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SYIOPSIS

.&?Conntructlon of the rumray at Thule Air Force Base, Gresnland,
began in the Summer of 1951. By the end of this first summer seven
thousand feet of rumwey with e temporary surface of penetration macedem
was operational. During the 195Z comstruction season the rumwey was ex-
tended te 10,000 feet and associated taxivey and aprons oonstructsd.
Hot mix asphalt paving was utilized in this construction and vas also
placed over the original penetration macadam rumvay pavement..'mhe sub-
sidence of certain runway pavemsnt sections during the summey of 1952
resulted in the initiation of a program of field investigations at
those locations, In the spring of 1953 e number of température and
groupd water wells, s well as vertical movement observation poirts,
were insfalled under and adjacent to desigrated buildings, at Crescent
Lake Dam, and at selected rumway and taxiway locations. Cbservations
were made at desired intervals throughout the 1953 and 1954 thawing
seasons,

Tﬁiﬂ regort presents an analysis of the data obtained during
the 1953 and 195l thewing seasons at the rumvay and taxiway test instal-
lations. An analysis of the pavement subsidence, which occurred in two
areas, is given and a correlation is made between subsjdence, depth of
thew and the characteristics of the subgrade soils, The effect of

paverent surface color s discussed and tertative conclusions are drawn.

‘The existence of & seasonal ground water table is noted and explained.:

;
Since in some areas the subgrade soils at Thule contain large’

masses of ice, distributed irregularly througzhout ths soil mantle and

the melting of this ice results in irregular subsidence of the pavement

iii



mi-face, pavenent design at Thule should be based on preventing thaw
from penetreting into high ice content subgrade soils after the paving
meterials have been placed. The data thus far obtained indicate thzt -
this may best be eaccomolished at Thule by providing en 8 foot minimum
ocombined thickness of pavement and non-frost susceptible base above the
subgrade soils,

In the present subsidence areas the combined thicikness of
pavement and base course material is in the range of approximately L feet
to 6 feet. Analyses bagsed on the amounts of pure ice and high ice
content soils encountered in test pits in the area indicate tha13 con=

imed localized subsidence will occur at a diminishing rate for the
next several thawing seesons and in some locations will continue for
more than 20 years. A total future subsidence of 2.0 to 2,5 feet 1s
expected at two of the explorations where high ice content subgrade con-
ditions were revealed,

Recommendations for corrective reasures in the areas of sub-

gsidence are given.
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PART I « INTRODUCTION

1-01. AUTHOZIZATION. An "Instructions & Outline for the Develop-

ment of Design Criteria for Arctic Comstructi on, Thule Air Force Base,
Greenland" was prepared by the Chief of Engineers on 17 Movember 1952.
The Permafrost Division, 8t. Peul District, was the originel irvesti-
gating agency. The Arctic Comstruction and Frost Zffects laboratory,
Faw Englend Division, assumed these duties on 1 liaroh 1953 by General
Order No. 3, which stipulated transfer of all Permefrost Division
functions and responsibilities from tne jurisdiction of the District
Engineer, St. Paul District, to the jurisdiction of the Division Engi-
neer, New England Division.

1-02, FJRFOSE 4kD SCOFE. The present investigetional program at

Tnule Air Force Base is an outgrowth of a study by the Eastern Ocean
District (formerly the lorfacest Distriot, East Ocoan Divisien) of the
rummay pavement subsidence that occurred et two ereae, each the full
width of the runway end approximetely 250 feet in length, during the
1952 thawing season. The program was broadened to include studies of
other pavement areas and structures at Thule Air Force Base, with the
objective of impreving design criteria for airfield pavements, building
foundations, and earth daus in arctic regions. A4s a result a number of
temperature welis, ground water wells end verticel movement observation
points were installed et selected locations so that fluctuations in
ground tenperatures and ground water as well as the vertical movemsnt
of structures and pavements could be observed.

1-03, ACKNCU LZDG .ITS. The investigetional propgram was initiated

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

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




.

Airfields Brench, :filitery Conmstruction, Office of the Chief of Engi-
reers, on 21 October 1952. This conferonce w;a attended by repre-
sentetives of the Chief of Engineers, Zast Ocean Division, New Englend
Division, Northeast District ard the St., Peul District.

The detailed program was planned coocperetively between the
former Permafrost Division, St. Peul District, the former Kortheast
District and the Now England Division. The Fermafrost Division designed,
procured and shipped thne observational equipment to Thule. North Atlantic
Constructprs performed the necessary test pitting, drilling and trenching
operations required to irstall tne theriiocouple assemblies and ground
water wells under the direction of the Wortheast District. Representa=-
tives of the Architect-Engineer, iletcalf and Eddy, snd Alfred Hopkins
2nd Associates, installed the observational equipment, logged the test |
pits and borings end performed the necessary suppolemental soil testing.
During the initial stages of the field installation program, personnel
of the Arctic Construction and Frost cffects Leboratory furnished techri-
cal assistence to the Northeast District. Following installation, peri-
odic observations were made and will continus to be telen by repre~
sontatives of the Architect-Engineer, and/or personnel of the Eastern

Ocean Districte.



