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- ADDENDUM NO. 1
TO ’ . .
REPORT' ON FROST INVESTIGATION, 19LL=19L5

1. snopsis.
Thé frost iﬁvestiga%ion program‘was authorized b§ the Office,
Chief ofEEﬂgineefs during the summer of 19&&; A summary of the results
of the inVestigations'conducted durihg fiscal yéaf'lghhéIQLS waé:éubiighed'

in a report entitled "Frost Investigation, 10LL=19L5" dated April 19L7.

‘The investigational program was continued during the fiscal years 1945-

19E6Vahd 16l46-19L7 for the purpose of extending and augmenting these

studies in order to substantiate the design criteria in the Engineering

Manual or to recommend revisions. A summary of the investigations and

" studies made duriﬂg the period July 1945 through June 1947 with analyses

of the results is presented in this addendum to the original report.

xiﬂgalysés are based on these additional data and the data presented in the

original report; however, repetition of dats contained in the original
report has been avoided, Based on these studies and investigations

revisions to Chapter L, Part XII of the Engineering Manual are being

recommended, -Recommendations for continued studies are also included.

2.  INTRODUCTION.

2. Authorization. The continuance of the frost investigation

program was authorized by the Chief of Engineers during the fiscal year
1945=19L6 by letter to the Division Engineer, New England Division, dated

Ly August 19L5, subjects "Frost Investigation during Fiscal Year 194,5-19L6"
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and subsequént indorsements,béﬂé'duréhg the fiscal year 19L6-1947 by letters
dated 5 July 1946 and 12 August 19hégisubjects "Funds for Invéstigational
Projects for Fiscal Year 197" _iﬁe'Ffost Effects Laboratory, established
at'the Boston District by direction of the Chief of Engineers,‘by circular
letter Noo 3221, dated.ll August 19&&@ was continuéd;

- bo Purpose. The purpose Af this report is to presenﬁ the
results of studies made and data obtained.duripgvthe frost investigation
program for the fiscal &ears 19h5=19u6.aﬁd 19&6;19b7 and to recommend -
warranted revisions to Chapter L, Part XII of'the Engineering Manual
entit}ed "Frost Conditions"o This re?brt has been prepared as an addendum
to the "Report on Frost In&estigation; 19hh=19h5" dated April 1947, heré—

inafter referred to as the original reportm

96§  Scopeo A summary and analyses of - the studlesg observatlons,

Land tests whlch were made to accompllsh “the f0110w1ng phases of the 1nvest1-
gatlop are 1ncluded in this addendums
(1) Field investigations and.tssting of the effect of
frost action auring the winters of l9h5=19u6 and |
19L46-1947 undér pavéd and turfed airfield arease |
These included tests for soilﬁclass‘ificationy
availability of groﬁhd watefg_soil temperaturesg(
énd icevsegrégatioﬁo |
(2} Plate Bearing‘fééts_én figid and flexible pa#emehts
duriﬁg normal and frbst melting éeriodso
(3) Traffic Tests at Selfridge Field, Mlchlgan, durlng

frost melting period, March 19&60
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(L)

(5)

(6)

(1)

(8}

(9)

susceptible soils non-fros

Studies of soil pfopertiesvinfluencing,freezing;
These include the performanée of laboratory tqsts
to dépermine‘the thermal conductivity'Of'frozen
cohgsionlgss matérials with diffsren£ densities and
water contents under controlled temperatures.
Mathemgtiqal studies to prediqt the rate and depth
of f:osﬁ penetrgtioh and éof;elgts_with.figld_
observations. | | :

A study 6f airfield_pavement failurqs télwhiéh,
frost,acﬁion was a cqntributing cause;

A summary'study Qf:éirfieldrpaQemeﬁts_at permanent
AiriForce installations cogstfugtgd on subgrades
subject to fro;t éction;

Laboratory studies of methods -of making frost-

 lﬁc¢?£iB1e‘by'thé .

use of»admixﬁﬁféé~andxstﬁdles;offm§thoﬁgftd’Pfe?"

vent lgaching of salt admixtﬁfes.

.An investigation of’thé rate of frost penétration
in pa#ements éhd nen-frost-spsceptible base‘cbn-
struction'materials,ahd'ofjﬁhéiefféct of density,
water content, degree of'séturation; and water
table on iéé’Segrégationriﬁ‘f}ost susceptible
pAterials in s test embank@ént‘at_DOW~Field, Bangor,

Maines.

d. Presentafion of Report. ‘This report is presentéd as & main

report with two appendices. The appendices which are presented at the

end of this report are as followss



. were selepted for further study during 19L5-19L6:

2d

) Appendlx A - Mathema+10a1 Studles of Thermal’ Properties of
| | 8011304
H Appendlx B -~ Summary Tabulatlonvof Airfield Pavements at
‘ o A1r Force Installatlons Constructed on Frost
| Susceptlble Subgradeso
e;' Definitionso The descrlptlon of tests and analysis of

resuiés inselﬁes a specialiiedvuse of ceftain tesms and words which are
defined in- oaragraph 2d, of the orlglnal report; Revised and additional
deflnltlons are contalned in the "Glossary" at the end of this addendum. -

f. B:Lbllogramhyo Addltlonal references obtained since comp11~

“1ng the blbllographv for the orlvlnal report are appended to this addendumu

..g; Acknowledgments0 In addltlon to consultants acknowledged

in original report, Dr. L. Ao Plpes”of Harvard Unlverslty ass1sted in the
mathematical studles;“ | |

N Ackncwledvment {s made to the U. 'S. Weather Bureau for
weaﬁﬁes;data farnlshed and.tg theAPost Englneers a% the various airfieidsA

for continued assistance in performing tests.

~ 3. FIELD INVESTIGATIONS -~ GENERAL.. The observations and testing of
theqeffect_ofsfrOSt4action;under paved and turfed areas were made at ten
airfields‘duringv19h5f19h6 and five airfields during 1946-1947. These

airfields are located in the northern part of central and eastern United

. States as;shewn'on Plate.l; 

The following eight airfields of the 15 studied during 194L-1945
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(1} Dow Field, Bangor, Maine

(2} Presqué‘Isie Airfield, Presque Isiey Maine
(3} Truax Field, Madison, Wisconsin
(4L} Pierre Airfield, Pierre, South Dakota
(5} Sioux Falls Airfield, Sioux Falls, South Dakota
(6} Watertown Airfield, Watertown, South Dakota
-(7} Fargo Municipal Airfield, Fafgo, North Dakota
(8% Great Bend Airfield, Gre“u Bend Kansasvv
Tﬁéwfiéidrinvéstlgatlons cons1sted of weather Observaﬁions,‘heave measufe*
ments;‘sﬁbéﬁrfé ce temperature measurements, and ground water obs@rvatlons,
ﬁhich werévsupélemented at some of the sites with periodic observations of
variétions in water oonfént, density, and ice lens fofmations in base and
suﬁéraéé.matérialso At a few selected sites platé.béaring testé on rigid
and flexible pavéments and on bases beneath figid pavéments were made to
determine fheisupportiﬁg capégify;of Ehe,paﬁeméntso
Two additional airfiéldsf Bedfnrd‘Airfieldy Bedford, lMassa«
chusetts éhd Selfridge Field, Michigan, were also investigated. Bedford

Airfield was selected for subsurface temperature measurements and the

determination of frost penetration in a non-frost susceptible base and

éubgradé beneéth both rigid and flexible;pavementso Selfridge Fiéld
we.s selected for a compréﬁensive investigation on figid pavements. The
investigations‘included traffic fe;ts with & 6¢,OCO poundvload 6n a
B-29 dual wheel ‘assembly. o

| Durlng 1946~ 19&7 fleldglnvestlpatlons were contlﬁued at five

alrflelds as follows:



(1) Dow Field, Bangor, Maine

(2} Bedford Airfield, Bedford, Massachusetts

(3} Selfridge Field, Michigan:

(L) Sioux Falls Airfield, Sioux Falls, South Dakota

(5} Fargo Airfield, Farge, North Dakota.

L. CONDITIONS AT AIRFIELDS INVESTIGATED.

8, Locationso

The two alrflelds added to those prev1ously

studied are Bedford Airfield, Bedford, Massachusetts, NeW‘England

Division, and Selfridge Field, Michigan, Great Lakes Division.

" The follbwing tabulation, in addition to theAgeographical

location shown on Plate 1, summarizes the locations, elevations, and

| general physiographys

NORTH
AIRFIELD AT,
Bedford . L2°
Selfridge 13°

b, Weathere.

WEST  ELEV. ABOVE |
LONGo - MoSoLo (Ft}) ~ PHYSIOGRAPHY
62% ¢ 130 . Rolling terrain of
low relief :
'830 - 580 Level lake plain
Bedford hés‘a normel freezing index of 680 and

a normal freezing period from 1 Decembér to 10 Marchp Selfridge has a

normal'freezing index of 520 and a normal freezing period from 1

December to 10 Mafcho

Precipitation during‘the three months prior to the freezing

period has been considered to be influential regarding the position of

' 2] : o :
the water table and degree of saturation of the subgrade at the start of

freezing. The normal precipitation for this three-month period is 10.2

inches at Bedford and 7.7 inches at Selfridge.

6
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A record of.snowfall at each airfield is presented in Fig. 3,
Plates 5-t9~8;ihﬁl§5iveo

Co Traffid History. A brief traffic history is tabulated

. for each airfield .as part dfvTable.'lo The data was obtained from Pave-

ment Evaluation Repor ts of‘19hb¢ with the addition of available subse=

quent data.

'd. Type end Condition of Pavements. The thickness and type

" of pavement for each airfield is shown in Table 1. The condition of

the pavement:éﬁrfaéésfprior to thé investigations is briefly summarized
below. ’Pévéﬁenf crack sur§eYs were made during the normal period and
afterrthevfr§stjmelting periods ét Pfesque Isle, Dow, Selfridge, Pierre,
and Sioux Falls. Thé:10qa£i6ﬁ of all test afeés cevefed by this

adderiddum, wﬁi@h»Wefe not shown oh the original report or where the

test area limits have beéh‘éhangéd are shown on Plate 2.

PAVEMENT o
‘ L . THICKNESS A . - COND1YL LUl
ATRFIELD .TEST AREA TYPE  (INCHES) | FALL OF 1945 FALL OF 1946
Dow Dand E B.C. 3.5 . " Good -scattered No change
: S ' longitudinal
cracks . along con-
struc tion lanes
F . PGC.Co 7o 0x Fair = about 20 Few addi-
. percént of area  tional
cracked " - cracks
Presque . A - . P.C.C. 7.0 - “Good =.few small No data
Isle cracks
. -C.&D . B.Co - 3,5 o © Good - few:small No data
(overlying ) cracks & depres=
2 to 3 in. A sions .~ - .
penetrated
v crushed rock) .
Bedford A P,C.C. 6.0 . Good. ~ No change

B B.C. 5.0 Good "
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PAVEMENT (CONT'D.} ‘
— TEICKNESS CONDITION

"ATRFIELD TEST AREA TYPE (INCHES) - FALL OF 1905 FALL OF 1946
Truaij' A BeCo- 2.5 = Good = minor . ‘No data .
, ‘ cracking
B . P.CoCo 6.0 Good - minor' :
' ' cracking & de- ) o -
‘pressions C ' ‘

D Boc_o 205 G’OOd

Selfridge A - PeC.C. ° 10.0 _ Fair - about 25 No change

percent. of area
cracked. Every
other lane numer-’
ous joint failures
and cracks (placed
during severe Wlnte;

c0nd1tlons)
Pierre ~ A PeCuCa 740 Good - few cracks, lo data
' minor ponding
: : condition. ,
C and D BoGCo T Good - minor crack-
o ing and depressions, .
ponding . B »
 Sioux Falls A . BeCo 2,0 . Fair = numerous _No change
. SR - cracks . : - i
B PoCoCo 6.0  Good - no cracks  Minor cracking
Waferto&n | A ‘PoCoCe 8.0 _Good »b No chéngé 
’ B . . B.Co 500 GOOd ’ . '
Fargo f_A"  B°C°  1.5 Transverse crack- No data

ing and minor de=
s . formationse

Great Bend A -~ PeCoCe  To0  Good No data

e. Bases. The Base material at Seifridye ranges from 7 to*20

‘inches in thlckness and consists of a GF materlal with from two to fxve
percent by welght finer than 0.02 mm. The base at Test Area A at Bedford
is 18 inches thick and consists of a'GW material with three per cent by

weight finer than 0.02 mm. The same material was found in Test ArealB

v




in eleven of the elements and a 31x_1nch cover 0f oorclnnd cenent

Le

with a thickness of 13 to 19 inches. ' The classifiication and gradation

of the materiéls in each test area are shcwﬁ in Figere L} on Plates 3 to
8gvinclus;ve; . - - |
f. Subgrades. In addltlon to the subg radeA501ls described 1n
the original report the materialbat Bedford in both teet areas consisted
of a well graded eand (SW-SF; With'froﬁ‘zero te ten~per cent by weight
flner than O 02 mm. and tne subvrade at Selfrldre conslsted of sandy 311t
(ML} overlying a sand (SF) with 13 to 29 per cent by NelTht flner than
OoOeymma, underlain by lean clay (CL}. All subgrade 30115 at Selfridge
are frosg susceptieleo figure h,.Piates 3 to.8,'1nelus;ve, shows the.

L . ‘
classification and gradations of the predominant subgrade soils.

go Ground Watero. Bedford and Selfridge have ground water

tables ranging fram two to approximately eight feet belor the pavement

surface.

5 vTEST SECTION, DOV FIELD, BANGOR, MAINE. A test section con-

A

structea durlng August and September 1946 was OUQerved to determine

e rate st penetration in non=frost susceptible base materials
th te of frost : tration on=frost susceptible 1 t 1

with‘rigid and flexible pavements and to study'the effect of demsity,

degree of saturation, and water supply on frost action. The test sec-

‘tlon con31sted of 1L oortland cement conc”ete cyllndera each eight'feet

hlwh and flve feet 1ns1de diameter, con*alnln« see01men materlal of -

either 01nders, sand and gravel, crushed rock or sllty clay. These
cylinders are referred to hereimafter as elements. Four inches of

bituminous concrete was placed over the various specimen materials’
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concrete was élaéed'ovér4fﬁe reﬁainihg‘three elementso.’The éffect
of shallow ground water was obb alned in four of the elements by con-
nections to a controlled Water'Supply; The rate of freezing tem=-
pératﬁfé penetréfigh in each test eleﬁent was determined by thermo-
Adouple insﬁallaﬁiohsglrfhe degreé éf saturaﬁioh, water,contenf, and ’ :

o : :
.dénsity at time of plaéing, énd pavement heave and subsidence dhring
freéZing'aﬁd frost melting periods wes determined. The Qater content |
and deﬁsity were;determined'aftg} the frost melting peridd invfour
elements in which the sﬁbgrade was placed at éklow density. A pian

.and typical section of the test section is shown on Plate e
<

6. RESULTS.

8o Tesés fof‘Soil Clas;ificafiono Labératory tests con-
sisting of sieve'analysisg hydrometer anaivsis, Atterberg linmits and .
89801f1c nrav1ty were conducted on representat*ve base and subgrade-
materlals from Salfrldve and Bedford durlng the 19&5 17u6 1nvest1gatlonso 
During 1945- 19&6 and 19h6=10h7, tests were conducted at airfields pre=- |
viously investigated for the purpose of checking and obtaining additional
data. Grain size.éiséributidn curves and olassification data for typical
materials and typical logs for ééch test éreaiare shown in Fiéure'u,
Plates 3 to Bg.inclﬁéiveo A éﬁmmary tabulation of the gesults of tésts,
including.Atte}béfg.limits; soil Qiassification andbpe?céntage of particles
finer than 0,02 mm., by weight, is-inbluded in Tablé 1o |

bo Tests for AVallablllty of Water for Frost Actlon°

(1} Precipitation. Precipitation data for the various

¢

airfields were obtained from either the U. S. Weafher Bureau Station

10
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nearest the alrflelds or from the AAF Weather Offlce at the speclflc
alrfleld. Cumulatlve ralnfall for the months of September to December
and sncw-fall record are shown in Flgures 2 and 3 on Plates 3 to 8
1nclus1ve; Tabulatlon of the records of preclpltatlon for the three
months.prlor to the freez1ng perlod for all alrflelds is 1ncluded in
Table 1o o

(2} Grocnd'Wetero’ Ground water'eievetions:in both the

subgraeetend base were obtalned perlodlcally from October to June by.
means - of observatlon wellso These measurements were aupmented by excae“
vation of test pitsAat Ueriodlc 1ntervalso The fluctuatlons of . the ground
water'table measured from the surface’ of the pavements are nlotted in
Flgure 5von Plates 5 to 8, 1nc7usive° Tabulatlon of the average depth of
the water table from the pavement surface of each test area for the normal
freezleg; and frost melting perlods is also 1nc1uded in Table lo. -

(3} Weter Content and Den31tyu Nater content and den51ty

determlnatlons of the base and subgrade materlals were ootalned 1n test
pits e#cavated durlng the normal freezlng; and the frost meltlng peflods,
and durlng the perlod when subsurface condltlons had returned to normal
generally in May or Junec‘ The speclfsc time for the excavatlon of the
test pits was based on analysis of data obtained.in previous investiga-
tionss: The varlatlons in den31ty and water content for the subgrade

and base materlals durlng these perlods are shown graphlcally for all
test areas in Flgure 9 on Plates 5 to 8; 1nclu31ve° Results are also
summarlzed in Table lo o o |

(h) Degree of Saturatlona The degree of saturation of

the base and subgrade materials during the normal, freezing, and frost

11
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" melting periods was computed‘frqm.the,Aensity (unit dry weight), water
content, and épeoific gravity of thevvarious mﬁterialso Variations.
invthe degfee:of saturation auring these periodé are inciuaed'iﬁ.?igurg
9 on Plates 3 ﬁo 8, inclusive. .The average degrees of satuféfion.ﬁf ‘.  - SR
the bése'and.éubgrade materials for the various testing periods are. | v A 1
summarized in T&Eieblo

c. Measurements of Temperature. Air Temperature measure-

ments were made or obtained at all airfields inﬁestigated._ Measure-=
ments of subsurface temperatures were made at 20 test areas in 19,5-
19&6 and at ten test areas in 19L,6-19,7.

(1} Air Temperatures. The air temperatures were ob-

tainéd'from either £he nearest U. S. Weather Bureau Station or the
A,A;F,'Wééﬁhér Officer at the airfield. At some fields, these were
supplemeﬁted by Corps of Engineer thermograéhs located at the test
areas; For e#ch airfiéid-air temberafufé éatgﬁiﬁ,fﬁé‘formréf degreéé;
day curves for the wintérs of 19245-191;6 and 19'46-1951;7; and the normal
cu;ve>ére shown invFigﬁre 1l on Plstes Ekéo B,inciusive. The normai.
.freézing indéx, the freezing index for,l9h5—19hé an& 19L6-19L7 andithe"
peréenfage of normal fér 19L5-1946 andl19h6-19h7 are included in

Tabie 1. .

(2) Subsurface Temperatures. Subsurface temperatures

were measured either by thermocouples or thermometers as described in
the original report.

At some 1ocations‘therm0meter wells were installed

&

adjacent to thermocouple installations for comparison of results. The

12



6c (2}

following table lists the fields where thermometer‘and/er-théfmdcduplé

measurements of subsurface temperature were made:

T e Lo TEST AREA '
ATIRFIELD = . BITUMINOUS CONCRETE , ' CEMENT ”ONCRETE
sﬁew.flelé; | Thermometer and Thermpeouple Thermometer and Thermocouple
Presque lsle* Ttermpmeter-and'Thermoeouple 'Thermometer!and’Thermecouple
1geeford‘ lhermbmeter.‘ : Tﬁermometer_anletermeGOuple
fruem o Ttermometer - ' - N ; _‘-“%ff,%»- - -
étoumiFells 1Thermometer‘emd—Thermocouple ThermOmeter andnTheerCOuple

: pierre | | Thermemeter and_Thermocouple‘l ThermometeriemdvTeérmeeouple
ﬁaréo‘::‘f Tﬁermometer : ‘ (Vo cement eencréte‘areas)
Wetertown . Thermometer and Thermocoeple' Thermocouple

.Selfrldge | ‘(No titeminous eencrete ereas) The rmometer

Great Bend‘ | (No bitumimous eoncrete.arees) ThermOmeter

* Thermometers and thermocouples were also installed in turfed
areaso

A study of typlcaL readlngs at three flelds durlng

_the perlod of 1nvest1gat10n shows that the thermocouples TGHGrally gave

hlgher temperature readlngs than the thermometers at comparatlve depths°
Comparatlve subsurface temperatures are plotted on Plate 10. lefer-
ences between the two methods of measurement ranged9 generally, from :
one to three degrees Fahrenhelt although some readlnos dlffered by
51x-degreeso In Flgure 8, Plates 3 to 8, 1nclu31ve, are shown plots

of the 32 F subsurface temperature from Decémber to Aor11 W1th resoect
to depthe Slmllarly olotted cn these charts is the depth of frost |

penetratlon as measured in test pltso

[
ol

13
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d. Field Measufemehts of Frost Penetration. The depth of
frost penetration and the rate, the ffdstientéred the ground was ob-
tained by observatiogs in test pits:excavatedvat the start of freezing
and extending £ the ond of the rfvrost;melting 'periédse At some of the
airfields test pits were .excavated to obtain the maximum depth of’ | h {
frost penetration onlyo’ The results of these observations are pldtﬁed-
in Figure 8 on Plates 3 to 8, inclusive. From these plots, it willbbe‘

'hoted that -there is a- relatively close-agreement between the depth'of
‘thé 32°F curvetobtaiﬁed from results of subsurface temperature read-
L iﬁgs'énd_the frost penetration obtained by observations in test piﬁs;

e. Tests for Frost Action.

(1) Ice Lénseso ,The’preéence of ice lenses was inves-
tigated by means of test pits excavéted during the freezing period.
Location and thickness of ice lenses in each»téstAarea are shown in
Figure 6 on Plates 3 to 8, incigsive° ~The$é data -are summériéed in
Table 1. Tﬁe ice lenses oﬁserved in thé subgrades occurred in non-
éontinudus horizontal layers ranging from B/L of an inch to hairline
in.thickness and-were -generally irregularly spaéed less than l/?r
inﬁﬁ géart with the lenses becoming thicker and more closely spaced
nééf”the boffom of the frost penetration. Ice lenses observed in
exég;étions during the freezing period in subgrade soils were con-
siséen£iy of increasing thickness and extent with depth at all test
areas at Dow and Truax and at Testhréa A at Preséue Isle. Sméll,
thin, scattered ice lenses were obserﬁed during the'freezing @eriod
at all ‘test areas at Selfridge, Pierre and Sioux Falls. Yo ice lenses _ v

 were found at Test Areas C and D and Turfed Area at Presque Isle and at

W :
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Bedford. No observations of ice lens formations were made at Water=
town, Fargo, and Great Bend,

. (2) Pavement Heavéo’ Duripg_19h5~19héjthe>pavement

heavs was megsured'by means of level surveys,dﬁfigg_thQ:nQ;ﬁal,
freezing; and_frost'meltiﬁg periods‘at Dow; P:esquglxsle,,T?ugx,
Selﬁridge?vPie?rgs‘Siogx'Fg}lsg Waterfown9 gnd Fargoo The amount of
h?gve is §hqwn in_Table i and in Figure 7 on'Plétes 5 ‘o §o;_fhelmgxi—
mumﬁpavgmenﬁbheavevwas O.L foot and;occurred ip.Testhrea;Dhgt ?rgsqge
AI§1Q?; quthArgabF at Dow showed thg greategt.averags_heave‘fqr the .
;gpt;re-gfegw(0g25 feet}o- Thslaﬁefage pavement heave at all ﬁe§§ areas
gggep&_tﬁoée‘gt D§w9 Presque'Isle? Truax, Sel?fidgeg andxsiogx Ealls‘
?Wgs,pragtiéélly pegligible{vbeing.}esg,th&ﬁ 0+05 foot. The pavpmgpt“
heavegwgs relétively uniform for all airfielés except_ﬁowg P?esqgé,,
Isle; and watertqwno In Teét‘A;ea C at Pierreézaﬁd Tesﬁ Afeq'B_at .
,fWatertpwn payement heavenobgervgtiQns igdicate th?t,the Qéﬁemént{atk:'» 
the'éréﬁn.did.nofjheéve but:subsidgd é ;@all amount while.thg_éavemgnﬁ
at the edges heaved;v |
During 19,6=19l7 pavement heave was measured by
means of 1evei surveys during-the normal, freezing, and frost melting
periods at bow9 Sioux Falls, and Selfridges The heave was measured
by wire liﬁe measurements at Fargo before freezing and at the ﬁime of
maximum heaveo The amount of heave is shown in Table 1 and in Figure
7 on Plates 3, 5 and 6. The maﬁimumfpavement heave éf 0.26 foot and
thq groatest aﬁeragevheave of an entire.test area (0.1l foot} occurred

. %
at Test Area F at Dow Field.. '
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fo Tests for Flexible Pavement Supporting Capacitye. ‘The -

subporting capacity of flexible pavements Waé investigated by means of
plate bearing teéts ¢dnducted dﬁfiﬁg thé nofmal.period and repeafed
durlng the frost melting perlod at Dow, Presque Isle, Truax, Pierre,
‘and Sioux Falls during 19&5 l9h6° Flgure 10, Plates 3, L, 6, 7 and 8,

' presents the average results of the plate bearlng tests.v The fiela
test procedures for plate bearlng tests during 1945-1946 were the same
as used during 19&&-19L5 1nvest1gat10ns as described in paragraph 6f,
of the orlglnal report. - The maximum ratlo of loads requlred to proauce
8 0.1 inch deflection in' the normallperlod_to those requlred to produce-
Athevsame deflection in fhe frost melting period are given belqw. Also
tabﬁlated'below‘are'the‘ratios of defleéﬁiané'?roducea auring;the frost
melting periéd by loads on a ehniﬁch diémeter steel plate after ten

,repetltlons to the deflectlons produced by the same 1oad1ng durlng the

normal perlodo The values presentedslnfeach box of the follow1ng table‘}}f""

are arranged, from top to bottom, to glve.the arlthmstlc average,;the

range of values, and the number of testso
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Sioux

melting period vse H
normal--period.-

. . Airfield Dow Presque Truax | Pierre v
' ' Isle ' : Falls
Thickness 0.5 300 . 05 205 209
Frozen Subgrade 0.6-1.0 | 268=3,2 1ol=1a5. | -2:5-266 2.9,
(feet) (5) (6} (15) (7) ()
Static Load Tests : ‘
Max. ratio of loads -; 1,8 -] 1.8 Lioly 1.6 2.7
at 0,1" deflection 166=2.0 | 1o0=203 | 307=5s0 { 1lo3=109 2.7
for normal period vs. | . (2} N C) (2) (2) (1)
frost melting period :
.Repeating Load Tests :
-Ratio of deflections 1e8% | 2.9% | 3, 1% . Lo 7w 2ok
after 10 repetitions | 1e6=2.0 | 1o8=Lo3 | 109=lje2 | 0.6=263 | 1.9-2.8
of load for frost. (2) 16 S ) (5} (3Y

Notess =

: * %k Total load on plates 25,000 pounas

) Total load on plate, 20,000 pounds (only 5 repetltlons at Dow)

A summary of all the plate bearlng tests conducted is

presented in Table 2 (Sheets 1 through 7Y

Durlng 19b6w19h7 the suoport1n~ canac1ty of flexible

ducted'during both the normal oericd and the frost

PR

3

pavements"was 1nvest1gated at_Dow by msanb_of plate bearing tests con-

elt 1ng pellodo

The field test procedure for these plare bearlnm +eot~ Wa.S 85 f”‘lﬂAns

An area 25 k/ 25 fe@t we s lald out for olate oearlng

testso

at each corner and the center,

as great a disnersion of 1ocation as possible to

Twelve teqts were conducted in the Fall (normal perlod}

- the frost melulng perlodo

; Thq sql}‘prqfl;e of thevarea was detgrmlned_from'an auger hole
: The loading tests were_performe@)with
1ve average resultsa
Tests were

‘conducted 1ﬁ groups of three at weexly 1ntervals for five wee cé during

The tests were performed by loading a rigid
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30~-inch diamebsr éteel plate-to Z0,000.pounds.and maintaining the load
until complete deflection had occurred or 15 minutes had élapsed (whicﬁ—
ever occurred first}. The maximuﬁ‘deflection'was recorded and a curve
“was plotted showing the deflections (average of tests performed on the
same day) to indicate the period.of.weakness during the frost melting
periods The average deflections for Test Areas D and E are shown‘in;

Figure 10, Plate 3 and also on Sheet 3 of Table 2..

ge Tests for Rigid Pavement Supportlng Capacity. The s&p—
poftihg.capacity of rlgld pavements was 1nvest1gated by means of ru?- |
ture tests and subgrade modulus tests conducted during the *nrmal
period and the frost melting perlod and a trafflo test at Selfrldge
conduc ted during the frost melting pericd in 1946,  The rupture and
subgrade modulus test procedures were the same as those used during
the 19hh-19hp 1nvest1gat10nSo

Rupture tests and suograde mcdulus tests were con-
ducted at Dow, Presgue Isle, Truax, Selfridge, Plerre, and Sioux Falls‘
" during the Fall and again durlng the frost melting period 1915-19L6
and at Dow Field during 19,6=-1947 to obtain the difference in'bearing
capaéity during these periods. The results of rupture and subgrade |
'mgdulué tests at the above.liéted airfields are.pfesentéc in'ﬁigﬁre
10, Plates 3, h,ré, 7 and 8. Resul s of the rupture tests are sum~
'mariied‘in the following tabulatioho Also included, for comparison,'
are subgrade modulus Valuesvfor both the nofmal and frost melting
periods. The ratios of loads at 0.1 inch deflection'during the normal

period to loads at the same deflection during the frost melting>péribd

18




6g
‘are presented, for éach airfield investigated, in-Table 2, together

with & complete summar& of plate bearing tests.

Rupture Tests on Slab Corner s Av. Subgrade Modulus
During the Frost Melting Period 1bs./sq. in./in.
Load - Slab - Max. ' Frost
Appli- Thick. Load PFail- Defl. Normal Melting
1945-19l6 cations _ (in.) "1bs, ure (in.) Pei‘iod Period Ratio
| Dow 6 7.2 60,000 No  0.28 200 140 1.4
Presque Isle 6 ~ 8.4 60,000 No  0.17 Lo 155"”"2:6
Truex 1 6.5 17,000 No  0.12 . 240 120 2,0
Selfridge 1 10.8 90,000 No  0.15 165 155 1.1
Pierre 1 7.0 58,000 Yes. 0.23 |
" 1 7.0 80,000 Yes" 0.21 _
" 1 7.0 80,000 To 0.22 160 125 1.3
" 2 7.0 70,000 Yes 0,22 | |
Sioux Falls 1 6.0 60,000 No  0.31 | | 0 75 1.2 |
" ;-. ,‘lf}  “6.0 , 705906 Y¢é¥ ;Q?h5_  ,:fb“ﬁ‘jl' : . .
" 2 6o 80,000 No J’o;hb' |
19h6-197 |
- Dow - 2 8.y 60,000 Yes  0.L3 200 135 1.5
e % 8.L 60,000 No 0,28

- he Traffic Tests at Selfridge Field. Traffic tests were

conducted at Selfridge'oh a rigid p&venwnt during the frost melting
‘periad (2+25 March 1916) to simﬁlate daily operaﬁions on runﬁa&s -
end taxiways, utilizing a 60,000-pound load on a B=29 duel wheel
assembly., A photograph and per tinent data concerning the equip=

°nt are given on Plate 11, This load on the duai wheel assembly

19




“area at the rate of 15 coverages per day (runway trafflc) and to the

6h

is,a5§gmed equija1§nt popa;h7,500_pounduloa¢ on a single wheel. Twp>

areas of the portlandﬁgémgntfgencreteﬁagron.were chosen with similar

r;pavement, base, and subgrade. condltlons and. traffic applied to one

i

- other“at,the ;atg;pf L5 cpyerages‘per day (tax1way traff;c)f The. ‘  ¥

 traffiQ;app1ied did not crack the pavement in either area with the ..

exception of -slight spallingﬂélong,theﬁlpngitudinal and transverse. ...

. dummy. :joints .with a final vertical deformation of.0.1l foot to 0.135.:

foot in the area with 15 coverages per day and 0.100 foot to 0.138. .
foot in the area with'hE coverages per day.. Complete information on -

these tests is contained in "Report on Frost Investigations and

Iraffic Tests, Selfridge Field, Michigan", dated June 19l6s

i, Studies of Soil Properties Influencing Freezing. In

studying the effect of frost action on airfield pavements and the . -
influence of the depth of . frost penetratlon, the thermal. proPartles
of frozen soils must bé oops;gered,. The principal soil propertles o
influencing freezing are thermal conductivity, latent heat, volumstg?c

:Egat, and freezing feﬁperaﬁure ofggoilfﬁgisturqo_ The igﬁcstigationti:

of these thermal properties: involved r@fiew of previous investigations
byygther§?;1gbogayory;§pgdies,handimathematicalAstg@ies of the rate
gn@{degth,Qf{fro§$ p¢psﬁra§i§pfigtoVépilsg . The fgu;:p;incipglﬁfactprs
studig@hwgr¢;$he,follpwing;,i _

(a). Laboratory studies of thermal conductivity and a re-.

view of previous investigations by others.,
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(b) Study of prev1ous lln“ves’tlgatlons made 'by others regardlng
!1fatent heat of so:.l moi sture.. o | ‘ v
S ( ) Study”of prevmus .1nvest1gat1onsi me.de. by others regarding.
vollunizetrlo heat capac:Lty of so:.lo I | | o o
. : (u) Study of prenous investigatlons made by others of the
temoerature at wh:Lch water in the s011 freezeso R

(1) Thermal Conduct1v1ty Qf So:.l.,

(a) Investlgatlons by Others., The most recent in-

vestlgat aon for determlnlng the thermal conductlnty of s011s was ’made
i,by the Un:.ver:ﬂty of Mlnnesota for the St° Paul Dlstrlct, Corps of
_AEngmeers, Uo So Army, as part of' the Permafrost Investigations. Some’
of the results from these smdles are summarized 1n Table 3 A com= |
parlson of‘ the results of thermal conductivity tests on Lowell Sand |
made 1ndependent ly by the Unlver31ty of Mlnnesota a.nd by the ‘New Eng—
1and D1v1s1on is shown on Plate 123 These tests indlcate fairly good
-agreement, although the test procedures were dlfferent.

. A dlagram of‘ th.ermal conductlv:Lty valu.evs for
cia};‘ and vsand versus de.ns1ty9 poros1ty, and degree of saturatlon, pre-
pared by Dro Terzaghlp is shown on Plate 13 Thls‘dlagram is based on
Unlversity of M:Lnnesota test datao T}w chagram shows the llmltlng

values of themal conduo tlvlty for‘clays and sand both frozen e.nd un-
i"lfrozeno As the porosltyg n, approaches 100 percent, ‘che thermal con-
Jductlv:tty of a saturated uni‘rozen porous s011 approaches the thermal

conduct1v1ty value for water, vhlch is approxlmately 0,35 BTU/ft /hr/OFo,
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fqr frozen sgtqgat9d7§oilg the thermaluoondgqtiyity of ice,.1,30
'BTU/%tc/hro/oFo; is approached. For very ?orqushsoilsvwhoge voids are
filled withnﬁif:phgﬁﬁhermgl con&uctivity approaches that of goed insu-
lating-matefialg such as ary asbestés or cotton'with coefficients of
theémgl conductivity ranging from 0,029 to 0.053 BTU/Tto/hrc/nF; As ¥
“the éorosityg ﬁ; approaehes ;¢ro the thermal cenductivity ef the spil

must approach the average thermal conductivity of its mineral constituents.

The above_relatiqnships determiﬁg thevposifions of -the horizontal tangents
o;vgsympfptqs of the cﬁrﬁés“éhawg én Plate 139

(b} Laboratory Studiés. Controlled laboratory tests

fpgvaetefﬁi#ing thermai conductivity, similar to:those perfor&ed on un-
ff;gen bgsé‘méterials during the 19&h-i9h5vfrost inVestigétiop and
described on'page 5? qf the original report were continﬁed to include
tests §n the %ame_materials in a frozen condition. The investigations
were peffofmgd in.#ge coid room‘aﬁ.Ha;vgr@—Uhivéfsity_Gréduéte School
of EngineefinggwCamyridée9 Mass...Tésfs.ﬁéré pérformed to determiné the
therﬁal condugtivity'of sand, sand aﬁd{gravel, éinderé, slag, and crushed |
rock, ali ina froéep Qonditiono These materials are non-frost suSqep—
tible andiare cpmmoply used for base cougse constructione The test.
speciméns.werelprepared as described in pgragraphyéég (2}(v) of the
origip%i repqrto ‘Bach test consisted of subjecting all sides of the
tegf cyl}#@e;'to-a constahf‘freezing temperature of approximately minus
L degrges_Ff.inside the.freeéing cabinet until femperature eqﬁilibriu@

%

wes established and them immersing it into a brine bath in the cold
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room at a constant“témpérétgre“of‘gpproximately 27 degrees F. Thé bath
consisted of cirCulgting brine héintained at cons tant temperature by the
additién of'eithervgot‘water or dry.iée aé requiredq_xThe resulting
temperature change ﬁas me asured at the midpoint of the specimen until
tempenature”eéuilib;iﬁm was.again established.

| The results .of tests made during 19,5-1946 on .
the frozen soil specimens were compgred with the results of similar
tests made during the 19hh-i9h5 investigayioné, where non-frdzen spec=
imens were testédo‘ durves for determining thevfhermal conductivity - -
f;om’the megsuremen?s"obtained§wtogether With an'example? are shan L
on Platé.lho'“Tablg:h contains a summary of test daté showing the
_comparison between @he unfrozén‘ana frézeg groups of thermaliconduc-
tivity te;tso -Platé 15 qontains a plot of the same test results to ¢
illustrate, in:generalg'the greater thermg1 cohductivity of both |
'-frbzeﬁ_gndyuﬁffb;én matefigl as the waﬁer content is incféaéedo

" '(2) -Latent Heat of Soil Moisture. The latent heat of -

'soil'mﬁisture~is directly determined from thequantity of water in the
soil whichifreeieé; Figure 1, Plate 16, shows tée reiationship betWeén
unit weightw-watef.content and 1ateﬁt heat9 assuming that allAthe.water

- freezes. - An ihvestigatibn reported‘by thé Bureau-éflPubliclRoads* is

briefly summarized in the following paragraphs: -

*"Pefcentage of Whter‘Freezable in Soils" Bureau of Public Roads,
‘Public Roads February 1925; ' :
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- (a) Bureau of Public Roads Tests. The Bureau of

I

Public Roads tests were performed to dé%ermine the percentage of water

in the soil which freezes, this percentagé determining the latent heat. -
In‘performing“the”testsg‘thefentire'S§il'wasﬂ%ubjected'to*bélcw“freezing
temperature and water content of the soil was maintained constant during : g
the téstb The*materiaIS‘tested’Were"clean quartz sand (standard Ottawa
sand ), .and soils containing silt and clay. |
These tests indiéatea'that, for. the conditions
tested, all water in & clean ‘quartz-sand froze at or slightly below O .
degrees C. (32 degrees ‘F:?) -and. from 32 to 83 percent of the water in
the soils csntaining silt and clay froze at a témperaturerf mimas 1.5
degrees C. (29;34degrees F. ), the'percenfage of water freezing depending
principally on the amount of fines. o

(3) Volumetric Heat of Soil. Studies by various inves-

?igators;§A35“summarized by’HB_Eo”Pattén'in "Heat Transference in Soils,"
demonstrated that the total voluﬁetric heat‘of a given volume of soil
is the sum of’thevvolumetric heats‘qf thé in@ividual components of the
soil, i.e., dry soil and water or ice. ~Figure 2, Plgte"lé shqws‘the
relationship between ﬁnit dry meight, watervcontent'aﬁé volumetric heat
for avgrage'valueS"of‘thefspecifip)heatS‘of soil, water and iégo

There are tabulated below & number of values er
specific ﬁeats for various soils, rocks, and minerals. Theée values
were obtained from-"Handbook of Chemistry and Physics" 19h5 Edifioné
and "Mechanical.Engineér"s,ﬁandbook"-by Marks, i9h1; Most détermipﬁ-

tions were made at about room temperature. . , <

2, ' |
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BRI 'SPECIFIC HEAT
MATERIAL BTU/(LB) (°F)

‘HA$b§§tos - 0.195

L mn o
Calcspar 0,20 |

o S

’ Cement _ 0,20
Chelk 0.21L

Clay,'ﬁry ,'6;22

Qindeval‘ ‘ 0,18

Dplo@ite | 0;222

.. (neiss 0,18

,_Gramiée_v_ ‘ ' 0,192

Hornblende 0.195

SPECIFIC HEAT

latlons of frost penetratlon is 0,20 BTL/(LB)( F)

= = R  ” . b) Freezing Temperature of Soil Foisture.

