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FROST INVESTIGATION 
I9lb - 19ii5 

APPENDIX 3 

REPORT ON 
OTIS FIELD, SANmCH, IfiJSSACHUSETTS 

!• ijitiiorlgation, The general frost Investigation program was 

authorized by the Chief of Engineers by letter to the Division Engineer, 

New England Division, dated 7 July 19!^, subject, "Frost Investigation" 

and subsequent indorsementsi and by the Chief of Engineers by letter to 

the Division Engineer, New England Division, dated 30 June 191+5» subject 

"Funds and Completion Dates for Investigational Projects" and subsequent 

indorsements, 

2, Purpose, The purpose of this investigation has been the deter¬ 

mination of the development of frost in the soils underlying airfield 

pavements as affected by various conditions of weather, soils and ground- 

water* 

presents the results of the frost investi¬ 

gation conducted nt Otis Field, Sandwich, Nassaohusetts during the period 

from 30 November 19l4<. through 2-3 A»HL1 19U5» The investigation at Otia 

Fi*ld includes one test area-in which observations were made of frost 

penetration, ice segregation, water content, and density. In place 

C, B. R, tests were made on the subgrade soil, Attorberg limits and 

moohanioal analysis tests were performed or. representative samples. The 

climatic and other general conditions related to the frost investigation 

at Otis Field also are included in this reportj__ 

I4., Definitions, The doscription of the tests and analyses of 

results involve a specialized uso of certain terms and words. These 

'.'ords and terms ore defined for use in this report as follows: 



*+• «• 

a. Teat Area, The tost ai*ea is the portion of the airfield 

selected for investigations and observations, 

b. Pavement, The term pavement is defined os a covering of a 

prepared or manufactured product superimposed upon a subgrode or base to 

«• sorve as an abrasion and weather resisting structural medium, 

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

selected soils, mineral aggregates or treated soils placed and compacted 

on the natural or compacted subgrado, 

d. Subgrade, The term subgrade applies to the natural soil in 

place or to fill material upon whioh n pavement or base is constructed. 

e. Frozen Soil, 1 Two typos of frozon soil ore referred to in 

this report as follows: 

(1) Homogeneous Frozen Soil, A soil in which all the water 

* in the voids is frozon is referred to as a homogonenous 

frozen soil, 
i 

(2) Stratified Frozen Soil. A soil in vhioh part of the 

water in the soil is frozon outside the voids in tiie 

form of ioo lenses, 

f. loe Crystals, The formation of ioo partidos found in tho 

pores of homogeneous frozon soil is roforred to as ice crystals, 

g. Ice Lonsos, Ice lenses are the ice formations in stratified 

frozen soil occurring in repeated layers essentially parallel to each 

other and normal to tho direction of heat loss, 

h. Frozon Zone, The limits of depth within whioh tho soil is 
# 1 

fr czon is referred to as the frozen zone, 

« i. Frost Penetration. Tho maximum depth from the surface to 

bottom of the frozen soil. 

0 



j« Frost Action» Frost action is the accumulation of water in 

k. j. 

the form of ice lenses in the soil or base materials under natural freez¬ 

ing conditions# 

k. Frost Heave. Frost heave is the raising of the pavement 

surface due to the accumulation of ice lenses. The amount of heave in 

raost soils is approximately equal to the cumulative thickness of the ice 

lenses. 

l. Degree Dty. Degree Day is the algebraic difference between 

32:° Fahrenheit and the daily mean temperature. The degree day is plus 

when the daily raean temperature is below 32° Fahrenheit and minus when 

above,. 

m. Degree Day Diagram. Degree Day Diagram is a plot of the 

cumulative degree days as the ordinate and elapsed time as the absicca 

(Figure 1, Plate 2), 

n. Freezing Index. Freezing index is a measure of the com¬ 

bined duration and magnitude of below freezing air temperature occurring 

during any given winter,.. 

o. Normal Freezing Index. . Normal freezing index is the freez¬ 

ing index computed for normal air temperatures based upon a long period of 

record usually 10 or more years. 

p. Frost Susceptible Soil, Frost susceptible soil is a soil 

in which frost action is possible. Any soil which contains 3 percent or 

more by weight of grains smaller than 0.02 mm. in diameter shall be 

considered a frost susceptible soil, 

q. Non-Frost Susceptible Materials. . Non-frost susceptible 

materials are crushed rock, sand, sand and gravel, gravel, .slag, cinders 

or any other cohesionless material in which frost action is not possible, . 
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r. ground ’Verter Tablo, ground wr.tcr tnblo is tho froo water 

surfeco nonroat to tho ground surfaoo, 

a« Penalty. Density la tho unit dry weight in pounda por 

oubio foot, 

5* gonoral Conditione, 

p. Looation and Terrain, Otia Field la looctod within tho 

limits of Comp Edwards, Town of Sandwich, Barnstable County, Fassnohu- 

sotta, Plate 1 shws the goographioal location of tho airfield in tho 

Boston District, Tho sito is of glacio-fluvial origin and is part of 

an extensivo outwaah plain, Tho aroa is gonorally flat; tho only change 

in topography oocuning in occasional eroded valleys and kcttlcholea. An 

extensive deposit of variable sands and gravels with occasional boulders 

oxtonds to considerable depths, ÎTo bedrock has boon encountered by bor¬ 

ing explorations and no rock exposures are present in tho deep kettle- 

holes or ravines surrounding tho area, 

b. Drainage, The drainage system consists of paved gutters, 

ditches, culverts, pipe drains, and catch basins. Surface run-off is 

generally collected by longitudinal open ditches parallel to tho outer 

edges of the landing strips, troei strips and shoulders. In addition to 

tho ditches, the landing strip turf shoulders have longitudinal subdrains 

for surface run-off of closed joint concrete pipe located IÇO feet from 

each side of the runway center lino. An open joint undordrain system is 

parallel to tho edges of each runway, warm-up apron and taxiway pavement. 

Runway under dr :1 ns were instilled in tho spring and sumnor of 19U3» They 

to 6-inch diameter,opon joint, non-roinforcod concrete pipe laid parallel 

to the surface of the runway vrith tho invert 1+ foot below tho edge of 

pavement. The permanent groundwater table is located at about 20 to JO 

0 



5# 15« 

feot below the surface, 

o. Types of Pavement, The runways, taxiways, atub-end taxi- 

ways and the addition tc the service apron ore constructed of bituminous 

» concrete. The runway turn-arounds, warm-up aprons, taxiway turn-arounds, 

herdstendings and original service opron are nf cement concrete, 
, » 

d, TVoffic History, Otis Field has been used mainly by medium 

weight bombers of the ^0,000 pound class during operations by the Army 

from Jrnurry 19l|2 to January 19-ii, Average operations per day were k5 

cycles of landings and to'ce-offs. The lighter weight planes of 8,000 

pounds modo an average of 75 oyoloe. Occasionally planes of 60,000 pounds 

used the field at 5 landing end toke-off cycles per day. Since May 19^4+ 

the airfield has received more intensive uso by the Navy, Single engine 

• pianos of 12,000 to 15,000 pound gross weight havo made 200 to 250 oyolea 

of lendings and tr.ko-offs per dny. The NE-S^ Runway received approximately 
% 

50 7 rcor.t of the traffic, the I'T-SD Runway 25 percent md the Î*-S Runway 

25 percent, 

e, Condi ti 01 of Pavement, All airfield pavements during the 

investigation period woro ganorally good with thu exception of minor crack¬ 

ing •'nd minor âoprosai on 'vi all prvonont surfaces. Serious or detrimental 

frost h-.nvo or cracking was not ovident during the winter of 19lii-19U5* 

f, ¢11101 cio Conditions, ^inter temperatures at Otis Field are 

mild in comparison to severe winters of northern New 3hglrnd, Tempura- 

tures b Icrr froucing rruv'il frem mid-Deoember to Irte Fobru'-ry or early 

'roh. The normal free ting index is 202 based on a 21 year record of 

• the t’, 3, v either Station loo ¡tod r.t Erst War oham. Massachusetts r.ppraxi- 

nrtuly ton milws northwest of the .airfield, Tho 19i|!+-19U5 frooting index 

was 512 dogrou-days or about two -nd er»g-hr.lf tiroes greater than normal# 

-5' 



5. 

The normal total precipitation for tho three end onc-hc.lf month period 

from 1 September to 15 December is 15 inches, Tho total prooipitetion 

for the sene throe and ono-hnif months preceding the frooting noriod for s 

I9IJ+ wr.s 21 inches or about 1+0 porcont cbovo normal, Tho weather condi¬ 

tions wore,therefore, mere favorable for frost action to occur in rela¬ 

tion to freezing temperaturo and autumn rainfall, Tho cumulative snowfall 

in I9I4J+-I9U5 was in excess of tho previous season. These data are presented 

in dot*il in Figures 1 end 3 on Plato 2, 

g. Previous Frost Investigations, 

(1) Winter 191+2-19143> Srrly in January 191+3 frost heaves 

had developed at several locations on the paved runways, 

particularly in the test area selected for tho 19l+L*-19U5 

investigation* Those hoavos boonmo stoadily worse until 

mid-February "/hon differential heaves wore as groat as 

Í+ and 6 inches and averaging about 3 inches, Tho most 

serious heaving occurred in tho unsealed portions of 

tho bituminous concrete pavement. Some surface stones 

in tho unsealed areas of tho pavement wore loosened by 

frost and picked out by traffic. Tho following summer 

the runway pavement was removed and roplnood ct a few j 

selected areas whore the pavement damage was critical, 

A seal ooat was applied to all runway paving which had j 
not boon previously sealed. 

To invostignto the depth of tho frost penetration and 

tho character of the subgrado soils in an area of 

sovoro frost heaving, a. tost pit, T500p, was oxoevatod 

to a. depth of i+ feet on 17 February 19^3 during a cold 
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5. G» (1) 

spoil (IJ0 Fahronhoit), After romoval of the pavement, 

continuous water contents of the top 8 inches of sub- 

çrado were obtained from each of the four suctions of 

V the pit* Locations and data from these samples, E-6 

to E-IT, are listed together with a sketch of the pit 

* in Table 1, The location of T500p is shewn on Plato 3» 

Directly beneath the top 8 inches of subgrado, 12 con¬ 

tinuous water contents were taken. Results of tests 

on sanplos E-7U to E-85 are listed in Table 1, A few 

thin frost lenses were observed in the top 8 inches of 

the subgrade. The thickest and greatest number of ice 

lenses wore found in the lower sandy silt subgrado to 

1 a depth of 2 foot which was the depth of maximum frost 

penetration. These ice lonsos varied in site from very 
i 

thin flakes to a maximum thickness of about l/S inch. 

Sample E-85, showing n low water content of percent 

consisted of clean fine to medium send and was located 

at r depth of 36 inches directly beneath the silty layer, 

A group of 9 observation wells was installed 2b February 

I9U3 during a thaw period, on the NE-S1-' Runway loft of 

the centerline between stations !+l / 20 and i|2 / 20¿ 

Thu wells were installed in the portion of tho pavement 

where frost hoaves were most severe. It was observed 

th^t a greater quantity of surface water existed on the 

• turf shoulders adjacent to this area than elsewhere 

along the runway* Tho underdrains described in Para¬ 

graph l^b were not installed on this date which may 
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5. g. (l) 

expie in tho high perched water table, 6 to 12 inches 

below the surface during tho 2-day thaw spell. The 

top 8 inches of material wero not frozen during this 

> period although the depth of frost penetration was 

2 feet. During several days in the frost molting 

period, attempts were made to observe the effect of 

30,000 pound plane loads on tho bituminous concrete 

pavement. There was no visual evidence of weaving or 

disturbance of any kind, 

(2) T.rinter 19^3** 19Uu On 20 January 19^4# 0 visual inspec¬ 

tion was made of tho runways and taxiwr.ys nt Otis Field 

to observe the effect of frost heaving of the subgrade, 

w Some slight heaving had occurred at tho intersection of 

tho Ï*T-SE and the N-S Runways; Longitudinal cracks 
« 

approximately I/16 inches in width were noted at several 

points, Tho pavement heave did not interfere with field 

operations. Inspection of tho northeast end of the 

I'TE-ST.’ Runway in the area of severe pavement heave 

during tho winter of 19i|2-19k3 showed a few small 

local heaves. One severe heave of about U to 5 inches 

was observed right of centerline at station b& / 00, 

No frost heaves were found at any other part of field, 

6¿ Test ¿roa A, 

a. Location and Description, Test Area A is located in a cut 

• section on the NE-S’T Runway extending from the runway centerline to the 

west edge of tho pavement between station 1$ / 00 and station 52 / 00, 

The pavement varies in thickness from 5^7 inches and consists of a 
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6. a, 

plant mix, oold laid, partially orúshod aggregate bound with emulsified 

asphalt. The pavement overlies a non-uniform subgrado generally consisting 

of pockets of Sands, silts and gravels so intermixed thr.t several grada¬ 

tions of frost susceptible soil aro encountered from about 1*0 to 3*0 

foot below the pavement surface. The subgrado at greater depths consists 

of fine to medium sand with occasional gravel and small amounts of silt¡ 

Explorations, Á chronological summary of explorations 

is given in Table 1, A more detailed tabulation which includes the date 

and result of test pit and auger hole explorations is contained in 5 shoots 

of Table 2, The explorations in Tost Area A, the locations of which arc 

shown on Plato 3» consist of 5 groups as follows: 

(1) Preliminary S^ils Explorations. Sufficient data on 

pavement and subsurface conditions wore obtained 

during winter of 19ij2-19U3# particularly in tost pit 

T500p, to assist in selection of Test Area A, The 

area was observed to be affected by frost action 

during the past two winters as described in Paragraph 

(2) Explorations Prior to Freosing Period, Seventeen auger 

holes, T232a to T2l^Br. inclusive wore excavated to depth 

of 6,0 foot or to refusal. These explorations wore 

made during period }0 November to 8 December 19V1 to 

determine water content of subgrado soils, to obtain 

typical samples for grain siso analysis, end to define 

sub-surface conditions, 

(3) Explorations During Freezing Period, Tost Pit T253p 

and three auger holes T255a, and T256a wore 

0 -9- 



6. b. (J) 

oxonvctod 15*l6 February 19ii5 to determine density, 

water content, end depth of frost penetration in the 

subgrado, 

(1+) Explorations During Frost Felting Period, Test Pit 

T257p and four auger holes T258a to T26la inclusive 

were excavated l6 March 19^5 to determine changes in 

tho subgrade caused by frost and winter conditions. 

