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SYNOPSIS 

Construction of the runway at Thule Air Force Base, Greenland, 

began in the Suuaer of )951« ^ the end of this first sunner seven 

thousand feet of rusnay with a temporary surface of penetration macadaa 

ifas operational* During the 1952: oonstruntLon season the runway «as ex- 

tended to 10,000 feet and associated toxivmy and aprons constructed« 

Hot mix asphalt paving «as utilized in this construction and ras also 

placed over the original penetration macadan runway pavement« The sub- 

sidence of certain runway pavement sections during the sunmer of 1952 

resulted in the initiation of a program of field investigations at 

those locations« In the spring of 1933  a number of temperature and 

ground water wells, cs well as vertical movement observation points, 

were installed under and adjacent to designated buildings, at Crescent 

Lake Dam, and at selected runway and taxiway locations. Observations 

were made at desired intervals throughout the 1955 a»d IS^U thawing 

seasons« 

THi« report presents an analysis of the data obtained during 

the 1955 and 195U thawing seasons at the runway and taxiway test instal- 

lations. An analysis of the pavement subsidence, which occurred in two 

areas, is given and a correlation is made between subsidence, depth of 

thaw and the characteristics of the subgrade soils. The effect of 

pavement surface color is discussed and tentative conclusions are drawn. 

'The existence of a seasonal ground r/ator table is noted and explained. 

Since in some areas the subgrade soils at Thule contain large'' 

masses of ice, distributed irregularly throughout the soil mantle and 

the melting of this ice results in irregular subsidence of the pavement 
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surfac«, pevenent design at fhule should be besed on preventing thaw 

from pesetreting into high ioe content subgrade soils after the paring 

aaterials have been placed. The data thus far obtained indicate thst 

this may best be accomplished at Thule by providing an 8 foot sdnimm 

combined thickness of pavement and non-frost susceptible base above the 

subgrade soils* 

In the present subsidence areas the combined thickness of 

pavement and base course material is in the range of approximately h feet 

to 6 feet. Analyses based on the amounts of pure ioe and high ice 

content soils encountered in test pits in the area indicate that con- 

timed localized subsidence will occur at a diminishing rate for the 

next several thawing seasons and in some locations will continue for 

more than 20 years. A total future subsidence of 2.0 to 2.5 feet is 

expected at two of the explorations where high ice content subgrade con- 

ditions were revealed. 

Recommendations for corrective measures in the areas of sub- 

sidence are given» 

IV 



PART I - IKT^QDÜCTION 
—i—mrrrrrT 1   n   i   mmmmmm        i  —    ■    ■ 

1-OX.   ADTHOUZATIOH.   An "loatruotions & Outline for the Develop- 

meet of Design Criteria for Arctic Construction, Tfaule Air Force Base, 

Oreenland" was prepared by tj» Chief of Snglneere on 1? Sbveafcer 1952. 

The Pernafrost Division, St. Paul Districte -was the original investi- 

gating agency.   The Arctic Construction and Frost Effects laboratory, 

I'tv! England Division, assumed these duties on 1 March 1955 hy General 

Order No. 5, which stipulated transfer of all Permafrost Division 

functions and responsibilities from the jurisdiction of the District 

Engineer, St. Paul District, to the jurisdiction of the Division Engi- 

neer, Kew England Division. 

1-02.    FJRFOSB kW SCOPE.   The present investigetional program at 

Thule Air Force Base is an outgrowth of a study by the Eastern Ocean 

District (formerly the   Kbrfehoaot District, East Ocean Division),  of the 

runway pavement subsidence that occurred at two areas, each the full 

width of the runway and approximately 250 feot in length, during the 

1952 thavdng season.    The program was broadened to include studies of 

other pave.i»nt areas and structures at Thule Air Force Base, v»ith the 

objective of improving design criteria for airfield pavenents, building 

foundations,  and earth daiiis in arctic regions.    As a result a number of 

temperature 'veils,  ground v.'ater wells end vertical movement observation 

points were installed at selected locations so that fluctuations in 

ground temperatures and ground water a a v/ell as the vertical moveicent 

of structures and pavements could be observed. 

l-OJ.   ACKNQ L&'G. JI'TS.    The investigational program was initiated 

by the Chief of Engineers in October 1952.    The overall objectives and 

scope of the investigation were outlined at a conference held at the 



"I 

Airfields Branchy Ifilitary Conatruotioa, Office of the Chief of Engi- 

seers^ on 21 October 1952«   This oocferoace was attended hy repre- 

sentatives of the Chief of Engineers, JSast Ocean Division«  Mew England 

Division«  fibrtheast District and the St, Paul District. 

The detailed progran was planned cooperatively between the 

former Permafrost Division« St« Faul District« the forner Ifortheast 

District and the few England Division*   The Permafrost Division designed« 

procured and shipped the observational equipment to Thule.    North Atlantic 

Constructors performed the necessary test pitting, drilling and trenching 

operations required to install the thermocouple assemblies and ground 

water wells under the direction of the Kbrtheast District.    Representa- 

tives of the Architect-Bngineer« Hetcalf and Eddy« and Alfred Hopkins 

ind Associates« installed the observational equipment« logged the test 

pits and borings end performed the necessary supplemental soil testing* 

During the initial stages of the field installation program, personnel 

of the Arctic Construction and Frost Effects Laboratory furnished techni- 

cal assistance to the Northeast District*    Following installation«  peri- 

odic observations were made and will oontinus to be taken by repre- 

sentatives of the Architeot-Sngineer, and/or personnel of the Eastern 

Ocean District. 



PART II - IISTSSTIGATIONS 

2-01«    GiSI^SR/iL.    Installation of temperature Trails in tiie paveaent 

areas was commenced on 20 Maroh 1955 *&& completed on 8 May 1935 >   5he 

installation of the ground water «ells was co&pleted on 6 July 1953« 

Twelve temperature wells, T^-l through TR-12, were installed at the run- 

way locations shown on Plate 1, to depths of IJ? to 2h feet, depending on 

the thickness of fill»    These wells were installed in pairs spaced 13 

feet apart and a ground water well was drilled ndöway between each pair. 

