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PROST INVESTIGATION 
191*5 - 1916 

APPENDIX 1 

REPORT OÎÏ 
DOW FIELD, BANQCR, MAINE 

1* Authorization. The 191*5-191*6 froet investigation program was 

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

New England Division, dated 1* August 19l*5, subject "Frost Investigation 

During Fiscal Year 191*5-191*6" and subsequent indorsements, File SPEER, 

££1>om* ^ PurP°** of this investigation has been the deter¬ 

mination of development of frost action in the soils underlying airfield 

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

water, and to augment the tests made and data obtained from the frost in¬ 

vestigations conducted at Dow Field, Bangor, l'aine during 19U*-19l*5. 

3. Sco£e. This report presents the results of the frost investi¬ 

gation conducted at Dow Field, Bangor, Paine during the period from 11 

October 191*5 through June 191*6. The investigation at Dow Field include, 

four test areas in which observations were made of ground water table, 

subsurface temperatures, frost penetration, ice segregation, water con¬ 

tent, and density. Plate bearing tests were conducted. The climatic and 

other general condition, related to the frost investigation at Dow Field 

also are included in this report. / 

1** Qgngral_Condi tions » 

** ^-ocatlonf Terrain, and Drainage. Dow Field is located ap- 

proximately tw mile* -e.t of th. city of Bwgor in Penobscot County. U.i„,. 

Plat. 1 shons th, geographical location of tho airfield in tho Boston Dis- 

triot. The field is located in an area of roiling terrain nith hills 
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composed of s thin mantle of slightly gravelly silt (glacial till) over* 

lying bed-rock. In the lor areas between the hills a denosit of firm, 

brown to grey silty clay overlying the glacial till or bed-rock is found. 

There are a few bed-rock outcrops in the airfield area. The drainage sys¬ 

tem consists of paved gutters, ditches, culverts, pipe drains and catch 

basins. Surface water from the landing strips is generally collected by 

longitudinal onen ditches placed parallel to the outer edge of the landing 

strips* The ground water varies from approximately 2 feet to more than 6 

feet below the surface* 

b. Types of Pavement. All the airfield pavements are of the 

flexible type with the exception of aoproximately 276,000 square yards of 

portland cement concrete aprons, warm-up aprons, turnarounds and hardstands. 

The turnarounds and warm-up aprons at the enes of the runways are paved with 

seven inches of portland cement concrete with the outside lanes and lanes 

adjacent to longitudinal expansion joints uniformly thickened to 10 inohes. 

The portland cement concrete pavement was rlaced on approximately 20 inohes 

of well graded sand and gravel (O’T), The runways are paved with 3.5 inches 

of bituminous concrete for a width of 150 feet placed on a vrell graded sand 

and gravel base (0^) of variable thickness, (3? to 50 inches). The shoul¬ 

ders 75 fs^t on each side of the runway are bituminous surface treated gravel. 

c. Previous Frost Investigations. An investigation consisting 

of field and laboratory tests during tho freezing piriod, and traffic tests 

and field and laboratory tests during the frost melting period were made 

during the winter and spring of I9I1I1. This investigation is covered in a 

report entitled "Frost Investigations and Pavement Behavior Test, Dot' Field, 

Bangor, Maine'1, January IQI46. The investigation of was augmented by a 



more comprehensive investigation during the fiscal year 19Wrl*5, ~hich is 

reported in Report on Do» Field, Bangor, Maine,w Appendix 1 to "Oeaprahan* 

sive Report Frost Investigation 19Wi-19l5#" datad June 19^5. The program 

consifted of installation and subsequent pariodic observations of ground 

water wells and subsurface temperature recording devieos. It also included 

measurements of pavement heave, excavation of test pits to determine the 

variation in -nter content and density of the base and subgrade soils affected 

by frost action and the conditions affecting frost. Plate bearing tests were 

conducted at periodic intervals of time, and traffic tests were conducted 

during the ftrost melting period. Tha frost investigation program conducted 

in the fiscal year of 19iá-19li5 1» covered by "Comprehensive Report Frost 

Investigation 19^-19^5^, dated June 19^5 and Appendices 1 to 15 inclusive. 

References to this report will be designated as "Frost Investigation I9I4U- 

I9U5* snd to specific appendices of this report as "Appendix - - Frost In» 

vesti gat ion 19iiAi-19li5 . The installations for measurements of ground water 

and subsurface temperatures made during the previous investigations have been 

utilized in the present investigations covered by this report. 

feather Data. The winter temperatures at Do» Field are con¬ 

sidered moderately severe with a normal (10 year) freezing index of 1275, 

The normal precipitation for the four month period September to December 

inclusive is 13 inches. The freezing index for 191*5-1*6 was ll;?l while 22 

inchescf precipitation oecurrad in the four months, September to December 

inclusive. The excess precipitation occurred during the period 25-30 Dec¬ 

ember 191*5 with ground frozen from ono and one-half to three feet. Precip¬ 

itation which occurred prior to freezing period was approximately normal. 

A summary of the weather data is included as Plate 2. 
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5* £££Í2¿Jtlon8j^ Tho description of the tests and analysis of results 

inrolve a specialized use of certain terms and vords. These 'vords and terms 

are defined for use in this report as folio*»* 

a# Test Area, The test area is the portion of the airfield 

selected for observations and investigations. 

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

prepared or manufactured product superimposed upon a subgrade or base to 

sorve as an abrasive and weather resisting structural medium. 

c. Base. The term base applies to tho course of specially se¬ 

lected soils, mineral aggregates or treated soils placed and compacted on 

tho natural or compacted subgrade» 

d. Snbprade. 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. Frozen coil is referred to in this report as 

follows i 

(1) Homogeneous Frozen Soil. A homogeneously frozen soil 

is a soil in which all the water in the soil is frozen 

within the natural voids existing in tho soil, without 

observable accumulation of ice lenses or frost forms ex¬ 

ceeding in volume such natural void enacos, 

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

soil in which a part of the wntjr in the soil is frozen 

in the /orm of observable ico l-nsos, occupying space in 

excess of the original sell voids. 

f. Ice Crystals, The formation of lee particles found in the 

pores of homogeneous frozen soil is referred to ns ice crystals. 



g. Ice Lenses. Ice lenses are the ice formations in stratified 

frosen soil occurring in repeated layers essentially parallel to each other 

and normal to the direction of heat loss* 

h. Frozen Zone* The limits of depth within which the soil is 

frozen is referred to as the frozen zone* 

Frost Penetration. The maximum depth from the surface to the 

bottom of the frozen soil, 

k* DePth of Freezing Temperature Penetrationf The depth of frees* 

ing temperature is the maximum depth below the surface of freezing temperature. 

1* ft*08* Action* Frost action is the accumulation of water in 

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

m, Frost Heavo. Frost heave is the raising of the pavement sur¬ 

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

is approximately equal to the cumulativo thickness of ice lenses. 

n* Frost Susceptible Soil* Frost susceptible soil is a soil in 

which frost action is possible. Any soil which contains three per cent or 

more by weight oí' grains smaller than 0.02 mm in diameter shall be considered 

a frost susceptible soil, ' 

0* ^on-Frost Susceptible Materials* ron-frost susceptible mat¬ 

erials are crushed rock, sand and gravol, gravel, «lag, cinders or any other 

cohesionless material in which frost action is not possible. 

P. Normal Period* The normal period is the time of year, summer 

and fall, whon there is no reduction in strength of foundation materials duo 

to frost action, 

freezing Index. Freezing index is a measure of the combined 

duration and magnitude of below freezing air temperatures occurring during 

any given winter. 
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r* Ng/nial freezing Index, Normal freezing index ie the freezing 

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

usually 10 years or more. 

8. Ground %ter Table. The ground water table is the free water 

surface nearest to the ground surface. 

t. Density, Density is the unit dry weight in pounds per cubic 

foot* 

u* ^ter Content. Water content is the ratio, expressed as a 

percentage, of the weight of water in a given soil mass to the weight of 

solid particles. 

6. Test Area D, 

a* Type of Pavement, Base and Subgrade. Test Area D, 75 feet x 

80 feet, is located on the bituminous concrete paved Bast-West Runway between 

stations 8 / 20 and 9 / 00 from the centerline to the north edge of the pave¬ 

ment, The test area is within the limits of Test Area C, I9IJ4-IÕ Frost In- 

vestigation(whtch was located between stations J / 00 and 10 / 00) and was 

selected on the basis of pavement, base and subgrade conditions and the prox¬ 

imity of existing installations. The pavement consists of 3.5 inches of 

bituminous concrete placed on a well-graded sand and gravel base (GW) with 

an average thickness of 39 inches, ranging from 36 to I49 inches. The subgrad- 

consists of silty clay (CL) overlying at depths greater than six feet a 

silty glacial till (0C). Plan and profile of the test area are shown on 

Plate 3, 

b. Explorations, Five test pits were excavated during the winter 

and spring to determine the depth of frost, ice lens and ice crystal forma¬ 

tions during the freezing period, and soil conditions during and after the 

frost melting period. Two auger borings were excavated for the installation 



of observation well* in the subgrade. The locations of the explorations 

( ftre ,ho,m on Pl»te 3» A chronological summary of the explorations is pre¬ 

sented in Table 1, and the data obtained from the explorations are shorn in 

Table 2. 
» 

e. Installations, 

• (l) General Location, Tro observation "'elle in the subrrade 

and one thermometer well installation ’''ere installed in 

Test Area D, Two observation wells in the hese rere in¬ 

stalled adjacent to the area. The area contained one 

existing subgrade observation well, and adjacent to the 

area was one existing base observation '-.•ell. The loca¬ 

tions of all installations are shorn in plan on Plate 3, 

) Observation Wells in the^Gravel_Ease^ The new observation 

wells in the gravel base consisted of 3A-inch galvanised 

iron pipe capped with a standard galvanized iron coupling 

and plug, A small steel rod was welded across the out¬ 

side of the coupling to prevent turning of the coupling 

when the plug is being removed. The 3A-inch pipe con- 

tained a wooden olug in the vottom ond. The low por¬ 

tion of the pipo was perforated with l/8-inch holes at 

every oq degress of circumference. The perforations, 

spaced 2 inches apart vertically, extended up from the 

bottom of ths pi)-6 a distance of one to throe feet de¬ 

pendent on the depth of the well. Two similar holes were 

drilled in the pins six inches from the top. The wells 

were installed so that the bottom six inches were firmly 

-7- 



Imbedded in tho subgrade. The hole in r-hich the pipe 

ras set was backfilled with sand and gravel and sealed 

at tho top with cement grout. Details of observation 

wells installed are shown on Plate L, 

(5) Observation ».'ells in the Subgrado. The ne^ observation 

-6118 in the subgrade consisted of a 5A-inch galvanized 

iron pipe -ith a standard galvanized iron coupling and 

plug on the upper end and a standard pipe cap on the 

lower end, A small steel rod was welded across the out¬ 

side of the coupling to provont turning of the coupling 

when the dug is being removed. The lower eight feet 

of the pipe was perforated with l/B-ineh holes spaced at 

90 degrees around the pipe and i* inches apart vertically. 

The hole in which the pipe was sot was backfilled with 

coarse clean sand up *o within 12 to I5 inches of the top 

of the subgrade. Tho hole was then bookfilled to the top 

of tho subgrade with cement grout. From top of subgrade 

to the top of gravel base the hole wan backfilled with 

sand and gravel. The top of the hole was sealed with 

cement grout. Details of observation vrells installed 

are shown in Plate i;, 

/her nomo ter **rells. The thermometer well installation 

consisted of eight separate wells, installed at predeter¬ 

mined depths which vary by approximately one foot inter¬ 

vals from 0,6 foot to eight feet. Each well consisted 

of one inch diameter plastic pipe (Saran) plugged at 

each end Mth a rubber stopper. The lower end contained 



not lots than three inchee of antifreeze In which was 

suspended a mercury thermometer. The thermometer was 

Insulated from the tio of the bulb to the Immersion line 

with paraffin and plastic tubing to allow sufficient 

time for withdrawing the thermometer without appreciable 

change in readings. The thermometers ««ere withdrawn as 

rapidly as possible for readings. The top of the well 

consisted of a standard galvanized iron pipe nipple« 

three inches in diameter '*hich was capped with a stand¬ 

ard coupling and plug. The ñipóle was attached to tha 

one inch plastic tubing by means of a rubber bushing 

which fitted tightly inside the pipe nipple. Details 

of the thermometer well construction and layout are shown 

on Plate 5. 

