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Introduction

The desimm end construction of stable founcdetions for buildings in
arctic end rzerctic regions nresent the enpgineer, concditioned by temper-
ate zone experience, vitih oi:c very unique end impoeing problous. o
the nost nart, these nroblens are related to the development of methocs
for preventing tnauing balow the point of fowncdetion swpvort where such
thewing would result in en intolerable amownt of suboidence. Where the
frozen foundation soils are cohesionless sands or sravels free of sesre-
patad ice, the settlement resulting from progressive theiring beneath the
building will be nesligible, The initial thewdng of frozen solle, be-
neath the point of founcdation supnort, thel contain segrepeted ice,

sueh &s lenses, velns, messes, anc lce~{illed polygon fissures will re=
sult in excessive builcing settlerient. Solls thet contain sepregated
ice are generally, but not elwars, the fire-grainecd gilt end cley soils,
or soils containing ¢ substantliezl amount ol silt and cloy.

Usuelly, thawing of sand and gravel founcation soils thet explo-
retions incdicate are fres of segrapetod ice w11l net result in an intoler~
able emount of subsicence, Hovever, apprzeizble volume change mey result
Trom thawing of solls thet have no visible segrezatsd ice when the soils

are hizhly couprescible in their thawec state, such e soft organic silt,

e omb. L




orgenic cley, anc neat, etermination of the thaw-consolication charzc-
teristics should Le made nert of a foundation investigation progrem if
such =olls are going to be subjected to thawing beneath the elevaticn

of founcetion sumort.

Thiénpxosentjpaper ceals with some observations which have Leen
mede Ly personnel of the Arctie Construction & Trost Effects Laboretory
to determine the effectivenesr of variouvs methols of preventing thawing
beneeth heoeted buildings conctructed over nermalrost. At the Fairbanks
Resecrch Area on Ian: Loon Roacd near Teirbanks, Alaslke, tenperature
chanses beneath 11 buildinps heve been recorded for a meriod of 5 to O
years; the effects on lj of these buildines are reported here. Vertical
movericitbs of the buildings he.vel.‘ also been notec,

Observations of the lfouncation merfoitience of buildings ere nov
beinr; nade simulianeovsly at several military instellations in Alaska
and Greenland.

Goopraniy

The following is e brief sumiery of the climate, £oil, and permairost

concitions fouind in the Feirbanks Receaich Area,

as CLIIALTE: The neen ammuel teperature at Fairban'is is about
26°F with esctromes of 90° end ~55°F, The neen freezins and thawing
indexes erc asbout =560 and 3350 dezree-deys, recoectively, These values
ere cumletive totals, i.e., the totel nuiber of degree-cays belov 329F
for a mean freezing season of apyra:inetely 6 months! duration (October
to Anril), and the number of cegree~deys above 32°F for e Genonth nean
thaving season (April to October). The total ammal precipitation is

about 11 inches, inclucing an average arinual snowiall of about L:C inches,




b, TOPCUIAPRHY: The terrain st tha rairbenlis Nesearch Area
is characterized br a coiperatively smoothh gentle slope of about 3
percert thet gencrallir nrovides pood surface crainage. The oripinel

- la)
cloered in June 10L6, wa

........ 3 in Jun LGy WA & SPIUSE=uLilCil Seaiil
30 feot in height. This natursl cover 1as replaced by grevel-surfaced
roadwhyrs, foundetion grevel fille, end grass cover,

c. SOIL: The soile uncerlying the Research Area are princi-
nally silts to & denth of ahout 50 feot with & variable content of
crgenic matoriazl end occesionsl layers of peat. Ice lonses ere found
throughout the silt, but, pencrally, the greatest concentration of lenses
is found at deptihs greater than 10 feet, The silt denosit rests on a
thicl: stratun of eilty sand and cendegravel nissbures that extenceto a
depth of about 250 feet where becrocl: is encountered,

