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V 

FROST INVESTIGATION 

1946 - 1947 

REPORT ON DOW FIELD, BANGOR, MAINE 

I*. INTRODUCTION 

Auth°rlgation> The frost investigation program was con¬ 

tinued in 1946-19U7 by authorization contained in two letters from the 

Chiof of Engineers to the Division Engineer, New England Division, dated 

25 July 1946 and 12 August 1946, Subject, "Funds for Investigational 

Program for Fiscal Year 1947." The Frost Effects Laboratory, established 

at the New England Division by direction of the Chief of Engineers, as 

statod in Circular Letter No,. 3221, dated 11 August 19^, was continued 

in its function, 

1-02. Purpose. The purpose 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 fconduoted at Dow Field, Bangor, Maine during the fiscal years 

I943-I9I44, 191*4-1945, and 1945-1946. 

I-03. ¿cope. This report contains, in detail, a description of 

tests and methods, the data collected, and the results of the frost in¬ 

vestigation conducted at Dow Field, Bangor, Maine during tho period from 

1 July 1946 through 2 July 1947. The investigation at Dow Field included 

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

urfac3 tenporatureo, frost penetration, ica segregation, water content, 

and density, pinte bearing tests were conducted in three of the test areas. 

'imiliaMMWMw,. 
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The climatic and other general conditions related to the frost investi¬ 

gation at Dow Field are also included in this report. 

Definitions, The description of tests and analysis of results 

involve a specialized use of certain words and terms. Those words and 

terms are defined in the glossary at the end of this part, 

I-05. General Conditions, 

a’ Location, Terrain, and Drainage, Dow Field is located ap¬ 

proximately two miles west of the city of Bangor in Penobscot County, Maine. 

Plate 1 shows the geographical location of the airfield in the New England 

Division. The field is located in an area of rolling terrain with hills 

composed of a thin mantle of slightly gravelly silt (glacial till) over- 

lying bed rock. In the low areas between the hills a deposit 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 open ditches placed parallel to the outer edges of the landing 

strips. The ground water normally varies from approximately two feet to 

more than six feet below the surface. 

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

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

Portland cement concrete aprons, warm-up aprons, turnarounds and hard- 

stands, The turnarounds and warm-up aprons at the ends of the runways are 

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

and lanes adjacent to longitudinal expansion joints unifomly thickened 

to 10 inches. The portlar 1 cement concrete pavement was placed on approxi¬ 

mately 20 inches of well graded sand and gravel (GIY), The runways are 

• 2 • 



pavud with 3»5 inches of bituminous concrete for a width of lÿ) foet, 

placed on a well graded sand and gravel base (GW) of variable thickness 

(32 to 50 inches). The shoulders, 75 on each side of the runway, 

aro bituminous surface treated gravel, 

c. Previous Frost Investigations, An investigation consisting 

of field and laboratory tests during the freezing period, and traffic tests 

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

during the winter and spring of 19U;» This investigation is presented in 

report "Frost Investigations and Pavement Behavior Tests, Dow Field, 

Bi.ngor, lidaine January I9Í4.6," The investigation of 19UÎ1 was augmented 

by a more comprehensive investigation during the fiscal year 19Í|1+“19U5í 

which is reported in "Report on Dow Field, Bangor, Maine" Appendix 1 to 

"Comprehensive Report" Frost Investigation 19ljÍ4“19U5 dated June 19U5* 

This investigation consisted of installation and subsequent periodic ob¬ 

servations of ground v/ator wells and subsurface temperature recording 

devices. It also included moasurements of pavement heave, excavation of 

test pits to determine thv. variation in water content and density of the 

base and subgrade soils affected by frost aetion, and observations to 

determine the conditions affecting frost, Plate bearing tests wore con¬ 

ducted at poriodifc intervals of time, and traffic tests were conducted 

during the frost molting period. Further frost investigations wore con¬ 

ducted at Dow Field in the .fiscal year 19U5”19^ and aro presented in 

"Report on Dow Field, Bangor, Maine" Appendix 1 to "Comprehensivo Report" 

Frost Invostigation 19l+5“19U6 dated Juno I9I+6, This investigational 

program included all observations, tests and measurements made in previous 

years with the exception of traffic tests. 



The test areas utilized during the current investigation are cither 

the same asf or adjacent to the test areas used during the previous in« 

vestigations. They were selected for further study on the basis of (a) 

pavement, base, and subgrude conditions} (b) the proximity of existing 

installations, and (c) the desirability of correlating the results of 

previous tests with the 191+Ó-191+7 tests. The installations for measure« 

mont of ground water and subsurface temperatures placed in service during 

the previous investigations have been utilized in the present investigation, 

d. Weather Data, 

(1) Tempe rature Reco iris , Continuous air temperature 

records for the duration of the investigation woro obtained from the 

recording thermograph used during previous investigations, and located 

325 feet south of station II1/5O on the E«W runway until 22 November I9I4.Ó 

when it was removed to the Test Section (Seu Site Plan, Part 2, Plate 1). 

Daily maximum and minimum temperatures are plotted on Fig, 1, Pluto 2# 

(2) Freezing Index. The winter during the investigation 

was much milder than usual for Bangor, Juino. This is indicated by the 

I94Ó-I9U7 freezing index which was 965, or per cent below the 13-year 

normal of 1275. The freezing index curvo computed from the thermograph 

data for the poriod 1 November 19¿;6 to 1 May I9U7 is plotted on Pig. 1*, 

Pluto 2, together with the normal anl 19^4-5^19^6 curves. 

(3) Procipita'eion, During the throe months prior to 

ire„zing, September to November inclusive, the accumulated rainfall at 

Dow Field was 9,5 inches or 17 per cent below the 21-yoar normal rainfall 

of 11,2 inches for tho same period. Total precipitation during the period 

September I9I46 to April I9I4.7 inclusive was 23,9 inches, including the 

seuson»s total snowfall (unmelted) of 61.2 inches. Accumulated rainfall 



for September to Docembor and accumulated snowfall for Novombcr to April 

aro shown on Fig. 3» Plato 2. Daily precipitation records aro plotted on 

Fig. 2, Plato 2. 

1- 06. Prosontation of Data. Investigations were conducted at four 

tost areas. Test Area ’’D” and Test Area "E” bituminous concrete pavement. 

Tost Area MFn, portland cement concrete pavement, and a turfod area de¬ 

signated "Turfed Area". The description of the areas, explorations con¬ 

ducted, installations, observations, und measurements made, fiold and 

laboratory tests conducted, and summary of results for each test area are 

presented in the following paragraphs, 

II, Test Arca D. 

2- 01. Type of Pavement, Basa and Subgrado. Test Area D, 75 feot by 

100 feet, is located between- stations 0/OO and 9/0O on the East-West Runway, 

between the centerline and the north edge of the pavement. The test area 

is the same as Tost Area D used in the 1945-191+6 Frost Investigation and 

is v/ithin the limits of Tost Area C, 1944-45 Frost Investigation. The 

pavement consists of 4*8 inches of bituminous concrete placed on a well 

gradod sand and gravel base (C-V) with an average thickness of 44 inches, 

ranging from Jó to 52 inches. The subgrado consists of silty clay (CL), 

Plan and sections of the tost area are shown on Plate 3» Contours of 

pavement and base thickness aro shown on Plato 7» 

2-02. Explorations. Six tost pits T970pa, T985p» T990p» T993p&, 

T999pa, and T1005pa, woro ;xcuvutod to determinei (a) the depth of frost 

penetration and ice lens and crystal formations during the freezing period, 

and (b) soil conditions prior to freezing, during, and after the frost 

melting poriod. Five auger borings, T976a to T980u inclusive, were ex¬ 

cavated for general soil classification of the plate bearing tost area 
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located botwoon stations 8/15 and 8/1).0. Locations of the explorations 

aro shown on Plate 5« A chronological summary of tho explorations is 

presented in Tabic 1, and the data obtained from the explorations are 

summarized in Table 2, 

2-03« Installations. 

a. Ground eater Observation Wells» Adjacent to or within the 

area are nine existing base observation wells and nine existing subgrade 

observation wells which were maintained and road periodically during the 

current investigation. Designations and locations of the individual wells 

are shown on Plato 3. Observation wells in tho gravel base, TóySa, and 

T683u consisted of a two-inch galvanized iron pipe with the upper end 

fitted with a standard galvanized iun coupling and plug and the lower 

end open on tho top of the sub grade, Tho lower six inches of tho pipe 

was p^riorated with ten one-quarter inch holes. The hole in which the 

pipe was set was back-filled with screened gravel and sealed with cold 

patch und hot asphalt topping. Observation wells in the gravel base, 

T910a to T9l6a, inclusive, consisted of 3/l).-inch galvanized iron pipe 

capped with a standard galvanized iron coupling and plug. A small steel 

rod was welded across the outside of the coupling to prevent turning of 

the coupling when the plug is being removed. The 3/V-inch pipe con¬ 

tained a square wooden plug in the bottom. The lower portion of the 

pipe was perforated with l/8-inch holes at every 90 degrees of circum- 

ference. The perforations, spaced two inches apart vertically, extended 

up from the bottor of the pipe a distance of ore to three feet dependent 

on tho depth of the well. Two similar holes were drilled into tho pipe 

six inches from the top. Tho .Nells were installed so that the bottom 

six : nenes were firmly imbedded in tho subgrade. The hole in which tho 
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pine v/as set was backfilled with sund and gravel and sealed at the- top 

with cornent grout. Observation wells in the subgrade, T051a, T652a, 

1603a and TÓÓU consisted of a l-l/s inch standard galvanized pipe about 

six feet long with VVinoh perforations near the bottom placed inside of 

a casing of 2-l/2 inch pipe which extended to a depth of five feet. Tno 

space between the I-I/2 inch pipe and the inside of the 2-1/2 inch casing 

was filled with greaso. Observation wells in the subgrade, T90i+a to T9o8a, 

inclusive, consisted of 3A-inch galvanised iron pipe with a standard gal¬ 

vanized iron coupling and plug on the upper end and a standard pipe cap on 

the lower ond. A small steel rod was welded across the outside of the 

coupling to prevent turning of the coupling when the plug was being removed. 

Tne lower eight f.et of the pipe was perforated with l/8-inch holes spaced 

at 90 degrees around the pipe and four inches apart vertically. The hole 

in which the pipe was set was backfilled with coarse clean sand up to 

within 12 to 15 inches jf the top on the subgrade. The hole was thon back¬ 

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

grout. Observation well details are sh./.m on Plate ¡4., 

k* ^jtQnvo^otors wells. The urea contained one existing 

themamt oor v/oll installation, TIY3, which was maintained and read periodico.1- 

ly during tne current investigation. The installation is located as shown 

on Plate 3. The thermometer well installation consisted of uignt separate 

wells, installed .et predetermined depths which vary by approximately one 

foot intervals from 0.6 foot to eight foot. Each well consisted of one- 

inch diameter plastic pipe (Saran) plugged at ouch md with a rubber stop¬ 

per, The lov/or ond contained not loss than throe inches 01 anti-freezo 

in which was suspended a mercury thermometer. The thermometer was in¬ 

sulated from the tip of the bulb to tho immersion lino with paraffin and 



Plastic tubing to allem sufficient time for withdrawing the thormomotor 

without appreciable change in readings. Thb thermometers wore withdrawn 

as rapidly as possible for readings. The top of the well consisted of a 

standard galvanized iron pipe nipple, throe inches in diameter which was 

capped with a standard coupling and plug. The nipple was attached to 

the one-inch plastic tubing by moans of a rubber bushing which fitted 

tightly inside the pipe nipple. Typical thermometer well details are 

shown on Plate 5* 

2-OI4., Observations and Measurements. 

a* Ground w'..ter Tablo, ThQ depth to ground water was 

measured from the surface of the pavement periodically between 12 June I9I46 

and 21+ June I9I+7 in all observation wells. Seasonal variations in the 

ground water elevations as observed in the subgrade wells are plotted as 

profiles on the section (at station 8/5O) shown on Plate 3. Table 3 is 

a tabulation of all the ground water table measurements. 

b* Frost HûüVÜ» Pavement elevations, on a 10-foot grid sys¬ 

tem, were obtained in a survey on 22 October I9I+6 prior to the freezing 

period and in three surveys on 5 February, 19 march, and 1 April 191+7, 

during the freezing and frost molting periods. Plotted in the form of 

the frost heave contours shown on Plate 8 is the difference in elevation 

between normal pavement conditions and conditions on 5 February I9I+7, date 

of maximum observed heave. A plot of heave as related to thickness of 

frozen subgrado is shewn on Plate I9, 

C* Ir°st Penetration. The following four test pits, ex¬ 

cavated periodically during the freezing and frost molting periods were 

utilized to determine the observed rate and depth of frost penetration* 
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Tost Pit No, 

T985P ' 
T990p 
T993pa 
T999pa 

Date 

3 Feb. 19i;7 
26 Feb. 19Ú7 
10 liar, 19k7 
25 Mar. 19^7 

Period 

Freezing 
Freezing 
Frost Molting 
Frost Molting 

Tublo 2 contains a record of the frost penetration information obtained 

from those tost pits. A plot of frost penetration vorsus timo is shown 

on Figuro 5» Plate 2, and a plot of frost penetration versus thickness of 

pavomont and base is shown on Plato 18, 

d. Subsurface Tcmporaturos. A record of subsurface tempera¬ 

tures was obtained by periodic reading of the eight thermometers in the 

thormonoter well installation TiV-J. Plots of typical subsurface tem¬ 

peratures versus depth for this installation are presented on Plato 9» 

The subsurface temporaturu observations are summarized in Table 5* Plots 

of the 28 and 32 degree lines are compared with the measured depth of frost 

on Plato 20, 

o. Ice Lens Survey, Observations of ice lens and crystal for¬ 

mations wore conducted while excavating the four test pits tabulated in 

Paragraph 2-oUc, Table 2 contains a record of the ice lens and crystal 

information obtained from th. t’¿st pits, 

f. Crack Survey. A crack survey was made over the entire 

bituminous concrete pavement in Test Area D on 1 November 191+6 and a 

second survey on 22 April 191+7» A comparison of the number and length 

of the cracks for both surveys is shown by light and heavy linos on 

Plate 11, 

2-05, Field Tests, 

U» Tost Procedures, The tests were conducted as outlined 

in "Highway Materials" AASHO, Part II, I9I42 Edition except as noted below. 

(1) Determination cf Density of Soil in Place, The 

- 9 - 



density of the soil in placo was dotominod by uso of the sand volume 

method* 

(2) Plate Soaring Tbsts, Plato bearing tests v/ero per¬ 

formed on the bituminous concrete pavement using a 30“irich diameter bear¬ 

ing plato placed on a thin leveling course of Ottawa sand placed directly 

on the pavomont. Tho plato was loaded with a single application of 

20,000 pounds and the load maintained for fifteen minutes or until de¬ 

flection of tho pavement had practically coased, whichever occurred 

first. The maximum dofloction undor this load was recorded, 

b. Tosts. 

(1) Water Content. Continuous water content samples 

of base and subgrade materials v/cro obtained in four test pits, T9?0pa, 

T993pn, T999pa, and T1005pa excavated 30 October 19^4-6 (normal period), 

10 and 25 March 19Í+7 (frost melting period) and 17 Juno I9I4.7 (after 

frost melting period), respectively« Water conton-cs plotted against 

depth are shown on Figure 1, Plate l6. Water content samples wore ob¬ 

tained with each density sample, the degroo of saturation computed, and 

tho results presentod in Table 2, 

(2) Donsity. Tho density of tho baso and of the sub- 

grado was obtained in the three tost pits (T970pa, T999pa, and TIOOJpa) 

during the normal, frost melting and after frost melting periods, res¬ 

pectively, The densities were obtained to determine density changes 

due to frost action. Tho results of ‘these tests arc plotted in Figure 1 

on Plate l6 in relation to the soil profilo and are summarized in Table 2. 

Plots of water content versus density are shown in Figures 1 and 2, 

Plato 17. 
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(3) Plato Boarink Tests. Throo series of plato boaring 

tests were made on a 25 by 25-foot section of bituminous concrete pavo- 

mont. The first series, consisting of twolve tests, was conducted during 

the normal poriod on 2^ October 19i|^» The second serios, with a total of 

fifteen tests, was conducted in weekly groups of throo tests each during 

the frost molting period botwcon 2Í4. March and 22 April 19U7» A third 

scries, with a total of l6 tests, was conducted in weekly groups of throe 

tests each during the poriod after frost molting between 6 Juno and 2 

July 19U7» 

Subdivision of tho 25 by 25-foot test section into five-foot squares 

facilitated arrangement of the plate bearing tests so that tests con¬ 

ducted in any one period could be dispersed over the entire section. Lo¬ 

cations of tho individual tests within their respective squares are shown 

on Plato 3, Average deflection curvos of the plate bearing tests are 

plotted on Plato 15, Test data are summarized in Table 13, 

2-O6, Laboratory Tests, 

a. Soil Classification, No laboratory tests for classifi¬ 

cation of materials were conducted on samples of the base and subgrado 

mataríais, Sinco Tost Area D is located within the limits of Test Arca C 

of the 19U;-X9U5 Frost Investigation Program tho results of classifica¬ 

tion tests on representative samples mdo during the earlier investiga¬ 

tion are considered applicable to Test Area D, The gradation of base 

and subgrado materials are shown in Figure 3» Plato I7. The physical 

properties of the representative samples of tho base and subgrade 

materials are shown in tabular form in Figure I4, Plate- I7. 
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2-07* Summary of Resolt»» Results of tests and observations for Test Area 

P are summarized as follows: 

a» Soils, The frost: susceptibility of the subgrade soil and the 

presence of frost susceptible soil in scattered pockets in the gravel base 

was established during tho 194U-1945 investigation. Therefore, subgrade 

and base materials of Test Area P are considered to be frost susceptible. 

b. Ground Vater. Puring tho 1946-1947 investigation, the ground 

water table in Test Area P maintained a relatively constant level at or 

above the top of the subgrade (approximately throe feet from surface of 

pavement)* Considering tho average measurements of the five subgrade wells 

under the bituminous pavement at station 6/50 and the five base wells under 

tho bituminous pavement at station 9/^5 as a basis of comparison, the fol¬ 

lowing ground water table fluctuations are indicated: 

Vater Table 
Pcpth Below 

Pavement Surface 
(foe^_; 

Subgrade Veils Base Veils 

2.S 3*2 

4.4 3.5 

3.0 3.1 

4.4 4.6 

2.4 * 2.4 

3.3 3.0 

2.8 ' 3*1 

3.3 3.1 

2.4 2.6 

3.0 3.1 

2.8 3.2 

Date 

12 June 1946 

16 September 

13 Pecember 

22 January 1947 

26 March 

31 March 

9 April 

23 April 

5 May 

21 May 

17 «Tune 

Period 

Normal 

Normal 

Freezing 

Freezing 

Frost Molting 

Frost Molting 

After Frost Melting 

After Frost Melting 
i 

After Frost Melting 

After Frost Melting 

After Frost Melting 

— 12 

I 



{ N 

it will be noted from the above table that measurements from the base 

walls closely parallel those from the subgrado wells and'that the presence 

of a secondary water table is noa indicated. 

c. Pavement Heave. The maximum measured frost heave in Test 

Area D was 0.11 foot. No detrimental effects occurred as a result of this 

slight heave. 

d. Depth of Frost Penetration. Measurements of frost penetra¬ 

tion obtained in Test Area D with the freezing index at time of measurement 

are summarized in the following tablai 

Depth of Frost 
Penetration (foot) D: te 

3 February I9I4.7 

22 February 

10 March 

28 February 

Me tiled of 
Measurement 

Freezing 
Index 
(°F days) 

3*65 3 February 191+7 Test Pit 753 

3.60 22 February Test Pit 950 

Ii.,05 (max.) 

