping of water at the 301nts
occurraed. The evnluatlon of the pavement durlny the
ﬁornal reriod is. 35,000 1lbs. wheel 1oad for runways and
23,000 {bs. wheel load for tax1ways énd apron. For pur=
pOSas of analyses, it is assumed thet average maximum

daily plane traffic over runways and aprons is 15 ond

) 1

The pavemenf wifhstood 15 and L5 coverages of 15,000
1lbs. wheel ioad, failed‘under AB'éaily coverages,but dia
not fall under 15 daily COVuragGS of the 30,000 lbs.
wheel load durzng the frObt melting purlod.‘ Dlreotly
after the frost melting period, the pa&ément~did not
fail under 15.and L5 daily éoverages of‘B0,000,}bs, wheel
1oad; The faiiure\cﬁitho ﬁavement during tho‘frést melt-
ing period under b5,daiiy'covorag¢5 of 30,000 ;bs; ﬁthl
load compéred.to the normal pefiod evaluation for aprons
of 28,000 1bs, wﬁoel‘load indiéates a reductibnlin pave=

ment sapnortlng capacrty durlng tno frost melting purlod.

A rndactlon 1s also. 1noloﬂtcd since a 30,000+ 1bs, wheel

1oad/was<satisfactory directly.after the frost melting

. ! ’
period. The reduction in pavement supporting capa~ity
| . . .

~Le-

occurred in both these tests except during the last three
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~is due directly to the ice,lengiformatéon in‘the top foPr, 
,‘inchesfof the gravel baSe-as the ice lens formation in‘ )
# - : : ) - the subgrade was at.a depth:whichvis-congidered‘tdo gfeat
to bé effective under a 30,000 1bs. wheelvload. 'Pumping
of water through the JOlnts and cracks carrled out fines
from the base beneath tﬂe pavement and undoubtedly ro=
sulted in a weakenlng ‘of the subgréde sunport at these
points;b It is believed that - -pumping would not have oc=
curred if the base had conulsted of a non-frost’ suscep-
_tlble materlal The plate bearing testsl(rupture) con=
ducted durlng‘uhv frost melting perlod‘w1th tOua’ load of
’60,000 1bs. did not craqk the pavement at a max;mdm de=
_ flectioﬁ_of 0.16 inchgs. o observations for ééflecfibns ‘
¢ N ﬁnder moVing’orﬁstatic wheel loads were-thaineﬁ during
“the traffié test. Plate be%riqg tests (subgrade modulus)
were conducted. gnly durlnﬁ the normai-period.

(2) Plevre.’— At Pierre there was no ice lens formatlon in
the base and nractlcally'none in thb ‘subgrade, The relQ'
atively uniform'heave ranged from 0,0 to 0.03 feet;"
Results of traffic tests afe éﬁown<in Table 7. Traffic
tests w1th 14,500 and 25,000 1bs. wheel 1oads in trafflc
vtest areas Rl and R2, and_R3 and Rh réSpectively'were

- "conducted from 1h:to ?9'March'19h5.whioh was abéut the

end of the frost melting period. For each wheel load,’

b4

daily coverages of 15 and L5 were applied, ,Duriﬁg the

period lh,to 29 March, no failure was obtained with the ‘
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" 114,500 1bs. wheel load at both 15 and L5 daily coverages.

“he 25,000’153. wheel load at 15 éoverages was a1s0'séte)1
Lsfacfory, But’failgre oécurred for L5 cdvirages'almost
at start of trafficy Additional tests: of 178 daily
oov“rages were 0onducted u51ng 1L,500 and 25,000 1b,

wheel loads in traf(lc test areas R2 and R3? respectlvely

" from 30 March to lj April 19&5 Total coverages for the

addltlonal traffic tests were 1611 for trafflc test area
R2 and 1698 for-Ra. The concentrated trafflc of 1u,5oo
lbs. wheel 1oad on traLL«v test area R2 Wlth 1ncr°ase§
daily coverggcs produced no fallure; However, “the- 25,000
lbé, wheel load on traffic test~aréa.R3 produced fallure,
The evalaatlon of tle pavement durlng normal period for
runways is 307000 1bs, wheel load and for tax1way.and
gprons the evaluatlon is 25,000 lbs, wheel 1oad. vThe
failufg'ié éttributed~primarily to pumping durigg.{raffié

+

and not frost action, Pumping results from the infil=

tration of surface water through the pavement joints,
. N ' ty

This conclusion is substantiated by the rapid increase

in pumping and cracking of the pavement following a’ rein- -

fdll.

The plate bearing tests (rupture) conducted after

the frost melting period cauSed failure in the pavement

- at total loads ranging from 72 000 1bs. to 90, ooo 1bs.

_at deflectlons of 0,18 1nches and 0.2L 1nches respect-

1ve1y, The duf1eo+3ﬂns proﬂuced by the 25, 000 lbs. whoel

=L~



Py

()

(5)

N

load in traffic test area R3 Whefe-failure occurred‘undef
moving load was 0,05C inches ahd.fotfstatic load 0,003

inches. The results of plate bearing teé%s (sUbgrade

‘modulus) corducted after the frost melting period are

plotted on ﬁlatelli.

Watertown. - fhe plate'beéring tests~(rgptﬁre) at Water=
town indicated corner failﬁré of the pavément With_max;'
imum load of ;004000 1bs. at deflestions of 0,18 inches;
0.32vincheé, and 0.35 incﬁes. 'Thgée tests Wére:COnducted

direptly after the frost melting period and no @esfs

- were made during the normal period,
R i

: Dow ahd‘PreS«ue Isley = Pavement beafing'tests-(rupture)

were made only dbrlng the frost meltlng perlod% at these

alrflelda. Fallure of the- pavements were not obtalned

at Presque Isle and Dow at maximum load of 60 000 1bs.
for deflections O, 16 and 0.19 inches resnectlvely.

Plate bearlng tests - (subgrade modulus ) were conducted at.
both airfields.. Resuylts are plotted<on,P1ate»llf At
Presque Isle the maximum rétio of normal to frost mélting\

\

period 1oad‘for 0.1 inch-deflection for the subgrade

‘modulus tests were 1.0 and 1.5 for two tests.

Summary. - At Truax, the traffic tests indicate a definite
reduction in pavement supporting_oa?aqify due to frbst
acﬁiOn,, At Pierre the results of traffic tests indicate
that failure of fﬁe'pavemsnt was due to ?umping'reéﬁlting

from infiltration of surface water and not frosy actions’

-j_@-.
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On Plate 11 are plotted the - results of the subgrade mod=

ulus tests conducted at Plerre, Presque Isle, and Dow )

during the frost moltlng period and curve "A represents
 the trend of these tests; The type of subgrade soils

~at all 01 these airfields fall 1nto group 3 on Plaue 11.

It Wlll be noted that thare is not a close avreeﬂent

- with. Curve A and curve designated "3’.- The. three curves

designated."1l", "2", and "3" on Plate 11 were purposely

“drawn for'design purposes to,indicate conservative values

‘for ‘subgrade' modulus durlng the frost. meltlng perlod.

'AIt is conSIder@d that the data avallab1° to date are ex=

ceedingly limited and do not necessarily indicate the

most severe conditions that ﬁay bccﬁrvduring:the frost

o

melting period. Data obtained from plete bearing tests

on flexible pavements as plotted on Plate 10, indicate

the extent to which frost action will affect the load

required to produce a 0.1 inch deflection of the plate.
Accordingly’theAthree curves as shown on Plate 11 .and °

repeated on Plate 16, are considered reasonable for de~

\sign purposes until additional. data begome availables

It is not feasible to .check these curves‘using the traffic

tests.

The applicatioﬁ of the traffic test results obtained -

§

vat Truax Field to the establlshment of de51gn orlterla

is 1111t zd ‘to the prlncvpal conclu51on that a non-frost

susceptloleAbase-materlal should be provided beneath

N



L)

concrete pavementso Such a base at Truax would benefit

i

by (a) ellmlnatlng the ice 1enses whlch formed dlreotly

‘beneath the pavement, (b) prov1d1ng a 1ayer through

which the Water infiltrating through joints and ‘cracks

can, be drained away, and (c) eliminatingrthe pumping
under traffic. .

Likewise the treffic tests at Pierre show clearly

- / . . ) N . )
" ‘the necessity for a r.on=frost susceptible base course

beneath concrete pavements to eliminate failures due

to pumping.

Effect of Frost Act‘on on Flex1ble Pavement Supportlng Capaolty

(1)

w

" Truax. - At Truax no ice lens formatlon occurred 1n the

cruéhed rock base and only a few lenses of hairline
thickness were found in the sand.oiay gravel'subebase;'
Numerous ice 1enseS'Wer° found in the subgrade at oopths
of L.3 feet to about L7 feet ‘The heave in the trafflc

test.area B-1 and, B~ 2 ranged from O 01 to 0,03 foot and

o owas relatively uniform With no concentration. Results

“\\"

of traffic tests are presented in Table 7. Traffi¢ tests

. [ . S
with 30,000 and 60,000 1lbs. wheel loads in traffic test

arcas B-2 and B-1 respectively, were conducted using L5

1

~and 15 coverages daily or as near these daily coverages

as possible. The traffic tests wefe'conducted through‘

* the frost moltlng perlod hav1ng been started on 12 March .

and contlnued-tnrough 3 April 19h5o No fallure or dls=

' wess was obtained in traffic test area B-2 with 30,000

=47~



area B-1, no crackir ¢ or failure eoccurred for 15 cover=

1bs. wheel load for 11, and h2'cdverages daily for 10
days. The maiimum vertical deflections were 095'inches
and no cracking occurred in pevement during the,tiaffio

~

tests.  For the 60,000 1bs. wheel load, traffic test

-

. ages for teét duration ~f 19 days. Flexing of the pave=

mpnt of 0.005 foot for 15 coverages and about 0002 foot

for’ the b5 coverage 1ane was observed durlng the testso

’Deformation of 1.0 tO'LuS inch occurred in the L5 cover=

age lane and traffic was st0ppéd.as it was believed
locallzed c;acklng‘wouldAresult if traffic was contlnued,
The evaluation of thc pavementis 30,000 lbs° w%eei Toad
for runways or taxiWayso This évgluation is'controlled‘

by the 2-1/2 inch thickness of bituminous concrete pave=

: ment, however, disregarding the ¢ ontrolllng 2—1/? 1nch

thickness of pavement, the evaluation is'greater than
60,000 1bs. whecl load, The greatest damage to the pave-
ment occurrad at the turn. around areas. for the 60,000: 1bs.

wheel load., Flexing at the turnarocund areas was about

0.03 foot and considirable map cracking_and rutting

occurred. The explanaticnu for‘the-behavior of the pave=

ment in this area is an inferior sub-base material and

_about four to five inches less crushed rock base than

‘ . : L/
in traffic test areas B-l and B-2, Based upon- the trafs

fic tests, C.B.R., values for the subgrade may be deter=

mined uSing the Engineering Manual design curves, These

'—h8%
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comﬁﬁféﬁions,indiCate the following C.B.R. valueé for
the two traffnc test areas.

S e Pavement and ‘Base
. Wheel Load Daily‘ Thickness

Tést Area Lbs., Coverages TFailure ‘ - Inches CeB.R,
B-1 - 60,000 L2150 :No'} o 51 - :a}
Bl 60;000, 7&5 -~ Yes : 51 <3
B-2 30,000 15 - . TNo 51 _i »2
B-21 30,000 L5 NQ{ S >2

The C.B;R; values shown in the~ébove tabulation
reorﬂsont the subgrado strength duranv the pcrlod of
vtcsts, and indicate an average C, B R. value of thrce..
In~place C.B.R. tests conducted durlng the frost melting
peridd indicate’dn avarége value of'thrée‘and tésté con;

- . ducted during the normal peribd iﬁdiéqte an avbrége &alﬁe‘
of'fiQG. The traffic for test area B-1 for 60, ooo lbs.v
Qheel load for .15 coeragps Dc; déy was stopped since a
continuance of traffic Would have caused fa;lure in a few
more daily coverages. - Theyefore this'test may bs'coﬁ; ‘
sidered to havelfaileﬁ the pavement. . Thp traf°1n tests
substantlato the C.B,R. value of three obtained: curlng
the frost méltlng pefiod and this in -turn Wlth the re= 7
duction of the C BeRe values from the normal perlod to
.thevfrosu melting pérlqd from,five to three indicates
a feduction ih”pavemgnt suppoftiné'Capégiﬁy‘during'the
frost ﬁelting period, The résults'éf‘plate 5eariﬁg tests

_further confirm a reduction in. pavement supporting

=lo- =
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(2)

-capa01ty durlng the frost’ meltlng period. Results of -

these tests plotted on Plate 10 1ndlcate that the ratlo

of tbﬂ 1oads to produce a O 1 1nch deformation of the

-vplate durlng “the normel perlod to the frost meltlng period

at»an average thickness of frozen subgrade of O.B.foot-

at Truax is 1.2. Simi1ar1y the repéatiﬁg plate bearing

tests show that the same load in the normal period pro=

duced from-0.5 to 0.% of the deflectlon obtained durlng

" the frost'melting:ﬁeriou,' The repeatlng plate'bearlng

' €.

tests also indicate that the reduction in pavement sup=

porting oapacity extends over a period of about three

" onths after the sudden decrease during the frost melt=-

" ing period. e N

Pierre.'-‘No’ice lens formations were foﬁnd4in'theisénd
‘andVgravél'baée at Pierré, however, a few ice lensr
were observed iﬁ the subgrade about 1#3 to 2,1 feet from
the surface. The heave was hbnhuhifqrm.with & slight
heéve atvthé édgés of raved shbulaers and alslight'sub-
sidenée in thé'éentér of‘ﬁhe‘taxiway test area. .The

traffic“tést-areas'Tl, 7L, T5, T8, 19, T11, and T12 were

.located near the concentration of slight'heave and the

 traffic test areas T2, T3, T6, 77, and T10 were located

in area§ of subsidence,"Reéﬁlts-of traffic tests are
presented in Table 7, The traffic tests were conducted
onfthe,shoulder test aréas'and paved taxiway test dreas
using 7,000, 1u;500;‘and 25,000 lbé.'wheel loads for 1l

._50‘



16 32, Lo, andth coverages daily; The paved shoulders,

bw1th i- l/? 1nches oi bltunlnous concrete oavement under

wheel loads of 7,000, 1l,000, and 25, 000 1bs° for 1L, 16,
and L8 coverages dally generally developed distressed ‘ ;
'areas.dué to rutting and‘map cracking and can be con=
sidered failed under tﬁese loads. In the paved taxiway
traffic test areas,'with'541/2.inches of bituminous con=-
crete pavement, failure occurred only at test area T2

under wheel load of ay,OOO lbs. and L2 daily Poverages

‘aftsr 5 days. application of traffic° The evalugtion

o

for the normal period for the paved shoulders is 15,000

lbs,'whéel_load for rumway and taxiway, basedvupon in=

place C.B.R. tests, This evaluation is controlled by

the 1—1/2 inch thickness of bituminous concrete pavement,

" The C.B.R. values for the subgrade may be determined from -

i

the results of the traffic teqts uulng the Engineering

Manual design curves., These computations indicate the
following Cab,R values for the traffic test areas in
the paved shoulders,

Pavement and Base

Wheel Load = Daily, ‘ Thickness

Test Area Lbs.