Density, wator content, and in placo G, B, R, of the 

subgrade were obtained in the tost pit, 

(5) Explorations After Frost Molting Period, One tost pit, 

T2é2p, was excavated 21+ April 19U5 to dotormiro density 

and water content of tho subgrade after frost had loft 

tho ground. Depth of pit was 6,0 feet and it was con¬ 

tinued to IJ.O foot by auger hole, 

c. Insto 11ations. Four observation wells, 12U9o to T252a 

inclusivo were installed to measure the perched ground wator table in tho 

upper subgr de, Th«.¿ wells consisting of 2 inch diameter galvanised iron 

pipe with a threaded sleeve to which a vented cap was attached wore in¬ 

stalled 8 December 19ii4 to depths 1,1 and 1,U foot, Tho lower 6 inches 

nf this pipe wore perforated with 1,4* inch h^los to permit tiio access of 

gr und w^tor and tho bottom of tho pipe was sealed with a wooden plug to 

prevent clogging, Tho location a.f these ojbsurvation wells are shewn in 

alan on PI-to J, 

d. Observations and roasurononts. The fallowing observations 

and mersurornants wore nado: 

(l) '’rround 111 ator Table Observations, The wells wore dry 

at all periods during this investigation with tho 

0 -10- 



ó. d. (1) 

exception of observotiona mode on 5 February 19U5 which 

sh^cd ice inside the wells nt depths 0,3 t" 1,3 feet, 

(2) Povomont Heave, Level Surveys were mr.do ^vcr the 

entire test area which wcs divided into n 25-foot grid 

system. The initial survey wc.s mode on 15 December 

I9I4I1 before fr^st had entered the ground. The surveys 

were repeated in mid-winter en 3I Jonur.ry 19U5 rnd 

after the frost melting period on I5 I'nroh 19^5» 

Pavement her.vo contours based unon the elevation 

differences indicated by surveys on I5 December 19i4i 

nnd 31 January 19-45 wore c^mnutod and arc plotted an 

Plato U, The subsidence the pavement rr return to 

normal condition after the fr^st molting period, based 

upon the elevation differences indicated by surveys on 

31 January 19U5 aw* I5 March 1945# ore similarly shown 

by contours on Plate 4« 

(5) Depth of Frost Pénétration, The depth of frost pene¬ 

tro ti on was measured in one tost pit, T253P» "nd throe 

auger holes, T254a, T255^# md T256a, on 15*16 Feb¬ 

ruary 1945» Measurements ranged from 1,4 to 2,2 foot 

below the pavement surface and the average depth of 

fr^st penetration wrs 1,0 feet. No frost was found 

during explorations made 8 December 194'í and l6 March 

1945» Figure 2 on Plato 2 shows the depth of frost 

ponotrotion versus time plotted ftrem the above data 

ond partly estimated, 

(4) Ice Lens Survey, 0U'r vat ions of ice lenses wero made 

0 11 



6, d, (i*) 

during tho excavation of Tost Pit T253P end in throe 

augor helos, T25Í|C, T255a nn(* T256c, Tho frooting 

index r.t tho timo of excavation ^n I5-I6 Fobruary 

191*5 was 1(.60, loo lonsos wore found on those datos 

generally botwoon 1,0 •'nd 2,0 foot depth in tho silt 

and fine sand layers, Tho ice lonsos wore frem I/32 

inch t^ hairlino in thioknoss numbering approximately 

63 in a 12-inch depth, 

0, Field Tosts, 

(1) r!’ntcr Centont, Continuous wr.tor contents woro obtained 

in tho toot pits and auger hrles excavated during tho 

fall, winter, and spring, Tho tests wore made for tho 

purpose of determining the migration and accumulation 

of water as tho result of frost action, Ihc water 

onntont data are plotted in relation to the s^Ü pro« 

file in Figures 1 and 2 on Plato 5* AH water con¬ 

tort results are further summarized in Table 2, 

(2) Density, The density and water content of tho sub¬ 

grade woro obtained to depth of approximately 6 foot 

to determine density changes duo to frost action. 

The results of those tosts aro plotted in Figure 1 

on Plato 5 in relation to the soil profile and for 

comparison with water contents. Figure 3» Plato 5 

shows plot of density versus water content for all 

tosts made, 

(3) California Bearing Ratio, On l6 I'rroh 191+5» in placo 

C, B, R, tosts were made the surface of the sub- 
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6. e. (3) 

grade and 23 inches below the surface of the subgrade 

in Test Pit T257p» The results of these tests are 

presented in Table J* 

f. Laboratory Tests. The follovring laboratory tests were 

performed: 
(l) yeohanical Analysis and Atterberg Limits. Tests were 

made for classification purposes in accordance with 

procedures given in Appendix li|. All materials are 

classified using the Casagrande Classification. Range 

in graduation of the several subgrade materials en¬ 

countered is shown in Figures I4. and 5 or Plate 5* 

Summary of all mechanical analysis, Atterberg limit 

tests and soil classification is shown in Table 2, 

g. Summary of Results. 

(1) Soils. In general, the subgrade soil is frost sus¬ 

ceptible as more than 3 percent of grains by weight 

are smaller than 0.02 mm. in diameter. However, an 

occasional layer of sand and gravel and gravelly sand 

was enco ntered which is not frost susceptible, 

(2) Freezing Index and Preoipitr.t'on, The freezing index 

of 19JJ4.-I9I+5 was 512 or 2-l/2 times more severe than 

the normal freezing index. The rainfall during 3“l/2 

months preceding the freesing period was 20 inches or 

approximately 1(.0 percent above normal, 

(3) Ground Water. On l6 larch 19^5» an explored depth of 

15 feet did not reach ground water. The well instal¬ 

lations were intended to show perched water table 

-13- 



conditions in the upper subgrr.de, libcccpt on 5 Fob* 

rufry 19U5» when ico was found in each well, the wells 

wore dry, 

(4) Pavement Hoavo, The effect "f frost action during 

1914-19^5 rn pavement hoove is considered negligible. 

The maximum heave measured was 0,l6 feet and this 

occurred in a small circular area along the edge of 

pavement adjacent to the turf. In general, the pave¬ 

ment heave was 0,10 foot and the heaved area was pre¬ 

dominately closer t" the edge of runway pavement. The 

subsidence of the pavement measured on I5 March 19¿*5 

indicated that the pavement did not return completely 

to the original elevations, 

(5) Depth of Frost Penetration, The depth of frost pene¬ 

tration averaged 1,8 feet bclo’v the pavement surface 

and ranged in depth from 1,1+ to 2,2 foot when observed 

on 15-16 February 19ii5. No frost was found during 

explorations made on g Dcoombor 19¿iU and l6 March I9b5» 

(6) loc Segregation, Ico lenses wore found to range in 

thickness from I/32 inch t" hairline. Lenses were 

found in a zone approximately 12 inches thick and 

ab^vo the lower limit of frost penetration, 

(7) Subgrade Soil Conditions, 

(a) ".r.tcr Content and Density, From the limited 

amount of data obtained for the non-uniform sub- 

grade soil, there appears to bo no correlation 

between the change in water content end density 



6. s» (7) (a) 

with respoet to tests made during the normal and 

frost molting periods, 

(t>) California Becring Ratio, Thu in placo C, B. R» 

tests made l6 I'erch 1945 on thf:l subgrade show 

results ranging from 7 to 3I percent at 0,1 inch 

penetration. Tests made in November and Decembor 

1943» prior to this investigation, show a higher 

C. B, R, value of 44 poroont for the oubgrado, 

h. Conclusion. It is believed that the history of pavement 

heave at Otis Field furnishes an example of the beneficial results ob¬ 

tained after the installation of an open .joint subsurface drainage system 

or probably more specifically after the application of a bituminous seal 

coat on the runway pavement, Prirr to those two corrective measures, 

pavement heaves of aVut 6 inches developed during the winter of 1942- 

1943. The foil ow ing winter of 1943-19lj4,with n lower freezing index, 

the navoment heave developed was negligible. For winter of 1944“1945 

with very severo temperature and rainfall conditions in comparison to the 

previous two winters , the paveront heave was also> negligible. 
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FROST Il'TVESTIGATION 

FROST DATA FROt TliÜT PIT T500p 

1? FEBRUARY 19U3 

h* 

PLuv OF TEST PIT T500p 
NE-SU Runway- 

Station 51 / oo 
i+c» left of ¿ 

BITUMINOUS PAVELEKT SAISIES 
(Locations show on Plan) 

j Sample Depth 
No. in 

Inches 

i 

Via ter | 
Content ; 
% Dry 
Weight 

E-l j 2 - 1; 
E-2 2-4 

! E-3 2-5 
j E-4 1 2 - 6 
! E-5 1 2 - 6 

5.3 
5.9 
5.3 
I+.7 
1+.2 

Average Thickness 
of Pavement 6.0" 

Average Depth of 
Frost Penetration 2||.6" 

Section i Sample j Depth 

! in 
Inches 

No. 
fitter 
Content 
% Dry 
Vieight 

(ï) 1 E-6 
^ 1 E-7 

; E-8 

6-9 
9 -11 

11.14 

28.7 
23.6 
17.7 

(2) ! E-9 
W ' E-10 

E-ll 1 

6-9 
9-11 

11 - 11+ 

10.5 
11.7 
11.9 

(?) 

© 

Center 
of Pit 

E-12 
E-13 
E-1Ú 

! E-15 
j E-l6 
j e-17 
I - 

! E-74 
1 E-75 
1 E-76 
; E-77 
i E-78 
! E-79 
! E-80 
! E-81 
j E-82 

E-83 
E-8i| 
E-85 

9 
11 

9 i 11.5 
11 j 11.0 
1U| 19.1 

6 
9 

11 

11+ 
16 

: 18 
20 

; 22 
2h 

1 26 

I 28 
30 
32 
31+ 
36 

9 ! 11.8 
11 ! 15*1 
11+! 13.7 

16 T 18.8' 
18 i 30.6 

39.1 
I48.8 
1+5.9»_ 
16.35J 

Ice 
Lenses 20 

22 
21+ 

26 
28 i 15.1 ¿.Frost 
30 I5.7 Lins 
32 18.U 
31* 19.7 
36 2U.7 
38 I+.7 

Sandy Silt from ll|." to 36" 

Clean Sand below 36" 

0 TABLE 1 



CHUCHOLO'»ICAL SITTAP.Y 

DATE 

îTcv. 30 
to 

Dec« 8 

Dec• 13 

I9k5 
Jan« 31 

Feb, 5 

Fob. li* 
to 

Feb. 17 

Feb, 21 

:er. 15 

rcr. 19 

Apr. 23 

EXPLORATIONS AND OBS OVATIONS 

OTIS FIELD 

SA’Tr iCH, VA3S. 

LEATHER OPEÎÎATIOÎI R a'ARKS 

Cold, nindy, 
clear - no 
freeiing. 

Auger Foies T232a to T2l+8a ex¬ 
cavated to about 6 ft. Observ¬ 
ation wells T2)i9a to T252a 
installed in base. 

Initial level survey on 25* 
¿rid system on test area. 

Second survey of test area. 
4 

Cold, windy Observation wells read, 
clear 

Cold, foggy. 
Freesing at 
night. Mndy 
occasional 
snow 

Test Pit 1283p and auger holes 
T25Ua to 1236a excavated. Ob¬ 
servation & measurement of ice 
formations. ”ater content and 
density obtained. Observation 
volls read. 

Heaves observed 
around holes 
excavated in 
Nov,-Leo. 19bU* 

Clear, warm Visual inspection of hoeves and 
crook* on all runway*. 

Third survey of tost aroa. 

Foggy, windy, 
moderate 
temporaturo. 

To*t Pit T257p excavated, ^ater 
content, donsity ond field CBR 
tost* performed. Auger hole* 
T238o to ’’Bóia excavated and 
water content obtained. No 
ice lenses or frost in ground. 
Observation well* road. 

Heaving sub¬ 
sided in aroas 
previously ob¬ 
served. 