3.9 (max.) 

e. Ice Segregation. Ice lens and crystal formations observed 

in Test iiroa D aro sunmarized as follows: 

Formation, Size and Lucalo 

Tost Pit (8 days after max, 
F.I. of 965) 

■Thermometer 950 

Date Lens Crystal 

3 February 191+7 None minute, in base 

28 February None small, in base 

10 March 0-l/l6n thick, subgrade, thickest None 
at bottom 

f. Water Content and Donslty. Seasonal variations in the water 

content and density of gravel base and subgrade materials are shown by the 

following summary of tests made during excavation of four test pits in 

Test Area Di 



Date 
Water Content 

(per cent) 
Base Subgrade 

Density 
(lbs / cu. ft.) 

30 October 19^6 

10 March 19h7 

25 March 

17 June 

Base 

120 

Subirado 

6.9 31.5 120 100 

iw* 25.9 

8.0 24.O 132 101+ 

8.0 20.0* lió IO5* 

g. Cracks in Pavement. The number of cracks in the pavement 

increased approximately 11 per cent daring this investigation. 

h. Effect of Frost Action on Subgrade Strength. Plate bearing 

tests indicate that there is a definite loss of pavement strength during 

the frost meJtiig .eriod as ahawn on Plate I3 by the plot of deflections 

versus time. From this plot it is observed that the average deflections 

for each group of tests in the frost melting period (March, April) range 

from 1,0 to I.9 timos greater than during the normal period in October. 

The average deflections for tests during the period after frost melting 

(June, July) are only from 0,3 to 1,2 timos as great as the October de¬ 

flections, Those relationships are summarized as follows: 

Dato of Test 

29 October 191+6 (Normal Period) 

21+ March 191+7) 
1 April ) 
8 April ) Frost 

15 April ) Melting 
22 April ) Period 

Ratio of Average Deflections 
to Normal Period Avoruge Deflection 

1.0 

1.9 
1.2 
1.2 
1.0 
1.1+ 

6 Juno) 1.2 
13 June) After 1.0 
20 June) Frost 0.9* 
27 June) , Molting 0.8 

2 July) Period 1.0 

*Discc-anting 1,3 ft. of organic soil 
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III, Tost Area E, 

3-01* Typo of Pavemont, Base and Subgrudo* Test Areu E, 75 feet by 

110 feet, is located between Stations 2/5O bo 3/60 on the East-West runway 

between the centerline and the north edge of the pavement. The area is 

the same as Test Area E used in the 19U5-19i|6 Frost Investigation and 

within the limits of Test Area C, 191)4-19^5 Frost Investigation. The 

pavement consists of !u8 inches of bituminous concrete placed on a well 

graded sand and gravel base (GW) with an average thickness of 36 inches 

ranging from 30 to 43 inches. The subgrade consists of silty clay (CL). 

Plan and sections of the test area are shown on Plate 3» Contours of 

pavement and base thickness are shown on Plate 7, 

3-02. Explorations. Seven test pits, T968pa, T982p, T986p, T991p, 

T995pa-, T998pa, and TIOOlipa, wore excavated to determine, (a) the depth of 

frost penetration and ice lens and crystal formations during the freezing 

period, and (b) soil conditions prior to freezing, during and after the 

frost melting period. Five auger borings, T971a bo T975a inclusive, were 

excavated for general soil classification of the plate bearing test square 

located between stations 2/4(.5 &nd 2/70. Locations of the explorations 

are shown on Plate 3. A chronological summary of the explorations is 

preoented in Table 1, end the data obtained from the explorations are 

summarized in Table 2. 

3-O3. Installations. 
% 

a» Ground Water Observation Wells. Adjacent to or within 

the area are nine existing base observation wells and soven existing sub¬ 

grade observation wells vfoich were maintained and read periodically during 

the current investigation. Location of the individual wells are shown on 
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Plate 3, Observation well details are shown on Plate U, Detailed 

descriptions of chese types of installations are shown in paragraph 

2-03a. 

b. Thermocouple, The area contained one existing thermocouple 

installation, T886pa, which was maintained and read periodically during 

the current investigation. The installation consisted of 11 thermocouples 

imbedded at various distances beneath the surface of the pavement. Temp¬ 

erature observations were made by a potentiometer viiich indicated 

directly the temperature in degrees Fahrenheit at a selected thermocouple. 

Each thermocouple was prepared by stripping the lead sheathing and braid 

of the copper and conatantán wires so that approximately one inch length 

of the copper and constantan wire could be twisted together and fused 

using an acetylene torch and'silver solder flux, A five-inch length of 

daran tubing, sealed at one end, was filled with 120-130 penetration, 

asphalt and while liquid, forced over the thermocouple. The 11 ther¬ 

mocouples \vere placed and the leads brought into a sv/itch box which careLsted 

of a 12-inch diameter steel pipo,feet long which contained a 

terminal board and rotary selector switch. Considerable slack was 

allowed in the leads to prevent breakage of the loads during settlement 

and frost action. The slack was encased in very heavy grease as a 

further precaution agrAinst rupture,. A lead wire from the rotary switch 

to the potentiometer was kept in the switch box when not in uso and the 

terminal ooard was protected from temperature differentials during 

readings by a ply.vood insulating cover and several layers of one inch 

thick felt, Tho installation is located as shown on Plate 3, Typical 

thermocouple installation details are shown on Plate C, 



c, Thermomutor WoIls. The area contained one existing ther- 

momoter well installation, TW-2, which was maintained and road periodically 

during tho current investigation» Location of the installation is shown 

on Plate 3» Typical thermometer v/ell details are shown on Plato 5» A 

detailed description of this typo of installation is shown in paragraph 

2-03»b. . 

3-OI4; Observations and Measurements. 

A a. Ground Water. Tho depth to ground water was measured 

periodically between 12 Juno I9I+6 and 21+ June 19U7 i-n observation 

wells. Seasonal variations in the ground water elevations as observed 

in oho subgrade wolls arc plotted as profiles on the section (at station 

3/75) shown on Plato 3» Tablo I; contains a summary of all the ground 

water tablo measurements. 

b. Frost Hoavo. Pavement elevations, at intervals of 10 

foot, were obtained in a survey on 22 October 1946 prior to tho freezing 

period and in three surveys on 5 February, 19 March, and 1 April 1947» 

during the freezing and frost melting periods. Plotted in tho form of 

tho frost heave contours shown on Plato 8 is the difference in elevation 

botwoen normal pavement conditions and conditions on 5 February, date of 
i 

maximum observed heave, A plot of heave as rolatod to thicknors of 

frozen subgrade is shown on Plate 19, 

c. Frost Penetration, The following five test pits, ex¬ 

cavated during tho freezing and frost melting periods were utilized to 

determine the observed rate and depth of frost pénétration» 

Test Pit No, , ' Date Period 

T98?p 17 Jan. 1947 Freezing 



T986p 

T991p 

T995pa 

T998pa 

II4 Fob 191+7 

5 March 

12 March 

21 March 

Froozing 

Frost Molting 

Frost Melting 

Frost Melting 

Tablo 2 contains a record of tho frost penetration information obtained 

from those tost pits.. A plot of frost ponotration versus time is shown 

on Figuro plate 2, and a plot of frost penetration versus thickness 

of pavement and base is shown on Plato 18, 

d,‘ Subsurface Températures. A record of subsurface temp¬ 

eratures was obtained by periodic reading of tho thermocouple installa¬ 

tion T886pa.and tho eight thonnometors at thermometer well installation 

TU-2< Plots of typical subsurface temperatures versus depth are shown 

on Plates 9 and 10, for tho thermometer well and thermocouple installa- 

tionsj respectively*. The subsurface temperature observations are sum¬ 

marized in Tables 6 and 7 for tho thermocouple and thermometer well in¬ 

stallations .respectively. Plats of the 28 and 32 degree lines for these 

installations aru compared with tne measured depth of frost on Plato 20* 

0. Ice Lons Survey. Observations of ioo lens and crystal 

formations wore conducted while excavating tho five test pits tabulated 

in paragraph 3-Q¿+,c..' Table 2 contains a record of tho ice lens and 

crystal information obtained from the test pits. ' 

Survey,, A crack survey was made over the entire 

bituminous concrete pavement on 1 November I9I+6 and a second survey bn 

22 April 1947. A comparison of the number and longth of tho cracks for 

octh surveys is shown by light and heavy lines on Plate 11, ‘ 
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3-05« Field Tosts, 

a# Tost Prooodurss. Tost procedures are described in para¬ 

graph 2-05 a, 

b. Tests,. 

(1) Plato Bearing Tests. Throe sorios of plate bearing 

tosts were made on a 25 by 25 foot section of bituminous concrete pavo- 

mont. The first sorios, consisting of twelve tests, was conducted during 

the normal period on 28 and 29 October 191(.6. Tho second sorios, with a 

total of eightoon tosts, was conducted in weekly groups of throe tests 

each, during the frost molting period between 21 March and 25 April 19l(7« 

A third sorios, with a total of fiftoon tests, was conducted in weekly 

groups of throe tests each during the period after frost melting between 

6 June and 2 July 19ÍJ.7« Locations of the individual tosts v/ithin their 

respective squares are shown on Plato 3« Average deflection curves of 

plate bearing tests are plotted on Plato 13. Test data are summarized 

in Table 13. 

(2) hater Content. Continuous water content samples 

of base and subgrado materials wore obtained in four tost pits, T968pa, 

T995p&t T998pu, and TIOOl+pa excavated 9 October 191)-6 (normal period), 

12 and 21 March 191)-7 (frost molting period), and l6 Juno I9I1.7 (after 

frost molting period)., respectively. Tfator contents plotted against 

dopth are shown in Figure 2, Plate l6. Water content samples wore 

obtained with auch density sample, tho degree of saturation computed 

and the results presented in Table 2. 

(3) Density. To determino th^ changos in density of 

tho basu and subgrado due to frost action, density sanples wero obtained 
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from three test pits, T968pa, T998pa, and TIOOUpa, during the normal, 

frost molting, and nftur frost molting periods, respectively, Tho 

results of those tests are plotted on Figuro 2, Plato 16 in relation 

to the soil profilo and aro sunmarizod in Tabic 2, Plots of wator 

content versus density are shown in Figures 1 and 2, Plate 1?, 

3-06, Laboratory Tests, 

a¿ Soil Classification, No laboratory tests wero conducted 

on samples of tho base and subgrade materials. Since Tost Area E is 

located within tho limits of Test Arca C of tho 19U*-19U5 Frost Investi¬ 

gation program the results of classification tests on representativo 

samples made during tho earlier investigation are considered applicable 

to Tust Arca E, Tho gradation of base and subgrado materials is shown 

in Figure 3» Plato 17, Tho physical properties of the ropresontutive 

samples of tho base and subgrado materials are shown in tabular form in 

Figuro I|., Plato 17» 

3-07, Summary of Results, Results of tests and observations for 

Test Area E aro summarized as follows» 

a. Soils. The frost susceptibility of the subgrado soil 

and tho presence of frost susceptible soil in scattered pockets in the 

gravel base of Tost Area C was established during tho 19Í-1I4.-I9U5 in~ 

vestigation. Therefore, tho subgrado and baso materials of Tost Area E 

aro considorod to bo frost susceptible, 

b. Ground Viator During tho I9I4.6-I9Í47 investigation, 

the ground wator tablo in Test Area E maintained a relatively constant 

lovol at or above tho top of the subgrado (approximately 3»5 foot) except 

during January v/hon tho wator tablo dropped as low as 6,7 foot below 

tho surface. Considering the averago measurements of the three subgrado 

walls undur thu bituminous pavomont at station 3/75 and tho throo baso 

- 20 - 



■rolls under the bituminous pavement ut station 3/50 as a basis of com¬ 

parison, the following ground water tabic fluctuations are indicated» 

Water Tabic 
Depth Bolow 

Pavement Surface 
(feet) Date 

Subgrade Wells Baso Wells 

3.1 

h.l 
3.U 
6.7 
3.U 
b.o 
3.1 

2.5 

3.0 

3.0 

ïi 
3.6 
3.5 
Dry 
2.5 
2.9 
2.9 

2.5 

2.7 

3.0 

12 Juno 19U6 
16 September 
12 November 
18 November 
13 December 
20 January 19V7 
2b March 
26 Ma.rch 

9 April 

7 May 

12 May 

17 Juno 

Period 

Norma 1 
Normal 
Normal 
Normal 
Freezing 
Freezing 
Frost Molting 
Frost Molting 
After Frost 
Melting 
After Frost 
Melting 
Aftor Frost 
Melting 
After Frost 
Melting 

It will be noted from the above table that measurements frora the base 

wells closely parallel those from the subgrado wells and that the presence 

of a secondary’ or perched water tr.blo is indicated whenever the subgrado 

well measurements drop below the base well measurements, 

c. Pavement Heave, The maximum measured frost heave in 

Test Area E was 0.17 feet. No detrimental effects occurred as a result 

of this slight heave. 

d. Dearth of Frost Penetration. Measurements of frost pone- 

tration obtained in Test Area E with the freezing index at time of 

mousuronont arc summarized in the following table* 

Depth of Frost Dato Method of Freezing 
Penetration Measurement Index 

(füt) _ _ (°F Days) 

3.2 I? January 19U7 Test Pit 597 

3.7 II4. February Tost Pit 833 



í ' 

%9 (max) 5 March 

iu2 (max) 25 February 

3,8 (max) 13 February 

Teat Pit (3 days after max. F.I. of 965) 

Thermometer 932 

Thermocouple 826 

o» Ice Segregation. Ice lens and crystal formations 

observed in Test Àroa E are summarized as follows» 

Formation, Size and Locale 

Lens Crystal 

I? January 19if7 None In base 
11+ February 0-l/ön thick, subGrado(3.3» to 3.7') In baso 

(O.M to 3.3') 

5 March 
12 March 

21 March 

I/32" thick, l/î+n apart, subgrado Nono 
0-1/V' thick, 1” apart, thickest 
at bottom, last 3” subgrade In base (0.5* to 3,0») 

l/l6n-l/8" thick, lA-3/8" apart. > 
subgrado (3.2* to 3A») In base(2.5* to 2.9») 

F» Uator Content and Density, Seasonal variations in the 

water content and density of gravol base and subgrado materials are shown 

by the following summary of tests made during excavation of four test 

pits in Test Area Ei 

Date 

9 October I9Í4.6 
12 March 191:7 
21 I&rch 
l6 Juno 

Water Content 
(per cent) 

ënse 

6.9 
10.9 
10.8 
i3.e 

Subgrado 

23.3 
24.O 
23.8 
23.6 

Density 
(ibs/cu.ft.) 

Base Subgrade 

XUS 

A5 
129 

101 

102 
101 

£• Cr ..cko in P .vouent» The number )f cracks in the pavement 

increased approximately seven per cent during this investigation, 

k* Effect of Frost Action on Subgrudu Strength, Plate 

bearing teste indicate that there is a definite loss of pavement 

strength during the frost molting period as shown on Plate 13 by the plot 
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of pavQxii^nt dofloction versus tina. From this plot it is observed that 

the average deflections for each group of tests in the frost melting 

period (March, April) range fron 1,3 to 1,7 times greater than during 

the October normal period, lihilo tho avorr.go deflections for tests 

during the period after frost molting (Juno, July) are only from 0,8 to 

1,3 tunes as great as the October dofolection. These relationships are 

summarized as follows| 

Ratio of Average 
Deflections to Norm ü Period 

Date of T.st Average Doflootaon 

28 October 191+6 'iomal Period 1.0 

21 March 19U7 
28 March 
h April 

11 April 
18 April 
25 April 

6 Juno 
13 Juno 
20 Juno 
27 Juno 

2 July 

) Fräst Loiting 
j Period 

) 

) 
) 
) After Frost 
) Molting Period 
) 

1.7 
1.3 
1.6 
1.6 
1.3 
1.3 

1.3 
1.2 
0.8 
1.2 
1.0 

IV. Tost Arca F, 

1+-01. Type of Pnvouont, Base and Subgrado, Tost Area P is located 

on the portland cement concrete pnvoiaent turn-around constructed in a 

cut area at the west end of Taxiway A (Sta, 1/59 to Ota, 2/50). Tho 

.run is the same as Test .uro . F used in the 191+5-191+6 Frost Investigation 

and adjacent to Test ¿».roa ¿1 used durinb the 191+1+-191+3 Frost Investigation, 

Tho pavement consists of a uniform seven inch slab except that tho outside 

lanes and lanes adjacent to tho longitudinal expansion joints, are uni¬ 

formly thickened at tho edges to 10 inches. The pavement was placed on 

a well-graded s .nd and gravel basa (Gif) with, an aver .go thickness of 18 



. inches renging 12 to incUua. Iho subEr;ido of sllty 

Cl:'y (CL)' A *lm <** » "0« of the test cron aro shown on 

Pinto 3. Contours of p.,vouent mid bc.so thickness arc shorn, on Plato 7. 

