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·SYNOPSIS 

A ·special frost test area 30 feet by 40 feet was constructed at Limestone 

Air Force Base, Limestone, Maine during the Summer of 1950. The test area 

consists of four ·test sections with varying thicknesses of pavement and base 

course constructed over the natural gravelly sandy clay subgrade. A prpgram 

of tests was initiated in October 1950 to make continuous observations of the 

factors Which are considered to influence frost actiongSUCh as air and SUb

surface temperatures, ground water conditions and soil characteristics. 

Pavement heave was measured during the freezing periodo Test pits were 

dug in the Fall of 1950 prior to freezing, and again at the start of frost 

melting period, to observe segregated ice and to determine effects of frost 

action on water contents and densities of the sub grade.... Plate bearing tests 

were performed prior to freezing and are being performed continuously from 

the start of the frost melting period in late March 1951 until the pavement 

returns to normal in the Summer of 1951 ... 

Da~a from studies completed up to 1 June 1951 are presented in this 

report. The· trend of the available data indicates that: (1) after a marked 

reduction in strength at the start of frost melting, regain in subgrade 

strength was generally continuing at a uniform rate as of 1 June, (2) vari

ations in thiclmess of pav-ement and base at the test sections had no appre

ciable effect on depths of frost penetrationo 
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'PART I ~ INTRODUCTION 

1-01. Authorization. Frost investigations duririg Fiscal Year_l951 were 

·' 
authorized and funds allocated by Directive NED MIC 51-2, qated 11 October 

1950, from the Chief of En~ineers to the Division Erl.gineer, New England Di v

ision.- Instructions and Outl~ne for Field Stttdies were transmitt-ed as in-

clo~ure· with letter dated 2) October 1950 from the Chief of Engineers to the 

Divi~ion Engineer, N~w- Engie.nd Division., Su~ject: "Instructions and Ou,tlines 

for Investigational Projects, Fiscal Year 195lo" 
' ' 

1-02. · Purposee ~e purpose of the Field Studies of Frost Investiga= 

_ tiOI_l.S dt?.ring Fiscal Year 1951 is to obtain information relative ~o the magni...; 

tude and the duration of the reduction in pavement supporting capacity due 

.to frost action as measured by plate bearing tests, and to verify· established 

criteria f'or the design and evaluation of pavements for airfields and highw~ys. 

1-03 o Scope. IJ:lvestigati ons are planned to a period of four to five 
. ' ·:·" ,, . ' ··. ' 

years in order to encompass the full range of cli~a tic oondi tions and to. study 

the t3ffect of contrqlling the ground water table at various elevations. To 

fulfill the purpose of the program, a test section was constructed at the 

Limestone Air Force Base,· Limestone.o Me.ine, with provisions made for per

forming plate bearing tests' at selected locations to obtain comparative 
.. ' . . ,. . 

strength values _at various per~oq~ during the year.!) and ~nder varyi~g ground 
. _( .. : 

water conditionse Addi ti9n~l areas are provided for excavation of test pits 

to measure density and water cqntent variations, to ~tudy ice lens formation, 

an~. to perform California Bearing Ratio' tests on the subgrade for the purpose 

~f correlation with the other s-tudies o Faoili ties have also been provided 

for water table control and observation. 



The _test section was constructed during the months of_ tl~ly 1 :August 

and September 1950 ~~d normal per~od tests were performed in October 1950. 

The normal peri;d frivestigations included test pits to -sam~le and obtain 

densities and in....:plitce CBR_valties Of subgrade material; theinftiai s·eries 

of static and ~epeating load plate b~aring tes'ts were also perf-~rmed~ ·The 

·reading~ of subsurface temperatures/) .grormd water elevations in bas~· and sub-
. ' . . J • .· 

gradea and.:pavement surface elevations were initiated at the start of the 
' ' ' '•r 

riormal period tests and are being made continuously at regular intervals·. 

lath the start of the frost melting period in the Spring of 1951 1 test pits 
' . . ~ 

were dug to observe ice segregation and to obtain· density-_ and water content 
,;:· ... 

:i({lit[l:.\ ' 
data:; pl'at"e bearing tests series were commenced and are continuing a.t approx-

imately weekly intervals until the foundation materials have reti1rned to nor-

mal strength. 

This report presents the·details of the test section and observa-

tion.equipm.ent together with the results!of the tests performed to 1 June 1951. 

1 ... 04. Definitionso 
. . 

Frost action is a ge-neral tern used in referen~e. to f~eezing of 

moisture· in materials and the. resultant effects on these materials and the 
. . 

structures of which they are a part.· 

Ice ·segregation in soils is the growth of bodies of ice during the 

freezing process/) most commonly as ice lenses or layers oriented normal to 

the ·d:j.recti·o~ of heat loss$ but also as veins and masses having other patterns. 

-Frost-susceptible soils are those in which significant ice segre-

gati?n will occur when moisture is available and the requisite freezing .con- ' 

di tions are present. (Previous information has indicated that most soils 

containing 3 per cent or more of grains finer by weight than 6. 02 -~~ are 



s.usce.ptibl'e:, to ice segregat·ion:~-and this limit has:been widely applied to 

bo.th- 1mi:t;ormly and variably graded ·soils. Although it has been found· that 

some uniform, sandy soils may have as high as TO per cent of grains finer than 

:0~02 ni!n.•:- ·by weight without being· considered r·rost susceptible • there 'is some 

. question a·s ·to the practical value of attempting to consider such soils sepa-· 

. 'rately-.; because of their rarity and tendency to occur intermixed with other 

s·o11s ~) -

Non-frost-susceptible materia.lP are crushed rock. clean sandy 

gravel-,. gravel, slag, cinders~ ~or any other cohesion~ess mat_erials in which 

ice.·segregttt;ion doe's not occur under natural freezing ·conditionso, 

Degree day. Each degree in any one day that the daily mean air 

··-·temperature varies from 32°F. is called a degree day. The difference between 

the :daily'mean temperature and 32°Fo equals ·the degree days for that day. 

The degree days are minus ·when the daily mean temperature is· below 32°F o and 

pl11s.when above. 

Freezing season is the period which starts with:the first day in 

the Fall season, and. ends with the last day in the ~pring season for which 

the daily mean air temperatu.:re is below 32°F o ·-

Freezing index is the number.· of degree days between the highest 

.. ~nd .lowest points on the ·cumulative degree days=time curve for .one freezing 

season. . It· is· used as a ·measure of· the ·combined ·magnitude ·and .duration of 

.below~freezing -air temperatures occurring during a.YJ.y given freezing. season. 

Normal (mean) freezing index is the average freezing index for a 

·,·long,. :p_e~~iod-;·of record~ usually 10 or more years. It is computed by averag

.Jng mean air temperatur.es for the period of record· and preparing a single 

c_;~-u~a;ti_ye _,degree days=time curve· representing· a normal for· the entire 

period. 
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Frost'":"JTlelting period is an interval·of the year duririg.which the 

ice in the foU.ndation materials -is returning. to a liquid state. ·. It ends when 

all the ice in the ground has melted ·or when freezing is resumed. Although 

in the.generalized case there is visualized only one frost melting peri.od, 

beginning ·during the general rise 6r air temperatures 'in the Spring, ··o.ne ·or 

more significant frost melting intervals may occur during a Winter season~, 

Normal period is the time of the year Summer and Fall when there 

is no reduction in strength of foundation materials due to fr'ost action •. 

Period of. weakening is an interval of the .year which starts at the 

beginning of the frost-melting period and ends when the subgrade strength has 

returned to norma1. §f.# ,_,~e ~- valwt--~ 

·Frost heave is the raising .of ~he ~€n..t surface due -to the·<·ac-

.. Ctm1ulation of ice lenses. The amount of heave in most soils is approximately 

equal to the cumulative thiclmess of ice lenses. 

Per cent heave is the ratio~ expressed as a percentage-, of ·the 

a.moilllt of heave to the depth of frozen soil before freezing. 

1-05. Aclmowledgements.. The Frost Investigations, of which the f'ie ld 

studies at the Limestone Test Section are a part., are being cond1.10ted by the 

.Frost. Effects Laboratory for the Airfields Branch, .. Engineer:ing Division, 

Mi 1 itary Construction, Office of the Chief of Engineers.. The studies ar-e 

under the administration· of Mr .. Gayle MacFadden, Chief, Airfields Branch, 

assisted by Mr. Thomas B. Pringle, Head, Runways Section and by Mr.: Frank 

Heri.nion .. 

