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INVESTIGATION OF AIRFIELD CONSTRUCTION
IN ARCTIC AND SUB3ARCTIC REGIONS

APPENDIX III

DESIGN AND CONSTRUCTION STUDIES
AT FAIRBANKS RESEARCH AREA

I Introduction

i. PURPOSE. The Fairbanks Research Area was cor'structed for the purpose of
providing an opportunity to observe various types of structures erected on permafrost un-
der conditions that would be known and rccerded from the beginning to the conclusion of
operations.

2. GENIRAL CONDITIOS. 'The Research Area is located about 2-1/a miles
northeast of Fairbanks, Alaska. See Plate 111-1 and Figure Ml-1. The terrain on which it
is built is characterized
by a comparatively
smooth gentle slope
which generally pro-
vides good surface
drainage. Geologically,
the Research Area is
located on the lower
colluvial slopes between
the valley fill and the -

upper colluvial slopes
of the -ock uplir-d
known as Birch H1ill.
The ms-an annual tem-
perature at Fairbanks
is about 26 0 F with ex-
tremes of +880 F and
- 5 8 0 F. The totalan-
nual precipitation is

* &bout 1Z in.. including
the annual snowi~ill o.:
about 4 ft. Mean daily

* air temperatures, me-
teorological data and
degree-days above and Figure Ill-1. General view. Area I at top center. Area 2 at

below 32o F during left. Area 3 at lower center. JTuly 1948.
1947-48 are shown on
plates rnI-a, M1-3. and
111-4, respectively. The natural soil uncierlI .ng the Research Area to a depth of 50 ft is



V"%&4ud i-caiuoal idyers of peat. Analyses o0± typicalsoi- .&Ples are shown in Table 111- 1. Unde aural conditions, .perznafrcost-is Inoute
ed at deph f3to 6 ft below the surface-. The site. of the investigation -has been divided

TABLE .1I.I

ANALYSES OF TYPICAL SOIL SAMPLES
FAIRBANYS RESEARCH AREA

AREA NO. I -- SECTION B

Sample Numbe-r69 
?67

Depth below ground surface, ft 2.0 6.0 30-0

Physical Constants4

1. All fractions of sample
Moisture -- field condition, % ~ 74 28 35Natural density, lb per cu ft 56 91 81
Specific gravity 2.72 2.76 2.70Natural porosity, 76 67 47 52
Natural voids ratio 2.03 .89 1.08

2. 'Fraction passing no. 40 sieve
Plasticity idex Non- Non- Non-

plastic plastic plastic

Mechanical Analysi'-

Percent of total sampl~e
Gra&in size ian in. or US
stanidard sieve no.
:Gravel: no.- 10 to 3-in.--~-. 0Coarse, 1 to 3 in.-

Medium, no. 4 to I inx.
Fin~e, no. 10 to no. 4 

-

Sand: no. 200 to no. 10 4 10 4Coarse, no. 40 to no. 10 0 0 0
Fine, -no. ZOO to-no. 40 4 10 4

Silt or clay: Less than no. Zoo 96 90 96

Efffective size in mm X&067 .023 .0058Uniformity coefficient 3.4 1.9' 5.0Class (textural) Silt Silt SiltUSED soil group ML IAL - ML

Miscellaneous, Characteristics

Color Brown Gray GrayFrozen or unfrozen Frozen lrrozef Fro'ZenIce lenses present Yes Yes Yes



into three a-.eas--as shown on Plate 11-1 and in detail for each area on Plates 111-5" M1-6,
and III-7. The general plan is as follows:

a. Area No. 1I- ground and pavement surface studies. In this area, _the effect
- - of the climatic factors such as air temperature, solar radiation, wind veloci-

ty, humidity, cloudiness, and precipitation, on. -ground temperature, especial-
ly where permafrost is prbsent, will be determined under various ground and
pa'vemenit. surface conditions. See Plate 111-5 and Figures M1-2 to M1-5. inclu-
sive (pages 4 and 5),

b. Area No. 2 -- runway foundation studies. The effect of the construction of
runway sections with various pavement types, insulalors and base courses on-
ground temperatures will be determined. See Plate 111-6 for the various co m--
binations of fill, insulation and surfaces constructed and under observat' oa.
See Figures 111-6 through M1-i 5 (pages 9. 10 and 11).

c. Area No. 3 -- building foundation studies. Buildings have been constructed
with various ground exposures aud insulators to determine the effect of these
types of foundation construction on ground temperatures, aspacially on the
permafrost- Pile foundations will be studied to a limited extent from severai
piles installed at various depths of embedment in the permafrost to detexrnine
whether the freezing and heaving of the active layer will displace the piles.
See Plate 111-7 and-Figurez 11-16-L11-30 (pages 13, 15, 16-19).

3. CONSTPUCTION IHSTORY. Construction at the Fairbanks Research Area was
started in April 1946 by the Alaskan Department with inspection and supervision-by Perrn-
fost Field Office -personnel of the St. Paul D)istrict Office, CE. Coke an~d churn drill-ng

operations were started in February 1946 and all scheduled borings were completed in
June 1946. Continuous -samples were taken from all core-borings with nearly 100 per~ent
recovery in the frozen silt. Installation of a;1 special equipment, such as grounditempera.
ture observation equipment, was made by employees of the Permafrost FieQ Office.
Clearing and stripping operations were started in March and April i946, respectively.
General ci nstructon operations were started in April 1946 and completed in the fall. of
1947 follawaig changes in plans involving the construction of additial-a structures. acil
ities are provided in each test area for the observation of ground temperatures, ground-
water levels, vertical mo-,enient of gromrO surface, pavement surface, or structure,

* probing to ground frost level, and obtainir g soil density samples. Observations oL ground
termpera&tures are presently being made at weekly ivjervals. Groundwater levels are also
observed att 2-week intervals during teopen season. Vertical movements are observed- at
one-mon-th intervals. Probinas are made at 2-month intervals to, check the ground f.os
levels. Test pits are exccavated and soil eniytests are made as required At cratical
places in the --vdatiu~ns Ciimaiic fa.ctors are being observed daily in th- i- a!