PART I;_- TIWESTIGATTONS

2-0l. G:lERAL, Installation of tenperature wells in the paveuent

areas was commenced on 20 March 1953 and completed on 8 May 1953. The
installation of the ground water welis was completed on 6 July 1953.
Twelve temperature wells, TRl through TR~12, were installed at the run-
way locations shown on Plate 1, to depths of 15 to 2l feet, depending on
the thickness of fill. These wells were installed in pairs spaced 13
feet apart and a ground water well was drilled midway between each pair.
Locations were chosen so that representetive sections through varying
thickness of fill could be observed end compared, Three additional
ground water wells were drillsed in the subsidence arsa between Stations
57+00 and 60+00.

In an effort to compare thaw progression'beneeth black and
white paveuent surfaces, a 125 foot long portion of the south taxiway
was peinted white, Two temperasture wells, TIW-] and TTV-2, were placed
in the white-surfaced area end two tenperature wells, TTB~1 and TTB-2,
were placed in the adjacent unpainted area of the pavement. Vertical
move:ent grids, as shown on Plate 2, were established at all runway and
taxiway locations,

Initiel readings of all runway temperature assemblies were
taken on 8 ilay 1953 ard of all texiwey tem.erature essemblies on 9 lMay
1953 and havs continued at weekly intervals. Grounc water observations
in 1953 began on 6 July and in 1954 on 31 July and were cortinued at
weekly intervals throughout the thawing seasors. Observations of
vertical movements heve been made at monthly intervals begimming with
the initial readings on 14 June 1953, except for the months December 1953

through April 1954 end June and September 195k,
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2«02, CLIMATIC DiTA. Plate 3 presents a plot of average daily air

temperatures taken from ./eather Bureau records for 1953 and 195&, from

2% Arril through 30 September, together with curves of cumulative degree
days (°F) of thaw as computed from these average daily air temperatures
for the two years. Plate L, presents owmlative freezing and thawing
curves, starting with 1946-19L7 freezing season, exeept for freeszing
seasons 1950-1951, 1951-1952 and the 1951 thawing season, for which tem=
perature data are not availables Curve for the 1948-1949 thawing season
aleo is not presented. :eather Bureau records show a mean annual tempera-
ture for the period 1¢Li6-19Lig of F12°F., The ourves in Plate L illustrate
the relative severities of the thawing and freeiing seasonse Average
values for 30 Juns, 31 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 Lioo
fnd of Thew (on or about 1 Sept.) 650

2-0%, SGILS DiTl.. 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 L5 per cent of grains by weight finer than the
200 nesnhs 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 G,
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base course materials ¥ary from poorly graded sandy-gravels and
gravelly-sands ﬁo quarty.rock. Logs of explorations at each temperature
well in the runway and texiway locations are inocluded in Apperdix i of
thirs report. _ ‘ |

211 temperature wells were drilled by the North itlantic Con- .
structors using a "Joy Heavy Duty Champion”, rotary drill, 4 special

-oarbaloy bit fabricated in the field by the contractort!s personnel proved

very satisfactory in obt~ining frozen core sarples of the subgrade soil,

except in instances where the subgrade contained a high percentage of
large stoness In fill secticns vhere relatively dry frozen granular soils
predominated, a 6-3/," Hughes Tricone Rotary Eit was used. The cuttings
from thi§ bit, blovm to the surface by compressed air, were collected and
the water content determined.

Test pits were dug at three rumay locations to depths of from .
8 to 12 feet and at two taxiway locations to a depth of 8 feet. Logs of
these explorations are included in Appendix A. The water contents of
frozen chunk sarples obtained from the test pits were com ared with 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 obtalned from the cuttings, _ave a reliable determination cf
the actual water contents of the soils encountered.

2-0L, AS=3UILT PnV.;.ZHT SECTILI'e To crotect sudbgrade soils from

thaw penetration, the pavement design called for 2 mininum of 6 feet of
non~-frost susceptible buse and subbase n:aterials. :@here the differeunce
in elevation between existin; ground surface and propesed finished grade

exceeded 6 feet, granular or quarry rock fill was placed directly on the
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natural ground surface; otherwise the subgrade soil :ras stripped and ex~

cavated to produce the required 6«ft. base thicknsss. The deepest cut,

_about 13 feet at one looation, ocourred between Stations 57/00 and 7hy00.

Plate 1 shows a centerline profile through this out with an exaggerated
vertical scale. All other cuts were relatively shallowe.

A gene;alized-cross seotion of the runway paveman£ is shown on
Plate 6. The original design celled 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 vas decided to cdnstruct the pavement with a 1,5 psr
cent slope on each side of a centerline crowne. The crown was formed by
stripning base course material from the high side of the slope (south
side of runwey). 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 sucsidence oceurred along this edge of the pavement
during the summer of 1952, To prevent further subsidence, a2 25 foot box
vas excavated to a minirum depth of 6 feet along this edge from <tation
61400 to Station T5/0C and rmeteriel replaced with non-~frost susceptible
fill (see Plate 6),

In.the subsidence areas, between Stations 57¥b0 and 60400 and
between Stations 71{@0 and 7L400, resurfacing operations to bring the
pavement back to grade have resulted in a thickened surface course. In

certain areas the Lituminous concrete is now over a foot in thiclkness.