4-02. Explorations. Nino t.ut pits, T9é9pa, 1981p, 1989p, I99l,pa, 

T!»7pa. TIOOlp, TlOOEpn. I1003pa. and IlOOépa, „oro orcavatod to 

dot-ruino, (a) tho depth of frost ponotrutlon end leo Ions and crystal 

formations during tho frooting period, am (b) soil conditions prior to 

frooting, during and after tho frost molting period. Location, of tho 

explorations are shown on Plato 3. a chronological sumnary of tho ex¬ 

plorations is presented in Table 1, and the data obtained fron tho ox- 

plorations aro sunr.&rizcd in Tabla 2. 

^■*03« Installât! ms » 

a. Gr .und ^t.:^ Qbsorvatlm ’Jolis. Within tho area are 

throe existing baso observation wells and four existing subgrado ob¬ 

servation wells Which were mlntalnod am read periodically during tho 

current investigation. Locations of tho individual „oils are shown on 

Plato 3. Observation well details are shown on Plato k. Detailed 

descriptions of tht-so tvpas of in^nTu-n 
ypos of installations aro presentad in paragraph 

2-03, a, 

». Thuvociu^ Adjacent to üio area, in Tost Area A, 

1944-1945 Frost investigation, on tho E-W Runway, is ono existing 

thornocouplo installation. T697p, which ,,s naintalnod and read poriod- 

-ealiy during tho current Investigation. Iho installation is located 

Plato 3. Typical thornocouplo installation details aro 

shown on Plato 6. This type of inetallation is described in paragraph 
3-03,b. 

s. Th^onetor WOls, Adjacent to t. . aro;i> ln Io<t Ar0Q 

a. m-1945 Pitst Invoetigati in, on tho B-W Run„y, ls ,„0 exist!,* 



( N 

thcrnomútcr well instalj^tloa, TO-1, which- «s .«cintaincd and read 

periodically during the current Investigation. Location of ti.o in¬ 

stallation is shown on Plate J, Typical thomoector well details arc 

shewn on Plate 5. A detailed description of this type of installation 

is prosontod in paragraph 2-03,b. 

Observations and Measurements - 

a. ground Hater, 'rhe depth to gnound water was „ensured 

periodically between 12 June 1*6 and Sh Juno 1*7 in all observation 

veils. Table h contains a sugary of all the ground water table 

nuns uror.ionts , 

“• :lu,-lY,;» Elevations at the southeast corners of 

the concrete slabs in the test area were obtained in a survey on 22 

October 1*6 prior to the freeing period, cod in throe surveys on 5 

February, 19 Larch, and 1 April 1*7, during the froosing and frost 

„elting periods. Plotted in the fom of heave contours on Plate 8 is 

the difference in elevation be tv,eon nomal pave;,«nt oondUions and con¬ 

ditions on 5 February, date of nusinun observed heave, ,. plot of heave 

as related to thickness of freon subgr-.de is shown on Plate 19. 
F-r,st Fenetratlon. The following five tost pits, or- 

durin,, ene fro.zing and frost nolting periods, wore utilized to 

deter-aino tho observod rate and depth of frost penetration. 

Tost Pit No. 

T98lp 
T989p 
T994pa 
T997pa 
TIOOlp 

Date 

1Ó January I9Í4.7 
25 Fobruury 
11 Ihrch 
20 ¡.larch 
il I lurch 

Pt-rlod 

Frcozing 
Freezing 
Frost ¡-le 1 ting 
Frost Melting 
Frost Lie 1 ting 

Table 2 contain, a record of tho frost penetration infomntlon obtained 

- 
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from these tost pits« it. plot of frost penetration versus timo is shown 

in Figuro 5» Plato 2, nnd a plot of frost pénétration versus thickness 

of pnvomont and baso in sh->wn on Plato 18. 

d. Subsurface Températures« Records of subsurface tompor- 

aturos v/cro obtained by poriodic reading of tho themocouplo installation 

To97p, raid tho thermomotor v/oll installation Tl.f-1. The subsurface tonpor- 

atur^ observations are summarizod in Table 8, and Tabic 9» far tho ther¬ 

mocouple aid thermomotor well installations, respectively. Plots of 

typic .1 subsurface tamper.tures versus depth for the thermometer v/ull 

-nd thermocouple readings are shown on Plato 9 and 10 respectively. 

Plots of tho 28 and p2 d^groa linos for th'-so installations are compared 

with the measured depth of frost on Pluto 20, 

e. Ice Lons Survey. Observations of ice l~ns and crystal 

formations wore conducted while excavating tho five test pits tabulated 
\ 

in Paragraph U-OUfC, Table 2 contains a record of the ice Ions and 

crystal infomati^n from the tost pits. 

f. Crack Survoy. A crack survey was made over tho entire 

cement c me rote pavement in Tost Area F on 1 November I9Í4.6 and again on 

22 .vpril 1947» A comparison :f the number and length of tho cracks for 

both surveys is shown by light and heavy lines on plate 12. 

4-05. Field Tests« 

a, T^st Procodur.-s. 

(1) PI to Bearing Tests (Rupture), Tho standard pro¬ 

cedure as described in the Engineering ITanual was used to determino the 

load required to fracture corners of the cement concrete pavement slabs, 

with the exception that a plate 2i; inches in diameter was used. The 
d» 
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plato was Suatod on a thin layer of sand at the corner of tho slab, Tho 

odgo of tho plato was throe inches fron tho slab edges,. Tin oxtonsonoters 

wore placed in n lino bisecting tho right angle fomod by tho pnvonent 

joints. The load was applied in increments of 20, 10, thon 5 thousand 

pounds up to u maximum of 60 thousand pounds,, If tho avallabio load was 

not sufficient to causo failure:, tho loading was released in one decrement 

and reloaded by increments to tho maximum total load,. This procedure was 

repeated until rupture occurred or for a total of five repetitions,. 

* (2) Plate Bearing Tests (Subgrade Modulus), Tests were 

per fomod on top of tho gravo 1 baso directly beneath tho rigid pavement 

using a jJO-i^ch diameter plato, Tho load was applied in Increments of 

5,000 pounds up to a maximum >f 20,000 pounds,. Tho load for each in¬ 

crement was maintained constant and deflection readings woro takon at 

time intorve Is of i, 1, 5, 5, 7» 9. 10, 12, 11+,. 15,,17, 19, 20, 22, 2l+, 

27, 29» and 50 minutes or until the doformation change in a fivo 

minuto period was loss than throo per cent of the total chango for tho 

loa.d increment, Tno l:ad was thon released in 5,000 pound decrements 

..nrl rebound readings wore takon at tho same time intervals used during 

loading as described above, 

(3) ..ator Content Deturmination, See description in 

Paragraph 2-05,a, (1). 

(--4-) Density of boil In Place Di terminât! n. See des¬ 

cription in Paragraph 2-05,n, (2), 

b. Tests, 

(^-) Plato jjoaring Tests (Rupture^, Six rupture tests 

wore made on top of tho pavement using a 2l+-inch diameter plate applied 

at -ho corner of pavouent joints. The locations of tho tests aro shown 
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on Plate 3, Table l4 presents a suiramry of the tests, and Plate iL. 

contains plots of tho tvjst results# 

pi-to Boarin¿ Tests (¿ub^rade .iodulus). Six sub- 

grade nodulus tests were porfornud directly on tho sand and gravel base 

after tho pavenont had boon removed. Locations of tho tests are shovm 

on Plate 3. Results of tests are plotted on Plate Ip and the tost 

rosults are suumrizod on Table l4, 

(3) ‘‘-ter Content. Continuous water content samples 

of tho base and subgrado mtorials were obtained at vortical intervals 

of 0.2 foot from the following six test pits» 

Test Pit No. 

T969pa 

T99¿4.pa 

T997pa 

T1002pa 

T1003pa 

TIOOopa 

Date 

28 October 1946 

11 ¿¡arch 1947 

20 iiarch 

l4 April 

10 June 

26 Juno 

Period 

Normal 

Frost Ilolting 

Frost ilolting 

After Frost ilolting 

After Frost Aelting 

After Frost melting 

Water contents plotted against depth are shown in Figure 3, Plate 16. 

Water content samples were obtained with each density sample, the 

degree of saturation computed and the r .suits presented in Table 2. 

(a) Density. To determine the changes in density of 

the base and subgrade due to frost action, density samples wore obtained 

from the four tost pits, T9é9pa, T1002pa, T1003pa, -and TlOOÓpa. Tho 

rosults of thuso tests aro plotted in relation to the soil profile on 

Figure 3, Plato 16, and are summarized in Table 2. Plats of water con¬ 

tent versus density are shown in Figures 1 and 2, Plat* I7,. 
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I4.-O6* Laboratory Tosts, 

û* lû^orn’'bory tests v/uro conducted 

on samples of base and subgrade materials. Since the Test Area F is 

located adjacent to Tost Area A of the I9I1I1-I9I+5 Frost Investigation 

Program, the results of classification tusts on representative samples 

made during this investigation are considered applicable to Test Area 

F, The gradation of base and subgrado materials is shown in Figure 

3» Plato 17, The physical properties of the representative samples of 

the base and subgrade materials are shown in tabular form in Figuro U, 

Plato 17, 

Summary of Results, Results of tests and observations for 

Tost Area F are sur.1r.1arized as follows« 

a* ^ > The frost susceptibility of the base and sub¬ 

grade materials of Tost Area A was established during the 1914+-19^5 in¬ 

vestigation, The subgrade and base materials of Test Area F are therefore 

considered to be frost susceptible, 

b. Ground Water. During the 19I4.6-I9I+7 investigation, the 

ground water table in Tost Area F remained in tho subgrado about one 

foot below tho gravel base during tho period prior to freezing, and 

dropped as low as five feet below tho base during the freezing period. 

During the frost melting and after fr^st molting periods, the water 

table remained at or slightly above the top of the subgrado (approximately 

2,1+ foot). Considering the average mea. uremonts of the four subgrade 

wells and tho three base wells in tho area as a basis of comparison, the 

following ground water table fluctuations are noted« 
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Water Table 
Depth Below 

Pavement Surface 
(foot) 

Subgrade Wells Base Wells 

2.3 

3.0 

1.6 

2.8 

1.5 

6.1+ 

6.7 

1.6 

2.0 

1.1 

.1.7 

1.1 

1.8 

1.1+ 
1.6 

0.8 

2.0 

0.6 

1.1+ 

0.6 

1.1 

0.6 

1.2 

0.8 

1.3 

Dato 

12 Juno I9I4.6 

17 July I9I+6 

12 November I9I+6 

3 December I9I+6 

13 December I9I+6 

20 January 191+7 

20 March 191+7 

7 April 19I+7 

28 April 19I+7 

5 May 191+7 

12 May I9I+7 

1+ June I9I+7 

21+ June 19I+7 

Period 

Normal 

Normal 

Normal 

Freezing 

Freezing 

Freezing 

Frost Melting 

Frost Molting 

After Frost Melting 

After Frost Melting 

After Frost Melting 

After Frost Melting 
(Normal) 

After Frost Melting 
(Normal) 

It will be noted from the above table that observations of the base walls 

indicate the presence of a secondary or perched water table in the gravel 

base throughout the course of investigation. 

c. Pavement Heave, The maximum frost heave measured in 

T^st Area F mas 0.26 foot. No detrimental effects wore caused by the 

heave. 

of Frost Penetration. Measurements of frost 

penetration obtained in Tost Area F »Ith the fretting index at tine of 

muasurornent are summarized in the following table* 
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Dopth of Frost 
Penetration (foot) 

3.5 
3.7 imx. 
3.6 imax, 
Í4..3 (max.) 

Dato 

l6 January 19^7 
25 February 
18 February 
13 January 

Method of 
Muas ur orient 

Teat Pit 
Tost Pit 
Thorraonetor 
The mo co up le 

Freezing 
Index 

( F days) 

593 
932 
833 
567 

e. Ice Segregation. The ico lens and crystals formations 

observed in Test Area F are summarized as follows: 

Date 

1Ó January 19Í4-7 

25 February 

11 March 

20 March 

Formation, Size and Locale 
Lons 

None 

Hairline, subgrade 
(2.2»-3.0») 

None 

None 

Crystal 

In subgrado (2.0' - 3.5') 

In base (0.6^2.21) 

Very fine in subgrade (2.1^-3.5’) 

Few, small in base (1.6^2.01) 

f. Water Content and Density. Seasonal variations in the 

water content and density of gravel base and subgrado materials are 

shown by thu following sunaary of tests which were made during excavation 

of six tost pits in Test Area F: 

Date 

28 October I9U6 
11 March I9U7 
20 March 
ll; April 
10 Juno 
26 Juno 

Water Content 
(per cent) 

Base 

9.6 
7.6 

12.6 
12.3 
Hi.8 
11a 

Subgrade 

20.6 
2I1.9 
20.6 
29.O 
18.0 
20.6 

Base 

II4I1 

lli5 
135 
130 

Density 
(Ibs/cu.ft.) 

Subgrade 

109 

102 
108 
IO7 

ë* Cracks in Pavement. The number of cracks in the 

pavement increased approximately five per cent during this investigation. 

h* Effect of Frost action on Subgrado Strength. Plate 

bearing tests on the portland cement concrete pavement indicate a loss 



of foundation strungth during tho frost nulting purixi. Bofore tho 

frcuzing period tho supporting capacity of a 2l*-inch dianotcr plato was 

2,1 timos grantor than that noasurod during the frost melting period# 

Plato bearing tests perfoaied directly on top of tho base also indicated 

a loss of strength# Prior to tho freezing period supporting capacity 

of a 30“inch diameter plate was 1,5 times greater than that measured 

during the frost molting period, 

V, Turfed Area, 

5“01» L-ocati m and Description, Tho Turfed Area is located ad¬ 

jacent to tho South Edge of the E-W Runway botv/een Sta, 13/50 and 11)/50, 

This Turfed Area was investigated during both tho 19it4-19l*5 and 1945- 

I9U6 investigations. The Turfed Aron consists of seeded top soil from 

0,2 to 0,5 foot in depth overlying approximately three feet of silty 

clay (CL), Below the silty clay stratum is a silty glacial till (GC). 

A plan 'f tho area is shown on Plato 3, 

5-02. Explorât! ons. Seven test pits T983p, T9ÖI4.P, T987p, T988p, 

T992pa, T996p, and TIOOOp were excavated in the Turfed Area during tho 

iroezing and frost melting periods to determinei (a) the depth of frost 

penetration, (b) ice lens and crystal formations, rjad (c) soil conditions. 

Locations of explorations are shown on Plate 3, A chronological summary 

of the explorations is contained in Table 1 and tho data obtained are 

presented in Table 2, 

5-O3. Installations. 

Sround »foter Observation bell. The area contains one 

subgrade observation well, T695b, which was utilized during the current 

investigations. Location of the well is shown on Plato 3. Observation 

- 32 - 



w-11 details e.rc shovin on Plato Í4. and detailed descriptions are shown 

in paragraph 2-03, a. 

b. Thermocouplo, The area contains two thormcouplo in¬ 

stallations t693p and TÓ9Í4.P, which wore maintained and road periodically 

during the investigation. The installations arc located as shown on 

Plato, Details are shown on Plate 6, and a detailed description is pre¬ 

sented in paragraph 3*03, b, 

c* Themometor ^ells. The area contains one thermometer 

well installation, Tj-!)., v/hich was utilized during the present in¬ 

vestigation. It is located as shown on Plato 3» Details are shown on 

Pl-.te 5» and detailed description is given in paragraph 2-03,b. 

5~Ol4.. Observations and A'leasurements. 

a* Ground Water. The depth to ground water was measured in 

the observation well periodically between 12 June 191+6 and 2i+ June I9I+7. 

Table 1). contains a record of the measurements. 

k* Froet Heave. No frost heave measurements were made in 

the Turf Area. However, indications were that heave of the surface did 

occur. 

c.* Frost Penetration. Table 2 contains a record of frost 

penetration data obtained from the test pits excavated in the Turf Area. 

A plot of frost penetration versus time is shown in Figure 5, Plate 2. 

.d# Subsurface Temperatures. A record of the subsurface 

temperatures at the thermocouple installations, T093p and T69I+P, and the 

thermometer well installation 11(1-1+, was obtained by periodic readings. 

Tables 10, 11 and 12 are summaries of the temperatures obtained from the 

thermocouple installations t693P and ?6&p, and the thermometer well in¬ 

stallation TW-1+, respectively. Plots of typical subsurface temperatures 

versus depth for the thermometer well and thermocouple readings are shown 



on Platos 9 10# rospoctivoly. Plots of the 28 and 32 degree lines 

for these installations aro compared viith the measured depth of frost 

on Plate 20. 

e. Icq Lens Survey. Ice lens and crystal formations were 

observed while excavating the test pits. Table 2 contains a record of 

these observations. 