Coveragés Failure Inches .. CsBeRo

T-1 114,500 15 Yes - 2.5 . <9
Tl £5,000 s Yes 13.5 <15
-5 14,500 L5 Yes . 13.5 - <10

T-8 25,000 15 Yes - 13,5 <17

T=0 7,000 L5 ~ Yes 13,5 o< T

T-11 7,000 15 Yes 13.5 < 7

‘712 - - 25,000 (2 days treffi¢)Yes 13.5 <15



wl

' The traffwc test areas listed above are located in the

paved shoulders, with 1- 1/? 1nches bltumlnous concrete

- pavempnt whers the frost heav1nv occurred. A study of-
“these C.B;R. va]ueS' hich r°pre<ent the subgrade strength
during therperibd‘bf toé%s, iﬁdicates that the.C.B.R.
valué was‘less than seven. In the following-tabie are .

"1isted the same data as»tabﬁlated‘aboﬁe for the traffic
'tésts_éondugtéd where a slight settlement occurfed‘dur-:
ing the winter.
: - ‘Pavement and Béée
, Wheel Load - Daily o Thickness ‘
Test Area Lbs. - Coversges Failure | VInghes | CoBely
* T-2 | - 25,000 L5 . Yes - | 13.5"1 I g )
-3 114,500 15 BECIE o ‘1'5';5 - )9
T-(;b ' 25',000  15 'No o 1‘5.:5 o 7»15”
T= 1L\;,5oo‘ hS - Wo - 12.5 . 7‘10"’
T-10 7,000 L5 'Ho. 13 - ;»7 |

The C.B.R, values from thosc trafflo test% were crrea‘cer
than seven and-less than 15. A comparison of the re-
sults of the two sete of tes ‘indicates 4 reduction in

thes pavement supporting $roacity due to frost actiona

HoWever, an 1ndcterm1nate amount of thp reductlon in

Davemcnt supportlng caoa01uy may result from the dif=

ference in thickness of shoulder and oentral por tion

'V“pavements even though the ‘combined pavement and base

.vthicknesséé were equal. The results of the C.B,R, tests

. conducted during the nofmal pericd and during the frost

.



melting pefiod’showéd a decrease from 1l to 12, These

- tests wers conducted in the area of subsidence and no

frost action. The small‘Variation in C.B.R. valdéS'can
he attributéd to soil andbtésfing Variations.

* The plate bééring tésfs in_thé paved sh;uldef and
ceﬁtral séction indicate that during and after«fhé frost

melting pefiod the raved shouldefs'which heaved slightly ‘

e

" were much Weabﬁr £han the central section which settled

slightly during the winter. This conclusion is-based

' upon both the static and repeating load tests. As point-.

(3)

éd’out previoﬁsly it camnot be stateéxhow mucﬁ of the
indicated Weékening‘is oa;sed_by,frosﬁ action.apdbhow
much by a difference in pavemgnt,thibkﬁeséo

Dow Fiéla; - At Dow Field ab both test areas B and C
icé crystals were found in-the sand and gravel Eﬁseg
Numerous ice lenses were located invtﬁe-subgféde at

depths ranglnT from three feet to five feet., ‘The heave

Ly

o

was fairly wiform averaglng 0525 foot, Results of
traffic tests arevpresented in Table 7. Traffic tests
were conducted with L0,000 and 60,000 lbs. wheel load -

for traffic test arcas B-l and C-1, and B-2 and C-2,

‘respectively, for 16 and L6 coverages dailye The trafs:

fic tests were started 2 April/lghS %o apnrox1mabe end

of the frost.melting, and continued to 20 Avrll 1945,

Failure occurred in traffic +est area B-1 using'a

‘hO 000" 1bs# wheel load at. hé covorageq dally and" in

traffic test .area Bn°‘:u31ng a: 60,000 lbso,

. .4,53=



wheel load at 16 coverages daily; " No failure

~ : - ‘ occurred in tfaffic test arees_C-l and C-2 for M0,00Q

’

_and 60, 000 1bs. wheel loads rGoDGCtlvely at 16 and: hé

coverages respectively. Based upon these trafflc tests,
C.B.R.’values for the subgrade_may be computed u51ng
: fhe Engxneerlng Manual de51gn curves, These computations
1nd1eate the following C.B,R. values for thu four tesu
ereae; »
| Pavement and Base

Wheel Load . Daily. - . Thickness -
Test Area Lbs. Coverages Failure " - "Inches ~ C.B.Ra

Bl Lo,000 . 16 - To D R S
‘B-1 Lo,000 /- ;L6 | Yes : 31"" ' <5
ﬁ-2 60,000 16 . Yes ¢ 29 <6
-1 10,000 16 Mo o Los >3
A 01 ho,odo LLé .‘ . To - Loos >3
¢c-2 60,000 16 Yo o | L8 T 33
c-2 60,000 L6 Vo e | >3
”A study of these C.B.R, values, Which'represent the
'sabgradf strongtn durﬁng the perlod of test indicates
.thﬁt a C. B.R. of about four was obtalned in~pla00:
C.B. R. tests conducted on, top of the subv%ade affer
traffic testing 1ndloato an average value for the C 3 R
of three and teuts eoﬂduOUed durlng ‘the norma al perled‘
_ 1nd10qte an average value of elght, Thus, both the_h
traffic teste_and tho in—place C.B;R; tests indicate
a feduetion in Eavomen%,supporfing'eapacity during the

frost melting period. Further confirmation of a

i
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reduction in pavement supporting capacity is evidenced

bybthé plate bearing tests performed ﬁpon the pavement -

surface. - Results of these tests, as plotted on Plate 10,

indicate that the ratio o%\loads to produce a 0,1 inch

deformﬁtion of the plate in normal period to frost melt-
. {“? ; . : ‘ .

ing period -at the average tXicimess of frozen subgrade

of 0,8 foot is 1.6,° Likewise, the repeating plate bear=

ing tests show that tho same load invthé summer produced

* about: 0,7 of the,deflection'obtaiﬁed.during the frost

(L),

4

melting period. Further, these plate bearing tests in=
dicate that the reduction in pavement supporting capacity

occurs suddenly dufing,the:frost melting period, then

.fthe,subgrade‘gradually regains strength, The reshlts

do not shqw how long a period is fequired forbthe.swb=
grade to‘regain its fﬁll strength,,howevef, the ine
dications are that ét-DQW'a period of at least thrée
monthflis requifedo |

Presque Isle, = At Presque Islé, where the frost action

WAS Séveré, results of the plate beafing tests, bo?ﬁ-
'statiq 1qédf§na reéeéting load, indicate a definitejrea
ductibﬁ of.the‘pavemént s@pporting capacify during the
frost'melting period as shown by'résulfs summarized on
Table 2, Similarly the results of in-place C.B.R, tesbs

conducted during the normal and frost melting periods

indicate a reduction of the pavement supporting capacity,

Watertown, = At Watertown, frost action as evidenced by

_Ssm



pavement heave Wés confined to ﬁhe pavemenf.édges.witﬁ
~none Qcéurfing at the centef,».Plate beafing‘tests, both
static and repeatéd'load{ werevcbnductgd during andvim-»
mediatel& after the frost meifing‘period in both heavéd
 and non-heaved areas. Tésts cbnducted about Qné month
aftef the éﬁd of fros£ melting'pefiod indicated, in'éll
but one case, praétically‘no change in pavément support=
ing caéacity frém that of the frost melting period, The
excéptioﬁ ﬁas & set of repeating load tests located in
an area which settled slightly during the winter and t:he.
résdlts of these tests indioate_a?panupﬁion in.pavement
suppqrtiﬁg'cépacity. Comparing +the results of static
~tests during the frost meltiné pefiod in shoulder areas
-Whioh'heéVéd witﬁ static tests iﬂbthé center portidﬁ
which settled slightly,Aa defiﬁite reduotibn.in pavement
supporting capacity is‘indicated. Hoﬁe%@f;VSi@ce'the
pavemenf thickness in paved shoulders is ;;S-inéhgs.cqmé.
:paréd with fivefinohes;in'the oenter,ﬁhis pdmparisgn may
be. discounted even though the tOtal*thiokness of pave-
‘ment and basé*waévthe seme in the two areaé. - Although
'ﬁhe‘C.B.R. tests és summarized in Table 7Aindicaté 3
siight reduction iﬁ C.BeRe duriné the frost melting per=
iod, this geduction~i§ discounted fof two reasons:i (a)
the subgrade soil at this site is exceedingly fariable
and even fﬁoﬁgh the.test lbéationé Wére close together

slight differenées'in;C.B,R. are probable due to

=56~
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(6).

(7)

differences in éoil.and (b) no fres£ action odcﬁrredAin
areas tested for C.B.R, since these test locatlons are
at points- whlch se+tled sllghtly durlng the w*ntero

CaSper° - A% Casper a very small concentratlon of heave

B

ocourreq at the shoulders and a subs1dence at fhe center

of the taxiway peivemento C B R tests conducted in the.

arca of concentrated heave indicate no redqotion in

C.B.R. value from the normai to the frost melting period,
Sufficient data are not available for comparison of test

results between areas of subsidence and concentrated .

hedve, .

FefgogA; At Fargo ice lens formations were numerous in
tﬁe subgrade howeyer,;none were obeervea in the baseg;'
The heave was uniform averagingvabout 0.07 foofe- The
results of C.B.R. tests conducted duriﬁg the frgst»melta 5
ing period and normal period indicate a‘small-decrease
from the ﬁormal period'frem abeut sevenvfeieixe_,Thﬁs
indicafing a slighf decrease of.pavement ;upperting-bapacr

ity during the frost melting iveriod°

. Bismarck, - At Bismarck, tests are'insuffieient.ﬁo_in¥

dicate whether or not.theﬁe'was eny reduction “in, CoBoRy-
due“to—thefslight amountlof'ffeet eetionlﬁhich Qecﬁrred-
as evidenced by the minor heaveq Furtbefmofeg the vari=.
ations in subgrade éoil at 1ocatieﬁs ﬁested'eeméiicate
the test resuits obteinedp“'ln‘geﬁerel it may:be sﬁated.

that any reduction in load suppqrtiﬁg capacity which



would occur at this site would be minor,

'(9)_

Houlton. = No ice lens Tormation occurred in the bitumis
nous concrete pavement test area atlHoqltdno' The heave.
was uniform and ranged from zero to 0.05 foot, Sufficient

data are not available for a comparison of results of

C.B.R, tests conducted during the frost melting period

o and _normal neriodob'On basis ofyestimated C.BeRo results

(10)

(11)

based on. laboratory compacted tests, a sllght decrease

in C. B oR <may be shjwn durlng the frost meltlng perlodo
Qgiiq,* At OtlS‘Flclq ice lens formetlon OCeurred ;n '
pockefs of_sahdy sﬁlts reéulting in non uniforﬁ:heave°
The results of thn CoBoRs testebindicete"a feeuetion in.
C.B.R. during the frost'melting period,.hewever, because
of'the non unlforﬂ sabgfade at Otls with-+scatt erod pock=
ets of sandy silt it is not possible to.deflnltely‘ata :

trlbute the redvotlon GVTdQPCDd to frost aotlono,

Summary. - The ,ana1y51s of the test data obtalned durlng

this investigation 1r»dloatn the follow1ng rosults 1n con=
nection with the establlshment of criteria for the~de?

sign of airfield pavements where the subgrade is. subject

to frost action: - - ; .