2-05¢ SUsSURFLCE TE PERATURES. The progress of thaw below the

surface, represented by the 0°C. isotherm and bvased on subsurface tempera-
tures observed during the 1953 and 1y5L thawing seasons at all runway

locations, is shown on Plates 7 through 12 Similer temperature plots
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of the taxiway assemblies are shown on Plates 13 end l,. & summar: of
thaw and subsidenge data at all rummy and texiway installatioas is given
in Table 1 The depth of the 0°C, temperature wes interpolated from the

geothermal gradients drawn for successive observations. The position of

‘the 0°C. 1sotherm is assumed to be the boundary between unfrozen and

frogen soile However, it is visualized that the actual boundery batween
frozen and unfrozen soil &s it ocours in nature is a diffuse zone rather
than a well defined plane at the interface of frozen and unfrozen soile.
Subsurface temperatures obtained by means of thermocouples spaced at
intervals of depth in the soil do not clearly define the limits of this
zone either during the freezing or thawin; cycles.

During the freezin; cycle an essentially isothermal zone where
e mixture of thawed and frozen soil exists together has been inferred.
This inference is based on the shape of temperature-tims curves drawn
for various specific depths during the period of freeze backe These
curves exhibit a marled flattening of slope close to 0°C. and in the
vicinity of the maximum depth of thew., it this depth, based on the
thermocouple readings the ground temrersture appears to remain constant,
for periods ranging froii one to three weeks. This essentially isothermsl
zone is indicated by shading in Plates 7 through 1ll.

Examination of Plates 7 through 1L also indicetes that some
small amount of freezing occurs up from the bottom of the thawed zone
due to the flow of heat to the underlying frozen soil which exists at
several degrees below 0°. This trend hes not generally appeared in
available sucsurface te..perature observations from more southerly arctic
and subarctic installations, apparently because the temperature of the

underlying peraafrost in such ereas has besn much closer to below 0°C.
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SU MARY CF Tda 44D SWBSIDEICE DaTa FOR 1953 AND 1994 THA.IUG SEASGAS

THULE AIR FORCE BASE

f
Dopth laxe Depth
Hole of Fill* of Thaw
70 Station in Fest in Feet
TR=1 25400 13 TeT  TeT
TRe2 25413 13 T 77
T=3 30900  Bs3 6.5 6b.E
TR'!-& 3'-'?(13 805 607 700
TR=5 500 503 858 7.
Runway TR~6 5813 5.6 e i 7.1
TR-T 65420 5e7 6.0 643
TR-8 69413 5.7 668 T2
TR~9 91400 240 Te7 8ed
TR-10 91413 9.0 Tk Te7
TR-11 93450  1lu.5 6.9 743
; TR=12 9,#65 1340 6l: 607
=1  dfT5 GeOf 0.0 Sl
. South TZ.~2 9475 9.0 5.8 5.5
Loop TIS-1 96420 Ge0F T8 7.0
TaxivayTTE-2 96400 9.0/ 82 T

¥lon~{rost-susceptible

wotes:

liaxe dbtsurud
Subsidence in Feet

6/AL/53=9

0,01

0,02

b 0.16

0.01

0.00

0.00

0.00

0.00

~8/el /5
0,0l

0.08
016
0.02
0,00

0,00

Oefi2

0.C2

2. Before addition of 6" bituminous at this location during September
1953, meking pavement thicimess 1'-2",

be Tor period Ui June to 17 Zuzust 1553 onlv.

Does not include unknown amount of settlement which may have
occured betireen 17 August and 11 September 195% when new settlenent points
were established at this locatione.
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In generel, thawirg c;:menood bensath ths runway pavement sur-
face around the first week ix May in 1953 and toward mid-jisy in 1954, end
refreeze began around 1l Seotember in both years, indicating a thawing
period of approximately four months. The entire active sone had ovoled
to freezing tezperatures befors 25 September. Thaw pémtration in thiek
base course sections, on the rumway, ranged from 6.l feet to 7.7 feet in
1953 and from 6.7 faet to 8.0 feet in 1954. While it is logical to attri-
bute the variations in thaw depth to local diffefenoea in densiiy ard water

oontent a corrmeliatior of these data did not reveal a consistent relation-

_ship, At runway locations with lesser btase thicknesses, notably at Sta-

tion 58400, 50 feet left of oenterlins and Station 69+00, 50 feet left of
centerline where thaw has penetreted to the subgrade, the maximun depth

of thaw hag been mr!:ediy reduced. This is due principally to the high ice
content of the subgreade soils,

At the taxiway locatiors, notable reduction in the depth of thaw
beneath the white-surfaced aree was observed. The meximux depth of thaw
beneath the white-surfaced pavement averaged 5.9 feet in 1953 and 5.L5
feet in 195k, as comgared to 8 feet in 1953 ard 7.2 feet in 1954 beneath
the natural unpainted surface. Surface temperstures in the white surface
averaged about SOC. lower throughout the thawing season tian those in the
blacke In mid-summer the difference was 2 or 3 degrees higher than this
everags value,