Ge POUAIVOST: Denth of seasone) thewing under the original
wooded cover condiivions averazed shout 3 feete The effect of clearirg
and strinping on thering is shom ia Figure 1. The nermefrost surface
hos cepreded to o denth of 6 fect beneath the clearec erez, and 9 feet
beneatih the strinn~d arer, Since the thawed deth cozs not conpletely
refrcoze uncer the clcerec and stripped ereas, & condition of cdegreda-
tion has c’».evelopac’-..* If the cloercd and stripred aress -rere sufficiently

g S T T T . -

# Orow cover insuleters the ground and linite the freeze-bacl:; thic is
an important fector in causing cdepgradation, Iiovever, the area sur-
rouncing the buildings thet are discussed here 1s cleered, and, in
sa's iastances, blanleted with grawvel fill. Snow renioval from the
arca adjecent to the buildings has praimoted complete refreezing of
tic season's thar.
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largn. and if the clinetic conditions of tha neat 5 waenis uere to cone
tinue, the entire nermesirost layer nowr 150 to 180 feet thick would
diseppeny over & noriod of soveral decaces.
Butldings end Foundations

Heinco: "What then erc the consequances of constructing buildings
of various founcetion cesigns on founcdetion thewing anc settlement"?

ce DUITOING 0. 1: Dullding Hoe 1, a nrefabriceted=wood,

tar-nener-covere” building constructed between July ard October 1916,
wes 16 Taet Ly 14 feet in area with & l-inch concrete floor slab resting
directly on L feet of grevel founcdation fill, 2 feet of which was below
orisinal growmd suwrfcco. The pravel [ill extended 5 feet beyond the
brilding area, The Lullding wes heetec to en average interior alr
temperatura of 6L from the iicdle of Getobor until early in April for
5 concecutitve trinters sterting with 19h6-l47. The Hrogression of thawing
beneeth Duilding ifo. & is shom in Figure 2,

7 Us to Sentember 195 vhen the bﬁlcii11g wes Cismantled, the
Si corner hodt settled 18 inches below its original elevation, and ciffer-
eatizl settleniont Letween FE and SU corners wag 9 inches. This resulted
in consicereble cracl:ing of the founcdation slab enc separetion of Ifloor
sleb and wells.

b, LUILDIIG II0. &: Duilding No. 6, & prefebricated-wood, ter-
peper-covered bullding 16 Teet by 16 feet in area, was also constructed
dvring July and October 1916, The floor slab mras insulated, and the

founcetion hac 2-foot high wood posts resting on 10~inch by 18-inch
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wood peds, 3 to 6 inches tihicl:;, on netvral around without e sravel bare.
The tope of the wood pads wisrs 2hecsd lewol with the crdund ourlicés
The building tas heatad to the same temperature as Building No, 1, but
for only l winters since it was not heated during 1950-51. The mezrinmm
depth of thaw beneath the bu.lding at the end of each thawing period is
showm in Fisure 3,

It mey be seen thelt there was a generel raising of the
upper surisce of permalrost after construction o the building, The
greeter depth of thawing that occurred dwring 1950, as corpared with
thawing during 1947, 194€, and 1949, is stiributed to the unusually
varm swnmer in 1950. The thauing incdexes of ths Fairbanks Research Area
ware 3625 degroe~days for 1950, and 30(%5, 2913, and 3072 for 1947, 19L3,
and 1949, respectively. Yserly frecezing records Lenesth the building
ghorad thet the foundation wes corpletely refrozen Leiore the end of
December; this geve en ciple Tactor of safetyr against degredetion be=
neath the building.

The seasonal heeving end subsicence or the bullding Cue
to freezing end thawing of the active zone renged bLetween L end 5
inches, and with a nexdin differential movement of 1.5 inches. This
movement vwhich wes relatively uniform ¢ic not ceuse any noticeable
d¢istortion of the buildin~, The fowndation wes consicered to heve
given very setisfactory performence for this type of structure.