" (a) The results of dn-place C.B.R. tests, plate bearing -

‘tests conducted on top of the bituminous concrete
- pavement surface, and. traffic tests indicate a def=~
inite reduction in the pavement bearing capacity o

during the frost melting periods
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(ﬁ) ‘The 1n—p1ace C.B.Ro tests and plate bearlng tests
'qare more adaptable to dctcrmlne the: roductwon 1n
”pévemvnt béarlng capacity than the traffic tests,
‘and it 1s bullevod that satlsfactory quallfatlve
.rysul+s of navemﬁnt bearing reduction durlng the
frost meltingvperiod may bg obtained by the plate
bearing testéo | o " |
(6) Suff1c1ont results were not obtalnad to determine
the- duratlow oi the perlod durlng whlch the reduc=
t;on in'pavement b@;rlng oapa01ty oqcurso,
(d) ‘The‘plafe bearing tests indicatevtﬁat'fhe_depth
Qf‘frbsf penetration in thé'subgraée has no direct
‘bearing on the magnitude,bf the reductionAin pave
ment Bearing cépacity during the<frostviélting
,éeriod '
6. Conclusion. - Based upon the énaly51s of "the tost rosults an” test

data preosented n“rnzn, a mothod of dnggn of flex1blo and ri gld pqvemonts

where oonditiqns'are conducive to frost action both in thoaters of operqtlons

anc in the Unitad State s?is breéentedo. Thc method of de51gﬁ as contalncd in
"Reponﬁended Revision to Engineering V;nual, Chapter XX, Part II, Paragraph

50-0% end Part IV, Paragraph 20-L6 dated September 1945, RévisedeSVNovember
1@{*“ is shown in its entirety ;n e following paragraphs. This degign

criteria has been.reviewed, edited and publiShed_in final form by the Chief

~of hﬂglﬂO’rS as "Airfield Pamennt D651913 Frost Cond1t$ons ' 4d Interim

Mrlnoerl Nanual For War Departmnnt Conutruotwon Part XII, Chapter L" dated

July 19L6.
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- RECOMMENDED REVISION TO ENGINEERING MAWUAL, CQAPTER XX,
PART II, PARAGRAPH 20-23 AND PART IV, PARAGRAPH eo-hé
REVISED 15 NOVEMBER 19&5

20-23 DESIGN OF FQUNDATION FOR FLEXIBLE PAVEMEE OVER SUBGRADE SUSCEPT IBLE
"TC FROST ACTION ' : .
Qo General. - The strength of some 501la is greatly reduced as
o .
a result of frost action. " The detrlmental effeot of frost actlon occuro

durlnv the thaw1ng perlods when the m01sture in the sabgrade, accumulated

in: the form of ice segregatlon, is released, thereby softenlng the soil.

The frost actlon in some 50118 also causes detrlmental heave of pavement

. or treated surface. The degree to which SOllS w111 lose thelr strength

\
and heave will depend upon the type of soil, air temnerature durlng freez-

ing and thawing, the permeabillty of the 5011 and the ground water and

drainage condltlons.'

b. Department Polley, w'Where subgrades are susceptlble to frost

actlon, it is the policv of the Department to de51gn foundatlons for flex~

ible y vements so that there Wlll be no 1nterruptlon of plane trafflc at

,eny time due to reductlon 1n load- supportln capa01ty of the pavement by

softening of the subgrade. It is also the pollcy of the Department to

permit a greater degree of rougnness due to frost heave over a short per-

“jod of time for airfield pavements than is permlss;p}e in moderh primapy,

highwayvs, T'\fhere frost actlon 1s poss1b1e in the qbgrade, the’deeigh should
be basod on capac1ty operatlon.

c.‘ Definitions., - - Y v

1

3(1) Frost Action is the aecumulation~gf water in the ferm
of ice lenses in the soil or haee materialeiuhder natural‘
freezing eond;tions.

\ ~ (2) Frost Heave is the raising of the pavement surface dus
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(5)

)

(®)

of record, usuall 10 or more rears.
4 ‘ ’ ¥ Y

to the aocumulatlon of ice lenses. The amount of heave

in most soils is approximately °qual to the cumulatlve

!

thickness of the ice lenses.

Freezing Index is a measure of the combinedrduratieh
and magnitude of below freezing air temperatures occur=
ring during any given winter, See Plate 12 for method

for determining freezing index.

> N
S

Normal Freezing Index is the free21ng ‘index computed

for normal air temperatures based upon a long period

Frost Sus centlbl Soil is a 5011 in whlch fros - action’

'is possible. - Any soil whlvh contains three percent or

-more by weight of grains smaller than 0,02 mm, in diameter

shall be considered a frost susceptible soil,.

Non-Frost Susceptible Base Materials are crushed rock,

sand, sand and gravel, gravel,‘slag, cinders, or any

'3

other cohe51onloss material in Wthh frost action is

not possible., Any material.Which contains three percenﬁ

~or more by’weightbof grains smallef'than»0,0E,mm; diemeter

‘shall be considered susceptible to frost action.

Ground Water Table is the free water surface nearest

“to the ground surfaoe;.

.Foundat:on Moﬂulus refers to the moduluu of soil re=

!

action (k) in. Paragranh 20-&1.

(1)

de 'Fros£~Action'Cr1ter1a. = 'rost action shall be conéidered in .

the design if conditions at the site meet all of the following:

Normal freezing index is greater than' zero,
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(2) Subgrade soil is frost susceptlble. ,

) ' N ~ '
' /(5) The site is 1oca+ed Wlthln the unshaded area of Plate 15

- ] or in the shaded area, if the ground water table in the
spring is at a depth less than 20 feet.

e. Base Thickness Requirements for Stability. .

(1) The most generally dcceptea methéd of inéuring no loss .
in strength-of'the sﬁbgrade dﬁe to frost action is to
proviae'a thickness 6f pavemént ana base,'nét susceptiblg
to frost action, Wﬁich will érgvent freezihg of‘the Sub=
gradé; Less deﬁth of pavement and base thﬁnirequifed to
prevent freez1ng of he subgrade is permlsslble where

the design is baséd upon a reduction’ in strnngtﬁ é% uhe
subgrade as a result of frost actlon,.‘The reductlon of

v strength of sdbgrades as a result of frost action is

‘:

gr@ater in cuts than in fills. Tﬁe combined p&vémeﬁﬁ
_ ¢ ,bv | ‘ .and base tﬁickness as determined by thé CalifOrnia‘Method,
o Paragfaphs édsl? thréugh 20-22 will control if iﬁ ig
greater than the gombineﬁvthicknéss based upon oéﬁéider-
-ation of frost action. \
.(é) The combined thickness of pavément and base required to
| -pré§en£ frésx actidn:in the subérgde in cut sections sha11_
" be determined using,flaté lﬁ and the hofmal freézing index
for the particular location.. To déterm%ﬁe the nofmal |
freezzngtlndex, Plate 15 upon whlch normal freezing in=-
.dices for the United States based ﬁpon NeatheriBureau

‘

e S : . data are plotted may be used. Where the'normal'freezing

=bom S
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(3)

(L)

(5)

(6)

index on Figure 2 is less than 100, the freezing index
shall be compﬁted for the coideét yeariof record for the
past 15 years énd.design ?ased upon this value orilOO,
whicﬁever‘is the larger. In mogntéinous areas, the nor=-
mal freezing index shall bé égmputed for tHe'particular
locafion. ‘ : ‘ : . ‘

North of the dash line indicated on élate 13, a minimum
thiokneés 6f pavément.and non-frost susceptib}e‘base of
nine inches shall Be provided. "’

-

Where the subgradé soil is an inorganic silt (ML), .ex=

- perience indicates that the combined thickdess of pave--

ment and base to prevent excessive differential heave

‘should be not less than the value detérminea.frdm'Plate

.

- Where an insulating material, such as cinders or slag,.

is used in the base course, the combined thickness of

\

paVement and'base as determined from Plate lb,may‘be dew,.

creased depending upon the thickness and fhermal prcp-»

erties of the insulator, Four inches. of slag or cinders

may be substituted for every six inches of sand, gravel

~or crushed rock,

Plate 15 shall be used to determine thérpévemént'and

bese thickness required in cut sections for various wheel

‘loads where frost action is permitted in the subgrade, .

These curves reflect the reduction in strength Qf soil
during the,frost'me}ting reriod as a result of frost
action,

~5%=



(7) in £i11 sections, where the.depth of fill is~greater»than
> ' ' ; five feet -and is composed of frost susceptible soil and
the ground water is at a depth of dt 1eas£ thre@ feet
below bottom of fill, exberience indiéatgs that combined
'pavement and basé thioknesé determined from Plate 15 may-
be;reduced{ For design, a 25 percent reduction»méy bé'f
used except that the minimum thicknésé‘shall Bo not less
hén pine inches}» _

(8) At locaﬁions'within fhe shaded area on Plate 1% and pro-
| vided the grounqiwatér'téble in the spring in this érea‘
is greéter than 20 feet;below ground sﬁrfaoe, the design

1

may be based bﬁ the California method.;

-

(9) A SOifoot lbngitudinal transition should be provided for

eny changes in base thickness and the reduction shoﬁld

L

cccur in the fill section where ths £ill is greater than
- five feet;qvev the full croés section,
(10) _Baéed uﬁon‘the above methods‘Tor detefminatibn'opravef

_hént and béée.thioknésé (using Plate 1l and Plate 15),.

-ltwb values for ﬁhis combinéd‘thiokﬁess are.determined for
a particular condifion. Thé smaller of these values shall
be comﬁéﬁed WithlthGVCOmbinéd pavement andvbase‘thickness
determined usiﬁg the California_MeﬁHod and whichever of
the latter two values is the greater shall_govern for
design,

. f. - Base Composition Requirements,

(1) All base materials for designs of flexible pavement
foundatjions over_subgfades'susceptible to frost action

I




ge

in Paragraph 20-1L.

]
Ile
.

(2)

(3)

shall be non-frost suéceptible{

Where the combined thickness of pavement and base is less

_ than the value determined from Plate 1b1‘the bottom four

inches.of the base shall consist of any non-froét suscep=
tible gravel, s5nd‘or crushed stone With}ét 1ea§t 50 pefr
cent by weight of the grains passing e Yo, L0 mesh éieve.
This material %ill in gshergl act as.a'filter'éndeill

prevent mixing of the subgrade with the base during and

immediately following the frost melting period,

In areas where suitable non-frost susceptible base mate

erials dre not available locally, it may be possible to

ctreat frost susceptible base materials to make them non=-

frost suscevtible by satisfactory admixtures, A satis=-

factory admixture is one for which reliable evidence of

\

permanency of protection is.available. Materials so

treated may be used for ‘the base excep£ for the top six

inches directly beneath pavement.

Compaction, = Compaction cf the subgrade will be as outlined

BExamvle for Design:

o)

Conditions

Yormal Fréeéing Index : 1500

Subgrade Cut section of lean clay

' with 50 percent by weight

of grains passing Mo, 200
mesh sieve .

Subgrade CBR 8 (undisturbed soaked)

Base . o Won~frost susceptible

" sand. and gravel



(2)

(3)

(1)

Base CBR - 80
Design Wheel Load -~ . 60,000 lbs, . 3

Pavement - o Runway with bituminous .
: ‘ concrete surface, '

Using Plate 1li, the combined pavement and base thickness
required to prevent subgrade fréezing is SLL.invohes‘o

From Plate 15, the combined pavement and baée thickness

.required for design onsidering reduction in strengfh of

S

subgrade due to frost action is L5 inches,

Using the California lMethod, a combined thickness of
o pavemeﬁt and base of 2 inqhes is required,.
(5)

- from Pla+e 1L, sk 1nches, and greater then the valuQ using'

The vélué from Plate 15, L5 inches, is Smaller than value -
| .

-thu Callfornla Method, hence, & combined th;ckness of

- pavement and base of [i5-inches would be satisfactor;” for

design,

If 20 1nches of c1nders or slag, whlch is the 1nuu1at1ng

requavalent of 30 1ncqes of sand gravel, or crushed stone,

(paragraph 20=23 e (5)); are used as part of the base,

"~ the comblned thlckness of pavement and base of 5b 1nches

as o%ta]ned from Plate 1L may be reduced £6 hh.lnoheso
If the entire base is conotructed,ofvcaners or slag, the

required. combined thi~imess of pavement and base would be

- 36 inches instead of 5l inches,

The most~economioal design.should be<selec£edgv




20=06 DESIGN OF FOUI\TDA.TIO‘\T FOR RIGID PAVERZNT OVER SUB”RADES SUSCEPTIBLE
TO FROST ACTIOMN,

- a., Introduction. - The effec.s of ffpst action in. subgrades be-

neath rigid pavements are similar to those discussed in Paragraph 20-23~a,

The Department policy for- the design of foundations for rigid pévementsnsha}l

be as stated in Paragraph‘20-23:go'

< be Definitions. = For definitions of terms, see Péragraph 20=25-2f

Co Frost Action Criteria., = For frost action criteria, see Para=

graph 20=23=d.

~de  Base Thickness Requirements for Sfabilityo

(1)

(@)

The'mostrgeﬂerally aééepted meﬁhod_iﬁ insuring no loss

in stréngth of thé subgrade due to frost. action is to
éroﬁide a thickness of'péfement ahd base not,su§§eptible
to frost éctién, which Wiii Prevenf freézing of the sube
gradeL Less‘depth of pavemént‘and base than required to _‘
prgventlfreézing §f the subgrade'is permiéSiblé where the
design is baégd>upon é reéuotidn in strehéﬁh of the sub=
grade as a<fesult.of.fros£ action, The\reduotion of
sﬁréngth of subgraaes as a result of.frost aétioh is

greater in cuts than in fills,

The combined thickness of pavement and base in cut sege

tions required to preventvfroét action in subgrade shall
befdetermined uéing Plate.lh and the normal freezing index
for the particular location, On Plate 13 are plotted

normal freezing indices for the United States basédlupon_

Weather Bureau datd. Where the normal freezing index on

Plate 13 is less than 100, the fréezing index shall be

- =67=



-

(3)

(6)

Foundatlon Modulus For Desn.gno

heave,

.éoﬁouted for the cuidest.year of record for'the'past 15

years and des1?n based upoubthi° value or 100, whlchever
is the lgrgero. In mounbainous areas the nor&al freezing
index shall Ee computed for;tuévpartlcular;1ocatlono

/

Horth of the dash line indicated on Plate'lﬁ,‘a minimum

- thickness, of non-frost susceptible base of -six inches

;shall be'providéd tc prevent pumping action,
Where thexsubgrade>soil is an inorganic silt (ML), ex=
perience indicates that the qubined:thickness‘of'pave=r
. - . /\\ N ) . v . .V
ment and base should be not less than the value detere
A ' e
mined from Plate 1l to prevent excessive différential

) Where an insulating waterial, such as cinders or slag, is

:uééd’in the basé.course, fhe combinedvthickneés of puve=
ment auu.base as determlned from, Plate 1h may be decreased
-devending upon the thickness and thermal propertles of,
the insulator, FourAinohes of sIag or oinders mgy be
substituted for'évery gii inches of”sanu,’grgvel, or

crushed, rock,

The.combined thickness o6f pavement and non-frost suscep=

- tible baée_mby be reducedrtd not less than one-half the

. . . R o . [ .
value determined from Plate 1l (except that a six inch .

minimum base thickness is required) if the design is.