(5) Thermograph. A recording thermograph "M installed JP5 

feet south of Station ill / 50 °n the B-ÏÏ Runway. This 

location was also used during previous investigations. 

Continuous records of air temperature wep« obtained from 

the thermograph. These data were used to compute the 

freezing index for the period 1 ’Tovembor 19U5 to 1 May 

1916. 

Observations and Measurements, 

(1) Water Table. The depth to ground water was measured from 

the surface of the pavement periodically in all observa¬ 

tion wells. Seasonal variations in the ground water ele¬ 

vations as observed in the subgrade wells are shown as 

profiles on Plate J. Observations covering the extent 



et Tnt ine C, which cont«ln. Arm D uid E, nrt con- 

.Umd ln pr.p.rlns th. profil«. Ob..rr.tlon. of th. 

•uh*r.d. «11. Indlo.t. th.t In gw.r.1 th. ground «t.r 

elerstlon. rugad fro« « «orage depth of 3.1, f«t 

( approx Imoto top of (ubgrad.) on 88 Soronbor I9U5 to u 

aworag. d.pth of 7.0 f«t on 1, March 1*6. ».«ding, oh- 

t.ln.d on 17 January 1*6 ...ragod k6 f.»t. On 1 April 

1&6 th. ground wafr tahl. «. .t . d.pth of J.6 f«t 

and on 80 1% 1*6 th. tahl. had rl..n to u nerf 

d.pth of 5.0 foot. Tahl. 3 1. « lumary of th. grotnd 

wtter table observation. 

(«) agt E.«.t Puramont .Iw.tlon. on a 10 foot grid oy.- 

t«a «„ obtained prior to th. fr.o.lng p.rlod and ««i„ 

at th. period of maxi«®, h.«.. ih«, d«t, «„ plott.d 

In the form of the froet hear, oontoura ahora on Pint. 7. 

(3) £°at Pan« tret Ion, ih, ««ration of one trat pit I886PA 

on 88 Scr.nb.r 1*5 indicated that there was „0 f,0,t jB 

the ground on that date. Thereafter, th. depth of treat 

penetration wm dotemined by one tost pit, T92I4P, on 

?1 DoC9Blber lq^5# and by another, T936P, on 12 Maroh 19^. 

The maximum frost Penetration measured vras he2 feet on 

12 March I9Í46. The frost had completely left the ground 

on 25 April 19l¿ when another pit. T9UPA, was excavated. 

A plot of frost penetration versus time is shovn on Fig. 

ure 3, Plate 2. 

<U> —‘Urf‘“ ^^parahurea^ * record of aub.urfao. t«p.r- 

atura. «. obtained by perledl, reading, of th. eight 
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thermometer« In the thermometer well Installation TW-J. 

A plot of typioal subsurface temperatures versus depth 

for this Installation la presented on Plate 0. The sub¬ 

surface temperatures are summarised In Table 1*. 

(5) leeUns Surrey. Ice 1«.., were noted In the subgrade 

in test pit T936p, excavated on 12 March 19½. The lenses 

were widely Isolated and disconnected and ranged from 

hairline to l/16-lnoh thickness, loe crystals were also 

apparent In the subgrade and there were a few crystals 

formed In the gravel base, 

Pield^Tests^ 

U) ÎMt Proc«durt». T..t „„.dur.. d...rlb,d ta d.t.11 

ta "Appendix U, Froat Ihw.tlg.tlon 19ldcl*5". Any wta- 

ttou trm th. „mdura m dM.rlb.d ta thl. r.„rt. 

(Í) S.»*« «-ftns T..t. (8t.tl. ta.dk Four pl.t, Kwta, 

twt. »or. mad. on th. bitutónou. oracroto psyOT.nt In 

T.«t Ar« D to datamin. th. ralatlr. .tr.ngth of th. 

paTTOTOt ln nommber, April and Jur.. One te.t wu nad. 

ta FoTOTbar „lor to th. fr..«tag „rtod, tno In April 

during th« froat-melting portad, and on. In Juu after 

the front malting period. Ih, l„d deftaotlon ourre. of 

the atatlo load pl.to bearing teat, are plotted on Plato 

9. Test data are aunararited In Table 5, 

(5> ag?. T°«t, (Repeating Loadl, Thre. plat, bearing 

teat, «or, performed on th. bltumlnou. ..morete p,e„Mt 

In Norember, April „d Jun..' T..t roaulta ar. ptattad 

tn Plate 9 and suomarlzed In Table 5, 



(U) later Ccotant# Continuous water content a amples were 

obtained in U teat pits, T866 pa, T936 pa, T9bl pa, and 

T9U5 pe excaruted in Norenber, March, April and June re* 

speetirely. later contents plotted against depth are 

shown in Figure 2, Plate 10. Water content samóles were 

obtained with each density sample and the percentage of 

saturation was computed and the results are presented in 

Table 2. 

(5) Density, The density and water content of the base and 

subgrade were obtained in 3 test pits, prior to the frees* 

ing period, during the frost melting period, and after 

the frost melting period. The densities were obtained 

to determine density changes due to frost action. The 

rosults of these tests are plotted in Figure 2 on Plate 

10 in relation to the soil profile and are sisnmarlsed in 

Table 2. Plots of water content versus density are shown 

in Figures 1 and 2 Plate 11. 

f. Laboratory Tests. 

(l) Soil Classification. No laboratory tests were conducted 

on samples of the base and subgrade materials. Since tes* 

Area D is located within the limits of Test Area C of the 

l°Url9U5 Frost Investigation Program the results of clas¬ 

sification tests on representative samples made during 

the investigation are considered upolioable to Tost Area 

D, The gradation of base and subgrade materials are shov.r 

in Figure 3 Plate 11. The physical oropertios of the rep¬ 

resentative samples of the base and cubgrade materials 
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ar« showi in tabular form in Figure U Plate 11« 

g. Suawary of Result», Results of tests and observations for 

Test Area D are summarised as followsi 

(1) Soils* The frost susceptibility of tho subgrade soil 

and the presenoe of frost susceptible soil in scattered 

pockets in the gravel base of Test Area C was established 

during the 19Ui-19U5 investigation. The subgrade and bas. 

materials of Test Area D are considered to be frost sus¬ 

ceptible* 

(2) Freeslrg Inde» and Precipitation* The froesing index of 

19U5-19U6 was il*21 or 11 per cent above the normal frost¬ 

ing index. The rainfall during three months, September 

to November inclusive «os 11.1 inches with tho normal 

precipitation for tho same period of 11.2 inches. 

(3) Ground Water. Tho ground water table was at or near the 

top of tho subgrade during the fall and dropped progres¬ 

sively to a depth of seven feet during tho freeting per¬ 

iod. During the frost melting period It was at an averag 

depth of 3.0 foot below the pavement surface. 

(li.) Pavement Heave. The maximum frost heave in Tost Area D 

was 0.10 foot. No detrimental effects occurred as a re¬ 

sult of this slight heave. 

(5) Depth of Frost Penetration* The depth of frost penetra¬ 

tion was 2.6 feet when the freosing index was 306* The 

maximum measured frost penetration tos U«? feet* The 

maximum depth of freozing temperature penetration, as 

detorminod from thermometer well readings, too U*1 feet. 
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(6) Ice Segregation. Zee crystals were found throughout the 

frozen base and subgrade* Ice lenses were found widely 

isolated in the subgrado and ranging from hairline to 

l/l6 inch in thickness* 

(7) Soil Conditions* 

25i2£_C22Î2Li£-2iË-£22£iÎZl The mtor content of 

tho hose material showed a decrease from 1J*5 per» 

cent to 6*8 per cont from the normal period to the 

frost melting period* In the subgrade tho water con¬ 

tent was 21*7 per cent during the frost melting per¬ 

iod oomoared to 17»7 per cent during the normal per¬ 

iod* The density of the base was 128 pounds per 

oüblc foot during the normal period and 139 pounds 

per cubic foot during the frost melting period. In 

the subgrade tho density showed a decrease from 115 

pounds per cubic foot during*tho normal period to 

107 pounds per cubic foot during the frost melting 
» 

period* No tests wero made during the freezing 

period. 

Effect of Frost Action on Subgrade Strength* Plate bear- 

ing tests indionto that there is a definite loss of pave¬ 

ment strength during the frost melting period* During 

the normal period tho supporting capacity of a 30-insh 

diameter plate on tho pavement was 1*5 times greater 

than that measured during the frost melting period. The 

first application of a 20,000 pound load on a 2t;-ineh dia 

meter plate produced approximately 1*5 times as much 



deflection during the froet melting period as during 

the normal period. The fifth application produced the 

«ame difference ta the relative deflections. 

7. Test Area R. 

a* JyPe of Pavement, Base and Subgrade. Test Area 3, 75 feet x 

80 f.,t i. locted on th. Mtum Wc<mcr.t. P.«d EMt-Tfe.t runv,„ bet™.„ 

Station« P / 80 to 3 / 60 and fron the centerline to the north edge of the 

payeront. Th. are. i, within th. limit, of T.,t tree c. 19U,-10)45 Pro.t In- 

yeatigatlon, Íwhich wa. located bet-eoo atation, 5 / OO and 10 / 00) and wa, 

«elected on the bail, of oavement baae and .ubgrade condition, and the prox¬ 

imity of exi.tlng ln.tall.tion.. The payant cen.l.t. of 3.5 Inch., of 

bitumincu. concrete placed on a «11 graded .and .„d gr.yel ba.e with an ay- 

erag. thielm.,. of 35 inch., ranging free, 3? to U inch... Th. .ubgrade cen¬ 

.l.t. of .llty clay (a) „„lying, ,t a,pth. greater than .ix feet, , ,nty 

glacial till (00). Plan ,„d profile, of th. te.t area are .hewn on Plat. 3. 

8. Exgloretion.^ Eight te.t pit. „re excayated during th, fall, 

»inter and cpring to determine .oil condition., prior to the freeing oeriod! 

the depth of frost penetration, ice lena end crystal formation, during the 

freeing period and condition, after th, fro.t melting period. Two .ubgrade 

obseryation well, wore totalled adjacent to the te.t area. Th. location. 

of the exploration, are .hewn on Plate 3. * chronological .umma.y of th. 

exploration, i, „rented in Table 1 and the data obtained in the explorations 

«re shown in Table 2, , 

c» Installations« 

(1) general Location. Installations consisted of one 

thermocouple installation, one thermometer well 

group, and two observation wells in-the gravel 

base within the test area. Two observation 
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*•11« in tha subgrade were installed adjacent 

to the area. Existing installations consisted of one 

observation well in the subgrade within the area and one 

observation well in the gravel base adjacent to the area, 

location of all installations are shown on Plate 3, 

(2) Thermocouple. The thermocouple installation was made in 

tost pit T666pa. A detailed descriotion of this type of 

equipment and the method of installation are presented 

in Appendix 11, • rost Investigation 19W-1&5. The switc' 

box was installed along the west edge of test pit T886pa 

and the thermocouples in the SW corner of the pit. Plan 

end typical layout of the thermocouple installation are 

shown on Plate 6. 

C3) Thamometar -..11.. Tha tharmoaatar «all inatallation. 

ara da.crlb.il la paragraph 6.(1,) and tha conatructlon 

details are shown on Plate 5, 

<U) Walla. Tha obaarvatlan ralla in tha gravai 

baaa are daaarlbad In paragraph 6o(2) ami the obaarvatlon 

wells in tha aubgrad. ara described In paragraph 6e(3). 