KATERIAL BTU/(LB)(°F)
Humus o,hu |
VKéolin 0.22)
Marble .0.21
Mica‘ '0.206
Quartz 6.188
Salt, rock .O°2i

Sand 0.195
Sahdstone Q,22~
‘Serpentine '0025;;
Talc voﬁgog

The specific heat based on the above tabulation as used in the calcu-

The deter-

mination of the temperature at which soil freezes was made from field

investigations,'and from a study of investigations performed by others*

which are.summarized below,

*"Degree of Temperature to which Soils cen be Cooled Without Freezinge "
by G. Bouyoucos =" Journal - of Agrlcultural Research, November 1920

“M"Ice Pressure Determination in Clay 801159" Engineering News Record,

B 25 July 1935,

“A Progress Report on an Investigation of Frost Actlon in Soils," by
Mackintosh = Proceedings of the International Confererce on Soils .

v o Mechanlcs and Foundatlon Englneerlng, 19300

"Studles of Frost Penetration," by Ho U. Fuller - Journal NoEo Water
v " Works As3001at10n, September 1940, ,
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. xi (a) Supercooling, Studies by Bouyoucos invelved
tests in coqiing cohesionlese enevcehesive soils with and without'.
agitation. ‘The tests iﬁdicateikhat oohesionless soils eaﬁ be super—>
cooled without agitationvte a ﬁemperature of 2hoh.degrees F. end
cohesive Soils’to 2% degrees F. before they freeze. eDisfilied weter 
can be sepercooled to 21.2 degrees F. before it freezes; FWith con;
stant agitatioh, it can be cooled to about 30.2 degrees F. before it

freezes.,

"(b) - Bureau of Public Roads Tests. Tests per-

formed by the Bureau of Public Roads on clean quartz sand indiceted
that the freezing temperature of soil moisture was at or slightiy below
32° F. In soils containing silt and clay 35 to 80 percent of the soil

moisture froze at 29,3° F.

’

(¢) Harvara University Tests. Two sets of tests
were perforﬁed independently at Harva}d UniVersity, both on soft clay.
In the fiest'series of testsgjthe teﬁperaturevat fhe bettom of the zeﬁe
~of ice lenses renged from minus 1.0°C. to'minu“S”2;;‘O°Ca‘(‘30;'2°F° to
28. h Fp) and in the second series of tests, the boundary temperature
between ice lenses and the unfrozen clay ranged frmn minus O. 5 C. to
minus 0. 7°C. (31.1°F. to 30. 7°F°)

(a) Observatlons by Ho U. Fuller. Observations were

made by Fuller on a gravel soil and in a clay 3011 at Portland Maine, by

eadlng thermometers 1nstalled at 6=1nch 1ntervals of depth and observ-

ing the frost'penetratlona These dbservatlons indic ated that the temperaf'

ture af the bottom of the frozen layer was-BQQSOFo for both types- of soil.
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() -Field Observations. Temperatures ranging from

ECQéOFs to 35vloF°3were obégr#éd at L9 subsurface tempefature installa-
tions dﬁring 1cLl-19L7 at the depth of frost penetration as deférhined'
fromnadjécent'test pi{:se The average temperéture'at the boundary:of
frozen and unfrozen .soil in these teszpits,which were located within

50 fieet of a temperature;measuring.installaﬁiﬂm and havinglépyroximately
the same thickéess of pavement and-base;was_}EOBOF.-.Thé temperatures
at éach.of these installations and the frost penetrationbdata_arg,§on-“
-, tained;in:Tgblé 5}

. j. Mathematical Studies of Thermal P oner* iszs of Soils.
Je ; .

A comprehensive, mathematical. study was made of the e thermal conditions

2

in a semi-infinite, homogeneous, isotropic soil mass due te.veriations

in surface éir temperaturen vThe-gtudiss are o ésented in.the formzof;
17 problems in Appendix A ‘The ?roblems dégl,with the determination
of ths;thermglvdiffusivityg‘depﬁhs‘df frost and solt penetratioﬁg*
effoct of radiation and surface film, and the sffoct of an iasulating
layer: A serieS 6f;formulae werse developeé to p?ediéﬁ the de oth of
frosﬁ penetration and seyeral 5f:these were selected}fér;éélculaﬁihg
“the dopth of frost oenetrabion ab airfields whéré’frostvabséfvaﬁiohs

were made. These studies were ernblpallj n°“iorned by Dr. L. As Pipes,

“Harvard University; :

ko Tests for Insulatlng Qualltl s ﬁf'Tﬁrf and Snow Covers
investivatioﬁs were conduéted at two Eurfed'aréasA'one at Presque lsle,
durlng 19h5 1Gu6 and .one at Dow Fleld during 19q5 -1947. _The tests con- -

ducted and observatlons made 1ncluded soil Classlflcathng_anllabllltV,
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of water for frost action, air and subsurface temperatures, ice lens

formation, depth of frost penetra£ian, ahd snow cover.
nét'plbwed at the'turfed areas.
summgrizéd
comnarisdn;
test areas were plowed and snow removed aé close to the navemnent as

practiéable,.immediately‘after‘each snow fall.

to remove

in Table 1 and chludea on

the snow completsly %o the

Results of tests in turfed =&
Plates % to 8, inclusive. For

depth of frest is also‘yiven'for paved areas.,

bare pavement,

that a layer of Jacxed snow or ice, from C

ness, covered the paved areas.
snow cover were made per 1od1g,a11J°
frost attained in”various areas at approximately the same time is

contained in the following table in which the depth of frost is tabu-

lated against the freezing index.

Airfield

Presque
Isle

1945-19L6

Dow

19L5-19L6

Dow

19L6-1947

Pavement or
Cover-

P.C. Concrete

Bit. Concrete’

Turf without snow
. Turf with snow

P.C. Concrete

"Bit. Concrete
Turf with snow -

P.C. Concrete

_Bit. Concrets

Turf{ with snow

the turfed areas, measurements of

'A comparison of the depths of

'Frost Penetration (in feet} at.
-time of Freezing Index (in =

" 'degree-days) o

105

L.0

3+5

105 )

Freezing Index (in degree-days)
. 506 Y

It was not possible
with the result

0.5 to two inches in thick-

2.6
1.2

Freezing Index (1n degree-days}

291

965

3Q2
1.1
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m. - Airfield Pavement Failures. A study was made of all reports

. of eirfield povement fai lures tOT-de_termine which failures wer’e.influenced
,:bytfrost ac‘t‘i.ono Av‘summary of the 30 airfields at whioh frost action was
a. cc’mtr-ibutiné Ifactor to the pavezrxent failure,is oo_nteined ln Table 6
together with pertinent information concerning the pavement, base, sub-

grade, water tebl'e, traffic, and nature of the failur_eo

No Summe.ry Tabulation of Airfie.ld Pavement Se From ‘data avail- ‘

able from the Alrfleld Pavement Evaluatlon Reports, the Pavement Failure
Reports‘> and from the frost 1nvest1gatlonal prog;ram, a summary has been
prepvared presentlng the pavement evaluatlon, trafflc hlstory, pavement

condltlon and other pert1nent data for all permanent Alr Force 1nstalla-)

tlons constructed on frost susceptlble subgrades. ThlS sumry ta‘m la-

tlon is presented as a complete report 1n Appendlx B of thls addendumo

j p.,“ ,Stodles of Base Course _Treetxnent to Prevent ,Frost Action.
The following sktndliies were .nade of hase course treetments with the
purpose of developing a Imethoii. of meking frost-susoeptible soils non.-
frost susceptlble. (1) a review of .premous 1nvest1gatlons performed
by others, (2) a performance of' laboratory tests to determlne the
sultablllty of varlous admlxtures and combmatlons of admlxtures to
prevent frost actlon, and (3) the performance of laboratory tests t0
determlne whether leaohlng of sa.lt admlxtures could be rete.rded or
prevented by the addltlon of tltumlnous umaterlalsp 1 .

j ‘The results of the laboratory tests using admzxtures

w1thvselected s01ls are‘contefnecl ln Table 7 Plate 17 voon\tains claesi-

flcatlon data on the soﬂs tested and Plates 18 199 and 20 show the
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amount of heave.of the various samples versus the accumulated degree-hours:

“below BEOF,; together with temperature deta.

‘A:complete description of the tests and results i s contained

in two reports dated June 1946 and August 1947 both entitled "Report on

Studies of Base Course Treatment to Prevent Frost Action.” S ) ’ ' .

7. ANALYSES.

a. Effect of Water Source on Frost Action. Observations of
soil moisture, depth to ground water table,‘and precipitation data are
summarized and presented in Table 8. From a study of the available data

no revisions to the analyses presented in the original report are warranted.

b; Efféot_of Temperafurecn.FrOSt Action. In.order to détérmine
the effect of tém?érature;oﬁ‘frost éctiéngvthe freeziﬁg»indéx and amount
of frosf action wpuld be requiréd for.a péfiéd of many yearé_at the same
teét site. A% one test'area'observatiOns have been mgde for fouriyears
and at thféeifest areas obéef?ations haﬁe begn made for three &ears.

Because of yearly variations in rate of freezing, fluctuating ground

water conditions, and limited number of years of observations, a relation-

ship betwsen freezing index and amount of frost heaving 1s not discernible.

c. Efféct of Soilen'Frost Action. For fhe oécurrénce of
frost aéfion, three conditions mustloccur.Simultaneoﬁély as descriﬁéd in
Paragraph M of the original repofte ’Thé criterion that a éi#en goil
must have more than %hreé percent by.W§iéht of sizes finer ‘than 0.02 mm.
in diameter to be‘froét suécg?ﬁiblg is substantiated in general by the ,1 ' i ' .
observationS'reporteé herein; Hoﬁe#er, with fhe exception of Bedford—;

which has a non-frost susceptihla base, the base materials at all fields
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investigated oontaih'édii‘particiesAwith more than;thrée percent by
weight. finer 4han 0,02 mm, in diameter, yét only‘OccaSional,ice crystals
were reported.  This may be éxplained either by the absence of a readily.
available water éupply or by the degfee of compaétion of the. base
'Zmaterials.m~There.are no data from these iﬁvesfigation3~to show.the
reason for.the=iaok of frost action but previous investigators have .
shown that_there:is»a critical density abové‘which ice segregation and
heaving are gfeatly diminished, if not éliminated, in frost suéCeptible'
soils. These investigations do not indicate ﬁhich soils are more sus-
ceptible. to frost action since other factors such as water availability
an&:freezing,index were different at the various‘locations»tesﬁed'and

> ~mask: the effect of the soilzfype‘on frost action.

d.. Andalysis of Frost Penetration Based on Field Observations.

A study of the actual frost ?enetrations.in4ﬁon—fr05t'susceptible'soils
af.all.sités.ipvesﬁigateq~shqwé that the.dépth éf'frOSt penetration |
versus thé.freeiing index plots as é sf;aigﬁt lihe wﬁen plotted to a.
logarithmic scale aé shown on PlateA2lo On Plate 21 there are plotted
- the freezing index versus frost penetration in non-=frost susceptible
, “$QilsAb¢negth7airfieldipavements, for the yéars 19l41-1947, inclusive.
Figurg 1. shows data for éortland cement concrete pavementéb Figure 2
for bituminous concrete paveménts, and Figure 3 contaihéldata for'goth
types of pavéments; In each figure, the design.éurve presentéd in the
original report is shown. On the.basis.of;the'additionaivdafa obtained
during these investigations as élotted on Plate 21 no changg.in the

cworiginal ‘design curve is recommended. - The design curve in Figure % may
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be used té prédict the depth of frost penstration beneath paved areas,’
: regardless-of pavement type, which are meintained snow free and which -
have bases constructed on non-insulating and non-frost susceptible
materials such as sand, gravel or crushed rock.  The mean annual air

temperature and the normal freezing index for any part of the Continental

(o

United States may be estimted from Figures 1 and 2, Plate 22. The
duration of the'normai freezing index in days may be estimated frém
Figure 3. |
Correlation of the depth of frost pénetration,ués

determinedkby test pit excavations and the 320Fa curves as determined
by either thermometers or thermocouple measurements, is given in Figure
8, Plates 3 to 8 inclusive, and indicates that for all practical purposes,:
the maximum_penetratioh‘of the BEOF;'curves can be considered as the
maxinum depth of frost penetration. '

: A_fabulation of the temperature at the depth of frozen
soil as shown in Table 5 indicatesbthat the soil mpiéﬁure freezes at -

"approximately BQOF,

N e. Analysis of Frost Penetration Based on Mathematical Studies.

" (1} Discussion of Thermal Properties Influencing Freezing.

v The principal thermal properties of soils which influence freezing are
the thermal conductivity, the latent heat‘of fusion (of water in the,.
s0il}, and the volumetric heat (of'ﬁater and soilj.

" (a} Thermal Conductivity. Analyses of investigations

made by others and of the controlled laboratory tests indicate that the

thermal conductivity of frozen cohesionless soils is greater than that of ' )
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unfrozen 50113 at high water oontentg and that the thermal conductivity

of most types of soils increg§e§.with ingreasigg water Qontent and in-
‘creasing unit-dfy weight.

Thqrmal Q6ndu¢tivi%y'studiés made for the Corps
of Engineers by the Uﬁivefsity'of.MianS§té iﬁaicate that values of .
thermal conductiVify for cohesionless materials as found in base course
congﬁfﬁcfioﬁ'rahgé'f;o@‘1;0 to 1.8 BTU/ftokﬁro/OF}‘“This rangeldoés not
‘inclﬁéé'théwofganic'sdiISTSQéh'és peat;;sdils:of'vdiéénic o%iéih§'or
.cohesive sdils which may be eipectéd‘ko'differ in thermal p}aﬁerties.
An éégﬁméd éhérmal cbnductivit& value of I;B'BTU/Tt;/hf;/bF;.ﬁaé,been
“ﬁﬁé$a ihu&6mpﬁ£ihthhe;aééthrof‘froét bénetrétioh aé contaiﬁéd in Table
9 as part of -the analy51s of the mathematlcal methode |

(b} Latent Heat of Fusion. The 1atent heat of

) soiiwhbiétﬁfé is a dlrect-functlon of the percentage of soil water thét
‘freeiééer For all practlcal purposes, all the water ‘in clean coh631on-
1ess s01ls ‘of the o GP, Sﬁ;band SP classiflcatlousbw¢ll freeze at 0;:
slighflyvbélqw'BeoFov In §ilt soils of the ML claéslflcatlon, most gf'
‘xthéHWatéf ma& be eibeéfedhfo freeze at‘épérokimately 320Fa In the
remaining soils of the GC, @M, SC, M, GL, OL, MH, CH, and OH olassi-
fica%iohs;'fﬁé‘péréeﬂtage;6f»Waterlwhich will freeze will be:iess‘than‘
the ﬁétai'WAtéf'cohﬁentg Figurejl;-Platé lé shows the rélafiohship‘
£etweéh“déﬁ51t&'in éouﬁds'pef éubié fob%'éndvlé%enf héat of fusion'iﬁ
BTﬁ bérfcﬁBic‘f60£‘for various &ateficontehts assﬁ@ing that all the water
freeéégl This figure is & nomographic- presentation of %ﬁe éraph shown
in Figure'ﬁ; Plate 22 of the original report. fhe é%éraéedlatéht'heat,
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“different unit dry weights and water contents, the following equation

7e(1) ()

where there are several soil layers at different water contents, may

be determined using the following equation:

+ + L R o , -
= % T hdp T Lgds Tl : | »
¥ ¥ T
I T T %G I

(L

where:
L is average latent heat of soil moisture in BTU per cubic foot.

, are latent heats of soil moisture in BTU per cubic

3

Li, L., L
foot in layers 1, 2, 3, etc.

d d2, d,, are thevthicknesses of 1aye;sVl, 2, Bf'in feet etc.

R 5

(note that d; *dy * d3.+‘.Q;f+'dn equals the depth of freezing).

(¢} Volumetric Heat. Based on the specific heats

of t@e various soilé, roéksland minerals, an average value of 0.2
BIU/(ib)(OFa) has been used for tﬁe‘spegificvheét of soil and values
of 1.0 and oog_BTU/(lé}(°F,} fo} waté; and ica; in all éalcglations
involvingifhé preaiction of the dépﬁh of‘frost:péneﬁfétién. ’FigureFQ | : : -
Plate 16 shows the relatiqnship between density in pounds per‘cubic

foot and volumetric heat_in’BTU'pervéﬁBig fpot per degree F.,fQ? various

water contents for béth ffozén ard nonfrézen states. This figure is a

nomographic presentaﬁion of the graph shown on Figures I, and La, Plate

22 of the ofiginal report. Wheré‘the soil isifully saturated, the

volumetric heat of the non-frozen soil is nearly constant, varying

prom LO o L5 BTU/(cu.rt.}(°F.} within reasonébleflimits of unit dry

weight and for frpgenxsoil it may be c§nsidered constant at approxi- ' ‘ .

mately 32 BTU/(cu.ft.}(°F.). Where there are several layers at
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. N
may be used to determine an average value for volumétric heat:

cld+ ¥ +...*%C d
Cydy* Cpdy * C3dg n %
T —

bt
o
b

wheres .

N

‘ "G is the average volumetric heat ih‘BTU/(Qﬁofte)(oF}){
Cl’ 02, CB; etc. are volumetric heats in frozen or unfrozen
states for iayers'l; 2, 3, ithTU/(Cuafﬁu)(oF.F etc.

,-d

s dé;kag, etc. are thickness of 1ayef 1,2, %3 in feet; etcf

determination of the values of thermal‘diffusivity e in the mAnnér
" outlired in Problems 1 EGHB;:inolusive; Appendix A, is deéendenf"5h‘the
wébbhfécy'éfftéﬁpérafufé'ﬁeasureménts at.Vafiousvdepthé,‘at’tha'same or
different tines.' w&th'the'exéeppiqn of Problem 3, the results involvé
vtheadeterminatiOnfof the slope of the temperature curve at>any given -
point-ﬁhich’may also.intrqdhée;é§m§iérr§r;
Thg reméiniﬁg préblems, ﬁithvthévexcepﬁion of
Pyoblgm;15,Lare'opncs;ne§ with the depth of freezing RN Problem 15 .
deg;s with,the effe9t ijg;qund_filﬁ andiradiatinnuv The cgmputed,“

depths of frost penetration, neglecting ground film and radiation, are

(2} Analysis of Theoretical Problems. 'The accurééy of

somewhat greater than obssrved depths, however, the difference decreases

“with increase, in frost penetration. Problems 6 and 7 neglect the latent

heat of fusion; both problems assuming that the air temperature is
periodic over a sufficiently long period so that the interior soil
temperature is also periodic. Problem 7 is further complicated by

v  “assuming that the soil is composed of two layers, the solution being
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obtained only by cUt—and;try methdd;Y'Pfdblems 8 and 9 consider latent
heat but neglect volumetric heat. Problems 10 through lh'cohsider-both
letent heat and volumefricnheat; 'Pféﬁlem 16 assumes that the temperature
_of the soil varies uniformly With the depth. Problem 17 considers the
effect on the depth of freezing of an insulation laye£ placed over the

soil.

(5} Discussion of Equations. EquationsV83,493, 154, end

" 158 from Problems 9, 10, lé-and 17, réspebtively, were selected for study
and comparison‘with observed depthsyofvfrost penetrationo The'réSults~‘

l_of cémputatioﬁs for these four forﬁﬁlae for all eirfields are contained:

in Table 9 together with all pertinentvdata necessary for the compﬁtétions.v“

Equation 83 (x = V‘thF/i) gives values which are consistently too large.’

Equation 93 [x = B xF ‘ gives values of "x" which,
TFec (v, -327 F/2t ,

though -less than those of equafiqn 8%, are still consistently too high.

Equation 154 [x = 2L kP Z §i#es y&luelof@ﬁxh which
B TFC (v, - 32+ F/2E}) |

bracket the observed values. ,Assumihg that the temperature at the sur-
face of the pavement is essentially the same as the temperature at the
bottom of the pavement, a column is?cbntained¢in Table 9.in which the

thickness of pavement is added to the predicted depth as determined by
“equation 15L. Equation 158 [x, = TS 2l, k F
| o e\ =T

v, - 327 ¥/2%)

has been used for areas having a turf.§ovaf;'"The results of these cal-

culations bracket the observed depths, but in general the dispersion is
great, with the average very High.' Also contained in Table 9 are pre-

dicted depths using the design curve (Figure 2, E.M. Part XII, Chapter L,
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July l9h6} - The -values of "x" thus obtalned bracket the obséerved depths

with  the. greatest percentage belng within 6 inches of the observed depths.

Comparison of the relative.merits of each formula is giVen belows

‘Ratios of Predicted’ Percent of
n - to Observed Depths Observations
Equetion. - . . . . Avg, Mex, Nid, Within 6 Inches

83 ST S S - . 1,60  3.39 ‘1,09 - o 6
o | 1,32 2.69 .83 29
lsh R S e9h 1.89 .58 . . L2
15l + paveo- : . 1,10 2.31 .67 5l
Empirical . . o . 1.08  1.93 .67 : 63

158 (Turf? L.95 5. 61 -2 | 50

_ o In all caleulatlens9 the averaae value of 193 BTU/
'T(ft )( F. }(hrvf was used as the coefflclent of thermal conduct1v1ty and
the full value of the latent heat was used as derlved ‘from the nomograph
in Flgure l Plate 16 Because of the 1nab111ty to determlne for eaeh

. separate layer of 3011 the exact-quantltvkof water which frezeyklt wae
assumed that all the water to the max1mum depth of’ freez1ng'wae frozen,
whlch~1s contrery to the data preseuted,and analyzed in peragraphu61(2) .
(@)o R f. C IR f.fu : f o

f. Effect of Frost Action on Flexible Pavement . Supporting

Capaeity; ‘Tﬁe paveﬁent:beefiug tests performed etADow, Pfesque Isle,

,Truaxg Plerre, Wetertowng and Sloux Falls durlng 19&3 l9hé 1nd1cate that
a reductlon in flex1b1e pavement supportlng capeclty oceurs durlnv the

" frost meltlng perlod as a result of frost action in the subgradeso The
ratio of the maximum load cau31ng 0. 1~1nch deflectlon durlng ‘the normal
‘perlod to‘the mlnlmum load cau31ng the same deflectlon durlng the frost
meltlng perlod9 is plotted agalnst the maximum thlckness of frozen subm‘

grade in Flgure l Plate 23, to 1nd10ate the relatlonshlp between the
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.depth of frost penetration and - the reduction in strength;> These data .
indicate that there is_litt1e~7ariation'in the loss‘offs%rength with
the maximum depth of frdzen:sﬁbgrédeyk‘
The pavement bearlng tests performed at Dow Fleld during
‘l9h6-l9h7 were performed u31ng a new procedure as described in Paragraph ¥

- 6f. The purpose of this new procedure.was to measure the length of the

period of weakness'in;the fleiible'pavement test areas.  The results

of the tests for the flrst normel to normal perlod cycle are not con-‘
elus1ve due to a break in performance of the tests with no tests made
durlng the month of Mav 1947 as the equlpment was needed at another site.
In Test Area D the frost began 1eav1ng the ground on approx1mately

15 March 19&7 and the flrst test was performed on 2h March 19h7° The
tests 1nd1cate that the support;gg capaclty of the area returned to
normal between 8 and 15 Aprll 19h7o There was a subsequent droe J.rrj

- supporting capaclty but 1t 1s believed. that this was caused by the

‘heavy rain that fell between 10-17 Aprll (apnrox1mate1y 2 1nches)

This indicated that the perlod of weakness due to frost neltlng was
from'three to four weeks iniTese Area Do- In Test Area E (after the
1n1tia1 decrease) there was an increase in supportlng canaclty short-

ly after the start of the frost meltlng period to a maximum about

28 March then a decrease untll abeut 11 Aprll when the supportlng

' capaclty of the runway beyan-to return toward-normaleabout 15 Aprll.]
'Tests performed in Test Area E durlng June 1nd1cated con51derable
varlatlon in the deflectlon obtalned from week to week° Also there

wa.s considerable range'ofkdef;ectlens in ehe ten tests perfqrmed'on _ | . .

28 October 1946.
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Discounting.two values in Test Area E which were 0.0L
isich gréater thah.the highest of the other ten deflections, there was
very:liftle'differegée_invthe,logd.supporting'capacityfof.the.two |
test afeaS‘during the nprmal period in'bctoberaﬁ+WithTthe exception.
of two test periods in April.and one in June. there was;very'little'L.
difference in the deflections obtained in the two test areas during '

the frost melting period.

-.go‘,Effect of  Frost Action on.Rigid,Pavement,Supporting
Capacity, Rupture tests performed on %he.top of the riéid»pavement
indicate that-fhe:load required to produce a O.l=inch deflection.:
during and ‘immediately After the frost melting period wa.s betweon
1,8 and 8l percent of the load required to produce the same deflection
during the normal period. . Correiation between the reduction,in
strength as indicated by the rupture tests and the maximum thicknass
of the frdéen subgrade, is_indicated.ih'Figure 3, Plate 23. iThea,
ratios of losds at 0.1 inch deflection of ﬁhe subgrade modulus
‘tests are plotted on Plate 23, Figure 2, against the maximum thick-
ness pf.ffozen subgrade, .and indicate that for the limited number of-
observations, the loss in strength during the frost melting: period -
is not~great1y‘inf1uenced by the maximum depth of ‘frost éenetration:‘
into.the subgrade. | | |

,_The traffic testé at Selfridge did mot cause any -
failure ;} the pavement with either the 15 or the L5 coverages per
day of the B=29 dual wheel aSsembiy loaded to 605000jpoundso,‘The"

deformation at the end of the tests was approximately the ‘same
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fof‘both>coverages. ‘The theoretlcal evaluatlon‘of the test area
as a runway during the frost melting perlod was for a h9,000-p0und
wheel load -and as a taxlway durlng the“sameﬂnerlod was for a Lo, 000~
pound wheel load in accordance w1th Chapter h ‘Part XII of the
Engineering Manual dated July 19&6 Assuming that the 60 OOO-pound
dual wheel load is equivalent to h79500,poucds on a single wheel,
the pavement was saticfactory for runway traffic but-was overloaded
by the taxiway traffic. It is possible that the fgra,ffic_ pattern of
L5 caily coverages is not sufficientiy severe or that the equivalent -
load of 447,500 pounds may be hlgh accounting for the fact that the
pavement withstood. the apparent overloadlng durlng “the. frOSt melting
period.

ho Insulation~Qﬁalities*ofﬁTurf and.Show”Cover.‘ 1nspection

of the table on frost penetratwon as presented 1n paragraph 6k, in- o ;
.dlcated ‘that the turf acts as. an 1nsu1at1ng blanket whlch appreclably
retards frost penetratlono The one measurement made ior turf with
snow cover as against turf Without snow cover, indicates. that the
blanket Ofvshow4haé prdvided additional_f%oSt*éenetration profectioﬁ;
However, the data are vcry meager and no quantitatiVe»statemenﬁs can.be
made. Ow1ng to the fact that a layer of -SNOW or . ice usually covered
the paved surfaces9 the depth of fr0st under the paved area is in-
fluenced by the thickness of'the-snowior}ice,laycf’above-it.’

i, Airfield Pavement Failures. - A study of the pavement

failure reports, indicates that the failures at 30 airfields were -

infiuencedAby frost action:. A sumuary of the data for these airfields
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is contained in Table 50 Exemination of the date indicates that 2l
feiiefes'eccufed on flexible pavements and\ié on rigid pavements. In
i%ﬁ;eilu;eS, the base was either frost-susceptible or a borderline
ﬁa;efielo In all of the failure areas the subgrade was frost susceptible.

The ground water elevatlon was reported at a. shallow depth in ten failed

areas and more than 18 feet belcw the pavement surface in 13 falled areas.

. The ground Water elevation was not reported in 17 failed areesyv_The

freezing temperature condltlons varied from- perlods of alternate freezing
and thaw1ng w1th relatlvely low cumulative degree days to a freezing
index of more than 2500 degree days.

The field evaluatlons preseneed in Table 6, fer the normal
and frost neltlng perlods, are based upon Chapter 2, dated May 19b7, and
Chapters 2 and h, dated July 19&6 Part XII of the Englneerlng Manualo
The evaluatlon for frost condltlons of the failed areas eompared with the

traffic u51ng the areas 1nd;cated that the~pavement was overloaded, or

loaded to the evaluation load in approximately 70% of the failed areas.

jo Summary Tabulation of Airfield Pavements. An analysis

of the pavements at permanent Air Force installations on frost susceptible
subgrades as presented in Appehdix B of this report, indicated that eight

airfields on which complete paVement data are available had failures or

signs of distress. The traffic history shows that seven of the eight

‘had been subjected to wheel loadings in excess of the frost condition

evaluation. Complete data are nresented in Appendix B.

'fke_ Analysis of Base Course Treatment Investigation. A study

of the data 6bteined from numerous 1aboratory~investigetions»ef soils.

1
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with admixtures of calcium éﬁiide, water repeilents‘(Stabinol ”521 and
ferrous sulphate plus 321)*9 salts (sodium and calcium chloride), port— |
land cement, vinsol. reSm and bltumlnous mterlals (asphalt émulsions ,‘
asphalt cutbacks9 tars, and ells) 1nd1cated that only two groups of
' ‘a._dmlxtures, the salts and the bituminous matenals were effective 1n.
'.preve.n.t'-i‘ng frost actio;n inut\he soils tesfed; Addi.tionél. léboratory
tests.were performed to supplement the' daté already available and to |
obtain’ 1nformat10n on admu:tures which had not been previously- tested. - |
These admlxtures con51sted of Bunker "c" oil, tar (RT=2), calcium
chloride, Darex AEA (an air entraining agent'), c’alcmm chlonde and
Bun'k‘er"f';(‘}" 0il in éofnbi;né.fiong é.nvd.calcium chloride and RT-2 in com-
bi_naﬁiﬁ'n; ‘These tests 'Su‘bstantiated the conclusions drawn from the
s'tuc'iy o'ft.previou's :inw;eéﬁigatioﬁs s .th.a't s‘a'l-‘ts‘and bituminoué zﬁabe rials
could be used effectlvely in labora’cory testé to prevent frost actlon;
Darex AEA was unsatlsf‘actory as a preventatxve of frost actlon in the o
soil with whlch it was used. | -

From a sw&y o'f’ all Atests "pe‘f"formed uéing sodium chloride
' ’and calc.lum chlorlde as adm:xtures an approxunate method of determmlng’
the quantlty of salt that should be used to prevent frost action was

developed using the air temperatums at whlch frost actlon started

i

* Stabinol consists of three parts of portland cement and one part of
a complex sal't consisting of unneutralized abietic ac:.d sodium
resinate and calcium resinate. o .
321 is a finely powdered, whi te resinous ‘substance formed by re=<
acting sodium hydroxide with rosin in such proportions. that one-
fourth of the abietic acid in the rosin in neutralized, thus re- . 4
sulting in a complex salt of three parts abie tlc acid and one = '
part sodium abietate.
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(indicated by Jh’e_’@i‘rijhg’) , the rtiiecretical.»freezi ng temperature of the -
'briheiformed}by;the salt ahd.water-ihféhe:sample at:fhe.sﬁart.of the
.test;"éndﬁthe‘void»fatié*éfffhezsampleg;*This meihed?isideseribed'in
thewreportﬂﬁeﬂerréqﬁtofinipafegraph;6p.  ‘The use*ef:saits for frost
action%pﬁeventaiiqes éffprdsyénij?teﬁperary p:Otectidn.dﬁeutoftheir o
fendency tozﬁigfafee0n“leach out of the eoiig.thereforefthey are re=
.gardedwaszunSQtisﬁqctoryCfbr:uSe;under pavemeﬂtwahere:ﬁermanent1pro-
tection is essential. S |
L ﬁfThéfﬁéierbfedfinngroperty-of'bitumiﬁouevmateriels and

the percentage of the 5011 flner than 0002 mm.. by weight- ‘are two fac=
tors . from'whlch a quantltatlve method of deslgn for’ ‘bituminous ad— -
mixturesumay;betdeveloped;f;Iffthe;WQterprqofing‘1s regarded.asibeing
effected by filling fﬁeeindsein the eeiifwith'bffuminOus meterial ..
up to a point where the entrance of. water ‘i's :prevented f' ‘then' the ‘void
ratio- w1th admlxture.of the s011 glves a measure of thls waterprooflngo
Void’ ratlo w1th admlxture is deflned as the ratlo of the volume of the
v01ds to the total volume ‘of .solids. (1nclud1ng the admlxture) For
any soxl;5therefqre55there'couId;be a~cr1tlcal‘v01d'rat10:w1thvadmix~7
ture'at’%ﬁich frost action would be elimiﬁéted;-:Such.e cfiticdl void
ratio with admiXturéFwas%well“definedAin the-tesfefperformedfusing
Bunker "C” oiliand RT-2 and appeared ev1dent for tests performed during
previous 1nvestigat10ns. The void ratio with admixture at which no-
frost action.ocourred hasybeenfplotted agafnst-the pe}Centagelby weight
of s°il‘Pafti°1§5 finer#than}oaoe mm. inrdidmeter«and?%heﬁresults‘are‘

sheﬁngon;Plateu2hos Additional'testS’usingme.Wider'variety5ofvsoils

E
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having different gradations are necéssary‘before any.definite conclu-
sions can be reached. It appears that all bituminous materials are:
not equally foective as frost acﬁion preventatives;ﬁGThose“admixtufes
which prevent f;0st~action'at the highgst void‘r;£io with g@miitdre
(that is, filling‘the;leaét~VOlume of void SPch) can be considered

the -most -effective. From Plate 2l it is, therefore, apparent that’
asphalt emulsion; "AES-1" gives thé best results, followeduby tar and - .
asphalt cutbacks and lagfiy by Bunker "C" oil.

Tests were performed using calcium chloride alone and
calcium chloride with Bunker "C" oil on a sandy silt 'seaii»-,‘in_ order to
find some methodjdf'pfeventiné'or rétardingvihe«leaching of calcium
chloride. The results of these»teétgvindicaﬁed:no:appreciable-re-
tarding of the leaching of~the*caléium chloride. |

8. CONCLUSIONS.. Based'upon the analyses of thé'data,presented. o .
herein no change to the conclusionS‘presented‘in-thetofiginalfrépoft-y
are warranted. - .- | R : |

- 9. RECOMMENDATIONS. . The following revisions to Chapter lj, Part-

XII of the Enginesring Manual as presented in the original report and
the following=con£inuéd studies are recommended:

a. Revisions to Chaptervh;'Engineering.Manual¢“It is re--

-commended that revisions tO«Chapter“h,vPart XII of the Engineering .
Manual be madet » |

(1) to clarify paragraphs under hrOla.¥COndi£ions

Affecting Frost Action™. .The criterion on .frost susceptible soils

stating that a soil containing more than 3 percent by weight of grains

N



(1}

smaller than 0,02 mm. is frost susceptible should be modified to in-

clude very uniform fine-grained cohesionless soils which may contain

_up to ten percent by weight of grains smaller than 0.02 mm. before

becoming susceptible to frost action.

(2} +to include more specific criteria for ground water
conditions recessary for frost susceptibility.

(3) to clarify paragraph 14-03 "Protection of Subgrade

for Concrete Pavéments“fby simplifying the procedure for determining

the minimum required thickness of base course material on subgrade

susceptible to frost action.

b. Continued Studies.

(1) The period during which there is a decrease in
supporting capacity of pavements during'and after the frost melting
period.

(2) The rate of frost penetration in non-frost

- suéceptible'materials and the effect of water céntent,"densityg degree

of saturation, and ground water on frost action in frost susceptible

soils., -

(3} Admixtures Whibh would meke frost susceptible
materials non-frost susceptible. |

(u} »fhe inflqehce of variOus'quantities bf coarse
materials in fine grained soiis»on frost actiéno |

(5) Thé ihfiuenée of snow cover on frost penetration.

(6) The effect of grain éize:distribution on frost

action.

15



use in thls reporto
Admixturé
Degree-day

Degree;hour

Freeéihg Period’

Frost Melting Period

Normal Period

- Porosity

GLOSSARY

The’following words-and terms in addition to thosevpresented in-Paragraph

24 of the orlglnal report are deflned w1th respect to their sPeclallzed

An admixture is' a material which is added
to & soil to prevent frost action.

'urEach degree in any one day ‘thet the mean

deily temperature varies from 32°Fo is
called a degree-day. The difference
,between the deily meen temperature and

32 °F, ‘equals the degreeudays for that day.:
The degree-days are plus when the daily -

. meen temperdture is below 32°%F. and minus

when sbove., A cumulative degree=-days=time ‘
curve is obtédined by plotting cumulatlve
degree-days agalnst time.

‘A degree=hour is: the cumnlatlve total of

degrees per hour below 32

'The freez1ng perlod is the time during whlch

~the frost is in the ground and there is
-no reduction in strength of foundatlon
materlals due to. frost -actione

The frost meltlng perlod is the time of the
year during ‘which the frost in the

 foundation materials is returnlng to a
11qu1d state,.}.