Partly cloudy, 
wern. Frost 
at night. 

Test Pit T262p excavated, ”ator 
contorts and donsity tests per- 
forroo. Observation wells read. 

Observation well 
1231a damaged 
beyond use. 

TABUS 2 



*R DEPARTMENT 

FROM INVESTIE 
SUMMARY OF SOIL TE 

OTIS FIELD. SANDW 

XPLORA- 
ATION 

NO. 

r-500p 

'-216p 

-230p 

-231p 

-232a 

-233a 

DATE 

17 Fftb. 
191*3 

25 «or. 
191*3 

9 Dfto. 
191*3 

9 Dfto, 
191*3 

30 Not* 

191*1* 

30 Not. 

191*1* 

TEST 
AREA 

A 

TYPE 

Bit. Conorfttft 
Subgrad• 

0.0-0.5 
0.5-0.8 
0.8-0.9 
0.9-1.2 
1.2- 1.3 
1.3- 1.5 
1.5- 1.7 
1.7-1.8 
1.8-2.0 
2.0-2.2 
2.2- 2.9 
2.3- 2.5 
2.5- 2.7 
2.7-2.8 
2.8-3.0 
3.0-3.2 

Bit. Concrfttft 
Subgntdft 

Bit. Concrfttft 
Subgradft 

Bit. Concrfttft 
Subgradft 

Bit. Concrfttft 
Subgrftdft 

Bit. Concrfttft 
Subgrftdft 

DEPTH 

0.0-0.6 
0.6-L.O 

0.0-0.6 
0.6-0.8 
0.8-1.1 
1.1-2.7 
2.7-3.6 
3.6-U.O 

0.0-0.L 
o .l*-o .7 
0.7-1.0 
1.0-1.6 
1.6-2.5 
2.5-4.0 

0.0-0.6 
0.6-0.9 
0.9-1.0 
1.0-3.8 
3.8-5.6 

0.0-0.6 
0.6-O.7 
0.7-0.8 
0.8-2.7 
2.7-5.8 

FROST 
PENETRA¬ 

TION 
(ft.) 

2.0 

DEPTH 
TO 

WATER 

>3*2 

>4*o 

>4.o 

>4.o 

>5.6 

>5.8 

SOIL 
CLASS. 

SP 

8? 

sr 
OP 
« 

SP 

SI 
SP 
ft 
ft 
ft 

OP 
SP 
SP 

SP 

ft 
ft 

GRAIN SIZ 
% Finer then indicat« 

0.005 
mm 

0.02 
mm 

0.05 
mm 

0.10 

24 

0.2 
■m 

12 
15 

30 
46 

37 47 
61 71 

± 





WAR DEPARTMENT 

FROST INVESTIC 

SUMMARY OF SOIL T 

OTIS FIELD. SANDV\ 

EXPLORAr 
ATION 

NO. 

T-23I1Ä 

T-235* 

T-236* 

T-237» 

T-230Ä 

T-239a 

T-2140* 

T-2i4a 

DATE 

1 Deo* 
19¾ 

Z Dm. 
19W* 

2 Dm. 
1» 

2 Dec* 
I9I4* 

2 Deo« 
1911U 

2 Dm. 
19lá 

TEST 
AREA 

3 Dee. 
19W* 

5 Dm. 
19IÂ 

A 

TYPE 

Bit« Concrete 
Subgrade 

Bit« Concrete 
Subgrade 

Bit« Concrete 
Subgrade 

Bit« Concrete 
Subgrade 

Bit« Concrete 
Subgrade 

Bit* Concrete 
Subgrade 

Bit« Concrete |0 
Subgrade 

Bit. Concrete 
Subgrade 

DEPTH 

-(FT) 

0.0-0,6 
0.6-2.0 
2.0-3.2 
3*2-6«0 

0,0-0.6 
0.6-0.9 
O.9-I.9 
I.9-3.5 
3.5-5.2 

0.0-0 .li 
o.L-1.1 
1.1-1.5 
1.5-2.I4 
2.Ú-6.0 

FROST 
PENETRA¬ 

TION 

(ft) 

o.o-o.L 
0.4-0.5 
0.5-1.8 
1.8-5.0 

0.0-0.6 
0.6-0.7 
0.7-0.9 
0.9-1.5 
1.5-5.4 

0.0-0.5 
0.5-0.9 
0.9-1.6 
I.6-3.4 
3.4-6.0 

.0-0.6 

.6-2.4 
2.4-4.6 

).0-0.4 
0.4-0.7 
0.7-0.9 
0.9-2.1 
2.1-6.0 

DEPTH 
TO 

WATER 

>6.0 

> 5.2 

> 6.0 

> 5.0 

> 5.4 

> 6.0 

> 4*6 

> 6.0 

SOIL 
CLASS. 

SP 
« 

SP 
CP 
M 

SP 

SP 
GP 

SP 
a 

SP 

SP 
SP 

SP 

sw 
SP 

CP 

SP 
SP 

SP 
SP 
SP 
SP 

GRAIN SI 
% Finer thon indie 

0.005 
mm 

0 

2 

2 
0 

0.02 
mm 

0.05 
mm 

0 j 1 

; 0 

0.10 
mm 

i 

2 
0 
5 

2 i 9 ¡ 20 |27 
1 8 17 '21 

I 0 ! 1 ! 4 

7 16 22 
0 1 1 1 

6 19 40 52 6 
3 IH 23 30 

! 0 

9 i 17 |22 
1 ! 2 3 
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WAR DEPARTMENT 

FROST INVEST 
SUMMARY OF SOIL 

OTIS FIELD. SAND 

EXPLORA- 
ATION 

NO. 

T-2Í42* 

T-2U3* 

T-2Í4U 

T-2L5a 

T-2146a 

T-aliTa 

T-2148a 

DATE 

5 D«o. 
19I4L 

TEST 
AREA 

5 Dao. 
I9I4I4 

6 Deo, 
I9I4I4 

7 Dee, 
I9I4I4 

7 Deo, 
1914 

7 Dec. 
19W* 

6 Deo. 
I9U» 

TYPE 

Bit, Concrete 
Subgrade 

Bit, Concrete 
Subgrade 

Bit, Concrete 
Subgrade 

0,0-0,14 
0.1*-0,7 
0.7-1,7 
I.7-2.O 
2.0-3.14 
3.14-6,0 

Bit, Concrete 
Subgrade 

Bit, Concrete |0 
Subgrade 

Bit, Concrete |0 
Subgrade 

Bit, Concrete 
Subgrade 

DEPTH 

- (FT.) 

0,0-0.14 
0,14-0,8 
0.8-0,51 
O.9-I.I 
1.1-1.6 
1,6-6,0 

0.0-0,14 
O.I4-I.2 
I.2-3.8 
3.8-6,0 

0.0-0,3 
0.5-0.6 
0.6-0,8 
0.8-2,0 
2.0-6.0 

•0—0,6 
0.6-0.7 
0.7-0.9 
0.9-1.3 
1.3-1.8 
1.8-2,6 
2,6-6.0 

.0-0.6 
O.6-O.9 
0.9-14.8 
[4,8-6,0 

3.0-0,6 
0.6-0.7 
0.7-0.9 
0.9-2.1 
2.1-3.2 
3.2-I4.7 
4.7^6.0 

FROST 
PENETRA¬ 

TION 

-■ CFT) 

DEPTH 
TO 

WATER 

IW 

>6.0 

>6.0 

>6.0 

>6.0 

>6.0 

>6.0 

> 6.0 

SOIL 
CLASS 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
OP 

SP 

e 

SP 

SP 

SP 

SP 
B 

SP 
SP 
KL 
SP 

SP 
SP 
SP 

SP 
B 

SP 
B 

SP 

GRAIN 
% Tiner than md 

0.005 
mm 

2 

5 

0 
2 
6 
0 

0.02 
mm 

12 

10 

18 

0.05 
mm 

0.10 

24 i 30 
0 

8 

52 69 

2| 6 
0 i 

1 2 
13 29 
25 60 

1 2 

12 
0 
1 

28 ! 39 

3 7 12 

11 
1 

3 
I4O 
71 

3 

13 ! 17 

011,2 
5 I 14 20 
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VAR DEPARTMENT 

FROST INVESTI« 
SUMMARY OF SOIL T 

OTIS FIELD. SANDV 

'EXPLORA- 
ATION 

NO. 

T-2L9* 

T-250* 

T-25U 

T-252» 

T-253P 

T-25U 

T-255* 

T-256« 

DATE 

8 D*c. 
I9I1L 

8 Deo. 
1» 

8 Dec. 
1914, 

8 Dm. 
1914, 

IS Fab. 

15 Feb. 
191*5 

16 Feb. 
191*5 

16 Feb. 
191*5 

TEST 
AREA 

TYPE 

Bit. Concrete 
Subgrade 

Bit. Concrete 
Subgrade 

Bit. Concrete 
Subgrade 

DEPTH 

(FT) 

0.0-0.6 
O.6-O.9 
0.9-1.1* 

0.0-0.6 
0.6-0.9 
0.9-1.1* 

O.O-O.5 
O.5-O.3 
0.8-1.1 

Bit. Concrete 10.0-0.5 
O.5-O.7 
O.7-I.I 

Bit. Concrete 

Subgrade 

0.0-0.2 
0.2-0.6 
0.6-0.9 
O.9-I.3 
1.3- 2.3 
2.3- 3.3 
3.3- 3.8 
3.8-L.6 
L.6-L.9 
L.9-5.5 
5.5-6.0 
6.0-12X 

Bit. Concrete 

Subgrade 

Bit. Concrete 
e 

Subgrade 

Bit. Concrete 

Subgrade 

0.0-0.2 
0.2-0.6 
0.6-1.0 
1.0-1.6 
1.8-2.0 

0.0-0.2 
0.2-0.6 
0.6-1.2 
1.2-2,6 
2.6-L.5 

0.0-0.2 
0.2-0.6 
0.6-14 
14-5.0 

FROST 
PENETRA¬ 

RON 

_CFT.) 

2.0 

1.8 

2.2 

14 

DEPTH 
TO 

WATER 

irr] 

>1.1* 

>1.1* 

>1.1 

>1.1 

>12.0 

>2.0 

>1*.5 

>5.0 

SOIL 
CLASS 

SF 
SP 

SP 
N 

SF 
SP 

SF 
SP 

GW 
ML 

GP 
e 

SP 
■ 
« 
N 

SF 

SP 

SF 
ML 
SP 

SF 
SP 

GRAIN S 

% Finer than indie 

0.005 
mm 

0.02 
mm 

19 

8 
3 
0 

7 
8 
0 

0.05 
mm 

36 

I 

13 
33 

1 

30 
50 
2 

0.10 
mm 

63 

25 i 1*5 
10 21 

1 1 

70! 

55 
28 

2 

38 
58 
5 
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INVESTIGATION 
SOIL TEST DATA 

SANDWICH. MASS. 
SOIL DATA 

GRAIN SIZE 
ier than indicated grain size 

0.05 
mm 

63 

h5 
21 
1 

30 
50 
2 

0.10 
mm 

0.207 
mm 

2.0 
mm 

4.7 
mm 

19.1 
mm 

70 80 93 i 96 98 

I 

6 ! 81*'891 96 

55 
28 
2 

38 
58 
5 

66 
I4O 
7 

1j9 
66 

89 92 Í 97 
81 ! 871 97 
30 I 36¡ 62 

I 

86 
76 

92| 98 
781 88 

21 i 82 s 87 ! 96 

ATTERB0RG 

LIMITS 

L L. P. L. 

SPECIFIC 
GRAVITY 

FIELD IN-PLACE TESTS 

DENSITY 
LBS./ CU.FT 

111+.6 
99.3 

125.7 

115.8 

122.6 

WATER 
CONTENT 

21.0 
21.8 
1.3 

0.8 

0.9 

1.1+ 
1.8 

CBR 
0.1 
PEN. 

REMARKS 

Ob«erration well install¬ 
ed at 1.1+*. 

Observation well install¬ 

ed at 1.1+*. 

Observation well install¬ 
ed at 1.1*. 

Observation well install¬ 
ed at l.l*. 

loe lenses of I/32" 
found throughout from 
l.3'-2.3*. 

loe lenses of I/32" 
found throughout fron 
1.0*-1.8«. 

lee lenses of 1/32” 
found throughout fron 
1.2*-2.2». 

Several large boulders, 
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VAR DEPARTMENT 

£XPLC^ 
ATIÓN 

NO. 

T-257P 

T-238a 

T-259» 

T-260a 

T-26la 

T-262p 

DATE 

16 Mar. 
19U5 

16 Mar. 

19U5 

16 Mar. 
191+5 

l6 Mar. 
I9I+5 

l6 Mar. 
I9I+5 

2l| Apr. 

I9I+5 

A 

FROST INVEST« 
SUMMARY OF SOIL T 

OTIS FIELD. SANDV 

TEST 
AREA 

TYPE 

Bit. Concreta 
Subgrade 

DEPTH 

-1FT.) 