Colonel Ho J. Woodbury is the Division Engineer, New England D-ivi-

sion.,. Corps ·of Engine·ers, U It S., Army.. Mr., John E. Allen is Chief of the 

Engineering Division to which the Frost Effects Laboratory is attached. 
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JVlr •. ~,Kenne;th ~A.r::·Linell is Chief of the Frost Effec~s Laboratory. The studies 

are under the ilnrnediate supervisiqn of Mr. Jaro~s ~·F. Haley,· Assis~ant ChiE?f 1 

Frost·Effects Laboratory • 

. ~Dr. Arthur Casagrande of Harvard Uniwersity, Dr. P. c. Rutledge 

of· Northwestern University, and Prof. K •. B •. Woods of,Purdue University are 

.the investigational consultants. 
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PART II - TEST SECTION 

. 2-01. C-eneral.· The test area is located· at Limestone Air Force Base 

in Aroostook County, northerQ. Maine, approximately four miles northwest of 

the town of Limestqne as. show,n on the location plan on Plate 1. Thi-s site 
l . 

was. sel~ct~d _for the investig;ation beca~se the cold winters characteristic 

of th~s ~egion produce a normal frqst penetration depth of approximately six 

feet •. The natural fqundation materials of gravelly s~ndy clay (Glacifl,l Till) 

_ar~ ideally sui ted fo.r this investigation being of a highly frost susceptible 

nature. Other factors considered in the selection of this· site·were the 

av~il~bili ty of constr~ction materials and equipment as a result of con~ 

struction activities in the vicinity and the ready availability of a suitable 

area of Gover.nment•owned property. 

2-02o Test Areao The test, areas forty feet by ·thirty feet, consists 
,, ' : . ' 

of four test .sections fourteen feet by e.ighteen a11d. a half feet wi~h base 

courses of seven, twelve, eighteen e,nd- twentY.= four inches respectively over 
. . . 

thenatural subgradeo The base course consists of a lower layer of sandy 
( 

. gravel and an upper layer of crushed r-ock, which was choked, rolled and 

paved with a double surface treatment of sand and tar. (See Plate 1) 

Drainage swales. are provided around the test area tc take care of surface run

off. Subsurface drainage facilities consist of drainage ~reriches around the 

area_ and bisecting the area in one direction.· A system of perforated corru-

gated metal pipe instal~ed in the trenches is connected to a water supp~y well, 

·.in which the water level may be controlled,~~ thereby allowing either draina.ge 

. ·of the test area or maintenance of the grott;nd water level at any hei~ht in 

either th.e subgrade or.the lowe·r part of th~ base.· 

A description of the subgrade, base course and paving me. terials and 

construction methods are contained in the following subparagraphs: 
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ao Subgradeo The subgrade material at the test -!;l._rea .~consists 

of a gravelly-sandy clay:(CL) glacial till with an average liquid limit of 

21 :and plastic1ty index of ·6o· The gradation range and average gradation 

of the subgrade soil is shown in Figur·e 1 9 Plate 2.. Also sho1f!m on Plate 2 9 

·in Fig'ures 4J) 6 and 8J) are the tria.Xial test results.:~ and compaction and. 

permeability characteristics of representative subgrade samples·o Prior to 

construction of the test s ecti 6ns ~· the· area· was stripped for ·.a depth of 

1o5 to 3~5 fept to remove the~toP's.oil .:a.nd badly:·weathered till.. The sub-

gra-de· surface was compacted· ·using· an RDr.:.7 crawler=type tractors fine graded 

and rolled with 10 tori smooth=i:vhe;el'ed rollEH''o· 'Results of field density tests 

made of 'the. top eight inches of stihgrade before and after compaction are 

shown in the following tabulation~ 

Sec·tion · 
of: 

Test 
Area 

7n 
Section 

12n 
Section 

18''· 
Section 

·:·'24ft 

Section 

GRAVELLY SANDY CLAY SUBGRADE DENSITIES 

Before Compaction· 
Water Dry Void 

Content· Density Ratio 
% PoCofo e 

lloOl l24o2 0 .. 364 

l0o80 124o2 Oo364 

llo62 117o2 Oo447 

llo91 115o2· Oo470 

·After Compaction : 
Water Dry · Void 

:content Density Ratio 
% PoCofo e 

9 .. 6~10o2 
(9o9) _ 

8o6=9o0 
·(So8) 

137 0 9=138, .. 8 
( 138 .. 4) 

13 6 0 2= 13 8 0 1 
(136o8) 

133.,1=133o5 
(133c3) 

· . 9o2=9o6 131~6=135o8 

(9o5) (134o2) 

0., 222=0 .. 230 
. (0., 226) 

Oo 228=0o 242 
( o .. 237) 

Oo270=0o271 
(0~270) 

Oo250=0.,2C)Q 
(0.,265) 

Figures in ( ) denote average resultso 

bo Base Courseo The base of- each section was constructed using 

non=frost susceptible sandy gravel (GW) in the lower base., In its natural 

condition in the borrow p~tJ> the ma~er~al utilized for the sandy gravel 

base contained considerable fines and was considered to be a borderline 
···: 

=8= 
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frost 'susde·pti!ble soil. The fines were removed at the borrow pit by· 

excavating the material beneath the groundwater table and allowing water and 

fines to drain. from the clamshell bucket prior to loading. The upper base 

was constrtrcted using crushed rock~ the surface of which was then thoroughly 

choked-with stone screenings. Gradation· curves of the base course materials 

and choker· aggregate are shown in Figures 2 and 3 on Plate 2. The 'results 

of triaxial shear, compaction and permeability tes~s performed 6n the gravel 

·base material·s are also shown in Figures 5, 7 and 9 on Plate· 2. Th~ 'thick-

nesses :of upper and lower base materials in each of the fou·r test sections 

·are as f61lows:: 

Upper Base Lower B·a·s e · 
Total Base Thickness Crushed Rock Sandy Gravel 

Inches Inches Inches 

7 4. 3 

12 6 6-

18 6 12 

24 6 18 

Base course materials were placed in layers with a maximum thickness of 6 

inches~ Each ·layer of sandy gravel base was compacted using 10 coverages 

of an RD-7 crawler-type tractor weighing 32~800 pounds and the surface of 

the crushed rock was rolled with a 10 ton smooth-wheeled roli'er. After 

-compaction the density of the sandy gravel base material was determined at 

20 locations by· the water volume method. Values ranged from 13·0 to 136 lbs. 

per cu. ft. with an average of 133 lbs. per cu. ft. or 99 per cent of 

Providence Vibrated Density. 

c. Pavement~ The surface of the crushed rock base was covered with 

a tar-sand double surface treatment. An initial application of 0.5 gallons 



per square yard,of RT-6 was applied and covered with 15 lbs. per square yard 
. .. . - . ... . ' .. 

of sand. A second application of Oo25 gallons per square yard of RT~6 was 

then made and_ covered with 10 pounds per squar_e yard of sando The gradation 

of _i:;.he _sand used in surface treatment is shown in Figure 3, Plate 2o 

2~03o Water Supply Wello A water supply well consisting of a section 

of a concrete pipe five feet in dia,meter is located adjacent to the test areao 

The well is connected to the p.erforated pipe,s in the trenches which bisect 

and are on the perimeter of the· t~st. areao .A bal,l, and, cock valve arrangement 

attached to the .water supply line controls the water level in the suprly well 

- and thus the head of water in the perforated pipes = at any desired level 

betwe.en the lower part of the base course in the test area and approximately 

fi':e fee~ below the subgrade surfaceo Valves and drains are installed to 

penni t shutting off the 'water and draining the. well and subgradeo A cross 

section of the well shoWing the details of construction is shown on Plate 1. 

2-04o Thennocoupleso Ten thermocouples are installed in_ea:ch test 

I 
section at depths of Oo25 9 0~50, loO, lo5s 2.0 9 3.0, 4oO, 5o0, 6oO and 7.0 

feet. Tll.ermocouples are . of copper=constantan wire and each group of ten 

pairs of wires is encased in watertight plastic, tubing. At the point of in-

stall.:ation each indi vj,dual thermocouple is encased in plastic tubing and the 

temperature measuring junction is hermetically sealed in plastic for a 

distance of approximately five inches making a complete watertight unit 

from the temperature measuring point to the switch boxo Details of construe- . 

tiqn and installation are ·shovvn on Plate 3o The thermocouples from the point 

of installation to the point where they enter the instrument house are 

buried in the subgradeo All thermocouples are connected to. a Leeds & Northrup 

Speedomax unit in the instrument house (See Figure 2, Plate 4). Values of 

-10= 
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temperature. ~re read dir~ctly in degrees Fahrenh~i t by manually ciosing th~ 

sw~tch for the desired thermocoupleo 

. 2-05. Observatio~ Wells. 'l'wo wells ~have been installed in eaph test 

section to p~rmit ~bse~vatio~ of wat~r l~vel in the basE;! course materials· and 
: . . . 

one w~ll has been in~t~ll~d in the center of the test area for the detel"''D.ina-

tion of the elevf7tion of the grou:pd water level in the ~ubgradeo 

.2..;.06o Stl.bgr~de Deflection G8.geso Gages have 'Qeen installed at six 

l99a tions in each section to measure the sub grade deflection. duri~g pl~te 
\ . ,· 

loa~ing t.ests o These g~ges, as shown on Plate 3"' con$ist of steel rods 

. attached to foU. r in~h square plates and of various heights depend~ng on the 

thickriess of pa veme~t and bas eo Each square· plate r~sts on a sand<cushion 

on the subgrade surface a~d each ste~l rod is enc~sed in a pipe which extends 

from. appr.oxima~ely 3/4.,:,indh 11"9ove the ~teel pJ.ate. to the pe:vement. Th.e space 
' ... •.• _: 1 • • •.' ' • ,':t -

bepween .the gage rod and the pipe,: the purpose 'or which is to prevent fric-

'· 

tion between the rod and the base m~ te rials 9 is packed with grease to prevent 
.. . 

water .fr6m enteri:r1g"' freezi.p.i$, a.ryd hampering the action of the gag~o Posi-

tions of· gages in 12=inqh t~s~ s~ction ar~ shown on P:J.~te · 1. Gag~:s in o;ther 

seci;i_ons are in s~e relati v~ posi ti9~~ ~nd 'number~ng s~que~ces are the same. 