II Are:. No. 1I- Ground and Paveme nt Surface Studies

4. DESCRIPTION. Test sections in this area for determniing the effect Iciti
factors such as air temperature, solar radiation, wind velocity, humidity, clwudiness. and
jcIjptaton on ground temperatures include the gollowing four sections, as shown on
plate 111-5 and Figures 111-2 trough 111-5.

a. Section "A" consists of an undisturbed area, 200 ft by ZO0 ft, wit Iaua

3



a.. Seceff -B as:U
of- aL,- axtba

Zvo ft. in ta1 -

tii rees aznd us

C. sacti- "C' consists
Of &n irea3 M~ lt by

2,#-00 - i7, ____ t

e - S

Figuare W1-2. -Area 1. Sections A, B, C- anT D Iront I-ei± se nlre T-.
backgoround to 110reground. July 14

dSe-CtEicn &D*" cs= s
of an area. 30 ft b90 APt. strippea to a. aepaz of t;;ndIcfild~it- a~

to the 6riginMl ground -Uine and p-eriwih of co !s1, One-
surface area, of 1'- pavement is colored black.,oze-r is. cc1 arl EAdt and
the 'r~~ hr sa -i~~a- cz

Inent lest atea has :asoeez establislbed in -A=-ea7No- I ~tc ~~ao
VariOUS tyVpes .i eiarntadnstall~asfr~sr±godt~r
tures. The soil in -Ar4a No- .. as is the- case ~h~ . eer~-r-.
is composed of silt andl vneat. Se~e Plate Mi-8 amd i&eL:-

S. INMTALIATION OF OBSEEVATIONAL FAQ117M S. Pacilt~es are = - !a
Aree. No. I for the olbserzvation o! gr-omund lem erahtzres. g-tvr- 5ees.vrza

mcnt of ground surface, depth to zern-Afrost: b.. bi:ng, and- the uxk 4-= of S46.-amle5f!
natural moisnare and density Eetermnizations. T1he loca-tion- of oi e'fafisi
siio-n an P-14ite fl-S. Grc4und-, tperatat-es are observed at ini -- als Z* a de!! of 3:0 ii

by mjeans of 1herm ocouples plazed in oil-filed 314-im. steel pipe or direc:3l in 2rond-
* Continuous temnperature records art-ad i eachfSein D3k DN. Lec

and Northrup "Mic-romae" recording equ~.~ sn rssac hrdaer ~e
deptxis varying ir Orn the va v-Ir.ent sraeto 6 1 t below *he Mrrme=-. =-urface- etc-
x-ovement iabserveatibr Points in surffaced are&Z consist --I AO4ir- stel rc4Od.?-3v4 im

long, anchored by welding io a Loedit seina neffscr. !
mved areais, they consist of -.- y -in- bolts sr~ed into ihe z~x-e-en F=-S:I with

Suarface. In asphali su-ricnl aa-.z gravel s-fA6c-ng irL tiao. fgnteyt- i aw. ZW~ am-

80d nails, respectively, drvnso eiat !5;e beadF jzst, pr--nse ai te surfae- Grau=;-
weter elevations are observed b., =-tans af a gzadzaied z-;PAn Vr--valer -,sei~s cr
irS of Z-in. st eel pipe casings fitted -exh 80 7meih irell pemts Vezrcal mo--ze=e paizts
and groundwater wells axe sinxi'ar h uo-ghoui tLe Reze-arc!iare roi

plished by rnec-s of a 1f4-in. or I 12-i. stee rod. azzd, if rs? appear ~ S~

are supplemented by borings --iR 4 a I-12in ol ue. uig -ter!4
ture eqc-ipz.rient test area was esalse ~Area -N0 I to best Var-io. tjw

tioris for the ofZrea6 esuerrere. hee-eem u~r i



Figure 111-3. Area 1, Section C Figure 111-4. Area 1, Section B
Close-up of stripped surface. Close-up of cleared surface.

September 1946 September 1946

Figure II-'. Area 1, Section A. Close-up of undisturbed natural
cover. October 1946
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thermocouples, resistance thermometers, and merctry th'-,s. Ni-- "----l-io--
were made; of which six included thermocouples, two included resistance thermometers,
and one included mercury thermometers. The thermocouples were installed in direzt
contact with the ground, in steel pipes filled with oil, and in steel pipes filled with sand.

6. GROUND TEMPERATURE OBSERVATIONS. The period of record for observa-
tions of ground temperatures in Sections A, B and C, which represent natural vegetative
cover, a cleared area, and a stripped area, respectively, extends from July 1946 to 31 Oc-
tober 1948. Observations were made daily from the beginning date until March 1947 and
weekly from that date. The change in schedule was made when it became apparent that
the rate of change of ground temperatures was not great enough to make daily readings
necessary. For Section D in which the effect of different surface colors in concrete pave-
rr,-nt on underlying ground temperatures is to be observed, tL.ermocouple installations
were nut made unt-l late in the fall of 1947. Ground temperatures in hole D, located beside
Section D, have been periodically o' served from 11 November 1946. Continuous records
of ground temperatures have been .ade in each of the 3 colored sections in Section D since
about 20 June 1948. These records are of short duration but voluminous and have not been
completely analyzed. Plates 111-9 to 111-17, inclusive, show ground isotherms at the cen-
ters'of Sections A, B, and C, for the period July 1946 to 31 October 1948. Plates 111-18 to
111-20, inclusive, show similar information for Sections DN, DB, and DW for the period
1 October 1947 to 31 October 1948.