Details of bath tynas ef v,U, a„ shmra m plate ^ 

Observations and Kaannrawar,« 

) _ater •able. The depth to ground mter waa measured per¬ 

iodically In all obaarvatlon walla. Seasonal varlatiana 

in the ground water elevations are shewn as profiles on 

Mate 3. Observation, of all wells In Tost Area C. ,hloh 

contain. Area. D and E, war, consldared In prapmlnj the 

profil,,. Obaarvatlon. of the aubgrade wall* Indloatad 

that in garerai the ground water elevation, ranged from 
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an average depth of 3.1* feet (approximate top of eubgrade) 

on 28 November to an average depth of 7.0 feet on 

1* March 191*6. Readinge obtained on 1? January 19^6 av¬ 

eraged 1*.6 feet in depth. On 1 April the ground water 

table was at a depth of 3.6 feet and on 20 May 19½ it 

had riaen to a depth of 3.0 feet. Table 3 is a summary 

of the ground water table observations. 

(2) Frost Heave. Pavement elevations at intervals of 10 feet 

were obtained prior to the freezing period and again at 

the period of maximum heave. These dataare plotted in 

the form of the frost heave contours shown on Plate 7. 

(3) Frost Penetration^ The excavation of one test pit, 

T886pa, on 21 November 19l*5 indicated that there was no 

frost under the pavement at that date. Thereafter, the 

depth of frost penetration was determined by test pit 

T925p, on 21 December 191*5, T927p on 10 January 19/46, 

T932p on 6 February I9Í46, and T935P on 11 March 19½. Th* 

maximum frost penetration measured was [4.0 feet. No frost 

was encountered during excavation of one test pit, T938p, 

on 28 March 19½. A plot of frost penetration--.versus 

time is shown on Figure 3, Plate 2. 

(W Subsurface TanperKfr... A recorá ,f subsurl.a0, t,nMr. 

atures ras obtained by periodic rondines of the theme- 

couple Installation at TSeépa and the themometer. at 

themoneter well .eroup ï!*. Plots of typical subsurface 

temperatures yersus depth are shown on Plates 8 and 1? 

for the thermometer wells and thermocouple installations ' 
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respectively. The subsurface temperatures are sunmarised 

in Table 6 and Table 7 for the thermocouple and themo- 

meter well respectively. • 

(5) Ice Lena Survey. Ice lenses were noted in the subprade 

in test pit T935p excavated on 11 Tarch 19^6. They were 

isolated and disconnected, ranging from hairline to l/l6 

inch in thickness, and occurred about two lenses per inch 

of depth from 3.1 feet to t.O feet. Ice crystals were 

also apparent in the subgrade. Occasional crystals were 

noted in the gravel base, 

e. Field Tests. 

To8t Procedures. Test procedures are described in detail 

in ’’Appendix lb Frost Investigation I^-IÇ^”. Any vari¬ 

ation from the procedures ore described in this report. 

(2) Plate Bearing Tests (Static Load^. Three plate bearing 

tests were made on the bituminous concrete navement in 

Test Area E to determine the relative strength of the 

pavement in Noravember, April, and June. The load de¬ 

flection curves of the static load plat® bearing tests 

are plotted on Plate 9» Test data are summnrired in 

Table 5. 

^ P^te Bearing Tests Repeating Load. Three plate bearing 

tests were performed on the bituminous concrete pavement 

in Test Area B to determine the relativ® strength of the 

pavement in November, April, and June. Test results are 

plotted on Plate 9 and summarised in Table 5. 
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(h) gâter Contant. Continuous water content samples were 

obtained in four test pits to determine the water content 

of tho gravel base and the subfre.de prior to the freering 

oeriod, during the freosing period, during the frost melt* 

ing period and after the frost melting reriod. 7.ater con¬ 

tents plotted against depth are show in Figure 1 Plate 

10. Water content samples were obtained with each density 

sample and the percentage of saturation computed and the 

results are presented In Table 2. 

(5) Density. To determine the changes in density of tho base 

and subgrade due to the frost aetibn, density samples 

wore obtained from three test pits durine tho normal, 

frost melting and after frost melting neriods. The re¬ 

sults of the tests are plotted on Plate 10 in relation 

to tho soil profile and are summarized in Table P, The 

olots of water content versus density are shown in Figuroi 

1 and 2 Plate 11. 

f. Laboratory Tests. 

(1) Soli Cliunlfic„tlon. Fo loborotory tons mrc. conducted 

on samplos of the base and subgr»de materials. Since-tho 

Tost Area S is located within tho liirits of Test Area C 

of the 19U*-19l5 Fr^st Investigation program the results 

of classification testa on representative samples made 

during this investigation are considered applicable to 

Test Area 3. The gradation of base and subgrade materialr 

are sho*n in Figure 3 Plato 11. The physical properties 
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•f the representative «nmoles of the base and subgrade 

materials are shorn in tabular form in Figure U Plate 11« 

g* duamary of Results. Results of tests and observations for 

Test Area & are summarised as follonst 

(1) Soils» The frost susceptibility of the subgrade soil and 

the presence of frost susceptible soil in scattered pock* 

ets in the gravel base of Test Aron 0 wns established dur* 

ing the 1914*-19^5 investigation. The subgrndo and base 

materials of Test Aran E are considered to be frost sus¬ 

ceptible» 

(2) Freesing Index and Precipitation« The freeling index of 

19U5a19tj6 was 11*21 and 11 percent above the normal frees- 

ing. The rainfall during three months, September to Rov- 

embor inclusive was 11.1 inches, which is approximately 

normal, 

(3) Ground ^ilater. The ground water tabic ma at or near the 

top of the subgrade during the fall and dropped progres¬ 

sively to a depth of seven foot during tho freesing per¬ 

iod, During the frost melting period it wan at an averag 

depth of 3»3 foet below tho pavement surface. 

(U) Pavomont Hoave, The maximum frost heave in Test Area E 

was 0,20 foot. Vo detrimental effects occurred as a re¬ 

sult of this slight heave. 

(5) Dopth of Frost Penetration. The depth of frost penetra¬ 

tion was 2,6 feet when the freezing index was 3O6, 3.0 

feet when tho freesing index was 14*0 and 3*7 feet when th 

freezing index was 1068. Thj maximum measured frost 
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pen.tr.tl« w. four f.,t. ih, ,i,pth ot 

tenper.ture .. by .ub.urf.oo t«p,r.t»r. rotó- 

ing* was four fe«t. 

(6) —t'P'pUor,. Jo. erystoli nr. found In th. froten 

*r.T.l b... .nd throughout th. fror« .ubfr.do. j,, lm. 

•e*. irtd.ly i.ol«t.d «d dl.oonnooted« wer. found 1» th. 

eubgrftd. In thlokn«.,, ruijln* fr« h.lrlln. to 1/16 

inoh. 

(7) Soil Condition«. 

(4) SSZ CmtmU Si Ssaiil Th.'».t.r content of 

th. bU. m.t.rl.1 ahowed . dwre... fr« 10.1 p.r. 

«•»t to 9.1, p., omt fr« th. nom.1 p,riod to th. 

*°et meltlnf period. I„ th. .ubp.d. th. «t.r 

(8) 

content uu the .«. during the Croat melting p,r- 

‘od nd th. normal period. The denMty of th. 

b**' fr« 136 pound, per cubic foot during 

th. nom.1 period to 139 pound, per cubic f«t dur- 

•ng th. froot melting period, ih, draaity of th. 

■ubgr.de lnor.„,d fr« loi pound, pW ,uM<, ^ 

during the nom.1 period to 109 pound, p.r cubic f«t 

during the froat melting period. 

ing teat. Indict, that there 1. . definite loa. of p.„- 

»«t atrength during th. fro.t neltlng period. During the 

nom.1 period th. aupportlng cepwlty of . JO-inoh di.. 

»«ter plat. « the p.y«e„t «, twice .a gre.t „ th.t 

meaaured during the froat molting period. 
Tho first 



r application of a 20#000 pound load on a 2U inch diameter 

plate produced over twice as much deflection during the 

frost molting period as during the normal period. The 

fifth application produced the same difference in the 

relative deflections. 

8. Test Area T, 

Type of Pavement| Base^snd_Sub£rade^ Test Area F is located 

on the portland cement eonorote pavement turn-around constructed in a out 

area at the west end of Taxiway A (Sta, 1 / 50 to Sta. 2 / 50), The pavement 

consists of a uniform seven inch slab except that the outside lanes and lanes 

adjacent to the longitudinal expansion joints are uniformly thickened at the 

edges to 10 inches. The pavement was placed on a well-graded sand and gravel 

base (Off) with an average thickness of 21 Inches. The subgrade consists of 

silty clay (a). A plan and croas section of the test area are shown on 

Plate 3« 
« 

b. Explorations. Seven auger holes, for the installation of four 

observation wells in the subgrade and three observation wells in the base wer* 

excavated in Test Area F. One test pit T887pa, was excavated prior to the 

freesing period, three test pits T928p, T931p, and T93l»pa, during the frees- 

ing period to determine depth of frost penetration, two test pits, T937p, and 

T939pa, during the frost melting period, and one test pit, TÇltfp, after the 

frost melting period. The locations of the explorations are shown on Plate 3, 

A chronological sunnary of the explorations is presented in Table 1 and the 

data obtained in the explorations is shown in Table 2. 

c. Installations. 

foparal Location. Installations consisted of three ob¬ 

servation wells extending to the bottom of the gravel base 
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and four obaerration walls axtonding to a depth of I5 

feat for determining ground water level in the aubgrade. 

In addition* one theraeneter well group, (r/-l) was in¬ 

stalled in the vicinity of an existing thermocouple in¬ 

stallation in Test Area A (19^-1915 investigations). 

Observations from these installations are considered rep¬ 

resentative of Test Area F. Location of installations 

are shown on Platn 3. 

(2) Thermometer Wells. The thermometer well installations 

are described in paragraph 6c(b) and the construction de¬ 

tails are shown on Plate 5. 

Observation^jfeHsj^ The observation wells in the base are 

described in paragraph 6c(2) and the observation wells in 

the subgrade in paragraph 6c(3). Details of both types of 

wells are shown on Plate I4, 

Observations and Measurements. 

(l) foter Table. Installation of the observation wells was 

completed in the latter part of December, 19lt5. Seasonal 

variations in the ground water elevations as observed in 

the observation wells are shown as profiles on Plate 3. 

The formation of ice in the wells resulted in infrequent 

measurements of the ground water tablo from 1* January 19^ 

to 1 April 19^6. Measurement obtained from observation 

wells in the adjacent Test Area A and from one well in 

Test Area F indicated that the water table on 17 January 
< 

10½ was in the subgrade at a depth of between 5*5 -"d 

six feet from the pavement surface. On 2 March I9I46 the 
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only trailable well reading indicated the ground water 

table to bd at a depth of 7.5 ftet. On 19 April the water 

table was in the baae at a depth of l.J f,et below pave¬ 

ment aurface and on the 2? May no appreciable change had 

occurred in it* elevation. Table 3 it a turnery of the 

ground water table observation!, 

(2) Tront Heave. Blevatioru at the aouthoaat cornera of the 

concrete alaba in the teat area were obtained prior to 

the freeting period and at the period of maximum heave, 

The resulta of theae surveys aro show in the form of 

heave contours on Plate ?. The contours indicate the dif- 

ference in elevation of the pavement between the two sur¬ 

veys. 

^ ?-ro8t Penetration. The depths of frost penetration were 

determined by the excavation of one tost pit T887pa, in 

November, one test pit T928p, in January 1916, one test 

Pit T931p, in February, 2 test pits, T93Upa and T937p in 

March and one teat pit, T939Pa, in April, The maxi.« 

frost penetration was feet on ^ March 19^6, A plot 

of frost oenetmtion versus time is shown in Figure 3, 

Plate ?, 

^ ~-yrf*co T^mporatures. ROCOrda of subsurface tempera¬ 

tures in Test Area A, which is adjacent and comparable to 

Test Area F, wore obtained by periodic readings of one 

thermocouple installation T697p, and one thermometer well 

group TO. The subsurface temperatures are sunmarised in 

Table 8 and Table 9. for the thermocouple installation and 



thermometer well reepeetirely. A plot of typical sub¬ 

surface temperatures versus depth for the thermocouple 

readings and thermometer well readings are shown on Plates 

12 and 8 respectively. 