0.0-0.6 
0.6-1.9 
2.5 

1.9-3.7 
3.7-1+.5 
1+.5-6.1+ 

6.1+-154 
Bit. Concrete 
Subgrade 

0.0-0.6 
0.6-1.9 

2.9-3.3 

Bit. Concrete 
Subgrade 

Bit. Concrete 
Subgrade 

0.0-0.5 
0.5-1.6 
1.6-1+.0 

Bit. Concrete 
Subgrade 

0.0—0.6 
0.6-1.1+ 
1.1+-1+.0 

Bit. Concrete 
N 

Subgrade 

1.9-2-9 

0.0—0.6 
0.6-1.6 
1.6-3.6 
3.6-5.0 

0.0-0.2 
O.2-O.7 
0.7-1.6 
1.6-2.1 
2.1-1+.1 
I+.I-5.5 
5.5-6.0 
6.0-13^ 

FROST 
PENETRA¬ 

TION 

CFT.) 

DEPTH 
TO 

WATER 

t*Bt£ in] 

>15.0 

>3.3 

>5.0 

>l+.o 

>l+.o 

>13.0 

SOIL 
CLASS. 

SF 

SP 

SF 
SP 

SF 
SP 

SF 
SP 
SP 

SP 
N 

SF 
SP 

SF 
m 
m 
ML 
SP 

GRAIN SI 

% Finer than indie« 

0.005 
mm 

7 

1 

3 

0.02 
mm 

2 
0 

0.05 
mm 

19 

1+ 

11 

13 
3 
0 

8 28 

38 

8 

15 

0.10 
mm 

30 
0 

35 
6 
1 

1+ 9 
0 

1+7 

11 

1+9 
1 

1+7 
8 
1 

57 I 70 
0 1 
0 I 2 

12 I 2 

l! 3 

I 
37 ! I481 û 
oil! 
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TEST AREA A 

JUNE 1945 SCALE* 1-501 

[fWOST EFFECTS LABORATORY. BOSTON. MASS. 
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FROST INVESTIGATION 
19lá - 1945 

- - APPENDIX 4-- 

REPORT ON 
HOULTON AIRFIELD, BOULTON, MAINE 
*• 

1, .iuthorl saticn. The general froet investigation program was 

ruMwiftOd by the Chief of Engineers by letter to the Division Engineer, 

'J'-.v Division, dated 7 July 1944* subject, "Frost Investigation" 

arc subsequent indorsements) and by the Chief of Engineers by letter to 

chc Division Engineer, New England Division, dated JO June 1945* subject 

’'¡•ur.us und Completion Date* for Investigational Projects" and subsequent 

.ndorsenents, 

2. Purpose> The ju^poat cf this investigation has been the deter¬ 

mination of development ox’ irrst in the seil¿ underlying airfield pave- 

sienes as affocted by v^rx^us conditions of weather, soils, and ground- 

water* 

Î Scope, This report presents the results of the frost investi- 

6-tion conducted at Boulton Airfield, Boulton, Maine during the period 

from 10 No vorab f=r 1944 through 8 Nay 1945* The investigation at Boulton 
■ 

Airfield includes two test areas in whioh observations were made of 

ground water table, frost penetration* ice segregation, water content, 

and density. In place CBR tests wore made on subgrade and laboratory 

CBR tests were made on remolded representative base and subgrade mater¬ 

ial, iitt^rborg limits and mechanical analysis were performed on rep¬ 

resentative samples. The climatic and othwr general conditions related 

to the frost investigation at Boulton Airfield also are included in 

this report, 

4* Definitions. The description of the t*sts and analyses of ro- 

H 1 



bf 

suits involve a specialized use of certain terms and mords* These words 

and terms are defined for use in this report as follows« 

a» Test Area» The test area is the portion of the airfield 

selected for investigations and observations* 

b* Pavement * The term pavement is defined as a covering of 

a prepared or manufactured product superimposed upon a subgrade or base 

to serve as an abrasion and weather resisting structural medium* 

c* Base* The term base applies to the course of specially 

selected soils, mineral aggregates or treated soils placed and compacted 

on the natural or compacted subgrade* 

d* Subgrade* The term subgrade applies to the natural soil 

in place or to fill material upon which a pavement or base is constructed* 

e* Frozen Soil* Two typos of frozen soil are referred to in 

this report as follows« 

(1) Homogeneous Frozen Soil, A soil in which all the 

water in the voids is frozen is referred to as a 

homogeneous frozen soil. 

(2) Stratified Frozen Soil* A soil in which part of the 

water in the soil is frozen outside the voids in the 

form of ice lenses, 

f. Ic^ Crystals. The formation of ice particles found in the 

pores of homogeneous frozen soil is referred to as ice crystals* 

g. Ice Lenses. Ice lenses are the ice formations in strati¬ 

fied frozen soil occurring in repeated layers essentially parallel to 

each other and normal to the direction of heat loss* 

h* Frozen Sone» The limits of depth within which the soil is 

frozen is referred to as the frozen.zone, 
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!• Prost Penetration» The îrtxiww dopth fron ths surface to 

k. 1. 

bottom of the froser soil. 

j. Frost Action. Frost action is the accunulation of water 
/ 

in the form of ioe lenses in the soil or base materiais under natural 

freezing conditions. 

k» Frost Heave. Frost heave is the raising of the pavement sur¬ 

face dne to the accumulation of ice lenses. The amount of heave in most 

soils is approximately equal to the cumulative thickness of the ice lenses. 

l. Degree Day. Degree Day is the algebraic difference between 

32° Fahrenheit and the daily mean temperature. The degree day is plus 

when the daily moan temperature is below 32° Fahrenheit and minus when 

above, 

m. Degree Day Diagram, Degree Day Diagram is a plot of the 

cumulativo degree days as the ordinate and elapsod time as the absioca. 

(Figure 1, Plate 2) 

n. Freezing Index. Freezing index is a measure of the comb¬ 

ined duration and magnitude of below freezing air temperature occurring 

during any given winter, 

0, ffornal Freezing Index. . :Tormal Freezing Index is the freez¬ 

ing index computed for normal air temperatures based upon a long period 

of record usually 10 or more years, 

p. Frost juscoptlble Soil, Frost susceptible soil is a soil 

in which frost action is possible, /jiy soil which contains 3 percont 

or more by weight of groins smaller than 0,02 mm. in diameter shall be 

considered 0 frost susceptible soil, 

q, Non-Frost Susceptible Patorlals, Hon-froat susceptible 

materials arc crushed rock, sand, sand and gravel, gravel, slag, cinders. 
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or any other oohoalonlecs material in nhleh frost action, la not poaaiblo* 

r. Ground Tater Table« Ground water table la the free wator 

surface nearoat to tho ground aurfaoo* 

•• Ponalty» Density is tho unit dry weight in pounds por 

cubic foot« 

5« General Conditions, 

a. Location, Terrain, and Drainage, Houlton Airfield is 

located approximately 2¾ milos oast of tho town of Houlton, Aroostook 

County, Taine, Plato 1 shov/s tho geographical location of tho airfield 

in the Boston District, Tho site is a narrow valloy flanked on tho sides 

by relatively high hills extending north and south. The elevation of tho 

airfield is about U75 f00* above mean sea lovol, lho maximum diffcronco 

in elevation within paved areas before grading was about 50 foot. Sur¬ 

face drainage is colleotcd by opon French drains and octch basins. Open 

joint perforated drains are parallel to tho edges of runways at a mini¬ 

mum depth of 5 feet, Tho parking apron has a similar undordrain along 

tho east edge. In out areas, mainly located at tho east and northeast 

sections of tho site, tho water table is near tho ground surface and 

reçoives a continous supply from the adjacent hillside, . 

b, fypos of Pavoment, All airfield pavements are of flexible 

type with the exception of 11,800 square yards of n cement concrete run¬ 

way turnaround, Tho runways wore designed for a 12 and 18-inoh gravel 

base and ^-ir.ch thickness of bituminous conoroto surface, Tho parking 

apron was designed for 6 inches of soil oemont upon which a wearing course 

of 1¾ inches of bituminous conoroto was added at a later date, 

o. Traffic History, The airfield received limited operation 

sinoc I9I4.I, with traffic largely consisting of 12,000 pounds gross weight 
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5» o« 

plr.nes, Approxi*"fttcly 20çí of treffic is hoaty planos 30#0°0 to 60,000 

pounca groa» wuighti ^CF* la modlum weight about 27,000 pounds. During 

tho winter of 19^42-19^3 traffic was moderately ïmvy, predominately con¬ 

sisting of planea of the 60,000 pounds groaa weight class. Traffic is 

about equally distributed over tho two runways, 

d. Condition of P&vcmonts, All airfield pavements during the 

invostip-tion period woro goner ally good v/ith tho exception of minor 

crooking and minor depression on oil pavement surfaces, v 

o. Frost Conditions, Tho maximum depth of frost penetration 

observed at tho airfield in paved areas cleared of snow ranges from 3 

to U foot. The subgrade and base soils arc considered frost suscoptiblo 

since over 3 percent of grains by weight are smaller than 0,02 mm, in 

dirjnotor, ITo serious heaving of tho pavement or pavement failures duo 

to frost action have been noted during tho period of operation of tho 
h 

airfield or during this investigation, 

f. Clima tie Conditions, ’"inter temperatures at Houlton Air¬ 

field are severe. Temperatures below frocsing prevail from November to 

1’aroh, The normal freosing index is 1780 based on a Ul year record, Tho 

I9I4J4-I9Í15 fro zing index is 1605 or 10^ loss than tho normal. The normal 

rainfall for the throe month period of September to ’’ovembor, prior to 

freezing, is 9 inches. Fror Sop tomber I9W4 to November 19UÎ4- the cumula- 

vivo rainfall was 17 inches or 9^= above normal, Tho cumulative snow¬ 

fall in I9/4I4-I9U5 wc8 excess of the previous season, Die above data 

are presented in detail in Figures 1 and 3 on Plate 2, 

* Test Aron A, 

a, Loontlon and Description, Tost Area A is located in a shallow 

fill section of tho Parking Apron between station 214. / Í48 and station 
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26 / U6, uxtending I50 feot to JOO foot east of tho eontorlino. The 

pcvcimont consista of inches of bituminous concrete laid on 6 inches 

of soil cement base. The fill subgrodc consists of slightly silty sandy 

• gravel while the underlying natural subgrado is a clayey silt, sand and 

gravel. Plan and profiles of the tost area are shown on Plato 3* 

b. j&ploratlons. A chronological summary of explorations is 

given in Tabic 1* A more detailed tabulation which includes the date am' 

result'of test pit and auger hole explorations is contained in 6 shoots 

of Table 2. Tho explorations in Test Area A, tho locations of which are 

shewn on Plato 3» consist of five groups ns follows» 

(1) Pro11minary Soils Explorations* Sufficient data on 

pavement and subsurface conditions wore obtained 

’ during construction and previous investigations to 

assist in the Selection of this test area, 

(2) Explorations Prior to Freotlng Periode Two test 

pits, T132p and T137p, wore oxcavatod in November I9Í1U 

to determine the density, water content of the sub- 

grade soils and tho in place CBR of tho subgrade. 

Six auger borings also were made to define subsurfaco 

conditions, 

(3) Explorations During Frcctlng Period* Tost pit Tlólp 

was excavated 8 Farch 1945 deterrino natural 

density, water content of tho subgrade and depth of 

frost penetration. Auger hole TI63B was made on 

» 10 i'arch 1945 measuring depth of frost, 

(4) Explorations During Frost Felting Period. A largo 

nugcr hole, Tl68a, was made on 24 Farch 1945 to 
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6. b. (U) 

mensure frost penetration and observo ico secrega- 

tion. 