The bullcing wes renoved curing July 1951, ond probings

mace in July 1952 showed the centh of thawing to be greater than at eny




time that the builcing waes in place. 7This indicated that the shacing
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limiting the denth of thairing.

c. DUILLIIG 190, 9: Duilding ilo. 9, & 32=foot by 32-fout
wood~irane resicence, ves constructed bett,;een July and December 1947,
Tho foundation ir mede up of 2 slabs of reiniorced concrete seperatec
by 3=foot ooncrete plers te maintein a 2-foot high aivsyace (Fige L)e
Thisz foundation wes placed on a G.6-7oot thick gravel 1411, 5 feet of
vhich extends bolow original rround surface. The bullding floor system
thet rests on the upner concreto sleb is insulated. The building has
bean occupled and heated since constrmction.

The meximu denth of eeasonal thawing is very conesistent
from year to yeer on the north side of the building, but seasonal
tharing is bocoming deeper each successive yeer on the south slde
(Fig. L)e It is believed thet the lowering of the pormafrost toble at
this locetion is caused by tie conconireted flow of ground water benmeth
the creinape ditch acjecent to the access road located perallel with ithe
poutl: sice of Duildirs No. 9. Probings to permefrost table baneath this
Areine~e diteh: indiceted a merked channeling of the permefrost swrface,

For Builcing Mo. 9, the seasonel heave, progressive settle-
ront, and amount of tilt &rec 21i only about 1 inch to 2 inches in 6 years
of clbservation. o ensreciehble structurel strain or damage hes occurred
in ths budlainge Tho rigld {ype of concrete foundation in caulbination

with the sirspece and pgravel £41) eiced in reducing the differentiel

subsicance and eontributed to the estcellant performances.
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¢e BUIL.THC NO, 11: Fuilding Wo. 11, 32 feet by 32 feet in
erar, was £lso constructec between July and December 1947, and has
served as a heated garage since that time, The foundatisn has 5 feet
of gravel Iill, apiroximately L feet of whkich is below the original
ground suriece (Fiz. 5). The floor of the bullding is made up of an 18«
inch thick reiznforced concrete floor sleb with Leinch by 12-inchr by 12-
inch hollow cley tiles placed gt the mic=deptl: of the slab. These
hollow tiles were intended to permit circuletion of outsicde air thwrough
the sleb to diesipatc the heat {loring through the floor slab fron the
wood=fram: building,

The record of thamring indicates tuat the hollow tiles in
the founcation sleb have been ineffective in nrevention of »nrozressive
foundetion thawing (Fig. 5). Thawing at thie center of the building hed
prozyressed appraxiiietely 19 feet below the floor surface by the sunmer
of 195its During the winters therc nhes been sorme evicencs ol freezing
of the gravel fill uncer the edge of the floor slab incdiceting that
cold &ir i= entering throuzl: the ends of the tiles, 7o seasonal
freezing has ocevrrad at the interior of the bullding,

felaetively suall cisplacement ocowrred in Duilding Mo. 11
belore the swwmer of 1950, but then the siructure settled each sumer
ané reimained practically steotionery during the vinter months, The
settlement hzs czused pronounced tilting of the structure. The SW
corner has settled & total of 1C inches up to the end of the yeer 195k,
ant the difTerertial scttlement bLetween the NE and S corner is 12
inchess The nropress of thawing and sebtlenent of this building to-

gether with soil nrofile is showm in Fipure 6,
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Conclusion

Observations by personnel of the Arctic Construction & Frost Effects
Laboratory of the performance of the foundations of actusl bulldings and
test structures at the Fairbanlks Nesearch Area have led itoward es-
tablishing and improving design criteria for militery construction.
Theoreticel analyses by nodern camputational methods of the heat flow
beneath the bullding, in which the effect of the various significant
veriables is studied; permit a better understanding of the problemn and
ollow for wicder application of the date in desizn studies, By this
means, the Corns of Engineers is continuously endeavoring to improve

metheds of provicing stable and econorilcel foundations on permafrost.
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