7. GROUNDWATER OBSERVATIONS. Groundwater levels are observed at 6 points
in Area No. 1. Observations are possible only during the period from May to October, in-
clusive, because the wells are frozen during the remainder of the year. Present data
cover the periods from 8 June to 25 September 1946, from 27 May to 29 October 1947, and
from 26 May to 27 October 1948, at weekly intervals.

8. VERTICAL MOVEMENT OBSERVATIONS. Vertical movement was observed in
Area No. I at 9 points, to de.ermine the extent of heave and settlement of-the ground sur-
face and to compare this movement as it occurs under varying conditions of vegetative sur-
face cover. Three points are located in each of Sections A, B and C. Twenty observations
were taken at each point at intervals during the pt rlod from 22 November 1946 to 2 Oc-
tober 1948. Data are plotted on Plates M1-10, 11, 13, 14 and 16 to 20, inclusive.

9. DETERMINATION OF NATURAL MOISTURE CONTENT AND DRY DENSITY OF
SOILS. In order to obtain undisturbed soil samples for the determination of natural mois-
ture content and dry field density, test pits were dug in Sections A, B, and C of Area No. I
on 23 and 24 September 1947 and 4 September 1948. Results of natural moisture tests on
samples obtained from the initial core borings and a typical test pit in Section B are shown
on Plate 111-21.

10. APPLICATION OF PROBING METHODS COMPARED TO GROUND TEMPERA-

TURE DATA. Probings for the determination of the depth to the permafrost table and the

frost table are taken periodically at 9 frost observation points in Area No. 1, 10 frost ob-
servation points in Area No. Z, and 3 frost observation points in Area No. 3, as shown on
P lates 111-5, HI-6,and 111-7, respectively. Observations have been taken at intervals of

two months since 17 October 1946. All probe points in Areas Nos. I and 3, and 4 of the
10 points in Area No. 2 are located adjacent to ground temperature holes, so that a di-

rect comparison of data obtained by the two methods can be made. .Results were four.d to

be quite similar for all points. Therefore, points A, B, and C in Area No. 1 have been

selected as typical for purposes of this discussion. These points are located at the centers

6



of Sections A. B. and C.,_ Pltf. = ITT-_22 n 4, M712 h - %U- 0 0 C no t- - , . .otte- frojn

ground temperature observations and the locations of permafrost and seasonal frost levels
as plotted from probing data for points A, B, and C during the period of record. It is noted
that differences up to two feet between the two methods occurred during 1948, In this con-
nection it has been observed that, after seasonal frost begins to penetrate from the surface
in the fall, ground temperatures tend to appear somewhat erratic, probably due to the rap

idly changing temperature gradients. By the thermocouple installations, positive location
of the 0°C isotherm can be determined only when it coincides with the depth to one of the
thermocouples. The plotting of isotherms between these depths is a matter of interpolA--

tion which tends to reduce the accuracy of plotting, especially when temperature gradients
are changing rapidly. For this reason, it is not considered proper to regard all variation

in results between the two methods as being due to inaccuracies in probing. The accuracy
of the ground temperature method would be greatly increased by spacing the thermocouples
closer together. For future installations, it is considered advisable to place thermocouples
at one-foot intervals to the probable depth of thaw. The reliability of probing data is af-

fected by the nature of the soil involved. In fine-grained soils which offer little resistance
to the probing rod when thawed and wet, the point of contact with a frozen layer is quite

definite. Sand has a tendency to bind the rod, which makes it harder to drive, so that the
- point of contact with frozen soil is not as easily detected. It has been noted from past ex-

perience, however, that the resistance of the rod to twisting affords a criterion. A torque
is applied to the rod by means of a pipe wrench when it is suspected that the point has en-

tered frozen soil. If the point is embedded in frozen -ground, it will be held rigidly and the
upper end of the rod will spring back to its original position upon release. If the point is
still in thawed soil, the entire rod will turn and much less spring will be noted upon re-
lease. Probing in gravel is unreliable, and in coar.-e- gravel it is impossible due to ob-
struction by the larger stones. When probing results appear indefinite, they may often be
checked by borings with soil augers. In general, the two methods when applied in fine-
grained soils give results which compare closely enough so that neither- method can be
discarded as unsatisfactory for observations at depths up to 10 ft. Valuable supplemen-
tary data can be obtained by probing, especially during the "freeze-up' season in the fall.

The greatest value of probing is for reconnaissance and for investigation of sites where
continuous records over long periods of time are not contemplated. Recent field tests in-
dicate that probing by pneumatic drills is more effective in frozen ground than hand-driven

probe rods.

I Area No. Z -- Runway Foundation Studies

I. DESCRIPTION. Test sections in Area No. 2 were constructed to determine the

effect of various pavement types, insulators, and base courses on ground temperatures.
They include the 26 runway test sections listed in Table H1-2 and shown on Plate 1li-6 and
Figures M1-6 and I-7.

12. INSTALLATION OF OBSERVATIONAL FACILITIES. Facilities are provided in

Area No. 2 for observation of ground temperatures, groundwater levels, vertical movement

of ground and test section surfaces, depth to permafrost by probing, and the taking of soil

samples for moisture determinations. The location of each of these facilities is shown on

Plate 111-6. Sampling sleeves provided in paved test sections, for taking soil samples

under pavement, have proved to be ineffective for sampling through the gravel backfill to

the subgrade due to the caving action of the gravel. For this reason, the sampling sleeves

have not been used. As an alternate method, test pits have been dug adjacent to the edge of

7



pavemnent in certain representative sections. TvDicalmIstr- ngtu va1J&. +O h
sanid and gravel fills of Areas Nor,. 2 and- 3 are shown in Plate 111-24. Plate IJl-Z5 shows

-grain-size accumulatidon curves 'whic. are typical of the backfill materials in Areas Nos, 2
and 3. Observational facilitids in Area No. 2-are, in general, similar in construction to
those installed for similar purposes in Area No. 1, as described n. this report.