‘The normal perlod is- the time of the year,

: Summer and Feall, when there is no ree
duction in strength of foundatlon materlab
due to frost. actlono

'-The degree of poros1ty of & 8011 is defined

as the ratio’ of - the volume of voids to
“the total volume (1nclud1ng soil .end v01ds)
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. : FROST INVESTIGATION
1945-1947 )

SUMMARY OF :
FACTORS INFLUENCING FROST ACTION
OTHER AIRFIELD DATA

"WATER CONTENT DENSITY ; "1 ATTERBERG i PAVEMENT HEAVE
SURFACE UNDERLYING MATERIAL | (PERCENT DRY WEIGHT) (DRY WEIGHT-LBS./CU. FT.) DEGREE OF SATURATIOL LIMITS PRECIPITATION . - DEPTH OF WATER TABLE(FT.) FREEZING INDEX MAX. ICE SEGREGATION (FEET) TRAFFIC HISTORY
1548 - 1046 - 1947 1945 - 1946 1948 1947 1945 1948 1946- 1947 T 1945-1948 1946- 1947 1945-1946 1946-1947 1945 - 1946 19461947 DEPTH 1945- 1946 1046- 1947 W45-194¢ 194¢- 1947
TEST FROST FROST FroST ' GENERAL OF - rEksts LEwSES
PERCENT FROST FROST - FROST FROST FROST | NORMAL GROSE
SITE AREAl + r St cLassi- FiNER | NoRMAL ’::‘_}o“ wELTING | MORMAL '::ﬁo‘:‘ MELTING | NoRMAL ':f‘m"f“ MELTING | NORMAL ':::fc‘? weLTing | nomus | FREEDNG] Lo | ommar ':::2&“ verne | Liawo | pustiay | woma | ’“:" e DRAINAGE NORMAL Fﬁ:,zo":’ MELTING | NORMAL "‘iff"“ meLTiNg |(OEoReE | oeoree | OF |oeeree| oOF FROST THIGK- THICK- pericp | PLANE cv'csn..u
e Moyt | rcanon [omcuesy| Tuan | pemioo (b) Perioo | PERIOD b) "“')°° PERIOD | Tp) | PERIO0 | PERIOD PERICO | PERIO | "y ’"‘;” Pemoo | Tip) | memoo Liwy INDEX  KINCHES) woraear | "™ | omur CONDITIONS PERIOD perion | perioo | PERYP | ogqop | bars) | cavs |wommar| vavs |womwa] (FEET) s| wess | oescripTion |orvsTars| wess | oescrieTion | MIN | max | ave | min | uax fave ﬁ:n)v ar
002 uu (b) {b! () .
' 1945~ 1946
1946 1947
Bit, Come. o Base ON 3646 2«6 13.5 - (5.8)6.8 | 8.3 (15.1) [.FN 128 - 1% 120 - 132 100 . 55 - 82  [Beaplastie [Nonplastie] 11 11| 100 | 9.3 83 |Paved gutters, ditekes, 3.l 7.0 3.0 34 3.7 2.9 1275 | w21 | 11 965 | 76 Lez | L35 | Pound | - None Pound - Sooe 0.05[0.10 0,990.92 10.11[0,26 5-1042 W11 wes. | 14
[+] 3.5 everasncy] o wer| w7 | ° (20,8007 2.5 290 22U ns - 107 00 - 10, 100 - 100 100 - 100 2936 11-17 eulverts, pipe draine : 349 3.7 2.9 - Pound P-1/16 | 1aclated |Poumd |[0-1/26| Wumereus A b oo b 1.22 3 Ro 60,2000 10
E 3 E Bits Camo.| 3.5 | Base on 32-4) 3 1041 - (7.5 | 6.6 (10,9) Hl.3)9.1| 136 - 1% - WS 100 - 100 100 - 100  [Nocplsette {Renplasts and catoh basins, Surfese| el 7.0 3.3 3.6 3.5 29 Ledo | 39 | Founa | - None Pourd - Sone 0. 1710.08) . 7
o Subgragect| - Lo-9T | 2.4 - (23.6)22.5 -25.6  [(25.0)35(26.) Rhi.S| 101 - 19 108 - 102 93 - 100 100 - 100 2936 11-17 weter from landing strips 3.7 Loy 3.7 Pound P-1/16 | Ieolated None |0-1A | Tumerous | MJO % 1945 o data
(=) F | PoComos| 7,10 {Base aw  |19-23 | 2.6 8. | (7.9) 10,7 | 10,0 (9.% &2:351:.3 gg - 137 bl - - it; - 100 100 - J -“ 1 o .on.:z.a by longitodinal - 7.5 13 ;Jf ;2 ;z Les | 3.7 ;::: o.;,e 1-:::«1 ;::: = | Nom 25 p.as p.26 0.1 ::3 : :::
bgred - uo-g7 | 22. G AT X 2.8 22, . - 1 - - - 100 100 - - 111 1tohos parsllel te . - i ynd 4 sted x
TURF | Topseil 2-6 ::bn-d:gt - Lo-g7 -5 %.onl.z ’2 9 ”- (31.628, 4 - ? - - - ? - - - - - - - - g-.)é n-l; 2::: odges. P - 548 0.2 L5 2.7 15 2,2 | 2.3 [0.1°1.7 pA-3A] 172227 |Pound [o-3/2 | Bumerous |- [ - | -] -] -]~
A ] PC, Cove.f 7,10 |Base oW | 2437 | o0-7 | 104 | (8.0) fB,2)0.4 - - - 133 - wo - - - 100 - 100 - - - p 10 n{u | - « |surface water drainsd 1.2 N A - - - 2061 | 23ch | 112 . - 6.5 - Pound [ « Nazo - - - 0.10[0,250.18( = | - 1~ J b3 P7-38,000] S
w - k Subgredeac| 1-35 | 170 | (16.8) [(17.6 - - - 1n7 - 11, - - - 100 - 100 - - - 2 8 etcohes 2t outor sages Br| 35 [5-6-7e1 k6.0 FPound | - |Bairlice A 65,000 25
2 Bite Como.| 3.5 |Bese o | 22-38 | w7 63 | (10,3 ne.| - - - 132 - 138 - - - & - 100 - - - [onplestic Wonplasts ) safety strips. Rumsays - - 1 - - - 57 | = | Pouma | - Bone - b - 0.5 0. =] o |- sk 15,000 2
gu |l €' unac.el 34 | suveratecc| 10-35 | 13.6  [13.6)1.0] 15.6 - - - 15 - uy - - - & | - o - - - 30 10 hovo wnder drates iratalld 4:F |64i-8.5D.5-6.5 . poust | - Hane : o baslowdb.ze] - | - ous  [ogs.000f 20
oo Bit, Cemo.| 3, Base O 25 o-7 9.1 - (9.8)10.5| - - - 12, - w2 - - - 7 - 100 - - - lasts plasti o4 to oemtrol sprivgs aad . [ - o - - - . 575 | - ou - lano - . - S h8e65,000] 21
221 0 huvrecen. R-Z SubgredsGC| < 10-35 | 16.0 - 16.8)0d - - - 9 - 120 - - - 100 - 100 - - - 30 10 wot aress. All open and 2.5 [L5-6.8 |0,0-6.2 ;Wﬂ - - Bore . «10-30,000 16
a TURF | fopeotl 3-5 ] subgresesc| - 10-35 - (18.3) - - - - - - - - - - - N - - - - 2. 8 eloll:: Joirt pipe S'below] B85 | 85 | 5.0 - i - : L2 - ound | - Bone - - - S R L R RN R Tt ot g § IO
. sur; e, s
[=) P, Cono.| 6,9 |Base oW 18 3 L8 (10.6) - - - - 119 - - - - - 33 - - - - = [Pomplastic fomplastic| 10.2 [ 10,1 9 | 3.3 33 [Ditches, pipes and catch §d)i.5 [3.5-5.5[3.5-h.8 | - - - 680 | 825 [122 uee | ee 3.3 | 2.3 None | ~ Fone - - - = 1=1-1-1~ hsus-sudoss5,000| 7
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w face drairs.at edges of - 19U 6~19U7] No date
@ . origimal 150° rurvays. ) .. -
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Subbese GF | 18 821 6.0 (8.0 61 - - - ho - 138 - - - 85 - 8 - - - 19<53 (o) | 2%9 (o) of ruways and aprom. . Bone - Hairline o 60,000
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§ [ PsCs Como.| 7,9 Base GF 26=36 8-21 10.1 {13.1 1.2 - - - 129 - 126 - - - - 93 - 9 - - - 39=30 () | 29 (o) oollected by imlets at 6.3 |5.7-6:7 | 5.0 - - - L.o - Found D=0.05 | Bumerous - - - .06 10.38] 0.1 - - -
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A} P.C. Conc, | 10,12 | Base GP 7-20 2.5 7ok (u.sg ‘8.3 - (13,1} - 1u2 (99) 121 - - - n s) % - - - [ponplastic lastio]l 7.1 | 8.8 | 12k | 5.7 80 jPaved gutters, ditohes, Leb 5.8 3.6 Ra9-2.3 2.3 [1.L-2.1] ser [ a47 |22 600 | 115 {25 |2, |Pound - Bone Pound | - ° - p.c1 p.10]0.06f 0.02] 0,10p.06| 5—8/12 60,000 7%
w . Subgrade MYy &-3L | 25-L0 | 28,5 (18,0) | 18.5 - 59084 - al (12) | 106 - - - 78 (100) 87 - - - 26 8 catoh basins, field tile : © pe3e5el Ba9-5. [Leohds Fourd p-1/8 0,06* Fone [-1/16 Fow 8-12/4s5 L.515,000 137
© Subgrade SF 17-41 | 13.23 | 20.1 160 19.7 - 25.6 - 103 - 104 - - - -1 - 86 - - - 23 ] 2.5' below apren surfece. < - - (Total) - - - 5,000 5.
=] Subgrsde CL{ = 68 3L.9 - 38,5 - 35.1 - - - - - - - - - - - - - u6 2 Perforated drain tile at . . . - - - - -. - holis-1046] 120,000 | <1
@ N ' . edge of apron. Surfuce . - 197 |vo dats
,'LJ mater collected by satch
w [basins. Average elevatiom N
(7] s . ) Lo . jof test area iz 3.5'above
. : that of Lake St. Clair. . .
A PiCe Tono. | 7,10 |Bese GF 5-11 8-15 LN (e.s; 745 - - - w02 - 8% - - - 100 - 100 - - - 26-33 816 24 | 2a 87 - - Surface drainage supples - - - - - - 1288 (1026 | 80 - - L.o - Found - None - (g} - - - p.ocp.o3fc.0l] - | - | - Rh2A20/, 60,0000 5-200
w Subbese CL | 5-12 | 28-53 | 15,9 (15.}2 12,9 - - - 110 - 1 - - - 3 - 80 - - - 342 16=26 : mented by storw sower R Found - " Nome 9/Ai3-9A4d] 10-15,0000 ~ 50
g Subgrade CL116-38 | 34-57 | 21.6 [(15.3 LJAT.2)15 - - - 97 - 10302] - - - 80 - r3) 63 - - - 39-48 20-96 system discharging into (£) po6-3.7 | - Yone 9/lr6A4 5100000 'k
W Subgrade CH - 38-79 - - a.7 - - - - - 97 - - - - - r - - - 52-86 2348 : fopen ditches cutaide the . . . 1947 Jo date
= C8aD | Bit, Tone. 6 Base GP 5-11 T-10 647 (5.5) by - - - 126 - 137 - - - - 76 - - - 23-29 7=12 landing strips. Ares - - »11.0 - - - 3.7 - None - None -l - - - -b.oe 0.04pCOY - - -
a Subbase CL | 4~12 | 37-50 [ 13.6 (16.6) 1.6 - - - 115 - 18 - - - 79 - ‘81 - - - Lo-li3 18-23 fnaturally well drained. . Yon - Nope
Subgrade CL{ - Lo-sh | 12,7 §12,2)10.4| 1.1 - - - 92 - 95 - - - L - L - - - 38-41 19-23 - (€2] None - None
A ] PBits Cono.| 2 Base GC 10 7-12 7. (7.9) 8.2 - (847) - 137 - 133 - - - 80 - ) - - - 23 8 59 | 3.2 Sh | 20,8 [ 183 [Preined by surface rumoff.] 8.0 8.5 Lo [5497.1 Ko0-Tol |507-701] 1226 | 1311 | 108 1314 | 108 | 3.5 |35 None - None Home | = Bove  D.05D.16|0.08]0.06{0.17|0. 11 A1 A5{35-65,000 S0
x O Subbase CL [ 12 37-41 { 21 [(18.3)2.4 18.0 - (18.8) - 103 - 110 - - - 93 - 90 - - - 36~ 15-21 . [Temporery ponding relieved None 0-1/8 |Bor. & Vert] Noms | - - Bone ' 10-15,000| 20
sS4 8ubgQL orcd LS 5569 | 29.0 [(26.029.4051.0R06.1] o - 89 - 95 - - - 86 - 93 - - - St 30 by sespage into pernesdble : 30639 = [(1.0-3.6) [3.2-35]18 2.i-3.2 hoU6-15L7] Bo dats
o Sudg 8P-CL fhrtes(h)| L-26 | 15.9 - 27.3 - 15,9 - 97 - 90 - - - % - 85 - - - 16=-26 0=11 . jstrata, Drainage poor -
& & B | P.C. Conce | 6,9 |Subgrade cB[ 90 60-77 | 33.0 [(33.0)B.43L.0)B.0 - 15349 Blia7 - [ - 8 - - - 92 - 90 - - - 50-68 27 jduring flood stage and ime] L.2 | 15,2 116 pe2-32| 13,5 13.0 1. . 35 |3.3 Nono |0-1/8 [Hor. & Vertd Nome |1/52 Por. & Vert.]0.02%0.10[0.08{0.c10.11]0.04
Subgrade CL|10-12 56 - - 27.5 - - - - - 87 - - - - - 83 - - - Ll 25 ftonsive rainfall poriods. . (3-3"apart)| - - -
, Subgrade SC| - b - - - - 254 - - - - - - - - - - - - - 17 L
A | P.C.Cono. | 9,12 [Subgrade 22-25 | 18-25 - - - - - - - - - - - - - - - - - - 32-41 12-1 Ly .21 13 - = [Surfuce drairege supplee - - - - - | - 1781 |2017 113 - - 6.25 | = - - - PR - 0. o9jo.cs| - |- | - 60,000 } 100
SF-0L,8P=CL, ' | pented by storm cewers . 1) ' 16-60,000] 100
% Subg OL-CL | 1828 | 31+38 - - - - - - - - - - - - - - - - - - 36=50 12.18 [discharging into epea . L
OL & SP-CL . . [ditohes outszide the land= Bo data
= Subg OPASP - 2+ - - - - - - - - - - - - - - - - - - . |¥onplestic|Nonplastid . ing area. Fonding surfecel
5 . prater relieved by seepage.| -
s B |Bit. Cone. | 5 Bare GP 110-12 | 812 - - - - - - - - - - - - C- - - - - . 19+24 5-9 0.6 1.2 945 - - - 6.6 - - - - - - - « 0,02/ 0.p0c2| « {- |~
g Subgrade 16l | 2142 - - - - - - - - - - - - - - - - - - 30-143 1216 . (1) . GT
= 8P-0L,0L-CL ]
Subg SPorGH - 3 - - - - . - - . - - - - - - - - - - Nenpl Bonplastt )
o A | Bit, Come. | 1.5 [30il Cemsnt| 6-7 - - - - - - - - - - - - - - - - - - - - - Laé |39 (3 65 |- 135 Purfuce draimage supples § 5.3 6uly 3.0 - - - 2646 |2u63 | 93 2179 | 82 6.0 [L.e - - - - - - 0402] 0,040,05 [Ou @ 10406 [0 Ol ~15h6 | 60,000 2
g Subb CLeSF | 10-12 | 1116 - - - - - - - - - - - - - - - - - - 30-31 12 . msrted by complete under . (1) (1) - 11906 [5-25,000 P
< Subg OH-CH | 1012 | 4556 - - - - - - - - - - - - - - - - - - 69-6 29-31 ground drainage and stom \ 1947 Fo data
w Subgrade CH| - 1592 - - - - - - - - - - - - - - - - - - 73-80 L0-56 sower systoms. .
. A ]P.. Conoy 17, 10.5 |Base SF or | 5-8 217 - - - - - - - - - - - - - - - - - - 16-22 0-8 5.3 | L.6 87 - = Ipttonss and drainage imte | 10:3 12,2 1 12.¢ - - - so | 207 | Ly - -~ 2. - - - - - - . «l=] =1 -1~ |38A43 Rt.Planes| <20
- sw, sp . . R Ponds and sumps. Surfece . (1) BAS ~7/Ul |,7-220,0000 130
4% Subg CL-SP faries(n)| 23-33 - - - - - - - - - - - - - - . - - - 18-28 3-2 bonditions poor duriag .o AL-AS | 15
w & or SPCL : viods of high precipi~ . IUAS . 53
Cm Subgrade CL| = 32460 - - - - - - - - - - - - - - - - - - - 25,3 9-2l, tiea. Jols-1547 | Bo aate
© Subg. 8P, - 1-17 - - - - - - - - - - - - s - - - - - 17-20 0=5 A
oW & sP . .
BOTESs .
ilg PeCeCo thickened edge thicknesses shown by second figure, 23) Thin 1ce layer between base ®d sudtmeo,
bt) TFigures in brackets sre valuos for frosen soll, h; Tost pite indicate extremely Yarisbls rudgrade seil strata.
(o) Principal scurce of water influenoing frost sotion is from water tables (1) Depth of frost determined oBly by thermomr+e: ©r thermocouple . P
at Dow through Selfridge and Fergo sirfieldss from water tables and ebservstiome, . . .
infiltraticn through pavement at Sioux Palls, Watertown ond Great « Daghes in ocoluxns indicate that no observations have been made . -
Bend airfields; from infiltrstion through pavement at'Pierre sirfiold, to determine the speoific information, SUMMARY‘ OF e
: (6) Werr V10 Ghas Tor a1 Pariods fren wubmruny drionge rerors 7 5 ‘ ’ FACTORS INFLUENGCING FROST ACTIO
. 5=190L6. ) N .
(o) Atterberg limite for GF soil on portion paesing No. 200 sieve. . . N
(£) Borings in sirfleld ares indicate absence of water tadle at any depth B OTHER AIRFIELD DATA
liable to influence frost action. (Evaluatior report indicstes depth . . . . P

to water table in emcess of 25 fees)
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'FROST INVESTIGATION =
PRESQUE ISLE AIRFIELD,PRESQUE ISLE, ME.
1945-1946 | |
_ MATERTAL UNDERLYING TEST PLATE DIAMETER TOTAL LOAD IN POUNDS , MAX. FATIO OF . AVG, THICEKNESS MAX. DEPTH THICKNESS
TEST PEST o : TYPE . STATION OFPSET NEAREST (thickness in inches) - OF TEST — NORMAL TO FROST  OF PAVEMENT OF FROST OF FROZEN
. . AREA NO. TE OF . t - EXPLOBA - PLATE . e e e MELTING PERIOD PLUS BASE PENETRATION  SUBGRADE
v : TEST LocATI0H (foet) TIO¥ P“"?“E’" BASE SUBGRADE . 0495 inch 0,10 imoh 0420 inch LOAD FOR 0,10"
A) (8) {c) (inches) Deflevtion Deflection  Deflectien DEFLECTION (foot) (foot) (foet)
A PBT 87 8 My 1946 Rupture LoAo 62 B of W edge  T376p 843 PetoCe 32,y 2 ' 22,000 45,000 (p) 3 6.5 30
o A PBT 98 . 16 June 19L6 d LoAo 1028 * *380p 8y * 31,2 2 k000 (p) (p) ‘
a PBT 77 19 Oot 1945 . 9 e * 352p 7.2 * 31,2 = 2, 41,000 60,000 (D) : v .
A PET 88 9 May 1906 . %9 sé6e * 377p 8Jy " . 324 E 2, 32:000 w:ooo (D) - 1.3 3okt 645 3.1
A PBT 97 16 June 136 . 52449 BE * T379p 96 " 312 B 2 19,500 47,000 (D)
A PBT 78 . 2 Oct 195 LoAi6 shg " 7376p 8J, * 32,4 % 30 10,000 22,000 143,000 ‘
L PET 95 23 May 1946 8, LoA8 we " 1376p 8Jy * 324 § 30 9,000 20,000 . 301 L2 65 3e1.
A PBT 106 22 June 15L5 3;—: LoAB 86 * T380p 8J; * 312 ) 30 1,500 - 7,000 25,000
X 3 . . b - . !
A PET 79 25 Oct 19U5 £ 3 sedlly . T2E ° 352p 7.2 * : 3142 5;*8, 30 519,000 31,000 52,000 - -
A PBT 96 23 way 1946 i 52448 98 * 379p 96. ° ! 31.2 - 30 2,000 5,000 18,000 662 , 3 645 3.1
a PBY 105 22 June 19L6 o 5eAi7’ e " 379p 96 ® . 31,2 ig 30 8,000 18,000 131,000
¢ PBT B1 29 Oct 1945 7420 15 Wot ¢ 9p 3.6 2.5 2.9 £e 30 50,000 () © (D) A ,
c PBT 86 -2 Nov 195 7430 wow " *345p 3.6 2.5 2.0 <% 30 © 18,000 - 32,000 (p) .
c PBT 69 10 May 1946 7 Bw * 37hp 36 3.6 27.0 30 16,000 32,000 (p) 1.0 8.7 57 3.0
¢ PBT 99 19 June 1946 ,g 145 20E ® 378pa 3.6 3.6 18.9 e8 30 110,000 () ® ‘
: )
D PBT 82 30 Oot 1945 53 1 g * T350pa 3.6 346 25,1 G 30 26,000 145,000 (o)
B ) PBT 90 .10 May 19L6 ° 18470 2¢e * T350pa 346 36 25,1 ® 30 15,000 23,000 38,000 : 240 2.7 SeT 3.0
D PBT 101 19 Jume 1946 'g b 18450 308 * 7350pa 346 3.6 25.1 < 30 15,500 - 28,000 49,000 .
- - . & . .
D FBT 83 31 oct 1945 43 18455 aw " T375p 346 346 2L.0 § 30 27,000 L5,000 -(p) : -
P PET 91 13 May 1906 & 18470 1w " © 375 36 3.6 2.0 30 13,000 20,000 © 36,000 2.3 2.6 5.7 30
D PET 103 20 June 19U ‘ 1840 5% * T375p 3.6 S 24,0 30 11,000 25,000 Ly, 000 :
. , » ' ' Deflestion in inches @ 20,000 pounds
. . 1st 10%h
_ Load Load
) c PBT 80 26 Oct 19L5 7430 oW~ 3L9p 3.6 2.5 2l,0 - 2 037 o053 1.
c PBT 9 23 May 15i6 w0 7720 10 ° T3L9p 3.6 2,5 2.0 & 2 7L «1%0 i 2.1 Se7 346
c PBT 100 1§ June 15L6 -] 750 30E " 1578pe 346 346 18,0 G 2 077 «096 ' , ' " '
5 . . -t .
) PBT 8l 1 Fov 1545 ,§i 18/80 1w * 351p 3.6 346 25.1 £T % 2, o056 099 S \ o :
D PBT 92 1 wey 1946 = 16478 12w * 1375 346 346 2.0 SEd 2l 297 L2 : : 2.3 5.7 Sl
D Ppr loi 21 Jume 9L §§ 18425 Bw * 375 3.6 T 36 24,0 ° &g 2 216 : o256 - ' -
. _ gy
D PBT 85 1 Nov 19U5 Ee 18460 %E " . T350pa 346 3.6 25.3 %3.3 2l 063 o9 _ : >
D PET 93 1L May I9ub £ © 180 20E " 357p 3.6 3.6 252 ; 2 o105 2 2 5.7 3.3
) PBT 102 20 June 1944 4 : 18P0  30E " 1350pa 3.6 3.6 25,1 od8 2l 68 KTV
NOTES$
(A) Pavements are bituminous concrete unloio otherwige
~ : noted.
(B) Bituminous penetrated crushed 'mE.
. (C) Seant and gravel, GW classificaticm.
/' (D) Deflection not resched with available maximum load.
PRESQUE ISLE AIRFIELD
SUMMARY OF PLATE BEARING TESTS
1945-1946
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FROST INVESTIGATION
, DOW FIELD, BANGOR, MAINE ‘
SUMMARY OF PLATE BEARING TESTS
| © 1945-1946 | | |
‘ , o - _ o ) . MATERIAL UNDERLYING TEST PLATE , " DIaM, TOTAL LOAD I¥ POUNDS ‘| wax. Ba%10 OF AVG, THICENESS  NAX DRPTX mcmn
me ;e DATE or BTATION  OFFEET NEAREST Thickness in inches L OF TES? : : NOEMAL 70 FROS? OF PAVIMEN? - OF FROS? oF FROZN
ARBA 5O 237 10CAT1O0N (u(rm) EXPLOBATION : : " PLATE " e e . HELTING PERIOD rw: us; m?nn;u n:;::s
- _ v ‘ 0.05 inch 0.10 inch 0.20. tngh 10AD JOR 0,1°* Toot Poet
. : 8 PAVIMENT BASE SUBGRATE (1nches) n.nfcc?; Deflection  Deflection DEFLEC?IO8 e : *
> e 2N Bov. 1945 Static Load 18' ¥ TE8S pa 3.6 Bit, Cone, ") - 17,000 ,000%. - (D) i ) ’ '
- D g § 16 apr. 1946 : . 475 33' 8 19];1 s 6 . 1 g 12,500 . zﬁ 000* 47,000 Ly .0 » a2 da
] l' m. 19“6 *y tglu Pa 3. » [] ” 30 13,000 2]‘ 000 . “.m . Co .
P PP08 7w 1346 . 8490 o' ¥ 745 pa 3.6 * o 39 , 0 18,000 . 34,000 57,000
5 PP 9 15¥ov. 1 . e 310 65 ¥ 886 6o e 21,000 . D) 0 Xy 10
B PBT 101 19 Agri.d = . My 4zt ¥ 7940 ;: 3.6 . ) % £ 21.333 3’7‘,:333~ ' 3?(’»0 ' 20 oo >0 ‘ e
z‘ P03 7 Jen. 1946 ' e » 315 Wo's 7946 pa 3.6 ° . g | X '12 31,000 - 59,000
PO o9y 16Nev, 145 Rwtare 1/69 bty 2657 pa .27, ¢ C. 2 % '3 o 24,000 w000 (D) : | -
? e Bapr, 16 " , V>4 A'E 939 pa T.2% o @ 23 S = 2 16,000 . 27,000° 7,000 ’ & -
7 om0 Jw 19 . 203 2 s Tpa | 96 ¢ 2 - 2 2 23,000 $3:0000 Gy Lo & 5 %0
. » [l - . . .
? M R 19 Wev, 1 . Foundation Modulus 1 e 887 - ’ ° ; : . . : ' >
7m0 18 dpr. 1 e T Ve 2 1939 3a - 5 f 2 4 ;% ooe e R X | X o
¥ PT0T 12 Jun, 1946 . . o5 »s 7 pa - 2 > 30 6,000 11,000 17,000 - '
3 Doflecnoa in Snchn @ 20,000 1bs.
. 1st, 5ta.
‘ © Losd lmlinea . ) v '
3 72 9 9Tor. ) Depeating Losd 3405 35 8 2886 .6 Bit. Cane. 24 .06 ' . .08 10 I Y
3 N 97 122 . ° ¥15 35 . 2940 pa §'~5 o ? 2 .ug 168 D Lo
B  DM7105 11 Jua, 1946 . L a0 bL1 § 7946 pe hé ° . 1 24 {  .o080 .108 : ' .
D M 83 e, 1 o e g 5 8 2588 36 ¢ ug & o3 085 39 %2 0.3
3 B Sk . e 5 54 a 3.6 ¢ o % & | (n 1 : | | |
. D PP 106 11 Jun, 194§ « = ;g 15' 945 pe 3.6 . 33 v y as .080 o 116
. TEST AREA F | | o . i
1946 -1947 | | : | A o
] :-ru 108 23 Oct. 1946 Rupture 2 - 29'n 7969 pa 84 P, 0 G, 22 1 4 ‘ 1&500 28,000 45,000 ) .
PP 152 9 dpr, QN7 . 2f11 a's 71003 pe B® v a1 , o 17,500 2%,000° 37.000 : S ‘ B
7 PP 153 10 Apr. 1947 . 2409 51' ¥ 71002 pe Ba® o o 18 o —- 24 17,500 32,000 53,000 2.1 FR B ] 3.7 1) ,
Yy P11 bJu, 1947 . 2611 9' s £1003 pa ghe v . a k 9 24 32,000 53.000° ® : o T
7 mrT2 Jun, 2547 . 2 39' 8 21006 pa s v v 16 ~ 24 14,000 28, Lg,000 '
R B)] Jun, 1947 . . 09 59t 8- 71006 pa g o » 16 g 3 ‘24 31,000 7,500 (n)
¥ PBT 109 25 Oct. 1946 Foundation M\nu 2f1% 28' ¥ 7969 pa - 2 & ; 301 7,000 11;500' 19,500 ‘
P PRP 15k 11 apr, 1947 ® 211 19' 8 71003 pa - 2 - 30 2.500 9,500 16,500 ) . o -
P PBT 158 1M Apr, 1347 ) ) 209 43t ¥ 71002 pa - 18 3 32 30 “#,000 7,508 - 14,000 .5 2.2 L% 2N © Bl
P PR 173 5 Jum, 1947 . o . 209 n's 71006 pa - 16 3 C 30 4,000 8,000 14,500 | _ ) )
. ?  PB? 180 122 Jun, 1947 . .: . 2009 12: 8 2% pe - 21 f } 30 5,000 9,500 16,500 " Fot ,
P 7P 108 26 Jun, 1947 12 62' 8 1005 pa - 16 : » 6,500 10,500 14,000 SN ) Offeate of tests perforned in Assas D & B
. _ , : are measured from § of B-¥ .‘ offeite
of tests performed in Test Aves :
4 » ‘ neasured frea ¢ of taxivay A
. . ‘ ‘ ' ' o _ _ ‘ , ' ~ (D) Daflection met reached with aspimm
- ' . umhhl. load. .
© . Values ud te um-u- —n- sedine,
: DOW FIELD
SUMMARY OF PLATE BEARING TESTS
1945 -1946
TEST AREA F
1946 -1947
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FROST INVESTIGATION
DOW FIELD, BANGOR, MAINE

SUMMARY OF PLATE BEARING TESTS

1946-1947 '
TEST AREA D TEST AREA E
TEST DATE LOAD DEFLECTION AVG. DEFLECTION TEST DATE LO@ DEFLECTION AVG, DEFLECTION
NO. (pounds) (inches) (inches) NO. (pounda) (inches) (inches)
PBT 122 29 oot 1946 20,000 0,0695 PBT 110 28 Oct 1946 18,000 04,0675
123 " " 0,0735 1 » 20,000 0.,0680
12l " " 04,0650 112 .. " 0,0855
125 . " 04,0890 113 " " 0,0915
126 " . 0.0795 11 . . 0.13L45
127 . . 00850 - 040773 115 " . 0.0730 0.9888
128 " » 040750 116 » " 0,0685
129 " . 0.@65 117 " . b '000775
130 " " 0,0610 118 . » 0,0780
131 . " 0.0595 119 . ® 0.0740
132. » " 0.0880 120 29 oct 1946 " .7 040950
133 . » 0.0865 121 . _ " 041315
137 2l Mar 1947 20,000 0.1395 134 21 Mar 1947 21,200 04145
138 . . 0.2,05 0.1463 135 . *. 01485 0.1483
139 » . 0.1590 136 " . 0.1520 :
3 1 apr 1947 20,000 00895 Lo 28 Mar 1947 20,000 01350
L ® " 0,0835 00950 A . . 01310 01190
ms .. v 001120 1[;2 - . 0.@10
9 8 Apr 1947 20,000 0,0655 w6 L Apr 1947 20,000 “ 6.1395
150 .- . 0.1040 0.0937 u7 " 001715 001390
151 . » 0.1115 148 " » 041060 -
159 15 apr 1947 20,000 0,0815 155 11 Apr 1947 20,000 0.1
160 . . 040800 0.0768 156 L ‘e o.r?‘?g 041397
161 . . 0,0690 157 . " 041350
165 22 ppr 1947 20,000 01235 162 18 Apr 1947 20,000 0410
166 . ‘n 0.14,70 0,1108 163 . ‘e oo1560 01128
- 167 . . 0,0620 164 - . 040820 '
174 6 June 1947 20,000 00775 168 ‘25 Apr 1947 20,000 04,0870 )
175 . » 0,1010 0,0928 16 . . 041275 001115
176 " . 041000 170 . . 01200
181 13 June 1947 20,000 0.0705 177 6 June 1947 20,000 040920
182 s . 0,0905 0.,0747 178 i . 0.0975 001340
183 " . 040630 179 . » 0.1525 -
190 20 June 1947 20,000 0.0600 18, 13 June 1947 20, 041110
191 . . 0,0805 0,0708 185 . . 061150 0,118
192 - . " 0,0630¢ . 186 . . 040795 '
198 27 June 1947 20,000 040870 187 20 June 1947 20,000 0.0915
199 " . . 04,0570 040633 188 . . 049770 1060750
200 - L] 040550 189 . . 060565
20l 2 July 1947 20,000 '0,0815 195 27 June 1947 20,000 01165
205 . . 0,0555+ 0,0736 196 . . 040995 061063
206 . » 0,0855 197 . . . 041030 '
207 . . 0.0720
. : 201 2 July 1947 20,000 049915 -
C 202 . * 0,0855 0,0862
203 - " 040815+

' DEFLECTION IN INCHES

.00

0.0

0.04]

0.086]

0.08

0.10

ol2

014

. olé

y Ty ‘MARCH APRiL Ay JUNE
15 20 78 2 10 18 20 25 5 10 15 20 25 10 18 20 25 10 15 20 28 5 10 1B 20 20 10 18 20 28

B 10 18 20 23
MARCH

DEFLECTIONS - 20,000 POUND LOAD '

8 10 15 20 2 o 18 20 28 s 10 15 20 28

8 10 15 20 28 s 10 18 20 28 3 10 15 30 28
APRIL MAY JUNE

LEGEND ' NOTE
A - TEST AREA D TESTS PERFORMED BY APPLYING A 20000 POUND
[ ] TEST AREA E LOAD TO A 30" DIAMETER PLATE ON THE
PAVEMENT SURFACE.
NOTES1 ' ’ e

* Questiomable reading.
All tests conducted with a 30" dismeter test plate.

All tests in each test area were made within 25' .
square sections.
For looation of 1ndividun tests, see Plate 3.

htoriall underlying test plate are as followss .
Ares D 0O.);' Bituminous Concrete pavemsnt
L.0' Sand and gravel base
« Silty clay subgrade
Ares E Ooi' Bituminous Conorete ponmnt
3.2' Send end gravel base -
Silty dl ay subgrade
These doptha represent the average logs of 5
auger holes exoavated within each 25' -quAro.

DOW FIELD -
SUMMARY OF PLATE BEARING TESTS
TEST AREAS D AND E
1946 -1947
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SUMMARY

FROST INVESTIGATION
TRUAX FIELD, MADISON, WISCONSIN

1945 -

1946

OF PLATE BEARING TESTS

OCO0O0O0O0 0OQCOOO00 G0 OO0 prkbp

[-A-N-N-N-N-N-EEN NN o000

vooe >

TEST
¥o,

PBT-E4
PBT-X5
FBT-26
PBE-E7
FBT-EE

PRT-¥S
PRTE
PBT-H9

FBT-N6
PBT-UT

FBT-06

PBT-CE

PBT-C1C
PBT-C13
PBT-C15
PBT-C17
PET-C20
PBE-C2Y

FBT-CT

PBT~C9 ..
PBT~C12
! PBE~C19

PBT=C22

PBT-C11
PBT-C14
FBT-C21

PBT-C25

PBT-C16
PBT-~C18
PBT-C23

PBT-El

FBT-E
FB?-
PBT-25
PBT-X6

PET-E7

PBT-RY
PBT-RS
FBT-RE

PBT-R1
PBT-R2
PBT-R3
FBT-R4

DATE

29 Oct, 1945
22 Mar. 1946
28 Mgr. 1946
3 Apr. 1946
8 Apr. 134

2 Nov, 1945
27 Mar, 1946

9 Apr, 146

6 ‘Bov'. 1945
20 Nar, 1946

20 ¥Wov, 1945
18 Mar, 1946
21 Mar, 1946
26 Mar, 1946
29 Mar, 1946
2 Apr, 1946
5 Lpr. 1946
10 Apr. 1946

21 Nov, 1945
19 Kar, 1946
26 Mar, 1946
3 Apr. 1946
10 Apr. 1946

21 Mar, 1546
23 Kar, 1946
5 Apr. 1946
11 apr. 1346

1 Apr, 1946
2 Apr, 1946
10 Apr, 1946

31 Oct, 13}:2
19 Mer, 1

25 Mar, 1946
27 Mar, 1946
1 Apr., 1946
4 Apr, 1946
9 Apr. 1346

© 30 Oct, 1045

28 Mar, 1946
8 Apr. 1946

31 Cet. 1945
2C Har, 1946
25 Mar, 1946
4 apr. 1946

TYPE
oF
TEST

Static Load

[ ]

Foundation Modulus
: “

-] .l..“‘...

Static Load

Repeating Load
" "

STATION OFFSET

LOCATION (ir Teeot)

2411 30K

af57 300
2463 27
2465 3uN
¥58 23N
362 5%
52 258
. 2
1437 254
1¢ho usu
2401 218
2/01 218
2401 21%
2fC1 21%
2f01 218
2401 21K
2401 o
2401 ‘ 21N
2498 1y
2;35 kN
%c 1:1!
. 2498 11K
2498 e O
3498 2N
3498 218
398 218
3498 21§
2498 101¥
208 101¥
2498 101X
12405 © 2w
12405 15%
12418 23
1599 23;
12433 23
12429 15v
‘ 12421 15W
e I
265 238
11498 23
12402 15%
12426 - 23¥
12436 15%

NEAREST
EXPLORATIOR

TP-2
TP-2
TP-2
TP-2
TP-2

TP-1€
™19
™20

™P-1
TP-1

TP-1
TP-1
TP-1
™-1
TP-1
Th-1
TP-1
TP-1

TR-13
T™h-13

TP-2
-2
™-2

-5
-5
2P-5
™5

Offgots in Test Areas AGD are
measured from the ¢ of the X~V
Taxiwvay and the N-~8 Runway,

respectively

Offeets in Test Area D are
moasured frox Si edge of Apron,

. MATEBIAL UNDERLYING TEST PLATE

Thickness in inches

PAVEMERT BASE

2.5 BC 8.2 CR; 16,3 OF
2.5 BC €,2 CR; 16.3 OF
2,5 BC 8.2 CR; 16,3 GF
2,5 B¢ 8.2 CR: 16,1 oF
2,5 BC 8,2 CR; 16,3 GF
€.5 pcC 26.9 GF
6,7 PCC 28,3 orF
6.5 PCC 28.5 GF
6.7 PcC 39,3 GF
6.7 PCC 39.3 or
6.7 PCC 39,3 G¥
6,7 PCC 39.3 GF
6,7 PCC 39.3 GF
6.7 PCC 39.5 OF
6.7 ¥ 39.3 oF
6.7 PCC 39,7 GF
6,7 BCC 39.3 OF
6.7 FCC 39.3 GF
6.0 PCC 52.5 GF
6.0 PCC 52,5 GF
6.0 PCC 52,5 GP
6,0 PCU 52,5 GF
6.¢ PCC 52,5 GP
6.5 PCC 28,5 GF
6.5 PCC 28.5 OF
6.5 PCC 28.5 GF
6.5 PCC 28,5 Gr
6.5 PCC 51,5 GF
6.5 PCC 51,5 GF
6.5 PCC 51.5 GF
2.5 BC . 1£,% CR; 24,0 0F
2.5 BC 18.5 Ck; 24,0 a¥
2.5 BC 18,5 CR; 24,0 oF
2.5 BC 18,5 CR; 2uL.¢ GF
2.5 BC 18.5 CR; 24.0 GF
2.5 BC 18.5 CR; 2L,0 oF
2.5 BC 18.5 CR; 24,0 GF
2,5 BC 8.2 CR; 16,1 GF
2,5 B¢ 8.2 CR; 16,1 a¥
2.5 BC 8.2 CR; 16,3 GF
2.5 BC 18.5 CR; 24.0 oF
2,5 BC 18,5 CR; 24.0 oF
2.5 BC 18,5 CR; 24.0 oF
2,5 B¢  18.% CR; 24,0 oF
PCC ~ Portland Cement Concrete
BC « Bituminous Concrete
cn = Crushed Rock

cL) Casagrande Soil Classification

SURO RADE

SILTY CLAY (CL)

DIAM,
OF TxS?T

PLATZ
(inches)

24

=30 —=

-— 2 —

TOTAL LOAD IN POUNDS

(] [~} @
0.05 inch 0.10 inch 0,20 irch
Deflection Deflection Deflection

26,000 Le,000* -
5,000 8,000° 15,000
8,500 13,000 20,500

10,000 17,000 29,000
9,000 14,500 . 23,000
7,000 11,000* 17,500
4,000 6,000* 10,000
5,000 6,500 10,000

10,000 1k, 000* . 21,500
4,000 6,000* 10,600

us,000* (p) (p)

31,500 46,500 (D)

28,000° 50, 000 » (D)

34, 000 () (D)

k2,500 (D) - (D)

42,000 () : (p) .
8,000 (p) (D)

. 500 () (D)

38,000° (o (D)

28,000 44,000 (D)

22,500° 42,000 o (p)
25,000 52,000 (D)

26,000 54,000 (D)
23,000 41,500 (D)
22,000 41,000 (D)
24,000 48,000 (&)
19,000 40,C00 (D)
<0, 500 39,000 . (D)
29,000 {p) (D)
26,000 (D) ()’
30,000 50, 000* ()
7,500 13, 500° - 28,000
13,000 23,000 hs 000
13,000 22,000 7.500
15,500 26,000 6,000
15, 500 25,000 40, 500
16,000 26,000 48,000

Deflection in inches @ 20,000 lbs,

1st, Load 10th Repetitioa
054 .073
.189 : . 305
.190 ) .287
.0ug . 061
k2 196
.108 .10
.075 .113

® YValues used to deterrine maxioum
ratio,

(D) Deflection not reached with maximus
available load.