2-07. Loading Equipment. Reaction for the plate loading test is 

provided by a 27aainch WF steel beam anchored at the center and free to 

rotate hqrizontal~y over. the area~ of the test sections where plate 
. . . ' . . . . . -

. . . . . . - '• . 

bearillg tests are conductedo The loading beam. detail~ and plate bearing test 
. :·~ 

set-t1p are shown in Figure 1· on Plate 4 and on Plate 5o 
' .. 

Reaction is obtained 

by cribbing one end of .the beam and jacking against the other e~d. The 

beam is supported in a yoke which in turn iS' fastened to a 3-1/4 inch 

diameter steel rod grouted into bedrocko The anchor rod, with a ~-inch 

-11-



diemeter but't6n at the low~r. endg extends thr6ugh.20 .feet of overburden in 

·a. 10-inch pipe c~sing and down 20 feet below the bedrock surface within an 

8-inch diameter percussion-drilled holeo Infiltration of water hampered 

normal pressure grouting» so the trerriie method was adopted ~o fi.ll- the annular 

-space b'etween the lower portionj of the anchor rod and t;he rock surface and 

between the· upper poftion of tl{e anchor. rod and th,e inside wall of the casing. 

The tremie concrete consisted of one part cement~ two parts sand and one part 

I/2-inch maximum size pea gravel 9 and had an 8-inch slumpo An admixture of 

Darex was used to improve fhe flowability of the mix which was placed through 

a ~"":'inch pipe by gravity with the· lower end of· the pipe kept at least five 

feet below the surface of t;he·concretein the hole. 

2=08. Heave Referen·ce Hubs. Three heave reference points have been. 

· · instF,illed in each section., The hubs consist of large round head railroad 

spikes driven into the pav~ment ·with the heads flush with the pavement 

surft;~.ce. Locations in· 12-~nch test section are shbwn on Plate 1. Points 

in other sections are in s~me relative positions and numbering sequences. are 

the same. 

2.;..,09o ·Bench Mark. Th,e b'ench mark installed adjacent to the tes·t area 

is constructed of a 3/4:..inqh di 8meter ·steel- rod driven to a depth of 

apprqximately ten feet and. encased in a grease-fi I led pipe for the top ·six 

feet to preclude movement qUe to frost actiono 



PART III ~ FIELD INVESTIGATlONS 

3-01. C~neralo After completion of the construction of the test area 

on i September 1950 the water level in the water supply well was controlled 

at an elevation a Yew inches above the subgrade surface. The water level 

was maintained at this elevation until the start of the freezing period when 

it was lowered to an elevation a few inches below the subgrade surface. 

Field investigations at the test area were. started during the_ 
. · .. 

latter part of October 1950~ Test pits .were dug in each of the fohr test 

sections' to determine the density and water content of the base and subgrade 

/.soils. and also to perform in-place CBR tests. The initial series of plate 

bearing tes.ts was performed and initial readings of pavement surface 

elevation, subsurface temperatures and ground water elevations were made 

and continued throughout the Winter and Spring., following a prescribed 

schedule. Plate bearing tests were discontinued during the Winter months 
I 

when the subgrade was frozen and were recommenced at the start of the frost 

melting period and are being continued at approximately weekly intervals 

until the subgrade returns to ~or.mal strength. Test pits were dug in each 
. . 

, s~ction after the start of frost melting to observe ice segregation, deter-

mine density and water content distribution in sub grade and to perform CBR 

tests 6n surface of the ~ubgrade. 

· 3-02. Weather Data. Weather data were obtained at the .Air Force weather 

:station located at the Operations Building approximately one mile north of 

the test area. Weather information consisted of observations of daily 

rainfall ( i~ciudes w~te·r equivalent of snowfall), maximum and minimum daily 
\ 

temp.erat~~es, and average daily temperatures based on average of hourly 



temperatureso Daily temperature and rainfall reco't"ds for the i~ve~ti~ational 

year are plotted in Figures 1 through 3 on Plate 6o Records of average 

rela~tive humidity9 average wind.velocity and hours of sunshine are bei_ng 

obtained but ha~e not been pres en ted in this reporto These records, 

hawever9 will be utilized to analyze penetration of~ frost during future 

freezing seasons when continuous records of pavement surface and subsurface 

temperatures will also be obtainedo 

The Winter of 195CY~l951 was a particularlymild one from the 

standpoint of freezing temperatures o Cumulative degree· day curves are 

plotted in Figure 4 on Plate 69 based on both daily me~n temperatures and 

averages of hourly temperatures o: Ina.ppre_piable difference is noted between 

these plots although similar plots for other localities may show major 

differences o The Freezing Index for the Winter of 1950-1951 was 1529 

degree days Qompared with a Normal Freezing Index of 2417 degree days at 

Cariboua Maine 9 10 miles southwest of Limestone 9 which is the location of the 

nearest weather station with a long period of recordo The ·months ·of August, 

Septembe.r and October 1950 were abnonnally dry~ having a deficiency of 

approximately 3 inches of rainfall below normalo Rainfall during the month 

of November !J however, was 3 o86 inches above normalo 

3~03o GroUndwater Observationso Depths to the groundwater surface in 

the subgrade observation well,\) located at the center of the test area, were 

detennined twice each weeko A plot of the groundwater elevations during the 

investigati'ons in relation to ~he sub grade surface is shown on Plate 7. 

It may be 'seen that the water level in the well was approximately 

. ' I . N: . t lO·feet below the subgrade surface in early ovember and rose 7 fee ·by the 
I , 

. . I . . . 
end of December and a· short time later water ·in the well was frozeno At 
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thes~art of frost melting p~riod late in March, the water level was at the 

subg~ade surface and receded to a depth of 8 feet by the-end of May. During 

this entire period the water level in the five foot deep gravel-filled trenches, 

which bisect and are at the perimeter of the'test area, was maintained at 

approximately the elevation of the subgrade surface. 

·The fact that the water level in the subgrade well is not sensitive 

to. the water level in the gravel-filled trenches is attributed to the imper-

viousness of the subgrade soil and the depth of the gravel packing in the well. 

Gravel packing in the well extends from depths of 8 feet to 13 feet below the 

bottoms of the gravel=filled trenches. The observation well readings tndicate, 

however., that the vrater level in the sub grade was ·close to the suhgrad·e surface 

when the water froze in the well and upon melting. in the Spring the water level 

remained at the subgrade surface for several weekso 

Additional wells will be installed in the upper portion of the sub-

' grade prior to the next freezing period9 to give a more reliable measure of the 

ievel of the water source for ice segregation. Also., methods will be devised 
I 

to permit determination. of the head of water in the subgrade beneath the zon~ 

of freezing, throughout the freezing periodo 

The· observation wells which extend to the bottom of the' base course 

. in each test section were dry during this investigational yearo 

· 3-04• Subsurface Temperatureso .Daily readings of subsurface tempera"" 

tureswere made in each of the four test sections utilizing the ·copper ... 

constahtan'thennocouples placed during constru~tion of the test area.· The 

readings< were taken each day at approximately 1 ~00· ·PaM·o· Plots ·showing the 

depths below~ pavement. surface of the, 30., 31 and 32 degree Fahrenheit tempe~a-

tu~es versus. time for each test section are shown on Plates 8 through llo 

The extent of the frozen zone as revealed in test pits dug in each 
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section during the latter :part of March or early April have been plotte(i on 

Plates 8 to 11 inclusiveo Based on these plots·it is indicated that the 

temperature. at· the boundary betvveen frozen and unfrozen soil was generally 

30.5°F,. It should be noted, however, that as shown on Plate 1 the test pit 

locations were approximately 8 feet from the thermocouple locationso The 

faces of the test pits which were logged and the thermocouples were both 

equidi~tant from the edge of. the perimeter drainage trencho 

3=05o · Pavement Heaveo Elevations of the three heave reference hubs 

in each test section were determined at regular intervals during the 

freezing ·a.T1d frost melting perioqso The heave of each hub and average heave 

plotted against time are shovvn on Plates 8 through llo The average maximum 

. heaves fo·r each' test section were as follows~ 

Base· Courser Thiclmess Average of Maximmn Heave 
Inches Inches 

7 5o'0 

12 4o5 

18 ·4o9 

24 3oi 

3=06o Test Pit Explorationso Test pits' loca~ed as shown on Plate 

1 were dug in early October, 1950.1) and again at the start of the Frost 

Melting Period in the Spring of 195lo Plots of the density and water 

content determinations are shown on Plate 12o The boundary between the 

frozen and unfrozen material· in the Frost Melting Period te,sts as shown · 

on Plate 12, tends to be well defined by variations in wat~r content and 
... 

densityo Water contents shown in. Plots (B), Plate 12 were detennined by 
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drying· the :entire density ·sampl~ Vveighing approximately-14 pounds, while 
~' .. -_: . . .· 

water .OO!ltents in Plots ( O) are of full pint jar samples obtain~d for. each 

2· inches of depth, 'with stones larger than 1 inch in diameter eliminated 

from 'samples. 