Locations nere chosen so that representative sections through varying 

thickness of fill could be observed end compared.    Three additional 

ground water wells were drilled in the subsidence area between Stations 

57+00 and 60-KX). 

In an effort to comparo thav; progression benee.th black and 

white paveiaent surfaces, a 125 f00* long portion of the south taxiway 

was painted white.   Two temperature wells, TIW-1 and TIP;-2, were placed 

in the white-surfaced area end two temperature wells, TTB-1 and TTB-2, 

were placed in the adjacent unpainted area of the pavement.   Vertical 

movement grids, as shown on Plate 2, were established at all runway and 

taxiv/ay locations. 

Initial readings of all runway temperature assemblies were 

taken on 8 Hay 1955 aEd of all taxiv/ay temperature assemblies on 9 May 

1955 and hava continued at weekly intervals.    Ground water observations 

in 1955 began on 6 July and in 195U on 51 July and were continued at 

weekly intervals throughout the thawing seasors.    Observations of 

vertical moveinents have been made at monthly intervals beginning with 

the initial readings on 11+ June 1955, except for the months December 1955 

through April I95J4. and June and September l%h* 
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2-02» CLIMATIC a^TA« Plate 5 presents a plot of average dally air 

temperatures taken from ..eather Bureau records for 1953 and XS5h$  from 

23 April through 30 September, together with curves of cumulative degree 

days (0F) of thaw as computed from these average daily air temperatures 

for the two years* Plate h presents ounulative freesing and thawing 

curves, starting with IsHib-lSkl freezing season, exeept for freesing 

seasons 1950-1951, 1951-1952 and the 1951 thawing seasoiv for which tem- 

perature data are not available* Curve for the 19^8-19^9 thawing season 

alec is not presented*  «eather Bureau records show a mean annual tempera- 

ture for the period 19^6-191+9 of /l20F* The curves in Plate 1* illustrate 

the relative severities of the thawing and freezing seasons* Average 

values for 30 June, Jl  July and end of thawing season, for the available 

years of record, are given below. 

Date Cumulative Degree Days of Thaw 

30 June 120 
31 July UOO 

End of Thaw (on or about li; Sept*) 650 

2-03* SOILS DATA, The subgrade soil at Thule is predominantly a 

glacial till and is classified as a silty, sandy gravel or a silty 

gravelly sand with 10 to k3 per cent of grains by weight finer than the 

200 mesh* The bedrock is a diorite and, in the runway section at least, 

is relatively shallow varying from 10 to 15 feet below original ground 

surface. Ice is present in the subgrade soils in large amounts and is 

found as wedges, lenses, coatings on grains and as irregular masses up 

to 1,8 feet in thickness. For an example of the massive ice encountered 

see log of Test Pit S-716, Plate 5 and log of TR-5, Plate A9, 



Ba«« course mterial« rary frcn poorly graded sandy-gravel« and 

gra-rolly-tands to quarry rook« Loge of exploratioae at each teaperature 

«ell in the runway and tasiway locations are included in Appendix A of 

thie report» 

All temperature «ells «ere drilled by the North Atlantic Con- . 

struotors using a "Joy Heavy Duty Chanpion1*, rotary drill« A. special 

oarbaloy bit fabricated in the field by the contractor1« personnel proved 

very satisfactory in ob^iining frozen core sanples of the subgrade soil, 

except in instances «here the subgrade contained a high percentage of 

large stones« In fill sections v/here relatively dry frosen granular soils 

predominated, a 6-3A,f Hughes Tricone Rotary Eit was used« The cuttings 

from this bit, blorcm to the surface by compressed air, «ere collected and 

the water content determined« 

Test pits «ere dug at three rummy locations to depths of from 

8 to 12 feet and at two taxiviay locations to a depth of 8 feet. Logs of 

these explorations are included in Appendix A« The «ater contents of 

frosen chunk samples obtained from the test pits were comx-ared 'dth the 

water contents of the cuttings obtained from the drill holes adjacent to 

each test pit. The results of this correlation indicated that the water 

contents, as obtained fron the cuttings, 0ave a reliable determination of 

the actual water contents of the soils encountered« 

2-QL« AS^UP.T Pi->V^ai?? 3ECTItji'. To protect subgrade soils from 

thaw penetration, the pavement desig.n called for a miniiaum of 6 feet of 

non-frost susceptible base and subbase uaterials«  .here the difference 

in elevation between existing ground surface and proposed finished grade 

exceeded 6 feet, granular or quarry rock fill was placed directly on the 
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natural ground surfacef otherwise the cubprad« soil -m« stripped and e*" 

ea'vated to produce the required 6-ft« base thiokness. The deepest cut, 

about 15 feet at one location« occurred between Stations 57/00 *&£ TM30* 

Plate 1 shofts a eenterline profile through this cut with an exaggerated 

vertical scale. All other cuts «ere relatively shallow. 

A generalised cross section of the runway paveaent is shorn on 

Plate 6. the original design called for a uniform transverse slope of 1.5 

per cent for the full width of the runway. After base course materials 

had been placed it was decided to construct the pavement with a 1.5 per 

cent slope on each side of a eenterline crown. The crown was formed by 

stripping base course material from the high side of the slope (south 

side of runway). This operation reduced the original 6 feet of pavement 

and base to a minimum of approximately 3 feet at the south edge of pave~ 

ment. Pronounced su'esidenoe occurred along this edge of the pavement 

during the suamer of 1952. To prevent further subsidence, a 25 foot box 

was excavated to a minimum depth of 6 feet along this ed&e from station 

6l/00 to Station 75/0^ a»d naterial replaced with non-frost susceptible 

fill (see Plate 6), 

In the subsidence areas, between Stations 57/00 and 6o/00 and 

between Stations Jl/OQ and Jh/OO,  resurfacing operations to bring ths 

pavement back to grade have resulted in a thickened surface course. In 

certain areas the bituminous concrete is now over a foot in thickness. 