5-05. Field Tests. 

a. Test Procedures. Test procedures aro described in para¬ 

graph 2-05« 

b. Hater Content. Continuous water content samples were 

taken in the tost pit T992pa excavated 6 March 19½. Summary of results 

are presented in Table 2. 

5-06. Laboratory Tests. 

a. Soil Cla ssification. No laboratory tests were conducted 

on samples of the subgrado mterials. The results of classification tests 

on representative samples made during 19ÍjÍ4"19U5 Frost Investigation Program 

are considered applicable. The gradation of the subgrade materials are 

shown in Figure 3» Plate 17« The physical properties of the representative 

samples of the subgrade materials are shown in tabular form in Figure I4., 

Plate 17. 

5-07. Summary of Results. 

a. Soils. The frost susceptibility of the soil in the Turf 

Area was ostablished faring the 19ÍíÍ4-19U5 investigation. 

b. Ground Water. Measurements from the observation well in¬ 

dicate the following fluctuations in tho ground water table levels 



Y N Ç 

Water Table 
Depth Below 
Ground Surface 

(feet)_ 

6.2 

U.5 

0.0 

1.6 

0.1 

U.6 

2.5 

0.5 

U.U 

o.o 

1.U 
0.2 

1.5 

0.0 

3.1+ 

Date 

17 July I9U6 

31 October 

12 November 

3 December 

13 December 

U January 19U7 

20 March 

2h liarch 

26 March 

7 April 

28 April 

5 May 

28 May 

Í4. June 

2ii June 

Period 

Normal 

Normal 

Normal 

Freezing 

Freezing 

Freezing 

Frost Melting 

Frost Melting 

Frost Melting 

Frost Melting 

After Frost Melting 

After Frost Molting 

After Frost Melting 

After Frost Melting 

After Frost Melting 

c# Depth of Frost Penetration. Measurements of frost penetra 

tlon obtained wit* the freoting index at time 0f measaromont aro sumaaritod 

in the following tables 

Dopth of Frost 
Penetration (feet) 
3 ta. Ij/po "TtTTII4/30 Date 

Freezing 
Index 

(|QF days) 

2.2 
2.2 
2,3(11^3^) 

2.U(max.) 
2.7(ro+x.) 

1.1 I? Jan. I9I+7 
- 30 Jan. 

1,7 20 Feb. 
_ 6 March 

1,8(max.)13 March 

3.0(max.)23 Jan. 
- lú Feb, 
- 17 Mar. 

Method of 
Measurement 

Test Pit 597 
Test Pit 72I 
Test Pit 869 
Test Pit (U days 

Test Pit day® after max.F.1, 
of 965) 

Thermocouple 693 
Thermometer 833 
Thermcouple (15 days after max, 

F.I. of 965 
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Ico Segregation. Tho ice Ions and crystal fomations 

observed are summarized as follows* 

Formation, Size and Locale 

Date 

30 Jon. I9J4.7 (Station I3/50) 

20 Feb. I9Í4.7 (Station II+/50) 

20 Feb. I9I+7 (Station 13/50) 

6 Mar. I9I4.7 (Station 13/50) 

13 Mar. 191+7 (Station I3/5O) 

Lens 

0-3/8” thick, largest at II4." 

None 

O-3/8" thick, to frost line 

Fine, close, at 0.5' l/8tt 
thick, 3/8-I/2" apart, at 
2.0-2.25' 1/2" thick, at 
2,3' (frostline) 

O-I/8" thick, at I.51.I.8' 

Crystal 

0.3' to 2.3' 

0.0» to 1.7' 

None 

None 

None 

e* Soil Conditions. No data are available for density studies. 

The average water content was 28.2 per cent on 6 March 191+7 during the 

frost melting period. 

VI. Conclusions 

6-01. Conclusions. Based on a study of the data, the following con¬ 

clusions are presented* 

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

b, /gather. The weather conditions were milder than normal. 

The freezing index was 21+ per cent below the normal, and the precipitation 

in the throe months, September to November I9I4.6, inclusive, was I7 per 

cent below normal. The cumulative snowfall during the winter was 6l inches, 

’> hich is greater than the snowfall in the previous winter. The paved tost 

areas were kept free from ice and snow consistent with normal rummy plowing 

schedules. 

C* und Ground Wator. The maximum pavement heave 

(0,26 foot) was measured in the portland cement concrete pavement of Tost 

Area F. The maximum heave measured in Test Area D was 0.11 foot and in 
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Test Area E it was 0.17 foot. Ground water measurements indicate gradual 

lowering in Test Area F from about 1.5 feet below the surface in the fall 

to 6.5 feet during the freezing period and a subsequent rise to 1.5 feet 

below the surface during the frost melting period. In Test Area E the 

ground water table dropped from about 5*0 feot below the surface in the 

fall to 7.0 feet during the freezing period. In the frost melting period 

the water rose to about 3«5 feot below the surface. In Test Area D the 

ground water table fluctuated in relatively small increments from 3»0 foot 

to Iu5 foot to 2.5 feet below the pavement surface* 

d* Frost Penetration. The depth of maximum frost penetration 

was approximately the same (3*7 to 1+.0 feot) in Test Areas D, E and F al¬ 

though there is a considerable variation in the thickness of pavement and 

gravel base of the areas. There was slightly greater penetration under the 

portland cement concrete. In the Turfed Test Area the depth of maximum 

fr'St penetration was approximately 60 per cent of that under the paved 

areas. Plate 18 presents a plot of the frost penetration versus thickness 

of pavement and base which summarizes the data for Test Areas D, E and F. 

A plot of the measured thickness of the frozen subgrade versus pavement 

heave is shown on Plate 19. 

e* Reduced Subgrade Strength. During the frost melting period 

the deflection of the pavements in the test areas, as measured by pavement 

bearing tests using a 30-inch diameter bearing plate, was 1,0 to 1*9 times 

greater than during the normal period. 



GLOSSARY 

Tho following vrords nnd 

specialized use in this 

Base 

Degree Day 

Density 

Depth of Freezing 
Temperature Pone- 
tration 

Freezing Index 

Freezing Period 

Front Action 

terms are defined with respect to their 

report* 

The term Mbnsew applies to the course of 
specially selected soils, mineral aggre¬ 
gates oi treated soils, placed and com¬ 
pacted on the natural or compacted sub- 
grade. 

A degree day for one day is the algebraic 
difference between 32°F and the daily 
mean temperature. The degree day is plus 
when the daily mean temperature is below 
32° F and minus when above, A cumulative 
degree-day-time curve is obtained by 
plotting cumulative degree days against 
time. 

Density is the unit dry weight in pounds per 
cubic foot. 

The depth of freezing temperature penetration 
is the maximum depth below the surface, 
of tho freezing temperature (32° F), 

The freezing index is a measure of the combined 
duration and magnitude of below freezing 
air temperatures occurring during any 
given winter. 

The freezing period is the time during which 
the frost is in the ground and there is 
no reduction in strength of foundation 
materials due to frost action. 

Frost action is the accumulation of water in 
the form of ice lenses in the soil under 
natural freezing conditions. 
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Prost Heave 

Frost Mel ting Period 

Frost Susceptible 
Soil 

Frost Penetration 

Frozen Soil 

Frozen Zone 

Ground V/ator Table 

T c.nogonoouG ly Frozen 
Soil 

Frost heave is the raising of the pavement 
surface due to the accumulation of ice 
lenses. The amount of heave in most 
soils is approximately equal to the 
cumulative thickness of tho ice lonses. 

The frost melting period is the timo of the 
year during which the frost in the founda¬ 
tion materials is returning to a liquid 
state. 

Frost susceptible soil is a soil in which 
frost action is possible. Any soil which 
contains three per cent or more, by 
weight, of grains smaller than 0.02 mm. 
diamotor, shall bo considered susceptible 
to fVost action. 

The maximum depth from tiio surface to tho 
bottom of tho frozen soil. 

Frozen soil as referred to in this report is 
as follows : 

(a) Homogeneously Frozen Soil - A homo¬ 
geneously frozen soil is a soil in -which all 
the water in the soil is frozen within tho 
natural voids existing in tho soil, without 
observable'accumulation of ice lonses or frost 
forms exceeding in volume such natural void 
spaces. 

(b) Stratified Frozen Soil - A stratified 
frozen soil is a soil in which a part of tho 
water in the soil is frozen in tho form of ob¬ 
servable ice lenses, occupying spuoo in excess 
of tho original soil voids. 

Tho limits of depth within which tho soil is 
frozen is reforrod to as tho frozen zone. 

Tho ground wator table is the freo water surface 
nearest the ground surfaco. 

See "Frozen Soil", 



loe Crystals 

loe Lenses 

Non-frost Susceptible 
Materials 

Normal Freezing Index 

Normal Period 

Pavement 

Stratified Frozen Soil 

Subgrade 

Test ¿iTea 

Tost Element 

Tbe ^motion of ice particles found in the 
pores of homogeneous frozen soil is re- 
erred to as ioe crystals. 

ice are the ioe formations in strati- 

lavfrfr0rn SOil occurrinë in repeated 
layers, in general, parallel to each 
Other and normal to the direction of heat 

. * -are crusuea 
oct, sand and gravel, gravel, slag, oin- 

in l'- r 0th6r oohesior.less material 
in rfiich frost action is not possible. 

normal air tar-eratures bo..H P i Der-ioH r,a ^ - erar uros, based upon a long 
period of record, usually ten ye^rs or moie. 

and fall, „he„ there is no reducS’in1 

«0f m ateria Is due to irost action. 

r is aeiined as a covering oi 
IrZlT/ 0r 1,1011 “iaeinred product supfr- 
imposed upon a subgrade or base to seï-vé 
as on abrasive and weather resisting 
structural medium. 

See "Frozen Soil". 

tte term »subgrade« applies to the natural soil 

or Pl“e “pon'■'hi<!h a Pavement is placed, 

upon wMch “ b°-10 

The test area is the portion of the 
selected for observations and 
tions. 

airfield 
investiga- 

«.banta t *leh is a model of a rL^ 
where the materials of construction were 

temned Í Q predetemined condition with 
serSaH 6 ?fa8Urin6 equipment and ob¬ 

en wells placed during construction. 



Test Embankment The test embankment consists of fourteen test 
elements. The elements placed in two 
rows of seven each were constructed for 
the purpose of observing the rate and 
depth of frost penetration, the effect 
of type of pavamont on rate and depth 
of frost penetration and the effect of 
density, water content, degree of satura¬ 
tion, and water table on frost action. 

Water 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. 



FROST INVESTIGATION 

DOW FIELD, BANGOR, laiNE 

19^6-1947 

CHRONOLOGICi.L SUiÆ'ARY 

OF 

EXPLORATIONS üND OBSERVATIONS 

OPERt'tTION 

1-8 October I9L6 Existing installations checked and prepared for 

future observations. 

9-22 October 

25-31 October 

1-15 November 

22 November 

I8-3I January 19^7 

One test pit excavated to determine subsurface 

conditions prior to freezing. Initial level surveys 

made for he we measurements. 

Tv/enty seven plate bearing tests performed. Two 

test pits excavated to determine subsurface condi¬ 

tions prior to freezing. 
« 

Ton auger holes excavated to determine soil profiles. 

Initial crack surveys made. 

Thermograph moved from Turf Area to Test Section, 

iive test pits excavated to determine depth of frost 

penetration. 

1-28 February 

I-I3 IJarch 

I3-I7 March 

Six test pits excavated to determine depth of frost 

penetration. Heave surveys made. 

Five test pits excavated to determine depth of frost 

penetration, water contents and ice formations. 

Heavo surveys made. One test pit excavated to deter¬ 

mine depth of frost penetration and observe ice forma¬ 
tions. 

Sheet 1 of 2 
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D* ..TE OPERATION 

20-25 îfcrch 

26-3I March 

I-I5 April 

I5-3O April 

I-I5 June 

I5-3O June 

1-2 July 

Throe test pits excavated to determine depth of 

frost penetration, water contents, densities and ice 

formations. Six plate bearing tests performed. 

Two test pits excavated to determine depth of frost 

penetration and to observe ice formations. Three 

plate bearing tests performed. 

Heave surveys made. One test pit excavated to 

determine water contents and densities. Nineteen 

plate bearing tests performed. 

Crack surveys made. Nine plate bearing tests per¬ 

formed. 

Sixteen plate bearing tests performed. One test pit 

excavated to determine water contents and densities. 

Three test pits excavated to determine water contents 

and densities. Fourteen plate bearing tests per¬ 

formed. 

Six plate bearing tests performed. 

Sheet 2 of 2 
TABLE 1 



WAR DEPARTMENT 





WAR DEPARTMENT 

explor¬ 

ation 

NO 

W’.p 

DATE 

16 Jan. 1%7 

T9«p 

T965p 

T96i*p 

T985p 

T966p 

17 Jan. 191*7 

17 Jan. 191*7 

TEST 

AREA 
LOCA¬ 

TION 

r 1/66 
|58'» 

* )/00 
18'» 

FROST IKIVt 
SUMMARY OF SC 

DOW FIELD, 
TYPE 
OF 

MATERIAL 

Canant Conerata 
Base 
Subprad* 

Turf li*/66 Subprada 
¡»0>$ 

)0 Jan. 191*7 

) fab. 191*7 

11» fab. 191*7 

r^p 

TVWp 

T969p 

?0 fab. 191*7 

Turf 13^0 Topaoll 
’îl)'» Subrrada 

Turf ll4(*0 Subprada 
Z98'S 

T990p 

20 fab. 191*7 

25 fab. 191*7 

Turf U*/» Topaoll 
220'S Subprada 

1/72 Caaant Cane rata 
1*2'I Baaa 

Subprada 

26 fab. 191*7 

T991p 5 Iter, 191.7 

T992pa 6 Iter. 191*7 

T99)pa 

9/08 
27'» 

I 

Bltuainaua Cane rata 
Baaa 
Subprada 

2/)5 Bltuainaua Concrata 
)0'I Baaa 

Subprada 

Turf 11*^0 Tepaall 
215'8 Subprada 

10 «ar. 191,7 D 9i*5 
21'» 

T99Lpa 

T995pa 

11 Mar. 191.7 

12 I 191.7 

1/71 
22*1 

Bltuainaua Cone rata 
Baaa 

Su bg rada 

Caaant Canorata 
Baaa 

2p60 
26'I 

S'jbgrmd# 

Bltumlnoua Concret* 
Bate 

depth 

(FT) 

FROST 

PENETRA¬ 

TION 

Subprada 

0.0^).6 
0.6-2.0 
2.0-).6 

Bltuainaua Cano rata 
Baaa 

0.0-0 J* 
0J.-3.2 

0.0-1.5 

0.0-0.} 
0.)-2.5 

9/00 Bltuainaua Canorata 
27'» Baaa 

Subprada 

0.0-0 J, 
0J*-)J* 
5J*-).8 

)/00 Bltualnoua Cane rata 
27'l Baaa 

Subprada 

0.0-0 J* 

0.1*-).} 
3.}-l* .2 

0.0-1.7 

0.0-0.2 
0.2-2.6 

0.0-0j> 
0.6-2.2 
2.2-1,.1 

0.0-0 J, 
OJ.-3.6 
).6^,.0 

0.0-0 J* 
0.1,-).2 
).2-6.2 

0.0-0 J* 
00.-6.7 

0.0-0.5 
0.5-3.5 

).5-8.0 

0.0-0.55 
0.55-20* 

20,-11.0 

0.0-0.5 
0.5-3.0 

(FT.) 

).0-1).0 

).5 

).2 

1.1 

2.2 

3.65 

).7 

1.7 

2.2 

).7 

3.6 

3.9 

2.3 

00,-1.1 
1.1-2.) 
2. )-3.3 
3. M* .7 

0.5-1.5 
1.7-1.9 
2.1-3.) 

3.5-6.5 
5.0-8.0 

0.7-2.0 
2.0^0* 

2.6-).8 
6.0-5.0 
5.2-6.0 
6.5-n.o 

0.7-1.7 
1.9-2.9 

3.1-6.1 
6.3-5.) 
5.5- 6.5 
6.5- 13.0 

6.05 

5.55 

).75 

DEPTH 

TO 

WATER 

TABLE 

-ÍLLL 

SOIL 
CLASS 

an 
CL 

CL 

an 
CL 

an 
CL 

CL 

CL 

GW 
CL 

jn 
CL 

an 
CL 

CL 

CL 

GW 

Q005 002 mm 

GRai 
% Fin»f than n 

0.05 0.0 



1 ' 



1 ^ 

WAR DEPARTMENT 

explor¬ 
ation 

NO 
DATE 

U rnr. J9L7 

1997p« 20 Ihr. 1^.7 

TEST 

AREA TION 

LOCA TYPE 
OF 

MATERIAL 

DEPTH 

(FT.) 

T996p« 21 «»r. 19Ü7 

-1 

Turf 14/70 
1 500* S 

f lUl.-o 
¡ 71'S 

FROST 
PENETRA¬ 

TION 
(FT.) 

Topaoll 
Subgrtd« 

C«n«nt Corc-^t* 

Subgrmd« 

B1tualnoua Concreta 
j 35*> Bm* 

Subgpada 

0.0-0.? 
0.2-2.0 

0.0-0.6 
C. -?,0 

2.0-9.0 

O.O-OJ4 
0Ji-3.? 

3.2-10.5 

»Wl» I 25 Ihr. 1947 D 6/25 

47'» But* 
»ItualsMa Coner*t* 

Sub.rm.« 

0.O-OJ4 
0.4-5.7 

3.7-12.3 

TIOOOp 

TIOOlp 

Tlt02p. 

27 1947 

31 Ihr. 1947 

14 4pr. 1947 

Turf 14^)0 Topaoll 
215'S Sutprapa 

2^1 Camort Cote rata 
42*8 

2^3 
49'» 

tha* 
Subgrad« 

C«»«rt Coner«t# 
Baa« 

. 

Subgrad« 

T1003pa 10 Jua« IVU? 