MAX. RATIO AVG, THICKNESS MAX. DEPTH  THICYNESS
NORMAL TO FROST OF PAVEM:NT OF PROST ¢F FROZEM
MELTING PLRIOD  PLUS BASE PENETRATICY  SUBGHADE
AT 0,1" DEFLEC— (Peet) (Feet) (Feet)
TION
5.0 2.3 3.8 1.5
1,8 2.9 4,0 1,1
2.3 3.8 4.0 0.2
1.6 @ 3.8 ) 0.2

0,05 Defl,

.7 e .9 W0 0.0

| 0.05" Derl, '
2.9 T e 1.1
L8 4,0 0.0
3.7 3.8 1.9 i
2.3 3.8 1.5
3.8 4.9 1

TRUAX FIELD
SUMMARY OF PLATE BEARING TESTS
1945 -1946
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FROST INVESTIGATION |
SELFRIDGE FIELD, MICHIGAN |
SUMMARY OF PLATE BEARING TESTS
1945- 1946
7 . - — L
- MATERTAL UNDERLYING TOTAL LOAD IN POUNDS LaSs e Py w2
- S TEST PLATE DIAMETER ' ofEs8 |woE e =3 S&
TYPE STATION o= Thickness in Feet OF : | Fo¥ar |[£8" E%“‘ §§§
OF o =3 TEST  |e 0.05 inch|e 0.10 inchfe 0.20 inch| =~ 228 |F =z = Ak s 204
LOCATION w J | Portland 2=_2 |=535— et S& e
TEST (1) =% Cement Base Subarad PLATE ' [deflection |deflection [deflection | <R32 W [<S=2 w R — -
‘ (i GF grade : ' <SxwWo o == o =<oS T O~
Concrete SS=2 —o < = -~
‘ Paveme n‘t . v m ' -——"z %J
N . . :
PBT-1 |13 Nov. 1945 | Foundation Mod. [4+57.5W, 0+32N | TP-2 | 0.85 | 0.85| ML-SF 30" | 6600 9650 * |- 14500 .6 1.7 2.9 - 1.2
PBT~2 | 4 Dec.l945 | - " " ‘_|+37W, 14+09.5N TP-1 0.90 i.oof " " " 5000 7600 12000
PBT-3 |15 Mar.I946 | " " |4+77W, 0+36N TP-9 0.85 0.94f " " " 4300 6200 -k 1050C
PBT-4 117 Mar.|946 " " I+82W, [+35N TP~10 | 0.90 (2) l.4yo] " " " 6800 10700 - 16200
PBT-5 | 5 Apr.|9u6 " " 5+20W, 0+92N TP~11C} 0.90 P14 " " 8050 13750 227060
PBT-6 | 6 Apr.l9u6 L " 12+20W, 0+92¥ { TP=12C| 0.76 1.65] " " " ‘IOOOO 17300 -———
PBT-7 |I4 May |9u6 " S 1+82.5W, I+14_5N [ TP-I4 | 0.96 1.45 o : " 4400 6300 9100
PBT-8 |16 May 1946 " " [4+82.5W, 0+64.5N | TP-15 0.90 | 0.80 " " 4800 7000 ————
PBT-9 | 8 Mar.1946 |Rupture 1+00W, O+4ON TP-13W| 0.90 (Ave) 0.65| = n 24" 52000 —— S
PBT-10{ 12 Mar, 946 | " " o " " AL L " 51500 - —
PBT-I1[I4 Mar.1946 | " " " " " A L " 43750 - ——-
. PBT~-12] 15 Mar. 1946 " ‘ " " R " : " " v A 37500 ——— —_——
PBT-13|19 Mar. 1946 " ' " S ‘ " " " " "o " 41000 ———= -—— 1.5 2.9 1.4
PBT~14]22 Mar. 946 " : " R " " " " "o " 40750 79300 ~—--
PBT-15{25 Mar.[9u6 " " o : " " " " "o " 32000 72750 -—--
- PBT-16{27 Mar.|946 " " " " " " " " " 30000 61500 ——
’ PBT-17{29 Mar. 1946 " ' " " - " Bt " " "o " 20500 . 62250 ==
PBT-18| | Apr.I9ug | " " " " " L " 22500 61000 ~=--
) (1) Offsets measured from the south edge of apron.
' o 2 Pavement removed before perfommg test
(2)
\ -~ % Tests used to determine maximum ratlo

SELFRIDGE FIELD
SUMMARY OF PLATE BEARING TESTS
1945 - 1946
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FROST INVESTIGATION R ‘
PIERRE AIRFIELD,PIERRE,SOUTH DAKOTA

SUMMARY OF PLATE BEARING TESTS

1945-1946 ‘
TYFE : o PES 5 4 3
£ . . VMATERIAL UNDERLYING TEST FLATE DIAM, . TOTAL LOAD IN POUNDS : UMAX. RATIO OF AVG. THICKNESS MAX, DEFTH THICKNESS
TEST TEST OF STATIOR OFFSET NEAREST (Thickness in inches) oF TEST : ! NORMAL TG FKOST ~ OF PAVEMENT - CF FROST CF FROZEN
AREA NO. DATE TEST LOCATION - (in Feet) EXPLORA- - PLATE e e e MELTING PERIOD  FLUS BASE PENETRATION SUBGKADE
(1) TION (1 i ) 0.05 inch 0410 inch 0.20 inch i,CAD FOR 0.1" (Feet) (Feet}' (Fedt)
: PAVEMENT . BASE SUBGRADE 1 inches Deflection Deflection- Defiection DEFLECTIOR ]
A FMT 5 16 Nov. 1945 35eL,3 62 Rt TP-12 - 7 GF 7,000 10,920+ 17,500 - 240 1.2 L.a 2.8
. FMT 6 16 Nov. 1945 " 35el2 32 Rt . TP-11 - 5.5 " L,z00 8,840 16,140
" FNT 10 5 Mar. 19L6 A 35960 36 Rt . TP=15 - 5 " é,140 10,180 16,530
" FMT 15 7 Mar. 19L6 ; 35476 51 Rt TP-1; - 8.5 " 3,830 7,570 12,070
: FMT 15 19 Mar. 1946 = 35997 L9 Rt TP=16 - 7 " 3,500 5,300 9,670
. FMT 20 15 Mar. 1946 g 36403 L9 Rt TP-16 - 7 " 20 ‘ 3,680 5,Lece 8,950
. . FMT 23 25 Nar. 1946 it 36463 36 Rt TP=17 - 7 " 3,919 6,LE0 16,760
M FyT 2l 25 Mar. 1946 4 35497 26 Rt TP-17 - " L,360 Ts343 12,010
FYT 28 31 Yar. 19L6 i 36403 26 Rt TP-16 - 6 " L,1%0 6,960 11,270
. EMT 29 31 Uar. 1946 8 35957 26 Rt TP=18 - 6 5,250 6,960 13,800
" _FMT 34 22 Apr. 1946 “ 36402 60 Rt - TP=-19 - 7 " 3,73 €,60 16,540
: FMT 35 22 Apr. 1946 35498 60 Rt TP-19 - Y S Y . b,Léo 7,236 11,780
. . . ,m RO .
" PBT 7 16 Nov. 1945 35932 LS Rt TP-11 7 Pec S GF - { 27,5 L, 55,0 (a;
" PBT 13 6 Mar. 1946 7 35460 L9 Rt TP-13 " o. g " & 23,450 LL,,8C0 62,2l0 ; _ : . .
" PBT 17 15 ¥ar. 1946 v 35488 L9 Rt . TP-16 LI i ada 2 EEVICEN 36,4,00% 56,850 1. 1.2 Lo 2,8
" PBT 26 27 Mar. 1944 & 36219 Lg rt TP, "o 85 " Ao 2,500 27,650 55 ,LCC
. PET 27 31 kar, 19L6 S 36015 26 Rt P-18 . . 6 v e 30,000 55,750 17,730
" PBT 37 2. apr. 1946 E) 36920 76 Rt TP-19 LI 7 " 3‘5 o 31,580 50,880+ 3,250
* . oo~
» PET 8 16 Nov. 19L5 2 35eLs7 26 Rt ©oTPell 7 PCC 5 GF Cha } 20,L00 Li2,500 (a) - . : :
M PBT 1, 6 Mar. 1946 o 35475 61 Rt TP-1l "o 8.5 " »8 e 21,570 LL, 150+ 70,000 (B) 1.0 1.2 - L.o 2.8
" PBT 18 15 Mar. 1946 s 35088 36 Rt TP-17 "o 7 " k38 2 23,500 16,100 67,700 .
" PBT 25 27 Mar. 1946 - 36951 . 36 Rt TP«17 L] 7 0" d 26,100 13,500 76,300
" PBT 36 24 Apr. 19L6 36420 63 Rt 1P-19 "o. 70" ‘ " 22,000 Lb, 340 €5,260
c PBT 2 15 Nov. 19L5 . 3Le05 L5 Rt TP-11 1.5 AC 12 GF 23,700 41,350+ 62,800 1.3 S 1la 3.7 2.6
oo PBT 12 6 Mar, 1946 ) 3L+20 L5 Rt TP~12 . 12" 20,660 32,040+ 52,140 ‘
. : " PaT 32 19 Apr. 19L4€ § 3L439 L5 Rt TP=-16 " 12" 244,650 38,150 62,320
. PBT 4 15 Nov. 19LS 3 3Le15 5 Lt TP-13 6 AC 9 GF 30 50,720 © 69,600+ ON 1.9 1.2 3.7, 2.5
" PBT 9 5 Mar., 1946 + 34,420 51t TP-16 L] g.5 " 3,550 sl;,150 86,000 :
. PBT 21 20 ¥ar, 1946 5 3Le30 5T TP-16 " 85 " l 26,800 Ls,700 73,L00
< " PBT 33 19 Apr. 1546 - : 3L4el5 <L TP-15 " 8.5 " . 2,660 36,500+ 56,850
Deflectici. in inches @ 25,000 1lbs.
lst Loading 10th Repetition
. ° 4
- " PBT 1 15 Nov. 19L5 o 3Le10 C SRt TP-12 6 AC 8 GF by . .ess L .067 ‘ 1.2 3.7 2,5
" PBT 11 € Mar, 1946 - 2017 L Rt TP~11 " g " g2 f .00l o JA36 . o
" PBT 22 20 Mar, 1946 3Le35 S Rt - TP=1 " £ 2% ol - _ - J0BS .128 ’
" PBT 30 17 Apr. 2946 2 3Lalo . 5Rt TP-14 " 8" oD .108 .15,
. @ ~ o~ o
" © PBT 3 . 15 Nov. 19L5 % 34905 L5t TP-13 1.5 AC : " 12 GF e d 121 169 1.2 3.7 2.5
" " PBT 16 8 Mar, 1946. e 33998 L2 1t TP-13 " 12" E g 06 .098 C ‘
. PBT 31 18 Apr. 19L6 : 35430 L2 It TP-16 " 2" £ 085 12l
(1) Offscte in test arewe & & C ere measured : : (A) Pavement rupturec Lefore deflec’.ion
from the SW edge of the apron and frum the , reached .
‘f of Texiway No. L respectively. ' (8) Second application ot 70,300-pound
: . loading
(C) Deflection not reached with aveilable
maximun load.
* Tests userd to determine maximum
ratio
-PIERRE AIRFIELD
SUMMARY OF PLATE BEARING TESTS
1945-1946
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FROST INVESTIGATION
SIOUX FALLS AIRFIELD, SIOUX FALLS, SOUTH DAKOTA

SUMMARY OF PLATE BEARING TESTS

1945-1946
YPE VATERIAL UNDERLYING TEST PLATE DIAM. ‘ MAX, RATIO OF AVG. THICKNESS  UAL. WIFTE  TEICKIESS
- - | i oFFSED AEAREST (Thiokness in irches) F TEST : NORMAL TO FROST OF PAVEMENT CF FKOST OF FROZEN
AREA NC. DATE TEST STATION (in Feet) EXFLOPATION ( PLATE ) D°"175 inch 0.10 inch 0320 inch "?3;“20?3’;‘;’? ”‘(’ieﬁﬁz mfﬁﬁ:ﬁ“ S%;fz:?z
. in inch flecti fle G Ce ‘
) PAVEMENT BASE SUBGRADE n inches eflection Deflection De; lection DESLECTION
B FMT L, 10 Nov. 19L5 Le90 9 Lt TP 1 - - c
. FMT 5 11 Nove 195 LsS2 25 1t TF 2 - - ;'?gg 2"233. : %‘?28 1.3 0.5 345 3.0
" FMT 10 17 Mar. 1946 8w 5420 L 1t TP 6 - - . 2'300 L.'lco 6'620 ’ ) ) )
" FMT 11 17 Mar. 19h6 o . 5920 8 It TP 6 - - 30 2,690 L. €50 7,750 '
4 FMT 17 28 Mar. 1946 98 Se32 8 It TP 8 - - 21520 L. 260 6,150
" FMT 18 28 Mar, 1946 3 S 5e32 2 Lt TP 8 - - PN e'uso 3'990 5'730
: F‘m' 23 . 7 Mey 1946 4 S5e32 22 1t TF G - - %3 2:560 h:520 7:5b5
A mr. 2l 7 May 1946 Se32 27 Lt TP 9 - - 58 Y 2,100 3,980% 7,000
) . 4 P
B 5 . . - . i . /
foomp oy I A I : G mm wm am | s e
" PBT G | 16 Mar, 19L6 o 5217 9 Lt TP 6 " - S = if. ';33 g;'ggg' Eg’gég
" PET 12 18 war. 1046 . %8 5420 18 Lt P 5 " - 55 18,190 29,600 55680
n PBT 1 25 Mar. 19L6 g8 5¢32 19 It TG " - mr 2l 18,950 o550 56,080
” PBT 1y =~ 29 Mar. 1946 B3 5919 Lo 1t TP L " - 119,300 35’050 50'750
A PET 20 29 Mar. 1946 A 5919 9 Rt TP 6 " - 13"%70 27’810 - h}’hho
4 PBT 25 8 May 1946 Se3l, 9 Rt TP 8 " - 17.000  35.300 0,370
. PET 26 8 ¥ay 1946 Se3l, L9 Lt " Y , S T
° 9 TP 7 - 21,1¢€0 37,650 59,000
A PBT 2 10 Nov. 1 A o '
Poome ommw . om af 0 opno |k ks : me o pae omp | oW e e
. PBI 13 20 ¥ar, 1946 ¥F Lobs7 2 Tt TP 10 " 10 " gk 30 L350 8,700 16,000 |
’: PBT 15 26 ¥er. 1946 B 3073 8 1t TP 12 " 10" gs : 6:500 12:300 21:550
PBT 21 30,Apr. 1946 573 8 Rt TP 11 n 10" o5 5,810 16,100 25,350
g
©83 Deflection in inches @ 25,000 lbs.
. ' ) g o 1st Loading 10th Repetition
3 . +
A PBT 1 10 Nov. 1945 o L225 on P 10 " o £49 - 3
" PBT 8 U war, 1946 8 Le18 on TP 10 v 1o @ aﬁ Ié«?ﬁ f?? e i =
. PET 16 26 ¥ar. 19Li6 8 3480 8 Tt TP 12 - 0" 5% 405 .69
i PBT 22 2 My 1946 2 3963 - 7 Rt TP 11 \l 10 " Qe ‘ 302 180
(1) oOffsets in test areas A & B are measui'ad from * Values used to determine maximum
the Z of Taxivay 2 and the Apron respcctively, . ratio. ‘

SIOUX FALLS AIRFIELD
SUMMARY OF PLATE BEARING TESTS
1945-1946

Sheet 7 of 7 TABLE 2




THERMAL CONDUCTIVITY OF €O ’ ‘ o
HESIONLESS SOILS GRADATION OF MATERIALS TESTED
Tests conducted for the Corps of Engineers . : -
U.S. Army by University of Minnesota .
— Yﬁvs-mml Inches WWS‘MNM fydromete:
- . 100 i 024 053 037 3 “ ? ? I'D l'l 20 28 2 8 l‘ 2 150 200
SOIL SPECIFIC - WATER DEGREE OF THERMAL CONDUCTIVITY UNIT DRY N\
TESTED GRAVITY. " CONTENT SATURATION BTU/(FT)(OF)(HR) (1) WEIGHT N -+
v | (3 dry weight) % - [unrrozen | rrozew  |(Lbs-/cu-ft.) { SATAN ,//0”“”’" sanD
CHENA ' 2.7 0.2 2 0.500 0.502 . 133.3 \ N ‘ ! !HH H I JI
RIVER . 1.6 15 1.208 0.841 130.2 ™ A = ’)\\\ _crU UARTZ
GRAVEL 3.9 35 1.362 178 129.3 g A \)‘/, -+ NIl SHED 0 ATZ
5.2 C 0.728 0.483 05.3 " o GRUSHED ~ '
24 2 ' 1083 3 [ 7RaP ROCK —\ AN
_ ) T :
CRUSHED . 2.85 0.5 4 ~ 0.803 0.755 . 120.0 4 : : NN oRADED OTTAWA SAND
QUARTZ 1 a7 26 1.763 1.623 7 120.2 : E : NG \'_\,
: 4.3(4.2) 19 (18) 1.073 0.787 - 102.7 : w: CRUSHED GRANITE q \\
' - . [ [ AN N -
CRUSHED 2.97 0.2 v I 0.272 0.272 120.0 » T T T AVA
TRAP v : 1o 1(1.0) 6 (5) 0.374 0.350 119.8 CHENA RIVER GRAVEL b \
© ROCK . 3.7 ‘ 22 0.573 0.548 120.3. 0 N A RS
. . ) ) [T
. . . Lill ] — l:=
gslﬂggﬁz’{ ) 2- 56 ‘zog 7 0. 50 ' 0. 468 . l |9. 7 qm) % 1 Gmm Sue in Millimeters oo 0008 oot
' . Y4 ’ 0.628 0.608 - 120.2 2 Large Gravel Medium Grave! Fine | Coarse | Medium | jne song | Ve Fine sit Clay
4. 32 0.786 . 0.781 119.9 — %lslcx.s ication L [ :
CRUSHED 2.67 1.7(1.86) a2 0.559 0.481 120.4
GRANITE 3.9 27 0.798 0.757 120. 1
STANDARD
OTTAWA 2.65 1.0 5 0.547 0.326 . 107.6 . . .
SAND i.7 9 | 1.o0es 0.381 108.7 ' ' :
(20-30 mesh) L N 'wwomlululmx) 037 34 6 8 mw"'.?m“ms“:‘m;:mmn 100 1% 200 e
. . . 00 l o 1]
. hN N
GRADED : ’ - IIIITANANERNINIAN
OTTAWA 2.65 0.7 4 0.373 | o0.3u2 107.9 L Farsans sano—FRTINANHN _ .
- SAND 5.3(%.9) 27(28) 1.227 0.701 108.3 © ' AVAA " " ean
. \\ \‘ \\‘ | NORTHWAY FINE SAND
: , e
FINE 2.65 0.7(0.8) 4(3) 0.494 0.470 " 108.3 "ML . AN \ T 11
CRUSHED. - 4.3 22 1.269 C-- 107.7 § e CRUSHED FELDSPAR ——"\ \\ .—-LOWELL SAND
QUARTZ : 3 : W [N BN
FAIRBANKS ' 0.2 ' It \ \ \\ H I [
2.72 . : P 0.301 0.300 120. : \ ' '
SAND . ‘ 6.1(6.0) 40 (39) e e “9.'74 | E N \ 0 FINE CRUSHED QUARTZ '
10.5(10.4) 70 1.469 1.850 :
120. 4 ) . \:\\\ \
° . 0.2 | e : R Lo
2.67 0.189 0.189 105.5 .
LOWELL Wy 21 0.8uy 0.683 105.9 » NORTHWAY SAND—] .\\
SAND , '0'-8 . 54 1.007 - 104.8 AX
. . 10 a N,
10.7(10.6) 70(71) 1.429 1.788 118.5 , ) NN
. ]
NORTHWAY 2.74 . 0.8 Y 0.167 0.167 105.7 . » %%-HLLSE 1 Grain Size in Milimeters 0% oot .05% ool
SAND : 'g(ls 0) 7“;(7 ) 0.452 0.393 105. 6 ' ‘ EELEN T ﬁ——J-——;’aMsm[chmd (] > [ oo
. 2 0.677 0.931 105.8 ‘
NORT HWAY 2.76 gg 22 0.135 0.138 102.7 " ¢ uns .
F1 NE . 0.50] 0.493 102.7 NOTES: 1 The thermal conductivity of unfrozen specimens "
SAND 19.9 45 . 0.628 : 0.730 102.7 was determined at a temperature of approximately FROST |4't’g/Els914-}|gATl0N
— : 40OF: the frozen specimens at approx imately 25°F. 1948 -
- () The figures in parantheses, in the water content )
' and degree of saturation columns, give the water THERMAL: CONDUCTl\/'TY
content and degree of saturation,respectively, TESTS _
of the frozen specimens whenever a difference BY UNIVERSITY OF MINNESOTA
exists. - N
FROST EFFECTS LABORATORY, BOSTON, MASS,
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NONFROZEN FROZEN
SERIES ) SPECIFIC| SPECIFIC HEAT (1) - -
: DRY SOIL LABORATORY | UNIT DRY | voID WATER PER CENT VOLUMETRIC THERMAL LABORATORY| UNIT DRY | voID WATER . PER CENT VOLUMETRIC THERMAL
MATERIAL : SAMPLE WEIGHT |RATIO | CONTENT |SATURATION | HEAT CAPACITY CONDUCTIVITY SAMPLE WEIGHT | RATIO| CONTENT | SATURATION} HEAT CAPACITY CORDUCTIVITY
¥o. GRAVITY | oy, /(LB)(DEG. F) NO. LBS./CU.FT - | PER CENT TOTAL,SAMPLE | BTU/(FT.)(DEG.F)(HR) NO. LBS/CU.FT. PER CENT TOTAL, SAMPLE BTU/(FT){DEG. F)(HR)
- , , DRY WEIGHT BTU/(FTZ ) (DEG. F) DRY WEIGHT BTU/(FT2) (DEG. F)
g ¢ y e w G Cy . k v e w G Cg¢ k
34 LOWELL SAND 2,66 0.20 3A-L 105.0 0.581 0.2 0.9 21,2 0.188 3A-18 1C6.2 0.563 0.16 0.7 - 21.3 0.1€5
‘ (Well greded 2.66. 0.20 3A-La 105.0 0.581 0.2 0.9. 21.2 0.166 3A-19 102.9 0.612 0.16 0.7 20.7 0.164
medium to cosrse 2,66 0.20 34-5(3) 101.0 0.645 0.2 0.8°" 20.4 0.169 34-20 102.5 0.620 5. 23,2 23.3 0.£85
sand (2) 2.66 0.20 3A-6c 106.5 0.560 | 1644 78.L 38.8 1.025 2A-21 106.2 0.563 16.5 77.7 30.0 1.755
: 2.66 0,20 3A-7 101.0 0.62 | 20.5 87.1 L1.3 1.000 34-22 102.6 0.6186 18.5 796 30.0 1.540
2.66 0.20 3p-8 103.0 0.611 L. 19.7 25.3 0.718 34-23 102.5 0.620| 20.5 88,2 31.0 1.610
2.66 0.20 34-9 83.5 0.98¢5 L.9 13.2 20.8 0.L& 3a-2) 105.0 0.581 2.2 10,1 22,2 0.L160
2.66 0.20 3A-1C(3) 8L.5 0.961 2.3 6.4 18.8 - 0.335 3A-25 10640 0.565 L.2 19.8 23.0 0:912
2,66 0.20 34-11(3) 91.1 0.821 1.9 6.2 19.9 0.352 3A-26(L) | 111.8 0.L85 0.66 3,7 22, 0.265
2.66 0.20 3A-12 109.0 0.523 2.2 11.3" 2L.2 0.582 34-27(L) 111.1 0.9k 0.98 5.3 . 22.8 0.314
2.66 0,20 2A-13 103.0 0.611 2.0 8.8 22.7 0.L76 .
2.66 0.20 3A-18 - 89.3 0.859 24 6.5 19.7" 0.Lé3 ‘
. 2.66 0.2¢ 34-16 105.0 0.581 5.1 123.5 26.L 0.777 :
o 2,66 0.20 3A-17 90,8 0.826 2.1 6.8 20.1 0.437 ' -
3B BANGOR SAND & 2.7¢ 0.20 3B-1 ©127.0 0.326 3.4 28.3 29.8 0.890 38-L(L) 13C.8 0.289 2.1 15.6 27.% 0.725
GRAVEL - (Well 2.70 0.20 3B-2 131.5 0.281 1.1 10.6 27.7 0.673 3B-5 127.1 0,326 3.6 30.2 27.7 1,038
graded - 13" 2,70 0.20 3B-3 127,0 0.328 9.3 77.5 3643 1.125 3B-6 130.8 €.289 9.9 90.0 32.8 1.528
max imum ) 2,70 0.20 3B-11 133,3 0.265 0.3 3.3 , 27.1 0.u72 3BT 127.1 0.326 | 10.6 87.8 32.2 1.L89
2.70 0.20 : 3B-8 1 130.2 0.295 1 1.8 16.5 27.2 - 0,665
2.70 0.20 3B=9 - 130.2 0.295 | 10.3 96,2 32.8 1475
2,70 0.20 3B-10 132.9 0.267 0.2 2.3 26.7 0.1465
3C SOMERVILLE CINDERS 2,27 0.18 3c-1 60.9 1.326 20.7(5) 35. 23,6 0.353 3C-5 60.8 «330 11.7 20.0 4.5 0.372
' (Well graded - 1" | 2.27 0.18 3C-2 60.0 1.360 | 36.6 61.1 32.8 0.L462 3c-6 60.8 330 35.5 60.7 21.7 0.700
maximum) 2.27 0.18 3c-3 60.8 330 | 21.2(6) 36.2 23,9 2.354 3C-7 €2, 1.233 0.09 0.1 11.4 0.152
2.27 0.18 3c-1 61.7 1.295 11.3° 19.8 18.1 0.297
2.27 0.18 3C-8 61.9 1.288 1.1 1.9 11.9 0.173
3D MYSTIC SLAG 2.45 0.17 3p=1 79.1 0.935 9.1 23,9 17.5 0.188 3D-3 87.2 «753 5 17.8 17.2 0.245
(13" maximum) 2.45 0.17 3p-2(7) 81.2 .88l 33.5 92.8 Li0.9 0,553 3D-L 87.2 0.753 27.7 89.2 269 0.673
: 2.45 0.17 3D-6 92,3 0.659 0.6 2.2 16.3 . 0.146 3D-5 89.3 710 0.2 0.7 15.3 0.122
3B WINCHESTER CRUSHED [ 2.91 0420 3E-1 99.2 0.830 1.9 647 21.7 0.350 3E-9 102.8 04767 1.5 5.7 21.3 0.328
TRAP ROCK (3/4° 2,91 0.20 3E-2 - 100,0 816 2.1 7.5 22.1 0.371 3E-10(8) 102.8 0.767 | "25.8° 9749 33.8 1.189
meximun) 2.91 0.20 3E<3 - 98.5 0,843 Ly 15.2 23,6 0.403 3E-11 106.5 0.705 2.2 9.1 22,5 0.417
2.91 10420 3E-L 98.5 0.843 | . 27.2 93.8 Lé.5 0.8L49 3B-12 103.6 0.753 1.2 L.6 21.3 . 0,334
2.91 0.29 3E-5(7) 99.3 .828- 28.L 9.6 L8.o 24320 3E-13(9) 10645 0,705 22,1 92.0 33.1 0.989
2.91 0.20 3E-6a(7) 100.9 0.816 27.7 98.9 L7.7 1.850 3E-1),(8) 103.5 0.754 25.0 5645 - 33,6 1.960
2,91 .20 3E-7 102.0 .780 2.5 9.3 2340 . 0.371  3E-15 104.7 - | 0.734 2.0 7.9 22,0 0.375
2.91 0.20 3E-8 102,.0 .780 2647 99.6 ~ L7.7 1.479 3E-17 102.5 0,772 0.2 0.7 20.6 0.157
‘ 2.91 0.20 3E-21 112.4 0.616 0.2 0.1 22.7 0.196 . 2g-18 111.3 0.631 0.1 0.5 22,3 0.196
3F ASPHALTIC BITUMINOUS| 2,60 : 0.20 3F-1(11) | 150.0(10)}0.082 0.0 0.0 3043 0.600
CONCRETE ) 2.60 0,20 3P-2(12) 150.0(10)] 0.082 . 0.0 0.9 30.3 0.686
3G BLEFDED BITUMIROUS | 2.81 0.20 3G-1(3) 133.5 0,312 0:0 0.0 26.7 0.313
" | CONCRETE AGGREGATE ‘ .
NOTEB RANGE OF STONE SIZES - SERIZS 3E
(1) Assumead (7) Test results are not consistert with 3E=-1 & 3E-9 (1/2" - 34"
(2) Minimum dry density 92.9 1bs/bu.ft. results of other tests. 3E-2 & 3E-10 (1/2" - 3/A4")
. Maximum dry density 110.9 1lbs/cu.ft. (8) Cover 1ifted off cylinder due to 3E-3 & 3E-11 (1/8" - 3/8")
(3) Sample not properly sealed; some water heaving. Results slightly affected . 3E-l4 & 3E-12 »E}jg" - 1;%:3
leaked into sample during test. by leaking of brine into specimen 3E-5 & 3E-13 1/8" - 3
(b) Slight leaking into cylinder during test. during test, 3E-6a & 3E-1l (3/8" - 1/2") FROST INVESTIGATION
(5) Average - w = 14,2% - top of sample " (9) Average heave 0,08", Slight leaking. 3E-7 & 3D-15 s0%(1/2" - 3A") 1945 -1946
w 2 27.3% - bottom of sample -{10) Per cent Bitumen L.5%. Specific Heat . 25%(3/8" - 1/2")
(6) Non-uniform water content. of Bitumen z 0.22 BTU/(Lb }{Deg.F) 25%(1/8" - 3/8")
(11) Diemeter of Cylinder = L.70". 3E-8 & 3E-17 (12" - 3A4") "THERMAL PROPERTIES OF SOILS
Length = 11.9L" , 3E-21 & 3E-18 (18" - 32" /
(12) Diameter of Cylinder =z 4.72" :

SUMMARY OF TEST DATA

Length & 11.92"

FROST EFFECTS LABORATORY
BOSTO& MASS., JUNE, 19486.
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OBSERVED TEMPERATURES AT DEPTHS OF FROST PENETRATION

TUICKNESS OF MEASURED TEMPERATURE DISTANCE
TYPE OF """”{;;,‘}‘;H’;;f‘;’ BASE CLASS | DEPTH OF AT DEPTH BETWEEN
AIRPIELD YEAR | TEST | TEMPERATURE : oF FROST OF FROST TEMPERATURE
: AREA | MEASURING AT AT FROZEN | PENETRATION | PENETRATION | INSTALLATION
INSTALIATION| TEMPERATURE | TEST SOIL (INCHES) (°F) AND TEST PIT
INSTALLATION| PIT (FEET)
Presque Isle | 19LL-LS| B Thermocouple 30 30 GC 68 - 32.7 Lo
: : 30 3 [ n- 32.7 37
1945-L4 A Thermocouple 3 n 6C 32 32,7 L7
o ) n GC 68 33,2 L7
c Thermocouple 30 31 " 6C L2 32.7 12
: 30 GC 68 31.7 35
: 29 GC 65 31.9 Ls
Turf | Thermocouple - G GC 18 32.1 25
2 GC 36 30.7 10
L» GC 32 3043 L5
Dow 19hL=45 A Thermocouple 20 19 cL w7 3501 39
' ) 20 CcL L5 3.9 L5
Turf | Thermocouple - 7* cL 2L 3L.0 . 14
195-L¢ D Thermome ter L2 la cL 50 33,1 28
E Thermocouple .38 37 -GW 3 2. 38
36 GW 36 33.5 28
37 CL 19 3.4 35
37 cL L8 32,0 35
furf | Thermocouple - 2s . cL 2l 33.3 10
' b cL 2l 32.9 15
B 1+ cL 26 33,7 20
19L46-L7 E Thermometer 38 38 - 38 3.0 37
L0 - CL Ly 31.0 28
38 cL L7 31.8 29
36 cL L5 32,1 37
38 - 25 32,0 L9
38 cL 5] 32,3 L9
Turf | Thermometer - L» cL 26 31.5 22
: - cL 26 31.9 a
L cL 26 31.9 Lo
Sioux Falls | 1945=L6 A Thermocoupl e 12 12 CcL, CH 31 33.8 36
. 12 cL, CH L 32.4 36
1946=L7| A The rmometer 12 10 cL L2 33,0 30
B Thermometer 6 6 CH Lo 32,2 25
Pierre 1945-46] A Thermocouple 1L 12 CL~SP ] 33,1 25
S ) 12 CL-SF 22 3.7 25
Pargo 19444«l5| A | Thermometer .8 7 [P.os-cs.ca L6 31.3 15
Watertown 1944=15| Turf | Thermocouple - + [EF-0L,OLGP| 02 3L4eS 18
Truex 1945=16] ¢ The rmome ter 2 L3 GF Sl 31.5 16
. S L2 cL L8 32,0 20
D .| Thermomster sl sy GF L8 31.9 20
o - 5k cL 59 32,1 30
Bedford 19L5-16] A Thermocouple 22 21, sw 26 32,1 21
o : : 24 GW 2l 30.2 17
2l . SW 36 32,6 33
" 25 sw .- Lo. 32.9 33
B Thermometer 18 18 sw 26 3.8 8
18 SW 20 30.6 16
18 SW 25 32,1 2L

NOTE: * Topsoil.

OBSERVED TEMPERATURES :
AT DEPTHS OF FROST PENETRATION
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'OF AIRFIELD PAVEMENT FAILURES WHERE FROST ACTION WAS CONTRIBUTING CAUSE !

SUMMARY
LOCATION GROUND : . = « 8 . EVP:LEUSAEI’TJN )
AIRFIELD OF PAVEMENT BASE SUBGRADE WATER DISTRESS OR FAILURE g @ 5 | TRAFFIC oS erass REMARKS
. DISTRESSED . DEPTH 3 3 ’E PLANE WT: )
AREA T — (FEET) 4 u —q X |4 w & - —
w 2z z w 20 I P4 e?| 66 |ukhelwl 2 g
n R 0 o J e ] o ] 2 ! : ¢ 4 DATE 2o W | peca e o 4 z
o 3z 0 " 2 | gbg| 2 F w 2 | % o e 5 z FIRST Z T Z [S490 [qwaides( o £
S Y0 |2GHd w Y © | L FElogolad g < EE | £ (825550 ? 1 REPORTED Zo| 58 |souwx|22ukZl 38| 29
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] v w 4 7] o« @ = 2 o 3 Jvuwo 2 = o ~ |0a Sw .
z z ([Yeod Lz E v i eoaq | 2 o |k 08p<Iz 0 CAUSE N o |ogog 3%Quiw Lw
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3 b4 <
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‘ 0 Yoo I w e - w
DOR FIELD, BANGOR, MAINE Apron widening, Non-rein= - 1 'pank run k= CBR = Approxe | Around foncrete d‘evelo »
= ped rendom cracks Winter Settlement of subgrade, low Pall
turnaround snd forded 7 600 sand end 17 100%(2) |Borderline 315 cL oz Yos 19 30 L (1) 2tol |pavememt | end some corner’cracks (9% of 15h2-13 strength of coneri{o and 1550 55"(3) 1542 60,000 <3C,00 | <22,700
:gr:-o;p apron concrete gravel (1) . periphery | slabs cracked by spring 'L3 end frost action. to
N 8g. yds. 30% by fall 'hé.) 19L5
PEESQUE ISLE AIRPIELD Portion of -5 Asphaltic 3.7 ' Bank run L to Ll 30% Borderline [ CER = aF 70% CBR v 5 i |
b . = = Approx. | At edges Pavement developsd weaving in the | Spring Severe froat action in sub= 65"(3) Hot given
PEESQUE ISLE, MAINR Ruzmey 500 eq.yds. |conorete Avg sand and 12,3 Avge to 80 to Yes 20 30 10 (1) 2 to 6 |of mmway |epring of 1543 as frost came out 1943 grade resulting in its 2280 & 60,000 60,200 13,000
gravel ?‘3 ) 8ot of the groumd. softening durirg spring thew
T PILLVILLE P T BT | Aepheltio . Lor ot given | At edgen | Localized crackihg and rutting Subgrade [Dec.tl2 72 |  19"(3) Jeno
MILLVILIE, ¥. J. fram 50 wilmooo‘y Fone GF to CER = of rurnways | (1" deep) developed in ¥arch and | Spring Dot campacted to maximum Jan.'L43 31 1903 13,000 < 10,000 | < 15,000
. by ’ b Yoo 19 28| 16 (1) April-15L3 and pavement pulled out | 19L3 density. Inedequabe main~ |Feb.'L3 69 to
o 2% under traffic in some areas. tenance of drainage epd Aug.
pavement. Failures started [Alternate 19L3
- when frost was coming out freezing
of the ground.. and thewing X
MORRIS FIELD 15,000 ‘sq. yds. Sand esphaltf Crusher 3 Not Micaceous 1¥ L
3 1 CBR g Not given | Not ade~ Heavirg of subgrade and overload= Foundation too weak to sup- [Dec.'li2 16 10(3) June 1542-118 | < 16,000 | < 10,000
CHAHLOTTE, N. C. Gosttores arses 2 nm stone to 1008 ¥o reported | clays CH 85% Yos to to | 8 (1) ’ uate whord ing ceused long longitudinal M4 1942 | port imposed losd. Mics-  [Feb.tL3 2k 1941 | eycles per *
i’. “:"P:rg 8 L6 77 failed. orncke which later branched cut. ceous clays have high swell [uar.'l3 7 to dey~18,000
nd pe “mﬂ“"‘""l’ ye Porcolation of surface water faotor end not suitable for Aug.
bad &t intersection hastenod deteriordtion. Stone base foundations. Store base JAlternate 1903 1943-151
impregneted with wet clay and course poorly greded. [freezing oyoles per
frost action caused heaving which J|end thawing -day~20,000
resulted in reduced bearing power.
GLASQOW ATRFIELD sutt‘or-d anall to |Asphaltio Processed Kot reporte) CER Bot 3 :
CER = Indefinite Fot Area chowed no aigne of distress Frobably | Bxcessive molisture in sub- Winter 70°(3) ay .
GLASGON, MOWTANA ::-nl:rg; ::;g an |ooncrete H bank run 8 od, Bo >80 (1) cL . reported Yos 20 35 |5 to 30(1)| tut deep reported |until frost left the ground Spring grede when pevement laid 1942-1943 thru 50,000 15,000 | < 15,000
rummy send aod when depreasiocns bogen to sppear 1943 end at some poinmts sature 2554 July
- }"“1 with) which in some instances inoreased ation due to ponding at 1943
?‘ over= to a depth of 6° with accompenying edges of pavement through
slze orush= oracking. lack of drainage end ine
. sufficient base as a ocon= i
n tributing factor.
HARVARD AIRPIELD Texiway 2 and spellfPortland Taxiway 2 [ | : )
p L, ML 90k Limited Looalized areas of bad checki: Fot Insuffioient thiokneas of Wioter 25°(3) Auge
BARVARD, WEBRAS| . o8, r
ARD, T s ::d:":?"_:‘ sement | 11-6-11 hlﬁ Hons CH, oL to Yes 22 W4 |eews@)] 20 (rerorted | oracking, settlement, cpslled ex~ | reported | texiwmy smd epron pevement | 15L3-15UL 1553 60,000 | <30,000 | <30,000
Ruzway ]‘20’ 100% x = 200(1) adequate) | pansion and contraction joints, for unfavorable subgrade 283 to
Edgo of Apror W-10-14 &0 fome water seepage from comtraction conditions existing during June
: Joints and cracke. thewing. ) 9 Lo,000 32,000
:
o N 1
CUT BAFK SATALLIYE AIRFIELD Fortious of texiwsy|Asphalt Pit run %% CER = 32%
12 19 CBR = Foor at Aroas showed signs of distress When frost| Improper compacticn of fill Winter Spring 'L3)
CUT BANK, MONTANA :;‘2 ;sz' west |conorete 5-634 gravel 5% to 8 to Yeoa 25 to >80 "3 to Yes to  to 3 to 12 >15 edge of when frost left ground in spring | left ground| umder rumways, poor drainage) 15L2-19L3 to 50,000 ~<1C,000 | =<10,000
amd ;' " R‘:_‘;;{ Eod . 63% 20 35 (1) Rumways months, as thess aroas were used, (probably | week subgrade materisls, o 35 ft. August 31,
iz end o CBR of they started to rut end failed spring placing of asphalt concrete 1943
Bumway 25 under completely. 1943) pavement on frozen subgrade
taxiway 1 and placing during cold and
and 3. wet weather. Insufficlemt s
base.
BUCELEY PIELD, E-W snd BW-SE Run- | Portland 8-6-8 350 Avorsge © ol xw3e () ot Tot All airfield pavements in poor Not Not reported Winter 4" (3) dJan.
DESVER, COLORADO way, taxiweys 4, |cement to Yoze ' |er, oL, sF Yoo 20 L3 | ke 27 (2)] reported | reported | condition due to existence of roported 193-1544 1942 20,000 | < 30,000 | = 30,000
B, C, D, E, F, G, ]corcrete 550 SF-CL i cracking, souling and heaving. Dece s E1 | to
Wend X . CL-SF L9 1 Aug. *
Febe » 111 1
¥ar, = LO
. (slternate
. freezing
. and thaw=
. 1ng}
CAMP WILLIANS AIRFIELD, Lanes in Apron Portland ’ e Heaving und d crack: )
. g and orecking of concrete April Frost action caused cracking
CAMP DOUGLAS, WISCONSIN o 8 735 Yone sP, SP 100% Yoo Nom= |k 2117 (1)) 3 to 5 |Tile drains|apron along lanes oleared of smow. | 1543  |of apron. Hesd of water wn= | 19L2-19L3 | LO-S5inchg 15k2-1943( 35,000 30,000 | < 30,000
conorete . (Est,) plastic eround edge| Additional cracks in otber sections| der apron ceusing bleeding e 1898 max irmm
of pavement| of apron. . cracks and: joimts. penetra- \
. tion below
paved
areas
!
OTIS PTELD, Main service sprem,| Portlend | . 1% to 894 © sW, G 60% Apron cracked and heaved as mich Feb. |Poor compeotion and inorgamte| 15L2-19L3 Jano 1942 "
CAMP EDWARDS, MASS. extension to ser- cement 7 L70 Bank run 6 No x = 415 (1)} SF: GP to 88 1" at joints between slaba. 194L netter in base ., Foor draip- b20m to . 32,000 | <30,00C [ < 30,000 ::.‘:::::::‘:si:.tn:b:::-
vioe apron, concrete Sand and 100% A% odge of | Rumway heaves of L=6" found in 15% age and lack of seal cost, 19L3-19KL Jem. 16LL . oletson of an open lotmt suby
. Gravel rurways, | of pavement. Surface stacnes in pockets of poor meterial 322 face draimge systes and
. Isolated CBR = . ané texi- | unsealed portiom of runwavs loosen:| March found in 1942 constructed the o -““t::: of & it
1942 oon- Pockets | 28 21 | 35(1) |20t ko [wmye ed and were piloked out by traffi 19U3  |areas.Fropt action caused 2. aoai cost or the rumeny pave-
B struction cracking. -
Rurways Bituminous|  Lz-¢} i contains CER = ™, G ) 16,000 rert during the sumser of 193}
{originel) concrate Compected B to 12 Bot . | some areas | 65 (1) SF, GP N 12€200 86,000 »
gravelly reported | thet are 1 -
' sand frost sua- 15,000 BOTES
subgrade. ceptible (1) Formal period
| f?) Frost meltirg period
2) Frost pemotreticr
BILLY VTSCHELL PIELD 800 ft. et Wost end Roeic f111-| B-# rurway snd taxiway showed seme| Swumner Insufficiont bsse fortraffio| 19L2-19L3 .. N predictes fron Figure 3
CUDAHY, TISCORSTY of E-N runway, Pitumizous L Pit run 7 Yot o CBR = cL oe% Yos [ 2 [ cBR® >6 o trencied cracking an: retting 1o samer of | 1SL2 inposed, inferior pavemint 1256 "3} | dune to 26,000 12,000 | < 12,000 | of Plete Eineant
120G ft. at S¥ end | concrete gravel. reported 80 (1) to o to |3 to6(1) 25 ft. o |- 19h2. During spring of 1543 ad- Spring snd bese materisls a con- sep. 19L2 to sooual. Fart K11, Coape 9
of WE~ST ‘rurway, Crushed v 91% 2 L3 s :. in | ditiona) cracks and ruts 2" smd 3"  19L3 trituting factor. 60,000 datod Joy 1347, sad Cha
entire 2,00 ft of stone. herring deep appearsd in both runwayse 60, 3amel ?.'“.d :hly ‘%’:'
epron taziway ben: ar- | Rutting ccpecially bad where texi= Arril to 000 N
rangenert.| way joins rumwey. Jupe 1943
Alsc at
edgy of
TUAWHYS . :
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OF AIRFIELD PAVEMENT FAILURES WHERE FROST ACTION WAS CONTRIBUTING CAUSE