2-06. GROUID WATER (RUWAY). A free water table had developed above

the level of frozen ground by 18 July ir 1953 and by 31 July in 1954 be-
tween Stetions 57+00 75 feet L end 69400, 50 feet L. The observations
from the ground weater wells between TR-5 end 6 and TR-7 and 8 are plotted

with the temperature date on Plates © and 10. In general, the ground

9




water levels in all wells observed in the subgrade cut erea rose s maxi-
mus of approximutely one foot during the thawing seeson. It is in this
cut area, from Stetions 57400 to 60400, that thawing progressed through
the fill waterial and penetrated the subgrade soil. 7The rise iu: water
ievs] in the base, as indicated frow the ground water wells is dbelieved
tc be primarily due to the melting of the high ica content soils in the
subgrade, ‘

2-07. PAVEMENT SUBSIDEYCE, The subsidence during and prior to the

1953 and 195l thawing season was coniined to two ereas betweepn Runway
Ztations 57+00 and 60400 and between Stations 71+00 and 74+00. These
two areas lie at each end of the area of subgrade cut which extends from
approximately Stations 55+0C to 7L4+00. Average subsidence of the re-
mainder of the rurway pevemsnt during the 1953 end 1954 thawing ssasons
was regligible, Plate 1 shows in plan the areas of subsidence end the
limits of the ocut. Plate 1 also includes & centerline profile showing
the level of original ground, top of as~-built pavement and bottom of cut,
Vertical movement grids, each covering a small area in the
imnediate viecinity of each pair of temperature wells, were established in
the runway and taxiway, as shown or Plate 2. Initial vertical movement
observations on these grids were taken on 1 June 1953, ¥Vith the ex-
ception of the grid around TK~5 and Ti~6, settlemert of the grid points
at ell runway and taxiway temperature well locations during the 1953
thawing season was regligible (maximum subsidence 0,02 fert, with an
average of 0.,00% feet for soven locations)., During the 1954 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-l,

10




TR-3, TR~7 end at the temperature well locations on the South loop Texiway.

8incs observations were not made on the settlement points during Ssp-
tezber (end of thawing, about 15 September), a more accurate appraisal of
possible subsidence cannot be made. |

The nmeasured pavement subsidences eand heaves in the vicinity
of TR-5 and TR-6 are shown in Teble 2., The msasured maximum subsidence
around TR~5 and TR-6 during 1953 was 0.16 feet with an average of 0.13
feet., However, since the pavement at this location wes resurfaced to
original grade oa or about 17 August 1953 and new settlement points were
not established until about 11 September, the values of subsidence given
in Table 2 are for the period 1l June t6 17 August 1953 only. On the
basis of the remaining degree~days of thaw after 17 August and the re-
sulting increase in thew penetration after this date, it is estimated
that an additionel subsidence of ebout 0.05 fest could have occurred, for
a total seasonel subsidence of about 0,18 feet,

During 1954, the measured maxiuum subsidence around TR-5 and
TR-6 was 0.16 feet with an everage of 0,13 feet for the period 22 May to
25 August 1954. The next set of observations was made on 16 October and
shows a maximum subsidence of 0.19 feet with an average of 0,16 feet in
relation to observations iiade on 22 May, Thaw reached a maximum on or
about 1 September and complete refreeze of the base and subgrade ma-~
terials had ocourred prior to 10 October. If the values given for pave-
ment heave in Teble 2 for 11 September to 25 November 1953 mey be con-
¢idered representctive of the amount of heaving due to freezing which
oocurred during fall of 195L, the subsidence around temperature wells

TR=5 and TR~6 is estimated to have averaged about 0,21 feet for the

11



TABLE 2
VERTICAL MOVEIENT OF PAVEMEIT
AROUXD TEMPSRATURE WELLS TR=5 AND TR-6

¢ ! SUBSIDEICE (ft.). HEAVE (ft.) SUBSIDENCE (ft.)

1} June to 11 Sep. to 22 ay to

b FT, NO.* 17 Aug. 1953 25 Nov. 1953 25 Auge. 1954
‘ 1 0.11 0.06 0.11
i 2 0.13 0.06 0.13
3 0.1 0.06 0.16
L 0.12 0.06 0.16
i 5 0012 0006 0009
6 0.13 0.06 0.11
7 0.10 0.06 0.12
8 0.13 0.06 0.11
9 0.12 0.06 0.16
10 0.13 0.07 0.1k
11 0.13 0.06 0.09
12 0.16 0,06 0.15

*Location of grid points is showr. on Plate 2.

12




summr of 1954. This value added to the average subaidence estimated as

ocourring in 1953 gives in estimated two~year averago subsidence (less

the heare in the fall of 1953) at this location of .ubmt 0.33 feet.