2-05. SUbSUmCS TS:PSRATi:R£S, The progress of thaw below the 

surface, represented by the 00C. isotherm and based on subsurface tempera- 

tures observed during the 1953 and 195i4- thawing seasons at all runway 

locations, is shown on Plates 7 through 12. Similar temperature plots 
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et the tajdtaay assemblle« are shown, on Plates 13 «ui ll«.« k susamsr^ of 

thirar end subsidence data at all rummy aad taxiimy installations is given 

in Table 1« The depth of the (PC* tenperature «as interpolated fron the 

geothemal gradients drawn for suoeessitre observations • The position of 

the C^C« Isotherm is assumed to be the boundary between unfrosen and 

frosen soil« However, it is visualised that the actual boundary between 

frozen and unfrosen soil as it occurs in nature is a diffuse «one rather 

than a VBII  defined plane at the interface of frozen and unfrozen soil« 

Subsurface temperatures obtained by means of thenoooouples spaced at 

intervals of depth in the soil do not clearly define the limits of this 

zone either during the freezing or thawing cycles« 

During the freezing cycle an essentially isothermal zone where 

a mixture of thawed and frosen soil exists together has been inferred« 

This inference is based on the shape of temperature-tims curves drawn 

for various specifio depths during the period of freeze back« These 

curves exhibit a marked flattening of slope close to 0oC. and in the 

vicinity of the maximum depth of thaw, Lt this depth, based on the 

thermocouple readings the ground temperature appears to remain constant, 

for periods ranging fror.; one to three weeks« This essentially isothermal 

zone is indicated by shading in Plates 7 through Hi« 

Sxamination of Plates 7 through li+ also indicates that some 

small anount of freezing occurs up froin the bottom of the thawed zone 

due to the floxv of heat to the underlying frozen soil which exists at 

several degrees below 0oC« This trend has not generally appeared in 

available subsurface temperature observations from nore southerly arctic 

and subarctic installations, apparently because the temperature of the 

underlying peraafrost in such areas has been much closer to below 0oC. 



TA3L3 1 

SO likSCI ZT T3*i: J>JD SIFSIDEICS DhIA F03 1953 AHD 195^ rM^iIl^ SEASONS 

TEOLE AIR FORC£ BASE 

Depth     rax» Depth 
of Fill*   of Thaw Hex* :üeftsured 
in Feet     in Feet Subsidence in Feet 

?•? 0.01 0.0^ 
7.7 
6.C 0.02 0.08 
7.0 
7.1 b 0.16 0.16 
7a 
6.3 0.01 0.02 
7 2 •• — 
3.0 0.00 0«00 
7.7 
7.3 0.00 0.00 
6.7 

m-l 9M75 9.0/ 6.0 5J. o.OO                       O.G^J 
South   Tr..-2 9l;/75 9.«¥ 5.8 5.5 
Loop     TTB-1 96/00 9.0/ 7.6 7.0 0.00                        0.C2 
TaxiT(rayTTB-2 9^30 9.0/ 8^2 7^ - 

»Fon-frost-eusceptible 

Notes: 

a. Before addition of 6" biuuainous at this location during September 
1955» msking pavement thicloxess l'^". 

b» lor period Ui June to 17 August 1953 only. 
Does not include unknown amount of settlement -which may have 

occured betv/een 17 August and 11 September 1955 when new settlement points 
were established at this location. 

Hole 
i*0. Station 

Ta-i 25^)0 
Ta-2 25A5 
TH-3 3t-/po 
TU-ii 3i:43 
TH-5 5t^)0 

fiunway TR-6 58/15 
TH-7 6^00 
TH-o 69A3 
TR^9 91/00 
TR-10 91/15 
TR-11 95^0 

9^3 TI^12 

13 7.7 
13 7^ 

8.3 6.5 
6.5 6.7 
5-3 a 5.8 
5.6 a 6 Jt 
5.7 6.0 
5.7 6.6 
9.0 7.7 
9.0 7.1* 

lü.5 6.9 
15.0 6.1; 

3 



? 

In general,,, thawing conKsnoed beneath the rummy pavesient sur- 

face around the first week it, my In 1953 »«d toward ald-lfey in ISGk, and 

refreexe began around 2l* September in both years« indicating a thawing 

I» period of approxioately four nonths»   The entire actlre «one had cooled 

to freeling temperatures before 25 September.    Thaw penetration in thick 

base course sections, on the rummy, ranged from 6,h feet to 7*7 feet in 

1953 and from 6.7 feet to 6*0 feet in 195U.   While it is logical to attri- 

bute the variBtiom in thaw depth to local differences in density and water 

content a correlation of these data did not reveal a consistent relation- 

ship«   At rummy locations with lesser base thicknesses, notably at Sta- 

tion 58*00, 50 feet left of centerline and Station 69*00, 50 feet left of 

centerline where thaw has penetrated to the subgrade, the saxinun depth 

of thaw has been aarkedly reduced.    This is due principally to the high ice 

content of the subgrade soils. 

% At the taxiway locations,  notable reduction in the depth of thaw 

beneath the white-surfaced area was observed.    The nsximua' depth of thaw 

beneath the white-surfaced paveiaent averaged 5*9 feet in 1955 aEd 5«^5 

feet in 195it, as coa^ared to 8 feet in 1953 «^d 7.2 feet in IQ5I+ beneath 

the natural unpainted surface.    Surface teraperstures in the white surface 

averaged about 5 C. lo-fler throughout the tharüng season HATX those in the 

black.    In mid-suamer the difference was 2 or 3 degrees higher than this 

average value» 