··. At the time the density determinations were made,. in the Spring 

of 1951, ·the sub grade was completely frozen from the. surface dovm. to 'the 
- .. 

depths shown on Plate 12o Density tests were performed using the water 
::: :~'; ::· ; 

volume method.- A hole approximately 6 inches in diameter arid 6 iriches deep 
<" ; { . • .... . 

was dug and lined with a thin rubber membrane and the volume of water 

required to fill the hole was measured. The dry weight of th.e soil remov~d. 
! • . . 

- from': the' ho.ie was' determined by oven drying the en tire sample and wedghing~ 

Due to the fact the subgrade soil at the test section conta:lna'· a relatively 

high per ceil.t' of grav'el~ it is particularly difficult to make density 

determinations in the frozen state. Using the density and water content· 

results it was found that in two instances the degree of saturation of the 

. subgrade co~putes. t~ be in excess of 100 per cent. In both in,stances th:ls 
''' 

occurred in the 12-inch -section;;.- in one case at from 32 to 38~inch depth 

and in the oth~:r fro~ 44 to 50=inch deptho The density results at these 

two locations are qu~stioned and the theoretical densities to give 100 per 

cent saturati .. on are shovm. on Plate 12o 

·During the Fro.st Melting Period many ·ice lenses ranging from 
- . . . . 

hairline thickness to over an 'inch were found on the faces of the test pits. 

'l'he magnitude, depth, and orie~t~tion of. lenses 1/32 inch or greater in 
. . . ; 

thickness were determined and are shown on Plate 13o Generally the 
t .• •, 

thicker ice lenses were located near the lower boundary of the frozen soil 
. . - . . . . 

in each pit. · Total thi;cknesses of the measured i:ce le~ses and the 
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measured heave ·for the same date are compared below: 

Base Thickness 
Inches 

7 

12 

18 

Cumulative Thickness 
of Ice Lenses 

Inches 

Average Measured 
Heave 

Inches 

Variations between the observed heave and cumulative thickness of ice lenses 

are believed due to the many hairline ice lenses which were hardly discernible 

and too numerous to log. Photographs on Pla~e 14 illustrate in Figure 1 ~ 

large lens· in a chunk sample and in Figure 2 the many seruns left in the subgrade 

due to thawing of ice lenses. 

The lower boundaries of the frozen zone in all sections were 

approximately at the same depth into subgrade (32"-34") except in the section 

with seven inches of base course in which the lower boundary of the frozen soil 

was at a somewhat higher elevation. Less penetration of frost at the test pit 

location in the seven inch section may be attributed to its position relative 

to the water supply well, which had a possible warming effect. 

3-07o California Bearing Ratio Testso In-place California Bearing Ratio 

tests were performed on.the subgrade surface in conjunction with the 

-· 
test pit explorations during the normal and frost'melting periods. A 

minimum of three tests were performed in each test pit6 For comparison with 

field tests, laborato-ry California Bearing Ratio t_ests were performed on 

representative samples obtained from the subgrade surface-in the test pits 

dug during the Fall of 1950. Field and laboratory CBR tests were performed 

in accordance with procedures outlined in Chapter 2, Part XII, Engineering 
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Manual; M~litary Constructioni dated July 1946. 

Results of both field and laboratory tests are presented on Plate 

15. ·A summary of the average results of three tests in each-test section 

is. e~s follows~ 

Base Thi'ckness 
(In~!les) 

7 

12 

'18 

California Bearing Ratio - Subgrade Surface 
Normal Period Frost Melting Period 

25 ll 

26 16 

25 18 

19 20 

At the: time the frost melting period CBR tests· vmre perf___onned the subgr.e.de 

of the 7-inch section had been completely mel ted for approximately a we-ek, 

while in the 12,:,inch, lB~inch and 24-inch sections the depth to the top of 

frozeri soil was 19 inches,, 16 inches end 12 inches, respecti velyo The top 

boundary of the frozen soil has been estimated from the subsurface temper'&-ture 

plots on Plates 8 through 11. 

There appears to be a consistent inc res.se in the frost melting 

period CBH .val1ies w:i th depth of base material. This might logi6ally be 

attributed to the increased weight of ba.se cour-se forcing out the excess 

water more eff,scti .,..rely ::::.s the subgt&.Clo melted, however, the water content 

values shown on Plate 15, each of '\-.rhich are avera.ge of four determinations, 

.do not bear this out, -being highest at the 24 .... inch section • 

Laborat~ry CBR values are considerably hicher than the in-place 
• '> 

values where the :mold.ing wat.er contr:mt -.vas less than 8.3 per cent, however, -
vrhen the molding water content was 10o3 per cent the laboratory CBR-was 
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equal to 3, or considerably lower than any of the field test results. 

From this it is apparent that the laboratory CBR of the subgrade 

soil is very sensitive to molding water content, showing a considerable 

decrease with increase in molding content above approximately 8 per cent. 

A weak soil structure in the laboratory specimens is produced by the 

impact compaction method when the molding water content is a few per 

cent above optimum ·water content. During compaction of the subgrade 

surface in August 1950 ten water content .determinations showed that the 

water content ranged fram 7o5 to 10.2 per cent and averaged 9.1 per cent. 

The in-place CBR tests performed in October 1950 on the subgrade surface 

~veraged 24 while the laboratory CBR value with molding water content of 

9 o 1 per cent was approxima. te ly 25 ·from the plot of CBR vs o mol ding water 

content on Plate 15.- The average f:le ld density of the upper sub grade in 

October 1950 was 129.6 lbs o per cu. fto while t.~e laboratory den:;;ity at a 

molding ~ater content of 9ol per cent from the compaction test data is 

131.5 lbs. per cu. ft,, Thus it is indicated when compared on the basis 

of water contents during compaction the laboratory and field CBR values 

are approximately equal and variations due to differences in laboratory 

and field compactionmethods are ~nsignificaiito 

It is believed that the low laboratory CBR values which w·ere 

obtained when the molding water contents were in_ the orqer of 10 per cent 

b_~t.ter __ approximate the sub grade. strenr;th that would occur if the pavement 

wer,e <subjected to repetitive traffic and the field moist~re content was 

about 10_ per cent. It was noted that a sample from the surface_ of the 

subgrade during the frost melting period tests, which was firm and gave 
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relatively high CBR values, would suffer almost complete loss of stability 

immediately upon being remolded in the hand~ 

.During the investigations made in connection with th. e c.·· Oll;Str .. uctioJ.dJ~t 
of the pavements at Limestone Air Base field CBR results were obtained ~ 

vvhich are not closely comparable to the results obtained at the test section 

Where the subgrade soil gradation and· Atterberg limits were similar, the 

laboratory compaction and laboratory CBR results obt~ined in the previous 

investigations arid as presented herein· are practically identical. 

Immediately following the frost melting perioq in 1947, in-place 

\ ~q CBR tes.ts wer,~ performed at several locations on the undisturbed. s~b- ·~\'0(}( \ 

grade sqi~ ,a~ a depth of approximately 2 feet below natural gro'lind Sl),rf~ce. 

Tr.e results obtained during these tests were as follows: 

Dry Unit Weight }Vater Content In-place 
lbs. per cubic ft. % CBR 

108 21.0 3o5 

120 15.0 5.0 

131 10.5 7.0 

Field CBR tests were also performed on soil similar to the subgrade soil 

at the Frost Test Section during the Summer of 1947. These tests 1.rere made 

at a special test section constructed tc d'etermine the field compaction 

characteristics of the subgrade and base course.material at the site.· 

After compacting the subgrade using sheepsfoot rollers with 350 and.450 
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psi tamper pressures,. in-place ·CBR tests were performed and the following 

results were obtained: 

Dry Unit Weight 
lbs. per cubic fto 

125.0 

125o8 

1?0~0 

130o5 

Water Content 
% 

13o0 

12o5 

lOoO 

lloQ. 

In-place 
· CBR 

1.6. 