S o Lo . s -
based upon asfoundatnon.modulus which considers the re-

t

duoed strength of the subgrade affected by frost ao+1ono

(1)

T1e foundatlon modulus to be used for the de51gn of the

—68¢V_'
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_ .
slab thickness at a particular,logatidn will depend upon

0

! « the combined pavement and base thickness. Two foundation

moduli shall be determined, as statéd in the following
paragraphs, and slab ﬁhickness deéigﬁ prepared for eache
Tﬂe final seléotioh,of %he slab;thigkness.and qon@ined
thickness of pavement andvbase’will dépend upoﬁ fhé
ecoriomy of construction. : ;

(2) Where a combined thioknéss bf pévement and base equal to

or greatér than the value determined from Plete 1L is

selécted;_the‘design,shall be based upon the mefﬁbd stated

" 'in Paragraph 20-50 using the foundation modulus deter-

fe)

mined as stated in Para@rapﬁs éO—hl through 20-L5,

(3) Wheﬁ.the combined thickness of pévemenﬁ and base is less
than the value from Plate 1L, bub at least one half this
value, the dasign ghali be based uponvthe method stated
in Paragraph 20-50 but.USiﬁg the foundation modulus de=
‘ternined from Plate 16,

v .

f. Trost Heaving., = Where a combined thickness of pavement and
‘ : N B t N

non-frost suscertible base less than the maximum value determined from Plate

1li-is used, heaving of thé pavement will. occur, The heaving will be uniform

where canﬂitioms'of na?ement'aﬁd base, subgradg, ahd'groundfwater are uni-
form, Th@vheaving will be'irregular where subgrade aﬁd'gr0und water conw
ditions are non-uniform. An example of unifdrm subgrade and ground water ié
the case of an aiffield oonstfucted upon a 1eVel>p1ain‘with“appnbximately

{

uniform stripping, £ill depth, and ground water depth, Aﬁ example of non-

uniform conditions resulting in irregular heaving is an airfield constructed

upon rolling terrain with ground water close to original ground surface

v
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throughout, . Under such conditions pavement over cut sections would heave more

than pavements in fill sectionéa

Zo

D951gn for: Cut and I ill'Sections;" o .

(1)

—
[AS]
N

“In cut sectlons the orlterla stat@d hereln shall anply ;

regardless:of the depth of cut,

‘In fillvséctibn55 where the depth of fill is: greater

tﬁan five feet and is composed of frost susceptible soil-
and the -ground Wa%er is at a,depth of at>1east‘three feet

below bo+tom of fill, ; p’ ience lndloaues that the com=

- bined pavement and bnse thlcknpss determlned from Plate 16

may bé-reduqed; For deﬁign‘a reduction of 25 percent may

— be»uéed»ékpept that the minimum thicknesg of base shall

| W

vided the ground water table in theéspring~i3 greater fhan

Ye notfless‘than'six inches, Fills less than'five'feet '

in height shall be treated as cut section. -

¥

A EO,fOQt.longifudinal trensition should be provided for

‘any chenges in base thickness and the reduction should -

“occur in the fill-section where the fill is greater than

five feet over the full cross section.

At locations within the shaded area on Plate 13 and pro=t

20 feet below groundwéurface, the frost actioﬁicriterié

need notb bewconsideredo

Compos1t10n Requlrementso

All base materials for des1gns of’ rlgld pavements dnd

bases over_subgrades-susceptlble'to frost action snall

-be non-frost susceptible.

T
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(2)

(3)

Where the combined thickness of pavement and base is

less than the value determined from Plate 1l, the bottom

" four inches of the base shall consist of any non=frost

susceptible gravel, sahd, or crushed stone with at least’
50 percent by weight passing a No, O mesh sieve, This
material will, in gensral, act as. a filter and will pre=

vént‘mixiﬁg of the subgrade with the base during and ime

mediately following the frost melting period. Whefe the .

minimum base thickness is six inches, the entire base
shall be the same base materials as above..
In areas where suitable non-frost susceptible base

materials are notuavailaﬁle‘locally, it may be poésible

to treat frost susceptible base materials to make them

non-frost susceptible by satisfactory admixtures. A

satisfactory admixture is one for which reliable evie

dence of permanency of protection is availables, Mate
P Vi 2 . > .

erials so.treated may beused except in the top six inches

i

directly beneath the navement,

~
(A A

in Paragraph 20-1l,

ie » Comﬁactiodq - Compaction of the‘subgrade.will~be as ouvtlined

Jo + Example for Design;.
(1). Conditions
Design’ Wheel Load | 60,000 1bs,
Pavement o - Portland Cement Concrete
runway '
) Topogréphy ' Léﬁel =
Subgrade ‘, . | ) Cut sectionhof lean clay

with 50 percent by weight
of grains passing a No, 200

mesh sieve,
=Tle - .



- (2)

(L)

Groundwater o Uniform at 3 feet\depth_
Normal Freezing Index 1,500

Foundation Moduius for. g 1400 lbs./%q;'in/inof

L6 inch Gravel Base on :
- Subgrade

Concrete wofking stress - . L50 1bs./sq. ine

From Plate 1l, the minimum thickness of pavement and

TN - '

base required to protect the $ngrad§—from frogt acﬁidn ,
is Sl inches. For this thickness, the foundation modulus
ié 100" 1bs./sqein/is -, asguming fhatlthé pévement thick=
ness is eight.inéhés. U?ingvthé désign cu?ves, Part V,
Exhibit 1, Sheet.é, u’conofete tﬁickneés of éeven.inéhes
is required. B

For a combined ﬁhickneﬁs Qf,paVemenf and bas% éf one-half
the value'determined from~P1a£e 1L, (shL inches),isv27 R
inchés,,the foundation :nodulus as'determined from Figure
5 is 60 1bs./éq.in/in.;:assuming a paQemeﬁt'thickness'of
ten inéhes,:‘Using fhisizalue énd.the design curves; “
Part v, Exhibit 1, Sheéf 2, a éoncrete thiclkness of ten
inches  is required. | |

If 20 inches of,ciﬁders éf,éiag,'whioh is tﬁe iﬁsulgting
equivaleﬁt\bf_BO:inohes‘pf sand, grévélior crushed Stone

(paragraph 20-L6 d. (5)), are used as pirt of the base

construction, the combinsd —hickness of pavement and base

‘of Bl; inches as obta ned ffon/Plate,lh:may,be~reduced to

&MAinéhes.~ If the»entiré bate is constructed‘of cinders’
or slag,_thevrequired oombinvd'fhickness of pavemént and
base quld be 36 inches\insteaa'pfféﬁ inches.

=7 2= .
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(5) The most economical design should be Selected.

Ta Recommendations. - rrom the da sa. and analyses presenfed herein

~the -following recommendations are_subml Led"

‘a. That obsérvations and tests for frost action be'pontinugd'
over a neLlod of several Vears to 1nV°Sng“te furthﬁr the efl@ct of frost
actlon upon pavement supporting capa01ty, Dartlcularly w1fh resp eot to rl”ld
pavements.

be Thet the.cbntinged‘investigations be directed 0 subsfantiating

. or revising the criteria of desigh of airfield pavements where the subgrade
gh P s W) gr

~is subject td frost action,
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T ) 1001 e¢  (E.F.) . oL (X.P.) 3 BoPo | .20,3 cggp) 1;.3 cL (¥F) 8.5 BF-SP 5.0 SF 10,1 OI-CL 6ay OL-CL g..e'z SF-0L zh.lzca . &b Wl (sp) o
3. FROST MELTING PERIOD 132 7 - Ue3 @3 137 ¢ | 8.0 aF 258 cL 253 CL 20,8 CL 235 By 95 &P Teb 224 26.3' CL 22.5 CL 2.5 U5 CL 1865 SPCLIZS |76 SP-CLy 369 [1ho0 8P-0Ly o3 aP-als or-0L. CL-aFy 27,0
15 . . s L . : . . Ld 8P 233 0leCL | [ 21e5 GL-OL . | 3B cE B ) -
DENSITY [BASE] o - ~ - - - ‘
" LNORMAL PERIOD ~ Wows o 138 "o - 12,.0 So1l g Ws.0 oW oy o nﬁ:;\ - gg:g pd - - Uk @ :gg-:.g 11212.3 :F ks @ - | ko0 @ . ‘ - 1310 o . . 190 e N 122.0 801 ceme 12905 8¢ - .
2.FREEZING PERIOD 9 & 1 o - 1133 8oil Com. | 1249 oW 1 : - . - - . " _ - - - - - _ - - N .
3.FROST MELTING PERIOD :"3’6.5 - IM o |- - 1355 o 135688 oW 133.8 oW 129.3 ow - - UBb ap 1304, . a7 123.3 @ 155.6 o . 133.9 - - 1345 & - . 1485 a7 - 12049 Soil Ccme ©132.0 &
DENSITY [SUBGRADE) . - . : : ' )
1. NORMAL PERIOD 11kl e 1keS 6 - 13,3 or T | 12565 ar - 102.4 CL 108,7 CL : - . |12240 87;.206.0 5P . 13:2 CLs 103.5 CL 106.3 OL 1054 CL 973 o1 - 113.8 S9-CL; 073 SP~CL3 11,5 8P-0Ls 163,90 SB-Glgy 138,0 OP-0L | 125.5 CL~SF5 9900 8669 CL=iL -
. i B 1 sp 1200 SP5110.8 €5 10845 8P 8668, ol~CL 88,9 0O1-CL . OH~CH}88,7 CH
. 2,FREEZING PERIOD 1081 1224 | ke 1139 (1052 1163 [110,2 -.z u(.l - 9749 1028 (H.P) 92.? cL;)')l.é 108.8 ¢L 92;0(;!.; ;n.o 12507 6Ps 11942 SP(H.TP. ) - 99.0 CL 82,0 oL - - - e . - - . ‘e - -
i (BoWe) ¢ [TX (R7) o3 11506 GC(M.P. . oL (W.¥. T A » - » » _
3.FROST MELTING PERIOD | 11362 ¢ 1246 « - 113.6 673 1209 | 130y oF 9847 ©L 98e3 CL 1068 CL . - 87sh 11 12346 873 165.1 CL 964 . CL 1808 CL - 88 CL 107.8 CL 996 & heo.5 ar-ci; 1220 SP-0Ls 129,0 SP=GL; [103,6 8R-GLy 13008 8RG8 ] 13045 CL-SP; 9600 88,0 clemL .
L : « 10046 8P ; o : 113.5 57 113.3 SP 85,0 €2-0L 93,0 @=CL " | o#-cE; 88,8 CH
'E_‘ LNORMAL 100 & & an - 100 8641 Come 100 0w - ne 37 ™ - - C T ™o 9 e @ 0@ - - L e . e > T2 S011 Cas 50 &c
Z| BASE 2FREEZING |. age | 6= - 169 Sell Came 75 o 7o 70 6% & o - - - - - e : - - - - - - - . - -
gg AMELTING |+ S 60 anm - - 56 oW 56 89 o 75 o - - 100 o7 80 oF 92 @& T 180 @ 7 @ - . e g ow . ‘e &3 e ° 7h Seil Come 50 8¢
vk ILNORMAL 89 oc 89 oc - 100 oF 100 o7 .- 100 cL 100 cL - 20 sPs 160 8P 97 cLs 35 &7 100 CL 90 oL oL 87 oL - gz—m%mkﬁsm:nmv Emﬂmgﬂﬁhaw 28 gp-ga gcn—sﬁlmax—cm 9 cL-m
- . . . - - . cg -
85 SUBGRADE 2FREEZING| 86 acs 09 oc 88 acs &4 oc ols GC3 79 aC 79 s 80 oC3 - 96 CcL; 109 CL 100 ¢ 75 CL {80 CL3 95 CL~ P00 CL; 75 eL~ |100/ M3 8 6Py .7 8P . - - - - . - - - - . - - S - -
<E : s (5.7.) (%2, - (BeFe) k5 oc (%.7.) (n.r.) : (5P ) (¥.75) (RePs) . 99en 9l oL 91 cL 6 cL 68 cL 55 cL (79 &PCLy 53 OL |50 8P-CLp 53 SP |9l SP-Gs 7@ G- 67 0P T2 @< 63 oo 100 CL=8F; 93 OH~CHs & cLm
ES\ 3MELTING T ac « - 8 or; 93 oc 80 a7 - 93 cL 100 cL . - 70185 6 875 29 8P B . e - o |97 cu S
: YeET Scb 56 : - ha 2.6 to boulders | %] [%] EEY 1 240 2.2 - . heo . '™ 3 ) Leb 3.5 2,1 Pabe 3 05 Dobe B ] 1§ Smo 2. hoa ko? 305 368 308 . e
190 leveso rang-|' Ice leases 1/5° Lenoss axd ory- 100 lences "iToe orywhals |Joe erystals  [Jce sogrogatiens| Lemsos frem 1/52" %0 . | yow c Pew Crystals ia crywhal- adbored| ot woll &ofincd yew Maer lemece, ’ o 3 v . o
S S| W miriiee 4 i o e tro o T frasm | roeclt - Aot ehet 1 | Mo ivmass 1o | Wk T e (oo s e (o hob o | i e o | o 181 o 0 Tt r by el Py e sl okl I B
badr Jdue. A fow] fow erystals in 21! end 3.5'= - sen bese and exD-base in pubgredey sen Yss md i scwe with & | some 12® above the ool sub-baso, |keirline lsmsco |pavemsud. Puz- | adiiemse dopth. Fow ol frest fown- deptho _Fowm gregs 4o Lof* Hror lowses and q:aocd}ﬁ'\ in upper €e3' of subd~ S
oryutals formed | ssad and grevell ) he0's Lonses | grods. Lennos 4n|Tes 2 found| subgreds. Tes paximmn $h1eknos| maximum froot pemetre- | Lenses 1/16” to|in sub-bece. orous 1/16° e shart lencee chiemse . thio lezewel  (Coptb bW 20 | from 1ol % - | 14" apart with nax- | grode. Co ’ :
. ‘o oamd cand gres| bages Ise sag= | Observeticns | were 1/8" ¢ Pewo ouigrede ronged (ia rangtlenses i sub= of 1-3/8%. | sten. baiiline thiok-|Bumorous lewcos |hairline thickw from 1.3 40.8.1" : - o] beithen af pawow | Menes'te 2 | 350 toun mabor, betwoen :
ICE SEGREGATION vel tase, Teo | regetiem fowsd mirline in frem 7" to (et frem 3% to | grade runging »e0s fownd i3 |in frosem sube |moco frem tep oot et gocm, | more sundy Bop0 20 o 3e1s “depthy
segrogotien fownd to botten of thieknoss. i rline in (haizling $hiek- 14° o frosen elay grede of 116"  |sopage. . 27 ta 3.8 &t evease *
99 doptls of frec) frost peastre~ . B Wiekneos o messe boirline in subgrede, to hatrlim in :
- penstretion. Hea. taieknses, : Shiekmoss.
P AVERET EAVE FEET) ; ' ' o ; ‘ N
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. .o - 20 0. 0,70 (] 0425 - 0o g o 0. [ % Osf 0.l 0.10 [ 0,11 0,12 Ce10
:3};‘1‘.‘: 0.3 A g - 0,20 0,00 050" 0,12 0.20 - 0402 g.x‘z' oj ot 0% - o . 803 84 o3 = 0081 o 0.7 0.2
.| 99, Dea Plasties| oN, Beo Plasti. x, M @, 30=33) 0C, |G, Eon Plestie; | W, Ben Plassie; |OW, Wou Flasties OV, e Plastieg CL, 8936 ML, 255 67y 37p 8P 2d Lo, ), oL, |, *19-30 w.‘n—.’m ar, . v e, . @, 4R igp0ly X5oG39 - &3 GP, Bom- | mhven, 5030, | @@, SO-BheeP-ci] EDch, XPhS. | owva?, 365 GB-CH, 633 | sc, 18e293 Cloi, &334
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'WAR DEPARTMENT . . - @ , o R T e L T -_- CORPS OF ENGINEERS,U.S.ARMY
' o ‘ - . FROST INVESTIGATION' ' : ‘ B ‘
PRESQUE ISLE AIRFIEL'D, PRESQUE ISLE . ME.