SUMMARY
: PRESENT
LOCATION GROUND « z E
VALUATION (4
AIRFIELD oF PAVEMENT BASE SUBGRADE WATER DISTRESS OR FAILURE s 9 & | TRAFFIC | TRUTon™ | REMARKS
DISTRESSED OEPTH | W : « 2 PLANE WT.
F ] . A
- x
AREA I T " = Z " = (FEETY & Ta @ W X N
2 s 2 e 3l wSl.2] 8 318, | uh g £ DATE 1880 | o2 |8%%8 | on 4 g
8 o {dxh a ., w % legon| 8 A u I eBnza, " 5 FIRST “te TW |SJas | o-uod j o 50
w zu §G°‘$ w gul [~ E 033 a < B Ele 3 {o&3338 : é NOTED REPORTED (o 5z | & ol 541‘;3, $o| @o
- - .. - {1 - -—
> X a3z Y > ] o o o € o [~ 13 o & X2 aO"“'“" o DESCRIPTION I zZ 8 w :5 nl— o |20l 2 g S
- [V xwZ r v Y 2 [ oo 2 ¢ = 2 o Jd 0IYuo 2 CAUSE = W 05 vox |[9a0douw w w
= 2 oYl = 2 « Y e = ot e V.| F 07 <17 0 HEYE o 0 |6, 2% o -
I = | yEos 5| % 21v28| 8| & @'l g |vp8ds e w E |2y, (ugsipl z o | B0
F 26 [3 b al s < 0 2 ”3g 8 & wi'ch (2993d b
) ] o LA Ty z I aag” |ag = rd
. . L. el
EBARNET ATRBASE Approximately 150 | Portland | 12§-Bd-11 390 Sand-Soil Good | Bxesssive orecking of slab, par- | March  |Pevement conatructed om loosld 1ol2-19L3 | 35"(3) Fob,
EEARNWRY, SEBRASKA ft. of taxiway la | cement to base [} Not Ho Fot CL,CH 86% Yos 21 37 [k w 13 (1)] 18 « 30 |0 details)| ticularly at the joints. 193 1zed area of edverse subgrade 656 1943 74,000 <30,000 | <30,000
. and approximately | cancreto 500 Sand , reported reported aL,SF i = 101 (2 . 60% of traffic passes over to
/ 100 ft. into the non-rein= : this ares and planes are also Aug.
apren., Also texiway forced. warmed up. 1915}
2, 3, 1b and esst
edge of apron
STROTHER AIRFIELD, Extonsive areas of | Asphalt 13 to 2 - Cement Base CBR 16 30 CER » 7 [High weter | No subsur-| Excessive rutting and shoving of April Moisture content of base 1914~1945 9"(3) 16 Deo. 1943
WINFIELD, EARSAS EE-SW runway, NW-SE | conorete treated Bese z L7% Yoo 80 (1) cL, CH - 61% Yos to to | to 11(1) |teble mot face drain{ surface course developed on SW end| 13, sbove optimum at time of Maximun to 5,000 20,000 | ~<1C,000
runway end HS Punwayl gravel on_ 2 sk prevalent . | agos of NE-SW rumeay. NW end of W-SE | Spring |cememt stabilization thus freeting . 1 June 19LY° to to
Fo, 1. Center por= olsy gravel L Average sibd 20 (1) rumray snd in west quarter of 1345 preventing proper cement- index = 35| 15,000 30,000
tion of taximy 2, subbase. base = 91K ’ texiway No. 7-2. Foréh third of ation of the bmse oourse .
Linited arves of Hy Clay gravel . NeS rumway feilures consisted of material, which has & high
=SB, KE~SW and B-§ under taxi4 7% 91% Subbase 20 (1) rutting, oracking, end pot holes. P. 1. low CER, and becomos 10,000 | <1¢,000
Nes 1 and taxiways way Nos. 2 Yoo . unstable when saturated. . -
Ro. 1 aad 2, and 2a. Excess water was probably | .
hd trapped in base and subgrede,
cycles of freezing and thawe
ing during 1543 end 1SLL de-
| teriorsted base.
COFFEYVILLE AIRFIELD Extensive areas of | Asphalt Graveles 6 Highly Hot CL, CH High watar | No subsur-| Taxiway 2 completely failed, Other| Unsteble base course, high Jan. 1943 19°(3) Yov, 1942
COPFEYVILLE, EANSAS E=3 No. 1, NE-SW, concrete 12 ) Saturated Yos reported W % Yes 1 28 | CBR x 7(1){table not face drein-| areas showed signs of distress by May 1943 |P.I. low CBR and sn abnormal 92 to 8,000 < 10,000 { <10,000
end MA=SE runways (before Water bound prevalent age system{ ruttipg. Ruts 2" deep were form= moisture content due princi- | Mare 1943 Dec, 1943
and taxiways Ho. 1 | reconstr- chat sube od when testing by power graders pelly to heavy rainfall and &
2. uotion) base, adverse weather conditions (Alternste
during construotion. freezing
and thewing) °
COFFEYVILLE AUXILIARY FTELD EO.3 | Aroas on NE~SW and | Portlend 515 19 30 Pavements oracked severely under Cracked areas are consentra= | 1943-19LL | 157(3) Feb, 19L3
COPFEYVILLE, EANSAS KN-SE rumways. coment 6 to Hone CL=ML 96% Yos to to | = 39(1) Not Fot traffic, pavements penmerally in Fot (ted in arees having thin Doc. =z B2 to L,500 < 30,000 | < 30,000
cororete 685 Ci,CH 2 85 | ¥ = 24(2) | reportea roported | poor comdition. Seepage of water | reported |pavement sections varying Fobs = 32 Feb. 19k}, X '
from orecks mnd joimts moted in from 3% to 54", Pavement (Alternate
many arees. constructed under adverse freexing
woather during winter of | and thewing]
, 1 Jen. 19h3 to 2l Feb. 19434 '
WEAVER AIRBASE E-W Runway. Asphalt 3% Gravel .6 , . Reported as| No subsur-| Rutting under traffic in joint uar, 193 [ Molsture penetraticm imto | 1542-15L3 | L5®(3) Oot, 19k2[ 48,000 | <10,000 | < 1c,000 |ort 33" A.Co pavement
RAPID CITY, SOUTH DAEOTA Y conorete e Yoo Ry | 9 Rl o B [Sery Gaep | face draind sections on runvay. baso course, end imebility '| 1097 to ' rebuilt dly 1903 wth 7°
Runway shoulders. 13 6 * € age systam| Displecement by plane wheels of to support load under exiet- Jume 1943 comcrete slab.
’ B 1" A.C. pavement, 6™base course ing moisture content, Leak-
end several inches of saturated age of water into base coursd
N suhgrade on'the runway shoulders. and subgrade through longl-
\ . B tudinal jointa accelerated
failures
'
- >
GODMAN PIELD ATRPORT, 100 ft, of texiway | Asphalt’ 1to % Penotration] 3 to 5 Hot ¥o Tot cL Mot Yos 2, 38 | cBR® 6 |Undetermin={ Rock drains{ Arees showsed signs of distress Mar. 1543 Inadequste base. Surface Doce 1942 23"(3) |oot-Feb k2 8,000 | <1¢,000 §{< 10,000
FOR? KHCK, KENTUCKEY strip, concrete and water roported reported reported to 12(1) |ed (Kot & |under run~- | and bogan map eracking. FPailure water percolating through 101 Feb=Apr *12 22,000
H~S runway bound mac- | factor) woy was progressive with break-up, woaring surface contrituted | Jam. 19L3 Apr-aug 'L2 12,000
BN runway adam ravelling and ocomplete deteriore- to final feilure. 28 Ang 1 - 27,000 N
Turnsround at NE ' . tion with ruts approximately & Febe 1943 Mar. 1943 33,000
exd of WE-SY rumway deep. Greatest distress occurred uar=dng tL3)
. at the south end of the N-3 Rune ¥ar. 19L3
way where the majority of hesvy 51
. airoreft mede first contact. ‘
BUFFPALO MUFICIPAL AIRPORT, Portions of E-W runi Bit. cone. 2 Stone 7 ot No CER 5 78 o 59% Yos W 22| cmug Fot At odges of| Soft spongy surface which is bad- Fot Insuffiolent thickness of 1943-190 | 3 ft. E=1A 15,000 15,000 | < 10,000
BUFFALO, REN YORK way FE~SW ruway, reported (1) {£i11) to  to | o 3(1) reported |rumways. 1y cracked and in a generally reported | pavement for heavy treffic. 629 Principally]
MM-SE runway end Penetration 2 Stone 7 ’ 18 25 " | Poor work~ | sunken conditicn. Bird batha and Penotration mecedsm has in= |p-bo, c-k7, 10,000 | < 10,000
' oast taxiway surface 100% ing order seepage into base and subgrade. sufficient amount of ~Lb
course (eut) end badly Low density of fill areas. 51,795
olaggeds ’ landings
h . and take-
offs.
WATERTOWE ATRPORT, Taxiways Nos. 1 and | Asphalt Bank run 30 hY CBR= 7 Yot YNone Soft spengy surfece consistently Not Poor surface and -subsurface | 19u3-19hL L5"(3) 1343 1,200 <30,000 | <1C,000
WATERTOWN, B. Y. 3. conorete 2 gravel. 20 100% Yos CEF ® 8(1) oC-ML 100% Yeos to to reported under water during wet weather. reported | dreinags. Excess water 10L2 (11ght use) to
35 L8 : Asphaltio conorete surfacing was pondes over asphalt pavement . 2,100
easily pealed off by wheels of & and seeps into base course
two ton truck end free water weakening the subgrade.
spouted from satureted base oocurse Insufficient thicimeas of
under load of %ruck. pavement. Poor base courses
SCHENECTADY AIRPORT Sections of E-N, Aaphalt :
SCHENECTADY, K. Yo H-8, BH-SZ runwey conorote 2¢t03 i::im"d , Yo CBR = Yot Edge of Bacly failsd aress characterizod ot Low ‘bearing values of base 1%{;;2&!. o o 3 15 -:i p-1C x:mo
ond NE-SW texiwmay e 7 to 12 €% es  |cER = 30(1| sp-oF % Yes | Non-plestic] field reported | pavement | by a rutty, soft,spongy surface | reported |course brought about by low o 3 o <30,000 | < 1c,000
and §-8 taxiwey sand and 25(1) to 28 with mimerous orackse density and excess moisture 15 aume19u5| 3,300
gravel. Lab. 40 to27 filtering through open joint : :
- oracks and porous Arees.
LEWISTOE ATRFIELD 8W end of NR-SW runs t o, n CBR = 100 Not Pavenment cracked end depressions March 1943 | Saturetion of base course, 19421903 3 to 5 | Jun. to .
LENISTOS, RONTANA’ way BN end of WW- priiet 6 gravol 6to 12 6% Yoo C3R = cL L% Yos to  to| T(1) |below sué- reported |2 to 6" deop wore founds Ruts woak gubgrade, poor draimge le21 Apre 1543 { L8, 000 20,000 | <10,000 | 150,000 sq. ydse of pave-
SE rumwey perimeter 80/ (1) . 25 52 face .(Poor) |end bresk through by wheels when poorly eampacted baso courseq(Gront Fally - went failed during 5 mooths
1 taxiways *D-p" texi~| : . frost left ground. ~Chinook” westher osusing [weather datd 1¢,000 of uss by Very Hsavy Rombers
way, "A" taximey N excessive freexing and thew-lused as ore
eat end of E-N ing. base)
Tummay : (1) Sormal period
(2) Frost melting period
- {3) Frost penetretion
. predicted from Figure 3
of Flate 19, :
(L) Based on Ergiceering
Warual, Part Xil, Chap.
dated My 1947, snd Shepd
3 anc L dated July 19h6e
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SUMMARY OF AIRFIELD PAVEMENT FAILURES WHERE FROST ACTION WAS CONTRIBUTING CAUSE . :
: - PRESENT )
LOCATION GROUND « z BAF ] EVALUATION.(4)
AIRFIELD oF PAVEMENT BASE SUBGRADE WATER DISTRESS OR FAILURE g 8| 3| TRAFFIC | Erauanon REMARKS -
DISTRESSED : ' DEPTH 3 : , . = .IE - © PLANE WT.
AREA - T = Z P (FEET) ﬁ I\.; - w @ ‘5 E e ot - s °
. " T 0 a ul 2 ° o “le = g < DATE Slc| °% (2258 | 30n 4| - z
PR ) o 2@ a0n| 8 kE = 2 | u P [gOpza s 2 FIRST : SEo | TW |20 Zz"'dzd da 5o
w w = &yl w W w ti o 0o <> o <4 < For o < 04::'0 4 REPORTED. szl ¥ o oW [ EEWRS < o
hy z ZOog a 2z 0 q P Y 0 e 3 « " 3u o NOTED Q3£ o 0%¢i z(-«w so =
PolEE|kEE] P | §E| 5 |@h|zi3|pE| S s |E 3| g §| oescmemion 275 | By |ahoe|iadl B | 2E |
- v 00 [ 3 d @ CAUSE Now owog w! O u E
s Z | Jdeof Lz i «w Y ol z @ r e 9| F 095417 " N0 o |[o¥ge [0,2%al 24 o
r £ie5,9 T £ 2 9 jv2 9 g o |5 v28k : wog ¢ a2y, |u8iie 3
I~ g + ) 2 'Dg < P > | ¢ nQte ¥ a v |wels «83:&5 &
(2] \-J‘ ") YW 2! b Q ad g a - = uw
GREAT FALLS AIRBASE Bituminous paved lAsphalt Pit run [ 1¢ 32 CRe 2 Reported as|Fellures beceme apperent at the Not Inadequate dratnage, Water |19L2-19L3 5v Janusry to .
GREAT FALLS, NONTAKA taxiways and rurays[conorete 6 gravel 9 to 11 7% Yos cBR » 58(1)| 1y C1,SF 627 Yos  |to to | to28(2) |200 £ rt. |poor Joint between the rumway proper reported | flows moross runways, sature-| 1221 Average 30°[ Sept. 19L3 | L8,000 £5,000 | < 10,000
and SC - 28 sl 13 Avg. |below sur~ end the shoulder, Shoulcer con= tion of areas edjacent to
. face structed of 2° A« pulle sway rumeays by heavy ezowfall end * Decs 1543 | 8,500 to
. . |from 6" rumway A.Ce pevement, plowing. Frost action con- to am. 'Ll 38,000
ellowing water to enter lomgitudi~ tritutes to deterioration. .
pal cracks. Depressions beceme
evident from aircruft wheels whioch ’
pase over this joint. H
GORE PIRLD . |Perte of rumway Hos |Asphalt Crushed | CER 8 )¢ |SP, GF, OC 3 20 | CBR = 15 }Not report«| Poor Pavement becoming wavy, weaknese Yot Poor surfece drainsge, in- | 19L2-19h3 5 Jule 1942 | 6,500 to 30,000 | «<10,000 | 90,561 cyoles since occoup--
GREAT FALLS, MONTANA ) end edges of run- [ooncrete S and 6 gravel 7 60% Yos to 75(1) {)L, end CL 8o% Yo to to | to 30(1) [ed along 9dges of the pavement, com~ | reported |stability of the gravel base,| 1221 to Oct. 'L} 50,000 : sn0y. Vory heavy bomberse .’
fway Boe 3 GW, GF, GCe 50¢ Avge " laa 3l | 20/ Avge Plete failure of taxiways "A" and overloading of pavementse - (50% very :
Parts of taxiways . . m", gradusl longitudinal oracks Frost action may be a con= . . heavy bomby
A, B, D, P, G, L, A . appeared along the tire tracks tributing factore ers)
and M followed by general cracking end .
btreaking of the pavement.
GEIGER FIELD 10,000 sqe fte of  [Asphalt Gravel sand 100% . 12 to 15 Cracking and rutting develeped near Insufficient base snd in= - | 1942-1543 25%(3) iy 1943 to -
WASHINGTOS STATE [taxsway Bo. 2 |concrete 3 end 811t 8 to 12 |(Ponded wa~ Yes CER ® 17(1}{GF to GP 100% Yoo 19 29 [cBR ® 35(1)| bolow sur- None cutside of strip spreadirng towards | Apre 1543 |adequate drainages Snow 336 dady 1943 60,000 {<30,000 | <10,00¢
ter seeped . face the center of atrip and longitudi- windrows ir thsw.period .
under pave- rally under effects of traffic, caused saturation of sub- .
ment ) grades N
PUEBLO ATRFIELD Apron Portlenc Beb8 510 Sand 6 100% Fot cL Artesion |Same gravel|Cancrete aprom badly crecked, slab | Fall of 'l Overlcaded pavements. Soft- | 1542-1543 207(3) foot. 152 tg
FURELO, COLORADO osnent reported | cH 1005 Yes 20 40 |k = 49(2) |springs en-| back-f1lled| displecement along taxiwey lanes. }to Spring. |ening of subgrade by water | Jane 1543 luge 1943 | 60,000 < 30,000 < 30,000
concrete . countered, |drains. New| Settlement of bituminous surface of 'EB entering from surface or 120 .
B-S, M-SE, E-¥ . \ . eubsurface }“t,o 5*, Bituminous failurss con- | Other faile shale fissurea. Failure at
|Rurmwaya. Taxiways Asphalt X Stabilized drains ir- | sisted of rutting, cracking and ure dates | junction of bituminous pave-| Mere 1943 <10,000 < 10,000
T-1, T-2, T3 aonarete 2tol gravel 8 to 12 Yes CBR ® Iy B CER = 3 stalled disintegretion of surface and bases rot reporte ment and canorete due to 105
and T-6 . ) to 36(1) to & after faile|Wavy surface and softening of ede differential settlement. (Alternate
ures eppossyshoulders. . freesing and
ede {thawing )
CHANUTE FIELD WE-SW, -7, WW-SE  |Portleand 8e6-8 700 Pit run send O to 6 Not Yes x = 63(1) |CL to OL 90% Yes 15 16 | & = 57(3) | Below-influf Poor st |Sheared tomgue and groove joints, | June M9 | Insifficient bearing capaoity 1943-19lk | 12'to 18% 1943 to 29} 60,000 30,000 | < 30,000
RANTOUL, ILLINOIS . rumpnys cement oone to and gravel roported to to ence depth | pavement corner orecks, tranaverse craoks, of subgrade, softening of 308 |Average max.
orete 815 . 20 L8 not report edges spalling and fracturing of con= ‘subgrade during thawing and equals 30
. ed)" . orete for s width of several inched frooting, overloading slabs
with heavy wheel loads.
SCOTT FIELD ¥-8, E-W, ND-SN, Portland ' | 8-6-8 550 None OL snd CL, 100% Yes 20 26 | x = 66(1) | Depth not [Longitudine] Extensive failure in spron section| Fall of 'Lﬂ Lack of subsurface draizege [1943=19LL | 12 to 16" (Mar. 1942 tp 6,000 <30,000 | < 30,000
BELLEVILLE, ILLINOI§ NW-SE sunways cement , . to to reported |rombinetion|edjoining concrete box storm drajng and instability of baockefill{ 12 Average Aage 1943
end spron concrets . 26 L3 (believed belopen tile |[Cracking at tongue snd groove at drain, Over stressing to 36" v
low influ- [creins 15' | jolote and at comerss Lomg creckd, of pavements during hoavy Maximum Auge 1943
ence depth)lfrom edges | along cemtral portion of E=W rum=- traffic, fall and sprirg ~ l, 1944 | 60,000
of rupway. |waye Cracks also at transverse . 1943, caused crackinge
) . drains,
OREAT BEND AIRFIELD Most edge of aprom. |Portland |103=7-104 sho send - | 3t012 | No data Yo, Ho dsta | ML, CL, CA,| 864 Yes 15 2| va86(1)| 2 to'S Yone Extensive cracking, pavement bro- | 15LL Pavemsnt used extenaively  |1SLL-194S 3 19kl to my| L7,000 < 30,000 < 30,000 |Eo hesving noticed after one
GREAT BEND, KANSAS Original taxiway #1.|cement . and SF in ¥ = 59(2) kep up at local areas into small | 2l May 19L§ for texiing and warm upe =1 945 wirter cyvle,
. Taximnys at onde | |ooncrete thin etra- patterna, Pavement apparently has in- ,
of B5 rummy, . . tas sufficient load cerrying
capacity.
CASPER ATRBASE Scettered areas om |Asphelt 6 Sand 6tot Lk Yea cer® Lo |sp, sc, sr|  37% Yes 15 23| CBRe S > 90 None | Cracking md rutting then complete] Mare 1SLL | Looal poor S.Ce, water pond=(5 Year eve | 2 Fove 1942 | 50,000 12,000 | < 10,000
CASPER, WYOMING . taxiwsys 1, 2, 5, concrete’ . ., CL, SwJ B breakup of pavement and bese ing, poor ba Siight equals 532 to Mar, 'L
9, 12, and 13 SE __ [Pelem s Lofez 19 course. frost action ic subgrades [19LL = €70
Ruoways and runwey |Bituminous SUBBASE R Small dopressed, crscked, and Different settlepent under
shoulders, material 3 SF, ML, SP,9 to 1L [*R3 Yes CERa 10 chook areass traffic, ponding in depres-
. 675’ SC, SW, CLd (Ave) . sions,
Apron Pu Co Ce 9=7<9 | None SW, CL, 8¢ X = 279(1) Cracking end slsb disp t Overstressing texiing lenea 30,000 | <30,000
¥ ® 200(2) . . .
MILES CITY AIRFIELD Aress on verious Asphalt 2% Pit run -6 Fo date [Borderlize | Bo deta | Sendy loam| I dete Yos Yo data No data ¥o data No data | Cracks ecross entire taxiwayse Apre 1913 tp Frost sction in subgrede. |19L2-1943 50"(3) To data 25,000 < 10,000 | < 10,000
MILES CITY, MONTANA rumways end taxiwayd concrete grevel {SF) Rutting, crecking, spalling full [Msy 19L3 Tuming, standing, too much 162
. . - width of runway ends. stresa for pevement design.
’
L]
(1) Normal perted
{2) Trost melting reriod
(3) Frost rezetration
predicted fro- Figure 3
of Flate 13,
(4y) Fosed on Engineering
~ : Marual, Part X131, Chap. £
: : catel Vay 1647, and Chap.|
- ’ ' . 3 ane L deted July 39L6e
<
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BASE GOURSE TREATMENT TO PREVENT FROST AGTION
| 1945 - 1947
SUMMARY OF FROST ACTION TEST DATA :

- DENSITY WATER CONTENT SATURATION, . ' !
SERTES PER CENT AND TYPE OF ADMIXTURE LENGTH _VOID BATIO AT | WATER CONTENr | ppcope | DEGREE : ’
AND SOIL ' wET pry [OF TEST. .| START OF TEST BOTTOM INCH HOURS HOURS | HEAVE - FROST .
SAMPLE PYPE - BEFORE | BKFORE 1N END OF START OF |GAIN' DURING| START OF |ERD OF w 10 STAR? | 1IN ACTION FROZEN ZONE
NO. . ] TEST TEST DAYS TEST TEST TEST TEST PEST . WITH WITHOUT |BEFORE AFTER TEST OF HEAVE | PERCERT . E ) . )
BUNKER "C"| RT-2 Cacl, |parex ama | res/er | ies/cr | (A) % % % % * Ak o ‘apunrrose | TEST TgsT (APPROX)
A-1 East - - - - 13%9.1 127 26 Lo 9.7 3647 77 100/ - 35 10 110 - 7155 793 63.8 Severs  |. Entire
A-2 Boston 2 - - - 138.L 12 20.6 942 11l ] 100/ .30 .37 9 9 1205 - 20.6 Severe Entire
A3 7411 L - - - 133.8 120 12.9 Tl 5.8 Le 87 27 Ji2 7 L 3931 6.7 | uoderate Bottom 1.3"
A 6 - - - 133.8 119 8.7 6.2 2.5 L 58 23 oAl 6 13 - 0.0 None : Bottom 1"
A5 - - 1 - 140.0 127 | 13.7 9y L3 % 100/ - 35 9 13 3951 0.3 Slight - Hone
A6 2 - 1 - 140.9 126 10,6 9.0 1,6 70 83 - 36 - 9 12 ) - 0.0 None Hone
A-7 L - 1 - 135.0 130 9.5 6.9 2.6 L7 65 - L2 7 1 - 0.0 None . Fone
A-8 6 - 1 - 132,2 | 17 6.1 © 546 0.5 36 39 - 46 6 9 - 0.0 None . None -
A5 - - 2 - 138.8 125 ) 13.1 8.9 L.2 68 100 - .37 9 12 - | o.0 None Fone
A-10 2 - 2 - 137.8 122 11,% 8.8 2.5 | 63 80 - oo 9 b/ - 0.0 None Fone
A-11 L - 2 - 132,8 | 118 = 9.y 6.5 2.9 L2 | 60 - L5 ] 1 - 0.0 None Fono
A-12 6 - 2 - 1330 17 7.5 5.8 1.7 37 L8 - A6 6 9 - 0.0 None None
A-13 - - - - 13646 125 - Lé.e 9.6 37.2 7 100/ - . W37 10 21 639 6.9 Severe Bottom 0.5" Not Frozem
A-1, - 2 - - 1334 121 21.6 . 8,0 13,6 sl 1007 35 Jdi 8 2l 2912 16.3 Severe Bottom L475" Not Frozen
A-15 - L - - 1334 119 J 11.7 747 4.0 51 78 31 43 8 15 5871 3.5 Siight Bottom 1" Fot Frozen
4-16 - 6 - - 133,1 117 L 9.3 7.5 1.8 L7 58 .28 L7 7 1} -+ - 0.0 None Yone
B-1 - - 1 - 1374 125 2l 1.0 X Suy 65 100/ - 37 9 15 5850 - 0,0 None Top 3"
B-2 - B! 1 - 139.0 125 12, 9.0 3y 68 | 100/ - 37 9 i - 0.0 None : Fone
B-3 - 2 1 - 13842 12, 10.8 8.5 2.3 62 79 - .38 8 15 - 0.0 Fone | Fone
Bely - L 1 - 1L0,0- | 122 10,0 9.l 0.6 67 72 - Jio 9 1 - 0.0 Nome None
B-5 - - 0.5 - 138.5 126 . 17.7 9.2 8.5 7T 1004 - .36 9 v 18 ‘1735 9.2 | Moderate Bottom 0,5" Not Frozen
B=6 - 1 0.5 - 1384l 123 13.6 9.0 L.6 68 100/ - 37 9 16 3893 14 Slight Frozen 1"-3.5" From Bottam
B-7 - - 2 0.5 - 136.7 122 12 8, L.0 60 89 - 39 -8 U, - 0.0 None None .
B-8 - L 0.5 - 137.2 127 9.1 747 1d 55 &l - J 8 12 - 0.0 Boxne None
B-3 - - 0.5 - 139.8 127 164 9.2 _Te2 72 100/ - .35 9 19 | auss Sdi | Moderate Bottom 0.,5" Not Frosen
B=10 1 - 0.5 - 138.7 126 12,1 8.6 . 3.5 66 93 - 36 9 13 - 0.0 None None
B-11 2 - 0.5 - 128,0 12l n.d 8.1 3.3 61 86 - .38 8 13 - 0.0 _ None None
B-12 L - 0.5 - 1240 121 8,1 6.6 1.5 L5 55 - Jy2 7 U, - - 0.0 None None
B-13 New - - - - 114.6 101 102.5 13.L 89.1 55 100/ - 66 . 13 29 620 161.5 Severe Bottom 2.8" Not Frozen
Bell Hamp= 2 - - - 117.8 101 82,5 13,9 8.6 53 100/ .57 .66 1, 26 620 118,5 Severe Bottom 1,9" Not Frozen
B-15 shire L - - - 122,3 103 82.7 < 67.8 65 100¢ L7 &y 15 21 620 128,0 Severe | Bottom 1.8" Not Frozen
_ B=16 811t é - - - 121,0. 101 1 63.1 13,0 50.1 56 1004 &42 66 13 20 1 620 91.0 Severe Bottom 1.8" Kot Frosen
c-20 - - 3 - 107.6 87 25 26,2 20.3 59 60 78 - 93 20 31 6393 - 0.0 Hone None
c-19 - - 6 - 107.2 85 23.2 19.h 2.8 56 67 - 98 19 27 - 0.0 Fone Yone
c-21 - - 8 - 108,1 85 23.8 18,1 5.7 sl 71 - 98 18- 32 . - 0.0 Fone None
c-22 - - - 10 - 108.9 8l 22.8 18.1 L7 53 67 - 1.00 18 26 - 0.0 Nomne None
c-8 Prost ‘- - - - 139. 132 11.2 5.7 5.5 57 100/ - 27 6 .1 966 16,3 Severe Entire
c-17 Heaving - - 1 - 14,0.6 131 10,0 6.0 L. 9 - 27 6 10 - 0.0 None - Hone
[ Greavel - - 2 - 2.9 132 9.1 6l 3.7 65 % - 27 6 9 - 0.0 None None
c-7- ' - - 3 - 130 8.1 647 14 V(4 - «29 7 8 - 0.0 None None
c9 - - 2 - 128,8 117 9.7 843 1 52 61 - ouly 8 12 - 0.0 Fone None
C-10 - - 345 - 128.2 1 9.0 8.6 oy 51 - L7 9 10 - 0.0 YNons Yone
c-11 - - LS - 128.6 1 8.9 8.0 0.9 L8 53 - L7 8 10 - 0.0 None None
c~12 - - 5.5 - 130,68 15 8.5 749 0.6 L9 53 - ALé 8 10 - 0.0 Yone None
c-13 1 1 2 - W3.7 131 8.0 é.u 1.6 &y 80 - «28 [ 8 - 0.0 None Hone
c-1 2 - 2 - 3.3 129 746 6.5 1.1 (] 73 - 29 7 9 - 0.0 Nome - None
€-15 3 - 2 - 3.3 128 T4 64y 1,0 59 & - 30 6 9 - 0.0 Rone Yone
c=16 L - 2 - 3.0 127 A 741 6.6 0.5 58 63 - 32 7 10 ~ - 0.0 Fone . Rone
D-1 Mx 1e - - - - 132.5 123 27 4.8 7.8 7.0 57 100/ - 37 8 b 5870 300 Tes | Moderate Bntire
D=2 2 - - - - 131.1 121 12.6 6.0 6.6 L3 90 31 .38 6 22 1250 L.8 Slight Entire
D=3 L - - - 131.6 121 8.0 L6 3y 33 57 25 .39 5 12 1250 14 Slight Entire
D-ly 5 - - - 1303 119 5.6 L.0 1.6 28 39 23 o3 L 6 1250 1.5 Slight -
D=5 ! 3 - - - 131.0 121 2.5 2,3 0.2 17 18 J9 .39 2 3 6150 2200 0Jy Slight Honse
D-6 Mix 2+ - - - - 139.0 131 10 6.1 L3 58 ) - 28 [ 1 Loo L. Slight Entire
D-7 2 - - - 132 | 127 7.2 3.9 3.3 33 60 25 o33 b 8 400 1.1 | siight Entire
-8 ok - - - 136,2 128 + 2. 7 =0.3 2 21 .18 32 3 3 Loo 049 Slight Bntire
D9 5 - - - 135.3 127 26 1.2 1.8 =046 16 10 «16 o33 2 1 6360 - 0.0 None -
D-10 6 - - - 2.y 133 0.8 0.8 040 9 9 .08 K 1 1 - 0.0 None -
D-11 Mx 3e - - - - -6 135 12.0 7.3 L7 77 100/ - .26 7 11 175 13.2 Severe Entire
. D-12 2 - - - 12L.1 10,0 4.0 6.0 32 81 .27 o3 L 13 Loo Sels | Moderste Entire
D-13 L - - - 137,.2 128 2.8 3,0 -0.2 26 2, .19 32 3 L 5710 560. 0.7 Slight Top 2
D-1, 5 - - - 138,7 130 - 1.8 2.0 «0.2 18 16 Ak 31 2 2 | 560 0.8 Slight None
D-15 6 - - - 3.3 1 < 13 1.3 0.0 W - W08 - 27 1 2 - 9.0 None None
. AS~ StART
: : ) © |MOLDED  TESY| o
Bl Now - - - «05 121.1 104 22 Bd 16.1(B) 16,1  57.3 7 100/ - 61 . 16 -(c)}] wae 150 4 Severe Entire
B2 Haap- - - - .10 1.6 100 | L8.0 6 W - 334, s7 100/ - & 15 13 350 30.5 Severs Entire
E-3 shire -0 - - .10 112.) 98 47.6 .5 .4 33 85 | 100/ - 7 15 35 150 31.7 Severe Entire
Bels S11t - - - .10 16,7 | 102 31,8 - .5 642 25.6 26 100/ . - 65 6 & 190 16,0 Severe Entire
B<5 - - - .10 118.3 103 23 - 57.2 W7 3.4  Sh.2 13 100y - &3 3 86 5068 280 Tha Severs . Entire
B-6 - - - .10 118,0 103 L2.0 W5 1.4 Lod 7 100/ - . 2 65 280 30.5 Severe Entire
E-7 - - - «10 13,9 %9 30,1 | Uyeb 0.5 29.6 2 100y - o 1 Ls 120 17.6 Severe Entire
E-8 - - - «60 118,0 103 Ls.3 .6 1.4 33.7 62 100/ - 63 15 62 280 29.8 Severe Entire
B9 - - - 90 | 146 101 52.9- 12.9° 129  L0.0 o5 100/ - . 13. L2 5177 .| 350 L3d Severs Entire
E-10 - - - 90 115.5 102 37.0 12,7 12,1 2.3 53 100/ -. PO N 1380 20.3 Severe Entire
B-11 - - - «90 114.9 101 38.5 13.2 6. 320 25 100/ - &b 6 30 350 22,3 Severe Entire
B-12 - - - 90 115.5 101 . Ls.8 13.5 20y L34 10 1004 - 65 2 37 350 Ls.2 -Severe Entire
=13 - - - .90 114;.9 101 273 12, 1.0 266 L 100/ - 65 1 26 LéLl 1370 10.5 Severs ) Entire
. Bl - - - 90 - | 11,8 98 31,1 3.2 0.9 30.6 2 100/ - .70 1 28 180 12,0 Severe Entire
E-15 - - - 1.20 m.2 | 101 38.6 1.6 1.4 27,0 18 100/ - &5 12 26 180 | +28.0 | Severe Entire /
B-16 - - - 2,00 13.6 100 31,9 1. 1. 20.8 L5 100/ - .65 1 27 L2o 15,9 Severe - Enti re e
BOTB: ’ ’ . : Bureau of Soils Classification
(A) Length of test oomputed fram time sample was placed in drawer (B) Samples E-lj and 11 were air dried one day, E-5 and 12 two days, * Mix 1 - approx. 17% silt, 58% sand, 25% gravel SUMMARY OF
until it wae removed. ' E-6 and 13 three days, E-7 and 1 four days.  ° Mix 2 ~ approx. 17% silt, 33% sand, 50% gravel FROST ACTION TEST DAT
(C) No correction applied for evaporation of Darex AEA. Mix 3 - approx. 17% silt, 15% sand, 68% gravel .
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> a .
DATA SHOWING INFLUENCE
OF
* WATER ON FROST ACTION
B 1945 — 1947
:
. ; : : ‘ REE OF
PAVEMENT HEAVC WATER CONTENT OF FROST DEG PREGIPITATION DURING
TeST ICE FORMATIONS  OBSERVED (FEET) DEPTH TO GROUND WATER SUSCEPTIBLE SUBGRADE ATTERBERG SATURATION OF | 3 'MONTHS PRIOR TO SOURCE OF
ARFIELD | =57 A IN WINTER (FEET) umrts  [oooT SSCERTIBLE START OF FREEZING | WATER FOR
IN BASE IN  SUBGRADE AVERAGE RANGE FALL |WINTER | FALL [ WINTER FREEZING FROST ACTION
1946 1947 1946 1947 1946 1947 1946 1947 1946 1947 1945 1946 1946 1947 LIQUID |PLASTIC 1945 1946 NORMAL 1945 1946 )
Dow ] Crystals Crysteals Widely isolated lenses [Lenses from hairline to 0,08 0,06 0.05 0,02 - 7.0 3.1-4.6 (Base) , - - G Nonplastio GW 100 M 55 1n 11 93 Water table
from hairline to 1/16" /16" thickness and : to to 3.0-L.ly  (Subgrade) CL 17.7 cL 2.5 CL 29,0 | cL 29=3% | cL 11-17 cL 100 cL 190
[N in thickness and few |[rystals, 0,10 0.11 .
crystals.
E Crystals Crystals Isolated lenses from [Lenses from hairline to 0.12 0,08 0,10 0,00 T+0 3.5 (Base) - G¥  Ndnplastic ™ 100 ¥ 100 11 11 9.3 Water tadble
hairlire to 1/i6" in /A" in thicimess spaced to to - 34=647 (Subgrade) cL 22.4 CL 23,6 [cL (25.0) | cL 29-36 | cL 11-17 cL g3 cL 100 S
thickness and crystals /4" apart at frost line 0.20 0.17 .
F Crystals Crystals Isolated lenses from Crystale throughout, 0.25 0.1L 0.20 0.0k 75 | 0ss-2.0 (Pase) 'Gﬂ Ndnplastic GW 100 o 120 11 11 9.3 Water table
hairline to 1/8" in Hairline lenses from to to 1.5-6,3 (Subgrade) CL 22.5 CL (25.,0) | CL 22.8 CcL (22.6) CL 29-36 CL 11-17 CL 100 CL 100
thickness and orystals | 2,2' to 3,0'. 0430 0.26 . CL 17.5 bl |
TURF ' No Base Crystals from 0.1' to |[Crystals throughouts - - - - 5.8 0.1-h.6 - cL (L3.0) - cL (31.6) CL 23-36 CL 11-17 - - 1 11 9.3 Water teble
1.7'+ Lenses from 1.7' | Lenses from hairline CL 15.6 CL 28.5
to 2.2' from 14" to |to 1/2" in thickness .
3/A" in thickness. from 2.0' to 2,25'.
PRESQUE ISLE A Crysﬁll_p - Crystals and hairline | - 0.18 - 0.10 - 5¢6=Te1 - - - GN  Nonplastic GW 100 - 10 11 - Water table
. lenses - to 6C 17.0 © 6 (16.28) GC 29 GC 8 GC 100
) 0.25 c
[ Crystals - Crystals - 0,06 - 0,05 - 6.14-8.% - . - - & Ngnplastic o & - 10 1 - ‘| Water table
: to GC 13.6 o (13.6) 6C 29 G 8 6 a4
0.10 GC 11.0
0 Crystsls - - Crystals - 0.22 - 0.15 - L.5-648 - - - - G%  Ndnplestio @ n - 10 11 - Water table
. to GC 16,0 GC 29 GC 8 6C 100
0.40 :
_ TURF Fo B ase Crystals’ - . - - - - 8.5 - - - - GW. !\'onqlnstic - - .10 1 - Water table
GC (1843) GC 29 o) .
. « .
TRUAX A Crystals - Few hairline lenses N 0.13 - 0.10 - 1.6-5.3 - - - GF 16-30% | oF 2-ge - 7 7.8 - Water table -
in subbase, and hair- to CL 27.5 cL (31.2) CL L3 CL 20 CL 100
line to 1/10" in 0.18 CL 28y .
thickness ir subgrade. SF 19,8 SF 1€.8 SF Nenflestic SF 100 .
c Fumerous lenses from' - Lenses from .01" to - 0.12 - 0,06 - 5.7=6.7 - - - GF 19=3C* [ GF 2«G# - 7 7.8 - Water teable
hairlipe to .05". Few 02" in thickness. . to CL 35.5 cL (23.6) cL 38 cL 18 cL 100
crystals. ! - 0.18 | CL 36.0
SF 20.4 SF 22.5 SF 100
. D Crystll..s - Few crystels and haire- - 0.0l - 0.02 - 9.8-7.6 - - - GF 19-30%| GF 29* - 7 7.8 - Water table
line lehses in subbase.,) to CL 25.9 cL (24.5) CcL Ly cL 20 cL 100 L
Lenses from hairline 0,05 CL 34.5
to .C2" 1/2" apart
in subgrade.
SELFRIDGE A Crystals Scattered crystals. Crystals. Lenses from | Scattered crystals. 0,06 0.06 .0.,01 - 0402 5.3 - 1.L-2.3 (Base) ML 28.5 ML 18,0 - ML (35.9) ML 30 ML 10 ML 78 - 7.1 8.8 5.7 Water table
. hairline to 1/8" in Lenses from hairline " to to 3,9-5.5 (Subgrade) ML 1E6.L .
thickness. to 1/16" ir thickness. 0.10 0,10 . SF 20.1 SF 16.0 SF 25,6 SF Nonplastic SF 84
. cL 349 CL 35.1 CL L6 cL 2L
PIERRE A Crystels - Crystals in sutbase - 0.01 - 0,00 - - - - - - GF 2€-33 | GF 3=16 - 2.4 2.1 - Irfiltration through
and subgrade from 2.5' to cL (15.3) CL 34-L2 | <L 16-26 cL 82 cracks in pavement
to 3.7, 0.03 CL 21.6 cL 24.3 CL 39-48 CL 20-26 CL 80 and through pavement
.CH 52736 CH 23-48 edges.
COD | Homogeneously frozea - Hémgencguly frozen - -0.01 - 0,02 - - - - - GF 25L29 uF 7-12 - 2. 2.1 - Infiltration through v
: to CL 12.7 cL (12.2) CL Lo-L3 CL 1823 CcL 79 oracks in pavement
+0,04 CL 10.4 CL 38-41 CL 19-23 cL L1 and through pavement
i . edges.
SIOUX FALLS A .Hon. None Horitontal and verticel] Lenses from hairline 0.08 0.11 0.05 0.06 8.5 6.0-7.1 - GC 23 GC 8 . - 5.9 3.2 10.8 Water table and
lenses from hatrline to to 1/8" in thickness. to .%o €L (27.3)| cCL 36l | CL 15-21 CL 93 infiltration.
1/8" in thickness from | Not in well defined 0.16 0.17 CL or CH29.0FL or CH(26.0) CL or CH 51 |CL or-CH 30 CL or CH 86
1.0' to 3.6'. horizontal layers. : SF=CL 15.9 SP-CL 16-26 [SF=CL 0-11 [P~CL 9
8 Yo Base Borxiont.l #nd verticall Lensee from hairline 0.08 0.06 0,02 0.01 15,2 12,5=13.5 CH 33.0 | CH (3L40) - CH (33.9)| CH 50-68 | CH 27-41 CH 92 - 5.9 3.2 10,8 Water table and
lenses from hairline td to 1/8" in thickness. to to . CH 33.0 CE 3L.7 infiltretion.
1/8" ir thickness and | Not in well defined 0.10 0,11 . ) CL LI, cL 25
1/2" to 3" spart, horizontal layers. SC 25.4 sC 17 8¢ L
WATERTOWN A - - - - 0405 - 0.00 - - - - - - - SF-OL 32-L1 [SF=-OL 12-1l - - Ly 3.2 - Water table and
ee BBRCL 32-41 |SF-CL 12-1) infiltration.
P 0.9 OL~CL 36-50 |0L-CL 12-16
_ . . - . . —y - 1.2 - - - - - GF 19-2 GF 59 - - Ly 3.2 - Wator table amd
8 0.02 0,02 : - 3F-0L 30-43 [sF-0L 1218 1ef31tration,
+0.07 OL-CL 30-L3 [0L-CL 12-18
- - - - 0.0! 0. 0. 0.0 6. - - - - - SF-CL 30-L1 [SF-CL 12 - - L.8 39 6.8 Water table
FARGO A 5 ol tgz “5 L OH-cH 29-él [oB-C 29-31 ’ .
0.09 0.06 CH 73-80  |cH LO-56

NOTES

*Atterberg Limits for GF soi) on portior passing No, 200 sieve,.
()aumbers in perantheses indicate frozen esoll,

DATA SHOWING INFLUENCE
' OF
WATER ON FROST AGTION
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' FREEZING

SUBGRADE ()

EQUATIONS:

48 kF .
L

48 K F
93 x= “L+C v°-32+-2—-i—i
24 k F
184 x = L+C v,-az+%

d d 24 kF
158 x —--2- ﬂ—) _—(—FLOC 32 +

DESIGN CURVE — Fic.2, E.M. PART XIi, GHAPT. 4 , MARCH 1946

X= DEPTH OF FROST PENETRATION IN FEET.