0.0-0.2 
0J2-2.5 

O.O-0.6 
0.6-1.6 
1.6-3.0 

0.0-0.7 
0.7-2.2 

2.2-11,.5 

12« 8 
C«««nt Con r«ta 
Baa« 

Subgrad« 

0.0-0.7 
0.7-2 J* 

TJi-14.0 

i.e 

1.2 to 3J» 

DEPTH 
TO 

WATER 
TABLE 

-in.) 

SOIL 

CLASS 

1.1 

o.e-i.s 

2.0-3.0 
3.2-4.2 
4.4-5.4 
5.6-9.0 

0J.-0.9 
1.1-1.7 
1.7-2.3 
2.5-3.2 

3.4- 3.7 
4.4- 4.7 
5.5- 5.7 
6.0-7.0 
8.0-1C.5 

2.05 to 54, 

04,-0.9 
14,-1.9 
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CORPS OF ENGINEERS. U. S ARMY 

ÏFROST investigation 
* FIELD, BANGOR MAI NE. 
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96.0 

97.0 

96.5 

99.0 

1*0.5 

U.5 

90.0 

92.0 

92.5 

3U.0 

96,0 

37.0 

96.0 

99.0 

Uo.o 

U.5 

U.5 

PA 

31^ 

>3.« 

5U.Î 

35A 

57.9 

57.3 

».« 

»A 

WA 

U.5 

'1^ 

92.5 

33.5 

35.0 

36.0 

37.0 

36.0 

99.0 

1*0.0 

1*0.5 

31* 

92* 

9U.0 

95.9 

96.5 

37* 

96.5 

99.5 

Uo¿ 

U.0 

1*2.0 

92* 

92* 

99* 

3U.5 

96* 

37* 

37* 

96.5 

99 J* 

99.7 

Uo* 

18.5 

29* 

91.9 

91.5 

30.5 

91.9 

92.5 

35* 

96.5 

96* 

Uo.o 

p.> 

3IA 

PA 

33.5 

».9 

34.9 

P.5 

37.5 

P.0 

PA 

W.o 

90.5 

51* 

92.0 

52.5 

5U.5 

95* 

15.5 

97.0 

96.0 

99* 

Uo.o 

29 J* 

29* 

92* 

33.5 

35* 

96.3 

96.6 

37.7 

96.5 

994* 

99.9 

29.0 

27* 

90.5 

92.0 

9U* 

95.0 

35.5 

96* 

37* 

97.5 

96* 

29* 

26.5 

95.9 

3U* 

59* 

99* 

96* 

37* 

37.5 

97.5 

96.0 

»A 

UA 

31A 

33 A 

3b.3 

».5 

P.9 

>7.9 

>7.> 

P.9 

P.9 

F.B. 

3*30 
f .«. 
1.55 5*55 

►.w. 
9tl0 2.25 2.10 

r.i. 
2.20 

4.1. 
9«55 

""" F.B. 
1.55 2*20 

4.1. 
10.50 

F.lo 
9*10 

4.1. 
9*5 

4.1. 
11*10 

4.1. 
11*90 

4.1. 
10*15 

4.1. 
10*00 

4.V. 
9*Uc 

4.1. 
10*05 

4.«. 
10*15 

4.1. 
10. jo 

1.1. 
10*50 

U6.0 I5rf 22.0 32.0 PA 27.0 91.0 35.0 10.0 16.0 25.0 29.0 17* 90.0 35* 2* 35.0 26* 35* 26.0 29.0 23.0 

10.0 15.0 26.0 92.0 U..B 22.0 91.0 95.C 9.0 16.0 «5.C 39.0 12.0 29.0 UU.0 6.C 92* 23.0 V* «9* 90.0 25.0 

Ufi.o <M 92.0 93^> PA 90.0 90.0 37.0 25.0 22.0 25.0 9t.C 22.0 91.0 99* 13* 33* 2U.0 90.0 26.0 29* 25.0 

».0 ».0 ».0 PA P.0 5U.0 l*.o ua.o 1*3.0 56.0 50.0 69.0 5^.0 50* u.o «5.0 55.C 57.0 90.0 60.0 50* 

ci**r Mir Claar lain Cloudy Claar Claar Ovaraaat Claar Claady Claar Claudy Claar Claar Claar Claar M| Claar Claar >- Claar Claar 

0.0 0.T 1.0 1.0 0.0 0.0 0.0 U.0 9.0 9.0 16.0 16.0 16.0 16.0 U.5 3* 3* 2* 9.0 0* O.C 0.0 

11 u n i m 1 1 t • i • 2 m 2 m 2 m 1 n 1 ■ ta 2 m 2 « 2 m 2 V* Boaa U " 1 81 3 n 3 P» U M 

inn. 
_7_ 

trm 
_Jfi_ 

AFIIL 
_J!_ 

atu it 
22 

Ami:. 
»5- 

Amit 
29 

■AT 
t 

MT 
6 

MT 
9 fi’ 

MT 
16 

MT 
20 

MT 
23 

MT 
27 

jvn 
h 

JOVI 
10 

JOIE 
17 

nmi 
2U 

36.0 

3U.0 

33.5 

35.5 

97.0 

96.0 

36.0 

36.0 

36.5 

96.0 

36.5 

55.5 

55.5 

53.« 

A.5 

55.5 

55.5 

34.0 

34.0 

5T.0 

57.0 

50.5 

96.0 

9U.0 

9i*.0 

9U.0 

35.0 

95.5 

95.5 

36.0 

36.5 

97.0 

37.0 

95.5 

97.0 

97.5 

96.0 

96.5 

96.5 

96.5 

96.5 

96.0 

96.5 

56.0 

5».e 

36.0 

>7.5 

P.5 

».0 

P.5 

P.5 

P.9 

57.5 

57.9 

P.9 

U..5 

U..5 

WA 

U..0 

1*3.0 

U.5 

W.o 

U.5 

UA 

U.0 

U.« 

96.0 

97.5 

96.0 

90.0 

97.5 

37.0 

37.0 

97.5 

97.5 

37.5 

97.0 

96^ 

96.5 

99.5 

99.0 

96.5 

96.5 

96.5 

38,0 

96.0 

38.0 

36.0 

50.5 

U9.0 

U7.0 

UU.5 

1*2.0 

U.o 

U.0 

Uo.o 

39.0 

36.5 

36.5 

U.5 

1*2.5 

UU.O 

UL.o 

1*2.5 

1*2. 0 

U.5 

1*0.5 

UO.O 

99.5 

39.0 

5U.5 

5M> 

50.0 

U7.0 

U5.5 

UU.9 

U5.0 

U.5 

U0.5 

99.5 

96.0 

50.0 

50.0 

51.5 

52.5 

51.0 

50.0 

J#.o 

U7.0 

U5.0 

UU.o 

1*2.5 

U9.5 

50.5 

50.0 

U7.5 

U5.5 

UU.5 

LU.5 

L9.5 

U2.5 

1*2.0 

U.5 

55.0 

52.5 

53* 

52.5 

51.5 

50.0 

50.0 

U7.5 

1*6.2 

UU.5 

13.0 

60* 

56.5 

56.5 

56.5 

55* 

52.5 

52.0 

50* 

U9* 

1*6.5 

U5* 

52.0 

52* 

5U.5 

56.0 

55.5 

5U.5 

5U.0 

52* 

51.0 

U9.5 

1*6.0 

51* 

52.5 

53.0 

53.5 

53* 

51.5 

51* 

50.5 

U9.5 

1*9.0 

U7.5 

60* 

60* 

99.5 

5-/.5 

55.5 

55.5 

52.5 

50.5 

U9.5 

U8.5 

U7.5 

6U* 

69.5 

69* 

63.0 

61.0 

56.5 

57.5 

5U.5 

53* 

51* 

U9.0 

A.«. 
9.50 

A.Í. 
6*5 

A.V. 
11*25 

A.H. 
9.35 

«ai. 
9.30 

A.H. 
9.00 

A.H. 
9.30 

A.H. 
9.20 

A.V. 
9.25 

A.V. 
lOi.'O 

A.I. 
9.15 

4.1. 
9*0 

4.1. 
10,05 

A.a. 
10*00 

4.1. 
10*30 

A.V. 
10.0Ç 

4.1. 
9*10 

41. 
6*15 

A.«. 
9»50 

50.0 53.5 Uo.e 51.0 U1.0 W.o 32.0 36.0 51.0 Ul. 67.0 U9.0 U8.0 65.C 66.0 60.0 59* 60.0 71* 

U5.0 kl.« Ul.o 51.0 U..9 1*7.0 Sb.« 35.0 59^ UA 66.0 52.0 U6.0 65.0 69.0 56.0 55* 40.« 72* 
■j 

I 

U9.0 U0.P 1*0.« 1*6.0 1.3.« 1*0.0 3U.0 37.0 U9.0 UU.O 52.0 U9.0 1*7.0 56.0 57* 51.5 50.5 ^ 60.« 71.0 

U5.0 • 50.0 50.0 50.0 • 50.0 50.0 51.0 50.0 «5.0 50.0 50.0 60.0 65.0 >7.« 50* 60.0 70.0 

Ctear Claar ClaaOjr Mir Claar Claudy Claar Claudy Claudy Claudy Claady Claar Raie Claudy Claudy Claar Mir ei«*? Claar 

0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0* 0.0 

.. LLi_ ?” IT». 2 m 2 t 1 IV 1 • 5 • i a 2 Sh 1 st > a 2 * 3 1 2 1 1 m 2 IV 

Tl"« cf rmi\ni fl— within 15 wAmif pnrlod. 

''••«Inc •t mr-wy tham—f r pUr.i «■ mirfto* #f grauixl mt InatallatiM. 

^Ing Of Mraupy tiwnioMrt** mfmÊÊê la air la vlalaitjr of laatallatlan. 

»■•adlni of Mr«iry hharaaai»♦ r plao«4 eaar raiary avltah at tlaa af aMalalng thamoaaupla -aaOlr-fa. 

»••Alcg O* «aroirp «haraaaatar plaaa4 m pat art laaatar uaually laaatatf la autaa«6!la. 

■^thar at tlaa r.aélngt «ara a Ma Ina«. 

*» dtat. Mt tan »da bato.ar aaoa an« laa aaaar. 

Appraitaata lataaaltp and «traattaa af «lad at tlaa raadlnc« wara ahtalaa«. &_ 
NEV 

D 

REI 

IN 

VCNGLi 

FROÎ 

DW Fll 

THI 
CORD 

TE 
STAL 

s< 
INO DIV 

>T INV 

■ LO, Bl 

•RMO 
OF 

MPEf 
.LAT 

3ILS L 

SION , 8 

ESTIG 

UNGOR 

COUf 
SUB 

UTU 
ION 

«BORA 

OSTON, 

ATION 

, MAINE 

»LE 
SURFACE 
RES 
T 694 p 

TORY 

MASS. AUGUST IS47 

TABLE II 



WAR DEPARTMENT 

LCCâTTCT Of IWtAlUtICK'. 

E-* Vurwiy, Turf kf 

13 / 60, ?15* S 9t ¿ 

nein« 

• A) Tim* of roo^Cng t-iormor*t*ra vlthln 1' *lruto i 

(E'1 of t h> nor»t f>r pUe»«l or aorfoc 

(C' •f «rtury trenmoior auapmn-lrd In •!'j 

(O) at tlaa r»0(*1nr» »"ff Obtk'.i rd. 

(*•) !• 81*tln«tl»» oodo anew and lea coi 

(P) AfF-1'«/Itrni» ♦ V a n<l diront or at tl* 



CORPS OP ENGINEERS. U S ARMY 

frost INVESTIGATION 
)W FlELD.BANGOR.MAI NE. 

meter data AT INSTALLATION TW-4 
nt rcti 

y-.c 

«.o 

i*C.C 

1*3.5 

ISO 

Lb.* 

I^.C I 

DKEOTCT T>yCI»CT 

—i-.-12— 

33.0 

5U.0 35.0 

39.0 ! 30.5 

U2.C 1*0.« 

1*3.5 

1«%C 

1*5.0 

Lß.o 

T.B. 

3*1*1 

2.0 

2 I" 

r.». 

2.50 

38.0 

38.0 

mir 

U3.0 

lil*.0 

1*^.0 

1*0.0 

r.f. 

¿'LO 

1*3.0 

1*0.0 

Clarr 

0.0 

2 S 

38.0 

31*.c 

3».0 

1*1.0 

1*2.5 

1*3.5 

1*5.0 

1*7.0 

r.i. 

2.(5 

23.0 

Cterr 

0.0 

3 «W 

± 

85.0 

86.0 

37.0 

1*0.0 

1*2.0 

1*1«.C 

i*l*.e 

1*6.0 

ML 
2.ÇO 

51.0 

31.0 

Claar 

0.0 

8 ID 

0BTMIFS» 

-2L 

30.0 

58^ 

36.0 

1*0.0 

1*1.C 

1*2.0 

U*.0 

1*6.C 

A.M. 

1C.05 

35.0 

35.0 

lt.0 

8 Ml 

DCCMim 

_22_ 

86.0 

28.0 

36.5 

39.0 

1*0.5 

1*1.5 

1*3.0 

1*5.5 

P.M. 
1.50 

11.0 

10.0 

Cl»».* 

3.0 

2 Ml 

29.0 

38.0 

35.0 

36.5 

1*0.0 

1*1.0 

1*2.5 

1*5.0 

P.i. 
2.00 

11.0 

Cl»u«y 

12.0 

1 IE 

"W- 
JAII'AIY 

—k_ 

86.0 

31.0 

35.0 

36.0 

1*0.0 

1*0.5 

1*2.0 

1*5.0 

A.M. 

10.30 

20.0 

28.0 

Cl»»r 

8.0 

1 W 

JAM AR Y 

_2_ 

86.0 

89.0 

V*.C 

36.5 

39.C 

1*0.0 

1*1.0 

1*1*.0 

P.v. 

3.C0 

8^.C 

31.0 

CloiiAy 

1.0 

8 m 

JAIOARY 

—13- 

83.0 

86.0 

38.5 

36.5 

36.5 

1*0.0 

U.o 

1*3.0 

A.M. 

10.05 

IL.C 

18.0 

Cl»»r 

1.0 

8 Ml 

JANUAPY 

—23— 

80.0 

2l*.C 

31.0 

35.0 

56.C 

36.0 

39.0 

P.M. 

1.30 

6.0 

18.0 

Clear 

0.5 

8 Ml 

JAKUARY 

—JO. 

rtBRUAKY 

à- 

26.0 

29.C 

31.0 

31..5 

36.0 

36.0 

39.C 

P.M. 

1.1*5 

30.0 

87.0 

'Yr».*«».! 

8.0 

1 E 

26.0 

87.0 

31.0 

3L.0 

36.0 

37.0 

36.0 

A.*.\ 

9.LC 

36.0 

37.0 

Cl«»r 

1.0 

1 SÎ 

PEP WAR Y 

—2- 

87.0 

86.0 

31.0 

3l*.0 

36.0 

37.0 

37.0 

A.M. 

10.00 

26.C 

85.0 

3 Ml 

PIBMUAIY 

16_ 

P«BRUARY 

IS- 
86.C 

26.0 

31.0 

31*.C 

36.0 

37.0 

36.0 

A.M. 
lliOC 

85.0 

86.0 

88.0 

85.0 

30.5 

31*.0 

36.C 

37.0 

36.0 

i .M. 

1G|1*5 

83.0 

25.0 

0.0 

1* Ml 

30.0 

30.0 

31.0 

31* .0 

35.0 

36.0 

36 .C 

A.M. 
11*20 

31.0 

37.0 

PBRWAIY 
—211- 

89.0 

29.0 

31.5 

31..0 

35.5 

37.0 

36.0 

A.M. 

ioti.5 

PIBRt-AIT 
Ä- 

85.0 

87.0 

31.0 

31*.0 

35.0 

36.0 

37.0 

A.B. 

10iL5 

23.0 

20.0 

0.5 

1 « 

nEai 
»5.C 

n.o 

30.5 

33.5 

35.5 

36.0 

37.0 

A V. 

10*55 

27.0 

ClMr 

0.5 

8 » 

i 

89.0 

89.0 

31.0 

33.5 

55.0 

36.0 

37.0 

A.M. 
10,00 

31*.C 

— 

MAY 

13 

BAY 

16 

MAY 

20 
MAY 

83 

MAT 

87 

JUME 

I* 

jvn 
10 

jtre 

17 

JUKI 

21* 

uSC 

1*5.0 

U*.C 

1*1.0 

1*1.0 

Lc.o 

1*0.0 

1*0.0 

1*3.0 

u*.o 

1*5.0 

l*3.c 

1*2.0 

1*1.0 

1*1.0 

1*0.0 

1*7.0 

1*6.0 

1*6.0 

U.P 

1*3.0 

1*2.0 

1*1.5 

1*1.0 

1*9.0 

50.0 

1*7.5 

1*5.0 

U*.o 

1*3.0 

1*2.0 

1*1.0 

A.M. i A.M. A.M. 

, 6» 30 , 9.30 9«30 

0.0 

1 B 

1*9.0 

32.0 

CJUT 

JJL. 

lrf>.0 

m 

A.M. 

9 «1.5 

65.0 

<á*.C 

cut* 

0.0 

56.0 

51* .0 

51.0 

1*6.0 

1*5.0 

1*1*.0 

1*3.0 

1*2.9 

A.M. 

10*20 

66.0 

».0 

Ç1*ÉÏ 

1*9.0 

50.0 

51.5 

1*6.0 

1*6.0 

1*6.5 

1*6.0 

li*.0 

A.M. 

97.0 

ÇJggr 

0.0 

U9.0 

50.0 

50.5 

1*9.0 

L8.A 

1*7.0 

1*6.0 

1*5.0 

A.M. 