(5) Exploration After Frost Molting Period, Test pits 

• T170p and T173P wore oxoavatod 16 and 17 April 19U5 

and tost pit TYJkp was excavated 8 May 19U5 to 

determine changes in the subgrado caused by frost 

and vdntor conditions. Faturei density and water 

content of the subgrado were obtained in those pits, 

c. Installations, Installations were made in the pavement 

area to measure ground rater table and heave, 

(1) Bunch Tark-Obsorvation ^clls. Four bench mark- 

observation wells, Tljla, TI350# T138a, and Tli+la 

' used for determining surface heave and the depth to 
« 

the ground water table were placed in the pavement 
» 

prior to 20 November 19Uu Locations are shown on 

Plato 3 -nd installation details on Plate !u 

d. Observations and Keasurements, The following observations 

raid measurements were made in Test Area As 

(1) Oround ^'ator Table Observations, Eleven sets of 

readings wore taken in the observation wells 20 Nov¬ 

ember 19Ui to 2 Fay 19Í4.5* ground water table 

wçs below the 6.0 foot depth of observation well 

installations except at T137p whore on 20 November 

19^, at time of installation tho water table was 

». at 5*2 foot depth. However, tost nits T170p and 

T173P on 16-17 April I9I15 had water entering from 

the sides, ^ator seeped into tost pit T170p along 

-7 



6. d. (1) 

thü bottom of a seam or layer of fill containing 

organic matter which extended from 1,8 to J.O feet 

below the pavement surface and tho rate of infiltra¬ 

tion was approximately 1,5 gallons per minute* Water 

seeped into tost pit T173P a much slower rate* 

During excavation this pit remained dry, but at i|.,5 

feet depth tho ’.vator entered at rpnroximatoly 0,008 

gallons por minuto. Table 2 contains tho record of 

depth to ground water table at time of excavation* 

(2) Pavement Huevo, 

(a) Level Readings, Three sets of level surveys 

were taken on a 25-foot grid system over the 

entire test area on II4. December I9U1.» 26 Feb¬ 

ruary I9L5, and 27 î'arch 1945* Pavement heave 

contours based upon the elevation difforenoos 

indicated by surveys on 26 February 1945 wore 

computed and arc plotted in Figuro 1 on Plato 5* 

(b) 1,riro Line Rending, For wire line readings, ex¬ 

tension rods wore fitted into tho tops of tho 

bench mark-obsorvntion wells ".nd a wire was 

stretched across tho pavement between the two 

bench mark-observation wolls, ? casuromonts 

were made at definite intervals across the pave¬ 

ment from this wire to pavement. Details of 

bench mark-observation wells and extension rod 

are shown on Plate 4* Figures 2 and J respect¬ 

ively, Wire lino readings were used to supolo- 
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iront lovol roadings in the teat area, IVro 

transverso wire line sections were used in Tost 

Area A between bench narks T135° T138r and 

between Tli*lr. and T131a, Eleven readings woro 

made during ncriod of 13 Doccnbcr 19U* to 2 I'cy 

19U5« This information was used to detemino 

the most advantageous time for obtaining in¬ 

strument level roadings, 

(3) Depth of Frost Penetration, The depth of.frost 

penetration was observed to bo 1+,0 feet on 8 Kerch 

19Í+5 in test pit Tlólp. On 28 T arch I9I+5 the depth 

was measured at lj.,1 foot by observation in augor holo 

Tl68a. On 16-17 April 19U5 no frost v/as observed in 

test pits TIJOp and T173P* The dates at xvhich tho 

depth of frost penetration was observed in Test Area A 

are shown by points plotted in Figure 2, Plato 2 for 

comparison vith tho freezing index, Ihc dashed linos 

are estimated portions of the curve, 

(1+) Ice Lons Survey, Observations of ice lenses wore 

made during tho excavation of tost pit Tl6lp and 

augor hole Tl68a, The freezing index at tho time 

of excavation on 8 and 28 ’"arch 19Í+3 was approximately 

1605, Ice lenses wore found on these dates between 

3.7 and LuO foot depth in the clayey silt, sand and 

gravel subgrade. The ice lenses wore from i/s inch 

to hairline in thickness and from 3 k inches in 

length, A total of II+ ice lenses wore counted in a 
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vortical section. Ice crystals and minute lee lenses 

WêUtàe^Tnl. isrS¿ ***• *» •* ^ 

V.Vf'èt to 2.1 foot and f^'j'i'fewHi Ml****« 

lie lc«r«rU from^ l/s'Tneh'te'totrlln¿* ^n thick- 

ness, 

¡'leid Tests» 

L-l- j.^er~ccetent. Continuous meter content, were obtain¬ 

ed in the pits excavated during the fell, "Witor, ehd 

spring. The tests mere mode for the purpose of do 

termining the migration and accumulation of motor 

as the result of frost action. The mater content 

data obtained dring «ovombor, Vorch, April end * y 

aro plotted in relation to the soli profile In Fig¬ 

ures 1 and 2 on Plate 6. All motor contents obtained 

r.rc suFror.rizod in Tr.blc 2» 

(2) Density. The density and mater content of the snb- 

rrr.d.. mere obtained to depth of approximately 6 

feet to determine density changes due to frost action. 

T, results of these tests are plotted in Figure. 1 

and 2 on Plato 6 in relation to the soil profile and 

for comparison with water contents, ngure 7, Plato 

6 shows plot of density versus mater content for all 

tvsta mr.do• 

(3) Cr.llfornl& Bocxlng Rntio. P1™0 CBR tc8tB Ti°re 

mado on the surface of the subgrado and 10 inches 

beim; the surface of the subgrado in tost pit TlJ2p 



4. o. (3) 

p.nd in test pit T137p the surfccc end at 10 and 

25 inches below the surface of tho subgrccio. The 

• results of those tests are pre'sentod in Table 2, 

f. Laborr.tory Tests, The following laboratory tests were 

performed: 

(1) T oohsnioal Analysis and Attorborg Limits. Tests 

v/crc made for classification purposes in accordance 

with procedures given in Appendix 11+. All raterials 

are classified using the Casagrando Classification. 

Range in gradation of subgrade material is shown in 

Figure 3 on Plrte 6. Summary of all mechanical 

analysis, Atterberg limit tests and soil classifica¬ 

tion is shown in Table 2, 

(2) California Bearing Ratio. A representative sample 

of subgrade material obtained from test pits T132p 

and T137p at depth of 2,5 to 6.0 feet was remolded 

in the laboratory and a series of CHR tests was per¬ 

formed in accordance with procedures outlined in 

Appendix II+. Results of these tests with related 

data are shown in Figures 1 and 2 on Plate 7» 

g. Conclusions. The following conclusions for Test Area A 

ere indicated from a study of the test data: 

(1) Soils. The subgrade soil is frost susceptible as 

more than 3 percent of grains by weight are smaller 

than 0,02 mm, in diameter, 

(2) Freezing Index and Precipitation. The freezing 

index of 191+1+-19^5 was I605 or 10^? less severe than 

11 
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the normal freotinç index. The rainfall during 3 

months preceding tho dreezing period was 17 inches 

or 90^ aiorc severe than normal, 

(3) Groundwater, Previous explorations indicated a 

higher water table than was observed during this 

investigation. The observation wells viere not in¬ 

stalled to a sufficinot depth? therefore, the wells 

were dry indicating a water table at loast below a 

6 foot depth. However, during and after the frost 

molting period, water was observed entering test pits 

from 1,8 to 4.5 foot below tho pavement surface. 

Explorations in orovious y.,ars evidently encountered 

a perched water ‘-ablo condition. The natural sub- 

grade consisting of clayey silt, sand nnd gravel is 

more impervious than the overlying fill subgrado 

consisting of slightly silty sandy gravel, thus creat¬ 

ing r o rched viator table supnliod by sidohill drain¬ 

age, frost melting, and surface seepage, 

(4) Pavement Heave, The effect of frost action during 

1944-1945 on pavement heave is considered negligible, 

Tho maximum heave measured was 0,2 feet and this 

occurred generally in one area comprising about 25 

percent of Test Area A, Tho remaining portion of 

the t'.st area heaved to a lesser degree ranging 

from. 0,05 to 0,15 foot. These observations roro 

made on 26 February 1945 "hon heave ’ as generally 

at its peak for this test '’rea, Tho accumulated 
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degree days was 11*80 up to this day. Tho freezing 

index was I605 for ®nd occurred about I5 

’’arch 191*5» It appears that maximum heave occurs 

prior to the end of ihc freezing period because othor 

factors, possibly increased daylight, may influence 

the effect of continued freezing temperatures, 

(5) Depth of Frost Penetration, The depth of frost péné¬ 

trât? on was aporoximatcly 1* feet belo”' the pavement 

surface when observed on 10 and 28 Farch 191*5. Mo 

frost was observed on ll* Fovcmbor IÇ'-il* end l6 April 

19l*5• The rate of frost penetration or conditions 

between the above dates ’voro not determined, 

(6) loo Segregation. Ice lenses were found to range in 

thickness from l/ü inch to hairline and from 5 to 1* 

inches in length. Mo ice lenses formed where tho 

soil -vr.s gravelly. Lenses were found from 0.8 to 

2,1 foot iv’ depth and 5»5 to 1*,0 foot in depth, 

(7) SuVradc Soil Conditions. 

(a) ^ator Content and Density, There appears to 

be no correlation betwoon the chango in wator 

content and density with respect to tests made 

during ‘Tovcrrbor, 11 arch, April, and Fay, Tho 

non-uniform character of this subgrade soil 

offers little opportunity to make companion tests 

for a reliable comparison of results, 

(b) California Bearing Ratio, The in placo CRR tests 

made in November I9I4I* show results ranging from 



á. e. (7) (b) 

5 to JO pcrcunt at 0.1 inch penetration. The 

presence or absonoo of Gravelly fractions and 

the e.pprooinblo range in *.vator contents at diff¬ 

erent tost locations have considerable influence 

on these tests. However, the remolded samples 

of subgrado material tested in the laboratory 

show the CBR to be )+0 percent when compacted at 

95 percent modified A.A.S.H.O. 

7» Tost Area B. 

Location and payeront Description. Tost Aroa 3 is located 

on the v-S Runway between station -3 / 80 and station -5 / 60 ns shown 

on Plate 3» The pavement consists of 4 inches of bituminous concrete. 

The base consists cf 8 to 18 inches of send and gravel placed on a natural 

subgrado of slightly silty s^nd and gravel which contains boulders or 

ledge. Plan and or of i Us of Test Arca P is shown on Plate 3, 

b. Exnlor'-tion. A chronological summary of test explorations 

is given in ¡'able 1. A more detailed tabulation which include the date 

and result of test pit and auger hole explorations is contained in 6 

sheets of Table 2. The xnlorations in Tost Aron B, the locations of 

which are shov/n on Plate 3» consist of five groups as follows: 

(1) Preliminary Soils Explorations» Sufficient data on 

pavement and subsurface conditions wore obtained 

during construction and previous investigations to 

assist in the selection of this test arca, 

(2) Explorations Prior tc Proozing Period, Two test pits, 

Tli$P and T157t>, were excavated 20 Fovc.mbcr 19i|ii to 

determine the water content and density of the base 
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anö aubgrade materials and in place CB!? of the sub¬ 

grade. Eight auger holes, TliiM, Tll^a* Tll^a, Tllj.?®» 

Tl52a, TlÇi^a, T155a, and T158a were made 12-1^ Nov¬ 

ember 19)a1u vost auger holes met refusal because of 

either ledge or large boulders encountered at depths 

of 2 to 5 foot; 

(3) Explorations During Pressing Period. Test pit, Tl62p, 

and auger holes, Tléi^a, Tl65a, Tl66a and Tl^Ta* wore 

excavated 9 and 10 b'arch 19¿í.5* Those explorations 

\*rere intended for measuring depth of frost. However, 

ledge or boulders were encountered from 1.6 foot to 

2.6 foot in depth, "ator content and density of the 

baso and subgrade wore determined in the test pit. 

(!)) Exploration 'During vrost Tolting Period. On 21* Torch 

1945 c large auger hole, ^1698, was nc.dc to observe 

io-, segregation nV d-pth o^ the frozen zone, but 

boulder or ledge was encountered at 2,5 foot depth* 

(5) T.;-nirrctioR After Frost Tclting Period, One test 

pit, Tl?2p, as exoavetod 17 Anril to obtain 

natural density and water content pif the base and 

subgrade after the frost had left the ground. No 

ground water table was encountered to a depth of 8 

foot. Auger hole, T171a, was excavated 16 Anril 19^5 

to lodge rt depth of Í4..5 feet, "ator content of the 

base and subgrade was determined. 

c* IflstalUvtion. Installations were made in the pavement area 

to neasure ground water table and heave. 
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(1) Observation Wells in Gravai Base. Four observation 

wells, T150a, 1153»# T159» *nd TlóOa used for meas¬ 

uring ground water table in the gravel base were 

placed in the pavement prior to 20 November 19¿|¿¿* 

Locations are shown on Plate 3 and installation de¬ 

tails in Figure 1 on Plate ¿i. 

(2) Bench Mark-Observation Wells, Four bench mark-observ¬ 

ation wells, Tlltfa, TlitSa, T151a and T156a used for 

determining pavement surface heave and ground water 

table in the subgrade were placed in the pavement prior 

to 20 November 1914j.» Locations are shown on Plate 3 
s 

and installation details in Figure 2 on Plate !;• 

d. Observations and K'easurements« The following observations 

and measurements were made in Test Area Bt 

(1) Ground »Vater Table Observations, Eleven sets of read¬ 

ings were taken in the observation wells from 20 Nov¬ 

ember 19U* to 2 May 19ii5« T^e ground water table was 

below the depth of well installations. The presence 

of boulders and ledge limited the depth of subgrade 

wells, However, one well T155a was 6,6 feet deep and 

was dry during observations. Table. 2 contains the 

record of water table in all explorations at time of 

Installation, On 21+ larch 191+5 a slight infiltration 

of water was observed into auger hole Tl69a from a 

sand and gravel pocket located above the upper limit 

of the frozen zone at 1,6 feet depth, 

(2) Pavement Heave, 

(a) Level Readings, 

Level readings were taken on a 25-foot grid 
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system over tho ontiro teat aroa. Initial Icvol 

readings woro rrado llj, December 19^U e^id wore ro- 

poatod on 26 February 1945 md 27 îrnrch 19U5» 

Pavement hoevo contours based upon the elevation 

differences indicated by surveys on 26 February 

19^5 '•'ere computed and are plotted in Figure 2 

on Plato 5. 