'SUMMARY OF ‘PLATE BEARING TESTS

TEST  tEST wrE. . . . TYPE - STATION OFFSET - NEARMST " W\ERIAL UNDEALYING TEST PLATE. DM, | TOTAL 104D TE PODNDS MAX.PATIO OF - AVO. THICAWESE MAX. DPPTE . THICKNESS'
AREA M. o ) (in Peet). - EXVILORATION thickress in inches - | errEsr - | —3 T - NGRFAL 10 PROS? OF PAVEMENT ~  OF FROST OF FROZEN
S TRST - - : o ™ - , " - PLATE - os tnok 0,30 tmsh . ‘0,20 ineh | KFLTING PERIOD PLUS BASE FENETRATION  SUSGRADE
. : R PAVEMERT BASE . -susomapg | (1B drches} 1 raflestion - feflecticn - Deflecttoz | LOAD PR 0.1° - ' (Poet) - -  (Peet) - (Peot)
. . - RS . DEFLECTION - R :
A, SMT 2] 26 Oot, 1LL  Subgrede Modulus LOAE 97 Bof Wedgs,  TIEZp - | - -3 (g} 3. 2,00 36,000 60,000 | g g
°\ gur 35 12 aprid Jols - ® " L9 T3E of W edge 1255 - 20y (c; S 12,000 . au'om‘ LTi000 |- X8 3.0 58 2
A, m@ 2 2. 5W  Bubgrede Medulus 5287 LT E of W edge na3p - 32 (c) .30 12,000 2L000" . 37,000 |- 1. ‘ . . : ‘
s lzaprimls ¢ * G2A3 - 52 Eof Wedge 414 - EAs - S30 |0 wee2ueee* oo | MO 3 548 25
A PR 32 10 \pril 1SLE  Puverent Rupture ' 52 LE T of ¥ edge v25hp | 7.2 cems Cods. - 3 (c) oA 35,000 3,000 - <(a) | L S : s
* . per 3, 12 apr1) 15 o oS  Throrw -d:a 1255p 7.2 Come Conos . 2 (c; 2 28,000 - B9‘,noo . fq; ) 30 . _5'5. . 2.8
B . PB? 26 30 oct. 1944 D neswor T retep 3l L (8), 2 (¢ - 13,000* - (0) - (g . .
DomE s & opnl & g O R N I
. . y : ot g . N . 5. (n), 2 (c : % 5, - (o r © 2 9 3.3
- PAT 63 . 28 wmy OLS . 7730 22,5 W of ’ 2778 5.6 T 1.6°(BY, 23 (c‘ 26,000 L3,000 - (6) Sy o . .
* Y 68 12 ame 1U5 1. %5  2&wof - 5.6 1.6 (B}, 23 (¢ 29,000 51,000 - {6} :
B per2y 28 oot, 19LL-. T10%0 1estord . vesyy | 2.5 (p). -2 () . 37,000 60,000° - (0) .
* PP 38 15 Apr1d 19L5 ‘ 1040 175 wmor N ) 3.2 (8), 2 (¢ 15,000 35,000 60,000 : ) . S
nooeEls . Lowmyagls 1040 27 woryg - bl 3.2 (9), 2 (c; } " 15,000 27,000° . 50,000 . A 549 - 3.2
PBT 62 28 My 15LS 10503 20 wof . L 3,2 (s‘. 4, (c; 26,000 Lk, ,000 - (6 . . Co . . .
- PBE 67 12 June 1945 ) ) 1045 15 wot 2810 S 1.8 (8), 23 (¢) . 26,000 LL,000 - (6 R
‘B PBT 22 27 Oot. I9ML . | : WA 12.5E et 252, by 1.8 (8), 25 (c L1,000* R0 - (o]
*  ppr k2 18 Aprt) 15U5 Ay 1S Bory 2720 La 3.1 fa’. = Ec . 21,000 55.000) : ,oc(;_o)‘ iR s : )
.o mLT 5y 19’;2 - T 27 Bof S La 3.1 (8), 2 (¢ 19,000 . 33,000 57,000 | - 2.0 (P) . 26 59 33
. PB? S8 25 My ) : W35 20 Rord . . L. 3.1 (8), 24 (c) . 21,000 - hi,oo0 . . - (6 - : -
PBY'Th 15 .m- 1945 <. abo 27 Eof R L.l 3. (), 2h (C . 23,000 13,000 - (6
‘B PET 21 26 ont, ol ) L. 155 RS5Eoryf - . 1261p. . | 3.2. 1.6 (8), 25 () 34,000 " 56,000% ~ (0)
SO i e B IO -3 T L ke HaE iﬁi : 13,000 Siioes® 37000 21 25 59 34
: - y . . B E o L) . (B)e o » o ] of
= P& | 29 mylgks 1857 2 Eof 2% |54 1.8 (8), 2 (c; 13,000 31,000 51,1000
. PET 72 1 June 19L5 A 5 27 ‘Hof L ‘ﬁﬂﬁn 5.1 ,':lJr(l o2 (c ) o N 18,000 35,000 60,000 '
B _PBT S0 6 wmy 19L5 L5 18, 30 woty  t1286a .0 1.7 (B), & (c). - g 7,500 12,000 16,500
" P éc 26 wy 195 § 1850 27 wor r266p E.a 24 %s . “'Ec) RS 11,000 22,000 32,500 2
Domp fwrsl S e pons . | 2 () o8 (c} g Li.oao 2,500 . s * 59 det
LI ) wy : s . wotyd . 3 5.6 (3), 7 () ,000 1,000 55,000 .
P . oA 1 : )
menmmlogmie, e oo o e Tny 3 e el omem | e sw e
: ept. = o - . (c 3 , X - : : . .
| wesE Pummy PET 2 26 Iy 193 ) W7 55 por s 38 167(c) . L . 7,500 13,000% 25,000 y -
" . PB? i 13 gept. 1943 g 1,92 ‘55 ‘ H o!f{ RERTER 3.5 .16 (c% . i. 9‘ 17,000 30:000!' 50,000 .2!5 1.7 LS (D) Z8 .
BW Rusvay PET.5 27 doy.29L3 8. LAl 50 Wetyd - t208a 3.6 8 (c - 10,500 18,000% 32,000 -
TR P d9 16 Sept. 193 iy mﬁl 50 n:r{ 72578 5 18 ic; : 3. 15.300‘ 31,000 1000 . 1.7 1.7 L.5 (o) 2.8
| oo munrey  PEE3L 3 Hov. 0Lk Ry %9 worgd .. yees - |5.0 18 (c) ' E: 19,000 - 33,0004 57,000
: =" FEr b0 16 apr11 15L5 . Wwho - 60 wory .  werhe. | L.8 1.(c -3 13,000 - 19,000 * 36,000 3
°7 PRS2 7y i9k5 UWAO 50 Woerd [ . 1276 2.5 13 (cE 12,600 . 23,000 118,000 1.7 1.5 5.5 (=) b.o
) P 26 my 905 o gl T 55 merg - w6 |25 . 13 (¢ I' 12,000 29,000 000
BW ey PBT3 26y i9L3 ' S sebr sl metd 1209|346 36 (¢ 12,000 18,000 29,000 .
] TP s 1 sept. 19k3 o seks A s ol‘{ S ree |7 %G 20,000 33.000* 51,000 18 3ek L5 (o) 12
B4 Ruorey PBT 29 - 1 Wov, 1944 , - 3215 €0.5 8 of 2670 1.0 36 Ec 20,0m 31,0007 17,000
. PBT 39 16 April 1945 : 32/70 60 8§ of 72708 640 36 (e 9,000 16,000 ;28,000
®.  PEBT 55 - 8 May 1945 - o 32/70 50 . 8 of 7284 " | 4.8 : ﬁ (c 11,000 19,500 34,000 1.9 3.5 5.5 (®) 2.0
: 1;: ;e;x ?; [3% x%ﬁs : . gﬁe 2? goryd - o ll:::- l.u'u Ec n’).ooo =!h.me . ;;.ooo
: None . R 5 . 8of : (e 13,000 1000 . 35,000
¥-3 Furway PRT L 27 wmy 43 ) . W 50. ®of © o relle 3.6 18 (e 15,000 . 22,0007 38,000 [ . e s , .
PO M A 0 e &R N 38 mv(c; 2000 B0t 'v‘&:wo I b (o) -?.u f
Ne3 Ruiway. PBT 30 . 2 Fov. W - . L wer s mord o reee |25 18 (c) 27,800 45,000* - (9) el :
] [ PR? L3 . 18 April 1945 - o 6 Eof - 12808 3.6 18 (¢ 11,000 - 20,000 ,000
"c FBT 53 7 wuy 19U5 . 1380 - 50 pory . 283 5 n (c; 16,000 27,000 118,000 2.2 1.3 5.5 (%)
Dome ommwm 0 v g ome 3 Bmoogm R :
: L . ! . Bof g 0 . | . <0 £ - C 000 o ’ »
' S . " DEPLECTION I INCHES @ 20,000 LBS. -
X : . . 1st Load loth napeuuou :
3 Per2 28 oet. gl O o 12 moty tes2p | b8 24 (), o (€) - T : s S _
* o ppr bl 18 april 195 vo il 17.5 E of " L8 2d; (8), 2 (¢) - o8l . : DN TT I o . .
o Prly 5wy gls -5 A, 27 . zof - b8 24 (8), 24 (c; . <066 3 - 099 - S 5.9’ 33
_PBE 5T 25 may M9L5 " T3 Sy 20 Eof [ L.s 24 °(B), & (¢). +05 . 06 . . ; o
* U PEY 75 16 Jume 15L5 Ry © WSS 18 mor " L.s 2d (p), 2 () . 4 052 o ) ~068
B P25 29 ost. 19Ul £3 C A0 . 12 wor © resop |36 Coed (8, o (@ o .038 T e .
S PET 37 1h april 1945 3 7460 17.5 w of 72782 3.6 3.6 (8), 23 (c) - 070 ) | ‘ 2 . . - o o
= PP LS 3 ey 20LS &é * 1460 27 ®of T262p 3.6 .34 (B), o4 (¢) - . o012 . . - 095 . . L 2.6 5.9 : 3.3
* PBr AL - 29y I9LS = 7753 22 woty - ' - 1278 3.6 346.(8), 23 (c) 053 - : 09 . . .
YUY PT & 12 ame 905 ‘ K/ 275 0ot d . . 346, " 3.6 (8), 23 (c - w050 : o :

BOTESs

(4) Pavements are hltuslmn uomnto unless .othernise shown,
(B) Bitumsnous penstrated orushed rock. T

(¢) send erd Oravel,

(D) Dopth of frost penstration messured winter 1943.

(2) Estimated depth of frost peretration.

(P) Retic 8%.0.05% deflestion. ' .