K= THERMAL CONDUCTIVITY IN B.T.U./(FT.)(OF)(HR)
F= FREEZING INDEX IN DEGREE-DAYS

L= AVERAGE LATENT HEAT IN B.T.U./FT

C = AVERAGE VOLUMETRIC HEAT IN B.T.U./(FT)XF)
Vo= MEAN ANNUAL AIR TEMPERATURE IN OF

L = DURATION OF FREEZING INDEX IN DAYS

d = THICKNESS OF INSULATION LAYER IN FECT

AN AVERAGE VALUE .FOR THERMAL CONOUCTIVITY
(K)= 1.3 B.T.U.Z(FT.)(OF)(HR.), IS USED THRAOUGHOUT
THESE CALCULATIONS.

VALUE rOR ‘d USED IN EQUATION 188 18
 THICKNESS OF TOPSOIL IN FEET.

NOTES:

(1) PAVEMENT TYPLS ARG AS FOLLOWS!
: C. - BITUMINOUS CONCRITE.
P.C.C. - PORTLAND CEMEINT CONCRITE.
T.8. ~ TOPSOIL (. TURFED AREAS ONLY ).

(1) VALUES USED FOR WATER CONTENT AND OENSITY ARE
FOR FRECZING PERIOD WHEN AWAILASLE.
EXCEPTIONS ARE NOTED AS FOLLOWS:
%~ VALUES FOR NORMAL PERIOD.
%% - VALUES FOR FROST MELTING PERIOD.
) ~ASSUMED VALUES .
NF - VALUES FOR NON-FROZEN SUBSIRABE 3OIL
(FREEZING PERIOD ).

(1) SOIL CLASSIFICATION FOR AIRFIELDS LXCEPT AS
FoLLOWS: .
C.R. -~ CRUSHED ROCK.
$.CEM. - SOIL CEMENT.

(iv) OEPTHS OF FREEZING OBTAINED FROM TEST PIT
OBSERVATIONS EXCEPT AS FOLLOWS :
TH -~ DEPTHS OF FRECZZING OBTAINED FROM
T - THEAMOMETER AND THEAMOCOUPLE OBSERVATIONS.

> CLOSEST VALUE TO OBSERVED DEPTH.
4 VALUE WITHIN £ @ INCHES OF OBSERVED DEPTH.

N NI

° 200
TIME IN DAvS
RELATIONSHIP BETWEEN Fa ¢

IN OF DAYS

FRECZING INDEX

A:EIGX'L FREEZING ez PAVEMENT BASE G AVG. VOL AVG. LATENT ot{sga\)/ED PRED!CTED DEPTH %Fz FREEZING IN
ITE TEST | vear JARTEMR [ NOEX | pupation [ [rrick.| o Truick. CNATERy | oENsiTY | aw Tryiex [ WATER T pensiTy, HE AT HEAT DEPTH OF CHES -
AREA ° | °F_DAvs DAYS TYPE IN_ |CLASS| IN =y LBS/FT.” |cLASS.| IN o LBS./FT> |BTU/CFTCF)| BTusFT® | FREEZING £0.83 | EQ.93 | EQ.is4 5&3,34 £Q.158 DESIGN |
[$A) F) © INCHES INCHES| —fo, ) INCHES| — o — 2) © (%) IN INCHES ) : g PAVE . ’ CURVE
I AND IIT 1943 -1944]]l 423 (1YY 108 B8.C. 4.0 cw 7 9.9 138 ctL - 3058 81 3908 2020 40 es 62 444 rpasae s+ @
x 1690 - 23 B.C. 38 Gw 36 4.2 »n 135 & cL - 19.3 % 107 » 390.5 1300 80 108 87 62 XY »57 !
¥ TO X 1749 130 pP.CC. 7.0 GwW ‘s 9.2 133 cL 38 28.4 92 428 3900 48 L) 88 4l p4b8a 58 ]
GC - 28.4 92 ) ]
A 1944 ~ 1943) laas 104 p.c.C. 1.0 Gw K3 [IX] ne cL 42 28.7 98 44 3038 54 es s8 @ 41 484a >33 @ |
) o Gc - 25.4 NF 103 NF N |
[ ] leas 104 8.C. 3.8 Gw 3l 6.9 131 cL - 3t o3 39.2 2310 s2 78 (Y] 474 S0ae »53 @]
; 24.2 NF 92 NF . ]
pow c. 1348 88 B.C. 3.8 cw 42 0.2 121 cL - 19.3 109 40.0 1960 80 79 -e7 a7 50 s
c 1448 104 s.C. 3s cw 42 9.2 1214 cL - 193 109 400 1995 62 (Y] »e9 49 s2 53 |
TURF 1448 104 T.8 6.0 - - - - cL - 23.4 99 39.0 3300 24 37 |
15.2 NF 12 Nf )
o tsas ~ 1948 1420 [1) s.cC. 38 Gw 40 13.5 » 128 = cL - 17.7 % 18 % 2.1 2530 so0 71 62 44q rara »53 a
€ 1420 [ B.C. 3.5 Gw 3 10.1 = 136 « ctL - 22.4 = 101 » ats 2208 40 Te [X] > a7 e 50« 639
€ 1090 75 ®.C. 3.8 Gw se 0.0 w 136 cL - 22.4 % 101 » 4l8 2110 44 (X 59 424 rasae 47 <
[ 1080 T4 rc.c. 7.0 ow 20 4o 138 » cL - 22.5 % 1o * 440 2700 (X3 59 @ >s52a a7 4a ae
TURF 1420 13 1.8 8.0 - - - - . cL - 22.4 &) 101 ) 42.0 3210 26 . ) 37
A 944 -1048]] 395 2060 LLE) PTT 7.0 cW 33 .3 T34 GC = 7.9 o6 38.7 T945 70 96 ) 60 »oTa 63
16.2 NF H3NF :
[} 2060 ns [ X4 4.0 [c,n 4 - - Gc - 14.8 "na 37.4 1870 T 29 [ 34 62 »704 63
. ow 30 (X ) 134 14.2 NF ‘114 NF .
PRESQUE TURF 140 28 TS s.0 Gc :::: NE :7:ur 39.1 2790 (R 124
ISLE Iy 1948 -1946 2240 120 rc.c. 1.0 Gw 32 10.4 % 133 % Gec - 17.0 & "Ny * 4l 2430 T8 [ >80 s7 6a 65
c 2230 120 e.C. 3.8 C.R. 3.8 - - Ge - 13.6 % Hs % 37.0 1788 Y] 108 92 »65 4 724 »65 @
oW 26 3 K * 132 '
[ 2230 124 B.C. 3.5 C.R. 3.5 - - GC - 16.4 %% 120 %% 440 2740 (X} 8s 76 4 LY »65 4
. (1] 28 10.5 %K | w142 -
TURF 2240 128 T.S. 5.0 - - - i - GC - 13.6 () s & 37.8 2230 80 »se e
A 825 °0 PC.C. 6.0 (3] T8 4.8 % o % SW = 5.3 W 03 % 26.0 800" 40 96 76 54 80 a4l e
BEDFORD [ [TH a7 a.c. 5.0 GwW s 4.8 ne 3w - 5.3 103 A 26.0 80s 20 s 70 49 54 >3
[ a8 a4l 8.C. 5.0 cw 14 4.8 ) 1o & sw - 5.3 ) -103 26.0 803 26 62 49 3s 40 »27a
A 300 0 8.C. 6.0 = - < - SFOR 30 0.8 K| wmt2a 27.4 2288 26 34 3 - 22 < 284 >26d
‘ ML 238 Kk | wx 87
oTis sp 24 1.2 e
. GP - 0.8 126 :
A 1605 107 B.c. .8 S.CEM s 63 ILE) GF 30 T4.7 1o 34.8 2160 a9 ()] 72 51 @ 524 T 56
HOULTON Gc - 83 - '3‘]
] 101 NF_| NFIl® .
A 1v4s - 1048 400 1210 [ B.C 2.8 [cn [ - cL 23 211 % 108 % 39.0 2368 4 68 0 Yl LYK LXKl
GF s 8.3 % w a1 sSF e 6.1 * 18 % . . :
cL - 201w 108 %
» 1248 95 s.c 2.5 [c.n 18 - - ] cL - 270 ° 99 439 1808 se. 78 X 48 es | »B50@
R GFf 25 7.7 122 ’
c 1245 .7 P.CcC. s.0 GF 48 12.7 a2 cL - 30.0 s2 308 2070 [X) 74 . .2 a4 »304a m80a
TRUAX A 1940 - 1046 1020 (%) B.C. 2.5 C.R. [ - - ] [ cL 26 271.5 % og_:] _--43.7 - 2430 48 o2 53 37 raTa - »45a
5 GF e 6.0 ® 140 SF 36 19.8 % 1ex .
: ) cL - 27.5 % [T . - .
1080 too p.c.C. 7.0 GF LY 10.1 % ®129 [ cL 32 358 % 07&] 430 2950 40 o 53 q 37 4asa »aca
. SF .- 20.4 % 13 wJ | : :
3 [ 1088 (1] B.C. 2.5 C.R ao - - ] cL - 25.9 % (1 X3 43.2 1560 89 . »03a 44 e 48
GF 3o 5.6 »* %139 : :
O hus -194 478 648 [ P.c.C. 10.0 GF 12 1.5 90 ML 13 18.0 2 44.0 2200 35 780 43 30« 40ae »36 @
SELFRIDGE SF ° 22.3 % 100 % _ R [
- cL - 36.2 & [ XX .
A 1944 - 194 4738 960 04 P.cC. 7.0 GF 7 8T 138 % [ CcL 32 8.1 % 108 # 37.0 2iso 42 54 3ve 46e CXXT]
CH - 235 90 % : : K .
4 . ees 14 s.c. 5.3 GF ° 6.4 % 140 % cL - 141 % 97 % 329 1640 2 82 537 a2 38
TURF ee0 o9 T8, 40Mm - - - - [CL 60 12,1 % 928 X% 3.0 1680 e . 34
PIERRE ) : cCH - 18.7 » 90 %
A 1945 -1946 1028 (1) P.c.c. 7.0 GF 7 7.4 % " |4a] cL 27 216 % 97 x 3.1 262 48 824 37 a4q »as e
cL ] 5.9 % ® 110 [cn - 207 w3 O 7% . . ’
c 1028 99 s.C. 0.0 GF [ 0.7 n x 128 cL - 127 » 92 » 30.0 1870 © T4 63 > 454 (Y] >asa
cL 7 13.0 # ® 11 . : : :
A 19441948 40.2 O Te ®.C. 2.0 (X3 10 1.0 % x 132 CL OR. - 238 % 0 s&] 400 2040 Y ) 3%« »374 >e34@ |
. cL 12 167 w | wit2 CcH 309 % 84 % : ) . |
SI0UX A 1945046 1220 .2 s.c. 2.0 Ge 10 LA * nv] [CLORCH| 48 29.0 % (X &" 36.5 3020 60 . 53a Y} a0 LI B
cL 12 2t.4 & %103 | SF-CL |. =~ 159 % 97 K _ = S
FALLS ® 310 o0 r.c.c. 6.0 - - - -  CH 00 33.0 % 65 %] 389 3980 X} 50 38 »ala 81 |
. .cL 1" 275 %% .87 %W : . . |
- - sc - 159 B 97 b : .
A lua-lus‘ 423 se0 62 P.c.C. 8.0 - = - - sSF-oL 32 14.6 % 12 ») 30.7 2328 38 32 >37a 43 42 @
oL-cL 20 238 » 87 * B
GP - 3.6 % 120 N s :
[ 3 840 59 s.c. 5.0 GF [ 4.9 # 139 % |fsF-oL 22 18.1 % 103 # 20.9. 1970 62 LX) 39@ 4a44q [ XIK)
. oL-cL " 22,1 % 88 * . . .
. WATER- L L GP - 4.4 -12.06eh] ) ) . v
TURF seo (X} T.8. 8.0 - - - - SF -OL 52 6.4 » 136 % 30.e 1240 . ‘42 43«
TOWN. L cp - 4.4 % 120 W) L R
A 1945-1946f) 1718 [ X rc.c. [ X - - - - CsF-oOL 24 14.6 & 12 29.7 20t0 78 TH (X} »77 e ss (X 88
’ oL-cL 22 238 07 & ’
. L GP - 3.0 & 120 €R) : .
[ 1718 (X ] s.c. 5.0 GF 12 4.9 139 & |Fsr-oL 30 14,1 ) 103 ¢ 208 1330 79 TH 108 20 (X »690 LX)
- GP - 4.4 120 &b . - c-
A 1944 - 1043 39.2 XD 79 ®.C. .8 S.CEM. e.5 1 % * 122 F OH-CH [] 267 % 0 » 432 2965 46 65 B 42a bade se2
FARGO ) lcL-sF 14 10.6 % ®i28 CcH - 3L % 8o % e
A 1945 -194 2465 128 B.C. (K3 [S.CEM. 6.5 ot & 12269 OH-CH 12 207 & 9 96] 42.3 33998 72 TH LY >73a s2 83 69 <
CL-SF 1] 10.6 () 126 CcH - 3 89 ¢ .
A 1944 -194 550 50 s P.c.C. 7.0 SWORSF 0 2.0 % T20 % SF-cL | 35 5.1 #* 09 & 36.4 3238 T3 37 ] CHEK] 20 [
. OR
CL-8F 13.1 # 102 %
GREAT L cu 170 % 100 »
BEND A 1943 -i94 ¢ 130 " r.c.c: 7.0 SF s ‘2.0 40 120 9 s;—:n. 3 18,1 &) lo9eh 38.2 1600 24 TH 274 et e () »224a '
TL-SF 13,1 & 10260
9 194 39.0 1260 [X] 8.C 3 * ° £h v e 139¢ = : 46 T8 70 > 50e 54 »>350 @
N 44~ 3' 9. 2 . C. 45 ) e 4.7 3 CL-ML 4 6.6 * 87 & 28.7 908
BISMARCK . SP hd 8.1 » 99 » s
] A Toa4-1 ar.4 358 59 P c.C. 7.0 = = = = fSF-cL 29 e » M4 n 290.2 850 30 42 3ta 2604 »33d »27 @
SF 12 6.0 » 120 %
sP = 8.3 & o \
CASPER [] 3ss 59 B.C. s.0 ow 7 3.8 % 130 % |fsF-coL 12 6.2 % "y q 29.7. 870 19 o1 a7 34 3 »27 |
sp 32 3.5 % 1090 & ’
: - F-cL - 6.2 % [IRE] / D 5 -
FAIRMONT A 1944 - 1945 320 380 o P.C.C. 9.0 2: §_s i:..g : 7 ::: 38l 3880 - IE) 31 28 - 2
: A 1944 -1943) $8.0 25 7 8.C. ) (3 10 3.0 & 26 % |[ cL 36 15.9 % 107 & 36.2 900 T2 15 o >l < e e % s <
GARDEN CH - 190 % 05 %
. OR g .
CITY. CH-CL 16.3 » 0T % )

FROST INVESTIGATION
184519486

PREDICTION OF FROST
PENETRATION

FROST EFFECTS LABORATORY, BOSTWM JUNE948
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TEST AREA C

TURF TEST AREA
TARIWAY G

TEST AREA D

TEST AREA E

N.-S. RUNWAY

TEST AREA A TEST AREA A
TEST AREA F

TAXIWAY 28
TAXIWAY A

APRON
TEST AREA O

TURF TEST AREA

DOW PRESQUE ISLE

BEDFORD

TAXIWAY 4

TEST AREA )
. OLD APRON

E.-W. TAXIWAY

TEST AREA D

N.= S. RUNWAY

TEST AREA A

N.-S. AUNWAY

TEST_AREA A
TANIWAY 2

o ) €.-W. RUNWAY
~TEST AREA C ‘

TEST AREA A TEST AREA B

- TRUAX SELFRIDGE

SIOUX FALLS.

TEST AREA A

PIERRE
g TARIWAY T A
,«/—:’EST. AREA. 8

TEST AREA A

AUNWAY

FROST INVESTIGATION
19481947

RUNWAY

WATERTOWN T

LOCATION OF TEST AREAS
AT AIRFIELDS -

GREAT BEND

1800 °
[ =—-—

FROST EFFECTS LABORATORY, BOSTON MASS.

PLATE 2

1600 . 3200 4800 FT.
—— ]




DOW FIELD - BANGOR, MAINE

% FINER BY WEIGHT

GROUND WATER TABLE TYPIGAL ICE
5 B . _ LOG SEGREGATION . SUBSURFACE TEMPERATURES
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Ground water well

i GL Tharmograph

Ground water well
25 ft. from fence

ELEMENT MATERIAL

A 4" Bit.Conc.
: Cinders

8 6" P.C.Conc.
Cinders

(] 4" Bit.Conc.
Sand & Gravel

D 6"P.C.Conc.
Sand & Gravel

E 4" Bit. Conc.
Crushed Rock

S |

F 6"P.C.Conc.
Crushed Rock

4" Bit, Conc.
Silty Clay
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FROST INVESTIGATION
1946 -1947

TEST SECTION
DOW FIELD, BANGOR, ME.

10 o 10 20 30
S . — -]

" SGALE IN FEET
SOILS LABORATORY

NEW ENGLAND DIVISION, BOSTON,MASS. JAN.1948
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CEMENT
CONCRETE

110
no

946
946
947 |
100

947
1947
OBSERVATION
8JULY 1946
6 AUG.1946
70CT. 1946
12 NOV. 1946
9 DEC. 1946
7 JAN. 1947
Il MAR. 1947
22APR.1947
10 JUNE 1947

DATE OF
OBSERVATION |——
100

CURVE| DATE OF

14 OCT.
18 NOV.
I MAR.
23 APR
20 MAY

x
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Y

TEST AREA B
TEST AREA A

CURVE

—NOw®D O

BEDFORD,MASSACHUSETTS

SIOUX FALLS,SOUTH DAKOTA

t

2
3
4
5
6
8
9
10

BEDFORD AIRFIELD
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~ SIOUX FALLS AIRFIELD
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FROST

INVESTIGATION

SELFRIDGE FIELD,MICHIGAN

RAFFIC TEST LOAD EQUIPMENT
60,000 POUNDS TOTAL LOAD

'SUPER C TOURNAPULL WITH

LOAD RIG

TOTAL TEST TIRE TIRE AIR CONTAGT CONTACT |
MILAGE TIRE TYPE PRESSURE PRESSURE AREA
LB. SQ. IN. LB. SQ.IN. sQ. IN.
394 .1 RIGHT B-29, 56"DIA. 90 91.1 329.3
165.2 LEFT B-29, 56"DIA. 90 89.0 337.2
B-29,56" Dual Test Wheel
/—‘ es eels
~ Qq%: Z ~N
P
| Load Box—/
- Tractor Wheels @
LEFT TIRE : RIGHT TIRE

56"~ 16 Ply Nylon
Smooth Contour

56'-16 Ply Nylon
Smooth Contour

TYPICAL PRINTS OF TEST TIRES

e
PLATE |l
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INVESTIGATION
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FROST
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FROST EFFECTS LABORATORY, BOSTON, MASS.
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Quortzite

2.1718 — 9

o Such as dry asbestos or cotton.

' |
2.4 o
, | | I
204 | |
8 .
i S,00 = Sand ,unfrozen, 100 % saturated.
C 00 = Silty clay, unfrozen,100 % saturated.
.84 - S',oo = Sand,frozen, 100 % saturated. T
C',oo = Silty clay, frozen,100 % saturated.
L 7 ;_3 ]
'1’0 ' Subscript indicates % saturation. / g
- o
.64 x T 4 .
5 l L ¢
- ° I [ ‘ g
:L [ = S M\J/ // &
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04+ WATER __.--=" |' | : S
| | | ) l R
! - e
1 | | /
+ o So ond‘ciﬁ/ | .
INSULATION J )
o ) l after K.y Gerzagm
ol— +
o I so | 100 I 150 169
| | DRY DENSITY IN LBS/CU.FT. | i
100 75 50 25 (o]

POROSITY, n,IN PER CENT

" FROST INVESTIGATION
1948 - 1949

THERMAL CONDUCTIVITY
VERSUS '
DENSITY, POROSITY AND
SATURATION OF FROZEN
AND UNFROZEN SOILS

FROST EFFECTS LABORATORY, BOSTON,MASS.
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PERCENT TEMPERATURE CHANGE -

ol 02 03

TIME FACTOR-T

°
1

100

4TIo o

04 05 06 07 08 . .2 .3 4 5 6 78910

ll R R R L L AL S PR AL ER AL LE4 L ERY L P08 EIER) 2 ot e 28 0
ARNN NOTATION ;f'
A = PERCENT TEMPERATURE CHANGE ]

g"_g‘ (100) :

1 € = VOLUMETRIC HEAT CAPACITY, BTU. /(FT)("F) L

| ¥ = UNIT DRY WEIGHT, LBS/FT’

| ¢ = SPECIFIC HEAT OF DRY SOIL,B.TU. /(LB)(°F) 7

1 W = WATER CONTENT, PERCENT DRY WEIGHT ;

4 k = THERMAL CONDUCTIVITY, BT.U./(FT)(°F)(HR.) 4

1t = TIME IN HOURS

] 8 = INITIAL EXTERNAL AND INTERNAL 7]

TEMPERATURE AT 4 = 0% : -4
UNIFORM EXTERNAL TEMPERATURE
SUDDENLY APPLIED

TEMPERATURE AT CENTER OF CYLINDER AT
TIME t; AT =0%,6=6.; ATAL=100Y%, 6.=6,
DIAMETER OF CYLINDER IN FEET

/2 CYLINDER-.LENGTH

DIMENSIONLESS. TIME FACTOR

/@) EQUATION FOR VOLUMETRIC HEAT CAPACITY OF FROZEN .

.

soiL =7 (c+

0.5w
100"

_ﬁ—"““l A0AEd M4 o

{50004 Ehodd ihow b s i e e §

. (b) EQUATION FOR THERMAL CONDUCTITY k= =——

- TIME FACTOR CURVES FOR TEMPERATURE CHANGE
o AT CENTER OF CYLINDER

.0l .02

PERCENT . TEMPERATURE GHANGE -AL

TIME IN HOURS - t

.03 .04.0506 .08 . 2 3

4 5.6.78910 2 3

4 5 678910

NOTE :

MATERIALS N FROZEN

I
|
1y
T

STATE

TYPICAL TIME

THERMAL CONDUCTIVITY
FIG.2

CURVES
DETERMINATIONS

FIG.|
T Opanings Standard ut Hydrometor
.m"’ = e 2 L L ‘{": ’;‘”’“”m Sl 1 0 EXAMPLE FOR DETERMINATION OF THERMAL CONDUCTIVITY
R ‘ AN GIVEN: & =50/,
ANELN ) TEST DATA FOR SAMPLE NO.3B-5, TABLE 4 AS FOLLOWS:
o N L4 c=020 B.T.U./(LB)°F)
TN V& =1271 LBS./FT3
~IMINCHESITER\ || A KN ¢ w..36/°
CRUSHE]D | oS \ EQUATIONS: 05w
THAR ROC P @) Ce= (c+7850"
‘ AN Y ' C¢D°T
- ‘ \'ﬁ\ \:"f ¥ (b) k = —fT— )
| Ve, \& SUBSTITUTING IN (&) : '
: <
© NERTY ah N*% \ A\ < \‘46 ) Cs = 1271 @.20 +(0f?303'6 ) =277 B.T.u./(FT.3)(°F)
» 1N VIANR I c \ .FROM FIG.2: ' . .
FECI2 1 NAL TN X \\ \ D=536IN.= 0447 FT. |, D= 0.1995 FT.
Lde | AN a t =0.224 HR. :
3E49 1p N, Cac (W ANNEE
‘ N FROM FIG.1, CURVE |
3E14.05,17 1 k\ N AN T=0.042
T i B SUBSTITUTING IN (b):
e I * GmmSmm Millimeters o oo oot oo oo k = (277)(0|995)(0042) = |036 BTU/(FT.)(QF )(HR)
Large Gravel l Medium Gravel G,';li, Sanr:! IMseg:";"‘I Fine Sand ]Very Fm] Clay 0.224

Sitt

U.S. Bureau of Scils Classification

GRADATION OF BASE MATERIALS
’ FIG.3

FRQST INVESTIGATION
1945-1946

THERMAL CONDUCTIVITY
DETERMINATIONS
' FROZEN BASE MATERIALS

-BOSTON. MASS. JUNE 1946

FROST EFFECTS LABORATORY,

PLATE 14




THERMAL CONDUCTIVITY, a.T,u./ (FT.)(OEG. F)(NR.)‘_

' WATER CONTENT — PERCENT DRY WEIGHT . . ‘ WATER GONTENT — PERCENT DRY WEIGHT
002 ; 2 3 .:~ 5 6 7.8.910 2 3 4 5 678910 20 30 40 60 80 100 C o ‘2 - 3 4 5678910 2 3 4 5678910 20. 30 40 60 80 100
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‘ ‘ .? 0.4 S i
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FiG. 5
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ol 2 3 4.5 6178910 2 3 4 5 678910 20 30 40 60 80 100 oTES:
0.0 T T TR, TITT TS N .
; T Moy T Y il [ EHHER NUMBERS BESIDE PLOTTED POINTS INDICATE FROST INVESTIGATION
il SreE e ; Rk L _ UNIT DRY WEIGHT OF SAMPLE IN POUNDS PER GUBIC 1945-1946
: _ T i il i FOOT. : :
04__; i i f I {1 R R : -~ UNFROZEN MATERIAL ) ) ) :
' : i A Ul --4-- FROZEN MATERIAL ' : :
i L e Y( OBSERVATION IN ERROR . ' THERMAL CONDUGTIVITY VS.
| i ]i WATER CONTENT
- N a8 . . .
Enihitat et aar : : OF BASE MATERIALS
if i || .!A:,Ul - i '
F16. 3 :
- FROST EFFECTS LABORATORY, BOSTON, MASS. JUNE 1946
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= W x4
L="7 X 50 X144

Y = UNIT DRY WEIGHT IN LBS/CUFT.
W= WATER 'CONTENT, PERCENT DRY WEIGHT

- VALUES BASED UPON LATENT HEAT OF FUSION OF WATER =44 BT.U./LB.

/

/

LATENT HEAT DETERMINATION

FIG.1 -
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1500
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L - LATENT HEAT OF FUSION - BT.U./CU. f'T.
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Y= UNIT DRY WEIGHT - LBS. PER CU.FT
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140

13%
130
12%

120
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110
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100

95
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(.1}

80

w
NONFROZEN SOIL -Cy=Y (0-2 + T6‘6)

FROZEN soIL-Cr= (02 + 55"

VALUES BASED UPON SPECIFIC HEATS OF 0.2 B.TU./(LBXDEG.F) FOR DRY SOIL;
1 BTU./(LB.XDEG.F) FOR WATER; AND 05 BTU./(LBXDEG.F) FOR ICE.

X% 500

\ > 450

- BTU./ (CU.FT.XDEG.F)

s

CyOR C¢- VOLUMETRIC HEAT CAPACIT

VOLUMETRIC HEAT CAPACITY DETERMINATION

FiG.2

W -3
? 8
FRNAANARNAN|
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FROST INVESTIGATION
1945-1946

DETERMINATION OF LATENT
HEAT OF FUSION

AND :

VOLUMETRIC HEAT CAPACITY

FROST EFFECTS LABORATORY, BOSTONMASS. JUNE 1946
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SOIL MIX NO.3
4 1L | ’ ' atwmom‘wclgnlmgg 037 ‘A 3 4‘ 6 8 loTM! Smndgd s.;;e N"mmne 100 150 200 o .
) 100 - 4 T - T ::—:....‘ -#—-T——‘ﬁ———r—r-— - - ey r
N\ SOIL MIX NO.2 o T A ne e - EAST BOSTON TiLL (6C) ]
Ty 1\ | ‘ : ol L1 NG N 1T SPECIFIC GRAVITY = 2.74 |
P= Y | 1 W N N N 1 N PLASTICITY INDEX = 9.2
135 |7 ] ~ FROST HEAVING GRAVEL NI N | [T/ N [Lleuib LIMIT = 24.0
T : “NT . ~ R ¢ PLASTIC LIMIT = 14.8 ]
A - i . _ . )
/ %\ 0 — \\\' / X?' _ NEW HAMPSHIRE SILT (ML)
T LB | - | y . y \l(;ﬁsmzcmc GRAVITY = 2.69
| .y, - SOIL MIX NO.I ?w \ N S ) IPLASTICITY INDEX = 5.0
' ANAH | /) NN 1 1IN \ /L1QUID LIMIT = 29.I
= 130 y N
o / RS L _ : ' : P S _ = N \PLASTIC LIMIT = 24.]
o . 4 \ 50 —t , + 4+
w yARRARNE 8 'soIL MIX NO.1(SF) / A) NN | 111 \
/- \ - ‘ [SPEGIFIC GRAVITY 2 69N AN, NERY
o /1t A\ EAST BOSTON TILL , OHtT T L S AN ' N \
@ \EWER - [SoIL MIX NO.2 (GF) »
3 125 ! e SPECIFIC GRAVITY = 2.69- NN -
' ' ; N _ _; I ILITI 1 Hod ! _ N
@ & A\ ‘ FROST HEAVING GRAVEL (GF) — Y - < N
W SN 2[SPECIFIC GRAVITY = 2.68 4 el PSS N
a \ 4~ N N
o , |[PLASTICITY INDEX = 1.8 . , SEE SR N N
< 120 ‘ C \ SPECIFIC GRAVITY = 2.7 |[PLASTIC LIMIT = 5.6 | SPEGIFIC GRAVITY = 2.71 T . N -
3 ,ELHIH—I [ [T ] T B By -
Q \ ) 9 50 » 10 § 01 0.05 0.01 0.005 0.001
, v . . Gram S:ze in Millimeters
’l_ : \ \ ) Large Gravel Medium Gravel G':;‘/ZI %c)aar:ge Mseg:::jm Fine Sand Vesrsz;ine Silt 1T Clay
X A \ ' ‘ ) U. S. Bureau of Soils Classification
3 . 2\
2 s \
W n A
= 5 Gompac//an fesrs perfarmed s
> -+ according fo modified A.AS.H. 0.
o |2 procedure using 4inch L : :
o 1] _ o
[T} - diameter cylinder,3 layers, _‘ o NEW HAMPSHIRE SILT
nold 25 blows per layer with . \ .
12 /0. pound hammer /8 inch ) , _
1y drop. - /
| g \\\/ %
e \ . : w
105 o \ N\ ' | | | FROST INVESTIGATION
aiiy \ - : ' : 1945-1947
. T mEL 1 | o | - BASE COURSE TREATMENT
‘ T S \ N | TO PREVENT FROST ACTION
N | . . . .
100 = . H | _ :
. 0 | 5 10 5 20 25 , - SUMMARY OF
' WATER CONTENT-PERCENT DRY WEIGHT SOIL TEST DATA
SOILS LABORATORY JUNE, 1948
NEW ENGLAND DIVISION BOSTON, MASS.
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o

CUMULATIVE DEGREE HOURS BELOW 32 F

7000

8000

5000

4000

- 3000

2000

1000

INCHES

HEAVE IN

SERJES |A ——
SERJES |B ———

" L lseRriEs

SERJES |[C — 1T

SERIES |8

\ L

. SERIES|A
__.X,—-—;—.’: —

~+“A-I 'NO ADMIXTURE

T ]‘ '. I ]

—0” A-2 2% BUNKER C OIL
& A-3 47 BUNKER C”OIL

AB-5 057 CACL,
¥ B-9 057 CACL,

_# A-13 NO ADMIXTURE

;:f A-14 27 RT- 2

BOISTON| TILL|

& A-15 4% RT-2

A B-13 NO ADMIXTURE—
¥ B-14 2% BUNKER'C OIL

A B-15 47 BUNKER ‘¢ 0OIL

APPLIED TEMPERATURES
ELAPSED TEST SERIES
TIME A B C
(DAYS) | ¢F > | C°F ) | CF )
-2 34 34 40
- 35 34 35
o 32 32 32
| a2 3l 3l
2 31 31 31
3 30 30 55
4 29 29 30
5 29 29 27
6 28 28 27
7 27 27 26
8 26 26 26
9 25 | 25 25
1o 24 24 | 24
H 23 23 23
12 22 22 22
13 20 20 20
14 18 |8 I8
I's | 6 e | 4
Ie 14 | 4 | 4
17 12 12 13
I8 10 o ]
9 5 5 5
20 5 5 5
21 5 5% 5
22 5 - 5 %
23 © 5% - -

¢ B-16 67 BUNKER C” OIL—

& C-8 NO ADMIXTURE j_

HAMPSHIRE snﬂh

BT HEAVING GRAVEL

% FINAL DAY OF TEST

TIME IN DAYS

FROST EFFECTS LABORATORY , BOSTON,MASS.

FROST INVESTIGATION
BASE COURSE TREATMENT
TO PREVENT FROST ACTION

1945 - 1946
HEAVE AND TEMPERATURE

DATA

JUNE 19486
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NUMBER OF DAYS IN TEST

L APPLIED TEMPERATURES
EL{\PSED TEST  SAMPLES
(D,‘&Es) DIT0 D4 05 T0DB DI TOD 12 D13 TOD 16
] 38 37 . 3 37
2 38 37 37 . 37
3 38 37 . 31 | 37
4 38 37 37 L 37
s 33 33 32 . 32
6 34 33 30 33
7 32 33 31 32
8 30 30 | 29 30
9 3 30 29 30
10 29 29 28 28
i 29 28 27 28
12 28 28 27 28
13 27 26 26 26
14 27 26 25 25
15 26 25 23 25
16 25 24 23 24
17 25 23 22 23
18 23 22 2 21
19 20 19 17 19
20 18 16 14 16
21 15 14 12 14
22 13 12 9 12
23 10 10 7 10
24 7 6 3 6
25 5 a ] 5
26 s 5 i e
27 4 4 - -
Specii D-1 through D-5 prepared with Soil Mix No. 1.

Specimens D-6 through D-10 prepored with Soil MixNo. 2.
Specimens D-I1i through D-i5prepored with Soil MixNa. 3.

NUMBER OF DAYS IN TEST

—— 6000 /
& 5000 ‘/
w
8 h _ /
™ sooof - 4
z
9 000 /| & -
2 -
@ ACCUMULATED DEGREE HOUR CURVE T\ // g ACCUMULATED DEGREE HOUR CURVE N //
- 4000 N
3 N g e
@ 3000 i 3 y.
w / I
& Vi w 3000
: d :
2000 © 1.00
2 / i 8 /
= o 2000 00 = -
= ut |9
2
g 1000 - - LY m—
3 |1 3 a |+
4 ] 2 1000p 5070 ]
L1 Q 2 —
|t z | —1—4
0 ] b4 | o060
] L
/
: ol_Zo0s0 — i
S // :
© Q40 0.40 _ :
o © D-13 4.0% BUNKER °C" OIL w D—9 5.0% BUNKER “C" OIL (NOT PLOTTED—NO HEAVE)
5 @30 B'D-14 5.0% BUNKER "C" OIL ano D-I0 6.0% BUNKER “C" OIL (NOT PLOTTED- NO HEAVE)
Z - —
= D-15 6.0% BUNKER "C" OIL (NOT PLOTTED—NO HEAVE) T © D=1l NO ADMIXTURE /"/
Z 020 0.20 @ D-I2 2.0% BUNKER "C' OL -
X / r’-——"/
Z olo -0.10 P
: | 4N .
I
"o o -
10 12 14 16 8 20 22 24 26 b 8 10 i2 14 16 - 18 20 22 24 26
NUMBER OF DAYS IN. TEST NUMBER OF DAYS IN TEST - :
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THICKNESS OF PAVEMENT PLUS BASE.
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APPENDIX A |
MATHEMATICAL STUDIES OF THERMAL PROPERTIES OF SOILS

Symbols and Deflnxtlons

The fo!lowung symbols are used fn'the méthematiCél studies®

Symbol |  Definition - Unit

P : : , .
A . Temperature difference between annual . Top
. mean air temperature (v ) and freezing
temperature (320) = »

|

a' o ’Thermal Diffu5|V|ty = k/C - v S £t2/hr.

B A »Amplttude of air. temperature change for

yearly cycle‘— /2 range - : J‘ - op
olumetric heat e BTU/(ft2) (OF )

|
v
\
:zC(:CQ'Ch . Yolumetrlc hear of Jayers 1{2,.,nbrespec—i'; _ 3 o
B ‘ | tively - _ o o o BTU/ (1) (°F)

Cf ' _YOlumetric heat‘in frozen'state _ - BTU/(ftB)(OF)-
. 3 e . S :
_ o o _ , o .

C Volumetric heat in non-frozen state =~ BTU/(ftB)(OF) B
c. épecifﬁc'heat'¢1 S T BTUZ( LB (OF)

hlckness of lnsulatlon layerébj,.Z,.;.n, . ‘
'respectlvely PR e ft.

urface coeff|c1ept = kg

m
- _A;,m <_-_w;,_.74u_1 s

Base of natural. (NapTerTan)'Togarithms“A
=2.718 + o o

! : a . o

Fo ' Freezing index s o o °F days

i

H o Total héaf gTQeﬁ up bY”éoTl'i‘Qt" : - T O BTU/Ft2

~h o 1 v Depth below ground surface B ft.

.

hermal gradlent S : T' N A

x|

@onstaﬁt of’integrafioh
Tk L 7'“T,;:ThermaT.conductivity ' SR : ' BTU /(ff)(OF)(hrT



~ Symbol

Kl'kQ’k

XR

Definition

Therma! conductivity of layers 1,2
respectively

P

Thermal conduetiviiy in frozen state

Therma | conductnvnty |n non-frozen

state

latent heat of fusion of.water insoil

Rate of heat flow from ground surface

= ki
Therma | resistance_='_l_+ 2%,
T Kn
Thickness of upper soil layer

- Time period of temperature change for

1 year

Time increment = duration of freezing
index - '

: Temperature amplltude in soil at depth

" hll

Average air temperature durlng perlod
of freeznng

Average soil temperathre = mean annuall
‘air temperature ’

Constant suddenly impressed‘air tem—

perature

.Varlable air temperature durlng per.iod

"Tll

Depth of freezing = depth of meltsng for

rising soil temperatures.

P

Depth of freezing, when .soil is overlain

by an insulation layer

BTU/(ft)(°F)(hr)

Unit

BTU/(ft)I(OF)(hr)

BTU/ (£t )(OF)(hr) -

BTU/ft>

BTU/(ft2)(hr) -

BfU/(OF;(hrl
ft
‘365.daye
.day
o
OF
oF
%
ft

ft



Symbol - o ‘ Definition ' : Unit

z Elevatuon of a ponnt from the boundary _
o o ) ;Iayer - measured ln opposition to "h” ‘ o ft
. h
. e .
| ' Growth coefficient of melted layer = —/—=—
; T et of ! Yo" 7 et
. . | o
| w 'Parameter =2mw/7T
- - .. N,Z,6 Dumen5|onless parameters for 5|mpllf|—
- ' ' ~cation of equatlons ’
P,G,m,y,8,¢ Parameters for snmpllfucatvon of equa—
tlons
SR Mean temperature gradient -in period At OF/ft
in - log to the base "e!

| . _PROBLEM NO. |
Given a'homogenedus isotropic soil mass of semi—infinite extent,
with its initial temperature at temperature "v ". Its surface temperature "
is suddenly changed to temperature ”vp” : '
| RN ’ ‘ (4) Find the thermal diffusivity ”a" by measuring the tem-
perature gradlents at dlfferent t imes, neglectlng latent heat.