2-06.    GROUID V«ATSR (JIU'WAY).    A free water table had developed above 

» the  level of frozen ground by 18 July in 1953 arid by 51 July in 195^- be* 

tween Stations 57+00 75 feet L end 69+00,  50 feet L.    The observations 
t 

fro-n the ground water wells between TR-5 pnd 6 and TR-7 and 8 are plotted 

with the temperature data on Plates 9 and 10.    In general,  the ground 
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witer Isvela la «11 well« observed in the «ubgrad« out area rose a aaxi- 

mm of approxiotttely one foot during the thtwing season. It is in this 

cut area, from Stations 57*00 to 60*00, that thawing progressed through 

the fill material and penetrated the subgrade soil. The rise in water 

level in the base, as indicated f rot? the ground water wells is believed 

to he priasrily due to the nelting of the high ice content soils in the 

subgrade* 

2-437•    PAVBMBHT SPBSIDB^CH» The subsidence during and prior to the 

1995 ftad 195k thawing season was com*iced to two areas between Runway 

Stations 57*00 and 60*00 and between Stations 71+00 and TU+OO«    These 

two areas lie at each end of the area of subgrade out which extends from 

approximately Stations 55*00 to 7^*00*   Average subsidence of the re- 

mainder of the runway pavement during the 1953 and 195U thawing seasons 

was negligible.   Plate 1 shows in plan the areas of subsidence and the 

limits of the cut.    Plate 1 also includes a centerline profile showing 

the level of original ground» top of as-built pavsaent and bottom of cut. 

Vertical movement grids, each covering a small area in the 

immediate vicinity of each pair of temperature wells, were established in 

the runway and taxiway, as shown on Plate 2«    Initial vertical movement 

observations on these grids were taken on lit June 1955»   With the ex- 

ception of the grid around TR-$ and TH*^,  settlement of the grid points 

at all runway and taxiway temperature well locations during the 1955 

thawing season was negligible  (raaximuin subsidence 0.02 fe^t, with an 

average of 0.003 feet for seven locations).   During the 195^- thawing 

season the vertical movement observations indicate that subsidence aver- 

aging as much as 0.05 feet may have taken place in the vicinity of TR-1, 

10 



TR-3» TH"? «wl «t the temperature well location« oa the South Jjoop ftxiway. 

Since cbsenrationa «ere not made on the aettlement points during Sep- 

teaber (end of thawing, about 15 Septenfcer), a more accurate appraisal of 

possible subsidence cannot be made« 

The measured pavement subsidences and heaves in the vicinity 

of TR-5 and TR-6 are shown in Table 2«   The measured maximum subsidence 

around TR-5 az^ TR-6 during 1953 «as 0,16 feet with an average of 0.13 

feet*   However« since the pavement at this location ires resurfaced to 

original grade on or about 17 August 1933 and now settlement points were 

not established until about 11 Septesfeer, the values of subsidence given 

in Table 2 are for the period lh June to 17 August 1953 only.   On the 

basis of the remaining degree-days of thaw after 17 August and the re- 

sulting increase in thaw penetration after this date, it is estimated 

that an additional subsidence of about 0*03 feet could have occurred, for 

a total seasonal subsidence of about 0.18 feet. 

During 193U, the measured maxiiaum subsidence around TR-3 and 

TR-6 was 0.16 feet with an average of 0f13 feet for the period 22 Jtoy to 

23 August 195U«    The next set of observations was made on 16 October and 

shows a maximum subsidence of 0.19 feet with an average of 0»l6 feet in 

relation to observations made on 22 May,    Thaw reached a maximum on or 

about li+ September and complete refreeze of the base and subgrade ma- 

terials had occurred prior to 10 October.    If the values given for pave- 

ment heave in Table 2 for 11 September to 25 November 1953 n^y he con- 

sidered representative of the amount of heaving due to freezing which 

occurred during fall of 195^, the subsidence around temperature wells 

TR-5 and TR-6 is estimated to have averaged about 0,21 feet for the 
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YAHIICäL Mm&mn OF PAVEMEM 

AROTJD TBKPSR&TUHS WEUS TR-5 AM) T3-6 

FT. NO.« 

1 
2 
3 

5 
6 
7 
8 
9 

10 
11 
12 

SUBSIDSKJE (n.) 
ill Jtuw to 
17 Aug. 1953 

0.11 
0.15 
O.lU 
0.12 
0.12 
0.15 
0.10 
0.13 
0.12 
0.15 
0.15 
0.16 

HEAVE (ft.) SUBSIDSKCE (ft.) 
11 Sep. to 22 Ixy to 
25 »BV. 1953 25 Aug* 195U 

0.06 0.11 
0.06 0.13 
0.06 0.16 
0.06 0.16 
0.06 0.09 
0.06 0.11 
o.o6 0.12 
o.o6 0.11 
o.o6 0.16 
0.07 0,}h 
o.o6 0.09 
0.06 0.15 

♦Location of grid points is shown on Plate 2. 
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auanBr of 195b* This value added to the average aubaldenoe estimated at 

ooourriag in 1953 gives *n estiauited two-year average aubaldesoe (leas 

the heave in the fall of 1953) ** this location of about 0*33 feet« 

Figure 1 below j 11 »träte« graphically the average acvement of 

the 12-point grid around temperature Vslls TR-5 and TR-6 for the period 

Ik June 1953 through 16 Ootober 195U» The initial level points were 

established on lU June 1953 ** which time the average depth of thaw at 

TR-5 and TR-6 was k feet« The total thickness of pavement and base at 

this location averages 5*5 foot« 

Vertical Movement of Pavement around Temperature Hells TR"5 and -6 
Station 56*00 (In aubsidence AraTT 

Average of TwelvrTSng 

o I 
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0.1 
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Ook 

i2^ 195^ 
J|A|S;0[M|n[J|g[lt|AjM|JjJ(AjS| 

Pavement Resurfaced 
Hew Pts. Est. 11 Sept. 

No observations made 
25 Aug. to 16 Oct« 5k 

h. 
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x 

LEGEM) 

Agwage observed move- 

^iltltipoints ea- 
Estimated subsidence 
Estimated heave 

T 

^4 
f 

V 

o.i 

_ 0.2 
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0.U 

Figure 1 
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Around TR-? and TR-6, the maxiamn subsidence shown by the grid 

poictswaB 0,01 feet during 1955 and 0«02 feet in 195U«   This pair of 

temperature wells, although located well within the area of subgrade out, 

was not positioned in an area of previous subsidence as were wells TR^ 

and TR-6,   These two pairs of wells were located to investigate the 

reasons for the localization of subsidence in certain sections of the sub- 

grade cut rather than its general occurrence throughout the area»    Refer- 

ence to the boring logs of the test pits at these two runway locations. 