. Figure 1 below jllistrates graphically the average mcvement of
the 12-point grid around temperature Wslls TR-5 and TR-6 for the period
U June 1953 through 16 Ootober 1954. The initisl level points were
establislad on 1 Juns 1953 at which time the average depth of thaw at
TR=5 end TR-6 was i feet. The total thickness of pavement and base at

this location averages 5.5 feet.

Vertical Movement of Pavement around Femperature Wells TR~5 and =6

Station In sidence Area)
Average o 1ve Points
19543 1954 4
’ oM _yd, _«L}_Mi_,_Q_i_l_l_D__J_Lq._“‘_LL!_l_L__LLLJ_J_OﬁO
Pavement Resurfaced |
{1l Bew Pts. Est. 11 Sept
. \
\ \ go Kgaervatigns made J
- ot Oot.
2 0.1 \ 2 g to 10 Dot 2 o
@
i = /
5 I/ h\ J
;é 1 / \
g 0.2 \ = 0"2
g Y
?j &\\e ..
i Vg
0
> 0.3 LEGEND Mol 103
(o) ﬁx%;eage observed move- \“"/[
= Erjsmy ointe o
) ---- Estimated subsidence
0.l _ __ Estimated heave 0.l

Figure 1
13




Around TR-7 and TR-8, the maximum subsidernce shown by the grid
poirtswas 0.01 feet durirg 1953 and 0.02 feet in 1954. This pair of
temperature wells, although located well within the area of subgrade cut,
was not positioned in an area of previous subsidencs es were wells TR-5
and TR-6. These two pairs of wells were located to investigate the
reas;ns for the localizatioz of subsidence in cértain sections of the gub-
grade cut rather than ita zeneral ocourrence throughout the area. Refer-
ence to the boring logs of the test pits at these two rumvaey locations,
Plates A-27 and A~28, indicates the subgrade soil at the location of TR=-7
and TR-8 contains only miror ice sezregation as compared to the subgrade
80ils 2t TR-5 and TR-6. In addition the water content of the base course
material around TR-7 and TR-8 is somewhat higher then at TR-5 and TR-6,
which would tend to reduce the depth of subgrade thaw at this location.

A vertical moverent grid was established in the fall of 1952
along the entire length of the runway., Points were spaced at 100-foot
intervals alorng the rurway 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+C0 and Sta. TL+00, The total vertical movements between
9 May 195% and 5 September 1953, and between 9 May 1953 and 19 September
1954, of the points lccated in this cut section is given in Table 3.

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 grid covering the length of
the runway has too great an interval tetween points. Data from observa-

tions of these two grid systems indicete a maximum subsidence of only

i




0.18 feet during 1953 whareas an average of 0,25 fest of bituminous con~
crote was required during resurfacing opor;tiona in 1953 to bring the
subsided areas back %o grade. Personmel at the site during the sumnmer
of 1955 have indicated, based on the unevenness of the pavemsnt surface,
that localized subsidences ocourred which were greater than values

meagured at the grid points,
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PAST III - AXalYSIS OF DATA

3-01. THAR PRiSTR4ATION AL SUBSIDZNCE. The maximum depth of thaw

. under naturtlhcolored ssphalt pevement sections, where the base course
thiockness was greater than the thaw depth, ranged from 6.l feet to 8.2
feot in 1953 and from 6.7 feet to 8.0 ieet in 135L. In genmeral the
Jeast thaw penetration occurred at locations where the base course con-
tained the grestest eount of water per unit volume with the thaw pens-
tration incressing st locations with less molsture in the base.

In cut sections the total thickness of base course material
is 6 feet or less and sessonal thawing of ths subgrade occurs. In these
gsoctions, thaw progresses at about the same rate as in the deeper fill
areas until it reachss the zubgrade. At this point, as Plates 7 through
10 iudicate, the rate of thaw penetration noticeably lessens. Test pite
in the cut area have showr the subgrade to contain large amounts of ice
in the form of lerses, pockets, coatings on grains and irreguler masses,
The substantial amount of heat required to melt this ice is the reason
for the reduced rete of subgrade thaw pereiration.

The ;resence of ice in a soil in excess of tnat required to

£111 the naturasl voids results in the aegaration.of a certain number of

the individual soil greins. This sejparation of particles may be the re-
sult of ice lenses and coatings bsrely discernible to the eye or may re-
sult from formation of substantial ice layers and masses. If soil con~
taining such segrecated ice is uelted, thus restoring the intergranular
contacts, vertical subsicdence will occur. This is the nature of the
settlement taking place in portions of the area of subgrede cut on the

. Thule runway.
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It is possible to estimate ths anocunt of future subsidence
that may be expected at & given location if the progerties of the under-
lying soil areyknown. The relationship betwoen the vsrtical subsidence,
the void ratios of the frozen and thawed soils epd the depth of thaw in

the frozen soil is shown in the following form:la -

Of-at
3""1—:-9;-"“

Where S = estimated vertical subsidence in feet resulting
from thawing a frozen soil layer of thickness (H)
in feet,

e, = averaze void retio of the frozen soil layer,

6, = astinaled average void ratio of the soil layer after

thewing and corsolidation,

The void ratio of the frozen soil may be determined using
andisturbed frozen soil specimens obtained from test pits or borings.
The depth of thaw (H) mey be calculated using the equation given in the
following paragraph. It is necessary to predict the void ratio of the
soil after thawring and consolidation., An estimate of this latter void
ratio can be made by uti.izing soil density data for thawed soil, ex=-
isting in the area under approximetely the same overburden, of classifi-
cation and gradetion similar to that of the frozen soil.