TABLE 111-2

FAIRBANKS RESEARCH AREA NO. 2
RUNWAY TEST SECTIONS

Con- Base Course -Total__

struc- Toa
Sec. tion Thick-
No. Sea son Surface Type 1-sulation ness, ft

RN- I Summer 5-in. Asphalt Sand and Gravel None 12
RN-_2 Summer 5-in. Asphalt Sand and Gravel None 8
RN-3 Summer Gravel Sand anid Gravel None 4
RN-4 Summer 5-in. Asphalt Sand and Gravel None 4
RN-5 Summer 5-in. Aspha l t Sand and Gravel 3-in. P.C. Foamglas 4
RN-6 Summer 5-in. Asphalt Sand and Gravel 6-in. P.C. Foarnglas 4
RN-7 Summer 5-in. Asphalt Sand and Gravel 6-in. Cell Concrete 4
RN-B Summer 5-in. Asphalt Sand and Gravel 6-in. Cell Concrete 4

(lo%- -density)
RN-90 Sumn-er 5-in. Asphalt Sand and Gravel 12-in. Cell Concrete 4
RN-10 Winter 5-in. Asphalt Sand and Gra±vel 6-in. Cell Concrete 4

.(low density)
RN-1l Winter 5-in. Asphalt Sand and Gravel 6--in. P.C. Foamglas 4
RN-12 Sumnmer 5-in. Asph~alt Sand and Gravel Norke 2
RN-13 Summer 6-in. Gtk-crete Sand and Gravel None 2
RN-14 Summer 5.-in. Aspt alt Sand and Gravel None 10
RN-I5 Summer 5-in. Asphalt Sand and Gravel None 6
RN- 16 Summer 6-in. Concrete Sand and Gravel None 6
RN-I17 Summer 6-in. Concrete Sand and Gravel None 4
RN-l18 Summer 12-in. Concrete Sand and Grave', None 4
RN-19 Summer 5-in. Asphalt Sand and Gravel 6-in. Compacted Spruce 4

Logs and Branches
RN-20 Summer 5-in. Asphalt Sand and Gravel 6-in. Compactec. Moss 4
RN-21 Summer 5-in. Asphalt Sand and Gravel 6-in. Zonolite Concrete 4
RN-ZZ Summer 5-in. Asphalt Sand None 4
RN-23 Summer 6-in. Concrete Sand None 4
RN-24 Spring 6-in. Concrete Sand and Gravel None -4

RN-25 Spring 5-in. Asphalt Sandi'.ad Gravel None 4
RN-26 Spring G.ravel S~cl and Gravel None 4

8



Figure II . Area I. General. view Icoking souths Area Z
in foregroun.d, -Area 3 in upper right background.

October 1946

Figure 111-7. Area -I, Close-up of thick gravel fills, Sections
RN-1, RN-2, RIN-141, RN-145 and RN-16. October 1946



Figure 111-8. Area 2
Stripping hawed surface
material with dragline

July 1946

Figure 111-9. Area 2
Hand drainage of subgrade

during spring thaw.
June 1946

Figure 11-10. Area 2
Junction between Sections

RN- 19 at left and RN-20 at

right. Note spruce boughs
and moss insulating layers

prior to compaction by
placement of gravel fill.

July 1'946

Figure 111-11. Area

isulating lavers in place.
__ - Foaxnglas in Section RN-5,

near center; spruce boughs
in Section RN-19, left fore-

ground; moss in Section
RN-2O, middle foreground; and

zonolite concrete in Section
All RN-Zl. right foreground.

July lO4W



Figure 111-12. Area 2 igure 1-3.Area 2
Placing cell concrete insulation B~ase course construction. Due to

in Section RN-7. unstable condition of subbaise during
Suly 1946' spring construction. backfill was

extended by end diumDing. Jaly 1946

Figure 111-14. Area 2 Figuare 111-15. Area 2
Six-inch layer of Foarnglas insulation Sectional view of Section RIN-9. Note

consisting of two courses each 3 ip. insulating layer of cell concrete
thick sealed with tar. March 1947 exposed below grave' fill. October 1946



F t -asvea -- 'e ar ;,

served in Area -No. Z-at the center of each oi the Z6 test settions and -at 4 points on the
center line of the area. Observations were started at holes R-201 and R-204 in February
of -1946, at holes RN-_ 10nd RNjIl ih July of 1947, idnd at ail other holes in Are No. 2 in
Septembet or October 1946, sG that, in general, a record of observations covering a period
of two years is available. Readings were taken daily until April 1947 and weekly from that
date to 31 October 1148. Ground! fri)si data collected in Area No. Z have been summarized
and are presented-graphically in Plates I11-26 to 111-306, inclusive, which show the position
of the 06d isotherm under each section at various tirnes during the Period oi record. Or.
the basis of observations and tests perfoc-rmed, it is considered that natural variables such
as climatic conditions, mnoisture content, and density of. soil remain quite uniform through-
out the small area involved in Area. No. 2, so that any differences in heat flow observed
may be considered to result from the differences in design of the various sectiians. Since
each section represents an individ ual test, the 00 C isotherm _has been plotted separately
for each section as a straight line rather than attempting to draw a continuous isoaherm
for the full length of the area. Ground temperatures are observed in each section -at cnlyr
one point which is located at the- center of the section in each case. Hles R.201 and
R-204, located in natural ground on the center line at either end of Ar]ea 1No. 2. provide a
cormp;arison with groutd. ternperatures ufider natural conditions. The position of the 00C
isotherm for these hL-les is given by note on each of the sectional drawigs.