Plates A-27 and A-28, indicates the subgrade soil at the location of TR-7 

and TH-8 contains only minor ice segregation as compared to the subgrade 

soils at TR-5 and TR-6.    In addition the water content of the base course 

naterial around TR-7 and TR-8 is somewhat higher than at TR-5 and TR-6, 

which would tend to reduce the depth of subgrade thaw at this location* 

A vertical movesent grid was established in the fall of 1952 

along the entire length of the runway.    Points were spaced at 100-foot 

intervals along the runway centerline and at 50 feet and 90 feet right 

and left of the 100-foot interval points in the sul^rade cut section be- 

tween Sta. 57*00 and Sta. 7i|.-K)0,    The total vertical movements between 

9 Jüay 1955 and 5 September 1955* and between 9 May 1955 and 19 September 

195^+*  of the points located in this cut section is given in Table 5» 

Both above-described sets of grids have shortcomings.    In the 

local grids around the temperature wells, the area covered is only a small 

part of the total subsidence area, while the gvi6 covering the length of 

the runway has too great an interval between points.    Data from observa- 

tions of these two grid systeiBs indicete a maxiraum subsidence of only 



0.18 fwt during 1953 i^^reas an average of 0,25 fast of bituminou« oon- 

orata was raquirad during raiurfacing oparationa in 1953 to bring tha 

eubsidod araaa baok to grade. Psrsonnal at tbe site during the sunner 

of 1953 have indicated, based on the unevenness of the pavement surface, 

that looalieed subsidences occurred which were greater than values 

measured at the grid points. 
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Efcg III * AJüLYSia OF DATA 

3-01- THÄR F&K3TBÄ7I0K AKD SimSXD2BCS. The umximm depth of thaw 

under aaturel colored asphalt pavesent sectloss, tdiere the base course 

thiokness «as greater than the thaw depth, ranged from 6J4 feet to 8*2 

feet in 1953 end from 6*7 feet to d*0 Xeet in 19f&. In general the 

least thaw penetration occurred at looations where the base course con- 

tained the greatest «aount of water per unit Tolume with the thaw pene- 

tration increasing at locations with less moisture in the base* 

In cut sections the total thickness of base course material 

Is 6 feet or less and seasonal thawing of ths subgrade occurs. In these 

sections» thaw progresses at about the same rate as in the deeper fill 

areas until it reaches the subgrade« At this point, as Plates 7 through 

20 indicate, the rate of thaw penetration noticeably lessens • Test pits 

in the cut area have shown the subgrade to contain large amounts of ice 

in the form of lenses, pockets, coatings on grains and irregular masses* 

The substantial amount of heat required to malt this ice is the reason 

for the reduced rate of subgrade thaw penetration« 

The presence of ice in a soil in excess of that required to 

fill the natural voids results in the separation of a certain number of 

the individual soil grains. This separation of particles may be the re- 

sult of ice lenses and coatings barely discernible to the eye or may re- 

sult from formation of substantial ice layers and nmsses. If soil con- 

taining such segregated ice is iaelted» thus restoring the intergranular 

contacts, vertical subsidence will occur. This is the nature of the 

settleaent taking place in portions of the area of subgrade cut on the 

Thule runway. 
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It is possible to estimate the aaount of future «ubsidence 

that aay be expected at a giiren location if the properties of the under- 

lying soil are known»    The relationship between the vertical subsidence, 

the Toid ratios of the frosen and thaned soils and the depth of thaw in 

the frozen soil is shown in the following formula - 

S ^   * "   t     .,H 
1 ♦ ef 

lihere S » estimated vertical subsidence in feet resulting 

from thawing a frozen soil layer of thickness (H) 

in feet« 

e. a average void ratio of the frozen soil layer» 

e^ » «stiaated average void ratio of the soil layer after 

thawing and consolidation. 

The void ratio of the frozen soil may be determined using 

undisturbed frozen soil specimens obtained fron test pits or borings* 

The depth of thaw (H) may be calculated using the equation given in the 

following paragraph. It is necessary to predict the void ratio of the 

soil after thawing and consolidation» An estimate of this latter void 

ratio can be made by utilizing soil density data for thawed soil, ex- 

isting in the area under approximately the same overburden, of classifi- 

cation and gradation similar to that of the frozen soil. 

The depth of thaw penetration into a frozen subgrade soil may 

be computed by the follovdn^ formula* - 

»Covps of Engir.eers, lirgineering L'anual - Military Construction Part XV, 
Arctic end Subarctic Construction; Chapter 6, Calculation Ifethods for 
Deterninaticn of Depths of Freeze and Thaw in Soils (Draft) May 195^» 
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H ■ Vk2 l*2 * i*afcip/ 2 - k^R 
It 

«bora 

H ■ depth of tmn penetration into a frosen subgrade in 

feet« (Bote that H is not depth of thaw penetration from paTeoent surface), 

k ■ arithaetio mean of the thermal conductivities of the 

frozen soil (k-) and the thaned soil (k ) in Btu/hr./sq. 

ft./'F./ft, 

yR m- thermal resistance of the thaned soil above the frozen 

subgrade layer, at tis» (t), Hr-sq.ft.^F./fetu. 

L • latent heat of the frozen subgrade > idiU z dry unit 

«eight of soil x water content in per cent, Btu/cu.ft. 

I ■ partial thawing index remaining to thaw the subgrade 

at time (t). (Surface thawing index for entire thawing 

season minus portion of surface thawing index expended 

in thawing the soil overlying frozen subgrade layer)» 

deg-days, 

y^9 dimensionless correction coefficient* (equal to 0«9 

for clLnatic conditions and representative subgrade . 

soil properties at Thule)« 

By means of the two foregoing equations the depth of thaw 

penetration during a thawing season and surface subsidence resulting from 

thawing a frozen soil layer of known ice content may be estimated for one 

or a series of thawing seasons. 