N - The't%mperature at any depth_"h” at time "t" s

. . _ ;
»V(h,t)’-vo+ (Vp,—Vo

[l —erf (8] . ... o : . [

where the(erfl(ﬂ) is' the probability-integral, also known as the Gauss
"error-function" of B, and can be expressed as ' :

2 B 2 v
erf (B) = e”Y du . . . .[2]
| e =
i
By definiti B = — (3]
: efinition = e e e e e e e .
. Y © 2V24at ' . -
At ang time "t'", the’ temperature gradient "i'" .can be expressed as
o :the slope of the- temperature‘ :
dy _ ' d df ,
i S— = - (v - v )— erf B} ... .. ... ... (4]
dh ° PdB £ A dh '



, d 2 d 8 2 2 2
" Now —erf = — e Yidu -‘-——e_'B e e e Y e e e . .
B TP Tad o , (5] ,
. . 2
e T )ie'ﬁz S T e h . [6]
. = - C - — R AVIRSAVI | i *
dh o PVan 2/24at S0 TP Vou4mat
N o .
2
: : e 96 at
At time "t ", i = = (v, 2V e b (7
. ' ' °© " P V2amat, ~[]
_ h2
. ) o 96at2' ‘ ,
and at time "t,", i, T =(v - v ) —/—/m —— . . . . e e eee ... 8
‘ ' 27 2 ° P V24umat, N :
i -922t 2 ) LEITR |
| o . Ao < .
R P Lt /A e ity oty L)
e 96at2 S '
o
let — - — = §
t, oty
Then—b = /2 o9%a . ... .. .......0Lo
. |2 t' . R S .
. n%s | |
R T AT R N (8D
2s i/t , v 4 ’
h2s N [ , v _ ,
SinE—/—1 . ... ... .. .. oo h2)
. h<$§ : k - : . ' .
.a = = —— T S &3
- a y | C . ‘ ) o
961In[— /—] '
|2 t2 .
A-4




Va lues of iy and ”12” may be obtained by plott1ng the .tempera-
ture profiles for times "t;" and "t," and then drawing tangents to curves

at depth "h'.. |

This pﬂoblem is generally one confined to the- laboratory. In
nature, the soil temperature is not uniform at any time and the tempera-
ture over a given period never changes from one constant value to another.

. ,v(b)i Find the .therma!l diffusivity g by noting the time re-
quired. for a point at depth "h'" to change its temperature by (v, + v ).

o P
| 2
Il . Vo’+'vp . :
" Substitu t|ng-———5—~f er Vh,to equation:[|] becomes -
.
| , I 4
+ v . .
—f—zr—fl = v, + (Vp»— vy [I‘r'erf (817
Then'érf B) =172 © o i i e e DAY

. | oo
From tables of error functions or Fig. 5, Plate A 2 when erf

(B) = 4/2, = 0.477.
" h

2vV24at |
Then h . 5V24at 2 x 0.477vV24at

From definition ﬁ.:

o hZ 7 0.o04bgn? S o

or a = = e 1Y
: ; N
{

21,91t .t

_ ‘Thus, wlith a soil mass of very great depth at a unjform tempera-
ture ”vO and %he surface temperature is suddeniy changed to temperature
v ", then W|th a thermometer or thermocouple placed in the soil at depth
- "h'" and the the noted when the soil temperature reaches a value halfway
between '"v " and "v, ", a value of "a" can. be obtalned Thls problem is
confined to the !aboratory;

PROBLEM. NO. 2

Given a homogeneous, isotropic soil mass of seml—lnflnlte extent
exposed to perlodnc temperature changes over a suffucnently l.ong period4
SO that the: |nterlor temperatures are ‘also perlodlc

»Fird the thermal d]ffusnvnty tat, by measuring thé tempera-

A-5



‘ture gradients at different tumes one quarter year apart, neglecting la-
tent heat. ' ' .

The surface temperature can be expressed as

A

s T32+ At B cos w to. C e PR [té]

-The temperature at any depth ”h“ at any time "t" is °

-mh .o :

Vin,t) T 32+ A+Be Socos (wt—mh) Lo L [1T)

where m = Vw/48a =

24aT
At'anytine "tM the temperature gradlent i can be expressed
as the slope of the temperature versus depth curve,
. dv —mh . ~mh -
Then i =';;-: -mBe ‘cos(wt-mh®¥mBe sin (wt-mh). . . . . . [i8]
At time "tl"
' . _mh . . . N l “ .-
i | =mBe [sinlwt;-mh) - costwt,-mh)] . © . . . . . 0 . . . [19]
and at time ”tz”
. —— ) B N - .
ip = mBe  [sin{wty-mh) —‘costwt2 - mh)] .. e e . [20]
Now let f(h) equal the sum of the squares of the thernal grad|ets
at depth "h", i
2 . 2 ‘ - :
- -. + .o . P
flhy =7 iy - [21]
i2 = m2B2e! 2mh[snn2(wt—mh) 25|n(wt mh)cos(aﬁ mh)+c052(wt mh)]

82 —2mh, 2 intwt-mhcos (wt-mh1] . | - e e e 22
f(h) = m?8%e ™2™ [2-2s in(wt,-mhIcos (wt|-mh)
- 2sih(am2—mhlcos(wt2—mhﬂ ool }_. e e e e e e e 23]

Since by hypothesis tzti tl + T/4; substitution'in_equation ,[23]
gives ’ ‘



finy) =2nf82e™™ L [2a)

i

2524 thl' and at depth h2

At depth h,, f(h ) = 2m

f(hy) = 2m?6%e 2mh2

P 202 —2mh, < -
F(N, ) om?BZe~2mhy R :
R e Tog@mhghy )L (28]

-T.hen _— —omh
: fihy) . 2m2B2e™2M2
i . C %
fih, ) : o o |
In — = 2mih, = h, ) 7 - - L 7
Fihy) 2l T T e [26] -
SR B LTI //E“‘ R j L
m.=s — n — = S L I B . [27 -
| 2(h2 - hp) o fihy)  V24aT T o _
from which the; alue of irar. can be computed. < o
Example ) ‘ ﬁ‘
Temperature proflles areshown in F|gure | on Plate A—I USTng

equation (277 and draW|ng tangents to the temperaturé profiles for the
months of June and September the results of "a'" are as follows

Depth| June | Sept. | | fthy) | flh) -
in Jho-hy| iy | 2 i, Ji2 | finy || In: m| m a’
| feet & o } | fehy flhy) :
10.0 | 38 |.144 | .60 |.360| 504 | - N B
| 1430 1 | 2.431 ..8883 [.103| .0107].0335
5.7 0 | .96[.922 [.551.503 | 1.225 | o . 1
122y 0 b |.345 | .2964(.067| .0045|.0797 |
3.5 - [1i3{1.64 |10} 010 1.648 " o | L
‘ 2.00 . p o o} ] 2.495 | .8998.225| .0506|.007!
1.5 2.04.00. |.23 |.053 | 4.053 - - -

o] S | 2.762 | 1.0159(.508 .2581 |.00I4
0.5 | . 3$3»|o 89|.55 [.303 | 11.103] R -

The results of the example 1ndicateithe.di?ffoulty of determining
"a” from,fleld‘observatnons L B

: : ‘ ‘Ju,
PROBLEM NO., 3. |
) : [, A ‘ B .
Given a homogeneous |sotrop|c SOII mass of sema—lnf|n|te extentl.

exposed to perhoduc temperature changes over a sufficiently Iong perlod -
so that the |nter|or temperatures are also perlodnc ’

| R A-7



at vario

Find the thermal diffusivity "a" from the temperature
us depths, negliecting  latent heat. v

From equations [16] and [17], -

Vg T 32f*A + Bcos wt, and
- .. —mh ' .
Vih,t) - 32+ A + Be. cos(wt-mh)

At depths "h;" and "h,",

amplitudes

[26]

=mh - ' o
Vi T 32+ A 4+ Be coslwt-mh, ), and
: | . . ;
’ —-m ’ .
vh2 =32 + A + Be cosiwt-mh,) respectively [29]
“For maximumva lues, h
—mh ' : ~ —mh '
Vi, =32+ A+ Be h and.v =32+ A+ Be 2 [30] & [31]
30+ A+ Be M - 32 - A (hy, = hy)
Y e v o - - m -
. . —"hl—: L h or ‘hl = e ’ 2 ' l . . . [32]
Vi 324 A+ BeT™2 v - 32 - A o
p B Yhy T
| Vh, " 32 - A R .
m =. In{ — ] e e e e . oL [33]
hp =Py ¥, — 32 - A - |
Since A = vy - 32, vy - 32 - A =V
| ';2/;:— P ‘;‘ELL]H ' [34]
— o ———— n - . R
o " Voaatr . ho - by Vol
Examp le ' . ERR
From the curves given in FigUreAZ,_PlateAA;l the following values
of "a" are derived ' SRS - -
Depth ) v Vi Vi . ) . a
in hy — hy F. ‘ kn Sl m m 2
feet . i : V2 : 'V2' R R (ft</hr
10.0 4.7 ’ 1 R
4.3 | .660 5068 L7910 .01390 . .0258
5.7 : 7.8 _ , e o
2.2 1.266 | .2278 . 1035 .01071 .0335
3.5 | 9.8 ] o A
’ 2.0 1.224 .2021 LHOH - .01022 .0351
1.5 | 1200 | D
o 1.0 - I .142 1328. - .1328 | .01764 .0203
0.5 | 137 - : N '




PROBLEM NO. 4

Given.a

i

i ) - . ° . . . . .
"homogeneous, - isotropic soil mass. of semi=infinite extent,

“subjected to'a,ghange of temperature over a period of time.
| .

depth,

depth

(At =_ﬁ2 - tl)i

Find th

e thermal diffusivity "a" from temperature variation with

at two or more different times, neglecting latent heat.

v — temperature

depth

= temperature vs dépth

.V2
curve at time t2

Yo%

5

4%»
R
K

A/
q&
&L
&
0
XS

15"
A

5
85
%5
&
K

<0

*
o%
PO

XX

AN

s

N

Let "Q!

= temperature vs depth
curve at time t, '

= total quantity of heat absorbéd by a layer of soil of

“thyo=h; )} and of unit cross sectional area in the period "At"

" Then Q

Let "Q,

- face, transmitt
respectively, |

"At" s the di

°

hy

:CI
hy

(vy - vl)gdh) . L55]

= C x Area betwéen temperature curves and'dépths'”hzn and
uh " . ‘ N ‘
|

" and "Q," equal quantities of heat per unit area of sur -
ed out of and into the layer through planes "h " and '"hy",

n time "At".
Q) = 24k¢ At v;[56]
Q, = 24R¢2At [37]
Now the increase in Heat’invthe layer during the timé’ihtervé].

0 =0, -

fference between heat input and heat output.

Q[_: 24kid, - ¢ ) (ty ;vti) = C x Area [38]
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kK _ Area o
or — = = a o
C . 24(¢2 - ¢‘ )(tz - tl) . - '. . . . . « e . [39] .
In general terms
a = .
h (¢ = @) (t, = t;)  Ailt
| _dv dnh _dv 1 [40]
o , dt di dt di/dh '

. lldvll

where is the tangent to the time-témperature curve .at a given debth

Ild ill
and time and.

is the tangent to the temperature—gradfent‘curveL Time

interval "At" must be expressed in hours. -

Examp le
Using equation [39], and,values or thermal gradient "¢" from Figure
I, Plate A-l for the months of May and June (typical example ‘is plotted >
in Figure 4, Plate A-l) the following values of "a'" are .obtained.
For May to June
At = 3| x 24 = 744 hrs. S
Depth Vi ly. 1y _ s Ot a
cin | hpmR [ OF | 2L g 27 Pl tines | Area (ft2/hr)
feet. 2 : (Ap) | O
10.0 2.18 ' -0.23 o
4.3 3.23 | -52 386.9(13.889 . 0359
5.7 4.27 1 _ ~0.75} -
- 2.2 4,81 - .33 245.5110.582 .043 1
3.5 5.35 -1.08
' 2.0 5.68 .75 558.0{11.360 . 0204
1.5 6.00 -1.83
1.0 ' 6.11 . b.72 1279.7| 6.110 .0048
0.5 6.22 ~3.55

"dV”

\ Using equation [46]_ahd va lues of obtained from Figure 2,

. 5 g in :
Plate A-I, and values of thermal gradient slope _obtained from Figure
) . . . . "dtll
3, Plate A-i. Values of were obtained from tangents drawn to the .
dh :

gradient curves.
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Deﬁ$h : ,—Ji.%'oF/month AN OF/¢t2 a = ft2/hr
© feet dt dh _
, Apr.i|dune| Nov.| Apr.| June | Nov. | Aprit | June Nov.
10.0 0.7/] 2.5|-2.1 | .035| .135 |-.070| .0278| .0257 | .0417
: 5.7 2.5 3.9/-4.3 | .085[ .135 [-.150 | .0408( .0402 | .0398
3.5 .| 3.6/ 4.7|-5.8 [~.170] .190 |-.245 | .0294] .0344 | .0328
" 1.5 .| 5:3| 4.0[-5.0 | .620| .720 |[-.355 | .0119} .0097 | .0125
- 0.5 6.5/| 5.0(-6.2 |1.57 |2.64 [-.380 [ .0057 | .0027 | .0226
|
1

PROBLEM NO. 5

L . ‘ . " . Given two Iayers of homogeneous, }eotropic soils, possessing dif-
| _ ferent soil prbpertles “the uppermost of which 'is exposed to a periodic

temperature change
L

Find'thetherMaI dﬁffuéivity "a'' of both |ayers,‘neglectfng latent

“heat.

Surface exposed to v

BN W — — : . ‘

| . | . , k -

: : 1 0 Soil ' =_1_ /™
e sl o#N oil layer #1 41 T ¢ m : ’
IR 1z . , b - V24 4T

. . o ’H+lﬁ " Soil layer #2 N —

- - 1 : o ay =2 my =/
R IR C20 V2hapl

- Layer #2 of infintte extent

|
Arrows indicate direction of mea5urements for tz"
and nhn ’

|-
! :
It is éssumed that the |mpressed periodic sgrface temperature can
be expressed by equation [16] B ' ' :
Vs'z 32 + A% Bcoswt -
It can then be shown that the temperature at any point "z" in
Iayer #1 at time min is, »
_ B m z ' Lommyz - o
Vo =32+ A+— [e ' coslwt + mz - 8)+ Ne cos (wt-m,z-0)] "~ [41]
(z,t) A : | , | .

e - and the temperature at any point "h" in layer #2 at time "tv s,
: . . B » —méh . ~ o :
Varh,t) T 324 A+ =l 4 Nle "“cosiwt =mph - 6) . . ... .. [42]
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where "N",  "Z" and "@" are parameters expressed as fol lows:

_ /k[cI - /k2c2

N (43]
Vi Cp o+ VkoCy
2m;s ‘ » —2ms :
oz = v/; ST N+ 2c0s?mps )t NZe TN L L L [a4])
' 'N —2m|s . 7 . | .
tan & = tan mlsDL:—Q:ﬁng] e e e e e e .'... . . [a5]

| +Ne

Now, differentiating equations [41] and [42] and foJldwing‘the
procedure outlined in Problem 2, equations [18] to [27] inclusive, it can
be found that : : ’

_ | f(zl) .
m = = In- N )
. 24a|T 2(z|_— 22) _ f(z2). ,

: ' ‘ [ Af(hI) o '
m, = / = - In = equation [27]
2
24a2T 2(h2 - hl) f(h2) .

However, values of "a" may be as much as 20 per cent in error.

_If thedata were available as to the exact location of layer boun-—

daries and for soil temperature profiles, then, at the soil interface, we
have . E

T P Y0
Thié ratio of'{hermal‘conductivities may be of some ‘help.
PROBLEM NO. 6 |
| Given a.semi-infinite, homogeneous soil mass, thesﬁrface of which
is-exposed to periodic temperature changes over a sufficienttly Igngjper—

iod so that the interior temperatures are also periodic.

Find the depth of frost penetration "x", neglecting latent heat.

It is assumed that the periodic surface temperature can be ex-

" pressed by the equation
' Vg 32 4+ A-Bsinwt ... ... .. ... .. [48]
and that B>A, so that the temperature drops below freezing.
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S

- The temberature at depth "h" at any time " is

b -mh . o ‘
Vin,t) T32 1A - Be = sin (wt - mh) . (49]
v To find| the trace of freezing temperature (32°F) surface "x",
Then - v o :
‘ : - —mx . . . .
' , - 32 32 +A - Be sinlwt - mx) . ..o L 0oL [50]
oL emx ' . . .
or A = Be sinlwt - mx) ... ... oL Lo (51]
— . . : o
Ae = Bsinftwt = mx)l0 0oL o0 0oL L s e s e [52]
or mx = In E;—sin»(wt - mx)]

a

Now "x!

Example

l , .

r .

| o : |

i - : A

| 1B  fsaTr B L

nd x =— In—sinlwt — mx) = In—sinlwt — mx) [53]
m A ’ mo A ' . v

is a maximum when sin (wt - mx) = |

' 24aT B . : _ - ) :
= In— (54]
p- _ o

v, =42% B =20° a =0.03 ftZ/hr

L I

4 x 0.03 x 365 20 _
In— = V83.60 In 2

PROBLEM NO. 7

3.1416 10

"

9.14 x 0.693 = 6.34 ft.

Given two layers of homogéneous,'isotropic soi | possessing dif-

ferent soil pr
surface tempere

. ~ interior tempe

operties, the uppermost of which is exposed to periodic

ture changes over a sufficiently fong period so that the
ratures are also periodic. )

| - - " Find the depih of frost penetration "x", neglecting latent heat.

A=13 .



let the surface temperature be expressed by equatnon [48]

4 vs‘— 32 + A - Bsin wt

and let B>A so that the temperature drops below freeZJng;

As indicated by equations [41] and [42], the temperature at any
point "z" at time "t" in layer #| can be expressed as -

ji [ mz . . -mz.o ,
Vi(z,t)" 32+ A - S Le sinlwt + mz - ) + Ne ‘S|ntwt - mz - 6)]

>

o (551
and at any point "h" at time "t". in layer #2 by
_ ‘B —m2h . ' _ , o =

where "N", "Z" and "@" are parameters glven by equations [43] [44] and
[45] respectuveiy ’ ,

Proceeding in the manner indicated in Problem #6, the trace of freezing
temperature (32°9F) surface "x" in layer #| is :

AZ _omz ' -m

z C
—E—-e ' sinfawt + mz - ) + Ne | sin{fwt = mz - ) . . . . [57]

and in layer #2

AZ L —mox . R
— = e 2" sinlewt - L [58]
B(l + N) ’ .

Solution for "x" in equations [57] and [58] is bycut and try methods only.

PROBLEM NO. 8

Given a homogeneous, isotropic soil mass of semi<infinite extent,
the surface of which is exposed to periodic temperature changes over a
sufficiently long period so that the interior temperatures are afso per—
iodic. '

Find the depth of freeztng "x", neglecting volumetric heat but
considering latent heat of fusion "L". ‘

It is assumed thatthe pertodlc temperature change can be expressed
by equatuon (48]

Vg =32+ A -8 s i nwt

The temperature gradient through a frozen layer of thickness "x"
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32 - A - 32 + B sinwt

i
i

Bsinwt - A

i X o X

(59]

Now, thfe heat liberated in freezing a layer of thickness "x" is

| dH = Ldx [60]
The hea& conducted out in time "dt" is
‘ dH = 24 ki dt (611
Equating [60] and [61], and substituting [59] for min
' 24k
Ldx = 24kidt = (Bsinwt — A) dt [62]
: X
Lx dx ) ' , '
or —————= (B sin wt - Aldt [63]
‘ 24k -
Integrating
2 -B — .
Lx® = — coswt - At + K. . . . . [64]
24k w .
|
_ T
2
: t—s
'VO .
A
B
v = 32°9F \_ l |
io‘ t t2
From sketch, when t = t;, x = 0and A = B sinwt,
L . [ A .
slinwt; =—and t;, =—arc sin— . . [65]
- B w
|
and cos t :_!3—”/8‘2 _ A2>

e
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for [64] at time e

-B | A o A -
0 = = B2 - A2 - —arc sin —+ K
w B : w . B
_ /B2 - a2 A A
and K = ————+ —arc sin—
w C w ‘
and T ——coswt - At + —VB* - A +—arc sin—-— . . . . . . (66]
24k w ‘ . w _ . w - B :
24k " A A .
/ [——cos wt - At R 82»A2 —arc sin—] . . . . . (67]
w w B
By rewriting equation [63] we have
dx _ 24K(B Sin wt — A ) , |
= . o [68]
dt Lx ' - . . . - A . .,. - Ce. - .
) ) ngx" ) . . ) ,
Equating - to O, the maximumand minimum penetration is reached
when S ' '
I A _ : :
Tt T e—— arc Sin—/ . . . . e e e e e e e e e . [e9]

Two values of Mt satisfy equation [69] as can be seen f_i‘om fore—-
~going sketch. At time "t,", penetrat ion is zero and at time "t2”.,~ melting .
begins and penetration is maximum. o

. T
Now t - =E—-t
, [ 0 2 2
_ T ~ !
t) Ttmax T, TH e e oo o [70]
lntegrating equation [63]
. Xmax 2
, L
— Joxdax = [ K(Bssnwt~A)dt
24 k.
t .
2 : 2
Lx B
—MaX = [~—cos wt - At]— A VA
48‘5 (6] tl' .
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B
w

;

| , . . .
-8 | ,

— (coswt, + coswt).- Alty = t))
w el : S .

|
|

. ' T S o :
(coswt; — Coswt,) — A== — 2t ;) . . o o o« o .. [72]
! whp) = A= 2h , ‘ .

B - A

Now coswt IA S — Y T, cds‘th = ——

B , B

Substituting these values in equation [72]

2, _8/82 a2 8/B2 - a2
= — - + — ——
B

T .
| , ~A - 2t)
48 k' w B - w -2

w

2 - T 2 : - T
2/ 82 - A% _ Almm 2t == B2 - A2 4 A(2t, - (73]
w - '

|

- . 2m : A
SubStItUtlngT for """ and —arc sin E‘for Tty

w .

2 2k 24T 5% - 24T . A 24T 7
Then x4 = —|— B2 - A2+ Al—arc sin— ~— =]
max L 7 o T ,B 2 m
2kT ‘ ' A
= —[24v -8_2.7 A2 + A(24 arc sin— - 127)]
it —A T o
x /22 /82 - A2 + Atarc sin—-— 1] ... . . [74]
“max \/WL “ 7 | a "I” B 2 : -
'-,']'fvthe‘ pdrtion of the curve below 329F. is assumed 'to be parébolic,

the equation f
by ) ’

or -

or the surface temperature for that portion can be expressed

4t?

Vo = (B - A) (—————p =1 ) + 32 . 78]

o 2 -ty -t | o

(B - Al [(= 201 +32 ... [7e]
. t2ft| ' . B .

Proceeding in the manner out | ined ‘bybequations [59] through (74]

inclusive, the

n

AT



o ik ‘ 3 . . .
Y max LB Ay e R 1

‘Example

Using the same data as was used for example for Prob]em‘No.§6;‘
vy = 42° 8=20% a =0.05ft2/hr and further.
assuming C = 30 and L = 2880, then for use in equation [74] .

k =aC = 0.03 x 30 = 0.9

Then - : : .
/48 x 0.9 x 365 , ‘ LY ,
Xmax = /= (V400 - 100 +10(arc sin—~ 1.5708]]
~V/ 3.1416 x 2880 : - 20

=/ 174 x (17.32 - 10.47) = 1.9 =3.45 ft.

for use in equation [771

va

: 7 T ,
tl = +—= 2T hours =——days
. 6 . . 12
T 5T
t, =— -t == 10T hours
‘ 2 12 ‘
Theh o .
"//[1 x 0.9 (20 = 10)(10T - 27T)
X - - - ’ -
max . v 3 x 2880 .
= /000417 x 10 x 8 x 365. = fi2.15 = 3.49 ft.

t

PROBLEM NO. 9
' Given a Homogeneous,'isotr§pfc soil mass of semi-infinite extent,. .
the surface of which is exposed to avvériable surface temperature which

is a general function of time.

_ Find the depth of freezing "x", negliecting volumetric heat but
_considering latent heat of fusion "L". : '

" The surface temperature can be expressed as
S

v S ftl L e e e e 78]
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. Proceed|ing in the manner indicated by eqUations‘[59]‘to [62] in-
clusive, then ’ ' , .

32 - f(t) e N -
OO O A °)
. } X . ‘ L . .
s , 32 - f(t) ) RN
dH = Ldx = 24 kidt = 24k[T—Jdt ... . . . . . . ... [g0]
. | , X - , _ o ,
. 24k . : ' - -
Then xdx === [32 - frt)dt . ..o (s1]
lntégrating 5 » _
E : . X 24k ~
— = Yo frtaldt ... . e e ... [82]
2 L 7o 7 ' ' ‘ :
Now f 32 - f(t)dt = F = freezing .index in degree days o
- /48KF . : : L '
 Xpax —Iif_ Ce e e e e [83]
Example

Using qafa from examples for Problems . No. 6 and No. 8 Vo © 420;
B =20° a = 0.03 ft2/hr; C = 30 and L = 2880. :

PROBLEM NO. 10

.»'_ . _ _ O .
_52_Vs) t | Vg T Vg - B = 42 20 = 227F.
t =_t2 - tl ='g'= I2I.7_days
48 x 0.9 x 1217 o ‘
‘ = 4.26 ft. . -
, 2880 ‘ o . : : _

Given a homogeneous, isotropic soil mass of semi-infinite extent,

the surface of
"v," which is

which is exposed to a uniform temperature above freezing.
<'uddenly reduced to be low fréezjhg-ﬂvf". :

Find the depth. of freeZlng "x'. assuming that the latent heat "L"
is greatly in excess of the volumetric heat "C". ‘ o

The he
must be conduct

The th

2t liberated |nfreezrng a small depth ”dx” is‘“Lvdx", which
ted upwards through a dlstance ., ’ .

ermal gradient is therefore,
32 - v , : .
e P -7
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Hence the rate of upward flow"
' _ 24k

} S =S— (32 - veldt ... [BB]
‘ X . : .

; Now, if the unfrozen soil has a heat capacity of "C, " per unit
volume and is originaliy at temperature "v,", then the heat liberated in
towering the temperature of the layer of thickness "dx" from ”vo"tto the
freezing point (32°F), is B '

dH = Cuivg = 320dx . e v ee)
: : ’ . 24k ' ‘ , -
Then, Ldx + Cjlvy = 32)dx === (32 = veldt. . . . . . . ... ..  [87]
_24K(32 = ) ' ' -
or x dx = : —f 4t ... Lo (s8]
- L+ C,lvy = 32) ‘ : o

Integrating, .
X2 24K(32 - ve)t _

2 - L+ Cu(v - 32)

v o
When t = 0, x = O; therefore K = 0, and

48Kk (32 - vt | | 'f |
X = - + ' Rk - e e s e s e s ". -' e e s e . [89]
L+ Clvy - 32) T

If the volumetric heat of frozen soil, "Cfﬂ,fis cons idered, then
equation [87] becomes B '

tdx + PU(VO

(327- ve) dt. .. [90]
L 32V

|- ) 24k
- 32 )dx +~—-Cf(32 - vf)dx.=
’ 2 L
and equation [89] therefore bec omes
V// 48k (32 — vg) t D ,
X = A kT |
max C =
'L + Cu(vO - 32) +>2f (32 - Vel _
. 2 : o ‘ ’
But by definition (32 — ve¢lt = F (in degree days)

Therefore equation [90] becomes

S 48 Kk F R o L
Xmax e I
nax L+ Cylvg - 32) +Ce F ° 7 cL : -

(o)

2t
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|
[
i
|

Subst(tutlng a weighted average value ”C” for ”CUU ahdn”C%”

Using e

Us ing

" PROBLEM NO. |1
Given

'.the surface of

“sufficiently
periodic.

e

a

equation [92] becomes ’ , ‘
| /"‘48”- S o [o3)
X = » L. oD e o ..
ma.x L + Clvy - 32 +F
2t .

- Example '

o , Usnng éame,data as for Exampﬂe for Problem No. 9,VO:420;AB = 200;
2 =0.03 ft2/hr;~C =.30; and L = 2880 and further C, = 32 and C,; = 28.

quatlon [92]

3 48 x 0:03 x 30 x 1217 _ '/'52',600 ‘ ‘
2880 + 32[10) + 28 x 1217 ] -/ 2880 + 320 + 140

2 x 121.7
R =/15.75 = 3.97 ft.
quatién (93]} I
| I X o3 x3ox 2T - 53,600
- /;_»’_2'8‘80-+ 30010 + 1217)  © Aed+ (30 x 15)

243 .4

v 15.80 = 3.98 ft.

homogeneous isotropic soil mass of semi-infinite, exteht
which is exposed to periodic temperature changes over a
ong perlod so that the interior temperatures are also

-

i

Find the depthvof freézing "x'", assuming that the latent heat "L"
is greatly in eXceSs of the vorumetric\heat e, : :

The su
by equation - [43]

\

rface temperature is assumed to :-follow the form_eXpressed

32 + A - B sunw¢ in which A =0

S
"V T332 - Bsinwt ... Co.ooatl . oa oo. .. [94])
: ‘The thermal gradient ”i”.fhrOUQh a frozen layer of thickness "x",
30 - v_ .- Bsin at : B S R
i = __s. :-—-—— .. f‘. e 6 e e e s 4 e s e e [95] )
X - X v : :

Proceejlng in thesame manner as . in Problem #IO equatlons [85] to

[87) inclusive

7’
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24k

Ldx + C (v, - 32) dx = (B sin wt)dt
X o
Transposing and integrating
x? 24Kk8 L
—_— = {(-—coswt) + K
2 L+C,lvy=32) w
Now when t =0, x =0
_ 24 k B L

L+Cu(vo_32)> w

. 48 k B

x< = (I = coswt) .
wlL +Cu(vo— 321]
But I - coswt = 2 sin?t
2
Lipe ' ‘ P . 2—0—){_.
| .'.'x2'—' 96kB sin >
wll + Citvy - 3201
wt -
or x = 2 sin / 24kB
wll + C vy - 32)]
. wt '
When wt. = 7, snn—2 =1, "x" is max. 'and t =

o

X . = : = .
max :
2wLL t Culvg - 32)] mlL + C vy - 320] . .

Ex‘amp le

Using values from examples for precédi_ng Probtems
Cy T 32; Cp = 28;

v, =42% 8 =20% a =0.03 ft2/hr; C = 30;
0 and L = 2880

X = , — e
/3.I4l6(2880+32 x 10)

V31.35

A-22

48 x 0.03 x 30 x 20 x 365 /// 315,000
3.1416 x 3200

= 5.60 ft.

[96]

[97]

98]

}[99] o ;



PROBLEM NO. 12

but with the soil mo:
,general function of

Find the dep

The surface

. Now cthider

|
|
"
i

|
[

. : o
Given a homogeneous,

isotropic soil mass at the freezing point,
isture unfrozen. The surface temperature varles as.a
t|me ‘but always below freezing.

th of freezung ”x"

femperaturev"vf” can be expressed by equatlon [78]
| . :

| e T fle) |
_ Proceed.ing - in the manner nndlcated by equatlons [79] and [80] in
Problem #9, then | = -
RTINS
1S —
, ‘ I 32 - f(t) . '
and dH = Lldx = 24 kidt = 24k ———— dt . . . [100]
. AT
Lx e .
or dx = |[32:=F(tH)ldt ... . . . (1o1]
p RO AL T TV
Integrating f
2 e
XL t I . -
= [ [32 = f(t)])dt . . Ce  [102]
48k g7 ' : .
Lkt o R
or X == J:[32 = fetaldt . . oo [ros]

|ng the volumetrlc heats "CU" and. "Cf" and proceed ing

in the manner indicated 'in Problem#l(), equatlons [87] to [90] inclusive,
equation [100] becomes: = ." -
el G | :
‘Ldx + ¢, [32 —.f(tl]dx*z-[BZUj ft)]dx = — [32 - f(t)]dt (104]
and‘équétibh [103] becbmé§' : )
ag k[ [32 = f(t)]dt
x = _ — ‘ C e [1os]
G032 - f0] + 5532 - fi))
e
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Subststutlng the welghted average va lue nen for "C, o and'"C "
equat|on [105] becomes :

he « [* 32 = ft)]dt | _ |
o - S '3

L+ 3¢ [32- f(t)] ' ‘ R

| A FR o

. Now s{nce."vf" is alwoys below freezing,

t
[ [32 - fit)ldt = F
o o

Therefore equation [106] canmbe'written‘

48 k. F~ : . ] .
X = 3 3C . — R '.v . .o Vod e ‘ [l 07]
L+ '2_" (32 - Vf,) )

Example

Us ing values from-examples for previous Problems

ve = 22% a =0.03; C =30; and L = 2880 -

: _///48 x 0.03 x 30 x 1217  _ /52,600
X = - ——
2880 + 45 x 10 3330

/15.80 = 3.98 ft.

PROBLEM NO. 13

Given a homogeneous, isotropic, sems—xnfunlte mass of frozen

soil at. freezing temperature, the surface of which’ is ‘exposed to a con-
stant temperature above freeznng "vp". - : . ‘

Find the depth of~me|ting "x',

The temperature at any p0|nt "x" at any’ tnme "t" can be expressed
by the equation_ o L ,

Vix,t)

2V24at

A-24

= fix,t) =32 + Avfﬁ. e du . . ... [108]
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; °
From éqhatfon (62]
e ) d}h dV . . | [
-L—— =24 k—— ....(minus sign denotes melting)
'ﬁt_ dx : . .« . [109]
. “ Now, dﬁfferentiating equation [l08]
o K _
f v = fix,t)
I dv. . dv A - . L
Jdv S——dx +——dt ... . .......... [iol
- odx dt ) : '
When J:,h, dv =0
!, “dv "dh dv .
R e e B e IR I e T S E R
} dx gz 4t dt o T A
‘Combining equations [109] and [111]
: : R DR |
: dv’ 24K dv dv . - dv 24k dv :
, 0 =(—) . (—) + (—) - or— = —(—) . . [112]
' dx x=h L dx Qt x=h dt L dx %=h ) .
From equation [1o08] by-differehfiation;
—x2 _
- dv _ .o 96at X R ‘ s
L - — = Ae — e e e e e 3]
. S oo dt -~ 4v/2dat
ard
. E 2
’ dv _ A"96at ) [114]
- = e
dt 2/24at
_ Substptutlng "h'" for "x"'and substltutlng equatlons (113) and
[114) in equatlon (ri2], . :
: 2
L . 2h .
_h? | o4k A2 o 96T o
re L n = % Lat - sl
a o .
. 4tv24 at ST |
Now&fqém equation [3] B »
R
‘F 2 24aft
:

1 | A-25



Equation [115] becomes

- -2
Ae 52 6 kA e 52
2t 4 at L
g = k Aen)62
or =
2al
2
B k
Hence Pe =
A 2al

Now from equation [108]

I | ‘ -2
-—.=————————.-1¢2 Y du
Av V_p—32 o

Substituting equation [119] in equation (118] -

2 B 5 Kiv. - 32)
BeP Jemvqy = 0p 7220
’ (o]

2al _ o
2 erf (BWm
Now -from equation [2] [e Y du :—————Jg————
. o 2
L2 kiv, - 32)  Clv_  — 32)

/;-aL _ iz

If B is small, then
2 2 _ -
o gy
)
Substituting in equation [120]

o Clv, - :
;32: (vp 32) .
‘ 2L

, ' o h -
Since from equation [3] B =—F—
S a ‘ APV .

- 2 U2 ‘
52‘: d == Co.N .
96at 96at )
48 kt (v_. = 32) )
Then x & P - .

L
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- Now, consnder the serles expan5|on

!

o = r.+ﬁ.2‘ Ly

Cod 2! 31»
Then . E
' ' , o 5 ',87
[}i.‘e. ,6+,6 +2! 5y Tt
B B S 7
and fe“-deu =B - A + - F_F S
0 3! B-2! 7-3!
:HenCe - ,
o 2 vg5 57 &5 5 7
5eﬁ éL“ du = (B + B b Evl gL B )
2 Of ; : A B 2 A 2 10 42
= (B2 + 54 + ta..al) oo o oo oL 12e]
- R S
'“Then equatuon [IZO] becomes .
l ' . 2 Clv, = 32 SR - g o
,8 v 54 _—p___ e e e e e e e e [127]
. T v : o o
and . - B : , »» . IS : o
- - 4v, - 32)C ol |
. = V//g2at(v/l +_ P T —,l) T e e e [|28]
. V . . 3L '. . . . . . . ) ) ' " N ) N \
Examp i-e | ' : T S i »
: Using data from examples for prevnous Problems
' a £ 0.03; C =30; and L = 2880. Also assuming vp'? 42°
Using equation_[l25] ‘ _: o _ A
o //ﬁs x 0.03 x 30 x 121.7 x 10 _ _ /52,600
X = - - = _—
2880 . 2880
5 = V/18.25 ‘= 4.27 ft.
Using equation [128] o
: : : ‘ : 4 x 10 x 30
« £ /72 x 0.03 x 12I.7 Voo —_— ]
. ’ ' 3 x 2880
A-27



=/ 2650/1.139 -
= V263 x 065 - =/17.09 = 4.14 ft

Us ing equatien [120) and Figure 6, Plate A-2

Clvy - 32) 30 x 10 -
= = 0.0529 = A8
L x 2 2880 x 2 .

From Figure 6, Plate A-2, 8 = 0.225 -

Since x = 2f/24 at . = 2 x 0.225/24 x 0.03 x 121.7

0.45/87.62 = 0.45 x 9.36

-

4.22 ft.

The solutuons by these three methods are in very close agreement
'but the method using equation [120] and Figure 6, Plate A-2, gives the
exact answer and is the easiest to use. : :

PROBLEM NO. 14

Given a homogeneous, isotropic, semi=infinite soil mass just above
freezing temperature which is exposed to a constant temperature below
freezing "vp

Find the'depth of freezing "x'", assuming that the thermal gradient
varies uniformly from the surface to the depth of freezing.

The surface temperature can be expressed by equation [78]
~ ;Vp = ftt).
Then, as indicated in equation [100]

(32 - f(t)]
- 4t

Ldx = 24k
; , <
The volumetric heat "Cf”_Tiberated,in the frozen.zone of thickness
"dx" in time "t", is : : o :
) Cel32 - (1)) ’ ' o
f i .
dH = é dx R IR U29]

A-28



L

i . - :
AL S C.[32 - f(t)]
24k . . b .
— [32=f(t)}dt = Ldx + ' dx
X . ’ : 2
h .Cfu- ) ’
= L +— [32 - f(t)] dx
_ 2 «
) o.r' . K —_ .
: _ 24k[32 - f(t)] dt
xdx = — ' )
: L+ 55 32 - frtd]
2 .
lntegrafing ‘
i o [32 - fit)]dt
x2 = 48k~f -

Now s-ince ”vp"

and

L+C¢ [32 = fre)] ..

Y
Lt .

is always below freezing

[32 - f(t)],dt = F and equation [132] becomes
48KF
2 =

‘ C B ] R .1'7_
L.+-§i-[32 - f)]

48k F

If the

Then

/oL +— (32 v )

Ce
p

surface {émperafure_is expressed by the form

v35§‘32 +Bsinwt
_ , ' Wt
48k (A DB, R R s . (G + Dtan_ 21
Z —_— - 7——2'_'_“) arc tan -
w . . G VD -6° :

D2 - &2
wtl v
G + Dtan —

~.arc tan (
- /0% - 6%

A-29
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CeA C¢8B

where D = L +
Examples -
VUsing data.from examples forlpregeding Prob lems
Vo = 429; B = 20°; a,=.d,03 ftz/hr;vJC‘: 30} Ce = 28;
C.=32; L =2880; and v. =220

u p
Using equation [I134] |

- ,J//h8~x 0.03 x 30 x 1217 _ /52,600
x = : : = /=
2880 x 28 - 3020

32 - 22)
2

=V/17.40 = 4.17 ft.

Using equation [136]

' 28 x 10 .

D = 2880 +g—7;5—;— = 3020

28 x 20
G = ————— =280

2r  2'x 3.1416 - - -
w=—="—""—— = 0.0/1724

T 365 B :

; :

v 5T = . T v .
tl‘='4— and t, =—— (from example. Problem #8)

wt, _2m 5T _5m

2 T 24 12

' ' 3020 x 20 - - :

0 - " 2 = 10-215.7 = =05.7
280 - | 2l

>
T
1

V0% - 6° =/ 30202 - 2802 =7 9,042,000 =3007

A-30



G + D tan

o at
G+ D tan —&

. T - v
=280 + 3020 + tan—=280 + 3020 tan ISO
o 12

280 + 3020 x 0.26795

1089 o e T

280 + 3020 tan 75°

) o 5
= 280 + 3020 tan—

2 - - i2
= 280 + 3020 x 3.84103
SOl '.-"L="PL;55O j.’wa“':
aﬁi 4
G + D tan —.
: : o 2 1089 . »
arc tan ( ) = arc tan — = arc tan 0.36215
S nyz _ g2 : 3007 o
' ' - T =19.91°
: o wty
o G #+ D tan : 11550 ' ‘
. X 2 - ) - .
arc tan |{ ————%-——) = arc tan — = arc tan 3.84105
/2 _ &2 3007 .