(5) Ice Lens Survey. lee lenses were noted in the subgrade 

in test pit T95i*pa, exeavated 7 March 19½. The lenses 

were isolated and disconnected and ranged from hairline to 

^•/®"^nch ,in thickness. Ico crystals were also apparent in 

the subgrade material. Test pit T928p, excavated on 11 

January 19½ to determine depth of frost penetration was 

not suitable for Ions survey, but definite evidence of 

crystals in the gravel base and subgrade material was 

noted in the excavated materials. 

(6) Crack Survey. A crack survey was made over the entire 

cement concrete pavement in Test Area P in October 19½ 

and again in April 19½. A comparison of the number and 

length of the cracks for both surveys is shown by light 

and heavy lines on Plate 13, 

©. Field Tests. 

(1) Teat Procedures. Test procedures ere described in detail 

in Appendix lli "Frost Investigation 19iil|-191*5". Any var¬ 

iation from the procedures are described in this report. 

2^2ÎL«£2î£22£i water contents of the base and subgrade 

materials wore determined in four test pits at vertical 

intervals of 0.2 feet during the fall, winter, and spring. 

The data obtained are plotted in relation to the soil 
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from.. 1» fleur. }, fut. 10. W.t.r cont.ut .«pu. 

wr. obtained with .uh dsnilty .uplo ud th. puent- 

of ..tur.tlon nu computed ud the ra.ult. va prt- 

lonted la Table 2. 

<3.) g«t. Burlnn Tut, „„„ pUto b,„lB8 t„t„ 

' 00 t0p 0f tht ptYon#nt «•i«« • 21-ineh diameter plate wer, 

«ade at the corner of parement Jointe. The testa were 

«ade on 16 Mowember 1*5, 18 April 1*6 and 10 June 1*6. 

All teata failed to oraok tho portland cement concrete 

after 5 repetitiona of tho maximum arailable load of 

60,000 pounda. The loeationa of the teata are ahown on 

Plate J. Table 5 proaenta a summary of the testa, and 

Plate li* contains plots of teat results, 

(U) Bearing Teata (Foundation Threo tMt# 

were performed directly on the .and and gravel base after 

the pavement had been removed. Locations of the testa 

are shown on Plato 5. Results of tests are plotted on 

Plato 14 and tests results aro summarised in Table 5. 

(5) Dgylty. The density and «ater content of the base and 

subgrade were obtained in three test pita prior to tho 

freezing period and after the frost melting period. The 

results of these test, are plotted in relation to the soil 

profile on Figure 3 Plate 10, and are summarized in Tabic 

2. 

f• Laboratory Teata. 

M Soil Cl.ee If let Ion._ Co Lbor.tory tut. were conducted 
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on samplos of bao» and aubgrada matorlalo. Sino» tha foa* 

Ar»a F la looatod adjacent to Teat Arsa A of the 191.4-1¾ 

Froat Investigation Program the resulta of clualfioatlon 

teats on representative sample, made during thl, Inve.tt- 

gatlon are considered applicable to Tost Area F. The 

gradation of hue and eubgrade materials are shown In 

Figure 3 Plato 11. The phyaleal properties of the rep- 

resentatlve suplo, of the base and subgr.de material, 

are shorn In tabular form In Figure 4 Plate 11. 

8- Sgmary of Result^ Ro.ult. of testa and observation, for test 

Are* P are summarized ae followsi 

(1) SolUj, Tha frost susceptibility of the base and subgr.de 

material, of Test Area A vas established during the 1944- 

1945 Investigation. The subgrade and base materials of 

Tost Area F are considered to be frost susceptible. 

<2) —-ln6 ^ md Pveclpltatlon. The freezing Index of 

1945-1946 was 1421 or 11 per cent above the normal freez¬ 

ing Index. The rainfall during three months, September 

to November, Inclusive van 11.1 Inches which 1, approx- 

imately normal, 

(3) .ground ^ator. Wo ground water measurements were mado prior 

to the freezing period and only Infrequent reading, could 

bo obtained during the freezing period. Readings obtained 

from wells in the adjaeont Test Area A indicate that the 

ground water in the fall -as generally about one feet be¬ 

lo«- the top of tha pavement. H0 found ln ^ 

gravel base during the freezing period end it 1. believed 
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that the water table dropped to about 7.5 foet below tu« 

pavement. During the frost melting period the water 

table rose into the base between one foot and 1.3 feet 

below the pavement surface, 

(U Pavement Heave. The maximum frost heave measured was 0.3 

foot. No detrimental effects were caused by the heave. 

(5) °2Lth of Frost Penetration. The depth of frost penetra¬ 

tion ma 3.0 feet on 11 January 19^6 when the freezing 

index was i¿8, and h.5 feet when the freezing index was 

1063. The maximum frost penetration ms h.5 and the 

maximum freezing index ms li£l. The maximum depth of 

freezing temperature in the adjacent Test Area A was re¬ 

corded as li.3 feet by the thermocouples and 3,9 feet by 

the mercury thermometers. 

(6) l£9,.,Segregation.. Ice crystals wore found in the frozen 

gravel base and subgrade. Ice lenses were found widely 

isolated and disconnected in the subgrade. The thickness 

of the lenses ranged from hairline to l/8-inch. 

(7) Soil Conditions. 

M Contant Tho contant or ^ 

base materials increased during the frost melting 

Period. The average water content of the base mat¬ 

erials ms eight per cent during the normal period 

and 10.7 per cent during the frost melting period. 

The average water content of the subgrade materials 

increased from 22.5 per cent during tho normal period 
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to 33.9 per cent during tho frost mol ting period. The 

density of tho base materials was approximately the same 

during the frost melting period and the normal period 

and in the subgrade the density decreased from 110 pounds 

per cubic foot in the normal period to 95 pounds per cubic 

foot in the frost melting period. 

(0) Cracks in Pavement. The number of cracks in the pavement 

increased approximately 10 per cent during this investi¬ 

gation. 

(9) Bffect of Frost Action on Subgrade Strength. Plate bear¬ 

ing tests on tho portland cement concrete pavement indi¬ 

cate a loss of foundation strength during the frost melt¬ 

ing period. Prior to tho freezing period the supporting 

capacity of a 2i|-inch diameter plate was I.5 times greater 

than that measured during the frost melting period. Plate 

bearing tests performed directly on top of the base also 

indicated a loss of strength. Prior to the freezing per¬ 

iod supporting capacity of a 30-inch diameter plate was 

. greater than that measured during tho frost 

melting period, 

9. Turf Area. 

a* Location and Description. The Turf Area is located adjacent 

to the South edge of the E-W Runway between Sta. I3 / 50 and lh / 50. This 

urf Area was investigated during the 19i¿-19tó investigations and the'exist¬ 

ing installations, two thermocouple installations and one observation well 

have been utilized. Tho Turf Area consists of seeded top soil from 0.2 to 0.5 
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foot in depth orerlying approximately three feet of iilty olay (a). Below 

the pilty clay itratum is a silty glacial till (QC). Location of Turf Area 

is shown on Plate J. 

b. Explorations, Four test pits T926p, T929p, T930p# and T933p, 

were excavated in the Turf Area during the freesing period to determine the 

depth of frost penetration. Locations of explorations are shown on Plate 3. 

o. Installations. One thermometer well group was installed in thf 

vicinity of the existing thermocouple installation T093p. Location of instal¬ 

lations are shown on Plate 3. 

<*• Observations and Measurements. 

(1) Water Table. Ground water measurements in the one obser¬ 

vation well in the area indicated that the water table 

was at 5.8 feet in depth during the freezing period. Dur¬ 

ing the frost melting period the ground water table rose 

to within 0.2 foot of the surface. The periodic well 

readings are recorded in Table 3, 

(2) Frost Heave. No frost heave measurements wore made in 

the Turf Areas. However, indications were that heave of 

the surface did occur. 

^ jÜT08* Penetration. The frost penetration was measured 

at 1.2 feet depth in December igtyj, 2.0 feet depth in 

January 19l|6 and 2.2 in March 19½. A plot of frost pen¬ 

etration versus time is shown on Figure 3 Plate 2. 

(k) Subsurface Temperatures. A record of the subsurface 

temperatures in the thermocouple installations T693p, and 

T69ijp# and thermometer wells Tïïij was obtained by periodic 
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readings. Tables 10, 11 and 12 are suBraaries of the 

temperatures obtained from the thermocouple installations 

T693p end Tóflljp, and the thermometer wells rtf* respective¬ 

ly* ®f typical subsurface temperatures versus the 

thermometer wells and thermocouple installation« are shown 

on Plates 8 and 12 respectively, 

(5) Ice Lens Survey. Ice crystals wero noted from 0.1 foot 

depth to 1,7 feet in the pit excavated in March 19^6, 

Ice lenses ranging from lA to JA inch thickness were 

found from I.7 to 2.2 feet in depth. 

0« Field Tests. 

^ --8t Procgdurea. Test procedures are described in detail 

in Appendix ll* "Frost Investigation 19Wrl9ii5". Any var¬ 

iation from the procedure« are described in this report. 

(2) jeter Contents Continuous water content samólos were 

taken in the test pit T933p, excavated in March 19l<6. 

Summary of results are show in Table 2. 

F• Laboratory Tests. 

(D 1°11 Classification. Jlo laboratory te.t, -oro conduot.d 

on samples of the subgrade materials. The results of 

classification tests on representative samples made during 

19Url9tó Frost Investigation Program are considered ap¬ 

plicable. The gradation of the subgr„d<? matf?rlal8 are 

shoTO in Figure ^ Plate 11 r,o 1 6 « - „ ríate il. ine physical properties of 

the representative samples of the subgrade materials are 

shown in tabular form in Figure h Plate 11. 
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g, Sunwry of R««ult». 

(1) Soils» The subgraie soil la a silty clay (CL) and ia 

froat susceptible. 

(2) Ground ^fcter. The ground water table was at a depth of 

5.8 feet during the freesing period and rose within two 

inches of the ground surface during the frost melting 

period* 

(3) Depth of Frost Fenotration* The depth of frost penetra¬ 

tion cm 21 December 19U5 was 1.25 "»hen freesing index was 

306 and on 3I January was 2.0 feet when the freezing in¬ 

dex was 938. The maximum depth of frost was 2.2 feet, 

with li*21 freesing index. The maximum depth of freezing 

temperature penetration was 2.1 feet. 

(U) loo Segregation. Ice crystals were found to a depth of 

I.? feet and ice lenses ranging from \/h inch to 3A 

in thickness were found from 1.7 to 2.2 faet in depth. 

(5) Soil Conditions* îîo data are available for density 

studies. The water content shows a marked increase in 

the lower part of the frozen zone. 