* ?i.rst Interim Raoort, Analytik 1 Studies of Freezin; and Thawing of " 
Soils by H. P* Aldrich^ Jr. and H. M. paynter, dated June 1953» Pre- 
pafed under contract vdth Arctic Construction and Frost Effects Labora- 
tory. 
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•ppreoiabl« «hange in coil gradation repreaeats the boundary between the 

previoualy untiiawad aubgraito and the subgrade thawed during the 1992 

suacer season» 

Ssferricg to Plate 15« a total subaideooe of 1.63 feet in 20 

years is predicted for the soil sequence shown, 0.2 feet of this euntt~ 

latiTe total occurring during the 195b thawing season« 0,18 feet during 

the 1955 thawing season, end oontizmed subsidence occurring at pro- 

gressively saaller incresjents during subsequent thawing seasons. Sub- 

sidence will continue until the combined effect of adding paveosnt to 

surface and/or a sufficient thickness of thawed and consolidated soil 

has accumulated, over the high ice content subgrade, to confine aaxinum 

seasonal thawing within this accumulated previously thawed soil layer 

which is relatively free of segregated ice« 

If Idie paveoent is kept level by adding bituminous surfacing 

as subsidence occurs and the s&bgrade conditions are as depicted on 

Plate 15, further thawing and subsidence will theoretically be arrested 

after 0«5 ^aet of thawed and consolidated subgrade soil has accumulated 

and 0*7 feet of additional bituminous surfacing has been added to keep 

the pavement at grade. A stable condition would be approached over a 

period of several years at a progressively decreasing rate. Assuming 

for purposes of analysis that surfacing is not added to keep the pavement 

level and subgrade conditions are as shown in Plate 1^, calculations indi- 

cate that thawing would continue until a total pavement subsidence of 1.9 

feet occurred, and 1.0 feet of thawed and consolidated soil had been built 

up. The following table is presented as an example of the slow rate of 

cuniulative increase of such a soil layer. The water contents shown are 

actual values as observed in runway teat pits. 

2i      Preceding page blank 



hMuwmA Raiultiqg thUätm** (iwUm*) 
«ftt»r Told Batio       Told Ratio of thawed aad ooisaolldatad 
Coartact        FTMOB Aftor Itoaw aoll for aaoh ona inch of 
^ D»y1ft»     Subgrada and Conaolidation aubgrado a oil iltad 

300 8.9 0.25 O.lU 
96ß 26.6 0^5 0.QU 

Tbua, for a froson ioa-aoil oixture haTiag a wator oontant 

of 300 par eont, each one inch of thaw result! in an increase of only 

O.lU inch of thawed and consolidated aatarial. To biild up the one foot 

layer of soil neeessazy to arrest additional thaw penetration into the 

high ioe content naterial would require thawing approxiaataly 7 ftet of 

subgrede soil. Since the theoretical thaw penetration into the subgrade 

is in the order of 2 to 3 inches and this rate will continually decrease 

as the years progress, it asy be seen that subsidence in a section where 

the subgrade soils have water contsnta of the order of 300 per cent would 

coctirue for several years. Where previously unthawed subgrade soil does 

not contain considerable segregated ice, the seasonal thawing during the 

next fen years will, by thawing and consolidation, tend to build up a 

sufficient thickness of subgrade free of segregated ice to prevent 

further degradation and subsidence. 

Test Pit S-716, the log of which is shown on Plate 5, reveals 

the highest ice content or lowest soil content subgrade conditions of aay 

of the explorations. Assuming the water contents shown (313 and 962 per 

cent) are representative of the two layers at subgrade, only about 3-iOches 

of soil will aocusiulate by thawing from I4..6 foot depth to 7.5 foot depth. 

The paverent subsidence resulting from such thawing v;ould occur over a 

period of several years and would total appraximately 2e7 feet. Since 
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th» laatt pit «uc not of «uf f ieieKt äa^th to deterali» the thiokooss of 

tho lower lo« layor «n ludcnown ftaouot of «dditioaal Ribaldooe« it possible 

•t this locatiok« 

Beoauao of the irregular nature of the dietributios and 

fuaoci-^r of aubgrade lee, it la not known whether Teat Pit S-716 re- 

veals an eztreae ooodition or whether aiailar conditions exist at other 

looations within the subsidence area.    It is believed logical to assuzce 

that there are at least a few areas where the subgrade conditions are 

as sewere aa at Test Pit S-716«    In such areas, subsidence must be an- 

ticipated to continue at a rets of l-l/st to 2 inches for each of the 

next several thawing seasons,    Hesurfaoiag to keep   the pavement level 

in areas of considerable subsidence msy, after a period of years, re- 

sult in sufficient increase in the theraal resistance of the pavement 

and base to prevent further subgrade thawing.   Theoretically a pave- 

fflaat thickness of 2*5 f*®t 0<w 3 f*6* of gravel base of the type used 

at Tfaule will protect the subgrade from thawing.   For conditions at 

Test Pit S-716 where the base is 4.6 feet« the required asphaltie pave- 

ment thickness to arrest thawing would be approxioately 3*0 feet.    Since 

the animal aoovouletion of subgrade soil by tharing will be negligible 

at this location« the theraal resistance of the resurfacing zcaterial must 

play a major role in arresting future thawing and subsidence. 

5-02.    ?AVE:3?!r KSAYB.    As shown in Table 2, the n»asured pavement 

heave resulting from refreezing of the base and subgrade iiaterials in 

the area of subsidence in the vicinity of TR-5 and TR-6 averaged 0.06 

feet.    The paveirent heave indicated elsewhere in the subsidence area 

was of similar magnitude.    Although some of the water released by thawing 
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probably dralnsd away before refreesing «tarted« the distinct water table 

exlstiog in this   area thrcughout the suaotor undoubtedly resulted in in- 

creased ooisture availability and increased heave on freeie-up in the 

fall. 