9(00 

53.0 

_Si±o_ 

fair 

o.c 

3 1 2 B » 

51..0 

56.0 

55.0 

51.0 

50.0 

1*7.0 

1*6.0 

1*5.0 

A M. 

e«30 

¢0.0 

61.5 

9±m*i 

o.c 

61.0 

61.0 

56.0 

53.0 

51.5 

50.C 

1J9.0 

1*7.5 

A.V. 

9d*5 

71.0 

78.0 

Cl—r 

°1C_ 

2 8R 

4— 

-t- -h 
— 

Tis« »f PM^ ng v»r»or>»t*ra »(thin 15 alr.*it» parted. 

»«••dir*- #f mrtury th»re«wlet placed er »urf—» »f grewrd et Im«»HatIm. 

•••adlng of aerci^y t>»rM»e«a( •wap—ided tr elr tr elflrtty ef lM«allatlen. 

"»•tiwr at Ute reedln«;* eer» »Matred. 

*» i; •tlncUer Mda beteeer *"d !«♦ eevtp* 

Aj : c 11 -et# vi nd tnten*1* V a n<i dtreetier »t tSm reedtur:# Mr» el.alred. 

— 
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FROST INVESTIGATION 
DOW FIELD, BANGOR, MAINE 

THERMOMETER 
RECORD OF SUBSURFACE 

TEMPERATURES 
INSTALLATION TW-4 

SOILS LABORATORY 

NEW ENGLAND DIVISION, BOSTON,MASS. AUGUST 1*47 

TABLE 12 





:aring tests 

TEST AREA E 

DATE 

26 Oct 19U> 

29 Oct 19t«6 

21 »r 191*7 

28 lür 19U7 

11 Apr 19ti7 

• ■ 

18 Apr 19Ü7 
t 
• 

25 Apr 19U7 

6 Junt I9I47 
t 
• 

13 June 19l*7 

20 June 191*7 
■ 

« 

27 Jun» 191*7 
■ 

2 July 191*7 

LOAD 
(pourdi) 

16,000 
20,000 

21 00 

It Ajr Ml*7 20 

20 000 

20, 

000 

000 

20, 

20, 

20. 

20, 

20, 

20. 

000 

20,000 

DEFLECT 10» 
(Inch**) 

0.0675 
0.0660 
0.0655 
0.0915 
0.131*5 
0.0730 
0.0665 
0.0775 
0.0780 
0.071*0 
0.0950 
0.1315 

0.11*1,5 
0.11*65 
0.1520 

0.1350 
0.1J10 
0.0910 

0.1595 
0.1715 
0.1060 

0.1065 

0.1775 
O.1550 

0.1305 
0.1560 
0.0620 

0.0070 
0.1275 
0.1200 

0.0920 
0.0975 
0.1525 

0.1110 
0.1150 
0.0795 

0.0915 
0,0770 

0.0565 

0.1165 

0.0995 
0.1050 

0.0915 
0.0655 
0.0615» 

AVO. DEFLECTION 
(Inch««) 

0.0686 

0.11*85 

O.II9O 

0.1390 

0.1597 

0.1126 

0.1115 

0.111,0 

0.1913 

O.O75O 

0.1065 

0.0662 

NOTES I 

• Qu»ctIon»ble roodlnc. 

All tooti conducted with » 30* dlauutcr teat plat». 

All t»at( In Moh t»nt »r»» were »ad» within 25' 
iquar» ■•otlon». 

For location of Individual t»oto, a»» not» 3. 

Ihtorlali underlying t»at plat» ar» a» follow»! 
Atm D 0.1*' Bltuainou» Conerwt» panant 

1*.0' Sand and g rani ba»» 

- Silty clay »ubgrad» 
Arca I 0J*' Bitual neu« Conor»t» panant 

3.2' Sand and (rani ban 
- Silty dl ay »ub(rad» 

Th»»o daptha r»pr»»»nt th» anrag» log» of 5 
augar hol»» axoavatad within »»ah 25' »quar». 

FROST INVESTIGATION 

DOW FIELD, BANGOR, MAINE 

SUMMARY 
OF 

PLATE BEARING TESTS 
TEST AREAS D AND E 

SOILS LABORATORY 
NEW ENGLAND DIVISION, BOSTON,MASS.AUG.I947 

TABLE 13 





PLATE BEARING TESTS 
1946-1947 

.yins test puts 
ln l'Mt) 

isr ÎUPGRADE 

DIA'iETPR 
OP TEST 

FUTE 

(Inch«») 

TOTAL WAD IK POUKDS 

« 
O.O5 Inch 
Deflect len 

« 
O.IO Inch 
Deflaotlon 

0.30 Inch 
Deflection 

MAX. RATIO OF 
NORMAL TO FROST 
MELTTNÎ PERIOD 
LOAD FOR 0.10" 

DEFLECTION 

AVO. THICKNESS 
OF PAVEMENT 

PLUS BASE 

(feet) 

MAX. DEPTH 
OF FROST 

PENETRATION 

(feet) 

THICKNESS 
OF rROZEN 
S'18 SHADE 

(feet) 

> 3» 

S » 
1 » 
1 * 
! « 

CL 
CL 
CL 
CL 
Cl 
Cl 

CL 
CL 
CL 
CL 
CL 
CL 

21* 

21* 

21* 
21* 

21* 

21* 

?0 
50 
30 
50 
30 
50 

li>,hOO 

17.HOC 
17,500 
32,000 
11», 000 
31.000 

7.000 
5.500 
1.,000 
1*,000 
5.000 
6.500 

26,000 
P5.000» 
52,000 
53.000» 
28,500 
1*7.500 

11,500» 
9.500 
7.500* 
8,000 
9.500 

10.500 

1*5,000 
37.000 
53.000 

(0) 
1*9,000 

(D) 

19.500 
16.500 
1L.000 
11*. 500 
16,500 
18,000 

2.1 2.2 3.7 1.5 

1.5 2.2 3.7 1.5 

NOTES! 

(D) Deflection not reached with anxleua 
eealleble load. 

• Value» u»ed to doterain* eaxlaua ratio». 
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SITE PLW 
#®H5HSSa5!5!3* 

SCALt IN Ff ET 

_30t__ 
•Qo*_t »so:_ 

Bituminous concnf 
Bit sorfocê tfiotmént¿ Sftdod 

TOPSOIL^ 

i f" 
Q J Drain v^; J. Drain 

Silt/CLAY tSubgrad»)(CL! 
«JWí P'í» 

í E/wduñwcr S 
Stn P P'PP Jm 

®r»0Pí 

0 rwfc 

South North 
100 M 4 50 100 

4___.I__4iz=p3^: 
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150 

TYPICAL CROSS SECTION 

. HO« r. 100' 
SCALE- y^nr. (•••io 

160 
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legend 

pbt (pup tupo 

rzsrpir 
OBSERVATION WELL in SUBGPAOC 
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THEPHOCOUPL E INS TAL L A T/ON 

thermometer well 

PBT (SUBGRADE MODULUS) 

Qi2¡iSÜJ!tSllSm£¡2ílJ£& 
Qptt 

¡12 Junt 1946 
114 April 

— 13 OtC0mbpr/946 
— 20 jonuor/ 1947 

5 Mo/ 1947 
17 Juno 1947 

FROST INVESTIGATION 
00W FIELD, BANGOR,MAINE. 
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SWITCH BOX DETAIL; 
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INSTALLATION OF THCRMOCOUPLE CQUIPMENT 
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See Sec* 3-S 
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NOTES 

CONTOUR INTERVAL * 04' 
CONTOURS IN FEET 

FROST INVESTIGATION 
DOW FIELD BANGOR,ME 
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FROST INVESTIGATION 
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TYPICAL SUBSURFACE 

TEMPERATURES 
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TEST AREA F 
*_ « '0 10 FT. 

SCALE ÏK FEET 
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•SURVIT TAKEN I.NOV (946 

■ Survey taken ee apr 194' 
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PBT-108 PBT-152 

0.04 

STM LO*0'NC 

TH LOAOiNd 

0 06 

ooe 

010 

012 

Ctmcnt 
Concret* 

—0.7 ft 

Sond 

ond 

Gravtl 

(Bos.) 

— 2 4 tt 
Silty Clay 

(Subgrad! ) 

LOG T 1003 pa 

0 14 

TOTAL LOAD IN THOUSANDS OF POUNDS 

trt 
UJ 
X 
o 

o 
UJ 

UJ 
o 

005 

0.10 

0 15 

0 20- 

0.2 5 

0.30 

0.35 

>6 pa 

0 
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— 07 
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( Base 
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)S OF POUNDS 
40 50 

ClACK CD ON 

•0 000 POUNDS 

/• MINUTOS 

nil,. 

Silty Cloy 

( Subgrad* ) 

DS OF POUNDS 

40 90 

CSACHCO 
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TEST NO LOCATION STATION OFFSET DATE 

106 TAXIWAY A 2 ♦ II 29 'N t. 23 OCT/46 

152 TAX (WAY A 2 til 21' S C 9 APR/47 
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171 TAXI WAY A 2 ♦ II 9 S 1 4 JUNE /47 

172 TAXI WAY A 2 ♦ II 39 S t 5 JUNE/4 7 

193 TAXI WAY A 2 *09 59 5 C. 24 JUNE 

0 45 
LOG T IOOE pa 

PBT-153 

oo 

w 010 

I 
o 

015 

0.20 
o 
UJ 

a 025 

0.30 

0.35 

NOTE 

T«*ts performed by applying 

load*,in mcramenti, up to 60 000 

pound* to a 24’dioni*t*r plat* on 

th* pov*m*nt surfoc* ,r*l*o*ing 

th* load and th*n rtopplying 

6 TH LOADING 

Silty Cloy 

(Subgrad* ) 

(JOG T 1006 po 

PBT-193 

FROST INVESTIGATION 
DOW FIELD .BANGOR,MAINE 

PLATE BEARING TESTS 

RUPTURE 

TEST AREA F 
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WATER TABLE 
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AREA 
TYPE CLASSIFICATION 

ATTERBERG UMTíS SPEC < »RAVTTY 

Lömo 
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OH» Croo»! (cw) 

4U0. 
Man Manie 

267 274 
ffAMif 260-2.71 

0,1. r 
& Subgrad» Silly Cloy (CU 

eue. 33 to 13 2.74 
RANGE 29-36 19-tt 11-17 271-276 

Turf Subgrod* Silly tloyoy Soo» ou» 
Croool ICCl 

Sô . 4 -mr 275” 
*AH6£ 19-21 15-17 2-6 

FIG. 4 
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O TEST AREA F* CEMENT 

CONCRETE PAVEMENT, QRAI/EL 

BASE, SILTY CLAY SUBGRADE. 
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FROST INVESTIGATION 

I9I16 - loi? 

REPORT ON TEST SECTION 
DOT7 FIELD, BA'GOR, . AI'l! 

I. rT TROD'JOT ION 

1-01. Authorlgation, The frost investigation program was continued 

by authorization contained in t1ro letters from the Chief of Engineers to 

the Division Engineer, Ne'" England Division, dated ?5 July 19½ and 12 

August 19Í46> Subject: ’’Funds for Investigational Program for Fiscal Year 

I9L7". The Frost Effects Laboratory, established at the New England Div¬ 

ision by direction of the Chief of Engineers, as stated in Circular Letter 

rTo. 322I, dated 11 August 19UU, was continued in its function. Addendum 

No. 1 to the original instructions and outline dated August 19½ from the 

Chief of Engineers, covers the details of the Tost Section constructed at 

Dovr Field, Bangor, ¡'aine. 

1-02. Purpose. A test section ”'as constructed and observed (a) to 
i,. ¿1 ».ii ■ — 

determine the rate of frost penetration into non-frost susceptible base 

materials with rigid and flexible pavements and (b) to study the effect 

of density, degree of saturation and water supply on frost action in 

frost susceptible soils for a period of several years. 

I-03. Scope. This report contains the constriction details and 

results of observations made in a test section containing lh combinations 

of pavement, base, and subgrade materials exposed to freezing temperature 

during the first year of observations. The test section includes lij. port- 

land cement concrete cylinders each eight foet high and five feet inside 

diameter, containing specimen material of either cinders, sand and grav t 



crushed rock or silty clay referred to hereinafter as elements. The 

flexible ty^e pavement was simulated ey a four-inch cover of bituminous 

concrete placed over the specimen material, and the rif;id pavement by a 

six-inch cover of portlard cement concrete. The effect of shallov. ground 

water was obtained in four of the elements by connections to a controlled 

water supply. The rate of frost penetration in each test element Tras 

det-mined by temperatures recorded by thermocouple installations. Obser¬ 

vations were made of degree of saturation, water content, and density at 

time 01 placing, and pavement heave and subsidence during freezing and 

frost melting neriods. Observations of the water content and density were 

made after the frost melting period in the four elements in which the sub¬ 

grade was placed at a low density. 

1- OL,. Definitions. Tho description of the tests and analysis of 

results involve a specialized use of certain terms and ™ords. These words 

and terns are defined for use in the glossary in Part 1 of this report. 

II. DESCRIPTION Ol T3ST SUCTION 

2- 01. General. An area, ''Reclamation Yard", located at the southerly 

end of Dow Field, was made available for the construction of a test section. 

The work was performed by hired labor during the period from August to 

October 19U6. The test section consisted of lli elements, A to H inclusive, 

J to N inclusive and P, five feet in diameter and eight feet in deoth. 

HSach element was enclosed in a reinforced cement concrete pipe of standard 

tongue and groovevoonstruction eight feet long and 5 1° incheB out¬ 

side diameter set upright in a reinforced cement concrete base of 12-inch 

thickness placed one foot below the original ground surface. The elements 

wire placed in two roi'-s 7.75 center to center. The embankment 



surrounding the elements v*s constructed of sand and gravel to a height 

approximately five feet below the top of the elements. Sawdust was placed 

on the gravel fill to six inches below the finished grade and a blanket 

of sand and gravel was placed to bring the embankment up to the top of 

the elements. Details of the test section are shown on Plates 1 and 2. 

Photographs taken during construction are shown on Plates l6 and 1?. The 

sawdust was used for insulation to minimize heat transfer between elements 

and adjoining fill. Additional insulation was provided along the top of 

the pipe, as shown in Figure I4, Plate 2, to reduce heat transfer down 

through the concrete pipe. 

The top of the tost section, 60.5 feet in length by 21.75 fojt 

in ■vidth, v/as sloped for surface drainage. The side slopes ».re t-«o feet 

horizontal to one foot vertical. 

2-02. Pavements. To simulate the effect of airfield pavements, the 

test elements were capped .nth portland cement concrete or bituminous con¬ 

crete. Three elements B, D, and F had six inches of portland cement con¬ 

crete pavements. The remaining 11 elements were designed for two inches 

of bituminous concrete pavement. Replacement of bituminous concret 

the end of the year indicated that the pavement averaged four inches thick. 

The pavements are similar in quality to those used in airfield construction 

The cement concrete was a ready mixed, 1.2.U proportion, with six bags of 

cement per cubic yard and with aggregate sizes shown by grain size curve 

in Figure 8, Plate 3* Compression test results on six molded 12-mch 

cylindrical samples from the portland cement concrete batches were as 

folio' ’S s 

7 day strength * 1,891 pounds per square inch 

ill day strength = 2,770 pounds per square inch 

28 day strength s 3,61(.6 pounds per square inch 
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The bituminous concreto contained five per cent of 85 to 100 penetration 

asphalt cement. The gradation of the aggregate in the mix is shown by 

the grain size curve in Figure 8, Plato 3* The pavement was sealed 'vith 

an application of RC-2 at a rate of 0.25 gallon per square yard. Clean 

well-graded cover sand was applied to the seal coat at a rate of 20 pounds 

per square yard. 

2-03. Pon-Frost Susceptible Base Materials, 

a. Cinders (Elements A and 3), The behavior of cinders as 

a base course and insulating material when subject to freezing was investi¬ 

gated in elements A and B. The cinders used wore retained on a l/U-inch 

screen to remove excessive fines and '-rere hand tamped into the portland 

cement concrete cylinders to avoid excessive crushing of the particles. 

The dry densities obtained ranged fmm 53 to 68 pounds per cubic foot with 

the water contents between one and two per cent as shown in figures 1 and 

2 on Plate 3* Four inches of bituminous concrete and six inches of cement 

concrete were placed directly on the cinders in elements A and B respectively. 

b. Sand and travel (Blemonts C and D), Sand and gravel was 

compacted in elements C and D at dry densities ranging from 127 to 13I pounds 

per cubic foot and at water contents ranging from six to eight per cent 

as shown in Figures 3 and I4 on Plate 3» The grain size gradation is shown 

by curve 2 of Figure 7 on Plate 3« The material is well graded, and of GÏÏ 

classification. Four inches of bituminous concrete and six inches of cement 

concrete were placed directly on the sand and gravel in elements C and D 

respectively. 

c. Crushed Rock (Elements R rnd F), Crushed rock was placed 

in elements E and F at dry densities ranging from 107 to 112 pounds per 
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cubic foot end one per cent water content as shown in Figures 5 and 6 

on Plate 3. The grain size gradation is shown by curve 1 of Figure 7 

on Plate 3. The original placing of material in element E did not result 

in the desired 110 pounds per cubic foot density. The material ms re¬ 

moved and, in tho second attempt, each foot layer ms compacted to take 

a pro- eighed quantity necessary for the required density. The crushed 

rock was placed by dumping from a high-body dump truck and compacted vrith 

a power tamper. Four inches of bituminous concrete and six inches of ce¬ 

ment concrete were placed directly on tho crushed rock in elements E and F 

respectively. 