10, Conclusions, The following conclusions are presented based on a 

study of the data* 

a. Soils. The base and subprade soils are frost susceptible. 

b. ''¿oathor. leather conditions were moro severe than normal and 

closely paralleled the I9I4I4.-IOI45 conditions. The freozing index was 11 per-• 

cent above normal and the precipitation in the throe months, September to 

Wovember 19U5 inclusive was normal. The cumulative snowfall from 1 December 

-32- 



19tó to 6 April 19U6 wm 5? inche». The pered test areas were kept free 

from ioe and snow consistent with normal runway plowing schedules. The only 

exception occurred during the period 25 February 1<*6 to 1 March I9Í46 when 

six inches of ice and six inches of snow was allowed to accumulate before 

plowing operations were started. 

e* Pavement Heave and Ground */ater. The maximum pavomant heave 

(O.3 foot) was measured in the portland cement concrete pavement of Test Area 

F. The maximum hoavo measured in Tost Area D war 0.1 foot and in Test Area E 

it was 0.2 foot. Ground water measurements indicate gradual lowing in Test 

Area D and E from about 3.1* feet below the surface in the fall to seven feet 

during the freesing period and a subsequent rise to 3.3 feet below tho sur¬ 

face during the frost molting period. In Test Area F tho ground water table 

dropped from about one foot below the surface in the fall to 7.5 feet during 

the freesing period. In the frost melting period the water rose to about 

1.3 feet below the surface. 

d* frost Penetration. The depth of maximum frost penetration 

was approximately the same (1*.0 to I4.5 feet) in Test Areas D, F. and F al¬ 

though there is considerable variation in thickness of pavement and gravel 

base between the areas. There was slightly greater penetration under the 

cement concrete. In the Turf Test Area the depth of maximum frost penetra¬ 

tion was anproximately one half as great as that under tho paved areas. 

Plate 15 presents a plot of the frost penetration versus thickness cf pave¬ 

ment and base -hieh summarised the data for Test Areas D, v. and F. A plot 

of the measured thickness of the frozen subgrado versus pavement heave is 

shown on Plate l6. The data is limited and does not indicate any definite 

relationship. 



t. Rtduced Subgrmde Strength» During the norml period the 

supporting capacity of the parements in the test areas, as measured by pare¬ 

ment bearing tests using 30-ineh diameter bearing plate, tras 1.5 to 2.0 times 

greater than that measured during the frost melting period. From the data 

obtained a definite correlation between the supporting capacity and the varia¬ 

tions in thickness of froten subgrade cannot be established as shotm on Plate 

17. 

f. Comparison Actual Frost Penetration to g6°F and Temper¬ 

atures. A comparison of the actual frost penetration with the curres for 26° 

F and 32°F as determined from the thermocouple installations and thermometer 

wells for Test Areas D, 3, and F and Turf Area is shorn on Plate 18. It will 

be noted that generally the actual frost penetration is at a greater depth 

than the depth reached by the ?0OF and 32°F temperatures. 



CHRONOLOGICAL SUMMARY 

DATS 

I9I45 

1 - 5 

il - 30 

5-19 

23-30 

5 - 7 

11 - 18 

21 

19UÓ 
10 - 11 

31 

5-6 

3 - 12 

EXPLORATIONS AND OBSERVATIONS 

DOT FIELD, BATOQR, MAINE 

OPERATION 

October Existing installations chocked and prepared for 
futurs observations, 

October Initial lev.?l surveys at corners of slabs in Test 
Areas A and F and on 10-foot grid systom in Test 
Areas B, C, D and E, Crack Survey ruada, 

Novembor Tvo repeating load, 1 foundation modulus, 2 static 
load and 1 rupture, plate bearing tost performed, 
8 observation vrells in base and 6 obsorvation wells • 
in subgrade installed, 

November Three tost pits excavated to determine subsurface 
conditions orior to frost penetration, 1 thermo¬ 
couple installation completed. 9 obsorvation wells 
in base installed, 

December Four groups of thermometer wells installed, 

December Eleven observation wells in subgrade installed, 

December Three tost pits excavated to determine depth ef frost 
penetration. 

January Two test pits excavated to determine depth of frost 
penetration. 

January Two test pits excavated to determine depth of frost 
penetration. 

February Two tost pits excavated to determine depth of frost 
penetration. 

March Four tost pits excavated to observo ice crystals and 
lonsoc, and to determine depth of frost penetration 
and water content of base and subgrade materials, 
Maximum frost heave surveys made on all test areas. 

SHEET 1 of 2 
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OPERATION DATE 

19l¿ 
27 - 26 Karoh 

16 - 19 April 

22-29 April 

6-12 Juna 

11 - 15 June 

Two t*jßt pits oxo&T&ted to observo loe crystals and 
lonses and to determina limits of the froten tone 
and water content of base end subgrado materials* 

Two repeating load, 3 static load, 1 rupture and 1 
foundation modulus plats bearing tests performed* 

Three test pits excavated to determine density and 
w&tor contort of base and subgrado materials* Crack 
survey made* 

Two repeating load, 3 static load, 1 rupture and 1 
foundation modulus plato bearing tests performed* 

Four tost pits excavated to determine subsurface 
conditions after the frost malting period* 
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WAR DERARTMENT 



ROST INVESTIGATION 
f*RY OP SOIL TEST DATA 

FIELD. BANGOR, ME. 
_»OIL DATA 

CRAM SIZE 
Tmtr th.n irldicdtrd .jrjin Jlf# 

~ 20 '! 

CORPS OF ENGINEERS, U S ARMY 

QOS 
mm 0.0 

mm 0.297 
'Yirn 

4 7 
mm 

191 
mm 

ATTERBERG ! SPECIFIC 
LIMITS 

L.L PL 

GRAVITY 

<4 >4 

FIELD IN-PLACE TESTS 

DENSITY 
LBS./tu FT 

lit2 
1¾ 
1J2 

1)2 
1CÇ 

138 

id, 
V 

129 

131 
121, 
102 

115 

WATER 
CONTENT 

6.1 
7.7 

10.5 

22.il 
23.7 

8.1 

26.2 
»4 

1.0 

15.8 
15.8 
12.2 

17.7 

23.6 
62.3 
19.6 

7.9 

26.5 
21.6 
17.5 

PER¬ 
CENT 
SATUR 
AT ION 

97 
86 

100 / 
100 / 
100 / 

ICO / 

100 / 

100 / 

100 / 
100 / 
52 

100 / 

REMARKS 

Ai*»r hol« frai 6,0' to 10.5' 
t*fVMl du, t« Ulf« or rock. 

*• 11.5’. ».tor ontorlBi 
Pit ot 2.3' depth end ot S.Ç' dopth. ^ 
lefuaol ot 11.5 N«t. 

tafor bolo frea 6.0* to 6.2'. 
Water ontorlaf pit M LJ,' dopth. 

loo Crjratola - 0.1' to 1.7' 
loo Laaaaa - 1.7' to 2.2' 

Surface Water froa aolttog anea and loo floaad 
Into pit fron tronoforoa Joint at mat and of 
pit. to ground water praaant. 
laolntad lea laaaaaJWaa 3rf' - 1,4' depth. Lai 
frai halrllaa to 1/ft* thlakaaaa. 

SHEET I OF 3 TABLE 2 



WAR DEPARTMENT 



FROST INVESTIGATION 
[MARY OF SOIL TEST DATA 

'W FIELD,BANGOR,ME. 
L SOIL DATA 

CORPS OF ENGINEERS, U S. ARMY 

GRAIN SIZE 
I th«n indicated qrjm 512* 
ri—r _— ' Q05 

mm 
QO 
mm 

0.297 
mm 

20 4.7 19.1 

ATTERBERG 

LIMITS 

L.L. PL. 

SPECIFIC 

GRAVITY 

<4 >4 

FIELD IN-PLACE TESTS 

DENSITY 
LBS.^U.FT. 

U0 
11* 

«9.6 
76.0 

156.0 

114 
1» 

ice .5 
115 
115 

145 
120.2 

135.2 
109 
115 

WATER 
CONTENT 

PER¬ 
CENT 
SATUR 
AT ON 

REMARKS 

5.1 
7.5 

25.0 
20 J( 

6-9 
ILrf 

5* 

21.6 

«4 
8.5 

51.4 
65.0 
48.9 

5.2 
7.2 

20.8 
21.1 
25.8 

5.6 
6.1 

21.7 
21.6 
22.5 

Froun lot* 1.6> to 4.0' dtpth. Im 1«d5««, trm Mr> 
Ua* to 1A6*. olloljr liolotod ud dlaeonnootod • 
5.1' - 4.0' drpth. 

100 / 
1» / 

98 

100 / 

79 
65 

100 / 
100 / 
100 / 

60 
45 

loo / 
100 / 

100 / 

Fror« 2.1' to 4.2'. iM louol( trm kolrllao 
thlekaoo. to 1^6*. old.lj t.oUtod nd dl.ooanootod. 

Fresta iodo 2,2' to 4.5'• 

Wator aotpod Into pit froa (raaal and aurfaoa 
of clay at rata of 1 gal loa la 10 almitaa. 

do front annouatarad. 

•atar aoapad late pit froa dopth 1.8' to 2.5' at 
rata of 5 fallooa por alauta. durar hola froa 
6.0' to 15.5'. 

•ator aoapad In alooly batatar (roTtl and aubgrada 
oe all aldaa of pit. lugar hola froa 6.0' to 15.9*. 
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WAR DEPARTMENT 

TEST AREAS C.D AND 

t*ri 

^ U1- 

it wo*. i.f 

Rov. 1*K 

17 D«e. U*) 

!» *t.. 

17 j«p* iu 

t9 Ab. U 

ú Ar. !i6 

« H»r. u6 

1 Apr. 1|6 

« Apr. ut 

19 Apr. 

Î9 Apr. 

10 Ay Ub 

fc my Uv 

-7 Ay ;*6 

T657« 

J /90 

70* S 

5.5 

5.f 

5.6 

Tt9e» 

5 / 50 

70' R 

6.3 

6.7 

3J* 

3J» 

2.5 

3.Î 

WPTH Op «tu 

3.1 

3.6 

5.9 

2.1 

5.2 

3.? 

'•5 

TÍ96* 

3 /75 

235' t 

TC«7b 

3/75 

150' s 

5*2 

l.Q 

5Ji 

3.? 

2.0 

'•U 

2.9 

3.0 

3.3 

6.3 

J_ 

A.c 

2.3 

7.9 

i'.O 

2.0 

1.2 

0.7 

0.3 

0.5 

6.fc 

P.e 

0.8 («• 

2.5 

1.0 

1.6 

1.0 

0.1 

0.6 

1.0 

15.1 

5 A.. 1*5 

TAH5« 
3 /50 

TPVOt 

3/50 ¡ 

TdPl« 

5 / 50 

T&92» 

3 / 50 

DO* s 

16 Rov. 

* Rov. 1*5 

17 to«. 1*5 

1» Aa. 1*6 

17 *a. »*6 

29 JBB. 06 

1» lar. I* 

22 tor. 

1 Apr. 06 

0 Apr. 1*6 

19 Apr. 

29 Apr. 14 

10 Ay 1*6 

20 toy l*¿ 

r? toy w, 

owti or ttu 

Dry 

Dry 

1.6 l«a 

14 loo 

1.1 loo 

1.0 

1.1 

14 

1.1 

O.V 

1.1 

1.1 

Dry 

0.6 To# 

0.6 let 

0.5 Im 

Dry 

Dry 

04 loo 

3.1 

3.0 

1.3 

1.2 

1.1 

1.2 

1.2 

L.l Dry 

3.1 

24 

3.0 

3.« 

VJ 

3.1 

2.» 

3.0 

3.1 

Dry 

Dry 

Dry 

1*y 

3.1 

tJ9 

2.0 

3.0 

2.9 

3.1 

3.0 

L.l L.l 

7696» 

3 /75 

(.3* S 

5.7 

f ,o 

5.5 

7.2 

10.? 

revoo 

3 /75 

¿ 

T900» 

3 /75 

6r « R 

SUBGRADE OBSERVATION WEI 

7901» 

3 /75 

150* R 

7902« 

3 /75 

235' * 

7656o 

L / 50 

70» s 

7.5 

C.( 1«» 

1.7 le» 

0.6 fo» 

0.6 loo 

9.3 

LJ. 