3-03.   ^JHFACE COLCR,    Plates 13 and lU show that the depth of thaw 

beneath the white painted surface is significantly less than that beneath 

the adjacent natural colored as^haltic concrete surface«   The fact that 

pavements in arctic regions receive solar radiation 2h hours a day during 

the suasner months coupled with the such lower absorptivity of the white- 

colored surface has resulted in surface temperatures in the painted pcve- 

ment averaging about 3 C lower than those in the adjacent unpainted pave- 

cent.   The net effect of this lowered surface temperature is a marked re- 

duction in total heat trenafer between the pavement and the underlying 

soils and a corresponding reduction in the maxiisun tl^aw depth. 

The surface around TTPii-1 was painted white on 9 *fcy 1955 • 

At this ti;ae thaw had penetrated to about 0.7 feet below the top of the 

pavensent.    It is of irterest to note that this 0.? feet had completely 

refrozet. by li; Hay and rethawing did not commence again until 1 June. 

Thaw beneath the aojacent unpainted surfaces continued to progress uni- 

formly throughout this period. 

During the spring of 193h» the presence of a layer of compact 

snow up to tv;o inchss in thickness on the pavement surface in the vicinity 

of the taxiway tcuiperaturs installations resulted in delayirg penetration 

of the thaw beneath ths surface until the sno-.v disappeared on about 22 May. 

Thaw beneath both the white-painted and natural surfaces began on this date, 
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Heferrinfe to Plates 13 asd lit, it trill be noted that from 22 May to 9 

June 193k thaw penetrated alnost three feet below the natural asphaltio 

ooncrate surface as coupered to less than 1*5 feet below the white- 

painted surface. 

The effect of surface color en rate and total depth of thaw 

was about the saae for both the 1955 and I95U thawing seasons.   The greater 

depth of thaw penetration urder TTB-l and -2 and TT -1 and -2 during 1953, 

despite the greater thawing index of 195^» is attributed to introduction 

of heat into the ground by excavations made on approximately 1+ July 1953 

when all four thermocouple strings were re.aoved and re-installed so as to 

moro terlinal boxes from one side cf the taxiway to the other.   The depths 

of thaw in 195U are therefore considered .acre nearly representative. 

3-01)..    GHOgyP WATJM.    The existence of a ground water table in the 

cut section between Sta. 57*00, 75 feet left, end Sta. 69*00, 50 feet 

left, during the latter half of the thawing season is believed to be due 

to the melting of the ice in the subgrade soils.   Its appearance in the 

second half of July coincides apvroxiraf tely with the penetration of thaw 

into the subgrade.    As thaw began jelting the ice in the top layer of the 

subgrade, the ground water table mse rapidly to a level 1/2 to 2-l/Z feet 

above the level of frozan ground.    Here an equilibrivun between the supply 

of water due to continued melting and the loss of water due to drainage 

was apparently established.    The volurietric heat capacity of the newly 

released water may have exerted soine control by reducing the potential rate 

of melting of the underlying still-frozen soil,    At TR-5 and T^-6 the water 
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tafele re-nainad rftlatirely conatent with only minor fluctuations until 

•arly Sept» aber, when aone lowering of the table began.    This lowering 

of the water table paralleled closely the decreasing rate of thaw ^ne- 

tration and consequent decrease in the rate of supply of water.   At TR-7 

and Ta-S the water table held a fairly steady level, or dropped slightly, 

from late July until freete-up. 
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nUV IT - SOIMAHT or HESUISS AID COKCIUSIOIG 
■»• 

h-CU   SfRMkSX OP BESOIJS AM) COÜCUPSIONS. Based on the foregoing 

•oalytit of the dbsarvatiooftl 4>ta obtaioed et the test «rest on the 

runray end south loop taxiwsy at Xhule AFB during the 1955 a&d I95U thaw- 

ing seasons* the following oonolusions are reached» 

a. Where the total th' xness of pavement and base course ex- 

ceeded the depth of thaw, the maximum depth of thaw penetration beneath 

the natural color asphalt pavement at six runway temperature well loca- 

tions averaged 7.1 feet and ranged from 6.I4, feet to 7.7 feet during 1953» 

and averaged 7«U feet and ranged from 6*7 to 8,0 feet in 193U* For similar 

conditions on the south loop taxiway, observations in 1933 showed an aver- 

age maximum thaw penetration at two looaticns under natural color asphalt 

paves»nt of 6,0 feet and a corresponding average value for two locations 

under pavement painted white of 5*9 feet; in 195U average maximum depths 

of thaw for these locations were 7*2 feet for black pavement and 5*^5 

feet for white pavement. The 195U taxiway observations are considered 

probably more representative than the 1953 values because of disturbance 

of the thermocouple installations during the summer of 1953) however/ the 

195U values may also be smaller because a layer of snow remained on the 

taxiway during approximetely 3 weeks in May 195U* delaying thaw, whereas 

the pavement was bare in the same period in 195^* 

b. Fave »nt subsidence was confined to two areas, each ap- 

proximately 200 feet in length, lying at either end of the area of sub- 

grade cut, which extends from approximately Sta, 55"^00 to Sta, fh+OO  and 

has thicknesses of pavement and base course less than the depth of 

seasonal thawing, 

*The Air Thawing Index during 193k was the maximum value for the six years 
of temperature record available, and 20 per cent greater than the mean 
value, Luring 1953* the Index was equal to the mean value, 
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o. LDoallsed ««bsidesoos during a single thawing season of as 

such as 2-1/fe inches have been reported by field engineers in each of the 

two subsidence areas. 

d. Explorations in the subsidence areas reveal that at sons 

locations virtually- pure ice masses and high ice content soils exist at 

or near the subgrade surface.   Analyses indicate that where such con- 

ditions were i ound^ continued subsidence will occur for several thawing 

seasons and in some instances .-nay continue for nore than 20 years* 

e. tJaxiiEua estimated rates of future subsidence in the eones 

near the ends of the subgrade cut will be of the order of 0*2 feet per 

year, with this rate progressively decreasing until subsidence is complete. 

f•    It is estimated that a total ultimate subsidence of as much 

as 2.0 to 2*3 feet may occur at aoma locations. 