(6) Teflection mot resched with aveilebls max. load, o

* " yalues used to detarmine luxtuun ratio. -
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WAR DEPARTMENT o - | : : R I - CORPS.OF ENGINEERS,U.S.ARMY

FROST INVESTIGATION
DOwW FIELD, BANGOR ME
SUMMARY OF PAVEMENT EARSNG TESTS
TES?  TEST DATE | ree . starioN . OFFSET NEAREST MATERTAL UNTERLYING TES? PLATE DIAM, _TOTAL mm IN POUNDS ’ nu RATIO or-’«_ Avo.'iuxcms Avo-.bmﬁ | PHICKNESS
AREA NO. oF - (in Foet) EXPLORATION Thiekness in imshes , OF TEST € 8 NORMAL TO FROST OF PAVEMENT - OF PROS?. OF FROZEN
v "PEST - o C T PRVERERY BASE SUBGRADE PLATE 0,05 inoh 0.10 iuh © . 0.20 ineh | MELTIEG PERIOD .. PLUS BASE - = PENETRATION SUBGRADE .
. v R : (1) (o%) (in inchea) | Deflestion . . Defloction  Defleotion | LOAD FOR 0.1 . (Peet) - (Peet) - " (Peet)
o oy " DEFLECTION L o S i
A PBT 6L 30 Mer. 1945 | Rupture -6/13 2 s 2732p 7.8 Com, Como. 138 Gravelly Clay 2, 22,000 36,000 57,000 ' - '
s PBT 65 31 ¥ar. 1945 Rupture . 6491 9% 8 £733p 10.2 @ . 13.8 - 8ilty Cley , 2L - 28,000 . © . Lh7,000 - . - .
® PBT 66 2 April 1945  |peundatiom Mod. -6/13 2, s £732p : 13.8 |,  Grevelly Clay 30 ' 3,500 - 13,000 /31,000
° Pe? 67 3 April 1645 Foundatien Mod. - -6491 .95 s T733p —_— - 13.8 silty Cley 30 - 7,000 _ 19,000 35,000
B PEr 22 15 April 195 gy 10423 s 1560p L.3 L2.5 ' 14,000 27,000 19,000 . . , ,
e PE? 3L 23 Aug. 1944 ©. 0 10430 205 - 57Up L3 : ' L2.5 : 20,000 39,000 .. - o - o
° PBT 61 20 April 19L5 10430 32s T728p L.2 - : ) 15,000 - 26,000 L5,000 - S 2 2 ‘3.8 Lo . 0.2
® PBT 71 15 april 19U - 10¢#50 22s . 187La L.2 Lidds . " 18,000 ) ih.ooo- C . %9,000 . ‘ S C o
@ PET 83 June 1945 . | - 10750 17 8 ?877e. 5.0 : 32.2 : - 26,000 - 'bs,000* . e
B PBT LB 28 Sept. 19l 3 186 52 ¥ 7508ap L2 , - @10 _ 18,000 29,000 . L6,000 ‘ |
“ PET 58 - 26 mar. 19LS - 5 . i8S Ls v 727p h.a o 27.9 11,000 18,000 . - 32,000 | - . o .
. PBT 79 28 april 1945 ) TS 50 W « 1 b2 ~ 27.0 ‘ 10,000 .. 18,000 32,000 189 0 26 1 T Lo Clel
@ PBT L9 29 Sept. 19LL it BT B 51§ - © ?633ap 3.6 : 2l.1 . ‘ 17,000 . - 3,,000° - . S o D < -
” PBT 57 25 Mar. 19LS i 30 % s 7726p h.zl . 23.0 - o .| 10,000 - 19,000 . . . 36,000 _ ) _
B PPT S0 30 Sept. 19LL = 1240 2w 26L,3p 3.6 30.0 ' - | 16,000 33,000 sg000 | _
. ppe b2 28 War. 19L5 ' 12/4,2 12 § 7730p 3L 27.2 - : 9,000 15,000 . 30,000 S I e D 3
® PB? 77 @5 April 1945 .. -4 12465 - 30 ¥ 872a | L.8 28.8 - 13,000 23,000 0,000 © 1.8 . 2.8 L Lo T 1.2
@ PBT 81 2 Jumo 1945 K4 12465 16 W L. ’ L.8 _ 28,8 S i . 16,000 - 29,000 Ce o e .
- PBY 86 .5 Jume 195 » 12462 17w ® L8 26.8 v L] 9,000 . 2g,oop“ -, -57,000 -
B PET 63 ~ 29 'mar. 1945 % 10425 125 & $729p 1.8 Bit. Surf. Troat. 8.6 ' ' ES © s,000 . 8,000 - 1000 |
" PET 80 29 April 195 -2 10425 125y . - .. 1.8 ¢ ® e 18.6 . o . 17,000 11,000 16,000
c PBE 4S5 25 sdpt. I9LL § 1 eh v 7528p L.2 - 10,0 ~ 18,000 . -LB,000% e
° ghsg gym. :gtz . E gﬁ; g:.n . Tg%i 11:,2 ‘ . l}#i . . L ;g,g . g]s,&? ~ L7,000 L - ) e SRR
ot . Sopte : v | B o : - 30,000 50,000 S e : o S S N
‘= P60 27 war. 19LS £ 850 10 ¥ .t2p Ly o b1.2 g 14,000 25,000 13,800 i o3e o b L0
@ PBY 76 2L April 1945 8475 209 §87%5a L6 37k © 17,000 - - 33,000 * 58,000 - s
e Per 84 Jums 1945 8475 AT X LI L.6 37 b 26,000 " W6,000 . . e
: § X . - . = ! N }
c PRS2 ker. 1945 ¥ 658 731p 356 LL.o CES 15,000 . 29,000 - 52,000 v e
® PR3 23 april 195 L#75 - 638 7878a 5.0 L3.0 22,000 38,000 ’ - 1.% AR 'Y L8 0.8
e PBT 85 June IL5 Lers 58 § ?6876a L2 : . L3.8 ' | 21,000 ~ L6,000" - _‘ S e
¢ PBT 52 2 ost. 1945 - 5410 %0 8 t5okep Le2 , : Lh.o : ’ 26,000 13,000 T _ Lo ' T 0.8
c  PRTS 25 April M5 6405 10s 7230 - 3.6 ’ 30 . ' 12,000 24,000 L5,000 ko . ke os
' ‘ ' DEFLECTION IN INCHES @ 20,000 LBS. ' '
1ot Lged - ) 10th Ropetitien
B PEe L7 27 sept. 15k ' 10706 - 238 7560p L3 S k2 ' % 05k 065 . ' T o ,
®  PBT 70 6 April 195 T , 10705 10 § " L.3 L2.5 : ‘ : -068 ‘ e 39 . ko - 0
® PBY 72 21 april 19L5 10460 2s 78772 540 32,2 , 078 0120 L LAV R AL .
@ PB? 87 5 Jume 19L5 e 10460 17 s v 5.0 32,2 ' +0%9 - )
. b ' . . | L ! o
B PBYSI - 10ct. 195 82 1225 2y 26L3p ko8 S 264 ‘ 063 , L0768 o . R o .
e Pot 68 Ly april 19L5 ® W 12465 W & 76726 Lo8 : 28,8 : 4 127 ‘ o a8t o Y I ke 1.3
° PBT 78 25 April 1345 e 12475 201 T873a L.2 : 25.8 ) , #08 ¢ , S - B o . _ S .
= P82 2 June 19LS g*a 12475 16 ¥ " L.2 / 25,8 i +080 , - 116
® . N .
c  PBTS3 . 2o0ct. M £2 u,z 52 8 16762 | L.2 . L3 <050 © w0537 T L
e PBT 69 L april 1345 : i 63 s T7%9a L2 37.8 |- 05 -o7 S . 39 L8 (X2
@ PBY 7 23 April 19LS - 638 7878a - | 5.0 . 3.0 <085 ) -+ <090 . e T
° PET 88 5 Jume 19M5 h/65 58 § v 5.0 L3.e 062 - <077 :
¥ vuuou used to dctemina maxlnun rntio. :
(A) Bituminous Couonto unless othondu notod. _
. R | | ; . - T - DOW FIELD
’ . ‘ . ' , : D . "SUMMARY: OF
' - | _PLATE BEARING TESTS
' TABLE 3

_ . : ) . ’ . . ' - ’ . i : ) ¢ . : ) . ) . ’ . .




R

FROST INVESTlGATION

PIERRE AIRFIELD PIERRE ,SOUTH DAKOTA

'SUMMARY OF PLATE BEARING TESTS

Lo

, . . MATERIAL UFDERLYING TEST PLATE. : OFD;::sli‘ TOTAL LCAD IN FOUNDS . :Q’Qm”;?rg& AVG. THICENESS X, bmn rnzcim:ss
TYPE : Thickness in inches — g . OF PAVEMENT OF PROS -
TSt TEST DATE oF STATION OFFSE NEAREST e = PLATE e e e MELTING PERIOD  PLUS BASE < PENETRATION SUBGRADE
~ AREA ¥O. PEST LOCATION (in lfeot) meRAT'FON o (1n" inehos) 0405 inch 0,10 irch 0.20 frsh LOAD FOR 01" (Feat) (Pest) (Fest)
PAVEMENT BASE SUBGRADE - i Defl egt‘. on-  Deflection Deflection DEFLECTICK _ ’
. ) . . !
‘A i, Mar. 1945 - o 3l,/08 Apron slvxzetsnmp !‘P-}D -7 PCC 9 GF . cL. 30,000 52,000 70,000
2 2l wr, 1945 - - 33, 760 * 7. PCC 9 GF cL . 30,000 - L6,000 56,000 g
A 31 Mer. 1945 . 3 3347 % 152y m v v - 7 PcC 9 oF cL Lo, 000 €, 000 86,000 1.3 3.5 3.7
A 15 Apr. 19L5 2 339 " e memow " 7 PCC 9 @F cL 33,000 55,000 . Fatlure
a U der, 19LS % © 3Ly/36 ppron 51Tt * TP-3D 7 PCC 9 GF cL ﬁ 3L,000 . 5é,oob‘ 83,000 ‘ -
A 2, Mar. 155 : o6 o 76t R mm oW " 7 FCC 9 GF cL 30,000 . LL,000 . 61,000 143 3.s 347
A 31 war, 1945 A B L ) " 7 PCCC 9 GF cL 10,000 - 60,000 Failure
A .15 Apr. 15L5 & Bfe6 = 176t e w @ . 7 PCC 9 GF cL 35,000 56,000 - Failure
: 23 apr. 19U S - 37?1., Aprom 26' "% v % TP-3C - 10 GF 13 CL31) SF=CL;CL L, 000 7,000 11,000 Do -
: ‘g;. 19&% . 'Subgrade Modulus %y LI I R TF’M‘ - 8 GF 6 CLs CH . 5:000 9.000 ls'mo , 1.5. 3.8 }.5
A 25 Apr. 1945 On Base D & L L TP-3B - 11 GF . CL . L,000 . 7,000 12,00 - ’
Coa 26 apr. 1545 : 4 5h/66 L ) U TP-3D - 12 GF 12 CH; °L R 6,000 10,000 1,000
23 Apr. 2945 G o l, Apron - 26* " " " "  gpd3c - - 13 cLsll aF-CL)CL ' 3,000 5,000 8,000
i az Apr. 10L5  Sudgrede Modulus ﬁ?ﬁ * o 3gemmm e gply - - 6 cL3 CH 5,000 9,000 15,000, 1.5 3.s 3.5
A 2, apr. 9U5 . oy gubgrade 3740, " 110t """ " pp.3B - - o cL.. - 5,000 8,000 . 11,000 :
A 26 Apr. 1945 A6 T 101 T 7 rp3D - - 12 CH; CL i, 000 6,000 - 10,000
B " 13 Mar. 1945 : ‘ 21/18 2 Rt. of g TP-24 6 BC , 11 oF oL 22,000 39,000 63,000 : .
B 22 war. 1945 oro. ® " " " 25,000 Lo,on0 63,000 1 2.1 0.7
B .29 Mar. 1945 : 21/58 o wo . ~ " .. - 25,000 Lo,000 - 62,000 ‘
B 1 apr. 1945 i Texiway #i e " L .- " 30,000 L9, 000 - 73,000
< R . i
B 13 ¥ar. 1945 §§ 28,/61 . 1.5* Rt. ott TP-28 9 Be 706F cL 19,000 33,000 53,000 : ‘
B 22 Mer. 1945 2 o " " " I 13,000 23,000. - 36,000 1. 2. 1.2
B 31 Maro 1945 ©g 28/89 L " " "o o 17,000 27,000 - " 146,000 :
B m Ap!‘o 19)45 »23 raxiway ﬁt [ [ LI L] [ L] " w L] ‘o 21,000 37'000 . 58,000 -
B ‘1 Mar, 1945 5“ 2048 L7 Rt. org $P-2A 1.5 BC 12 6F cL 7,000 13,000 22,000 o ,
B 23 Mar. 19L5° ‘ to "o " . "t " 8,000 - 15,000 27,000 ‘1.t 2.1 1.0
LB 31 Mar. 1945 20479 oW e " .o o " 9,000 16,000 28,000 o :
B A apr. 19L5 Texiway 4, " ° " " . .- " " 12,000 21,000 35,000
B 1 Mar. 19L5 2111 . Le* 1e. arg TP-24 1.5 B¢ - 12 GF cL 10,000 18,000 30,000 i ) ‘
B 23 Mar. 1945 to no W " .- " " 9,000 16,000 29,000 1.1 2.1 1.0
"B 31 Mar. 1945 - 21427 "W . - v " 12,000 20,000 3,000 :
B b Apr. 1945 ‘Taxiway #L .o " " " " n,ooo 19,000 - . 33,000
' R Deflection in Incres @ 25, ,000 18,
lst. . 1Qth .
- Lond Repetition
B 13 war. 1945 2540k 15% Rt. of TP-3A 6 BC 8GF - - e o B 2] olaes .
B 22 Mar. 19L5 g~ 25415 I S .- 9. GF . = SERTTIN RE 1.3 2.1 0.8
B 30 Mer. 15L5 - B3 2796 . 1 " ” . o" .8 GF . . 125 175 _ -
B 12 apr. 1945 &3 2709 150" " " . . - mer. - . g RV 175
B 12 Mer. 19L5 P . 25430 LS' Rte of é TP-3A 1.5 BC 12 GF cL 330 «L53 . :
» 23 war. 15U5 is 25473 L5 v Tp-ie " e . 207" 29 1.1 2.1 1.0
B 30 Mar. 1945 B g 29467 Lt v " - "~ .- - 155 N R .
B 12 APTU 1%5 0.5 ?9/06 UJ' " n = L] " - LI ] [ "55 - 205
PCC - Portlsnd Cement Concrete ,
BC -~ Bituminous Concrete -
. ) ,
cL ) -
CH ) Cangran e's Soil Chutficntiom
‘SF-CL)
o PERRE AIRFIELD =
SUMMARY OF PLATE BEARING TESTS

!