54 

3.8 

>.3 

34 

34 

3.0 

34 

3.2 

15.1 

7.1 

5.2 

3.9 

3.9 

54 

3.3 

.3 4 

15.1 

7.7 

3.3 

3.5 

3.1 

9.5 

L.o 

3.7 

L.5 

L.9 

0.9 ro» 

2.6 

3.6 

3.5 

54 

k.o 

6.5 

3.5 

3.3 

3.0 

3.1 

2.1 

2.1 

2.1 

1.9 

2.0 

24 

L.l 

2.6 

0.9 

o.e 

1.0 

0.5 

0.6 

1.8 

15.? 15.1 

3.2 

3 J 

6.3 

3.5 

3.3 

3.3 

34 

34 

3.3 

3.3 

1.9 

T6590 

L / 60 

70* R 

34 

3.9 

l .0 

L.e 

6.1 

_L 

Dry 

6,1 

Tf9S 

5/50 

70* 8 

3.« 

3.5 

3.5 

3.7 

L.l 

3.; 

L.e 

6.6 

7660a 

5 /50 

70» R 

64 

L.3 

34 

5.5 

2.8 

3.9 

3.6 

6.0 

34 

3.6 

3.6 

3.6 

34 

3.2 

3.? 

L.o 

L.5 

L.5 

Dry 

6.3 

765La 

6/50 

70' 8 

3.7 

3.3 

3.1 

5.8 

6.5 

3.0 

34 

3.3 

6.0 

2.9 

2.9 

2.9 

34 

L.5 

5.2 

6.3 

3.3 

2.9 

2.9 

2.9 

2.9 

BASE OBSERVATION WELLS 

Tl*95* 

3 / SO 

651 ■ 

3.6 

3.3 

3A 

3 J. 

rmu 

3 /SC 

W9S« «*?• 

3 / SO I 5/75 

170' Il 60- s 

7681a 

3 / 75 

Le* R 

T679a 

6 /25 

Lo* s 

768Oa 

6/26 

LO* R 

2.8 loo 

54 

24 

!4 

3.0 

2.9 

3.1 

3.1 

Dry 

Dry 

Dry 

Dry 

3.7 

2.6 Ioo 

2.9 3.0 

3.0 2.7 

Dry Dry 

3.6 Dry 

L.l Dry 

24 too 

••9 lao 

04 

1.9 

1.0 

1.9 

14 

1.3 

L.l 3.1 

3.9 Dry 

2.2 

2.1 

2.9 Ioo 

ory 

2.9 

3.3 

7910a 

9/26 

170* 8 

34 

Dry 

04 

2.8 

3.9 

•4 f.7 

2.3 

0.6 

2.9 

2.8 

Dry 

2.7 

2.3 

2.9 

3.0 

2.8 

1.7 

2.2 

9.5 

0.5 

3.0 

3.0 

2.9 

3.9 

14 

2.9 

Dry 

Dry 

Dry 

2.0 

3.1 

3.0 

3.3 

34 

3.0 

Dry 

Dry 

••3 

•4 la# 

T911a 

* /?6 

1?0* S 

14 

2.9 

2.9 

2.6 

3.2 

3.L 

3.0 L4 54 3.1 34 

t.l 

1.9 

2.5 

1.7 

3.1 

Dry 

04 ioa 

0.6 leo 

94 loo 

7912o 

9/25 

65* 3 

0.7 

04 

0.0 

04 

t.9 

e.3 

0.1 

1.0 

/,4 

L.6 

0.5 J*o 

04 lao 

04 lao 

3.1 

3.9 

3.9 

2.9 

3.9 

3.2 

5.1 

T66la 

6/50 

7C* R 

34 

3.5 

34 

3.7 

3.6 

3.6 

L.l 

5.9 

L.5 

5.7 

3.3 

34 

3.7 

3.3 

34 

3.5 

6.2 

76760 

9/25 

LO* 3 

2.8 

2.5 

2.5 

Dry 

^ry 

Dry 

3.1 

»»P 

2.5 

2.5 

2.6 

2.1 

2.5 

2.L 

2.6 

ROT 





WAR DEPARTMENT 

TEST AREA B 

*fc». M 
* ■•'.u 

■ (n. 10 

IT B», h» 

k Jm.l* 

IT tm.U 

M 4Mb 10 

hMr. M 

1«K. 10 

• «r.M 

» %r. 10 

» *».10 

»■V 10 

»■V M 

<T *r U 

»•A* 

Tr « 

t.7 

*0 

1.7 

5.5 

60 

».» 

M 

».* 
».» 

M 

M 

t.T 

10 

7»* I 

J.» 

7.7 ( 

1)0 (SlMM^ 

50 

6.0 

u^o 

70* I 

JJ 

(.9 

*0 

M 

»0 

10 

10 

$0 

10 

*.S 
1.5 

10 

1)0 

10 

5.1 

SUBGRADE OBSERVATION WELLS 

11^6 

70* I 

t.t 

*0 

(0 

10 

10 

1.1 

1.1 

60 

10 

50 

50 

6.1 

<*r 

»A« 

70* t 

*0 

»0 

*0 

0.9 

>0 

(0 

2.5 

20 

2.9 

20 

k.l 

6.9 

6.7 

50 

»17 

T667. 

UA# 

70* I 

20 

2.5 

2.1 

20 

20 

2.5 

20 

60 50 

10 

20 

20 

6.0 

50 

50 

5.7 

5.7 

5.7 

2.5 

10 

1.5 

5.5 

2.5 

2.5 

2.7 

<667. 

1500 

70* 0 

2.6 

20 

5.0 

6.5 

<666. 

UAO 

70* I 

(I») 

10 

20 

20 

10 

2.2 

10 

20 

60 6.1 

20 

50 

5.1 

60 

5.7 

5.» 

6.0 

Dry 

6.0 

5.0 

5.5 

*4 

5.1 

20 

20 

20 

7655» 

1506 

289’ S 

50 

5.1 

1666. 

16A0 

70* 3 

2.5 

20 

20 

5.6 

6.7 

1669. 

■6A* 

7o* ■ 

60 

00 

2.1 

00 

00 

0.0 

•J) 

0.9 

10 

50 

5.5 

5.5 

20 

2.1 

2.0 

20 

20 

2.1 

2.0 

5.1 

20 

20 

2.9 

5.5 

6.7 

6.1 

50 

I»» 

<665* 

150.0 

70* 3 

5.0 

5.5 

5.9 

50 

5.2 

6.9 

6.5 

<670. 

15Ao 

70' I 

<666. 
i6Ae 

70' s 

20 

2.5 

1.5 

20 

2.5 

2.7 

2.5 

60 

5.1 

5.1 

2.9 

5.5 

2.5 

5.1 

5.« 

60 

5.C 

5.5 

6.1 

5.0 

6« 

50 

Dry 

50 

20 

60 

20 

6.1 

20 

5.0 

20 

50 

50 

50 

6.2 

50 

5.5 

1)17 •I 

6.0 

5.1 

50 

5.2 

50 

20 

50 

50 

6.0 

TEST AREA A 
SUBGRADE OBSERVATION WELLS BASE OBSERVATION WELLS BASE OBSER 

t 

I 

1.5 

0.0 

o.« 

I 

i 

i 

1 

\i 

. 

9. 

T97U 

11* « 

M il«) 

0.? (IM) 

I 0.« (IM) 

••<1 (I«) 

•A 

U9 (XM) 

0.6 

1.1 

0.9 

0.0 

2.1 

L_ 

« 





WAR DEPARTMENT 

FROST INVESTIGATION ' 

DOW FIELD - BANGOR, ME 

SUMMARY OF THERMOMETER DATA AT IN 
TEST AREA D BiTUMIN 

STA 8 + 65, 55'N. OF t.E-W RUNWAY 

■D. 
D 

IA6 
JM. 
1 » U 

JA». 
Ht-, 

r-- 
Ml. Jàt, 

21 

3
8

 
—

 

PSB. 
!_ » 

m. 
1*. . 

-J- 

PB. ns. 
.8 11 

PB. 
15 

PM. 
20 

PB. 
26 

I 

Mili. IUF . 
ii 11 

I-r ~— 

MAR. APR. 

i 

t 

> 

I 

4 

T 

• 

4.T 

U) 

2J 

w 

U 

5J 

&•• 

4.1 

•kjt 

».* 

34.B 

je.» 

>14 

»4 

»•> 

>44 

144 

lt>.> 

>14 

H4 

>14 

34.5 

»4 

>44 

444 

454 

214 

444 

V).> 

»4 

»4 

>44 

444 

44.) 

«4 

444 

24.5 

»4 

554 

>84 

444 

454 

214 

2)4 

274 

>14 

544 

>74 

>94 

44.0 

%.» 

S64 

>04 

>1.5 

»4 

>44 

»4 

4)4 

«4 

244 

274 

>14 

5)4 

>44 

>■4 

42.5 

«5.0 

2^*0 

273 

50.Ç 

55.5 

55.5 

57.5 

A23 

284 

294 

29.0 

>0.5 

>2.5 

»4 

>7.5 

42.0 

213 

2U.0 

»3 

50.5 

52.5 

553 

573 

623 

1 
i 

! 
i 

224 

2)4 

24.5 

>04 

>24 

*>4.) 

>74 

414 

Bt.O 

254 

274 

294 

»4 

94.0 

>5.5 

404 

>0.5 

>04 

29.5 

504 

524 

344 

54.0 

404 

—»— 

324 

334 

52.0 

>24 

9)4 

>4.5 

944 

404 

34.0 

574 

344 

9*4 

32.5 

>4.) 

>54 

994 

94.0 

37.0 

944 

324 

924 

94.0 

354 

394 

354 

384 

394 

384 

37.5 

944 

344 

38.5 

—Ë- 

58., 

39. 

36. 

38.( 

38. 

38., 

38.- 

39.1 

*!- (*) • 
P.B. 
lilt 

P.i. 
*••5 

P.l. 
54o 

«.I. 
u.at 

A.I* 
lfil5 

A.M. 
Hi 50 

A.I. 
9.55 

A .1. 
10100 

A.I. 
9.50 

203 

A.M. 
9.55 

113 

153 

P.M. 
if ¿o 

*3 

Ct.0 

A.I. 
10.15 

P.0* 
5.00 

A.H. 
9.55 

4.1. 
10.15 

1.2. 
9.20 

A.K. 
9.55 

A.M. 
9.S 

•"-* *-»• (•) . • 44 to«o «44 25«t 93 
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Clear 

03 
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Claer 

03 

*4 
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03 
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•mm c«w (iWmHi) w 44 44 44 • 54 >4 12.® 184 63 63 63 63 03 

(iwfWt'Ll.) p) 5 ■ >■ fm - 5 w • t 01 • t m 2 m 6 ■« 5 n km 6 m 5 0 
--1 

— — _ IZ _J 
— 

J 

(1) Tlaa tt m<lH * 

(B) iMtlM »f ■ 

(c) ■••Bln« ot uraary mrnmmitm i 

(B) ■••tktr *t t 1m wn ol 

(I) In BlaBiartla m*t >!«■«■ mm 

(r) Ipprnlaa» vlaá mé I 

• N rmtHtf »ktaU*«. 

. 



FROST INVESTIGATION 

DOW FIELD - BANGOR, VIE. 

)METER DATA AT INSTALLATION TW-3 

BITUMINOUS CONCRETE PAVEMENT 

».0 

52.0 

».• 
55,0 

VU.5 

36.0 

L0.0 

i.H. 

Vi 35 

BlMO 

0.0 

CORPS OF ENGINEERS. U S ARMY 

■u. 
—Î5_ 

in. 
_1_ 

in. in. 
-M 

y>.o 

57.0 

51.1 

5*>». 

3».J 

5Í..5 

35.0 

39.0 

1.1. 
lit 15 

lrf.o 

Cl Mr 

in. 
_JS._ 

34.0 

37.0 

36.0 

35.0 

38.0 

39^ 

3*.o j 38.0 

38^ Í 37.» 