g.    Because of the irregular nature of the occurrence of the 

ice masses and high ice content soils in the subgrade, future subsidence 

will result in uneven pavement surface conditions and possibly abrupt 

changes in grade.    Continued resurfacing of pavement in areas of sub- 

sidence to keep the pavement properly smooth for operation of aircraft 

with high landing and take-off speeds should be anticipated for each of 

the next several thawing seasons.    The area of pavement requiring re- 

surfacing will decrease with succeeding thawing periods» 
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PAHX V -  ^CO?!IiE»DATIOJS 

5-01 •   RECOMMEmATIOHB.   Based oa the results of the inrestigetios 

of the pftTOrcent sections at Tfaule Air Force Base during the 1953 and 195t|. 

thawing seasons, the following reconmandations are made» 

a*   Maintenance of Existing ?aven»nt»   In the subsidence areas 

it is reconu&ended that one of the two following courses of action be 

adopted*   The selection of course of action will undoubtedly be dicUted 

by runway operational oonsiderations and by the degree to which periodic 

levelling operations nay prove undesirable with timet 

(1) Resurface affected sections of pavement periodically 

when noticeable or objectionable unevennsss develops in the subsidence 

areas. 

(2) Faint the surface of the pavement white in the sub* 

sidence areas so as to reduce depth of thaic penetration^ which for the 

conditions observed would eliminate further subsidence except for pos- 

sibly a few isolated small areas« 

b.   Future Construction»    In additional airfield pavement 

construction at Thule Air Force Base over subgrade soils containing 

segregated ice, it is recommended a minimum total thickness of 8 feet of 

non-frost-susceptible pavement and base,  of the type used for past con- 

struction at Thule,.be provided over the ice-containing materials. 

Somewhat less than 8 feet of base would be required if non-frost-suscepti- 

ble material with higher moisture retention characteristics, such as send, 

were included in the  lower portion of the base course.    Infill sections 

over non-frost-susceptible soils having a naturally ice-free active zone, 

advantage may be taken of the latter stratum to raininiBe the height of 

embankment required. 
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r 
o*   Afidltiopal lawratl^tioas»     It is reconsnended that tha 

field iorostigatioas and obaenratloiia at the ruarray and taxiway teat 

area« be conticttsd during the 1955 tfamizig season«    It is rseonaezMled 

that perscnasl of the Arctic Coutruotion and Frost Effects Laboratory 

risit ffmle prior to the start of the thawing period and at tin» of 

aarimw tfaaw to doterains the surface elevation of the pavensnt in the 

subsidenoe areas.    It is recoaaended that the Sastern Ocean District 

obtain elevations iomediately prior to and iooediately following any 

resurfacing that is doss during the thaning period« 
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A GROUND WATER   WELL 

@ AVERAGE   THICKNESS   OF PAVEMENT, BASE AND 
NON-FROST-SUSCEPTIBLE    FILL   IN  FEET. 
( SEE   ALSO TABLE I. PAGE 8 ) 
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AREA OF SUBSIDENCE 

500 

HORIZONTAL     SCALE 
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BOTTOM OF CUT, TOP OF SUBGRADE 
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RUNWAY 
PLAN AND PROFILE 

THULE   AIR BASE, GREENLAND 
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j AVERAGE   DAILY AIR TEMPERATURES 
i i rz:z^ 

MAY JUNE JULY AUGUST SEPTEMBER 
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MAY JUNE JULY AUGUST SEPTEMBER 

AIR  TEMPERATURES S THAWING  INDEXES 
1953 8 1954    THAWING   SEASONS 

THULE   A. F. B. 
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SEPTEMBER OCTOBER        NOVEMBER        DECEMBER JANUARY FEBRl 

NOTE THE 1949-1950 FREEZING SEASON FOLLOWED 

CLOSELY  THE RESULTS OF THE   1948 — 

1949  SEASON.   THE  TOTAL CUMULATIVE 

DEGREE   DAYS  WERE 8701. 



DECEMBER 

9-1950 FREEZING SEASON FOLLOWED 

r  THE  RESULTS  OF THE   1948 — 

EASON.   THE TOTAL CUMULATIVE      X7 

t   DAYS  WERE 8701. 



APRIL MAY 

JUNE 

JUNI JÜJLL AUGUST SEPTEMBER 

>>      FREEZING INDEXES 

FREEZING  AND THAWING   DATA 

THULE  A.F.B. 
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BOULOERSI 

ICE 

L- 7.5 

PAVEMENT SURFACE 

ASPHALTIC  CONCRETE 

CRUSHED SANDY  GRAVEL 

CLEAN, DRY. SANDY GRAVEL 
MAX. SIZE   8"-2.4% FINER THAN 

0.021*111. 

W» 4.5% 

W«   5.9% 

GREYISH  BROWN, SILTY, SANDY GRAVEL 
SATURATED BELOW 4*-NO FREE WATER 
MAX. SIZE I-4.9% FINER THAN 0.02 mm. 
 BOTTOM OF  THAWx  

SAME  AS ABOVE  BUT   FROZEN 

W-  318% 

GREYISH BROWN, SILTY, GRAVELLY 
SAND   SUSPENDED   IN   ICE. 

ESTIMATED 70% ICE- FEW  BOULDERS 

W» 962%        ICE WITH SOME  SOIL 

I 
BOTTOM OF TEST PIT 

z 
u 
M 
O 

LEGEND 
£3 LOCATION OF 
Kg DENSITY  SAMPLE 

W« WATER  CONTENT IN PERCENT 
OF  DRY   WEIGHT   OF SOIL 

THULE A.FB. 
LOG OF TEST PIT S-716 
DATE OF EXPLORATION: 

15 JULY 1952 
LOCATION« STA. 57*95, 

55,LEFT OF  RUNWAY^ 
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SI     \ 13     I Jo     ' £/ // 

i'J    * 4 7   \ J-f      2 3     i   /£ 
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qr&vmi wttn coeo/es- " 

Sama as "6". 

Si/ne js 'ß",  /bi/t/»ere course cvtt/ifS. Mostly 
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