2-0^. Frost Susceptible Materials (Elements G,H,J,K ,L,K,N and PK A 

frost susceptible silty clay (CL) representative of the existing top five 

feet of the subgrade soil in place under tho airfield pavement at 

ms placed as a subgrade at controlled densities and water contents in eight 

elements. The grain size gradation curve is shorn on Figure 7 on Plate 3* 

Four of the elements. G, H. J, and K, had a controlled -mter surface seven 

feet below the pavement and four elements, L, 1-* 1 * an,i 'r0A^ n0 

contact with a water surface to simulate a water table at infinity. Hie 

silty clay was placed dense at a high water content, loose at a high water 

content, dense at a low water content, and loose at a low water content in 

elements 0, H, J, and K, respectively. Those conditions were duplicated in 

elements L, M, N, and P, respectively. Table of element variables is shown 

on Plate 2. The silty clay ms difficult to handle but tho densities and 

water contents at which it w*s placed mre approximately those desired. 

Plate 18 shows the material placed in element M at 28 per cent water content 

after the silty clay had been run through a mixer to bring the water content 
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up ten per cent and element P with the material placed at 22 per cent 

water content. During the frost melting period the pavement in those 

elements. H, K, M, and P, in which the subgrade was placed in a loose 

condition settled so that the pavement and base had to be removed, the 

subgrade brought up to grade by the addition of silty clay and new base 

and pavement placed. The condition of pavement in elements H and M after 

settlement and prior to reconstruction is shown on Plate 19. At the time 

of reconstruction density and water content determinations were made by 

driving a 2.75"inc^ diameter thin-walled, seamless steel tubing into the 

subgrade. These density and water content values shewed considerable 

variation from those determined during the construction of the test ele¬ 

ments. All values of density and water content determinations are shovm 

on Plates 3 and Í4. 

The silty clay subgrade was covered with a six-inch layer of 

sand and gravel which tos treated with RT-5 sprayed at the rate of one 

gallon per square yard. A four-inch layer of bituminous concrete pave¬ 

ment was placed over the sand and gravel. 

2-05. Insulation. 

a. The top edges and top U* inches of the sides of each con¬ 

crete cylinder were insulated with sawdust as shown in Figure [*, Plate 2. 

It was originally planned to use cork board and granulated cork for the 

insulating material. Failure to get delivery of the material necessitated 

the use of readily available sawdust. The sawdust tos held in place by a 

permanent plywood form. After the sawdust was placed in the form, a ply¬ 

wood cover was nailed on. For water-proofing against surface seepage the 

cover was treated with double-ply 15-lb. felt thoroughly coated on all 



suri -ces with three coats of roofing pitch. The felt overlapped the pave¬ 

ment surface by two inches and extended three inches outside the perimeter 

of the plywood form, as shown by Plate I9. 

b. The insulating fill between cylinders and the bulk of the 

embankment consisted of sawdust as shown in section ir. Figure 3, Plate 1. 

Because of the scarcity of cinders in this vicinity, it was necessary to 

use sawdust. The sawdust was hauled by truck and snovelled into place by 

hand, ./here possible, the trucks were driven over successive layers of 

tk: material m an effort to obtain as great an initial settlement as pos¬ 

sible. Attempts to compact the sawdust by hand in the constricted areas 

did not appear to be successful. Sawdust insulation was also used in back¬ 

filling the trench excavated for the water supply lines. 

c. The use of sawdust introduced a heating effect not origi¬ 

nally anticipated. The decomposition of the sawdust used in the embankment 

generated sufficient heat to raise its temperature to over 100 degrees Fahren¬ 

heit. This condition was observed at the start of measuring temperatures 

ln the best section. Two corrective measures were attempted. On November 

111 the surface of the test section was soaked with water. This resulted in 

reducing the temperature of the sawdust from approximately 100 degrees to 

5° de^r'jes fahrenheit. Soaking was continued until the beginning of freez¬ 

ing weather on 28 November. The cooling effect of the water was only tem¬ 

porary as subsequent temperature readings again indicated a rise in the saw¬ 

dust temperature. A second corrective measure was attempted from the 3rd 

to the 10th of December 19½. A total of )20 auger holes on two foot centers 

surrounding the test elements were dug in order to reduce the volume of saw¬ 

dust in the embankment. The holes, nine inches in diameter, were dug through 
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tho sawdust to gravel and backfilled with gravel, as the gravel was in¬ 

tended to serve as a ventilation tube for releasing the heat within the 

sawdust. Temperatures decreased upon completion of this work, but it is 

possible that colder weather had a greater influence than the replacement 

of a small portion of sawdust. 

2-06. Source of Hater. Elements G, H, J, and K, were connected at 

the base to a controlled water supply as shown in Figure 5 on Plate 2. A 

two-layer filter 12-inches thick consisting of sand with gradation of grain 

sizes shown bir curves 5 and 6 in Figure 7 of Plate 3, designed to prevent 

the washing out of the fines contained in the silt" clay was placed between 

th > subgrade and the base of the element. A reservoir ivas installed in the 

instrument room by excavating a pit of 2 x !; foot area to a depth of five 

feet. The excavation was lined with cement concrete taken from the same 

batches used for the test element bases. A galvanized metal supply tank 

with ball and cock valve to control the water level was installed in the pit 

as shown on Plate 20. The water level ’ms maintained at the top surface of 

the filter material. Copper tubing was laid from the tank to the cylinders 

as shown in Figure 5, Plate 2. 

2-07. Ground Vfater Observation ’Yells. Observation wells for measuring 

the actual depth to the controlled source of l'iater was installed in test ele¬ 

ments G, H, J, and K. The observation wells consisted of 3/k“inch pipe per¬ 

forated at tho lower end and capped at the top with a coupling and plug. A 

short iron rod was welded to the coupling to facilitate removal of the plug. 

Figure 5 of Plate 2 shows the installation detail. Observation 'veils also 

were installed in the north and south edge of the test section embankment. 

The north and south wells were used to detect a possible rise of the natural 



ground water capable of seeding into the cylinders. This precaution was 

made since the controlled supply of water from the reservoir was intonded 

to serve as the only source of ground water, 

' ~00, . The temperature of the pavement, base, and sub¬ 

grade materials in each tost element ^as measured by thermocouples set in 

the positions shown on Plates 3 and U. The thermocouple details are the 

sane as used in the previous investigations and are described in Paragraph 

?-03 b. Part 1 of this report. Nine thermocouples were installed in each 

of the lh tost elements. A vertical board in the center of the empty cyl¬ 

inder, as shown in Figure 1, Plate 21, was used to hold the thermocouple at 

the desired position, Ac the material was filled over a thermocouple, it 

was detached from the board and the lower part of the board was sawed off 

and removed. Precaution against the wire snapping because of frost action 

was made by allowing sufficient slack and covering the cables with a heavy 

coating of grease. The outlet sleeve of the cylinders shown in Figure 3, 

Plate ? ivas made watertight by sealing -1th battery compotmd. The entire 

thermocouple line leading to the entrance of the instrument room was buried 

m a tronch backfilled with cinders and gravel to a depth of one foot above 

the top bank of ducts. Figure 2, Plate 21 and Figure 1, Pinte 22 show several 

thermocouple cables in position before backfilling. 

Thermocouples R and S in Figure 1, Plate 1 wore installed at 

t-o locations in the embankment outside the tost elements. These instal¬ 

lations each consist of seven units spaced in the gravel and sawdust fill 

shorn in ligure j, Plate 1. Temperatures within the embankimait were ob¬ 

served for comparison with those obtained within the test elements. 

?"°9, Ig.^porature Measuring Equipment. The temperatures of the 
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ground water capable of seeping into the cylinders. This precaution 'ms 

made since the controlled supply of water from the reservoir was intended 

to serve as th>; only source of ground water, 

?"00* thermocouples. The temperature of the pavement, base, and sub- 

g-ade materials in each test element mn measured by thermocouples set in 

the positions shown on Plates 3 and i*.. The thermocouple details are the 

same as used in the previous investigations and are described in Paragraph 

> °3 b. Part 1 of this report. Mine thermocouples were installed in each 

of the li). test elements. A vertical board in the center of the empty cyl¬ 

inder, as shown in Figure 1, Plato 21, was used to hold the thermocouple at 

the desired position, Ac the material was filled over a thermocouple, it 

was detached from the board and the lower part of the board was sawed off 

and removed. Precaution against the wire snapping because of frost action 

was made by allowing sufficient slack and covering the cables with a heavy 

coating of grease. The outlet sleeve of the cylinders shown in Figure 3, 

Plate ? was made watertight by sealing ’«1th battery compound. The entire 

thermocouple line loading to the entrance of the instrument room was buried 

in a tronch backfillod vrith cinders and gravel to a depth of one foot above 

th~ top bank of ducts. Figure 2, Plate 21 and Figure 1, Plate 22 show several 

thermocouple cables in position before backfilling. 

Taermocouplos R and S in Figure 1, Plate 1 were installed at 

t'o locations in the embankment outside the tost elements. These instal¬ 

lations each consist of seven units spaced in the gravel and sawdust fill 

as shown in ligure 5, Plate 1. Temperatures within the embankment were ob¬ 

served for comparison with those obtained within the test elements. 

2“09* Temperature Measuring Bquipment. The temperatures of the 
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thermocouplas «ro measured durtnC the period 11 October to SJ Doc,bor 191,6 

on a Leeds and «'orthrup direct reading portable typo potentiometer by con¬ 

necting each of the thermocouple leads with the instrument separately. On 

December 1¾ a Leeds and forth™ «cromar Temperature Indicator was in¬ 

stalled. Sach of the themooouole loads »as connected permanently to the 

instrument and the temperature at any thermocouple ms obtained by snitching 

the propor snitch. The .»Itch panels and the temperature indicating scale 

are shown on Plate 

2-10. Instrument Room. A section of Building T162 in the Reclamation 

Yard at Do» Field »as partitioned off for use as an instrument room to con¬ 

tain the temperatura measuring instruments and »ater suppiy controls. Jbe 

interior »nils »are constructed of l/2-inoh insulation hoard and the «tortor 

-n TOs sheathed with matched boards -1 tb tbe space between the studs paohed 

With sawdust. Two 5-Kilowatt electric heaters, with a thermostatic control, 

were installed to maintain a constant room temperature. 

8-11. Thermograph,. A thermograph was installed in a shelter located 

83 foot north of the tost section as shown in Figuro 2, Plate 1 to obtain 

continuous records of nir temperature, 

8-12. Ymch Fnrk^ ç-o bench marks wore established for reference 

points to measure changes in deration of the element pavements throughout 

tM 1'r,’eZinC fr03t Eümn8 Pori oda. One bench mark consisted of a bolt 

set in the concrete foundation of the northwest corner of the nearest ware¬ 

house building in the Reclamation Area. The -second bench mark consisted of 

a 1-1/2-lnch pipe set inside a 2-1/2-inch pipe casing. The casing was ap¬ 

proximately five feet long to protect the bench mark pipe through the frost 

b -nch mark pipe was set firmly in the clay subgrado. This bencl. 

- 
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mark wnr located aoproxinntely I4O feet south of the test elements. 

III. OBSERVATIONS AND MEASUREMENTS 

3-01. General. Observations of conditions pertinent to frost action 

studies such as rate of frost penetration, subsurface temperatures, ice lens 

formation, pavement heave, and changes in density and orater content rere 

proposed for the investigations. "0 suitable means for measuring rate of 

frost penetration, ice Ions formation, and changes in density and water con¬ 

tent were developed consequently only weather conditions, subsurface temper¬ 

ature, and pavement heave measurements were made. 

3-02, Subsurface Temperatura Measurements. Subsurface temperature 

measurements were made at intervals ranging from two to nine days, commencing 

11 October 19^6 and ending 26 December I9Ü6, Two sets of readings were made 

daily, except Sunday, beginning 27 December I9K6. The first set of readings 

was made between 7 A.h. and 10 A/'.; the second was made between 1»30 P»M. and 

I4J3O P.M. The morninjr readings were made to measure the effect of the more 

constant, colder night temperature. Typical subsurface temperature gradients 

for the elements are shown on Plato 3» The afternoon readings wore made to 

determine the time lag between the varying air temperature and the soil tem¬ 

per at ire within the elements. 

To further investigate the time effect of air temperature fluctu¬ 

ations, measurements wore made at t'o-hour intervals on the following days* 

h April 19ii7; 5 A.M. to 7 P.M., (Clear) 

5 April 19li7s 5 A.M. to 1 P. M., (Clear until 11 A.M.) 

12 Anril 19U?J 5 A.M. to 3 P.M., (Cloudy until Ii30 P.M.) 

15 April 19l7; 5 A.M. to 7 F.M., (Clear) 

21 April 191+7} 5 A.M. to 1 P.M., (Cloudy) 

26 April I9L7? 5*30 and 7*30 A.M., (Cloudy until 7t30 A.M.) 
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THo resulta of uU tHeraoc0uplo t^poraturo ,e.,aUr„untB are tatulatea in 

Tables r to 17. All temperatures are shown in degrees Fahrenheit. 

Prl0r * • th0 lnl,toU‘tlon m 23 0°'^ 1AÉ of the Micromax 

temperature measuring o^pment. the hand operation of the potentiometer 

r0,UÍrad tW° h°UrS t0 °btaln ° Set °f température readings. The automatio 

pernture oeeurred during the time retired to obtain the sets oP temperature 

readings made ft-om 11 October to 2J December 1*6. 

Airj.u^rature^ Oonttnuou. records of air temperature were 

rom the therr egraph. The minimum and maximum daily temperatures 

th; thOT°8r'ih -- — - — 6 W. used to calculate the 

1A6-1ÇÍ7 freezing index plotted on Plate 7 Th , * 
* Thu alr tomporatures at the 

time of reading the thermocouples were obtained from rh .v 
ru oota.mud from the thermograph record¬ 

ings. 

• Surface Temo rature tu, . 
—-The temperature at the surface of each 

element was measured bv a merenu-. +• 
. • mercury thermometer. Thilo reading the thermo- 

couples for a giren test siement. the thera„met.r was placed on the parement 

surface of the test section and shielded frOT the sun by a wooden board. 

These readings are tabulated for comparison with other temperature readings 

in Tablos ? to 17 inclusivo. 

. .. 7"’5' ~ "» direction and intensity of the wind „ 

indicated by the Toaufcrt scale is tabulated with the temperature data in 

S 2 to 17. Clone ani sun conditions prorniling during the tine of tem- 

poraturo measurements also are she™. The test sect!™ was kept dear ,. 

P0" CWUr t0 nUnln't0 - -s insulation effect during this 
investigation. 
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3-06. Tf.blo. The obeervntion wells in elements G, H, J, and K 

were examined each time temperature measuromunts were made. The measured 

depth from surface of element to water varied from 7.1 to 7.3 feet. 

The north and south observation wells were dry except on four 

separate occasions during the latter part of November and December when the 

water table appeared in the wells at depths ranging from 7.6 to 7.Q feet. 

3-07. Pavement He-^ve. The heave of tho pavement on each of the test 

elements was determined by level surveys as an indication of the frost action 

which occurred. The original elevation of five points on each test cylinder 

pavement was referenced to a bench nark not subject to frost action, Tho 

five level points on top of each test element consisted of tho center of 

pavement and quart r points along tho pavement circumference. Changes 

in elevation wore measured to the nearest hundredth foot on the following 

dates i 

19 Nov. 1^[|6 

31 Dec. 19ii6 

27 Jan. 19^7 

31 Jan. I9Í4? 

k Fob. I9h7 

17 Har. I9U7 

7 Fob. 19)4.7 

11 Feb. 19)47 

17 Feb. I9U7 

10 Mar. 1917 

13 Mar. 19)47 

8 Apr. 19)a7 

27 Mar. I9Í47 16 Apr. 19),7 

1 Apr. 1^)47 22 Apr. 19Ü7 

Changes in elevation of tb pavement at the center of the elements 

are plotted on Plates 8 to 11 for comparison with the penetration of the 32°F, 

torneerature. 



IV. ANALYSIS OF RESULTS 

IrOl. ’./prit her i The winter during this investigation was milder than 

usual for Ranger, Maine. The 1916-1917 freezing index shown on Plate 7 was 

965 as compared with a 13-year normal of 1275. Rainfall and snowfall are 

not pertinent to this study because of controlled ground water conditions 

and because the top of the test section was maintained clear of snow. The 

direction and intensity of the wind may have an effect on the rrte of drying 

the pavement surfaces, but no measurable influence is evident from the pave¬ 

ment temperature data, 

• p st ,.li¿mont enperatures » At the time of reading, morning and 

afternoon, the pavement surface temperatures wore usually wanner than the 

air temperatures. The bituminous concrete surface was wanner than the cement 

concrete during a majority of the observations. The continuous air temper¬ 

atures recorded on the thermograph show tlr t the daily maximum and minimum 

air temperatures usually occurred at the time of measuring the afternoon and 

morning test element temperatures. The hourly change in air temperature is 

reflected in the elements to a depth of approximately one foot. Below this 

depth the temperature gradient in all the test elements was approximately 

the some. The warminr effect of the sawdust embankment surrounding each test 

element may have limited the depth to which the daily fluctuations of air 

temperature were transferred within th. test elements. 

The effect of fluctuations in air temperature measured at two- 

hour intervals during clear and cloudy days is sho’m in Plates 12 and 13, 

.ho same data is tabulated in Tables 2 to 17, but the plotted data are ar¬ 

ranged to facilitate a comparison of the temperature changes of the various 

matt rials as a function oí air femooruture changes. The clear day selected 



for analysis is U April 19U7 when tamporaturo measuramonts were made every 

two hours from 5 A.M, to 7 P»M, The cloudy day selected for analysis is 

12 April I9U7 when an unusually warm spell occurred. Temperature measure¬ 

ments on this day Were made from 5 A.M. to 3 P.M. at 1»30 P.M. on 12 April 

the veather cleared and the sun appeared at 2 P.M. However, the rain until 

11 A.M. and cloudy woathor until 2 P.M. offered a good contrast with the 

readings of the clear day. The thermograph records of continuous air temper¬ 

ature are reproduced in Figure 1 of Plates 12 and I3 for consideration of air 

temperature conditions for three days prior to the time of making the two-hour 

interval readings. The curves in Figure 2, Plates 12 and I3 indicate the 

surface temperature reaction of each test element. The surface temperature 

of all elements was warmer than the air during a clear day. The rain on 

12 April during the 5 A.M., 7 A.M., and 9 A.M, readings kept the surface tem¬ 

perature of all tost elements approximately equal to the air temperature. 