14, GROUNDWATER OBSE.RVATIONS, Groundwater levels are observed at week'ly'
intervals at 6 points in Are& No. 2. Present data are for periods from- 8 June to 25 Sep-
tenber 1946, from 27? May to 29 October 154?7, and from 26 MayLtc 27 Or-tober 1948.

15. NATURAL MOISTURE CONTENT AND DRY DE!lTY OF BACKFILL-AN
SUBGRADE. Test pits w-.re dug during late September and early October 1947 adjacent to
the s;urfacing in Sections RN-Z,_RN-6,_R.N-9, RN-18 and RIN-2l in order 'to secure undis-
turbed samples for the- determination of natural moisture content and-dry field density of
soils underlying the test sections. T'he test nits were located and dug in such a manner as
to maake it possible to secure samples as fax unde-r the section-, as possible without dis-
terbing the surfacing. TLhe data obtained were used in making calculations of depth of thaw.
Per all samples-from. the five test pits in Area, No. Z_, the moisture colntent of the gravel
ii ranged from 1.9 to 6.0 percent, with the greater number -falling between the limits of
Z.5 to 4.5 percent. The dry density of the gravel varie from. 133 to 144Z, and averaged 141
-lb per cu ft.1 The highest density of the natural soil was encountered imm ediately beneath
the gravel fill in each case. This condition is app~arently due to compaction by overlying
gravel fill and is noted to depths of from. 1.5 to 2.0 ft below the bottoqm of the -raveL 'Ihle
average dry density in this zone for --dl test nits was 95.1 lb, per- cu it. the ra-iniulm densi-
ty of 108.Z occurring in Section R-N-9. Below this zo-ne, the density decreased and aver-
aged 78.7 lb per cu ft for all samples taker.. The average moisture content of the gravel
fill for all test pits was found to -be 3 percent. indicating that thiz w~aterial is quite fe
draining. A" marked increa-ze in moisture content is noted upon entering the natural soil
subgrade, but no definite trend toward increase or decrease of moistare content can. be de-
tected at increasing depths into the subgrade. Two samples,* one in Sectiorm RN-i with a
mroisture content c& 67.8 vercent ' one in Section RN-18 with a nmisture conatent of 81.9
percent, are noted -to depaft radically from the general average. All other samples range
between 22.5 and 54.0 percent an-d average 37.9 percent. Peat in varying stages of decoz-r.
position has been neted to have varying qualities of absorption due to the cellular structure
of organic material w~hich rnay hold free water within the cells. Bo-th of the samnples no _d
above for widely divergent. moisture content contained peat -.-- c;h idght Zxli hiS condi-
tion. It is noted That& th.: cell concrete insulating laver in Section RIN-9 had a mois~ure
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74.6 Y- rcent. Both are enxbedded ii. gz,\vel having a moisture content of about 4.6 percent.

16. VERTICAL MOVEMENT OF GkOTJUND AN4D T WKSZ1i SECTION SURFACES. Verti-
livcal movement was observed izi Area N.,%. 2 at three points in natural. groand along the east-

ward side of the area and at fiiv; ncints tmn the surface of each test16 secticn-to compare the
extent of vertical movement which may be e.,z-ted in several types of construction and

in the natural ground surface. The various types ol c-instruction studiecL in the test sec-
tions are also shown on Plate 111-6. Level observations 7!ere made of each point at inter-

*vals during the period from 2-11 November 1946 to 10 -November 194-0.

IV Area No. 3.-- Building and Piling Studies

17. DESCRIPTION. Test facilities in this area for testing the effect on ground
temperatures of buildings with varions types of foundation construction, and the stability of
piles placed to varying depths into perrmafrost, include the buildings shown in Table M1-3,
on Plates 111-7 and 111-37, and in Figure M1-16. Bildings I to 8. inclusive, are 16 by 16 it
and are used as test buildings only. Buildings 9 and 10, 32 It square, are utilized as resi-
dences and Building 11, also 32 ft square, as a garage, in additican to serving as test build-
inns. Test piles to determine thn depth necessary to prevent seasonal heaving and settle-
ment are placed at varying depths to Penetrate permaafrost to distances 0, 1/2. 1, 1-1/2, 2,
2-lIZ, and 3 times the thickness of the active layer. See Figures 11-17 throuagh M1-26.

18. INST ALtAXION OF OBSERVATION-AL FACILITIES. Facilities are provided
in -trea. No. 3 for the observation of ground temp~eratures, groundwater levels. depth to
permnafrost by probing. the talking of soil samples for moisture determi-aations, and verti-
cal rro-rement. of buildings, piles and ground surface. The locations of the se facilities are
smown on Plate 111-7. Vertical *novement olbservation points for buildings consist of Ziad
spikes driven into the sills at each corner. For piise-,t the observation point consists of a
20"d s;zike driven into the
pilc at aaoout 14 in. a- -= ----

bove the normail ground
surface. Ground tem-
peratures pertinent to
&.e buildings are ob-
served at switch panels:
within :;he bu'iidings in
lieu of switches in June-
tion boxes used fonr talk-
ing readings at otiier
thermocouple installa-
tions. The spacing and
depths of eachter -_
coupie installation, to-
Clethcr with other infor-

* mation pertinent to the
installations, a!r.e shwm
in Plqate 111-37. During

* September 19-47. s.rel1- Figure 111-16. Area 3
oxmeters to observe the General -viAew of test buildings. July 1943
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FAIRBANKS RESEARCH AREA NO. 3
T&ST BUMIDINGS I to 1l