3.2 

11.0 

7o5 

The reason fqr the differences between the· field CBR test results 

at the Frost Test Sect-ion and those previously obtained is not clearly 

ev:i.dento Addi tio:rial field .CBR tests v;ill be made at and adjacent to 

the Frost Test Section during Fiscal ·Year 1952 to obtain a more consistent 

body of data. This information is desired to determine whether or not ·the 

field CBR test is sui table for use during the frost melting period for 

the design or evaluation of flexible ·pavemeritso The average test results 

obtained during the Frost Melting Period in 1951 showed the sub grade CBR 
;· 

equal to 16 while the existing frost condition design .curves are based on 
~ 

an assie;ned CBR of less than 3 for a subgrade soil of the type· e·xisting· 

at the test section •. Possibly a single season of freezing was insufficient 

to counter_ the effects of the compaction given in the previous .Fall. Also 

the freezing of the upper 6 inches of the.subgrade occurred in a period 

of or:tlY 3 to 4 days, resulting in comparatively litte ice segregation. 
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3-08. · Plate Bearing Tests. 

a. Test Procedures. P1ate bearing tests were performed on•the 

·pavement surface using a 30-inch diameter steel bearing.plate. A thin layer 

of Ottawa Sand was used to seat .the qearing plate on the pavement. Plate 

deformations weremeasured by three di~l extensometers plac.ed 120 degrees 

. apart on the outer edge of the pla~e. Subgrade deflection was measured 

hy a·dial extensometer·placed on a subgrade deflection gage through~a hole 

in· the center of ·the bearing plate. Details of the subgrade deflection ;' 

gage are shown on Plate 3. All four extensometers were attached to ·:a steel 
( 

beam supported approximately eight feet from each side of the bearing plate. ~. 

Photographs on Plate 16 show the arrangement of the dials ·and ·the eq1.ripment · 

: set.,.;up for test:. A jack· stand was used to ·distribute the load over the plate 

and provide a space for the· extensometer placed over the sub grade deflec~ 

tion gage. Load was applied by jacking against the 27-inch WF beam using . 

a 50 ton hydraulic • jack controlled by an· electrically driven hydraulic pump 

(Blackhawk Porto-Power Pump, P-182). A ball and socket joint was placed 

on t?p of the jack to reduce the eccentricity of loading on the bearing plate. 

The arrangement of the equipment during test. is shovm in Figure 1, Plate 4, 

and on Plate 5 which also shows the details of the reaction beam. One week 

prior to .performing the normal=period tests all test locations were 

prestressed with ten repetitions of a 50,000 ·pound load. At the start of 

each individual test a seating load of 500 pounds· was applied and held. 

Zero readings of the extensometers were than recorded. 

Plate loadine; tests were of two types: 



(1) Static Load Te~tso Static .load tests were performed by 

loading the plate in approximately five equal incre_ments with each load incre

ment held constant and the d~flection of plate and sub~rade recorded when .the 

rate of· plate deflection became less. than Oo004 inches pE:lr mintiteo During the 

nonnal period static load tests a maximum load of 50,000 pounds was used 

regardless of deflection, because of ini tie.l difficulties with anchorage of 

the. equipmento ·For the frost melting period static load tests the plate was 

loaded· t·o a maximtm1 load of 60~ ·ooo pounds or Oo 2 inches deflection, whichever 

was re ac'hed firs to 

( 2) Repeating ·Load Test so Repeating load tests were per-

formed by ·subjecting a 30-inch diameter plate to thirty +oading cycles in a 

periodof·fifteen minuteso The load was rapidly applied in one increment and 

held· constant for a. period o~ approximately 20 seconds 9.11d then rapidly 

releas·edo The ·deflection of the plate and sub grade was . determined after the 

1st~ 5th~ -lOth,· 20th and 30th repetitions with the load on the plate, and -

the penna.rient deformation was measured ten minutes after the release of the 

·last repetition.of loadingo 

In the repeati:p.g- load tests the following constant loads 
. . 

were selected :·for the various test sections~· 

Section Base Thickness 
Inches 

1 

12' 

18 

Test Load 
Pounds 

30,000 

50,000 



b. Plate Bearing Tests Performed<) Tests were performed at five 
' :. : 1.·:: .~ ~ ,..:r ~~- ... 

positions on each of the four test sections. Test positions were centered 

over the subgrade deflection gages and were numbered 1 through 5 as shown 

on Plate 1 for the 12-inch section. The test positions in the other three 

sections were numbered in the same sequence as the 12-inch section~· with 

the two· positions nearest the beam support numbered clockwise, followed by 

the three positions away from the beam support also nlimbered clockwise. 

PositionG 1 and 2 were selected for repeating load tests, 
- . 

Positions 3 and 4 for static load t~sts and Position 5 for a rep~ating load 

t~st- f~ilowed .. by a static load test. The same pattern of t~sts for like~ 

nu~bered locations was 'used for each test section., with the· tests in any· 

one s~ction being performed in the same day. 

The plate bearing test program was initiated in October, 
. . 

1956, to· obtain the normal period pavement strength, at which time one 

comple-te· series of tests was performed at each of the 20 test positions. 

During the freezing season plate bearing tests were dis-

continued. ·At the start of the frost melting period tests were resumed,· 

w:it;h 'one complete series of tests being performed at weekly intervals. The 

tests are being continued unti 1 the pavement returns to normal period 

strength.' 

c. Plate Bea~ing Test Results a Load deflection plots for static 

load tests and plots of number of repetitions versus deflection for the 

repeating load tests are shown on Plates 17 to 20 inclusive. The top two 

'rows of piots across the top of the plates are for plate and subgrade 



deflections respectively at Positions 3 and 4o Plate end sub grade deflections 

for repeating load tests at Positions 1 and _2 are presented in middle two 

rows o The lower two rows of plots contain the results of the repeating load 

tests and of the static load tests which were performed immediately following 

the repeating load_tests at Position 5o Each plate c6ntains the results of 

all plate bearing tests performed at a specific test section up to approxi-

mately 1 June 195lo Deflections of the bearing plate and the subgrade surface 

beneath the center of the bearing plate have been plotted against load for 

·the static load tests and against repetitions for the repeating load testso 

Comparison of these plots shows the marked reduction in subgrade strength 

which resulted from frost melting early in April and the gradual increase 

in strength in succeeding weeks o 

Plate bearing 'test results are summarized 6n Plates 21 through 

24 on the basis of the ratio of frost melting to normal .period loads at Oo05 

. inch deflections for the static load tests and on the basis of the ratio of 

normal to frost melting period deflections at the 30th repetition for the 

repeating load testso ·The ratios presented are subject to modifice.tione.fter 

obtaining normal period results in the Fall of 195lo Results for the normal 

period of 1950 are based on only one test series which was perfonned approxi-

mately one month after filling the water supply well and so there may have 

been insufficient time for complete saturation of the subgrad~o In view of 
. . . . . . . . . . ' . 

this., quentitati~e ratios shown on Plat~s 21 through 24 may be subject to 

appreciable changej however, the shapes of the present plots which indicate 

the duration of weakening will be unchanged by revision of normal period 



Actual deflections at the end_ of the 30th repetition in the 

repeating load t'ests are summarized on Plates 25 and 26o On Plate 25 are 

plotted deflections of plate and. subgrade surface, for each of the sections, 

over the -period of the field testingo On Plate 26 the differences between 

the plate and subgrade surface deflections in the 7-inch and 24-inch sections 

a:re comparedo No sumnaries of this type have been prepared for other than 

the repeating load testso 

The static load test data presented on Plates 17 through 20 

and on Plate 21 show that~ (1) all sections were subject to approximately 

the same degree of weakeninga (2) the 18~inch and 24-tnch sections had not 

reached their maximum condition of weakening until after the initial test 

series in the Spring of 1951~ (3) the four sections regained strength at 

. approximately the same rate up to 1 June~ and (4) all sections were still 

much weaker on 1 June than in the normal period of the preceding Fallo 

The repeating load data presented on Plates 17 through 20, and 

22 throug~ 25 showg (1) deflections of plate and subgrade surface were pro

gressive up to 30 repetitions of loading., (2) the increase in deflection with 

l repetitions was most pronounced during the first part of the frost melting 

. period and tertded· to "be small to negligible during the normal period; (3) a 
j 

n':liDber of tests on the 7 !J 12 and 18-inch sections showed rapid regain of 

strength during the first half of April~ then approximately the same strength 

until early May9 when strength was regained at an increased rate, (.4)· the 

subgrade deflection measurements g~nerally tend to indicate greater loss in 

sub grade strength during the_ frost melting_ period then do the plate deflection 



m~asuremen ts and the relative strength· reached on l June tends also to be · 

smaller for the subgrade deflection data.:(possibly the load versus subgrade 

defle.cti on,_ relationship for the normal pe,riod may· not be representative), 

(5) in the repeating load tests, the subgrade deflections after 30 repetitions 

were app~oximately the same for all four test sections toward the end of May, 

although test loads and base course thiclmesses were different in all the 

sections9 (6) in the repeating load tests, the actual plate deflections at 

30 repetitions exceeded the subgrade deflections by a considerably greater 
. I . . 

proportion in the 24..:.inch section than in the 7-inch section, ap:parently 

indicating thereby the greater stress distributing properties ·of the thicker 

The test results obtained at the locations where a· static: load 

test followed 30 repeating load cycles are summarized on. Plate 24.· · From 

these results it is indicated that: (1) the indicated reductions in subgrade · • 
.... 