The depth of thaw pernetration into & frozen subgrade scil may

be computed by the following formula* =

*Covps of s&ngireers, Zrgineering ilanual - Mfilitary Construction Part XV,
Arctic and Subarctic Construction; Chapter 6, Calculation ifethods for
Deterrinaticn of Lepths of Freeze and Thaw in Soils (Draft) May 1954,

13



He 1?3+ Laap 2 - kIR
—p—
s
H = depth of thaw penetration intc a frozen subgrade in
fect. (Note that H is mot depth of thaw pemetrastion from pavement surface).

k = arithmetic mean of the thermal corductivities of the
frozen soil (z,) and the thawed soil (k ) in Btu/he./sq.
£t./°F. /%o

> R = thermal resistance of the thawed soil above the frozen
subgrade layer; at time (t), Hr-sq.ft.-°F./Btu.

L = latent heat of the frozen subgrade = 1.l x dry unit
weight of 30il x water conmtent irn per cent, Btu/cu.ft.

I = pertiel thewing index remaining to thew the subgrade
at time (t). (Burfsce thawing index for entire thawing
season mirnus portion of surface thawing index expended
in thewing the soil overlying frozen subgrade layer),
deg-days.

A= dimensionless correction coefficiert* (equal to 0.9
for climatic corditions 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 corntent may be estimeted for one

or a series of thawing seasons.

* 7irst Interim Repor¥, hnalytiircl Studies of Freezin; and Thawing of
Soils by H. P, Aldrich, vr. and H. I, Payater, dated June 1955. Pre-

.-pared under contract with Arctic Construction and Frost Effects Labora-~
tory.
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eppreociable shange in goil gradation represents the boundary between the
previously unthawed subgrede and the subgrede thawed during the 1952
sumner season.

Referring to Plate 15, a total subsidenoce of 1.63 feet in 20
years is predicted for the soil sequence shown, 0.2 feet of this cumu=
lative total oceurring during the 1954 thawing aea;on, 0.18 foet during
the 1955 thawing season, end continued subsidence occurring at pro-
gressively smaller increments during subsequent thawing seasons, Sub~-
sidence will continue until the combined s9ffect of edding pavement to
surface and/or a sufficient thickness of thawed and consolidated soil
has accumlated, over the high ice content subgrade, to confire maximum
seasonal thawing within this acoumilated previously thawed soil layer
which is relatively free of segregated ice.

If the pavement is kept level by adding bituminous surfacing
as subsidence occurs and the sibgrade sonditions are as depicted on
Plate 15, further thawing and subsidence will theoretically be arrested
after 0.5 feet of thawed and consolidated subzrade soil has accumlated
and O.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 prosresgively decreasing rate, Assuming
for purposes of analysis that surfacing is not addec to keep the pavement
level and subgrade conditions are as shown in Plate 15, calculations indi-
cate that thawing would corntinue until a total pavement subsidence of 1.9
feet occcurred, and 1.0 feet of thawed and consolidated socil had been built
ups The following table is presented as an example of the slow rate of -
cumulative increase of such a soil layer. The water contents shown are

actual values as observed in runway test pits,

21 Preceding page blank



Assumed Resulting thickness (inshes)

Water Yoid Retio Yoid Ratio of thawed and sonsolidated
Content Frozen After Thaw soil for each one inch of
% Dry Wt, Subgrads and Consolidation subgraede soil melted
% g.e - 0.25 o.l;li
300 9 0.25 . 0.
ok 28.6 0.25 0.04

Thus, for a2 froten ice-soil mixture having a water content
of 300 psr cent, each one inch of thaw results in an increess of only
0.1y inch of thewed end consolidated materisl, To build up the omo foot
layer of soil necessary to arrest additional thaw pemetration into the
high ice content material would require thawing approximately 7 feet of
subgrade soil, Since the t.heoretic‘al thaw penetration into the subgrade
is in the order of 2 to 3 inoches and this rate will contimally doox;eue
as the years progress, it may be seen that subsidence in a section where
the subgrade soils have water contsnts of the arder of 300 per cent would
cortimue for seversl years, Where previously unthawed subgrade soil does
not contain considerable segregated ice, the seasonal thawing during the
next few years will, by thawing end consolidation, tend to build up a
sufficient thickness of subgrade free of segregeted ice to grevent
further degradatior end subsidence.

Test Pit S~71€, the log of which is shown on Plate 5, reveals
the highest ice cnntent or lowest soil zontent subzrade corditions of any
of the explorations. Aasuming tae water contents shown (318 and 962 per
cent) are representative of the two layers et subgrade, only about 3-inches
of soil will accuzmlate by thawing from L.6 foot depth to 7.5 foot depth,
The pavermen!t subsidence resulting from such thawing would ocour over a

pericd of several years and would total approximetely 2,7 feet. Since
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th» test pit was not of sufficient deyth to determine the thickness of
the lower ice layar an unknown azount of additionsl subsidence is possible
at this location,.