Bldg. Foundation inNo. Type of Floor Material Thickness Foundation

1 Concrete Sand and Grave. 4ft None

2 Insulated wood Sand and Gravel 4 ft None

3 Insulated wood Sand and Gravel 2 it None

4 Insulated wood Sand and Gravel 6 ft None

5 Insulateod wood Sand and Gravel 4 ft 6-in. Cell Con-

crete
6 Post and Pads Beams 2 fit above None

grr, 'zd surface, with-
ort skirting

7 Insulated wood Post and Pads Beams 2 ft above None

ground surface, with

8 nsulated wood Mud Sills On the natural None

ground surface

9 Insulated wood 2 Concrete None
on Upper con sl!bs sevar-
crete slab ated by concrete

piers 3 ft high
on 5-ft gravel
fill

10 Insulated wood Piling approx- None
with air space imately 4 ft

above natural
ground

11 Concrete slab Gravel Fill 5 ft None
containing layer

of continuous
hollow tile open
to air at both
ends

14



Figure 111-17. Area 3
Foundation of Test Building

No. 1 with 4-in, concrete floor
slab in place. Building No. 2 in
background. Septem-ber 1946

Figure 11-18. Area 3
Test Building No. 5 with wood

sills placed directly on grav'el
fill and wood floor completed.
Typical construction for Build-

ings Nos. 2, 3, 4 and 5.
September 1946

Fig~ure 111-19. A4rea 3
Test Building No. 6 w~ithi wood

floor completed. INot to be

skirted. Septemiber 1946

Figure 111-20. Area 3
Test iBuildint, No. 7 with floor

completed and skirting in place
September 1946 _
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Figure M1-21. Area-- 3
Tzst Building No. 8 with oads and
sills in place on ground surlacu.

£1ugust 19-t6

m"111-2-20l A-r- a 3

Figudre M1-23. Area 3
General view of Buildings 9. 10
and 11I from rear to forer-ouno. JILT

Auy14

_______ ______ 3F.

nrew a11-2



soil at various depths below the .. ... .. .

ground surface, were installed
in Area No. 3 at three locations
as shown on Plate I-7. Essen-
tially, a swellometer consists of
eight wood rods, 1-in. square -

and of varying lengths, e&,h of
which is firmly fastened to a -

hollow prismatic base one foot
long and a ninth rod set in a
solid base. See Plate 111-30".
The rods are assembled and
lubricated in such a way that
they may slide freely in a verti- Figure 1-25. Area 3
cal direction and move independ- General view of test pile section showing a steam
ently of each other. The base of point in operation. The Herman Nelson heater on
each rod is left unlubricated and the right was used to warm up a dragline engine.
may be roughened to promote a December 1946
good bond with the surrounding
soil so that the movement of each rod is determined by the movement of the soil at the
depth to which the base is placed. The movement of each rod is observed at its upper end
which protrudes above the ground surface.

-. 19. GROUND TEMPERATURE OBSERVA_
TIONS. Ground temperatures are observed weekly at
3 noints in natural ground and under Test Buildings 1

Sto 8 in Area No. 3 at points indicated on Plate 111-7.
Beginning on 14 October 1946, these buildings were
heated to maintain a continuous temperature of +150C
until 1 January 1947, at which time it had become ap-

- - - parent that no thaw would be caused under certain of
the buildings by this temperature and the inside tem-
perature was raised to +200C. Ground isotherms

A:4  have been plotted for each of the buildings to show a
1-._- north-south section at the center line of the building.

Plates 111-39 to 111-49, inclusive, show these data
-t --: plotted at various times during the period of record.

:[- 20. GROUNDWATER OBSERVATIONS.
Groundwater levels are observed weekly at 4 points
in Area No. 3, as shown on Plate 111-7. Present data

-~ cover periods from 8 June to 25 September 1946, from
27 May to 29 October 1947, and from 26 May 1948 to
3 November 1948. It may be noted on the plates show-
ing ground temperature observations during the winter
months that thawed zones which had about the same

Figure 111-26. Area 3 shape each year developed under certain buildings
Placing a test pile into a thawed such as 7 and 8, and, in some cases, increased in size

hole. December 1946 during the season. While n- '- finite proof is available,
it is believed that these thaw_. -ones carry ground-

water when soil layers just under the surface are frozen. The movement of water through

17



crack , crevices and polygon channels tends to keep the ground from freezing.

21. NATURAL MOISTURE OF SUBGRADE. In order to secure information con-
cerning the natural moi.-ture content of soils in Area No, 3, auger borings were made in

late September 1947 from the surface down to per-

mafrost at points B-101, B-103 and B-104 in natu-
ral ground as shown on Plate III-7, and from the
top of subgrade down to permafrost under each of
Buildings 1 to 8 inclusive. For buildings on gravel

fill, a ZO-in. metal pipe was placed to extend from

the top of fill through the fill to the top of subgrade
to permit access to the subgrade for auger borings.

--- Typical moisture data for the building area are

shown in Plate IIR-50.

22, VERTICAL MOVEMENT OF GROUND
AND TEST STRUCTURES. Vertical movement is

- observed in Area No. 3 at four points in natural

ground, on the sills at each of the four corners of
_Test Buildings I to 11, on 17 piles supporting

Building 10, at 15 points on the concrete floor of

-7. Building 11, on
each of 24 test

Figure 111-27. Area 3 piles, and at a point
Placing fabricated steel vertical on the ground be-

movement observation point in the side each of the 24

ground adjacent to a test pile. test piles, Loca-
February 1947 tions of the c.bser-

vation points are
shown on Plate 111-7. The objective of these observations
is to determine the vertical movement of the natural
ground surface, to compare the vertical movement of build-
ings on various types of foundations, ana to test the stabil-
ity of piles placed to varying depths into permafrost.. -

Twenty-one observations on points B-101, B-102, B-104
and B-105 in natural ground were made at intervals be- - -

tween 22 November 1946 and 8 November 1948, fifteen to
twenty-one observations were made on test buildings be-

tween 8 November 1946 and 8 November 1948, and twenty
observations were made on and beside the test piles be-
tween 14 January 1947 and 6 November 1948. Observations
of ground temperatures and settlement of the Navy mono- -

tube test piles were made as required. -

23. NAVY MONOTUBE TEST PILING, In order to
assist the Bureau of Yards and Docks, Department of the
"avy, in the testing of monotube steel piling placed in .