(b) Wire Lino loadings. For wire lino readings, ex¬ 

tension rods wore fitted into tho tops of tho 

bench mark-observation wells rnd a wire was 

stretched across tho pavement between the two 

bench mark-observation vfclls. vccsuroments were 

made at definite intervals across the pavement 

from this wire to pavement. Details of bench 

mark-observation wells and extension rod are 

shown on Plato 1+, Figures 2 and 3 respectively, 

’Yira lino roc.dings were used to supplement level 

readings in tho test area. The transverse wire 

lino soctions were used in T,¡st Aron B botwoon 

bench marks Tll+Ja and T156a, and between Tll+8a 

end TlÇln. Eleven readings wore made during 

puriod of IJ December 191*4 to 2 ’ ay 191+5» This 

information was used to determine the most ad¬ 

vantageous time for obtaining instrument level 

readings, 

(3) Depth of ?ro8t Penetration, The depth of frost pene¬ 

tration was observed on 9 Fareh 191*5 in tost pit 
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TléSp to top of lodge or Irrgo boulder at 1.6 foot 

depth. Auger holes, Tl6i+n, TlóÇa, Tl66a and 116?a, 

were made on 9-10 î'rroh 19U5» ThQ depth of auger 

holes wore limitod by lodgo or large boulders and may 

not indicate tho full dopth of frost. However, the 

base and sub'rndo meteríais wore froten to the top of 

the ledge or boulder at from 1.5 to 2,6 foot in dopth. 

Or. 2k I'Toh 191*5» auger hole Tl69a Indicated the 

melting of frost below the surface of pavement. The 

froten tone existed in a layer 1.6 foot to 2,3 foot 

in depth below the surface of pavement, Lodgo or 

large boulder was encountered at the lower limit of 

2,3 foot dopth, Tho depth of frost in Test Area B is 

plotted for camç^rison with tho frecting index in 

Figure 2 on Plato 2. Tho dashed lines are estimated 

portions of tho curvo. The rate of frost penetration 

could not bo observed with accuracy because of diffi¬ 

culty with the rocky subgrado, 

(U) Ice Lonso Survey, Ho icc lonsos wore found in tho 

rocky subgrade, 

o, Fjold Tests. 

(l) Victor Content, Continuous wrtar content of tho base 

and subgrr.de wore obtained in tho pits excavated during 

tho fall, winter, and spring. The tests wore made for 

tho purpose of determining the migration rnd accumula¬ 

tion of w' tor as the result of frost action. The 

water content data obtained during November and April 
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r.ro plotted in relation to the soil nrnfilo in figures 

5 Hid 6 on Pl-to 6. All ’"•‘ter contents obtoinud r.r© 

sur^^rited in Tr.blc 2. 

(2) DonsIty. The density •'nd ’.Ttcr content of the brso 

r.nd subgrr.dc r;cro determined to depth of r.pproxi^r.tcly 

6 foot to determine density changes due to frost notion. 

The r.suits of these tests nrc ^lotted in Figures 5 

rnd 6 on Pinte 6 in relation to the soil profile rnd 

for comparison with wnt.r contents. Figure 7» Plato 6 

sha s plot of densities vs, water content for all tests 

made, 

(3) California Bering 3*tlo, In placo C3R tests were made 

on the surface of sub'rade in test pit.Tll4.9p« In 

test pit T157p, in plrcc C3R t sts were made on the 

surface of the subgrade •'nd 12 inches below the surface. 

The results of f’eso tests aro nr.sentad in T^ble 2, 

L^horatory T.sts, The following laboratory tests wore mr- 

formod: 

(1) T"echnnioal An"! ysis and terborg Limits, Tests were 

"^dc for classification purposes in accordance with 

procedures given in Appendix II4. All materials are 

classified using the Cfsagrando Classification, Rango 

in gradation of subgrado 'nd baso mat rials is shown 

in Figuro 3 r-nd U on Plate 6, Summery of all me ohmio cl 

analysis, Atterborg limit tests and soil classification 

is giv.:n in Table 2. 

(2) California faring Ratio, A renrosentative sample of 
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bcsu rrmteriel obtained from tost pits Tl49p nnd T157p 

at depth of 0.3 to 1,3 fo^t was remolded in the labora¬ 

tory and a serios of CBR tests v;ps performed in eocord- 

nnee with oroooduros outlined in Appendix IÍ4., Subernde 

material was obtained from Test Aroa A in tost pits 

T132p and T137p Qt e’opth of 2,S to 6.0 feet rnd simi¬ 

larly tested for C?R. This material is reorosentativo 

of subr,rado mat riel in Test Area B. Results of all 

laboratory CBR tests with related data arc shown on 

on Plato 7» 

g. Conclusions. The following conclusions for Tost Arca B r.ro 

indicated from r. study of the test data: 

(1) Soils. The base and subgrrdc soils arc classified "s 

frost susceptible because more than 3 oorcont of grains 

by /eight are smaller than 0.02 mm. in diameter, 

(2) Freezing Index and Precipitation, The freezing index 

of 191^-19)45 was 1$05 or 10$ less severo than normal. 

The rainfall during the preceding 3 months of tho 

freezing period was 17 inches or 90$ more severe than 

norma 1, 

(3) Ground at er. The observation wells in the subgrado 

were not installed to sufficient depths to indicate 

ground water table. Installations in tho subgrado 

mot refusal duo to the presence of ledge or largo 

boulders. The deepest well '"'as 6,6 foot below the 

pavement surface and was dry when observed during 

fall, winter and soring. During the frost melting 

II -20- 



*IBP* 

oöriod s «light infiltrption of v,?vtor v/p.« obsorvcd 

ontoring augür Kolo, 1169^, from rbovc the uppor li-'it 

of tho frozon zone r.t 1.6 foot depth, Tho observation 

v:clls in the buso wero riso dry "'hon observed, 

(U) Prvornent Hoevo, The offoot of frost notion during 

I9U+-I9Í+5 pevemont hoevo hrs boon nogligiblo, Tho 

grontost hoevu moesurornont hns boon 0,05 foot occurr¬ 

ing in ß smnll portion of tho the test rroa. Tho mejor 

portion of tho tost arco did not indicate any hoevo 

v/hon observations woro made on 26 February 19U5* 

(5) Depth of Frost Penetration, No frost wos observed in 

mid- 'ovomber 19'-i4 end "id-April 19U5» Tho base rnd 

subgrode mr.tcrir.l w^ro found frozon on 9-10 Kerch 1945 

to the top of ledge or boulder encountered at various 

denths from 1,5 to 2,6 foot below' the pavement surface. 

On the 24 l arch 1945 tho frost molted to a depth of 

l, 6 feet, 

(6) Ice Segregation, ‘To ice lenses v.'orc visible in frozen 
■■ ‘ ' "■ "H ' I 

m. -torial encountered in this test area, 

(7) S ubgrr.de Soil Conditions, 

,vator Content and Density, Ther*. appears to bo 

no correlation between the change in water content 

and density with respeot to tests made during 

November and April, The non-uniform character 

of this subgrade soil offers little opportunity 

to make companion tests for a reliable comparison 

of results. 

-21- 



7. g. (7) (b) 

(b) Th« in nlao« CBR test« made in November 1914 on 

the subgrede «hows results ranging from 9 to 28 

percent at 0*1 inch penetration» The presence 

or ebsenoo of gravelly fractions and the apprec¬ 

iable range in wetor contents at different test 

locations have considerable influence on those 

tests» Havuvcr, the remolded samnlos of subgrade 

material tested in the laboratory show the CBR 

to be 1*0$ when compacted at 95^ -odified A.A.S.H.O. 

The CBR of remolded sarplos obtained from the 

gravel base is 50* At 95* modified A.A.S.H.O. 

funeral Conclusions» Pollo.ing arc the general conclusions de¬ 

rived from the investigation of Tost Areas A and B* 

a» Prost action has caused no substantial pavcircnt heave at 

t-ithc-r the bituminous concrete pavement on soil cement base of Teat Area A 

or the bituminous concrete pavement on sand and gravel base of Tost Area B. 

-h° follov/ing three conditions existed during the period of tho investi- 

gstion t.'hioh favor-d ~ho dovolop^ont of frost actioni 

(1) A freesing index of I605. 
\ 

(c ) Rainfall 90^ above m*mal for the three months prior 

to fronting weather, 

(?) i frost susceptible soil in thvj base and subgraoe» 

b» Tho following two conditions retarded tho devolopmont of 

frost aotion* 

(1) 9rouno water table gonerally bolow tho uxplorod depth 

of 6 feet. 

(2) The rooTcy nature of tho subgrado particulsrly in T.st 

H -22- 



5. b. (2) 

Arca B, 

o« In Tost Arca A th<- maximum pavement heavo was 0.2 foot, 

Fow ico lenses were found in tho subgrado although the frost ponotration 

was approximately i* foot. 

In Test Area B, the maximum pavomonthaavc was 0,05 foe* Qad no ice 

lenses vare found, Tho absence of ico lensos may be explained by the 

presence of boulders and lodge rock in tho upper subgrade of Test Arca B 

wheroin the depth of frost penetration was limited to approximately 3 

f oc t, 

d. Tho moro denso subgrado was gunorally 90 percent saturated. 

The subgrade with a density loss than 120 pounds per cubic foot was loss 

than 80 percent saturated, 

o. Duo to tho non-uniform and rocky nature of the subgrado no 

data were obtained to determine tho reduction in strongth of the subgrnde 

during the frost melting period, 

f. At no t^mo during this investigation or in previous years 

has the result of frost action been detrimental to th- pavements at 

Tioulton Airfield, 



CHRONOLOGICAL SUÎ.'I ARY 
LXPLORiMIOHS A OBSERVATIONS 

HDULTOr AIRFIELD 
HDULTOF, LAINE 

NOT REPRODUCIBLE 

DATE mTHER OPERATION REI •ARKS 

•** »• ’ t*T 
i 1,ov. 10 
I 1 
Hrv. 20 

Two test pits A; eight auger favorable 
holes excavated. Four bench wo a the. r. 
mark-obse rvâtion wells & four 
observation wells in base in- 

; stalle.d in Test Area B, N-S 
Runway, 

Cold, rainy 

Occasional 
Freezing 

Two tost pits tfc six auger holes 
excavated. Four bench mark ob¬ 
servation wells installed in 
Tost Area A, Parking Apron, 

Difficult 
operations be¬ 
cause of un- 

! D> c. 13 

I 
119U5 
! J’ n. 15,14 

" 26 
Feb. 16 

! " 26 
j *t w 

Par, 0 Clear, cold 
to 

¡Far. 10 

far. 22 
Far. 24 Cold, snow 

à rain 

27 

Apr • 6 
¡ Inr. 10 
1 Apr. 16 
! Apr. I? 
jApr. 18 
¡ Apr• 17 
j ‘pr. 2o 

C1« ar k ’Yarn 
Cloudy d- Cold 

Initial level survey on 25-ft. 
grid system of Test Areas A tr B. 

Wire line k observation wells read 
n h h h h 
h it it it h 

h ti it it n 

Second level survey Test Areas A d: B 

Test pit Tlólp fe auger hole Tlója ex¬ 
cavated in Test Area A. 
Test pit T102p & auger holes Tl64 to 
TI67 excavated in T*. st Area B. 

Y/ir> line k observation wells read 
Aug'.r hole Tl68a excavated in 
Test Area A. Auger Hole Tl69a 
excavated in Test Area B. 
Third level survey Test Areas A k B 
Y,rir<. line k obs< rvation wells read 

h h h h h 
it ti it it it 

Test pits T170p k T17?p excavated 
in Test Area A. T< st pit T172p 
excavated in Test Arca B¿ 
Wire line k observation wells read 

h it h it it 

I f ay 2 
j! y 0 Clear k 

Wa rm 
‘Fy 9 Clear k Coo] 

it it h h ti 

Test pit T174p excavated in 
Tost Ana A. 

TaBLF 1 



L AR DEPARTMENT 

FROST INVESTI! 
SUMMARY OF SOIL 

HOULTON AIRFIELD, 

EXPLORA- 
' ATION 

NO. 