However, the surface temperature of all tost elements became vrarmor than the 

air after the rain ended despite continued cloudiness. 

Figures 3» and 5 on Plates 12 'nd 13 show the temperature 

changes within the elements and embankment during the same two-hour intervals. 

The thermal characteristics of the mat rial is indicated by comparing the 

temperature versus time curves. During the daylight hours the surface tem¬ 

perature is higher than the air temperature and reaches its peak one to three 

hours ahead of the air temperature. Approximately two hours we re required 

for changes in surface temperature to reach the midpoint of either four inches 

of bituminous concrete or six inches of cement concrete. However, consider¬ 

ation must be given to the magnitude ana rate of change in air temperature. 

vor the test period on !• An"11 there was a 20 degree Fahrenheit drop in air 



temperature during the 12 hours prior to the measurements, as shorn on 

Plate 12, For the test period on 12 April the air tomporature was moro 

constant and dropped nine degrees Fahrenheit prior to the measurements, as 

shown on Plate 13, The peaks ol' temperature changes in relation to time 

are thus more pronounced for the I4 April measurements» The results on 

Plates 12 and 13 show a consistently lower temperature on top of the base 

course for the elements capped v-ith cement concrete» During a clear day the 

base course surface beneath the comont concrete pavement is from U to 20 

degroos Fahrenheit colder than the baso course surface beneath the bituminous 

concrete» Although there ic no distinction between the various materials 

for temperatures measured belo*'r approximately ono foot, consideration must 

be given to the effect of the sawdust embankment. It is believed that the 

insulation valúa o<* the sa-'dust embankment, in addition to its heat producing 

characteristics had a greater effect through the sido walls of the tost ele¬ 

ment than the air temperature acting vertically through thi element surface. 

The continued ;ffoct of the decomposition of the sawdust insula¬ 

tion is indicated by the temperature gradients of tho four elements adjacent 

to the thermocouple installation (S) loo .ted in the center of the tost em¬ 

bankment. Typical temperature gradients are shown on Plate lip. The temper¬ 

ature lag in the sawdust is shown and a comparison of the temperature measure¬ 

ments in the test embankment and those in the test areas as presented in Part 

1 of this Appendix indicates tVt temper tures wore oonsistajitly higher in 

tho test elaments than in the run’^ay test areas. The average depth of freez¬ 

ing temperature penetration ras 1? inches in tho tost elements and 1+7 inches 

in tho runway tost areas. 

U-03. Depth of Pr--;? La; T mp. r ture. The frozen zones of the materials 
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in each test olament is best analyzed by comparing the depth of freezing 

temperature versus time. The graphs on Plates 8 through 11 shorn the freez¬ 

ing temperature zone determined from thermocouple readings made in the morn¬ 

ing about one hour after daybreak. The boundary of the frozen zone is con¬ 

sidered to be the depth of penetration of the 32-degree Fahrenheit temper¬ 

ature, The plotted depth of the 32-dogree temuorature *.ms interpolated by 

assuming a straight line temperature gradient between the temperature of 

any two adjacent thermocouples ’"hich bracket 32 degrees Fahrenheit. 

An additional summary of the depth of the 32-degree Fahrenheit 

penetration is shown on Plato I5. The maximum depth during the test period 

is shown in ligure 1 by a bar graph representativo of each test element. The 

moan depth of the 32-dogroo temperature for the month of January is corro- 

. spondingly shown in Figure 

In the elements containing the non-frost susceptible base mat¬ 

erials the maximum depth of freezing temperature 0 'notrntion was consist¬ 

ently greater 'under the portland cement concreto than under the bituminous 

concrete. The freezing temperature penetration under the portland cement 

concrete pavement was greatest in the crushed rock and least in the sand and 

gravel. Under th ' bituminous concrete pavement there was very little dif¬ 

ference between the three types of base materials with the penetration in 

the crushed rock slightly greater than in the sand and gravel and into the 

cinders slightly loss than in the sand and gravel. The actual depths of 

freezing temperature penetration is shown below. 

Ilatori-il 

Cinders 

Crushed Rock 

Sand and Gravel 

Depth of Freezing Temperature Penetrntion 

Bituminous Concrete Cement Concrete 

19 inches 
22 inches 

20 inches 

•17- 

2Ó inches 

30 inches 
23 inches 

t 



Based upon the depth of freezing température penetration those tests do 

not indicate the insulating value of cind, rs compared v,i fch tho other mat¬ 

erials tested. 

In tho oloments containing the frost susceptible subgrade mat¬ 

erials, the frost penetration was least in the elements with ground water 

available and highest in tho elements without "round water with tho exception 

of elements K and M as shown in the following table« 

'VATER 
ELEMENT DENSITY CCTTENT 

DEGREE OF WATER FREEZING TEMPERATURE 
SATURATION TABLE PENETRATION (inches) 

G dense high 
H loose high 
J dense low 
K loose low 
L dense high 
M loose high 

dense low 
P loose low 

high yes 
high yes 
low yes 
low yes 
high no 
high no 
low no 
low no 

12 
II4 
16 
18 
22 
17 
21 
19 

A similar study of the thermocouple readings obtained during 

the afternoon show tho same bottom depth of the frozen zone. Tho distinction 

between the morning and afternoon readings is the greater number of periods 

during the afternoon when th temperature near the surface was above de** 

groes Fahrenheit. These values measured during the afternoon appear as thaw¬ 

ing periods. 

1*—OÍ4, Pavement Heave and Settlement. Tho only evidence of frost action 

available in this investigation is indie tod by the amount of pavement heave. 

The pavement heave, and in some cases the pavement settlor.ont, are shorn re¬ 

lated to time and depth of freezing temperature on Plates 8 to 11. 

Pavement hea-vj occurred in elements containing the frost sus¬ 

ceptible silty clay. The heave and settlement in tho elements limited to 

Vse course material was of a negligible amount being not greater than 

-18- 
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ono-qmrtor of nn inch. 

The four elements G, H, J, end K, containing a source of water 

can be compared for frost action with the four olomonts L, M, N, and P, which 

were sealed off from a source of water and arr consi derod to have water table 

at infinite depth. The elements exposed to a source of water developed the 

most heave although element Ti showed a consistent settlement. The elements 

with water table at infinite depth, heaved and settled to a leaser degree 

depending cm the original dogrje of compaction. Tho appearnnee of the paved 

surface of elements H and 1.1 during settlement aro shown on Plate 19. 

Elements H, K, 1Í, and P, developed settlement mainly aft'r the 

freezing period. The original dry density at which the silty clay was placed 

in these cylinders was fairly loose r nging from 90 to 98 pounds per cubic 

foot. Elements J, L4 and N heaved and returned nearly to their original 

elevation. Tho original dry density at ’’hich the silty clay was placed in 

elamonts which heaved was more dense, ranging from 101 to 107 pounds por 

cubic foot. It is apparent that a poorly compactod frost-susceptible sub¬ 

grade will settle during tho frost melting poriod, 

V. corcLvsiais atd recoil’etidations 

5-01. Gen ral Conclusions. Rrsed upon the conditions encountered tho 

following conclusions aro presented, 

a, Tho freezing temperature penetration was greater under the 

rigid pavement than under the flexible pavement for all t*^pes of non-frost 

susceptible mat.'.rials tested. 

b. The deepest depth of freezing temperature p n tration was 

in the crushed rock with portland c ment concrete pavement. 

-19' 



c. ihe deepest depth of freezing tenpn.turo ponetrcitiou in 

the elements with bituminous concrete p-veraont -ms in the element with 

crush d rock. 

d. The tests do not indicóte the insulating volue of cinders 

compared with other materials tested. 

e. In the elements containing frost susceptible materials the 

elements with ground water av'ilable had less depth of freezing temperature 

penetration but greater heave than those 'dthout ground water. 

f. The el ;ments ivith loosely compacted subgrade developed heave 

during the freezing period and settlement below the original grade during 

the frost melting period. 

g. .he elements vrith loosely compacted subgrado at high water 

cent nt had 1.ss depth of freezing tomneraturo p netration than those with 

a more dense suborado "ith and without ground water available. 

h. In th. elements with ground imtor available those -ith sub¬ 

grade at a high degree of saturation had less depth of freezing temperature 

penetration than those with the subgrade at a lower degree of saturation. 
/ 

i. In the elements with no ground water available the greatest 
f 

am the least depth of freezing temperature penetration was found in the 

t"ro elements placed at a high degree of saturation. The depth of freezing 

temperature penetration in the two elements placed at a low degree of satura¬ 

tion was between the depths found in the elements with material placed at a 

high degree of saturation. 

j. rphe hourly changes in air temperature penetrated to a depth 

of auproximately one foot in the test elements. Below this depth the temper¬ 

atures inside the test elements -ere stabilized and followed the general 

-20- 



seasonal changes of air temperature. 

k. The surface temperature cf either the bituminous concrete 

or cement concrete pavement was usually warmer than the air during a clear 

day. 

l. During a rainfall the surface temperatures of all test cyl¬ 

inders were about equal to the air temperature. 

m. The bituminous concrete ras usually ivarmer than the cement 

concrete especially during I:arch and April. 

n. The time lag for changes of air temperature to penetrate 

four inches of bituminous concrete is about the same as that for six inches 

of cement concrete. 

o. The bituminous concrete, including tho top of base course 

material, had a -ider rang of daily temperature changes than that 

temperature changes measured in cornent concreto paver.vît. 

of daily 

^ :c -Q a_t,i ons » It is recommended tint tempor''ture and hea.ve 

measurements be continued for another year after the replacement of the saw¬ 

dust embankment ’-dth sand and gravel. ’There settlement occurred it is neces 

sary to remove the pavement and place additional material to bring the pave¬ 

ments to the same gra.de. Another season of observations, similar to those 

reported herein, will contribute a more thorough and better understanding of 

the frost belr vior of the. material investigated. 
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APPENDIX 1 

PART 3 

REPORT ON 

BEDFORD AIRFIELD, BEDFORD, MASSACHIBETTS 

I. INTRODUCTION 

1-0!. A^horlzatl^. Ihe frost Invostigation proer™ »as oon- 

tinued by authorisation containod in two letters fron the Chief of 

Engineers to the Division Engineer. Bow England Division, dated 25 July 

191*6 and 12 August 1*6, subject, "Funds For Investigational Progran For 

Fiscal Year 1947", and subsequent indorsement». 

1-02. Purpose. The purpose of this investigation is to augnont 

the tests nado and data obtained in the frost investigations conducted 

during the fiscal year 1945-194.6. 

3. « This r.port presents the results of frost investiga- 

tiens conducted at Bedford airfield, Bedford, itssachusotts. during the 

period from 8 July 1*6 to 18 August 1*7. The investigation was oonducted 

at two test area* where subs^faco temperatures were recorded by means 

of thermocouple and thermometer readings. Climatic and other general 

conditions related to frost action at Bedford airfield are also included. 

1-04. Definitions.. IUo description of the tests and analysis of 

results involve a specialised use of certain terme and words. The words 

ana toms are defined for use in Glossary Fart ! of this report. 

1 
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1-05. Gunoral Conditions 

a. Location and Terrain. Bedford Airfield is located 

approxinatoly li; milos northwest of the city of Boston in the towns of 

Bedford, Concord, and Lexington, in Middlesex County, Massachusetts, 

(See Plate 1), The airfield site is an area of rolling terrain of low 

relief, Tho hills surrounding tho field aro composed of glacial till 

with bedrock generally at shallow' depths or exposed. Tho low area at the 

situ generally consists of a glacio-fluvial deposit of sand with gravelly 

phases varying in thickness from three to ten foot overlying silt and 

fine sand of depths in uxcoss of 15 feet, 

b. Typos and Condition of Pavements. Tho airfield consists 

of throe runways, 5.000 foot by JOO foot, paved with 5"l/2 inches of 

bituminous concrete. The main service aprons, the turn-arounds, and the 

hard stands are paved with portland cement concrete. The taxiways, stub 

end taxiways, and two parking aprons are bituminous surface treated. All 

pavements were in good condition and remained in good condition through¬ 

out the frost investigation period, 

c. Previous history of Frost Heave Data. No pavement 

heave or pavoment failures due to frost action have been noted during 

the period of operation of the airfield or during this investigation, 

d. Climatic Conditions. Winter temperatures at Bedford 

Airfield are moderate and temperatures below freezing prevail from 

December to larch. The normal freezing index is Ó80 based on a 56 year 

record at Concord, Massachusetts, and the 191).6-1947 freezing index was 

U22 or 3O per cent below normal, Tho normal rainfall for the three month 

period prior to freezing, September through November, over u 57 year 



period us recorded by tho Ü. S. Weather Sureau at nearby Conccd. ifcssa- 

usetts is 10.2 inches. From September 1346 through November 1947, the 

cumulative rainfall at Bedford Airfield „as 3.33 lnchss or 6? par coat 

loss than normal, A summary of the weather data is included as Plate 2. 

II» TEòT iJÎSAS a xiiiD B 

^01, Doocrlption. Test area A is located at the 

couth side of Henear No. 2 on the portland cement concrete service 

apron. The .in inch slab is uniformly thickened to nine inches at the 

longitudinal expansion joints and edges. The slab was constructed on a 

base of approximately 16 inches of free draining bankrun sand and gravel 

on the natural subgrade of sand ami gravelly sand. Test Area B is located 

at the northeast end of the ÎŒ-av; runway on the bituminous concrete pave- 

ment. The pavement in this area is approximately five inches thick, and 

was constructed on a base of sand and gravel approximately li, inches 

thick placed on the natural sand and gravelly sand subgrade. Plans and 

profiloo of Tust xtruas A and B are shown on Plato 3. 

2-œ. fajtaU-tion^ Or.e thermocouple installation T332p and 

one thermometer „oll installation T331p (TUI) „ore made in the portland 

oncruto puvuxnt at Tust ^rca A. Ono thomonoter well installation 

13 !5a (*) was made in the bituminous eoncreta pave,sont at Test Area B. 

T0,t “r“a 4 th° ths—Pi-' »d thermometer «lis „ere installed as 

close together as practicable so that subsurface conditions wouid bo as 

similar as possible. . plan of the location of the themsooouplo installa¬ 

tion and thjrmoneter „ells is she» on Plate 3. detuiis of the ther- 

nooouple instaliation are sho„n Plate 5. Detailed description of this in¬ 

sinuation is presented in Part I paragraph 3-03b. The thermometer „eil 
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installation consisted of seven separate wells, installed at pre-deterained 

depths which vary hy approximately six inch intervals from 0,6 foot to five 

feet. Each well consisted of one-inch diameter plastic pipe (Saran) 

plugged at each end with a rubber stopper. The lower end contained not 

less than three inches of anti-freeze in which was suspended a mercury 

thermometer. The mercury thermometers were i.nsulated from the tip of the 

bulb to the immersion line with paraffin and plastic tubing to allow 

sufficient time for withdrawing the thermometers without appreciable change 

in readings. The thermometers were withdrawn as rapidly as possible for 

readings. The top of the well consisted of a standard galvanized iron pipe 

nipple, three inches in diameter which was capped with a standard coupling 

and plug. The nipple was attached to the one-inch plastic tubing by means 

of a rubber bushing which fitted tightly inside the pipe nipple. Details 

of the thermometer and thermometer well construction are shown on Eigure 

4, Plate 4, 

2-03, Observations and Measurements. 

a. Thermocouple headings, Readings of the thermocouples for 

subsurface tccmjcratures were nado by moans of a direct reading potentiometer. 

Readings were made periodically from 8 July 194b through 18 August 1947» 

The maximum measured depth of freezing temperature penetration was 1,8 feet 

on 7 January when the freezing index was 207» A summary of the readings 

is presented in tabular form in Table 1, In Pigure 1 Plate 4 is shown a 

typical temperature pattern versus depth below top of pavement, 

b. Thermometer Wells, Readings of the subsurface temperatures 

in the thermometer wells were made periodically and as near as possible to 

the time of reading the thermocouple. The maximum measured depth of freezing 



temperature penetration under the bituminous concrete pavement was 1,9 

put on 21 January when the freezing index was 275, A summary of the 

thermometer well readings is shown in Tables 1 and 2 for Test ¿ireas A 

and B respectively. Typical curves showing the variation of temperatures 

with the depth below the pavement are shown in Figures 2 and 3 Plate U. 

A plot of the depth and progress of the 32°F temperatures for the thermo¬ 

couple and thermometer readings is shown in Figure 2, Plate 2, 

III. CONCLUSIONS 

^’01# Collusions, The conclusions for Test Areas A and B are 

summarized as follows» 

a. Soils. The base and subgrade soils are considered non¬ 

frost susceptible. 

b# Froozing Indox and Precipitation. The freezing index 

for 191*6-19l|7 was 1*22 or 36 per cent below normal. The cumulative rain 

fall from September 191*6 through November 191*6 was 3.33 inches or 67 per 

cent less than normal. 

C* Freezing Température Penetration. The maximum measured 

dc.,th of freezing temperature penetration occurred under the portland cement 

concrete pavement of Tost Area A at a depth of 2.3' feet. The maximum 

measured depth of freezing temperature penetration under the bituainous 

concrete pavement of Test .rea B was I.9 feet. The thermometer wells 

under the portland cement concrete pavement consistently indicated greater 

depths of freezing température penetration than wore recorded from the 

adjacent thermocouple installation. 
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Notes: 

Test Area A- Cement Concrete 

Test Area B— Bituminous Concrete 

Sources of Data 

Normal temperatures and precipitation were obtained 

from U S Weather Bureau in Concord, Moss., approximately 

4 miles from the airfield 

Daily températures and precipitation were obtained 

from the U S. Army Air Force, Bedford Airfield 
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