frozen ground, space was made available for a test instal-
lation of this type of piling. The installation was performed Figure I1-Z8. Area 3

by personnel and equipment of the Post Engineer, Ladd Air One of the 3 swellometers
Force Base, under supervision of the Department of the installed in the test pile
Navy. The Permafrost Field Office assisted in the area. December 1947

18



Figure 111-29. Area 3 Figure 111-30. Area 3

Detail of monotube Navy test pile Loading platform for monotube test

and temperature pipe. piling. December 1947
November 1947

planning and field supervision of the work and thermocoupl: assemblies were made up by

the St. Paul District for the obser-"ation of ground temperatures a,' tcent to the piles. The

installation consists of one 60-ft and cne 40-ft pile which jointly support a bin in which a

gravel load is placed. The piles were placed in holes preformed by steam thawing, during

the period 13 to Z0 November 1947. The loading bin with supporting steel members was

completed on 12 December 1947. A total load of 114 tons was placed on the piles in De-

cember 1947. Installations for observing vertical movement of the ground surface and for

observing groundwater levels in Area No. 3 are similar to those in Area No. 1, as de.

scribed previously in this report. The following quotation is the report of 3 June 1948

froim the Field Operat-)ns Branch of the Permafrost Division, St. Paul District, Corps of

Engineers to the Officer in Charge, Arctic Test Section, U. S. Navy, Fairbanks, Alaska

concerning test loading of monotube piles:

'I. Reference is made to previous correspondence on the above subject

describing the installation of two Monotube Test Piles in the Permafrost Re-

search Area near Fairbanks, Alaska by the Post Engineer, Ladd Air Force
Base and the Permafrost Division in cooperation with your organization.

[he following is a surnmary of tie sequence of operations and observations
obtained in connection with the loading of these piles. The data is assembled

on the inclosed drawing 'Vertical Movement and Ground Temperature Chart-

Monotube Test Piles'. (Plate 111-51 of this report.)

"2. Two piles, one 40 feet and the other 60 feet long, were placed in holes

preformed by steam thawing, during the period 13 to 20 November 1947. On

12 December 1947, after the test piles had been installed for 23 days, the

construction of the bin to carry the test load of gravel was completed, with

the bin and the supporting steel beams in place atop the two piles. Calculated

total weight of the bin and supporting members was 7.11 tons. At the time of
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completion of the bin, ground temperatures adjacent to both piles were re-
turning to normal after having been raised during the installation of the piles
by steam jetting. Temperatures above zero degrees Centigrade were recorded
between 2 and 45 feet at the 60-foot pile and between 4 and Z1 feet at the 40-foot
pile. Total settlement up to this date was 0.079 foot for the 60-foot pile and
0.031 foot for the 40-foot pile. There was no appreciable change in elevation
follcwlng erection of the bin. By 19 December 1947, the piling appeared to be
stabilized, with no settlement observed between 12 December and 19 Decem-
ber 1947. Temperatures of 00 C. or colder were recorded for the lower 30
feet of the 60-foot pile and for the entire depth of the 40-foot pile. On 20
December 1947, approximately 107 tons of gravel were placed in the bin,
bringing the total load to 114 tons. Upon release of the screw jacks in place
at the four corners to prevent tipping of the bin, immediate settlement was
observed, and by 22 December 1947 the 60 and 40-foot piles had settled 0.1Z6
foot and 0.106 foot respectively and were exerting pressure on the jacks at
the corners of the bin. The jacks were lowered again on Z2 December and an
Lnmediate settlement of 0.009 foot and 0.012 foot on the 60-foot and 40-foot
piles respectively was observed. This rapid settlement continued until
26 December when the total observed settlement since loading was 0.214 foot
on the 60-foot pile and 0.197 foot on the 40-foot pile. At this point, ground
temperatures had not stabilized and normal cooling was continuing. After
the jacks were released on 22 December 1947, they were not disturbed un-
til 16 March 1948. Between these dates, a portion of the load was transferred
to the jacks, through settlement of the piles, at an indeterminate rate. Be-
tween 26 December 1947 and 16 January 1948, total settlement was 0.023 foot
and 0.018 foot on the 60-foot and 40-foot piles respectively, and ground tem-
peratures continued a gradual decline on both piles until they reached a mini-
mum on 10 January 1948, after which time a gradual daily increase in tem-
peratures was noted. No ten.peratures above 00 C. were recorded between 30
December 1947 and 21 January 1948 at the 60-foot pile and at the 40-foot
pile between 20 December 194 and 21 January 1948. Between 16 and 30 Jan-
uary, accelerated settlement a zcompanied by a general rise in ground tem-
peratures was observed at bch piles and resulted in the distribution of a
greater proportion of the l',ad to the jacks at the co-ners. Total settlement
between these dates was 0.065 foot and 0.053 fool at the 60-foo. and 40-foot
piles respectively. Elevations of both piles remained virtually constant
during the period 30 January 1948 to 12 March 1948, although minor tem-
perature variations were noted. The load remained constant and no change
was made in the jacks which were carrying an undetermined portion of
the load.