TABLE 4



' FROST INVESTIGATION , :
WATERTOWN AIRFIELD WATERTOWN, SOUTH DAKOTA

SUMMARY OF PLATE BEARING TESTS

DIANM,

© TOTAL LOAD IN' POUNDS .

MAX. RATIO OF

AVG. THICKNESS

MAX DEPTE

THICKNESS'

20 Apt.

* PCC = Portland Cement Concrete

BC - Bituminous Concrete

SF )
SF=CL) o0 oanty e .
oL . ) Casagrende's Qoil C,A§sit_1cationn

OLeCL)

e 325

WATERTOW N AlRFIELD

' ' : - - . i nﬁmu UNDERL TING mr PLATE NORMAL T0. FROST  OF PAVEMENT OF FROST OF FROZEN
“TYPE - STATION OFFSET" NEAREST Thickness ir inches "' OF TEST _ — —— L 70 P . OF FRO: (OF F
e Thr DaTR oF oo (1o ety EXPLORRIION : PLATE e e - ‘@ | WELTING FERIOD  PLUS BASE . PENETRATION = SUBGRADE
- AREA . TEST - )  Teek) o5 S ; N itn 4 0.7 imch - 0,10 inch * - .. 0,20 inch . | 1.CAD FOR 0.1%. . (Peot) (Feet) {Feet)
v ' ER ' ‘ PAVFMERT - BASE SUBGRADE .| (10 1mehes) |pgryooeion - neflectiem - Doflection | DEFLECTION - : : '

a 19 Mar. 19L5. Favemert Fupture < 10430 8 BC 2 sFCL o . L6200 . 80,00 e o : :

Y 2 Apr. 19L5 " " t;‘7 .o o B : _ Es.mﬁ' T sl,000 91,000 s 2.5 -y 0.9
A 19 Apr. 191‘5 _‘u . .»n‘ : - 10470 ! . v' " . . . o 6.(”0 S 77 Qoo_ - . N
A 20 Mar. 19L5 ~ Pavemert Rupture =~ 10430 8 Fec. e sFcL . . 0L 3 34,000 70,000 | Fatlure Lo . :
A 2 Apro 945 "o o L " = l 31,000 62,000 53,000 2.5 3.0 0.9 -
A 19 Apr. 19LS " 10470 _ _ - » - : . k2,000 72,600 o L L
B 21 Mar. 1GLS - LTS 2C* Rt. of é TP-3A S EC 8 SF OL-CL | 26,000 " LB,O00 . ,176.000 . N . -

B © L Apr. 1945 “to L " - - ro» " ©57,000 © 55,000 80,000 1.1 “heB 347
B " 19 Apr. 1945 ‘ ‘L3 "o e " "~ L " 35,000 . 57,000 83,000 .
B 21 Mar. 1945 - 12400 200 1¢. of ' TP-3B. 5 B 8 sF SF-CL 2,000 7 . LLjooo 77,000 Lo ' N
B '-l Apr. 191‘5 . E‘U ‘ to " L ) . (- L] L] L] L] L] . 2—'.’“)0 . hs'wo S 72":”0 1.1 . h.a ) 5.7

B 20'Apl"} 1%5 N 83 12A‘5 L] - L ] n L] L] " on L] ° T 21.009 i 39'(m a"qpo . . . .

. o ] . . . (Y R ’ . . .
B 21 Mer. 1945 ‘g:: LTS L3 Lt. ort TP-34 1.5 BC 12 SF OL=CL - : 8,000 . 15,000° 21,000 ° o
B L apr. 29L5 .0 - 3 to - LI " . e . L 8,000 15,000 . 28,000 1.1 L 3.7
B 18 Apr. 1945 !5 L3 . e @ .a - .- .. " 11,000 21,000 - . ... LO,000 i : .
B 21 Mar. 1945 - 12700 L3+ Pt. ofé ~ TP-3B 1.5 BC 12 SF SP-CL 8,000 16,000 - - 26,000 s C
B 'L Apr. 1945 ) to " e - » e S mom ® 8,600 116,000 2,00 1.1 LB 3.7
B 20 Apr. 1945 - i ! 12457 L ® L . - . " .| 9,000 18,000 -31,000 - _

o - - | peflection ir ‘{nches @ 100,000 . o
. ‘ o ‘ S . let. . R 10tn ) -
- o : S I o e g . : ) o Losd - _ SHRREN Rspctition T
N 19 wr. 1945 o 10470 . 0 %9* Rt.of §  TP-1B 8 pcC 22 srecL ©ooL | R RS s L
A - 19 Apr. 19L5 e 1049 390 Lt.of ¢  TP:28 Vo " ' : R 2 S a5 3 0.9
A 19 Ap!‘o 1%5 ) . 10/39. - 59, L - .._. L] L] ] L) ‘ v- ‘1& » .202 . | o
’ ' o . D . - ‘ o Deflectior in inchn e 25 000 b, ,
. X N ,
~ g'g. ﬁ' st 10th C ,
. . ¥ Be S . ~ Load Repetition .. o R .
‘B .20 Mar. 1945 TR 3  LA3 20* Lte of ¢ TP-3A 5. BC 8 SF- OL=CL S a6 e233 o S
B 3 &pr.-19L5 - i . L2 200 " ® . . " on bl 070 . o088 . 1.1 L8 3.7
B 20 Apr. 19L5 Es Lfr2 200 " "o " - " " - e057 097 - .
B 20 Nar. 195 BLAS 10740 L3' Rte of ¢ TP-2B 1.5 K 12 sF SF-CL 268 T 35 R ‘
B 3 Apr. ’2‘55 , ’ l - 1048 ~,t3' R . .o o : 25 T a3l B BE L8 3.7
B 1945, 10456 30 L - v - c '

SUMMARY oF PLATE BEARING TESTS

TABLE 5



WAR DEPARTMENT L o B o o L - o N P -coaps OF ENGINEERS U.S. ARMY
- | | FROST INVESTIGATION . | | | | |
-~ TRUAX FIELD, MADISON, WISCONSIN' B R S
SUMMARY OF PLATE BEARING TESTS L R g S

TABLE 6'

TEST  TEST DATE. - . TYPE STATION . OFFSET NEAREST . WATERIAL UNDERLYING TEST PLATE o DIAM. ‘ TOTAL LOAD IN POUNDS . | WAX. RATIO OF  AVG. THICENESS MAX. DEPTH  TRICKNESS
AREA NO. » o OF . LOCATION (in Feet) '~ EXPLORATION |. . Thickness in inches R OF TEST [T o e . P NORMAL. TO FROST  OF PAVEWENT . OF FROST OF FROZEN
T , TEST o ' ' ' PLATE 0.05 inch 0.1 In 2 v MELTING PERIOC  PLUS BASE PENETRATION  SUBGRADE
. : ) ) . . . ° . oh .020 inch - i
. S : - . : (1n inches) | poeoceion Deflection  Deflection LOAD FOR 0017 (Feet) o (Peet) (Feet)
L . PAVEMENT . RS SUBGRADE , L : Section 1 pEFLECTION :
A PBE1 19 Oct. WL T 0478 E-W.TAX 11' 8 of TPl 2.5 RC " BCRy166F  22cLy e srscer |l 0 4 | es.000 - < Lo C v —_— S : :
A PBE 2 20 Oct. 194k~ 2 E-¥. " 12' § of TP=2 2.5 BC 8 CRs 17 GF . 20 CL; LOSF; CL | - 22,000 .32, ooo‘ V- .. L . 243 . 3,9 1.6
A PBE 3 29 Mar. 19L5. : 2 EW." 6" Noff  TPs2 2,5 BC 8 CR; 16 GF - ' 20 cLs L1 sF; cL : 13,000 . . 20,000" . . . ~30,000 T 16 o B B
. B PRE 1 2L Nov. 19LY CEa Bféos-sm L2t g of TP- 2.5 BC 20CR;226F . CL S 27,000 - - - - ' e X T ¢ : )
B PBE 2 29 Nov. 9Lk 53 8Ai0 ¥e8. " L2' ¥ of TP 2.5 BC 2, cR; 20 6F © €L - o} 30,000 - - L e . SO *
B PBE 3 30 Nov. 194 se 1242 N-5. " L2’ E of TP-10 2.5 ‘BC 19 CB; €3 GF cw N L S
"~ B PBE L 28 Nov. 19LL oo 12458 X-8. *  LL' W oof TP=7 2,58 - 2 CR; 23 GP cL ‘1 30,000 - . - ol
B PBES 13 Mer. 9LS £x 12/25 §~8. " 60' E of TP-10 2.5 K : 19 CR; 23 GF cL R 20,000 . . 28,000 ¢ . | e
_ : , B PBE 6 ~ 16 Wer. 1945 §3 12¢38 §-S. " 60' E of TP-10 2,5 BC 19 CR; 23 6F &  CL - 1 1 w,000* 23,000 .- . -Lo,000 - :
. : B PBE 7 23 Mar, 1645 s 12728 N-S. " 65 E of TP=10 2.5 BC .19 CR; 23 GF CL - . : S 19,000 - - 27,000 »x.m,,ooo S 2.2 @ L - g
C : B PEE 8 25 war. 1945 - a 12 N=8. " 65% F of TP-10 2.5 BC - 19 CR3 25 GF" . cL - ) 1 18,000~ 29,000 - ... . 47,000 . .0.05" Defl,. 3.7 .- “he? 1.0
. I PBE 9 27 Mar, 19L% L ) U 12416 N=S8. " L2 B of TP-10 2.5 BC 19 CR; 23 6F . © .CL - AR FEEE I 21,600 “3L,000 - 8L.000 ) s ) . .
. 0 8 mElc Zowr.a5ls 1212 y-s. *  50' Eof 2P-10 2580 © . 19 CR; 23 OF cL. ' b | 200000 7 32,000 - k9,000 ' '
. B PREENLl 28pr. k5 12426 u-s. " 50" B of P-10 2,5 BC - 19CR;.236F - CL .- 13,000 . . 23,000  .° 39,000
S . o6 mel e, 105 Prvement Rupture 270 Apron 22‘“01‘312&!&0??-1 7 Pcc . k2er oL : } 38,000 S e .
SoC PEC. 2 15 Msr. 1&5 ' o ‘ 52 . R o O 7 K¢ o ﬁ oF e 3 36,000 . - - - ‘ : S
: g : . €. PBC 3 . 17 Mmr. 1G4S - , : T, tP-1 7 PCC .- GF -  CL . . BERE - O . 17,000 - 33,000 - . : . .
) ) c PBC L 22 Mar. 1945 - " . 2/80 * o2 * = gp33 BEYE LB GF L . T ,27'“)0 u‘:om - -z . L3 L.6 .0.3
o . s PBC 5 22 wer. 1545 oo 3400 " Wor " " " * rP-13 7 FPcC L8 oF L o l . 37,000 . 58,000 -
R S ¢ PBE1  2Wov. 194l . Subgrade Modulus - 1405 ° 230w W W ogpy - 96 CL 10,000 1,000 . 20,000 - - R ,
: o € . PBE2 . 6 Nov. I5LL " " 18 * . 83 % = = gpp - LS oF cL i 9,000 .m:ooo N I B ’ 7 ka0 L 0.6
. . e PBE ’ 7 ¥ov. 19“& . ) L I ” . aﬂs ] 118 " * % W - PPe3 - 51 GF . cL [ : G,Ow . ll 000 o 17- OOO", . . » . . . .
_ _ c PEEL 15 Fov. 1Lk - " " 348 " - 33"t TR - 316F - CL . t " 7,060 10,000 - A IR ' IR - K
S . _ : P - o : . : nenecuon in inohes ozoooon. T ' SR o '
R ' . oo : : . : : S E et . TR 1. TSR R A S
' : ‘ : - . ‘ I : _ “Load. - v chotitlon ' - S L
‘ ‘ A PBR-1 20 0ct. IGbl 3 2 E-W.TAX 11*'Sof ¢ . TP-h - | 2.5 K " BCR; 16 GF 22 CL; 36.5Py CL ' o W053 o L ' S o . : ‘
o R § PER 2 .21 oct. ISLL . 2467 E-W: " 12" ¥ of Ctpe2 2.5 BC 8 Cr; 16 6F . 20 cL; Lo spy oL | - B D S S 075 ’ ' R 2.3 ' 3.9 . . 1.6
: A PER 3 ~ 25 Mar. 195 : ‘». B 2460 E-W. " 6 Wof P2 . | 2.5 BC 8 CR; 16 GF 20-cL; Lo SFs CL v ‘ 085 . . T I3 N o ST
B~ PER1 23 Nov. 6Ll Eg : A0 N-S.RWY L2' E of . TP-3 2.5 K 20 CR; 22 GP cL o036 BN}
‘ ) B PBR 2° .25 Nov. 1G4k - 2~ 12,4;1 K-Se * LI Wof TP=7 2.5 BC 2l CR; 23 GF “CL v 039 o © W09
B- PBR3 1 Wer. ISLS - T 12/51 N8, ™ 60' Eof§  TP-10 - | 2.5 BC - 15 CR; 23 GP cL - W08, . Lo88
L B PBRL 16 war. 2945 . . ® ‘ A6 ¥=S. *  60' E of TP-10 2.5 BC ‘19 CRs 23 GF cL ] +055 L 093 . : , ;
, B PBR S 27 Mar. 1945 . g xa;zb ¥-£. % 65'Eofg.  TP-10 - | 2.5 EC" 19 CR; 23 GF cL . : [ 061 a0 | s T ha 1.0
B - PBR6 26 Mer..I5LS 2 N-S. " - 65' Eofd  TP-2C 2.5 BC 19 CR; 23 GF cL 1 . 066 i R . . L .
e "B " PBR'7. 27 Mar. 16LS ~ 12422 ¥=8. " L2’ E of TP-10 2.5 BC 19 CR; 23 GF cL - N o3 . S,
. . PBR 8 31 Mar. 1945 = 1 12420 N-84 " 50" E of ~ TP~10 2.5 B¢ - 19 CR; 23 GF ©CL . . _ : © o063 L . 082
C , B PBRG 3 Apr. 15L5 ’ 12/35 ¥=§. * 50* E of TP-10 2.5 BC 19 CR; 23 GF .. CL ' S , 079 S 129
‘ L . o o ' B o _ PCC - Portlend Cement Concrete
) o . . . : BC - = Bituminous Concrete
. C o ' o CR - Cruahod Kock
: : . . ’ ) ) ) ) . : SF) Caugundo's Soil Clessificat 1om i . . S . . BN
3 . . . . N . o B ) s X ) , » . h - i
) ' : S - T . #Values used to determine maximum retioe . .
S - S : . \ . TRUAX FIELD
o o o ' |SUMMARY OF PLATE BEARING TESTS
_‘ - . . . ‘ . i ) i