T-lJla 

T-132P 

T-133» 

T-I3U 

T-135Ä 

T-136a 

T-137P 

DATE 

10 Nov* 
I9I4L 

111 Nov* 
1914Í4 

111 Nov* 

lU iiov* 
19hh 

10 Nov* 

19Mi 

lU Nov* 
I9ià 

20 Nov* 

I9I4* 

TEST 
AREA 

A 

TYPE 

Bit* Concreto 
Soil Cement 
Subgrade 

Bit* Concrete 
Soil Cement 

Subgrade 

Bit* Concrete 
Soil Cement 
Subgrade 

Bit* Concrete 
Soil Cement 
Subgrade 

Bit* Concrete 
Soil Cement 
Subgrade 

Ut* Concrete 
Soil Cement 
Subgrade 

Bit* Concrete 
Soil Cement 
Subgrade 

DEPTH 

(FT) 

FROST 

PENETRA¬ 
TION 

(ft) 

0.0-0.] 
0.1-0.4 

0.6-1.6 
1.6- 2.É 
2.6- 4.0 
4*0-6.C 

0.0-0.2 
0.2-0.4 
0.6-1.2 
1.2-l.c 
1.9-2.T 
2.7-3.I 
3*l«3*( 
3.6-4.1 
4*l-6.0 

0.0-0.2 
0.2-0.É 

0.8-2.1 
2.4-4.3 

0.0-0.1 
0.1-0.7 
0.7-2.$ 
2.9-4.5 

0.0-0.1 
0.1-0.5 
0.5-3.( 
3.8-6.0 

0.0-0.1 
0.1-0.7 
0.7-3,, 
3.7-6.C 

0.0-0.2 
0.2-0.6 
0.6-1.3 
1.3-2.0 
2.O-2.5 
3.2 
2.5-6.0 

DEPTH 

TO 
WATER 

T*%f 

>6.0 

> 6.0 

>4.3 

>4.5 

>6.0 

>6,0 

5.2 

SOIL 
CLASS 

GF 
it 
it 

GC 

GF 
it 
n 

n 

GF-GC 
n 
H 

GF 
GC 

GF 
GC 

GF 
GC 

GF 
GC 

GF 
n 
n 

GRAIN S 

% Finer than indie 

0.005 
mm 

3 
1 
2 

18 

0.02 
mm 

! 
5 

33 

8 

14 

6 

0.05 
mm 

5 

8 

12 
6 
7 

39 

12 

17 

11 

6 

10 

0.10 
mm 

17 
8 
8 

42 

16 

20 

14 

11 

13 



CORPS OF ENGINEERS. U. S. ARMY 

'ESTIGATION 
3IL TEST DATA 

LD. HOULTON. ME. 
SOIL DATA 

RAIN SIZE 

an indicated grain size 

0.10 
mm 

17 
8 
8 

U2 

16 

i 20 

0.207 
mm 

2h 
10 
10 
50 

21 

2k 

2.0 
mm 

50 
32 
26 
6k 

kl 

U* 20 

37 US 

4.7 
mm 

73 
52 

£ 

62 

k5 

19 
mm 

91 
82 
73 
00 

75 

66 

11 

13 

i . i 
22 I k5 

19 38 

62 

55 

96 

86 

ATTERBBRG 

LIMITS 

LL. P. L 

33.1 None 

30.I+ I7.O 

SPECIFIC 
ÆflAV 
>*k 

2*71 

2*78 

FIELD IN-PLACE TESTS 

DENSITY 
LBS./CU. FT. 

124 

103 

Uli 

122 

127 

WATER 
CONTENT 

I5.O 

21.7 

13*2 

20*1 

I5.5 

CBR 
o.r 
PEN. 

3049 

5 

19 

10 

19 
7 

REMARKS 

Refusal due to boulders* 

Refusal due to boulders* 

Refusal due to boulders* 

Ground water at 5*2*• 
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WAR DEPARTMENT 

FROST INVESTI 
SUMMARY OF SOIL 

HOULTON AIRFIELD. 

EXPLORAi 
ATION 

NO. 

T-130* 

T-139* 

T-ll+O* 

nia* 

T-li^Sa 

T-IL3» 

T-ll^Ua 

1-145» 

DATE 

10 Not* 
1944 

l4 Not. 
1944 

l4 Nov. 
19Ut 

10 Nov. 

1944 

14 Nov. 
19Í44 

12 Nov. 
194^ 

12 Nov. 

13 Nov. 
19Í44 

TEST 
AREA 

B 

B 

B 

TYPE 

Bit. Concrete 
Soil Cement 
Subgrade 

Bit. Concrete 
Soil Cement 
Subgrade 

Bit. Concrete 
Soil Cement 
Subgrade 

Bit. Concrete 
Soil Cement 
Subgrade 
Topsoil 
Subgrade 

Bit. Concrete 
Soil Cement 
Subgrade 

Bit. Concrete 
m 

Base 
Subgrade 

Bit. Concrete 
« 

Base 
Subgrade 

Bit. Concrete 
n 

Base 
Subgrade 

DEPTH 

(FT) 

0.0-0.2 
O.2-O.7 
O.7-5.O 
5.O-6.2 

0.0-0.1 
0.1-0.7 
O.7-3.7 
3.7-6.5 

0.0-0.1 
0.1-0.7 
0.7-3.2 
3.2-4.7 

0.0-0.1 
0.1-0.7 
0.7-3.2 
3.2-3.4 
3.4-4.7 

0.0-0.2 
0.2-0.6 
0.6-2.0 
2.0-2.7 
2.7-6.8 

0.0-0.1 
O.I-O.4 
O.4-O.9 
0.9-4.6 

0.0-0.1 
0.1-0.3 
0.3-0.9 
0.9-3.9 

0.0-0.3 
0.3-0.3 
0.3-0.7 
0.7-1.2 
1.2-1.7 
1.7-4.5 

FROST 
PENETRA¬ 

TION 

(ft.) 

DEPTH 
TO 

WATER 
TAB^E 
IQ] 

4.1 

>6.5 

>4.7 

>4.7 

>6.8 

>4.6 

>3.9 

>4.5 

SOIL 
CLASS. 

OF 
GC 

GO 
GC 

GF 
GC 

GF 
GC 

GF 

GC 

GW 
GF 

GW 
GF 

GW 
GF 
GF 

GRAIN « 
% Finer than ind K 

0.005 
mm 

4 
21 

1 

12 

0 
4 

3 
3 

0.02 
mm 

24 

6 
9 

0 
9 

0 

4 

9 
38 

12 
Ui 

12 
20 

4 
20 

7 

30 

0.05 
mm 

6 
8 

14 
46 

18 

53 

8 11 

0.10 
mm 

5 
24 

8 12 

17 
51 

22 
60 

14 17 
26 29 

7 
28 

8 i 10 

39 45 

5 
14 

4 1 5 
15 

8 i 10 

13 ¡16 

i 
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DEPARTMENT 

yPLÖRAc 
ATION 

NO. 

t-ll46a 

T-II4.7» 

T-1U8& 

T-1U9P 

T-150» 

T-15U 

T-152a 

r-153a 

FROST INVESTIGA 
SUMMARY OF SOIL TES 

HOULTON AIRFIELD. H 

DATE 

13 Nov* 
19U* 

13 Not. 

19U* 

13 Not. 
I9U1 

20 Not. 
I9I4I4 

II4. Not« 

I9I4U 

13 Not« 
1914* 

ll* Not« 
1914* 

li* Not« 
I9I4L 

TEST 
AREA 

B 

B 

B 

B 

B 

B 

B 

\ 
L. 

TYPE 

Bit« Concrete 
N 

Base 
N 

Subgrade 

Bit. Concrete m 
Base 
n 

Subgrade 

Bit« Concrete 

Base 
« 

Subgrade 

Bit« Concrete 
H 

Base 
Subgrad« 

Bit« Concrete 
N 

Base 
Subgrade 

Bit« Concrete 
Base 
Subgrade 

Bit« Concrete 
Base 
Subgrade 

Bit« Concrete 

Base 
Subgrade 

DEPTH 

(FT.) 

0,0-0.3 
0.3-0.1* 
0.Ú-0.8 
0.8-1.0 
I.O-I.I4 

0.0-0.2 
O.2-O.3 
O.3-O.9 
0.9-1.1 
1.1-2.1* 

0.0-0.2 
O.2-O.3 
O.3-O.9 
0.9-1.3 
I.3-5.9 

0.0-0.1 
O.I-O.3 
O.3-I.3 
1.3-6.0 

o.o-o.l* 
0.L-0.5 
0.5-1.5 
1.5-3.2 

0.0-0.3 
0.3-0,8 
0.8-1.2 
1.2-1.1* 
I.I1-5.5 

0.0-0.3 
O.3-O.7 
o.7-l*.o 

0.0-0.3 
0.3-0.1* 
O.L-1.2 
1.2-6,0 

FROST 

PENETRA¬ 
TION 

-CFT) 

DEPTH 

TO 
WATER 

irr) 

>U.7 

>2.1* 

>5.9 

>6.0 

>3.2 

>5.5 

>1*.0 

>6.0 

SOIL 
CLASS. 

0.005 
mm 

GW 
N 

tt 

GF 

GW 
Gif 
GF 

GW 
GW 
GF 

GW 
GF 

GW 
GF 

GW 
GF 

GW 
OF 

GW 
GF 

GRAIN SIZE! 
% Finer than indicatei 

0.02 
mm 

2 

6 

3 

k 

3 

h 

6 
k 

0.05 
mm 

0.10 
mm 

6 

9 

13 

9 

7 

11 

11 
12 

9 

12 

19 

lh 

9 

15 

0.2 
mri 

10 

16 

22 

16 

1 

2fl 

2f 

2Í 

12 

17 

15 
16 

19 
19 

r 

24 

21 
21 
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WMK Ut KAN I ML N I 

FROST INVEST 
SUMMARY OF SOIL 

HOULTON AIRFIELD. 

EXPLORA- 
ATION 

NO. 

T-151* 

T-155* 

T-156* 

T-157P 

T-158* 

T-159* 

T-l60a 

T-l6lp 

DATE 

1L Hot. 

I9I4L 

12 Mot. 
19lk 

13 Mot. 

19W 

21 Mot. 
19W 

14 Mot. 

19Í4L 

20 Not. 
1914* 

20 Not. 
1914* 

8 Mar. 
19L5 

TEST 
AREA 

B 

B 

B 

B 

B 

B 

B 

TYPE 

Bit. Concreta 
Baea 

Subgrada 

Bit. Concrata 
« 

Basa 
* 

Subgrada 

Bit. Concrata 

Basa 
N 

Subgrada 

Bit. Concrete 

Baea 
Subgrada 

Bit. Concretb 

Basa 
Subgrada 

Bit. Concrata 

Basa 

Bit. Concrata 
Basa 

Bit. Concrata 0.0-0.1 
Soil Cement 
Subgrada 

DEPTH 

(FT.) 

0.0-0.3 
O.3-I.O 
I.O-I.3 
I.3-3.I* 

0.0-0.1 
0.1-0.2 
0.2-0.3 
O.3-I.O 
1.0-1.2 
1.2-1.8 
1.8-2.1 
2.1-6.6 

0.0-0.2 
0.2-0.3 
O.3-I.O 
1.0-1.1 

1.1-5.9 

0.0-0.1 
O.I-O.3 
O.3-I.3 
1.3- I.8 
1.8-2.3 
2.3- 6.0 

0.0-0.2 
O.2-O.3 
O.3-I.3 
I.3-L.5 

0.0-0.1 
O.I-O.3 
O.3-O.8 

0.0-0.2 
0.2-0.6 

0.1-0.8 
0.8-2.0 
2.0-3.0 
3.O-L.O 
l*. 0-5.0 
5.0-6.0 
6.0-7.8 

FROST 

PENETRA¬ 
TION 

(FT.) 

0 

0 

J*.o 

DEPTH 

TO 
WATER 

T*Bhi _(ftj 

>3.L 

>6.6 

>5.9 

>6.0 

>1*.5 

>0.8 

>0.6 

>7.8 

SOIL 
CLASS. 

Off 
GW 
GF 

GW 
GW 
GF 
GF 
GF 

GW 
GW 
OC 

GW 
OF 
GC 
GF 

GW 
GF 

GW 

GW 

GF 
■ 

GC 

N 

m 

GRAIN 
% Tiner than indi 

0.005 
mm 

0.02 
mm 

1* 

8 

0.05 
mm 

0.10 
mm 

11 18 

16 

I* 
6 

12 
9 

21 

21 

21* 

19 
li* 

21* 
17 
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WAR DEPARTMENT 

FROST INVEST 
SUMMARY OF SOIL 

HOULTON AIRFIELD. 

EXPLORA- 
ATION 

NO. 

T-l62p 

T-l63a 

T-l&ja 

T-l65a 

T-166* 

T-l67a 

T-l68a 

T-l69a 

T-iyOp 

DATE 

9 Mar, 
I9h5 

10 Mar* 
191*5 

9 Mar. 
19L5 

9 Mar. 
191*5 

10 Mar. 
191*5 

10 liar. 
191*5 

21* Mar. 
191*5 

21* Mar. 
191*5 

l6 Apr. 

191*5 

TEST 
AREA 

B 

B 

B 

B 

B 

B 

TYPE 

Bit. Concrete 
Baae 
Subgrade 

Bit. Concrete 
Soil Cement 
Subgrade 

Bit. Concrete 
Base 

Bit. Concrete 
Base 

Bit. Concrete 
Base 
Subgrade 

Bit. Concrete 
Base 
Subgrade 

Bit. Concrete 
Soil Cement 
Subgrade 

Bit. Concrete 
Base 

DEPTH 

-(FT) 

O.O-O.3 
O.3-I.O 
1.0-1.6 

0.0-0.1 
O.I-O.7 

O.7-3.7 

3.7-6.0 

0.0-0.1+ 
0.1+-2.5 

0.0-0.1+ 
0.1+-1.5 

0.0-0./+ 
0./+-1.6 
1.6-2.6 

0.0-0./+ 
0./+-1.3 
1.3-2.2 

0.0-0.2 
.2-0.0 
.8-2.1 

2.1-3.2 
3.2-/+.5 

1.0-0.1+ 
.1+-2.3 

Bit. Concrete 
Soil Cement 
Subgrade 

0.0-0.1 
0.1-0.7 
0.7-1.0 
1.0-3.0 
3.0-1+.2 

FROST 
PENETRA¬ 

TION 

(ft.) 

1.6/ 

1+.0 

2.5/ 

1.5/ 

2.6/ 

2.2/ 

1+.1 

2.3 

DEPTH 
TO 

WATER 

>1.6 

>6.0 

>2.5 

>1.5 

>2.6 

>2.2 

>l+.5 

>2.3 

3.0 

SOIL 
CLASS. 