Boosuse of the irregular nature of the distribution and
quantity of subgrade ice, it is not known whether Test Pit S-T16 re-
veals an extrexs ocndﬁ:ion or whether sinilsr conditions exist at other
locations within the subsidence area. It is believed logical tc assume
that there are at lsast a few areas where the subgrade conditions are
as sovere as at Teat Pit S-716. Irn such areas, subsidence must bs an-
ticipated to cortirue at a rets of 1-1/2 to 2 inches for each of the
voxt several thawing seasons. =Iesurfaoing to keep: the pavement level
ir areas of copslderabls subsidence mey, after a period of years, re-
sult in sufficient increase in tne thiermal resistance of the pavemant
and base to prevent further subgrade thawirg. Theoretically & pave~
ment thickness of 2.5 feet over 5 feet of grawvel base of the type used
at Thule will protect the subgrade from thawirg. For conditions at
Test Pit S-716 where the base is L;.6 feet, the required ssphaltic pave~
meat thickness to arrest thewing would be approximately 3.0 feet, Since
the annual scoumletiorn of subgrade soil by thawing will be negligible
at this location, the tiermal resistance of the resurfacing material must
play & major role in arresting future thawing and subsidence.

3-02, PAVE!EM HEZAVE. As shown in Table 2, the measured pavement

heave resulting from refreezing of the base and subgrade :mterials in -
the area of subsidence in the vicinity of TR-5 and TR~6 averaged 0.06
feet, The pavement heave indinated elsewhere in the subsidence area

wag of similar magnitude. Although some of the water released by thawing

23



Frobably drained away before refreezing started, the distinot water table

existing in this area thrcughout the summer undoubtedly resulted in in-
creased moisture availability and increazed heave on freeze-up in the
fall,

3~03. SURFACE CCLCR. Plates 13 and 1l show that the depth of thaw

beneath the white painted surface is significantly less than that beneath
<the adjecent natural colored asghaltic concrete surface, The fact that
pavements in arctic regions receive solar radiation 2l hours a day during
the sumrer morths coupled with the much lower absorptivity of the white-
colored surface has resulted in surfaca temperatures in the painted peve-
ment averaging about 500 lower then thoses in the adjecent unpainted pave-
ment. The net effect of this lowered surface temperature is a marked re-
duction in total heat trenafer between the pavement and the underlying
80ils and a corresponding reduction in the maxinun tiaw depth.

The surface around ITVi-1 was painted white on 9 lMay 1953.

At this time thaw had penetrated to about 0.7 feet below the top of the
paverent. It is of interest to note that this 0,7 feet had completely
ref-ozer by 1 isy and rethawing did not commence again until 1 June,
Thew bereath the adjacent unpairted surfaces continued to progress uni-
formly throughout this period.

During the spring of 1954, the presence of & layer cf compact
snow up to two incles in thickness on the pavement surface in the vicinity
of the taxiway tcaperaturs installations resulted in delaying penetration
of the thaw bencath th2 surface until the snow disappeared on about 22 liay.

Thaw beneath both the white-painted and natural surfaces began on this date.
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Referring to rlates 13 and 1, it will be noted that from 22 May to 9
June 195l thew penstrated alnost three feet beiow the natural aspheltic
concrate surface as coumpered to less than 1.5 feet below the white~
painted surface. ‘

| The effect of surface color cn rate and total depth of thaw
was about the same for both the 1953 and 1954 thawip; seasons. The greater
deyth of thaw penetration urder TIB~l and ~2 and TT. .-l and -2 during 1993,
despite the greater thawirg index of 195L, is attributed to introduction
of heat into the ground by excavations mace on approximately L July 1953
when all four thermocouple strings were reaoved and re-installed so as to
move terniinal boxes from one side of the taxiway to the other, The depths
of thaw in 195l are therefore considered .iore nearly representative.

3-0L,, GROUYD WATZR, The existence of a grourd water tadle 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 :elting of the ice ir the subgrade soils, Its appearance in the
second half of July coincides ajroximstely with the penetration of thaw
into the subgrade. As thaw began mlting the ice in the top layer of the
subzrade, the ground water tabls rrse rapidly to a level 1/2 to 2-1/2 feet
above the level of frozen zround. Here an equilibriun between the sgpply
of water due to cocntinued melting and the loss of water due to drainege

was apparently established. The voluuetric heat capacity of the newly
released water may have exerted somne control by reducing the potential rate

of melting of the underlying still-frozen soil. At TR-5 and T3-6 the water
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table remeined relatively coratent with orly minor fluctuations until
early Septeiber, when some lowering of the table began. This lowering
of ths water table paralleled clusely the decreasing reate of thaw pene-
tration and consequent decrease in the rate of supply of water. At TRe7
and T3-8 the water table held a fairly steady level, or droujyed slightly,

from lete July until freeze-up,
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PART IV = SUMMART OF RESULTS AM CORCLUSICIG