"3. Since it was apparent that the two piles could not sustain the load of
114 tons and hydraulic jacks with indicator dials or other suitable means
were not available to appl- and measure the load in increments, it was de-
cided to remove the majc. portion of the gravel and to reload in increments
one foot in depth over the bin's floor surface and thereby determine the
maximum load capable of being supported by the piles. Accordingly, on 15
March 1948, all but 2 feet of the ogravel was removed from the bin, decreas-
ing the load to approximately 34 tons. Since 7 March, a gradual lowering
in ground temperatures had been noted, and on the date the gravel was re-
moved, tihc eround temperatures observed were generally +0.1o C., with
the exception ot the upper and lower extremities of the piles where the
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jM.~~;u appoxiateiy 4, hours
after the gravel had been removed, a slight but definite drop in temperature
was noted and, in every case, ground temperatures were at zero or minus
0.1 0 C. throughout the center portions of the piles. No appreciable change
in elevation occurred upon decreasing the load. On 16 March 1948, the
jacks were lowered fcr the first time since 22 December 1947; there were
no significant changes in temperature or elevation. No portion of the load
was supported by the jacks between 16 Maich and 6 April 1948. On
!8 March 1948, the gravel was brought to a depth of 3 feet, increasing
the load to 47 tons. No appreciable change in temperature or elevation

resulted. Elevations on 19 March showed an equal settlement of 0.008 foot
on both piles and no further increments were added until 23 March 1948.
Between 20 lvlarch and 22 March 1948, a temperature rise from minus
0.10C. to plus 0.20 C. took place in the central sections of both piles.
The small vertical movement observed during the period 19 March to
23 March is likely due to the limitations of accuracy of level observations.
On 23 March 1948, an increment of one foot of gravel brought the total
load to 60.5 tons. Application of this additional load was accompanied by
a slight rise in temperature throughout the length of both piles; there was
no observed change in elevation. On 25 March, the gravel was brought to
a depth of 5 feet or a total load of 74 tons. No significant changes in
elevation or temperature were noted until 23 March when temperature
at both piles showed an increase of from 0.1 to 0.30 C. Largest increases
were in the central portion of the 40 foot pile. After 26 March, a gradual
decrease in temperatures took place in both piles. On 29 March, eight
inches of gravel were added bringing the total load to approximately
83 tons. Settlement in the order of 0.004 foot occurred immediately, but
both piles remained fairly stable until 1 April when a rapidly accelerating
settlement started and continued to its maximum on 12 April when the
steel beams came to rest on the ground surface at the south side of the
bin and on two jacks .- hich had not been removed from the north side.
Temperature observations continued since 12 April indicate a general
and progressive rise in ground temperatures. At present, temperatures
are above 00 C. throughout the length of both piles.

"4. The observations outlined above indicate that the piles were rela-

tively stable and, for the short period of observation, successfully sup-
ported a load of approximately 74 tons. with the application of additional
load bringing the surcharge to 82.8 tons, the yield point was reached and
progressive accelerating settlement occurred. The bond between the soil
material and the pile surface (tangential adfreezing strength) has been
computed for 1 April 1948 when the piles were supporting a total load of
82.8 tons; there had been no appreciable movement for three days follow-
ing- application of the final load increment and, with the exception of
approximately seven feet on the 40 foot pile, ground temperatures ad-
jacent to the piles were at 0°C. or colder. The quantity of soil moisture

which remained thawed at the range of temperature observed adjacent to
the piles is indeterminate from the available data, however, for the pur-
pose of calculating tangential adfreezing strength, ground at 00 C. or
colder is considered to be frozen.
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Weight of bin in place ........ .... ... t t
Weight of 1513.90 cu. ft. gravel at 100 lbs/cu.ft. ...... . 151390 lb. *

Total Load .... 165610 lb.

Surface area of 40 pile in frozen ground ............ 9sq. ft.
Surface area of 60 pile in frozen ground ,...........194 sq. ft.

Totai Area ... 283 sq. ft.

Tangential adireezing strength .......... ......... 4.06 lb. per
sq. in.

"5. Except for the observation that pile failure and lapid settlement
occurred at a specific loading only general conclusions can be drawn from
the data collected thus far. The soils underlying the test site are frozen to
a depth of approximately 150 feet and, in the natural state, contain large
amounts of moistture, mostly in the form of ic2 which serves to bond the soil
particles into a dense mass capable of great resistance to penetration. Piling
placed in permafrost must, therefore, be placed in holes preformed by thawing
or some other method. H thawed, the thermal regime is disturbed and the
soil loses its structure becoming more or less a fluid, depending upon the
amount of moisture present. Piling introduced into the ground under these
conditions do not develop their full strength until the adjacent soil has refrozen
and the thermal regime is re-established. In the vicinity of Fairbanks where
the test is being conducted, the temperature of the permafrost at depths below
the level of seasoial influence approaches the critical temperature of 00 C.
and a considerable time is reqired for the natural 'reserve of cold' to
overcome the effects of heat introduced for the formation of holes into
which piles can be placed and to re-establish the thermal regime. Cort-
sideration of the inclosed urawing, which depicts graphically the vertical
movement of the piles and concurrent ground temperatures, indicates that
the pile movement beginning after stabilization of ground temperatures to
comparatively normal condinons will generally be accompanied by a rise
in temperature which it is thought reflects the thawing of ice forming the
surface bond between the pile and the enclosing material. In order to ex-
tend and substantiate the data collected to date, it is planned to repeat the
above test by reloading the piling with approximately 60 tons and observe
their behavior over an extended period of six or more months. Upon
completion of this phase of observations, the piles will again be gradually
loaded to failure.'

A review of this report indicates some doubt as to whether ground around the piling was.
entirely refrozen at the time of loading. Temperature observation equipment used is not
necessarily accurate within 0.30 C and the silt soil Ln the area can be expected to have
0.10 to 0.20 C depression of the freezing point. Thus, temperatures of -0.40 C do not
necessarily indicate that the ground was frozen. This office is now studying the possibili-
ty of using pressure cells to indicate ground freezing. The computed tangential adfreezing
strength of 4.06 psi is based on the assumption that all of the load was carried by bond be-
tween the piling and the adjacent ground and that the ,round was frozen. It neglects any
point bearing capacity which would be a substa.itial amount in frozen ground.

22
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