GW 
OF 

OF 
GC 

GW-OF 

GW 

GW 
GF-OC 

GW 
GW-GF 

GF 
» 

GC 

OF 

GF 
Org. Mat 

GF 

GRAIN : 
% Finer than indi 

0.005 
mm 

0.02 
mm 

3 
6 

1 
1* 

11 

9 
13 

2 
10 

O.OS 
mm 

12 

0.10 
mm 

17 

11 
18 

13 
22 

1* 5 
15' 18 

I 



CORPS OF ENGINEERS. U S. ARMY 

4VESTIGATION 
SOIL TEST DATA 

ELD, HOULTON. ME. 
SOIL DATA 

,GRAIN SIZE" 

than indicated grain size 

l05 

12 

0.10 
mm 

17 

13 
22 

h\ 5 
5! 18 

0.207 
mm 

22 U7 

2.0 
mm 

9 14 

21 
26 

2L 
1|2 
1*1 

4.7 10.1 
mm 

1*7 

38 1*9 
1*7 59 

61 

62 

51* 
54 

89 

87 

78 
86 

80 
80 

ATTERMRG 

LIMITS 

L.L. P.L 

SPECIFIC 

>14 <#4 

FIELD IN-PLACE TESTS 

DENSITY 
LSS./CU FT. 

.71 124.9 

.6] f 

125 

111 

WATER 
CONTENT 

8.7 
11.4 

14.7 

16.7 

CBR 
or 
PEN 

REMARKS 

Refusal du« to bouldera. 
Frost penetration to 
point of refusal* 

Refusal due to ledge. 
Frost penetration to 
refusal* 

Refusal due to ledge* 
Frost penetration to 
refusal* 

Refusal due to ledge. 
Frost penetration to 
refusal. 

Refusal due to ledge. 
Frost penetration to 
refusal. 

6” to 12" cobbles en¬ 
countered. 
loe crystals and lee 
Isnses fron O.S'-I*.!'. 

Refusal due to ledge. 
Frost fron 1.6' to 2*3' 
depth with lee crystals 
throughout. Vater seep¬ 
age above frost line. 

Straw A roots snoouat- 
tered fron 1*8' to 3.0'. 
Vater entered pit at 
3*0* at rate of 1¿ gal. 
per minute. 
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AR DEPARTMENT 

FROST INVESTIGA 

SUMMARY OF SOIL TE 

HOULTON AIRFIELD, h 

IXPLORA- 
ATION 

NO. 

T-17U 

DATE 

16 Apr, 
19U5 

TEST 
AREA 

TYPE 

B Bit* Concret« 
« 

Bese 
Subgrad« 

DEPTH 

(PT) 

o«o*o«U 
0.4-0.5 
0.5-1.5 
1.5-1.9 
1.9-4.5 

FROST 

PENETRA¬ 
TION 

DEPTH 

TO 
WATER 

>4.5 GW 
Org. yet. 

OF 

SOIL 
CLASS. 

0.005 
mm 

GRAIN SIZ 
% Finer than Indicate 

0.02 
mm 

0.05 
mm 

0.10 
mm 

0.2 
■mi 

T-172p 17 Apr. 
1945 

B Bit. Concrete 
« 

Base 
Subgrade 

T-173P 17 Apr. 
1945 

A Bit. Concrete 
Soil Cenent 
Subgrade 

T-174P 8 Iky 
1945 

A Bit. Concrete 
Soil Cement 
Subgrade 

0.0-0.4 
0.4-0.5 
0.5-1.5 
1.5- 2.2 
2.2-2.6 
2.6- 3.2 
3.2- 4.0 
4.0-4.5 
4.5- 5.5 
5.5- 6.0 
6.0—8.0 

0.0-0.2 
0.2-0.7 
0.7-1.2 
1.2- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-3.5 
3.5- 4.0 
4.0-4.5 
4.5- 5.0 
5.0-5.5 
5.5- 6.0 
6.0-8.3 

0.0-0.3 
0.3-0.7 
0.7-1.3 
1.3- 1.8 
1.8- 2.4 
2.4- 2.6 
2.6- 3.4 
3.4- 3.7 
3.7- 4.2 
4.2-4.9 
4.9- 5.4 
5.4- 6.0 
6.0-7.5 

0 

o 

0 

>8.0 

cm 
GF 

4.5 

7.3 

OF 

OF 

! 
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CORPS OF ENGINEERS . U. S ARMY 

NO TES 

Normal data based on 4/ years of record 
by U.S. Heather Ôon^áo. 

Exploration for frost penetration in 
Test Area ß stopped by bou/ders and 
may not indicate foil depth of frost. 

Test Araa A- bituminous concrete 
pavement on soit cement base. 

Test Area O-bituminous concrete 
pavement. 

Oest? //nes //7 ftÿ, ê are eetimeted 
port/on of cornea 

FROST INVESTIGATION 
MOULTON AIRFIELD MOULTON ME 

WEATHER AND-FROST 

PENETRATION DATA 

JUNE 1945 
FROST EFFECTS LABORATORY BOSTON,MASS 

PLATE 2 



VAR DEPARTMENT 

HD 

0- 

■Y ■V 

moa 

TV 

I 

J 
■ 1_ 
3 ^ 

482- 

480*— 

488l- 

3 
5 484 
U 

I 

7103t 

T!39a 7140 t 

I 
® 

/■/4/4 

• r/7J(P 7170p 
root 

7l6lp 

7174p 

7/424 

7/604 

® 8 
'7 Ti * r/jj4 

r/j44 7/334 

7/32p 

I 
■\ 

7/3/4 

ML&LQf: 
PARKING AH/ON 

300' £ ort or 
PARKING APRON 

PLAN 

/¿'Bituminous 
"Soi/ cornent/Bese) 

WEL/FiUfëL 
■se sendy 

AftAvetW/ // 
Zy^Ê^^pptoii —1482 

, S/LT SANO end GOAVELT^ 

486 

—*480 

SECTION B-B 

/d" Soi/ cernent (Bote) 

/¿'Bituminous á 
concretey " 

/.C/Ryey s/LT.OANO ond O R Ave L 
'////,/////Subgrade)///y . 

SECTION A-A 

TEST AREA A 

TV 

(^)- 

'K 

470*—i 
J 

3 - 

t-ÍDCl 0T LANO/NC S7A 

-œtvr.MvetarrLi 

« • 
7/4i 7/444 

% 
7/Sii 7/tSt 

7/664 

7/Si\ 

% 
7711 

7/S7p 

7/S4t 

7/6 

«9 • » 
7/60! mt 71554 Tl6¿p 

EDGE Of * 

-föGf <y ¿4/ 

PLAN 

J 4'ßitumii 
5 Concre 

SECTION C-C 

TEST AREA 



a/VC STRIP 

'•f or <wi«*ovr-i 

OFLAHUNG STRIP 

CORPS OF ENGINEERS. U S. ARMY 

Tv 

met 

• 0 . 
T!47i TU«» i 

.. 4—€ 
TI674^9p 

§ 

TISOê 
rt OF NS RUNWAY 

mu rmp TV 

r/ijrf 

r/«# T'6St TISISTISli 

7 
TEST AREA A 

SITE PLAN 

kau m feet 

SECTION D-D 

LEGEND 
# *ijg*r ho* 
■ To»rpi* 
0 Oöiprpotiori won-borsch mork 
V OboorvoTtor> wolttn groYo! boto. 

Slightly ji/ty SAND 
one/ OPA ^ 'AV'EL fiooo) 

bituminous 
oncrolO 

1 OÙt'VÈL numt ntsmorous bouMor» ' 
rodo) / //////7//r\**b 

C-C 

^EA B 

FROST INVESTIGATION 
MOULTON AIRFIELD.MOULTON.ME 

PLAN AND PROFILES 
TEST AREAS A & B 

I*A4» m »ttv 

ritosr crrcct5 i.AM«ATom.tosTON MA^ jjnh im^ 

PLAIE 3 



'AR DEPARTMENT- 

OBSERVATION WELL 
F,a, 

i '> ' 
Scale : \~z * 1-0 

BENCH MARK EXTENSION ROD 
FIG.3 

Scale : Quarter Size 
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WSR DERWTMENT 

t 

g 

DCNsrry 
DWV WtICHT LBS PER cu rr 

»Tf OJN&t 

mi ffT STATON 
T07p 26*0a «3 CAST 
T«lp 23‘M 213'CAST 
TiTjp 26*03 2nr CAST 

MNSiTv 
0«» »«ight lbs per cu ft 

’1 • 
TIS2| 
TiM . 

FIG I 

XESDLjftBC^-A 
EBQf\E 

mi pit 
TlSTp 

station t. ocricT 
■4*13 # SOUTm 

FC5 

1 , m 

,, ' V# OT 

TUT Ml 
Tl46p 
TlTIp 

»TATCft V tïîJU 

•3*S3 12 4«%» 
•3»»3 JO I AST 

MTCT ay^-PENSTV-SOlLPaOFlE 
TEST AREA B 

FC6 



CORPS OF ENGINEERS. U. S ARMY 

FT 
WATtR CONTENT 

PERCENT DRV WEIGHT 

UTCONC 

SOL CEMENT 
(BASS) 

SUGHTly 
s/lty 

«»«re 

FILL 

(SUBGHADE) 

COARSE 
GMrEL 

CLAYEY SLT 
SANO AND 

GRANEL 

(WEATHERED 
SHALE) 

(SUBGRADE) 

NOTE 
(!) DEPTH Of 

FROST FROM 
auger Tnan 

1^1, 

^RAPATtQN y agrade material 
FIG 3 

TEST PIT STATION <. OFFSET 

TI32 p 24*88 232'EAST 
TI74p 25*30 235'EAST 

FIG. 2 

MEA CONTENT 
ENT DRY WEIGHT 

32_a 

BASE SUB TESTAIT DATE 

» TUB, MHOY 

L&M SSAgATIQN 9F BA^ MATERIAL 
F1G4 

TUB, — 
TUT, 

0 Tutp 
? T,2fi A Tltf, 
V TIM, 

* % T,T& 

KNOT ¡944 
#MM«0 
m APR 1945 \ 
rrApr nas 
BMWYK 

TEST 

aka 
TYPE OASSFCATCN 

ATTERBERC LRAtTS VEcrccnMtry 

■3$ m <4* 

A 

SUB- 

£5 

suGHTir Sn.Tr 
SAPOT granel 

....M 

AM BBS ITS 

sou MME-a MM-t isa -in IR-tTB 

SUB 

3*2 

CLAYEY SM.T. 
SANO AM CAMEL 

(GC) 

AM fB * 4P IBB IH 

MM H-JC m-iT «•U mm - 

BASE 

WELL GRAMO 
SAND AM CAMEL 

MG 
M Ml gffÇ 

IBB IM 

a 
(Cm) Mitrt - 

SUB- 
GAAU 

slkmuy ultt 
UNO ÂMD GÊUVÊL 

MG n « A IB! IBB 

<Gf) *4*4 - - - - 

0 20 JO 40 SO 
WATER CONTENT POCENT DRY WEIGHT (TOTAL SAMPLE) 

FIG 7 

WATER çpNTsrq--pEreiTY 

TESTAREAS A1B 

FROST INVESTIGATION 

MOULTON AIRFIELD. MOULTON. MAINE 

SOIL DATA SUMMARY 
TEST AREAS A&B 

FROST EFFECTS lABORATORy BOSTON. MASS JUNE «45 

PLATE 6 
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fAR DEPARTMENT 

f 

VS MOL 
DENSITY S. C B R 

SUBGRADE MATERIAL 

TEST AREA A AND B 
FIG. I 

vs 
density l c b r 

BASE MATERIAL 

TEST AREA B 
FIG 3 

‘ 



CORPS OF ENGINEFRS U S ARMY 

GRADATION OF SUBGR/* MATERIAL 

FIG. 2 

f Mo/dtJ Dry Drn: ity Lbs. Per. Cu Ft Molded Wafer Confent Percenf Dry We/efif 

MOLDED DENSITY VS C BR. MOLDED W C VS C B R 

• fO/às. soak my 
-v pvnttration 
iprdn.tn* soak'd fop 
bottom for 4 days, 

ipoctmtns compacted 
F layers with 1C /0- hammer | 

JO im.fi drop m C3.fi. mold i 

TEST AREA B 
TEST PITS T149p ond TISTa 

DEPTH 0.3’fo 1.3' 

pure beside cur mo ^ 
molding Hl. C J 
Wi---L_ • 

L 
Plasticity Indes • Mono 

* 
^ Fi y ore beside 

Curve ts molded 

GRADATION OF BASE MATERIAL 
.... F)G.4 

llr’riAi/ry /., dcf'inc.l J-, unit dry nnqt’t 
m tbr.pvr- c u ft 

Moldtd Dry Density Lbs Pet: Cir.lt. Molded Water Content /terrent Dit Wetol t 

MOLDED DENSITY VS C B R MOLDING WATER CONTENT 

VS C BR 

FROST INVESTIGATION 

HOULTON AIRFIELD, HOULTON, MAINE. 

SUBGRADE AND BASE MATERIALS 
REMOLDED C.B.R. DATA 

FROST EFFECT S LABORATORY. BOSTON MASS JUNE ,1945 

PLATE 7 