_ 1944-1945 ‘ , v _ B SR
-SUMMARY - OF TRAFFIC TEST  DATA T

TRAFFIC TEST W T e EVALUAT! ‘
o PAVEMENT BASE SUBGRADE .- / ON :
- 3 | ;esy | _LOCATION — - . CNORMAL PERIOD) | FRost | PLATE BEARING TESTS N A TRAFFIC TESTS
& | AREA ofFSET To|TYpE ANp 245 FROST HEAVE fcasacranoe| ice [ KORCBR | PAVE | casa-| ice | KORCBR [ pynway TAX IWAY PENE - [T REPEATING — T APPROX. PERIOD OF NOMBER OF
« STATION |¢ OF TESTITHICKNESS( /ryp | RANGE CLASSAND | pop- |UNPLACE) | 8BASE | oouype | pon- |UNPLACE) | yucel LOAD | WHEEL LOAD | (Rert) [LOADRATIOS®E)  STATIC TEST | IOLE |FROST MELTING 09451 WHEEL LOAD | _COVERAGES
< : C(INCHES) ' (FEET) ONCHES) | MATIONS reniod | pESO (INCHES) CLASS. | MATIONS PERIOD | prgsso (POUNDS) |  (POUNDS) 7 |1® Loao | 10kLoAo| HOAD RATIOSCF)  PERIOD: | PERIOD STARY (11} CPCUNDS)  |appRox. o0y REwARKS
B — : . DAILY :
* -
B-1  towmuway LOts of 4| BC 3.5 . Uniform  C.2 to 0.35  27.5 R ' . Crystals - - 1 : 8 : L3 . 3 ‘ . :
P ipind s oof f 3 .39 ] Thr{:gho:t 3 cL N::::::n 3 60,000 # 60,000 f L3 0.77  0.66 1.5 2%020 . 10418 15 warsh 2 aprtl 16,000 15 272 Flexing started.at 16 covorages, map
120 ) : . , . ) o : April . april Lo,000e? s 52l cracking started et & coverages,
o ) o . . . . : . . . . . rutting developed after 40O coverages,
o -C=1 E zg\én::y LO's. of ¢ | BC 3.5 : do 0. to 0.5 375w do - L cL do .8 3 60,000 o 60,000 # o 5.1 © 0.85 0.76 1.7 2t020 . 10418 15 March 10 April L0,000 . 15 . 272
= o . ; - April April Lo,000 L5 eL8
z : 40" K. of BC 3.5 C 0.25 to 0450 25.5 G s 29 e - a 8 & : ' R . L o
P B-2 ) E;S,ngn::’ o i -5 . o 0.25 . S5 G do X - 9. . o . 3 ,000 ¢ ) 60,000 . L3 0,65 . 0.62 19 - 1 April 15 March 2 April 60,0008 16 16 Flexing, rutting, and map cracking.
P 1);80' . . . . Test stopped after 1 day, Vertical
. . deformations formed 0.09 to 0.26 foet,
z . : . . N '
s c-2 9“;&‘:’:" LotRoof £l Bo 35 o de 0.05.t0-0.15  LL.5 on do - - e cL do 8 3 . 60,000 f 160,000 # Se1 | = e 6 1020 5,8 toll, 15 turch  10°Aprid 60,000 15 186
b3 A o ; . . ) » . ; . ‘ . . . . o April 18;;,:!1-;7 R 60,000 kS 59
> ¢ !
a 8-\ N-S Rumway 18%E of i BC 2.5 - do 0,01 to 04| 20,5 Cre. Rock Few Crystals 35 b2 B cL do 5 -3 30,000 (C) 30,000(C) L 7 0.62- 0.52 ‘2.2e 112 Mareh 16,2 20 ¥ ‘ fod
8 . 2 . ) ; o7 .62 .04 1w che 1,25 12 Merch 20 Marck 69,000 15 - 237 Final vertical def o
x 1?’3(,01500“ ) . :st.;ob“ Few hai:line E . . . (3.05".Dar1.) 3 april l!a;eh.nnd : 60:060“ ‘Lg - 726 l.;:. vortical deformation 1.7 to
) . . ub~base lenses in . : . . 1 April o
- L 4 . . sub=base .
D
¢ B
w . . : . S
5 B-2  F-s Rurway 18'W.of 4| 3¢ 2.5 do 0.01t0 0403 2o do 35 3 51.. cL do 5 3 30,000 (C) 30,000 (C) ©T LT L 0.2 | G52 - 1420 = . .12 ¥arch 20 March 30,000 ) 00
@ . S o bt
- x v
i Taxiwey L . . . . . : L ) - _ N . . ) . : ;
("] T-1 (2240 to  LG'X of g BC 1.5 :on:o:- -C.Clto 0.02 12 aF Nomne - 28 2 13.5 L CL . Very few 1l 12 | 15,000 {p) . - - 15,000 (D} 241 (3 Feb.)) St . 13 to 29 - . “'5.March 15 March 14,5000 15 28
. ) . . trate . . . . ) . o . Yarch s ] . ] ; . ) ,
: § T-49 - LC'S. .of 2| = 1% do =0,01to 0.22 do do -do do - do do do do do - do do . ‘do. - . 13 March .- - do Sde 25,00Ces L2 L2
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FREEZING TEMPERATURE,

UNDARY

; L — CQE(PS OF ENGINEERS . U.S. ARMY -

TEMPERATURE AT SURFACE BOUNDARY. EQUALS 6°>32°F UNTIL TIME - to WHEN SURFACE
TEMPERATURE . 93<32°F SUDDENLV APPLIED

ISOTROPIC, HOMOGENEOUS 80DY OF lNFlNlTE EXTENT WlTH SURFACE BOUNDARY PLANE AT
© TEMPERATURE Oo AT TIME to AND OF FOLLOWING PROPERTIES:

=UNIT DRY WEIGHT, UBS/CU.FT. _ .
w=WATER CONTENT PERCENT DRY WEIGHT
' Cy=VOLUMETRIC HEAT CAPACITY (FROZEN) =¥(c+%:¥: % )-Bm/(cu FTXOEG.F) .

. Cg" VOLUMETRIC HEAT CAPAcuTv(Nonmozcw-r(co——)=e‘ru/(cu FT)(DEG. r)
: WHERE. ¢ IS THE SPECIFIC HEAT OF DRY SOIL (ASSUMED TO BE 0.2 BTU/(LB)(DEG £))
K= THERMAL co~ouc*r|vrrvirnozs~) BYY/FT)(HR)(DEG.F) ~ -

" kg THERMAL.'CONDUCTIVITY (NON-FROZEN) BTY) (FTXHR)(DEG F’)
L= LATENT HEAT OF FUSION BTU/CUFT . ,

VALUES FOR P

2e20 ‘ VALLESFOR @ =~ - : -
s FIG 1A
. y—--'—‘--A;O
3z 08 ———~—
. NOTE: THE 8 VALUES ARE PRESENTED
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, 0.0 : ‘ THREE , WHERE :
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VALUES FOR Q

FIG. 1

VALUES FOR Q

FIG. IB

SRR ' 8
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FIG.3 FIG4 FIG. 4A

LATENT HEAT OF FUSION VS UNIT DRY WEIGHT HEAT CAPACITY VS UNIT DRY WEIGHT

68y, 0F BODY AT TIME €~

QUATION F OR PENETRATION"X OF PLANE OF EQUAL TEMPERATURE

1T IS ASSUMED THAT THE SOIL UNDER‘ »CONSIDERATION 1S
~1SOTROPIC . AND HOMOGENEOUS AND HAS THE.FOLLOWING
-PROPERTIES AT THE CONDITIONS NOTED: ’

¥<135 LBS/CU.FT.
w=5 PERCENT .~
6=40 DEGREES F.
6p=32 DEGREES F:

k=23 BTU/ (FTYHR) DEG. F)
kz= 1.3 BTU/ (FTXHR)(DEG.F) ) . v o
FROM FIGURES 4 AND 4A VALUES ARE OBTAINED FOR: Co - o
C;=30.5 BTU/ (CU.FT) (DEG.F) AND : :
C#34 BTU/ (CUFT)(DEG.F)
_kCp (2:3) (34)
“k2Ci  (1.3)(30.5)
Lis oarmwzo FROM FIGURE 3: L=970 BTU / CUFT.

IT1S THEN FURTHER ASSUMED THAT THE SURFACE TEM- .
PERATURE 64'|S SUDDENLY REDUCED- TO 65,
FAHRENHEIT. AND MAINTAINED FOR 100 DAYS: THUS:

THUS 8,

93- 19 DEGREES F.

=100 DAYS * 24 HRS /DAY. = 2400 HRS

97

I AR DI R
60-6¢\. Al ai ;345
61:'93 (2.3
=\/0.63 (,—3—)-0.4ea

B=0.37
FROM EQUATION: " am &L &

SUBSTITUT!NG IN EQUATION

WITH P=0.488 AND Q=2.44 B IS OBTAINED BY INTERPOLA- FROST - INVESTIGATION
-TION IN FIGURE | USING THE MIDDLE CURVES OF THE
GROUPS OF THREE SINcE —1- EQUALS APPROXIMATELY 2.0.
. amEsk-o075e PREDICT|ON
OF

X = 2BVaE

© x=2(0.37) J0. 0754'7124007 =.(0.74) (|3 46)

X= 9.96FT.

w

; a-mFFUSMTv FT’/HR wr»ERE
: %L AND ‘s, 22

mis ASSUMED THAT THE WATER CONTENT OF THE BODV ‘AT EVERY POINT. 1S CONSTANT
 DURING THE TEMPERATURE CHANGES ' g

FIG 2- CONDITIONS

X za/i."v.‘ WHERE:
X=PENETRATION IN FEET OF PLANE OF EQUAL TEMPERATURE BELOW SURFACE BOUNDARY
+=THE TIME IN HOURS THAT TEMPERATURE 65 HAS BEEN APPLIED TO THE SURFACE.
‘B= A CONSTANT FOR A PARTICULAR SET OF CONDITIONS AND'1S' DEFINED BY THE EQUATION.

/BT )| -{;.(‘e_;,.-;,_,]w—

IN WHICH:
'INTEGRAL, KNOWN AS GAUSS ERROR-FUNCTION'

‘e=BASE OF NATURAL LOGARITHMS
G= PROBABILITY
/m? ( 90'9r) -
k, C, 6“—65 .
AND o

199 93) -a

VALUES FOR B 'FOR VARIOUS VALUES" OF P AND Q HAVE BEEN COMPUTED AND ARE
PLOTTED IN FIGURES |, IA. AND IB

« FIGURES 3.4 AND4A GIVE VALUES FOR THE LATENT HEAT OF FUSION 'AND THE: VOLMTRIC
HEAT CAPACITY OF SOILS FOR VARIOUS UNIT DRY. WEIGHTS AND. WATER CONTENTS.

-FI1G. 2A- EQUATION

197

19 DEGREES

* REF[RENCE :

BERGGREN. W.P "PRED/C T/ON OF . TEMPERATURE
DISTRIBUTION IN.FROZEN SOILS* TRANSACTIONS
AMERICAN. GEOPHYSICAL UNION. 1943.

40-32 ) 32
32-19 /
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( NOTES .

. Values of contours are freezing index expressed in

degree days below 32°F. :

' ‘ 2. 5haded area indicates portion of United States .

\ SIS P : N : P within which normal cumulative rainfall for months of

! - - ' ; ‘ ‘ : . October, November and December is less than 2inches.

. S R } e . o S : Frost action criterida need not be considered at
———— —— ‘ ' - = sites located within the shaded area provided.

fZAt locations '?bove' this line a the groundwater in the spring 1s at a depth
minimum thickness of pavement greater than 20 feet.

and non-frost. susceptible base
of 9inches is required for flexible -
pavement design.
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