3h.O 

35.8 

39.0 

1.1. 
9iM 

U5.0 

W5.0 

Clair 

0.0 

} ( 

36.0 

36.0 

38.5 

9.35 

38.0 

•6.0 

Clao- 

0^ 

38.0 

39.0 

38.5 

30.0 

30.0 

38.0 

38.5 

39.5 

1.0. 
9.50 

65.0 

66.0 

60.0 

61.0 

39^ 

66.0 

39.0 

I** 

55^ 

65.0 

ClMur 

9*0 

to* 

to* 

66.0 

65.0 

65.0 

1.3.0 

62^ 

61.0 

60.0 

60.0 

i.o. 
10.S0 

in. 
ts 

i w-L 

67.0 

Clmtr 

t a 6 n i t to 

±zt 

69.0 

66.0 

66.9 

63.5 

63.» 

60.0 

61.5 

61.0 

P.o. 
Ii35 

55.0 

60.0 

Claar 

0.0 

3 ■ 

in. 
_SL 

66.8 

66.0 

6o^ 

66.5 

63.0 

to* 

1.0. 
9.20 

to* 

Oil on 

69.0 

50.0 

51* 

50.0 

69.0 

U7* 

k5* 

66.5 

1.0. 
9t08 

53.0 

99.0 

claar 

0.0 

51.0 

50.0 

53.0 

51.0 

68.0 

50.0 

to* 

654 

1.0. 
UiOO 

60.0 

to* 

Claar 

0* 

km 

56.0 

55.0 

554 

53.5 

53.0 

50.0 

68.0 

65.5 

1.0. 
10.1» 
7*.o 

BT 
a 

u* 

65.0 

634 

to* 

57.0 

564 

504 

67.0 

1.0. 
9.60 

70.0 

66.0 

lUa« 

04 

-L. 

(1) Tlaa af aaallag 

(I) laaálao af 

(C) laallnc af 

ID! 'aathar at tlaa raaHaga aaaa rmia.1. 

(I) la llatlaatlaa aala tataaa mm au laa aa 

(f) Ippraalarta alai lataralfep mé Unan» m 

■ la raadlaoa aktaUaO. 

■ af tnaiad .it laatallattao. 

• la Tialai« af 1 

*1« raaBaia . 

FROST INVESTIGATION 

DOW HELD - BANGOR,ME 

RECORD OF SUBSURFACE 

TEMPERATURES 
INSTALLATION TW-3 

f ROST EFFECTS LABOPATQRy.BOS iQN.MASS niMr l946 

TABLE 4 



WAR DEPARTMENT 

TEST TEST ÏÏFE 
AHEA KO. DATE OF 

TEST 

D PBT 91 
Z PBT 95 
D PBT 9c 
D PBT ioe 
E PBT 92 

E F ET 101 
E PBT 103 
F PBT 93 

F PBT 99 
F PBT 1QÚ 
F PBT 9l* 

F PBT 100 
F PBT 107 

14 Nov. 1949 
16 Apr. 1946 
17 Apr. 1S46 
7 Jun. 1946 

15 Not. 1945 

19 Apr. 1946 
7 Jun. 1946 

16 Ï07. 1945 

18 Apr. 1946 
10 Jun. 1946 

Static Load 
W 9 

m m 
m m 
» n 

n b 

<• n 

Ruptura 

19 Fot. 1945 Foundation liodalua 

18 Apr. .946 " " 
12 Jun. 1946 " ■ 

E PBT 90 9 Not. 1945 Ropo 

E 
E 
D 

D 
D 

PBT 97 
PBT 105 
PBT 89 

12 Apr. 1946 
11 Jun. 1946 

8 Not. 1945 

PBT 96 8 Apr. 1946 
PBT IO6 11 Jun. 1946 

tir.£ Load 

IV 

SUMMA 

STATiOK OFFSET 
LOCATION (in Foot; 

eyfe5 18' I. of ¿ 
8/75 33' *• of ? 
9/00 30' N. of 7 
8r?o 10' N. of £ 
5/10 65' N. of £ 

5/17 48' N. of / 
3/15 40' K. of 7 
1/69 41' ». of i 

i/29 21» N. of / 
2/59 2' N. of 7 
1/64 43» K. cf J 

1^5 22' V. of ¿ 
2/05 3' !<• of I 

3/05 35' F. of ¿ 

35' ». of / 
35» »• of 7 
5' ». of £ 

8^5 5' K. of / 
BflO 15' I. of £ 

KEAKEST 
EXPLORATTOK 

Ml 

PAVTVFKT 

T688 pa 
T9l»l F* 
T94l pa 
T945 po 
?6C6 pa 

T940 pa 
T946 pa 
T687 pa 

T959 oa 
Ï947 pot 
T887 p* 

T939 po 

T947 pa 

T886 pa 

T940 po 
1946 po 
T866 po 

T94l po 
T945 pa 

3.6 Pit Coe 
3.6 " 
5.6 " 
3.6 " 
5.6 

3.6 " j 
3.6 - i 
7.2 Com. Co 

7.2 
7.2 

3.6 Bit Com 

3.6 - "j 
3.6 - 
3.6 " 

3.6 " 
3.6 " 

j 





ESTS 

rr FCL7JR 

O.05 inoh 
Doilect'cB 

e 
O.JO loch 

Defltotion 

e 
0*20 inch 

Deflcetion 

17,000 56,000 
12, W* 21,000 
13,000 2ü, j'X' 
16,000 3^,000 
21,000 % ,oco 

9,000 17,000 
16,000 31,000 
2U.0C0 10,000 

16,000 27,000 
23,000 U3,ooo 
7,000 12,000 

S.COO 11,000 

6,000 11,000 
Defl*etlon in inoh#$ < 
lat« 
I-oad 

.06.3 

• a 
U7,ooo 
l*6,ooo 
57.000 

- a 

32,000 
59,000 

- a 

1*7,000 
« a 

20,000 

21,000 

17,000 
20,000 Iba. 

5th 
Rapatltlon 

.06? 

WAX. RATIO OF AVG. THICKNESS 
NORMAL TC FROST OF PAVEMENT 
MEETING FEU CD PLCS BASE 
LC'AD FOR O.!* (Paet ) 
DEFIECTICN 

VAX CBTTb THICKNESS 
OF FROST OF INOZEN 
PENETRATION SUBGRADE 

(Faat) (Faat) 

1^ 

2.0 

1*6 

I.09 

5.9 

5.0 

2.5 

2.5 

1**2 

U.O 

1*.5 

1**5 

0.7 

1.0 

2.0 

2.0 

.135 

.060 

.073 

.III4 

.060 

.166 
.106 
.065 

.1}6 
•116 

♦ Daflactlor not ranched with arailafcle 
load. 

3-0 1*.C 1.0 

3«9 1*.2 0.3 

SUMMARY OF PLATE BEARING TESTS 

TABLE 5 

t 



FROST INVESTIGATION 
DOW FIELD, BANGOR.Ml 

SUMMARY OF THERMOCOUPLE DATA AT I 
TEST AREA "e" 

E-W RUNWAY,STA 2*90,50' NORTH OF C 

COOFU 
VO. 

DtPTH 
n 

FKB Bs- 

191*6 
JAI. 
1 

JAI. 
r ; JK- Ti- 

FIB. 
1 T- T 

— 

MAH. 
11 "Z 

1 

API. 
1 T- *rc- 

API. AP«. 

-
! 

0.15 

0J4O 

1.10 

1.80 

2.5O 

3.10 

3.30 

Ji.00 

1.70 

bMO 

6.00 

18.50 

19.50 

27.00 

31.00 

32.00 

35.S) 

37.00 

39.50 

U.50 

L3.50 

1*5.00 

22.50 

2L.0C 

27.00 

30.00 

32.00 

3U.OO 

*.50 

36.50 

58.50 

1*0.50 

1*2.X 

Í5.00 

53.00 

31.50 

38.50 

32.50 

31.. 25 

31.. 75 

36.50 

37.50 

39.50 

W.50 

21.50 

22.X 

27.x 

30.x 

31.50 

32.50 

52.50 

31*.50 

36.25 

38.X 

1*0.X 

19.50 

19.75 

23.X 

26.X 

29.X 

32.x 

32.50 

*.50 

36.X 

37.75 

39.X 

17.50 

18.X 

20.50 

23.50 

26.X 

30. X 

31. X 

31*.75 

35.X 

37.X 

38 .X 

21*.X 

25.X 

27.X 

29.x 

31. x 

31.50 

32. X 

31* .25 

35.50 

36 ó 0 

38.50 

26.X 

26.X 

28. X 

29. X 

30. X 

33.X 

33.X 

35.50 

37.X 

38.50 

39.50 

26. X 

27. X 

28. X 

29. X 

X.X 

32.50 

32.50 

31..00 

35.50 

36.50 

37.50 

a 

■a 0 

ïë 

i ® K O O 1* ft* 

Í 

17.x 

I6.X 

21*.X 

n.bo 

29.x 
32.50 

33.x 

3SX 

36.X 

X.X 

39.X 

32.x 

31.x 

31. x 

31.50 

31 .X 

31.50 

31.50 

32. x 

33. X 

31*.X 

35.x 

44.50 

ia.oo 

1*1 .X 

l*o.x 

37.x 

37.x 

X.x 

X.x 

39.X 

39.X 

39.X 

60.0 

36.0 

36.5 

14.5 

60.0 

39.0 

39.0 

3*.o 

374 

37.5 

37.5 

-2- 

60.0 

52.5 

65.5 

65.5 

65.5 

66.0 

65.0 

66.5 

66.0 

63.5 

62.5 

66.0 

U..5 

65.0 

65.0 

63.5 

66.0 

60.5 

60.5 

60.0 

60.0 

60.0 

61.0 

56.0 

50.0 

50.0 

69.0 

67.5 

67.0 

65.0 

66.5 

66.0 

624 

7.4 

«.5 

J0.5 

69.5 

50.0 

50.0 

62.0 

67.0 

66.0 

66.5 

63.« 

62.5 

65.5 

67.0 

69.0 

69.5 

67.5 

67.0 

I16.9 

66.0 

66.5 

63.0 

Wltab Boa Taaip (A) 2I4.OO 21.X V- .00 29.X 20.X 20.X al..00 26.X 18.X 25.X 32.x 66.00 63.0 t*8.0 1*2.0 5O.O 
' 

57.0 
— 

Tndlaatar fanp (B) 1.9.00 1.0,00 W.00 14.00 1.9.00 1*2.00 X.x 1*8 .X W.00 56.00 66.00 55.x a.o 60.0 X.O 72.0 (0.0 

---- - 

65.0 
A.M. 

Tl"»_ (c)l 10,09 
A.M. 

10.50 
A.M. 

10,1*0 
i.l. 

10.14 

Cto.r 

A.M. 
. 9*0 .. 
Claar 

A.M. 
JLO*^ 

F.M. 

>0
 ►
 

_
 

A.M. 
9*5 

A.M. 
9.15 

A.M. 
lO.OJ 

A.M. 
9»X 

A.M. 
16,12 

A.M. 
10*5 

A.M. 
9,20 

A.M. P.w. 

■•.tb.r (D) Claar Claar l1'.* tnawlng Cloudy Claud y Claar Claar Claar 01.« Claar Aala 

»■** C«nr (Ia*h»*) (t) 0.0 
-- 0.0 U.0 6.0 n.o 9.0 }•■> 0.0 0.0 0.0 0.0 0.0 

Wind 
(Baafart Saala) (V) *>• #« w «6. fr" f. » f5 » t> >« ft 5» A »» *2 m 14 VB f* • #3 sw 14 n #2 m #5 nr 

_i«i »* . -1.00 -8.X 16 2« *5 . 21* 28 1*6 26 1* L2 Li 

Ord »irfaaa Tanp (Bj _*•_ _L Ä.. u 3.00 l.X 25 20 « : ~ 33 45 33 X 

-3=--SC-»-“-*-^-( 

60 1 53 , Ml W " -.1—, „ r — , 

■OTES 

1. Thl» InatallatWr aada la BlkualDeua Conarata paaaaaait araa bat pi' 
artar tharaoampla mt laatallad. Hi* aaltali baa *aa plaaa« la a r 
tha th*rM*Mplaa laaartad la tb* baa* and aub(rad* at a l**aUoa a 
bltiadncut eorcrat«, 

2. Ob • r*bru»y 19Ü6 th» twitch bo> mt foimd to b« full tf la* 4ua t 
lag «io4ar tha oawar durlaf a thaw • nc raadl nga a, 

3. Ob 11 rabmarj- 1%6 raaflngf «ara aa4a «hila avltah ba» was aporaoti 
fall af laa. 

U* Or 15 fabmary 1%6 aa raadlnga aara aada aa awl tab baa and aurraun 
*U> e* af aatar. 