-strength ·were much less than at locations where static load tests· were not 

preceded b'y repeating load tests (compare with Plate 21 ),·. and ( 2) res.ul ts 
i. 

appear considerably more erratic than for the static tests alone, as regards 

relative positions of curves for the different sections, and as regards 

periods of maximum weakening and rates of rega.in of strength; _however • part 

of this may be an illusion because ratios of higher order of magnitude tend 

_to give bigger numerical differences between ratios and. thus to magnify 

variation·s. 

The greater strengths at the locations where the static load 

tests followed repeating load tests are attributed to the consolidation of' 

the sub grade by the repetitive loads o It is conceived that the repeating 
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load tests aided in forcing water from the. melting segregated ice up into 

the base or in redistributing the water through the subgrade~ Such a process 

would increase the subgrade strength which is indicated by the static load 
i 

tests that followed. On the other hand repeating load tests performed over 

a plastic subgrade which is at a high degree of saturation, such as during 

the frost melting period, might have som~ tendency to cause weakening due 

I 

to remold:ing. Weakening of plastic subgra.des under repetitive traffic 

load has been noted during several of the accelerated traffic tests. Pro-

bably, howeverJ traffic has a muoh more effective remolding action, because 

of the severe changes and reversals of stress and strain which occur, as 

compared with the plate loading test. At the Limestone Test Section the 

strengthening due to preloading and consolidation under the plate loading 

apparently outweighed any weakening effects which may have been produced by 

remolding. Under actual tr~ffic this strengthening effect would not 

.necessa~ :dJ .;t4 ~ ~ ~. 

~----/~ ~pt~ . 



PART IV - COLD ROOM STUDIES 

· 4-0l~ Gerien"'al'.t· ··Tw-o ·undisturbed ·cubic foot samples together with· 

, tW"o · di$.turbed bag· samples· of the··gravelly· sandy clay, (glacial till), 

subgrade material were obtained·r:rom the test pit. explorations made in 

the·'·'Fa1l of 1950~ The samples· obtained :were· subjected to freezing·. tests·· 

in the cold room at the Frost Effects Laboratory to determine the relative 

frost susceptibi1ity of ··the su,bgrade soil and to, deterrrtine .. the 'relation-

ship·· between -the 1a'bo·ratory test· results and the· fie1d:behayior. of.': the.~ . 

same soils·· ·frozen in=placeo 

4~02.· ·.Test· Procedure*o The two. undisturbed samples ·were trimmed::_. 

to 6 inches in diameter and 6 inches higho The sides of·- the samples;·· .. · · 

:'were''well' cOatedc With petrolatum an.d placed insidEr b=.inch diameter waxed 

cardboard containers. Specimens were also prepared using each of: the' 

two disturbed samples, by molding to the desired densities in a 6-inch 

high .·i~side: diameter: metal cylinder. by ·applying static loads to movable 
··::. ,·J :!' 

.•. 

pistons at each end of the cylindero The remolded specimens were 

ejected~ coated with ~etrolatum and placed in waxed cardboard containers. 

The und:i,sturbed and remolded specimens were de=aired,: saturated an~ 

placed ).n _a freezing cabinet with the bottom of each sample resting on 

a porous stone connected to a water supply wello · The level of the·.water 

in the water supply well was held constant at a height of 1/4 inch ahove 

top of the porous stone. 

* Detailed description of cold room ·equipment and test procedures .·are 
presented in the Sec:ond Interim Report of Cold Room Studies, Fiscal 
Year 1951, dat.ed June 1951. 



A surcharge of 0.5 psi.was placed at the top of each sample and 
.. ·- .· : .' : . . . ·. .·.. . . . . . 

th.e · side's of. the s ainpl~s were insulated with gran~lated cork. · The bottoms . 

. of the samples were exposed to the cold room temperature of 3.8°F. t_ l-!°F., 

while the temperature in the freezing cabinet at the tops of the samples. 

w~s alowly .depressed in. decrements to freeze the specimens at an average 

. rate; of 1/4 inch per day. 

·. 4-03 o Test Results. Grad at ion cuMres of the four. samples· of 

grayelly sandy clay sub grade soil are. shown on Plate 'Z7. Plots of heave 

·end ·temperature versus time for the four test samples are shown on 

Plate 21~ Water content .distributions in the samples ~fte~ freez:;ng are 

shoWn. on Plate 28. 

· .. ft. summary of the test conditions and test results is pr.ese?te.d 

in the following table~ 

......... 

Sample No. 

LS.T-2 
Undisturbed· 

.Per Cent 
Finer Than 
0.02 nnn. 

LST ... 3 33 
Undisturbed 

LST-4 
Remolded 

~ST~5· • · 30 
Remolded 

Dry 
Unit Wt. 

pcf 

113 

127 

112 

127. 

Average 
Per Cent Rate of Heave 

Heave mm/day 

82 4.5 

57 3.1 

164 16.7 

'78 5.0 

The per c~t heaves and average rates of heave experienced at 

the field test.section wer.e ,as .follows: 



!' .. 

Average 
Depth Max. 

Frozen Heave Per Cent Average Rate~of 
Section Feet (•) Feet Heave Heave mm/da.il: 

7" 3.0 .42 14 1.6 

12"'. 3.1 .37 12 1.4 
'' 

IBn 3.8 .J .... 1 11 1.7 

24" 3.1 .31 10 1.2 

* Based on maximum penet~~tion of 31°F. temperatures fram Plates 8 
through 11 • 

. The large difference between the heave of the laboratory speci-

mens and heave in the field is attributed to the unl~ited supply of water 

a.t the. bottom of the laboratory sample. The laboratory test is not intended 

· to duplicate the field conditions of each specific case. Rather, it is 

a uniform and deliberately severe test used to measure the relative frost 

susceptibility of soils. 

The four laboratory tests reported above indicate an average 

rate of heave in the range 4 to 8 mm/day, using the grouping proposed in 

the Seco1id Interim Report of Cold Room Studies, which corresponds to a 

frost susceptibility classification of "High". In the present state of 

knowledge. in this field.,· it is believed this adjective is adequately 

descriptive of the frost susceptibility of this material, heaving of the 

order of 10 to 15 per cent., under the water availability conditions existing. 

However, as seems apparent from these and other tests,.potential 

amount or rate of heave is not an adequate indicator of the loss of strength 

which may occur under a pavement during the· frost melting period; the rate 

at which melt wa~er may be drained or redistri huted and strength regained 

must also be con~idered. 

/ 



Vo CONCLUSIONS 

5-01. Conclusions. The observations and tests completed to date are 

not of sufficient duration to serve as a sound basis for conclusions; 
!'I 

however, the following major trends are indicated from the available results: 

a. Freezing Index. The difference between the values of the 

Freezing Indices, in northern Maine, computed using ·mean daily air tempera-

tures and average of hourly air temperatures is insignificant. 

b. Frost Penetration. Discounting the results at the 7-inch 

section, the depth of frost penetration into the subgrade at the test area 
_Cii1?=&= 7 

is virtually independent of the base course thickness up to the 24-inch 

maximum base thickness. 

c. Loss of Subgrade Strength. 

markedly weakened during th..Je frost melting period and the regain in strength 

was gradual and was generally continuing at a uniform rate up to 1 June, 

the time of the latest available test results. 

( 2) Under static load tests, the sub grade had greater relative 

strength in the frost melting periqd at locations in which the tests immed-

ia tely followed repetitive loading~ than at loc·ations which had not peen 

subjected to repetitive loading. However, under traffic this strengthening 

effect would not necessarily exist. 

· d. Cold Room Tests. Per cent heaves and rates of heave of cold 

room te~t specimens are considerably greater th~~ those experienced in the 

field. However, this does not invalidate the cold room test as a satis-

factory standard for determining relative frost susceptibility of soils. 
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. VIa RE COW•1ENDATIONS . 

. . 

·6-0l. R~'co~e~dations •.. It· is r.ecommende.d that· field· studies· of the 

magnitude and duration of the reduction of pavement supporting_ capacity due 

to frost action initiated in Fiscal Year 1951 be continued to obtain 

additional information and to study other factors as shovm below: 

Continue plate bearing tests through succeeding seasons to I .fbe.:.f ~i"" 

obtain more conclusive normal period data and to deter.mine the effect 

of a range of climatic conditions upon the period of weakening. 

bo Control water level in the water supply well at an elevation 

slightly above the surface of the subgrade until start of freezing period 

in Fall of 1951 and then lower and maintain at an elevation slightly below 

·surface of subgrade for remainder of fiscal year. 

c. Install additiona1 observation wells which will give a more 

complete and representative picture of the ground water conditions in the 

upper subgrade. 

d. Obtain continuous records of air~ pavement surface, and 

subsurface temperatures for studies of surface temperature transfer with 

. the 'objective of improving methods of predicting depths of frost penetra-

tion beneath pavement surfaces. 

e 0 Excavate test pits during the normal period, time of maximum 

frost penetration and frost melting period to study variation in density 

and water content, formation of ice lenses and to measure depth of frost 

penetrati ono 

f. Perform further field and laboratory CBR tests on this 

material to clarify results already obtained and to investigate particularly 

the sensitiveness of the subgrade to remolding. 
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g. Measure temp·erature at boundary of frozen and unfrozen soil 

in. test p~ts to obtain data on tempe.rature of freezing of soil moisture. 
·. . ~ . ' 

1 \ 

:,· 

<' 

·: · .. :· ~~-... ·. 