4=01. SUMMARY OF RESULTS AM) CONCLUSIONS. Based on the foregoing

epalysis of the observatiorel data obtained at the test areas on the
rurmey and south loop taxiwe; at Thule AFB during the 1953 and 1954 thaw-
ing seasons* the following conclusions are reecheds

2. Vhere the tctal th' imess of pavement snd base course ex-
ceeded the depth of thaw, the maximum depth of thaw penetration beneath
ths natural color asphelt pavement at six runwey temperature well loca-
tions averaged 7.1 feet and ranged from 6.l feet to 7.7 feet during 1953,
and avaiaged 7.4 feet ard renged from 6.7 to 8.0 feet in 1954, For similaer
conditions on the south loop taxiway, observations in 1353 showed an aver-
ege meximum thew penmetration at two locaticns under natural color asphalt
pavemsnt of 8.0 fset and & corresponding average value for two locatiouns
urnder pavement painted white of 5.9 feet; in 1954 average maximum depths
of thaw for these locations were 7.2 feet for black pavement and 5.L5
fest for white pavement. The 195l taxiway observations are considered
probably more representative than the 1955 values bscause of disturbance
of the thermocouple irstallations during the summer of 195%; however, the
195, values may also be smaller because & layer of enow remained on the
taxiwey during approximetely 3 weeks in May 1954, delaying thaw, whoreas
the pavement was bare in the same period in 1954.

b. Fave ert subsidence was confined to two areass, 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, 7L4+00 end
has thicknesses of paverment and base course less than the depth of

seasonal thawing,

*The Air Thewing Index during 19t4 was the maximum value for the six years
of temperature rscord available, and 20 per cent greater than the mean
value, During 1952, the Index was equal to the mean value,
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6. Localized subsiderces during a single thawing season of as
mich as 2-1/2 inches have been reported by field engineers in each of the
two subsidence areas,

d. Exploratinns in the subsidence ureas reveal that at some
locations virtually pure ice masses and high ice content soils exist at
or near the subgrade surface., Analyses indicate thet where such con=
ditions werc f{ound, oontimied subsidence will occur for several thawing
seasons and in some instances may oontinue for nore than 20 years,

8,  lMaximum estimated rates of future subsidence in the zones
near the ends of the subgrade cut will be of the crder of 0.2 feet per
year, with this rate progressively decreasing until subsidence is complete.

f. It is estimaeted that a total ultimate subsidence of as much
as 2.0 to 2,5 feet may ocour at some locations,.

ge Because of the irregular nature of the occurrence of the
ice masses end 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 sube
sidence to keep the pavement properly smooth for operetion of aircraft
with high lending and take-off speeds should be snticipated for each of
the next several thawing seasons. The area of pavement requiring re-

surfacing will decrease with succeeding thawing periods,.




PART V = “SCOMIENDATIONS

5-01. RECOMMENDATIONS. Based on the results of the investigation

of the pevement sections at Thule Air Force Base during the 1953 and 1954
thawing seasons, ths following recommendations are made:

a. iaintenance of Existing Pavement. In the subsidence areas

it is recommended that one of the two foilowing courses of action be
adopted. The selection of course of action will undoubtedly be diciated
by runway operational ocnsiderations and by the degree to which periodic
levelling operations may prove undesireable with time:

(1) Resurface affected sections of pavement periodically
when noticeable or objectionable unevenress develops in the subseidence
areas,

(2) Paint the surface of the pavement white in the sub-
sidence areas so as to reduce depth of thawx peretration, which for the
conditions observed would eliminate further subsidence except for pos-
sibly a few isolated small areas.

b. Future Construction. In additinnal airfield pavement

construction at Thule Air Force Base over subgrade soils containing
segregated ice, it is recommended a minizum total thickness of 8 feet of
non=frost-susceptible pavemsnt 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 ncn-frost-suscepti-
ble material with higher moisture retention churacteristics, 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 minim$ze the height of
embankment required.
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o Additional Investigetions, It is recommsnded that the

fieid investigations and observations at the rumway and taxiway test

. areas be continusd during the 1955 thawing season. It is recommended

that perscrnel of the Arctic Coratruction and Frest Effecta Laboratory
visit Thule prior to the stert of the thawing period and at tims of
maimm thaw to determine the surface elevation of the pavement in the
subsidenoe areas. It is recommended that the Zastern Ocean Distriot
obtain elevations immediately prior tc and imediately following any
resurfacing that is dome during the thawing period.

30




SWITCH SHELTER —o® @
" I
§ {
] s;:) || ..
DEPTH BELOW PAVEMENT SURFACE ————— 2
[ )
'
TMERMOCOUPLE WELL IDENTIFICATION NO.— & & e d
4 L‘
STATIONING & Jdd |9

Y

H—300
— —250
w
W
[T
. )
L =_200
8 /
z -
- ORIGINAL GROI
2
— W— 150
[MY]
/ 100
i o o) (o] ?
¢
3 5 5 S




40+C
$0*0

60*0

APPROXIMATE LIMIT OF

TEST PIT S-716
STATION 57+95 S5'<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>