3« 20 fabru try 19L6 aaltoh bas aaa full af laa. Tha laaé vira a and 
dlraatly andar tha aaaar aaa fro «an aolid. lo ra ad lora ebtaload fi 
10 Marab 19t6. 

2Bagl«ga takaa with aaltoh baa cea half filiad altb laa« 

7. fr«i 11 Bar ob «a 20 Harai 19t6 no raadlaga takaa« Casar lift aff a 
■altlae *»• !••« Oi 20 Marab avltob baa e laa rad af laa but aaa 

8. On ?5 March 19t»6 avlteh bai papad out and oaplataly dried. Drlrl 



CORPS Of- ENGINEERS. U.S. ARMY 

FROST INVESTIGATION 
DOW FIELD.BANGOR,ME. 

'COUPLE DATA AT INSTALLATION T886p 
»ITUMINOUS CONCRETE PAVEMENT 

i or t 

T'Ul’Zr: N» r** •• »P r»nrfm« 
Í* "• «I**» M«m FlMM u • Mn*r it tti Fit má 
*" M « IMF 11 M ikUk U «rarUH Mtt 

*' “• t* to Ml if ln tu. t, MrttoF «tor 
• M rM« •{■ ■*«, ' " 

” ***• *,u »»to* to» «h «FFTtoiMtolr tkrwtowton 

»•• Ml W IK. Tto Uto wir»i «to IrnIMUt Hi 
••to toll«, to •wtol»!■ »Mtoato fito M Falrwry to 

”• toll mito MU In. 

c*"r ir* •" *“ •• «Ftolto 
i ni tot ta • ItofM «f I « tto to* tutotolr toll if wtotr. 

•to »to «HFlatolF Frito. Drlrlta Utotolto. 

1*1 *to«»H to torwtor tt 

(B) totolU» to trtofi 4 

•r Fltoto «tor rwtory awl tot to ton to totaUU« 4 

•' P*«* “ Ftototlnton nnllf Intoto la tatoi 

lU toUU » tonto pa»1 to» 

fl» ratolto». 

(C) tin it nuta« tt 

I») 

(I) to lUtlMtin ato* tottoto nn ato ln iiiai. 

(t) tot toi int» latonltp »to llmtln to alto M tto» to —tlK-, j 

IO toa« *| to nrnry ttoianMir toto—iil la »Ir anr *1irna i)li n tin a 

(I) totola« to nra.rr tt. ran ton pinto to «imM nr ton nv-1 , ,1, .« « 
••n totola«* nn attalato. 

FROST INVESTIGATION 
DOW F€LD,BANGOR.MAINE 

THERMOCOUPLE 
RECORD OF SUBSURFACE 

TEMPERATURES 
INSTALLATION T866p 

I 
TABLE 6 



WAR DEPARTMENT 

FROST INVESTIG/ 
DOW FIELD BANG 

SUMMARY OF THERMOMETER DATA 
TEST AREA E mr 

U) flat *f rMilac Mm 

(A) toMUe *f ■wrsurjr 

(C) Mmmi'ñf or »«-eurjr tu 

(») «Miter U Um PM4I 

(K) So tfUtlMtlos moU I 

(O kçprotimu «tad tat« 

• Ba raaltof» »MalMd. 



CORPS OF ENGINEERS. U S AÍ7MY 

ROST INVESTIGATION 
^ FIELD BANGOR, ME. 

ETER DATA AT INSTALLATION TW-2 

BITUMINOUS CONCRETE PAVEMENT 

■era 
(*) ffcM #r rMiK «■»•■■»tin withiB 1) - »«rM. 

(i) iMtiac if mtmrt «nnatar t>aM a aitaa W (na-.« •• twt'llMlw. 

;c) iMd!>c .f «warf ttwiMrtM' fpmé* u Ur to «r IwtalUMn. 

(•) Mtttor M tla latolaa an •bulad. 

(L) to dirtiatln uto totoaa an at la war. 

0) »rprulut. r.a tatoalto at tlraUa at tla radln«! an mUiTt. 

• to radia* naiad. 

FROST INVESTIGATION 

DOW FIELO - BANGOR, ME. 

RECORD OF SUBSURFACE 
TEMPERATURES 

INSTALLATION TW-2 

FROST EFFECTS LABORATORY, BOS TQM .MASS JUNE 194« 

TABLE 7 I 



WAR DEPARTMENT 

FROST INVESTIGATION 
DOW FIELD,BANGOR.ME 

SUMMARY OF THERMOCOUPLE DATA AT INST 
TEST AREA "A” 

E-W RUNWAY STA-5*57 JO'SOUTH Of i. 

V 

0.)0 

OM 

1.00 

U90 

IM 

14* 

•4* 

U* 

l».)o 

*.» 
440 

!a41c*Ur T«b| 

(1 

i») 

<»>. 

(Cl 

(*) 

) («I 

If), 

*7.00 

*S.oo 

«..SO 

A.K 

A.yi 

A.W 

4M» 

70.00 

A.« 

71.5* 

1.9.50 

*7.00 

71..00 

0.0 

I«, X I 

(■) 

-T .. —1 Í- !— 

j 

¡ 

* — . 
— 

t — -. .J 
. 

I ! 
r _.1 H i—1 
i—-j J ■ i- -H ♦-j 

U) iMOUoa mt mrtttrj tkarvaart.r riMM few 

(I) MMIafi *r aarcwry tRRnwttr M 

(C) T1m af PM4U« tMrwMMoU vlthta 1* all 

(0) •Mthar at tlaa ar raaMa« tharaaeaapla. 

(!) Ba Otatlartlaa aaia katvaaa aaaa aatf I «a « 

(O) Aarrailaata IHanaUf «Ml «Iraatlaa af ata 

(«) BaaOlaf af aaraary tUrmmUr «aafiMa« I 

(I) iaatftnc af aaraary taaiMaatar pU—4 aa | 

I 



CORPS OF ENGINEERS. U S. ARMY 

FROST INVESTIGATION 
DOW FIELD.BANGOR.ME. 

•RMOCOUPLE DATA AT INSTALLATION T697p 
CCMCNT CONCRETE PAVEMENT 

0'SOUTH OF 4. 

U) a»«4U|> «r wrsMry tMiMatsr pi MM Mar r*»«rp Mit eh si »1m *f •MaUUf tlHWMpU reMt^e. 

(B) RmA'bs» ef Mreury tMiWMttr pl»Mi •• patMtlSMtar «aMllp UmUI la aat«Mktl«e 

(C) Tía* ef raadtac tfcarwapU vltHla alante fwrlei. 

lb) VMtMr at «Im ef raeBlaf theraecatple. 

(I) fa flattaetlM aatfa fafaaea aaav aaé laa aavar. 

(r) If ^realaata laieaalty aaf «Iraattaa af afta4 a« Mm af raaálac MarMaaapla« 

(9) Hella« af Mreu 17 turmmUr auapaa4a4 la air Mar «Hvaaaaupla a« «Im raalla«s «are aMelaal. 

(I) faeiln« «f aarenrp «HnaMatar pUaa« aa «raaal aarfaaa aaar «Hraaeaapla a« Mm realiza aere aKaiaai. 

FROST INVESTIGATION 
DOW FIELO.BANGOR.MAINE 

THERMOCOUPLE 
RECORD OF SUBSURFACE 

TEMPERATURES 
INSTALLATION T697 p 

FPOST EFFECTS LABOBATQpy BOSTON .MASS JUNE 1846 

TABLE 8 

* 



WAR DEPARTMENT 

FROST INVESTIGATION 
DOW FIELD - BANGOR,ME 

SUMMARY OF THERMOMETER DATA AT 

IfT AREA A cemekJ 
STA. -5+47 34' S. OF t, E-W RUNWAY 





WAR DEPARTMENT 

FROST INVESTIGATION > 
DOW FIELD,BANGOR.ME. 

SUMMARY OF THERMOCOUPLE DATA AT IN 
TEST AREA"B" 

E-W RUNWAY. STA. I3*S0.2I5' SOUTH OF l 

(«) *r Mratirjr ttoranMtr plM«4 aw 

(I) Baadlaga af Mrturr tkwmMar plaaad aa p 

(C) Tlaa af raaatag tkaraaaaapla altUa I) alia 

<») Wattn at tlaa af raatiag tkaraaaaapla. 

(V) la Aiatlaatiaa aada tataaaa aaav aai laa aa 

(F) ippmtaata lataraltp aad airaatlaa af alaa 

(>) laadtag af aaraarp tkaraaaaUr aaapaa«al la 

(I) laadtag af aaravip tkaraaaatar plaaad aa gn 



FROST INVESTIGATION 
DOW FIELD,BANGOR.ME. 

^COUPLE DATA AI INSTALLATION 

3UTH or c 

T693p 
TURF ARCA 

■ent 

■«•41«!■ «f mmr, ttMWMt.r plu«4 ratart «^»ta •« tu« «r tat.uUf Um.«-«!, ratala«. 

«M41a|« «r taraurt tk«raaaM«r plua« •• ptaatUraUr ••«•llp l*««t«« la autoatalte« 

Tita «f raaoiat tt.rra.a««!■ «ItMa 15 «lat« pari«4. 

•aattar at tlat af raa4U| ttaraacwpla. 

la 4latlaatla« aa4a tatraaa aara ar4 Ua «arar, 

Mpraalata lataraltp aa4 «Iraatlaa af arla4 at tlaa af raatla, tkaraaaaafla. 

••4UI af aaraarp ttaraaaatar anapaatat la alr arar tMnraaapla at tira ratal*« .ara aktalata. 

••ai* ar aaravrp ttaaaaaatar plaata aa (raata aurfaaa aaar ttaraaaaapla at tlaa patata«« aara «Malataa 

FROST INVESTIGATION 

DOW FIELD,BANGOR .MAINE 

THERMOCOUPLE 
RECORD OF SUBSURFACE 

TEMPERATURES 
INSTALLATION T693p 

FROST EFFECTS LABORATORY, BOS TQM .MASS JUNE ,945 

I 
table 10 



r\i\ I inc.l'l 

FROST INVESTIGATE 
DOW FIELD,BANGOR,I 

SUMMARY OF THERMOCOUPLE DATA AT 
TEST AREA "B* 
E-W RUNWAY, STA. 14*50,300'SOUTH OF «. 

ï 

I 



FROST INVESTIGATION 
DOW FIELD.BANGOR.ME. 

COUPLE DATA AT INSTALLATION T694p 

ÏUTH or t TUW' aWA 

». 
É1* 

*.00 

1.9» 

¡.n 

yn 

i,.n 
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TESTS USED FOR 
RATIOS 
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PBT 91/PBT 96 

PBT «a^PBT 101 

PBT 93^PBT99 
P BT 94XP BT 00 
PBTIOîx'P BT 99 

P BT I04XP it 99 

NOTES 

RATIO OF LOAOS NORMAL TO FROST 
^lting period IS RATIO OF TOTAL 
LOAD ON 30“OIA. PLATE AT O.l" 
DEFLECTION. 

»V rR0ZEN SüBCRAOt OBTAINED 
f^^KSfCT'NO THICKNESS OF PAVEMENT 
ANO BASE FROM DEPTH OF FROST 
PENETRATION. 

FROST INVESTIGATION 
DQW FIELD, BANGOR, ML 

RATIO OF PLATE BEARING TESTS 

NORMAL TO FROST MELTING 

PERIOD, RELATED TO THICKNESS 

OF FROZEN SUBGRADE 
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SUBSURFACE TEMPERATURES 
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