'II. 

,,·· ... 
•·:i 

: ~ : ·. . ! . . . . 
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~· 10' 15' 

~ -= z >iiiiiil 
SCALE IN FEET 

Origiflol Groufld. Surfoc8 

-PovBmBnt BIBvation- 67'3.04 
BIBvation- 667.54 1 

-~ 
I an 10 

·.CrushBd rock bass thoroughly. choltsd 

1 on 10 

with stonB scrBBriings and· ssalsd with· a doubts sur lacs 
trtlatmsnt, using ·sand aggrsgatt1 afld tar. 

I 

2".vtmt and avBrflow 

5'-0"dia . 

__ SECTION OF CONCRETE PI~E WELL. 

Original Ground SurfacB 

. . L£G£ND-

~ BasB obsBrvatian ws/1. 
-+- ~ubgrads obssrvatirm ws/1. 

Th8rmocoupiB installation. 
+ SubgradtJ dBfltJction gogtl. · 

· A Hsove isfBrtlncB hubs. 
E2J TBst pit locations, Normal PBriod. 
~ TBst pit loi:otions,Frost Mtlltiflg PBriOd. 

2-6"/ajBrs 
Sandy GravBI, 

. Subgrode- qrovsliy Sandy Cloy 

SECTION C-.C. 

-·--. _ __!_~:._~-:._ 18'-.§.:'. 20'-o· ·I 

----~~~~~==~::~~~~~~~6§-·¥c§ru~s~h~s~d~·~r~o_c~lt~§~~~~~~~~~~~~~~6~"c~r~u~s~h~B~d~ro~c~lt~~~~~~~~~~~~~~~~~~;;;~~~::·::·::-:=-=]:·~·:~~-~~~~~~~~~~~~~:=~~::JOriginol Groufld.Surfoc6 

Outsr: ·.sids of fhs drainagtl . 
trt1nch Ofl ths psrim81Br of thB 

· tut arsa was lintld with 
prtlfobricat8d bituininow 
surfacing. ' . 

Original ·Ground ·Sur facti 

6" bituminous 'cootBd, 
corrugattld, mt1tal pips, 
psrforattJd .. 

Subgrode- GrqvBily Sundy Clay 

SECTION .A-A 

6"8CCM p1rfora/t1d p1'pt1 

CrushBd · roclt. basB thoroughly choir tid .. 
.wifh stanti si:rt1t1nings and sBaiBd with a doubiB surfactJ 
if"tlalin~nt; using ·safld aggrtJgOIB and tar. · 

h. _ 

10'"6 " I.J'-o"l ~-r,r-o.:L__ .---'-"--"-· 18'-6·_~· 10'-o~· 
________ _,_L_~==---'--- -+· ----+· ______ _,____ ~ -~· 6" Crusht1d roclt ------,---- ---------'--- ___ .:..._;__ __ 

10 
Safldy Gruvsl .J • Sandy Grov111 6" Sandy 

6" BCCM PBrforotBd pips 

Subgrads- Gravtllly Sufldy Clay ]2~6·1 
, I 

SECTION B-B 

. 6" BCCM 'psrforat~d pipB 

'2.:·~ 4 " sst on 1dgt1 ani:! SBCur~d 
. by naiUng to staktJs· driven · 

' into ground' e'"o .. c.c . .. ' 

SECTION 0-D· 

---'---l•I'I+----~---SubgrodB---.:.., 

_Appiy ditlstJi oil to 
form· stJal at lop joint 

40" ~idB pr-,fabricaftld 
bituminous surfacing. ·---

Sandy Gravtll 

• 6" bituminous caattJd, 
~ ~ corrugattJd, msfal pips, pt1rforott1d 

DETAIL OF PERIMETER DRAINAGE. TRENCH . 

N 

t 
rESr SECrtON 

NEW BRUNSWICK 

LOCATION PLAN. 

10 ~~ . 20 25 30 35 

SCALE .IN MILES 

A/1 sidtJ SIOpBS of fBSf SBCtion' 
· cov11rt1d with crushsd rock and 
surfacB lr1att1d with tar and 
sand Ofld scrsenings. 

-6"8CCM pt1rforatt1d pips 

I • 

NOT£S: 

. Positions of subgradB dlfiBcfion gagt1s, and'htiUIItl rBfBrBfiCB 
·hubs shown for 12"s11ction also apply to_7;'t8"and 24.stlclions., 

Numbtlrs bBsldtl subgradtl dt1flt1Ction gagtls ofld htiOVtl 
rtlftlrtJfiCtl hubs illustrottl numb11ring systtlm. 

FROST INVESTIGATION 
FISCAL YEAR 1950-1951-

, FROST TEST SECTION 
· LIMESTONE AIR FORCE BASE, LIMESTONE, MAINE 

PLAN AND SECTIONS 
OF 

TEST AREA 

FROST EFFECTS LABORATORY 
NEW ENGLAND DIVISION CORPS OF ENGINEERS 
BOSTON, MASS. . JUNE 1951 
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FISCAL YEAR 1950-1951 

FROST TEST SECTION 
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FIG. I GENERAL VIEW OF TEST AREA SHOWING REACTION 
BEAM AND PLATE BEARING TEST SET UP. 

FIG. 2 VIEW OF TEMPERATURE MEASURING 
POTENTIOMETERS. 

PLATE 4 
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FIG. I ICE LENSES IN CHUNK SAMPLE 
FROM 7 INCH SECTION~ SAMPLE 
TAKEN FROM 20-1/2 INCH TO 
27 INCH DEPTH BELOW PAVEMENT 
SURFACE. 

'• 

FIG. 2 VIEW OF HORIZONTAL CRACKS IN 
SUBGRADE OF 24 INCH SECTION 
DUE TO MELTING OF ICE LENSES. 



-· 

IOOOr;~.,-,-r;~-,-.,-,-r~~-r~.-,-r>-, 

z ·· ~1-f-f~:--Lj- + 1---~-~--- -- . 
d I I I I ' !--!--t--i·--1--t--l 

(/) i -l ' i ' 
...... 800 J I ! ! : ! I I ' : 

~ 1 _ lr- -J-:-c --'-· _:_ ___ :=_-~~ 
UJ -+-t-!-- -r--l-cl-r-.J-j•.:.-;-- +!--·-1---,:_r-- ~t-

. o 6o'o 1 ' I 1 i I . , : I , 1 P 
~. · I _ I ; I i 

:n - I '-i I ! ---:

1
_ -'--t---t-+--t--1 

~ i , +-r-l-- , I .-~'--- __ L 
a:: 4oo ! I · ' 

z I I I~ I I 

2' I / i I~ 

~ I ...--1 i ! 
· I= 2oo · VI V ' . 
~ j1 I J/ I 
w ~ YT 

: 

I I 
--c 1---

I -I 

c... 0'1 ~~....-!I I ! I 

0 ~-i' il i 

0.1 0.2 0.3 0.4 0.5 
PISTON PENETRATION-INCHES 

7 .INCH SECTION' 

~800~-,-,-.,-,-r-~~-r.-,-~~~-+~ . I I I 

g I.' I· I 
...,_ , [ I , 

~ soo I . +--- -c-j- r-----t--t-+--c--+-+-t--t-+-'-'-:1 

~ d= -~ -e--i. . --+-j' •• -t' -+-!----1-'---+---l 

• ~ • • • . I . -t--~--+-r--1--+-i~r--f---:-----'----t--t-+-!----1-'--l 
~ . J ~- ~-I 
iJi 40o : . ! , I I. 

1 
...-f-lr- _ . 

~ r---~-i-~- -:-j--'-- ~-r--- I -~ ..--:f-4 
·z 1- I / . ------~ 
o Iii v,........~ 
i= 200 , j I ~If'""'" I .. I 
~ · i M:-_-: -[1-'-j-+-+l-----'--1 -+,f---+--+-+---1 
t '-~ .. -~~I! I 
~- 0 ~rc:--r -I I : 
c... 0.1 0.2 0.3 0.4 . .0.5 ·: 

·. 

t-= 
u. 
::::) 
0 

' ui 
CD 
_J 

I 
> 
I-
iJi 
z 
UJ 
0 

> a:: 
0 

PISTON PENETR.ATION-INCHES 

7 INCH SECTION 

138 
I\ Wt. of Tcmper-----IOibs. 

\ Fall of Tamper -----18 in. 