*a—w(tz - tl) =

Therefére

x2'

PROBLEM NO. 15

Given a

75.41°

20 x 2 T~ _ 40m :
— ' T = 0.14960
280 x T 3 840

48 x 0.03 x 30

= [(—205-7)(5&;;ﬁ(75.4| -19.91 )+O.|496Q]

0.01724

1

2505.8 [(=0.136811(55.50°) + 0.14960]
2505.8 [(=0.13681)(0.96866 radians) + 0.|4960]

2505.8" (-0.1325 + 0.14960)

2505.8 x 0.0171 = 42.85
v42.85 = 6.55 .ft.

homogeneous, isotropic mass of frozen soil of semi-infinite

A3



extent, exposed to a surface temperdture v which is betow freezing.
Find the effect of radiation and ground film.
In accordance with Newton's Law of cooling

= ¢ (Vezg = Vg ! :J,AV s e e e s e e e .v. .. ..['|37‘]

ix.=0 §
The rate at which heat passes outcfhkoughva unif.area of surface
is S ‘ _ :
CodQ _ | 24k o Vi3]
T 24Kiy=g = 24kflvy =y = vg) = ‘Yx=o - vg = '24E(Vx?o v, 1138
. | ¢‘
P32 Ay v o X . o .
e = = 0., +'CfAvd o 28 [139]
_= X X = — . .
¥ _ Z o <t R
. X +—
. . ¥
X | 24kAv o v ‘
or (x +=)dx T———F——(dt) . . . [140]
- . f - , .
L+ Av
2
‘ | Now let y = x +-
dx . , | ow let y = x "

& dy = dx

Then ydy = 24kAv : ) L s
y,y —_dt T (1a41]

c
L +LAv

or y© ¥ —mm— +k-K:= (x +—) ‘.._'ﬁ .“ ._. e e » [l42]

.. liss]



.. '. | ‘[1'44]

"From flgwre above Av' = 32 - v

oL dby / Bkt (52 - vel e
, [y — g
-

o o
+,-2-- (32 = vg)

.

.o« [145)

: I-,"l "

The value may‘be regarded as 5n ekt(e layerﬁof sOll havlng the
same thermel cohductivlty~ﬂk“,as the base%soll‘ but hevlng ne‘volumelrie
heat‘capacity. The vélueiu ) is also é functlon of the veloc;ty of air
over'the surfac%ﬂ.lFo; large values of ”E”'lB'or 6) the value ‘of — A
, ”l”

is

small, bul for'%mall values of ”E”; 1 or 2) the value of becomes ap-
preciable. The follownng table rndlcates the effect of neglectlng the
|||H
,value — in eqratlon [i45] using the follownng values
L'=800; .t =7180; and Cg = 30. B
v Per Cent Error in Omlttlng |/ from Equatlon [l45]
s - , : i
(OF) E=6] : E,=5' o CE=2 0 CEEL
k=0.5|k=1.0[k=1.5|k=0.5/k=1.0| k=1.5|k=0.5|k=1.0[k=I.5|k=0.5|k=I.0{ k=1.5
310 3.6|5.1 [ 6.2 | 4.4|6.1 | 7.5 [10.8 | 52| 18:5|21.5[29.4 |36.2
27| 1.7 2.4 | 2.8 | 2.0/ 2.9 | 3.4 | 5.0 | 7.0[ 8.5[10.0(14.1 |16.7
22 .21 1.8 2.0 L5 2.07]12.6 | 3.7 5.2 6.43_7.4‘l074' 12.8
171-1.0] 1.5 1.8 1.3 .8 2.2 3.1 4.4 5.4/ 6.3 ‘8;9 0.8
12 91 1.3 1.6 L.l r.e 2.0 { 2.8 4.0 4.9 5.7 7.8 | 9.7
71 9|l t.2 1.5 1.0l 15| 1.8 2.6 3.7 4.5 5.2| 7.4 | 9.0
2 .81 1.2 1.4 .0 1.4 I.7 2.5 3.5 4.31 4.9]1 6.9 8.5
- HI” '
The.per'cent error in omlttlng the value — from equatlon [145]

for airport runways and highways where the snow is plowed off and the sur-
face exposed tol the wind, will be small,'slnce«the value of "E" will be
about 5 or 6 and the temperatures involved will be the'temperatures_lndl—

cated in the middle and lower portions of the above table.
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PROBLEM NO. 16

Given a homogeneous,

Find the depth of freeZIng rxm,
~uniformly with the depth. -

1sotrop|c sonl mass at a temperature ”v M
suddenly exposed to a- surface temperature below freezing My

= thermal gradient at end of freezing

The heat conducted out of .the soil is given by equation [61]

dH =

t _
and H = [ 24ki dt + K .
o A

whent = 0 H=0 =~ K

The total heat given up the soil-as

_h_2—h

H=_2_ 1

. . C
“H = x D—-(zv
2

X

xt

- 32 - vf) +L =

- 32 - Ve

i dt

0and H = 24kit . . « « o « «ou . -
~indfdafed in sketch is

~ 32 4 v = we) CF Lx

24kit . . . . ..;jw;

and.,32_— Ve T —
-t

A-34

= therma! gradient at sfart of freezing

assumtngthatthetemperaturevaries

[146]

[147]

[148]

‘[149]V

[150]



‘Substituting equation [150] in equation [148] *

C -
x [= (2v
.2

and x =

From equatiion

- 32 - ve) +.L) =

24 kK F

[140]

— F 32 .
- v = ——
Sf oy 7

Hence equation [152] becomes

or- X =

Exémp{e

Using‘dgta»from

24 k F

. C } F
.L-+f‘(2vo - 64 +—)
2 - t

24 k F

— —
L+ Clvg - 32 + —)
o 2t

C =30; a=0.03 and L = 2880

4 x 0.03 x 30 x 1217

PROBLEM NO. 17

) Given a
overliain by an
and suddenly ex

‘ Find t
varies uniform

+ 30(42

1217

!

homogeneous, fsotropic soil mass of sémf~infinité exieht,
insulation. layer of thickness "d", all-at temperature "v. "
posed .to ‘a surface témperature below freezimg'”vf“.‘

he depth of freezing "xg", assuming that the temperature’
y with the depth, that there is no significant change In-
temperature . gradients due to the insulatlion layer, and neglecting latent
heat '"Lg" and volumetric heat "Cp" of the insulation layer. '

A-35

- 24 kF

X .

examples for previous Problems

. /26,300 .
: 3330
2 x 20,75 o

= V71.88 "

2.81 ft.



Now ‘equation [I51] can be written as

C ‘ 24 kF o '
xgl=t2v, - 32 - vel * L] =/ . o .. . . o
2 9 : d + xp :
o 24 k F - _ ,
or xgld + xg) = — — . SRR .'.:. I

L+5 (2v - 32 - Vel
Solving for xg

o d d, 24 k F B
xg = = —+ (=12 + = — ...
2 2 ¢ '

‘2‘(2vvO —»32 —fvf) f L

Substituting equation (149] for .ve

— . .

4 /3 T
xg = =—+ ‘/(e-)Z o 24k F
S22 ' : S F
Lt C(VO - 32 +—7
Example .

Using same data as for examples for previous Problems

- 0.5+ /10.5)2 + 24 x 0.03 x 30 x 1217

XR =
217 ,)
t 2004s - L
2880 | 30042 - 32 + > % 121.7
- A 26300 ‘ o —
xg = =0.50 +'//0.25 +—+gggaf =-0.50 + ANER

| =-0.50 + 2.85

= 2.35 ft.

A-36

v, =42% C =30; a=0.03and L = 2880; also d = 1.0 ft.
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" the records

.SUMMARY TABULATION OF ATRFIELD PAVEMENTS
AT AIRFORCE INSTALLATIONS CONSTRUCTED ON
- FROST SUSCEPTIBLE SUBGRADES

1 | I. fmmonucnon

1«01» ‘Anthorlzatlon. Thls sumnary tabulation wes authorized by the

Offlce, Chlef of Englneers, in the "Instructlons and Outllne for Frost

_ Investlgations“ (Flscal Year 19483 dated August 1947o

luOZo xPurposeo‘ The purpose of thls summary 1s to preSent in tebnler

_form the pavement evaluetlen, traffle hlstory, pavement condltzon, and

other pert:.nent data for all perma.nent A:.r Force Installa’c:.ons constructed

( on frost suseeptlble subgrades, and te compare the theoretleal pavement
_ evaluations, mede in accordance wath the Englneering Manual, w:th the -

_pactual performance records of the fleldSo ‘

1-030~ Scopeo The pertinent data used in the preparatlon of this

*c:summary tabulatlon were obtelned from the A1rf1e1d Pavement Eveluetlon
' Reports, the Pavement Fallure Reports, the Frost Investlgatlon Program ‘end
" the latest traffle hlstory avallable from each fleldo No- fleld 1nspeet10ns

or tests were maede for this summerya ‘Data relatlve to condltlon of ‘pave=

ments are aveilable from only elght of the twenty»frve flelds summarizede

11 PREPARAT: 'ON”.} OF D'A"TA .
" 22015 Generalo ‘The'dats available to the Frost Effects Leberabory

4
cons:sted przncipelly ef evaluation reports prepared by the verlous District

‘and DIV1810n Offzces in the A;rfleld Pavement Eveluatlon Reportso The

cycles of tekeoffs and- 1and1ngs per day or month had been summarlzed from

|

of trefflc-h;story made’avallable by the ‘Office, Chief of

Engineers for the period 1945 to February 1948, imclusiveo



¥o Airfield Pavement Evaluatién’ Repért was prepared for Shermen
Field, Fort Leavenworth, Kensas. The data includé«i for this field were
obtained by correspondence with the Omsha Distriot Office through the
Missouri River Division Office.

Pertinent data for each airfield are presentea in:TaBIe BQI. The
locations pf the twenty=five Air Force instsallations which have been"
summarized are shown on Plate B=l. The plan views of individual installe-
tions are présented on Plates B=2 to B=26, ipclusivéo'

' 2-02. The Evaluation Criteria. The originel gross load evalustions,

as taken from the Airfield Pavement Eveluation Repo’r‘bé and the present
evaluations based on Chapter 2, dated May 1947 and Chapters 2 and 3, dated
July 1946, Part XII of the Engineering Manual, are 'presentedo

a. Flexible Pavements. The present frost condition eveluations

of flexible pavements were made in accordence with Figure 4, Chepter 4:,-

Part XII of the Engineering Manualov When the thickness of pavement and ndii-_
frost susceptible base is less then 9 inches, ﬁhe evaluation is given as

~ less then 10,000 pounds gross loade.

'b. Rigid Pavemento

(1) Eveluations of rigid pavexﬁents during the frost-melting'
period were mdé' using Figure 59, Chapter 4, Part XII of the Engineering Manuél. z
When the thickness of the non-frost susceptible base is less than 6 inches,
the éva}.uation ‘is given as- less then 30,000 pounds gross 109.de>‘ |

(2§ The evaluations of thé airfields were based on ‘Ehe' modulus,
k, of the subgrede.  However, if the modulus of the subgrade had not been deter-

xﬁined or was not known, the modulus, k, of the base was used to evaluate the

B=2



pakve‘mento»" Fields evaluaf:éd in this menner are Dow, Mitchedi;ﬁ Preslqte_"bl”slle;.,’

S'tawart,, éﬁokane",' énd' Wendovers: |

IIT GONCLUSIONS

3«01a; Concl'QSlOIlSo Pavbé‘mén% "fai-lu:z"es "'6?' bavemeht distress have

voccurred at all elght of ﬁle twenty—»f:.ve installatlons on mlch pavemen’b

cond:.tlon ﬁiata are avallable'o, The trafflc da’ca 1ndlcate that seven of

‘the eight fields had been subjected tozloadxng_s in excess of the frost

condition eveluationo

iThe ydnl'y field 'S‘hovedng pavement disﬁtresls under normel treffic
load not eﬁcce'ed'ing the evaluati on”is Présqu‘eﬁI"slie Airfield,v--Pre'sque Isle,
Meineo Weav1ng of the flemble pavemen‘bs has been ‘observed durlng 'bhe

ffostameltg.ng pem ods e Wldely spaced map cracklng due to frost. heav:.ng |
is general throughout the alrfleldo |
\

When ‘the reports of‘ the pavemen'b condltlon are avallable for ‘

all the 1nsta11at10ns summarlzed correlatlon W111 be made between pavea '

|
ment evaluation,: pavement cond:.tmn-,- end .traff‘lc hlstory-'o- This correle=

'b:.on will afford quahtatlve 1nformat:|.on on the adequacy of present des1gn"v

crz’cerl ao

B3



SUMMARY TABULATION OF AIRF’IELD PAVEMENTS

BASE SUBGRADE EVALUATION LBS GROSS PLANE WEIGHT TRAFFIC HISTORY DISTRESS OR FAILURE [N WHICH FROST ACTION WAS A CONTRIBUTING CAUSE
N GROUND FROST CYCLES OF LANDINGS & s
5 R OR £ROST . cor or mﬁn SUBSURFACE FRE‘;@?}}G PENETRA- WELGHT 393 Ty LS LIAREES TSw7 7998 TE FIRST
% PASSING | SUSCEPTIBLE | SUSGRADE MODULUS  MRFIELD % PASSING | SUSCEPTIBLE | ATTERBERG | SUBGRADE mopuLus § OEPTH ORAINAGE TION L] CLASS EEB LOCATION DESCRIPTION SATURATED | DATE F REPORTED CAUSE
2200 STEVE | _ (% FINER - CLASSIFICATION| »200 SIEVE] (% FINER LIMITS (FEET) INDEX (INCHES) § RENARKS PERICD CONDITIONS o) | T rT YT TRIX NOTED
© an oz | K| ¥ l‘" THAK 0,0224) Ky | K | %y |con o G PART X0 ) . PART XL (0D Frora "Rty froma [*0000F romac | ey | romau | "D rorad) “Gaii rorad “GR0Y
g ‘A) (ay | WULY 1846 JULY 1946
10-17 YES (8-9) - - - 0] sEMLcL s se, st YES (6-60) iz - - >3 # % NONE 532 33(8) 10,000 13 BLoucTion of CvALuATION FoR wAmwue 10,000. < 10,000
[ 90 u5/MO. NO DATA 74 1 ATTERED AREAS ON CRACKING AND RUTTING, 0ASE MARCH 1984 LOCAL POOR sulcnn:. WATE
SUBBASE e TAX{wAYS FOR NormiL PERIOD, CAPACITY ] - 95 o5 19 e B k. 11 ek, [ TR THEN COMPLETE BREAKUP ass FONDING, POOR
6-68 YES (6-60) - - - = € - - - 6716 uz . 13 1M, - - F PAVEMENT AKD BASE sient rnosv AcTion 1.
G : - - - 2 occ. - - Course 8GRAD
0= Tes - D L5, - : - - TRAFFIC OISTRIBUTION NE-SW, 635; E-W,-318; WW-SE, 43; M-S, RUNWAYS AND RURWAY SMALL DEPRESSED, CRACKED,  SUBBASE OIFFERENTIAL SETTLEMENT |
g:!ﬁn ¥ iH‘; . st o s () ' .000 2,000 < 10,000 > ’ * SHOULDERS AND CHECKED AREAS. s SU0ER ThALEIC, PORDING In
€3 (s-60) - - - 2 . :
10-17 YES (49! - - - £, 8¢, $P - - CRACKING AND SLAB DI S- SUBGRADE
(w-9) hd .’.M‘f, H4 YES (6-60) 3 20,000 20,000 < 10,000 APRox PLACEMERT. 1H QUERSIRESSING ALONG
SUBBASE TAXI %G LINES.
o-68 YES (6~60) - - - 2 .
0~ - - - - - - -
10-17 YES (w9} » SF, SC, ML, 5P 8-¢68 YES (6-60) - 50,000 50,000 < 10,000
SuBBASE
o-68 YES (6-60) B - - 10 .
- - D —-{'.c\..u 8-88 YES (6-60) 360 279 - . 70,000 30,000 <30,000 — =
: - R SV el oHER w0 T M BROGEMML % Rk | Ut pimesmecesmemoon,, o ooee oo
- - - - - - - Y - . A
. a-o s2-07 €3 (81-63) Pl 106 87 DEPTH RARALLEL To Rupwar: 32,000 (1) 208 REOUCTION FOR aPROX. “TAX|WAYS, '<30,000 '<30,000 5896 16 19,821 58 22,522 62 3602 NE-SW, E-¥, NW-SE SMEARED TONGUE A BASE JURE 19ux LKSUEE LCIENT SEARL NG
- - - - - - - cL-oL 6287 YES (51-68) 106 57 - PERVIOUS BACKFILL, i £ RURWAYS FOR WARKUP: } § uas - nas ) 2150 6 u1,088 17 20,236 78 3368 36 RURwAYs gRO0VE JOINTS, :onu:u DT REPORTED CAPACITY OF SUBGRADE
| INEFFECTIVE. 32,000 o Tty <:30,000 <30,000 € (CUASSES A THRU E) 6139 i1 315 1% %01 2 36 10/m. CRACKS, SPALL SOFTENING OF SUBGRADE
- - - - - - cL-oL 62-87 YES (51-65) 106 7 - (2) CN'EC"U' For DEFICIEXT E0GE F - - - - - - 38 3/MO0. - - - - rncrumun of coucun. SUBGRADE OURING THAWING
| A 32,000 ESS- <130, 000 <30,000 G - - - - 106 o/MO 78 1/MO 122 10/M0. 19 10/MO0, FOR A WIOTH OF SEVERAL 893 FREEZING, OVERLOADING
-1 ves - o) soaca secrion, sy RATIO 0F : J . TRCHES, LABS WITH HEAVY W
4 (3~10} 130 63 - % 6287 YES (51-68) - - - 0,000 SECTION WODULUS OF §* EOG! 000 <'30,000 NCHES.
[ Caets Yes o THICKNESS T0 9° Eoct ™ |cusss 30, . YRAFFIC DISTRIBUTION WE-SW, 298; E-W, 263; WW~SE, 19%; M-S, 26% ADS,
‘ (3-10) 190 - - - o e2-07 YES (33-63) - - - 56,000 (o) o UNIFoRw secTion, EvALUA ¢ 30,000 < 30,000
| AS 77 INTERIOR THICKNESS.
13-18 YES (10) - - - - nL-ch 0-83 YES (1-80)- LL 25-u8 103 %
- 2-7 BERFORATED PirE 100 2 63,000 THE KORMAL PERIOD, CAPACITY OPERATION -€30,000 < 30,000 [ 228 ¢ wuen 12 1983 22 unn 2 ¥ DATA
PL 1728 (APPROX.) 8%) ALONG €0TH £ . EvaLaTIONs WavE $EEN CORRECTED AS S : [ - 6 - ¢ f1 2388 i 2092 [ 319 H
‘ 13-18 YES (10) - - - - LY 60-83 YES (u1-s58) Pl &2 36 30 - or ;u::ns'ngauns 73,000 30,000 <30,000 £ - i - 1 i1 i1 feeH s 1839 Cg w2 s
A All. L SUNWAYS, TAXIWAYS aXD APRONS : F -~ M = - = o W oce. u . - -
‘ 13-18 YES (10) - - - - ML 60-03 YES (41-88) - 30 - Loganols UNDER 80,000 ( : H st ca ol 'o A |"¥' AND n;:llﬁ 30,000 < 30,000 6 - - - - 19 a/Mo. 198 165:8. 57 §/M0. 9u  u7/M0,
2) B u AKEN INTQ EVALUATION " - - - - - - W 1/M0. - - -
8Y ADDING 1° TO INTERIGR THICKKESS .
| OF PAVEMENT FOR EVERY u* OF .8ASE. TRAFFIC DISTRIBUTION NE-SW, 60%; NW-SE, 328 1
B 80ROERLIXE - - - 80 o-6F 31-88 YES (21-70) w30 ] - 0
- - 6 OPEN JOINT DRAINS 9ACK 1200 AV, ,000* HE ROR) PERI APACITY OPERATION ,000" 27,000° - O DATA 26,505 7 "84 8 APRON WIDENING, TURN- nucﬂ TE o:vuorw RAN- BASE OBSERVED WINTER SETTLEMENT OF SUBGRADE,
‘ Ed BORDERL | NE 318 5 e - CL-GF YE! R {APPROX.) FILLED wiTh redvioys H 102,000 VACOATIONS EOR B, Ccs RUNWATS. TARI o 5 - 2 Yo para ;;‘ﬁ §§ FHH 7 1 AR0UKD AK0” VAR Rhup (IR 10 BE SATURATED 19u2-1943 v TR bR oF co-cuh
b 3 = 31-80 s {21-70) + - - MATERI AL ADJA 70 56,000 AYS AND MALN SERVICE APRON NAVE BEEN <30,000 <30,000 E - 3 a3a5 1" 17 1/, 26. 13/M0. PRON RNER ' oul AND FROST ACTIO
‘ ROnwAY P AVENERTS, REDUCED 205 FOR WARNUP AN ¢ ¥ - - - - i occ.” - - (u'wr‘ﬁ%nguua (;g.?: suls cuc:so 81 FROST MELTING
*7 BORDERL I N . - - - L 10N MADE FOR DEFICIENT EDGE K z z » /M0, - - - - v s .
| Ling 80 CL-GF 31-88 YEs (21-70) - - 8 7,000 e o8 coRCRET e P rEn R 12,000 28,000 3 Hah 1 u)
‘ B '%;u:l:ﬁg s:?g::zgslvunvs g:;u‘nxei . TRAFFIC DISTRIBUTION NE-SW, ¥p3; NW-SE, 513; B-W, 1§
7 ROERLINE - ~ - - = - - - g
) SoRotaL 35 318 60 cL-oF 3108 YES (21-70) 65,000 MENT THICKNESS OF % <30,000 < 30,000
-2 ves (12 %) - - - 50 CL, SF, 5¢ 71-92 YES (us-75) L 38-58 - - ¥ BELON HOME REPORTED. 1% 60 3 ) :
1 SF, . 14,000 THE RORMAL PERIOD CAPACITY OPERATION 15,000 <'10,000 - 7 I
PLie2e INFLUENCE * EVALUATION OF TAXIWAYS AND APRON KAVE § "o pATA g P B¢ T &3 3 e.';:%'t'sog:b Hiheavs  FALUSTSOSEVERED e RO NoT REPORTED ";°§°‘:‘;§s§""‘“$s""'
9-20 vis (12 %) oL, SF. 8¢ ves 163 DEPTH BEEN REODUCED 208 FOR WARMUP AND TAXIING. E - 1,001 3 3,085 9 3,259 9 620 20 RUNWAY PROPER AND THE AREAS ADJACEN RUN
Z - - - 50 »SF. T1-92 (us-75) - - . 18,000 13,000 <10,000 E F - - - = gg z;nw. 1 occ. - - SHOULDER.  THE 2°* A.C. SUBGRADE WAYS BECOME SATURATED
rts 4 1 ¢ - - 27 2w, 182 18/M0. 20 17/W. 11 1 SHOULDER eavEKERT - 629 RESULT OF PILING
L - — - R PULLED AWA' H
0 (120 L, 8F, 3¢ 92 YES (53-75) - - Ll 16,000 16,000 <10,000 H TRAFFIC OISTRIBUTION NE-SW, 783; E-W, 108; NW-SE, 7%; N-S, 5§ " A.C. RUNWAY PAVE- SHoN JLONG ueren foces
ves (12 % ) chtie Thi Lovcl ot uil furitalits Tolaloel
9-20 YES (127) - - - CL,SF,SC 7192 YES (33-75) - - ¥ 18,000 18,000 <10.,000 AR Tiow.
GECME ey POENT WAER Al 8=
. 4 BAFT WIEELS PASSED OVER
9-20 YES (12 7) - - - CL, 8F,SC 71-92 YES (43-78) - - ) 20,000 0,000 < 10,000 c HIS 4 L
- - - - - - CL.SF.5C 71-92 YES (xs-15) 37 ” - 40,000 <30,000 <30,000 -
YES (658 - - - - L SF, -
( ) SP, SF, Sw 10-8S YES (655} :t 0-2 188 185 ROT REPORTES NONE 800 15 18,000 THE NORMAL PERJOD CAPACITY OPERATION '€ 30,000 ~< 30,000 c - 11 O DATA 15,712 X3 19,706 136 48,295 132 5272 88 N0 DATA
Poe EVALUATIONS FOR AL FAVED AREAS HAVE Bice : [ - 18 ] 0 282 & 319 9 599 10
Yes (6-38) - - . . JSF, 8w - UCED 208 FOR WARKUP AND TAX [ - 1 se12 1% 137 » 1063 s 326 5
(6-38) b fo-8s YES (6-53) w23 - 38,000 <30,000 < 30,000 £ z - 10 ecc. s ecc. - - - -
- - 3 1 62 1 s 1 183 2 -
1 YES (8-39) - - - - L SF, - -
0-83 (6-33) SP.SF, SW 10-83 YEs (6-35) a0 a10 48,000 90,000 <,000 TRAFFIC DISTRIBUTION E~W, 193; NW-SE, aus; NE-SW, 10%
26-89 YES {12-88) - - - - CL ML, CH 82-98 YES (u5-69) LL 30-82 08 343 18-30 RONE REPORTED 00 R <
2 MLy - - : 2 7,000 THE NORMAL PERIOD CAPACITY OPERATION < 30,000 < 30,000 : « SUPPORT
i B O ? ’ § T omE 4 e R P oEAE  aane BEctLrion g A I
-t - - - - - . i E - * 67 "o UM 1 /M0, R OF AP I MENT THICKBESS.
26-89 YES (12-58) CL. ML 82293 YES (a5-69) 08 13 - 39,000 DUE TO VAR | ABLE THICALSS or BASE < 30,000 < 30,000 L z s :ng 3 1 {:c. 13 /i 12 e CORRER O 0
. res e ' S e Sraien s T lond ' | I =oos - PO | s SRR gt e, e G|
26-89 12+ - - - . L, CH, ML, SF Yes -
¥ [ 8290 (45-69) 08 . 113 000 STRENGTH ALLOWED FOR 0ASE. 0,000 < 30,000 TRAFFIC OISTRIBUTION N-3, 788; WW=SE, 155; NE-SW, 108 i JOINTS “"";5',’5“,(5,."..,,“
6 ¥ - - - - RESPONSIBLE. FA
26-09 €8 (12-53) cm 85 YES (¥5-69) 08 13 - 38,000 35,000 < 39,000 GHIERLY ouE 10 |Y ‘52 n(-“
CIENT PAVEMEN HICKN |
26 YES (12-58) - - - - -
89 ({ ) LM 82-9% YES (45-69) 208 w3 - $3.000 38,000 <30,000
' ~JNOTES
2343 YES (10-16) - - - - cLnt =67 YES (28-42) 'Lt i;;g - 50 - -5 ?5252:2’;‘3.5:';&12: 100 28 38,000 m;’ﬂfﬁia'ﬂ'v%"-ii:‘f:ﬂ;z%'v?;"'s°' < 30,000 *<30,000 c N0 DATA 1505 13 15,267 %2 26,237 73 3496 58 (A) SUBGRADE MODULUS DURING FROST MELTING PERIOD.
Pl 7-21 ¥ITH GRAOED FILTER fyed H : 1188 8 :” o i 13 ‘};“ aino, e B (8) OEPTH OF FROST PENETRATION FRON FREEZING NDEX CURVES.
MATE ALL PAVENERTS EXCEPT X 3 % s A -
23-u1 YES (10-16) - - - - L, uL sa-87 YES (28-12) s - O or RuawarS, b ) . " a MRS AR el % 30,000 <:30,000 H : : S NG e 7 o, = z () WEIGHT CLASSIFICATION AS SHOWN BELOV.
XCEPT NE- 208 FOR WARNUP AND TAX| -
wunv-)- (2) BASE COURSE WAS BERN ACCOUNTED 4,00 106 TRAFFIC DISTRIBUTION =S, 50%; NE-SV, 28%; NW-SE, 9% CLass GROSS WT. OF PLANES 1986 - 198
51,000, Y 1 T0 N o 386,000 <30,000
mc-uutor PAVEMENT FOR EACH 1982 - 198 ‘e 8 "°' 0"" l: ggg Las.
OF BASI - H .
- - - EVALUATION HAS BEEN CORRECTED N 13 25,000 - 35,000 L8S. 36,000 L'S‘
23-a8 YES (10-16) - - oL au-67 YES (20-82) 20-55 50 - 46,000 o) FOR DEFICIENT €DGE THICKNESS 1< 30,000 < 30,000 9 5,000 - 50,000 LBS. § 76 000 us‘
HA TR NS HE R H 13'280 Z ;2'” S H 3500 Lo
1.5 TIMES [N X Z%a%0 .
23-u8 YES (10~16) - - - - cL ra-67 YES (20-82) :3;. 70 - 73.000 20,000 <30,000 G 90,000 -135.000 L8S. " E bver
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SUMMARY TABULATION OF AIRFIELD PAVEMENTS

BASE ' SUBGRADE EVALUATION LBS GROSS PLANE WE|GHT TRAFFIC HISTORY ) DISTRESS OR FAILURE [N WHICH FROST ACTION WAS A CONTRIBUTING CAUSE
' . FROST CBR OR SeaTeh SUBSURFACE aeprox. |pENER, | P o J —oTCLES O LANDIRGS ¢ TIROTTS LY
G | SUSCEPTIBLE | SUBGRADE MODULUS ARFIELD | % PaSsiNG | SUSCEPTIBLE | ATTERBERG | SUBGRADE WobuLus | DEPTH DRAINAGE FREEZING | TION_ HORNAL FRosT s Vaass] 'Y M I & FEB LOCAT 0 DESCRIPTION SATURATED PATE FIRST | geponTen cavse
| (% FINER X K | ¥7 T COR JCLASSIFICATION] 4200 SIEVE [ (% FINER LINITS 'y T (FEET) (INCHES) § ¢ ,,‘ PART XI) ¢°3"°pm i (6) APPROX APPROX APPROX APPROX APPROX |»‘Pkox
THAN 0.02MM) (a) THAN 0.02MM) (s) N o LY. TOTALY pajLy|{TOTAL| "parey |TOTAL| patLy]TOTALL palLY pAILY|TOTAL! “paiey
s - - - - SF-CL, S0, CH 32-69 YES (tu-ug) 11 52 - I |
- s OPEN JOINT PIPE AND 20 21(8 20,000 THE MORMAL PERIOD CAPACITY gPERATION <30,000 <30,000 - . ] 986 131 6616 110 N0 OATA
o i GRAVEL BACKFILLED ® EVALUATIORS OF ALL P KIS CXCEPT THE 20.00 » H z Bl - vy 3% s 9.0 2 " R 61 11
3 TRENCHES ALONG Js RukwaY aAve BEch *Reices 0 € N - - B 2,327 36 i 14 937 3 36 i
- - - - - cL,SF 32-69 YES (1u-ug) 1w SHOULDERS OF SOME WARMUP AKD Tax . ) F z z z z ' oce. s occ. - Z 1 occ.
1 52 - - PAVENENTS, 28,000 40 CORRECTION MAGE” F0R DEFICIENT £0GE < 30,000 <130, 000 6 z - - 2 29,180 80 321 1 156 t3/M0. 3w 17/MO.
- - - - - . - B . N : " 5 NE-SW, : E-¥,
CL.SF 32-69 YES (1u-s8) 1 52 - - 30,000 30,000 <30,000 TRAFFIC OISTRIBUTION K-S, 28%; NE- 278 - 258
- - - - - ML, CH, CL 81=96 YES (28-54) LL 67 202 12 - - 0-18 NOWE 20 21(®, 25,000 THE NORMAL PERIOD CAPAC|TY No DATA 16,918 47 530 * O DATA
4] lu_:; ® : S:ﬁu;{l{gu:g;oz(;uwn's An?)’i;s;ﬂ' . 30,000 <20.000 5 - 1 s © . ° ‘127 & b1} /:o
- - - - . UCED 208 FOR WARMUP AKD € - K. - . - 8/M0. 9 8/No0. i 2/%.
- ML CH, Ct 84-96 YES (28-51) 02 1z - - 30,000 © TAXIING. s < 30.000 <30,000 3 L, - 8/ z " 3o 8L 4
TRAFFIC OISTRIBUTION N-S, 533; NE-SW, x5%
\
\
| . - e ) R -
‘ YES (¥-32) © im0 180 - GF 20-87 - YES (12-36 L 25 - - - - .2 OPEN JOINT DRAINAGE 150 2,000 THE MO PERIOD ChPA PERATION 00 000 ¢ NO DATA 13,589 37 37,829 0% 7,775 08 7818 15 X0 DATA R S R
‘ 12-5¢) PL 23 PIPES ALONG EDGES :vuu THOHsT FOR Tk wAvS. b APRONS 20,000 <oe. [} 25578 o % 598 ‘21 1877
YES (4=32) 280 250 - - SN 20-87 YES (12-56) Pl 2 - - - - OF PAVED AREAS. 17,000 BEEK REDUCED. 208 FOR ARkUP ARD < 30,000 <20.000 B - 192 a:g o, H® ocg 1297 ogc 87
. I cmmcnon MADE FOR DEFPCIENT EDGE G - - /M. 127 157 13/ 36
YES (4-32) 160 160 - - ¢ 20-07 YES (12-56, - - - - - 27,000 THICKNES: 0,000 <30,000 1900 - 93 CYCLES/DAY THROUGH CLASS c, 1981, 37 CYCLESIDAV TirouH CLASS,
) : <3 3 3 2, H CYCLES/DAY THROUGH CLASS € ke c, NOTES
‘ . TRAFFIC DI STRIBUT -SW, 48S; MW-SE, Ui E-W, BY; N-5, L -
YES (3-32) 20 210 - - s 20-87  YES (12-36) - - - - 33,000 < 30,000 <30,000 © DISTRIBUTION xe-5¥, se5 * o o 3 - -===——(A)~SUBGRADE MODULUS OURING FROST WELTING PERIOD.
. X . . (8) DEPTH OF FROST PENETRATION FROM FREEZING INOEX CURVES.
YES (4= - - GF - - - - - )
(a=32} 240 240 20-87 YES (12-56) 36,000 | <30,000 - < 30,000 (C) WEIGHT CLASSIFICATION AS SHOWN BELOW.
| ' . CLASS GROSS WT. OF PLANES
YES (¥-32)" 800 400 - - GF 0- -YES - - - - . .
(‘ 32) 20-87 (12-56) 89,000 <B0,000 < 30,000 1952 - 1945 . B
¢ 25,000 - 38,000 L8S. -
] 35,200 - 50,000 L8S.
E 50,000 - 73,000 LBS.
] N . - - F 75,000 - 90,000 L8S.
, - - - - 80 4 L 85-9u YES (nu-65) LL 3688 - - - 8 | NOT REPORTED QPEN CONCREIE T T80 39(8) 15,000 THE NORMAL PERIOD CAPACITY OPERATION 19,000 <10,000 ¢ - 55 - - - - 23,392 6y 20,837 B0 299 50 N0 DATA . G 90,000 ~135.000 LBS.
PL 18~25 AND SHOULDER aunzns Evuumons FOR Au. uvu:urs HAVE BEEN H z 2 - 18 - 18 1601 N 5
\ - Pl 12-23 . ON EMBANKMENTS. REDUCED 208 FOR WARNUP AND H z z z b z = 258 1 W0 17/M0. 7 a0 1906 - 1988
‘ - - - - cL . 85-914 YES (4u-65) 104 83 - - 35,000 no CORRECTION MADE FOR e:nclzuv EDGE <30,000 < 30,000 ¢ z - - 17 - 17 32 3/wo. 0 - 2/ 16 8/M0.
N . 1982 - 20 CYCLES/DAY- CLASS € AaB ¥OT OVER 15,000 LBS.
- - - - - c 85-94 L YES (88-65) 108 83 - - 115,000 ?:51;"?‘?" [1] 1:( NE-SW II‘U#QV ggu- 50,000 < 3¢.000 N g u,ggg - gg,ggg tgi.
OF TWo LAYERS OF CONCRETE SEPA- ) N ; NE=SW, 305 #-S, 1uS 31,000 ~ 36, 3
- 403 w03 35 - - CLML 85-5u YES (18-65) - - - - - 1 4 150,000  RATED BY A THIW BITUN(NOUS WEMBRANE. 31,000 <30,000 | TRAFFIC DISTRIBUTION WM-SE, 568; WE-SW, 30% € 56,000 - 76,000 LBS.
\ THE EFFECTIVE THICKNESS FOR EVALUATION . . i F 76,000 -123,000 LBS.
* - - NAS BEEN TAKEM EQUAL TO THE SQUARE RO0T [ 1231000 ~135,000 LBS.
' OF THE SUM OF THE SQUARES OF THE THICK— . H 135,000 AND OVER
| WESS OF THE INDIVIDUAL LAYERS. - .
| -
| T
‘ "o - - - 80 e ¥6-65 YES (10-28) kb 20-22 - - - 3 - 6,00 THE NORMAL PERIOD CAPACITY OPERATION < 10,000 <110, 000 [ - - - - 9183 25 38,506 105 29,820 82 3097 52 4o 0ATA
L L o16-19 NOT REPORTED ;igrzo;;rggéog%sr: 1% +000 I A L g M m BEEN ‘ ! [} - 30 - 30 1321 n 2806 8 3088 9 505 8
o ! DGE OF PAVEMENTS REDUCED 208 FOR WARAUP MWD TAXIING. H z - z - 208 8 1909 5 23858 7 451 Y
. i . N TRENCHES, BACK- z - - z 3 s - z - - M
- - - - - o Be=12 YES (10-u7) 160 100 - - FILLED WITH cpus:go 1,500 EFICIENT EOGE THICKNESS. < 30,000 <30,000 [ - - - - 2 occ. 7L 6/M0. 122 10/m0. 32 16/K0.
' N e S EamTH. TRAFFIC DISTRIBUTION E-W, 648: NW-SE, 36§
ASSUMED KO 600 500 65 - aw 22-90 YES (14-75) LL 22-71 - - - - =7 NONE 150 2 77,000 THE MORMAL PERJOD CAPACITY OPERATION <30,000 <30,000 c - 87 NO DATA 21,820 %9 69 48 29,102 80 3747 i) %O DATA
ASSUNED N0 oL 22-90 YES (14-75) P'T 11:” 22 ) 80,000 E;:L“"o“s NAVE BEER CORRECTED 43 < o’ooo 000 2 Z i3 ;w’k 3 3213 17 ;m ‘g I;’zz 5 :
‘ - ' v ® - - " (1) nxmvs Aun APRONS HAVE BEEN 20 Bk F - - ss 5/nu. 20 2/Mo. - - - -
; YES {-10) - - - .- ML 2290 YES (14-73) 180 80 - - 101,000 ”. 5 FOR WARNUP AND 10,000 6 - - . 876 2 753 2 97 z .
\ . . = ;e N
‘ ASSUNED KO N - . - WL CL 2290 YES (14-78) - s 2% - . 138,000 (2 5;&52{ :ﬂ I?E..""" THE lasz 58,000 50.000 TRAFFIC DISTRIBUTION NE-SW (A}, Ses; WE-SW (8), 178 NW-SE, 25%
‘ 132 BY ADDING 1 TRE .
| : . vnn:uas: o: mz PAVEMENT Fon . . .
] . us
(3) coRRecTiON FOR niFIcIEur £oce
. THICKNESS HAS BEEN WAD
NOLTIPLY e EvALUATION 87 T4
NATTo GF Ex1STING EDGE_TH1CKNESS
TO 1.5 TIHES [NTERIOR THICKNESS.
BORDERL I NE 300 300 28 - GF YES (12-u3, 0 - - - - 2-6 PERFORATED METAL P|PE 061 7 , 000 rn; NORMAL PERIOD CAPACITY OPERATION 30,000 . - - - - '3 nv:nsnr DEVELOPED BASE SPRING 195, SEVERE FROST ACTION
(0-8) ) L&A IN_TRENCHES BACKFILLED 38 AT ONs"GF Paghs kS TAKIWAYS. ARE <20,00 <30.000 H - s H vo paTA 200 ol T8} afwe. B ao. PORTION OF M-3 RUNMAY - CRLVING, (R THE SERING 30-608 3 TN THE SUBGRAOE RESULTING
Pi 30 MTH COARSE GRADED "WC“ 208 FOR WARMUP AND TAX € - 25 ] 186 20/M0. 53 u/MO. 24 12/W. OF 1943 AS THE FROST (NORMAL  PER1OD) IK ITS SOFTENING DURING
ROCK_AND V,C. OPEN CORREET on MADE TOR DEFICIENT " EDGE F z - 4 p z 7 occ. =z - CANE 0T OF THE GROUND THE SPRING TRAW
oggmpe - - - e @ o) - - St - e BRT G , o
0~ . - v H1CK! - ; E- s " 0-80!
FILL LAID ALOAG FOR RUNWAYS, SHOWN IN PARENTHESES, WERE TRAFFIC OFSTRIGUTION N-S, u5%; E-¥, 313; NW-SE, 243
EDGES OF RUNWAYS, . USED FOR EVALUATION.
- - - - - G [SKALL AREA 2-18 YES (1-8) o 22-42 220 220 - - K0T REPORTED NOY REPORTED 750 39 (8) 62,000 THE MORMAL PERIOD CAPACITY OPERATION 30,000 < 30,000 ¢ - - NO DATA 3613 10 17,u65 w8 30,847 85 3u66 58 N0 DATA
6P, GF) PL 19-26 e EVALUATIOKS KAVE BEEW REDUGED 203 FOR - 0 . - 50 1260 5 573 2 our 3 2 5
Pi3-16 M WARMUP AKD TAXI ﬁ - - . g1 x 622 2 815 2 121 2
- s 3 . - - - Z - -
o - - PR N 53 /M. 82 7/Mo. - -
. TRAFFIC DISTRIBUTION E-W, 555; NW-SE, 38%; NE-SW, 79
- - - - - T 96-98 YES (52-74) LL 25-33 98 66 - - BELOW IN- OPEN JOINT TILE oRAlls 150 12 22,000 THE NORMAL PERIOD CAPSCITY OPERATION <po, 000 <30,000 150 CYCLES PER DAY » 71 20 4 10,081 67 ] AND E-W RUNWAY EXTENSIVE mumt ALONG  SUBGRADE FALL OF 1983 LACK OF SUBSURFACE ORAIN-
. . . PL 18-26 FLUENCE ALONG EDGES +0 HAIATONS 5T ALL PATEMENTS EXCEPT THE 4 5 PLANES UP T0 CLASS E Baar Bt el B %8 B itor  1f ArRon axo Y $AEEAPhON 50 FEET FRow > \GE OR IRSTABILITY OF
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