\ 
No. of Loyers ---- •·• 5 
No. of ~nws/ Loyer:- 55 

136 \ Oio. of Cylinder-----6 in. 

[.\ HI. of Cylinder---·- 5 in., 

~ 
Mor.. C:iz_e.Maferiol--~ in. 

I 1\0 
134 ! <>. \...: 

1\~ 

I \ \;i; 
~----

1/ \ \c 
\'4 

132 
I \ I 11. 

\ ~' -

d ~~ 
130 

0 \ 
. \ 1\l 

1\ 
. 128 \ \ 

. I v 

I I ! 

1-+--+--t--f---+--i-~---J-tt -lt-1-+--+--t-+-t 
126~~-L~~~~~~-L-L~~~~~~~ 

4 6. 8 10 12 14 

MOLDING WATER CONTENT IN PERCENT DRY WEIGHT 

f----- -- -- -- -l--!--f--!--1- --+- --~1---l~~:::j:::~:r-f 

~-+-t-+-r--i-+-+-t-~--1---~~-~~~--~-~~-~/v :-- --r--:-r----r-- --

6oo ____ ~-IJ' _ '- L~~if---t-l---t-:-+-r--l 
r-- -~-~- "- -----v--f --jV- -~----- --~------ --

.... -------.- -~ --- - ----!---/_. '-: 
400 I I 7 

/ 
1--- -- ~1---f---1/ - - f---~~--/-J''-f---t--1-"-if---!----1-+-1-'--e-- . 

0.1 0.2 0.3 0.4 0.5 
PISTON PENETRATION- INCHES 

12 INCH SECTION 

1000 

·8oo 

600 

400 

200 

0 

' +.-: __ I 
I I' 

:---. T I . 

i I 
i 

I 

·H ~-

i· 

-;::::; 

.-1~ 
1-41!7 

// // 

/ / / 
,/ v ./ 

j lL / _,L 
-~-- f--- f---

--f-,-- / / / 
/ v 

/ / 

1/ /-TI· .. 
1/ 
~ 

~ 

,.......v 

I 

w Q2 .Q3 Q4 

PISTON PENETRATION~ INCHES 

18 INCH SECTION 

1000 

i I 

I I 

I I 
800 

l?l'~ 
~r--' 

600 

I I 400 

I 

200 

0 
0.5 

NORMAL PERIOD FIELD c·BR TESTS- OCTOBER 1950 

f---f---- - -1-+----l---+-1 

v 

o!A:' 
-~1 0~ ~3- Q4 Q5 

PISTON PENETRATION- INCHES 

12 INCH SECTION 

BOO I 
. ! 

I 
........ ~ 600 

-- '-----c---- ......... A·-:" 
y ........... ---

400 
v \""' 

·- - f---- / ......-
/v 

200 

/ -v 
LV1 ,,... 

0 

/ )--

/ ~ 
;t.--

d(--'~ 

~p ~""' -~ ""'' - -

4'-:' 

0.1 0.2 · 0.3 OA 
PISTON PENETRATION-INCHES 

18 INCH SECTION 

800 

. 600 

__.. 

4_00 

200 

: 0.5 
0 

FROST MELTING 'PERIOD FIELD CB R TESTS -APRIL 1951. 

t-' 
·z 
1£.1 
.0 

• I 

.a:: 80~-+-+~4-+-~~-+-+~4-+-~i--1--+-+~ 
1£.1. 
a. 

~ 

~ 60~-+-+-r4-+o~~-+-+-r,_+-~~-+-+~ 
0 i 
0 
UJ I 

I 0 

I-. 0 \ 
~ 40~-+-+-r~+-+-~++-+-r,_+-~~-+-r.~ 
~ c-- -:-- - J.~- - +c-t-\-:\t--+-+-+--t--t---t-------1,--t-; 
8 -- -+-+--+--+-+-+--'--"c-\.,-'-1----+--+--t-+-t--_ -',--+-+--! - ~:··· -~ ... --- - r\ -· 

SUMMARY OF 

LABORATORY CALiFORNIA BEARING 

SAMPLE 
BEARING RATIC) . DRY _DENSITY 

NO. 
IN PERCENT lbs./cu. ft. 

@0.1". . @ 0.?" MOLDED SOAKED 

38 44 
I 

. 38 42 
130.6 130.0 

2 
69 68. 

132.2 131.9 
43 50 

3 
51' .61 

134.1 134.! 
37 43. 

8 II 
129.8 4 . 129.8 

8 10 

-3 4 
5 

'3 4 
1;27.9 128.7 

I -~..:.! I I 
: 

! -+-
I 

-I- ·- l _L- --;--I ! I 

I t-1- I; 
--~-I -f---~ 

I l- ! 
--

~+-
>-:::1----1 r--1 I 

~ 
p'--' 

I v ~ ?~ 1'--·,-----

-i ~ 
/,/ I I --

~v f>--!>=? p-
. 

i ~ I >-- I 
I 

=+-
~ 

:,--I 

r---r--1-

~'~ 
·I 

~ 

I 

i 
Ql . Q2 Q3 OA 
PISTON PENETRATION-INCHES 

24 INCH SECTION. 

,, 

I -~-
~.....-

v -/ !--"~ 

/ .v ).-!----">-

/ ? _.;Il-l--

./.. ?...-' 
V .......-:V 

v •'• 

v-:.....-;;r- ~ 

1£ j(' / 

0.1 . 0.2 0.3 0.4 

PISTON PENETRATION-INCHES 

24 INCH SECTION 

RATIO TESTS 

WATER CONTENT 

IN PERCENT 

MOLDED SOAKED 

6.7 10.5 

~- 7.5 9.6 

8.3 9.1 

9.7 10.9 

10.3 11.4 

I 

i 

0.5 

I 
............... 

I 

0.5 

20~-+-+-r,_+-+-+--t-+~,+-~-+-+-r~+-~1 

- -r--- r ----· '- --L--\---J-----!--+-+-t----'-+1-
r-- ·-;--- -- --- f--r--- -1--- - . -t---+bu,\+.-1--+---t-+-t--,-+--l 
r- ------- - ----1-f-i--- -['o--+-~-t--+--+--1----l 

o~~~~--~~~~~~~~~~--~~ 

4 6 8 10 12 14 

NOTE:- For each sample the. top value· denotes r~sult. of penetration of 
top of _sample, bottom· value for bottom of same sample. 

MOLDING WATER. CONTENT IN PERCENT DRY WEIGHT 

LABORATORY CBR AND DENSITY VS MOLDING WATER CONTENT 

SUMM~RY OF 
FIELD CALIFORNIA FEARING RATIO TESTS 

NORMAL PERIOD OCTOBER 1950 

SECTION DEPTH CORRECTED CBR DRY WATE~ 

CONTENT 

% 
. OF IN . IN PERCENT DENSITY 

TEST AREA INCHES @> 0.1" @ 0.2" p.c.f. 

71NCH 

121NCH 

'181NCH 

24 INCH 

7--13 
'17-35 21-27 

(28) (25) 

. 19-32 25-43 
12 - 18 ( (26l' . (36) 

22-27 .29-32 
' 18-24o ,'( 25) (3 l) 

14.-27 

(21) 

128.7 9.6 

129.6 8.5 

130.7 10.6 

124.9 ', 11.7 

NOTE :-Figures in ( ) denote . avera.ge value. 

SUMMARY OF .. 
FIELD .CALIFORNIA BEARING RATIO. TESTS 

FROST MELTI.NG PERIOD APRIL 1951 

. SECTION DEPTH CORRECTED CBR DRY WATER 

OF· 'IN iN· PERCENT DENSITY CONTENT 

TEST AREA INCHES @ .0.1" @ 0.2" p.c.f. '% 

· 7 INCH 7-13 
10-12 13-14 

126.8 11.0 
(II) (13) . 

121NCH 12-18 
11-19 14-24 

.132.1 ~.6 (16) (19) 

18.1NCH 18-24 
16-20 20-25 

136.7 .7.7 (18) (22) 

16-22 22-26 
126.5 241NCH 24-30 

(20) (24) 
12.3' 

NOTE:- Figures in ( ) denot.e overage va_lue. 

. ·-'t 

All Californ_ia Bearing Ratio t~sts 
performed .. on Gravelly Scindy Clay (CL) 
subgrode:. 

FROST INVESTIGATION 
FISCAL YEAR 1950-1951 

FROST TEST SECT.ION 
LIMESTONE AIR FORCE BASE,LIMESTONE;MAINE 

CALIFORNIA BEARING RATIO TESTS 

FROST EFFECTS LABORATORY 
NEW ENGLAND DIVISION CORPS OF ENGINEERS 
BOSTON, MASS. 

PLATE 15 



FIG& SET UP OF PLATE AND EXTENSOMETER DIALS FOR 
PLATE BEARING TESTS. 

FIG. 2 PLATE BEARING TEST EQUIPMENT 
SET UP FOR TESTw 

PLATE 16 
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