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COMPREHENSIVE REPORT 

INVESTIGATION OF AIRFIELD CONSTRUCTION 
IN ARCTIC AND SUBARCTIC REGIONS 

APPENDIX Ill 

DESIGN AND CONSTRUCTION STUDIES 
AT FAIRBANKS RESEARCH AREA 

I Introduction 

1. PURPOSE. The Fairbanks Research Area was constructed for the purpose of 
providing an opportunity to observe various types of structures erected on permafrost un
der conditions that would be known and recorded from the beginning to the conclusion of 
operations. 

2. GENERAL CONDITIONS. The Research Area is located about 2-1/2 miles 
northeast of Fairbanks, Alaska. See Plate Ill-1 and Figure Ill-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 rock upland 
known as Birch Hill. 
The mean annual tem
perature at Fairbanks 
is .about 26° F with ex
tremes of +88° F and 
-58° F. The total an
nual precipitation is 
about 12 in., including 
the annual snowfall of 
about 4 ft. Mean daily 
air temperatures, me
teorological data and 
degree-days above and 
below 32° F during 
1 94 7 -48 are shown on 
Plates lll-2, lll-3, and 
Ill-4, respectively. The 

Figure III-1. General view. Area 1 at top center. Area 2 at 
left. Area 3 at lower center. July 1948. 

natural soil underlying the Research Area to a depth of 50ft is 
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principally silt with some fine sand and occasional layer·s of peat. Analyses of typical 
soil samples are shown in Table III-1. Under natural conditions, permafrost is encounter
ed at depths of 3 to 6 ft below the surface. The site of the investigation has been divided 

TABLE III-1 

ANALYSES OF TYPICAL SOIL SAMPLES 
FAIRBANKS RESEARCH AREA 

AREA NO. 1 -- SECTION B 

Sample Number 

Depth below ground surface, ft 

Physical Constants 

1. All fractions of sample 
Moisture -- field condition, 1o 
Natural density, lb per cu ft 
Specific gravity 
Natural porosity, 1o 
Natural voids ratio 

2. 'Fraction passing no. 40 sieve 
Plasticity index 

699 

2.0 

74 
56 

2. 72 
67 

2.03 

Non-

671 

6.0 

28 

91 
2. 76 

47 
.89 

Non-
plastic plastic 

Mechanical Analysis 

Percent of total sample 
Grain size in in. or US 
standard sieve no. 
Gravel: no. 10 to 3 in. 

Coarse, 1 to 3 in. 
Medium, no. 4 to 1 in. 
Fine, no.l0tono.4 

Sand: no. 200 to no. 10 
Coarse, 
Fine, 

Silt or clay: 

no. 40 to no. 10 
no. ZOO to no. 40 
Less than no. 200 

Effective size in mm 
Uniformity coefficient 
Class (textural) 
USED soil group 

Miscellaneous Characteristics 

Color 
Frozen or unfrozen 
Ice lenses present 

2 

0 

4 
0 
4 

96 

.0067 
3.4 
Silt 
ML 

Brown 
Frozen 
Yes 

0 

10 
0 

10 
90 

.023 
1.9 
Silt 
ML 

Gray 
Frozen 
Yes 

677 

30.0 

35 
81 

2. 70 
52 

1.08 

Non-
plastic 

0 

4 
0 
4 

96 

.0058 
5.0 
Silt 
ML 

Gray 
Frozen 
Yes 



into three areas as shown on Plate III-1 and in detail for each area on Plates III-5, III-6, 
and III-7. The general plan is as follows: 

a. Area No. 1 -- 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 present, will be determined under various ground and 
pavement_ surface conditions. See Plate III-5 and Figures III-2 to III-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, insulators and base courses on 
ground temperatures will be determined. See Plate III-6 for the various com
binations of fill, insulation and surfaces constructed and under observation. 
See Figures III-6 through III-15 (pages 9, 10 and ll). 

c. Area No. 3 -- building foundation studies. Buildings have been constructed 
with various ground exposures and insu,lators to determine the effect of these 
types of foundation construction on ground temperatures, especially on the 
permafrost. Pile foundations will be studied to a limited extent from several 
piles installed at various depths of embedment in the permafrost to deter:mine 
whether the freezing and heaving of the active layer will displace the piles. 
See Plate III-7 and Figures III-16-III-30 (pages 13, 15, 16-19). 

3. CONSTRUCTION IDSTORY. Construction at the Fairbanks Research Area was 
started in April 1946 by the Alaskan Department with inspection and supervision by Perma
frost Field Office personnel of the St. Paul District Office, CE. Core and churn drilling 
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 percent 
recovery in the frozen silt. Installation of all special equipment, such as ground tempera
ture observation equipment, was made by employees of the Permafrost Field Office. 
Clearing and stripping operations were started in March and Aprill946, respectively. 
General construction operations were started in April 1946 and completed in the fall of 
194 7 following changes in plans involving the construction of additional structures. Facil
ities are provided in each test area for the observation of ground temperatures, ground
water levels, vertical movement of ground surface, pavement surface, or ~tructure, 
probing to ground frost level, and obtaining soil density samples. Observations of ground 
temperatures are presently being made at weekly intervals. Groundwater levels are also 
observed at 2-week intervals during the open season. Vertical movements are observed at 
one-month intervals. Probings are made at 2-month intervals to check the ground frost 
levels. Test pits are excavated and soil density tests are made as required at critical 
places in the foundations. Climatic factors are being observed daily in the area. 

II Area No. 1 -- Ground and Pavement Surface Studies 

4. DESCRIPTION. Test sections in this area for determining the effect of climatic 
factors such as air temperature, solar radiation, wind velocity, humidity, cloudiness, and 
precipitation on ground temperatures include the following four sections, as shown on 
Plate Ill-5 and Figures Ill-2 through III-5. 

a. Section "A" consists of an undisturbed area, 200 f~ by 200ft, with natural 
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Figure III-2. Area 1, Sections A, B, C and D from left 
background to foreground. July 1948 

cover of vegetation in
cluding moss, brush, 
and spruce trees. 
See Figure III-5. 

b. Section "B" consists 
of an area, 2 00 ft by 
2 00 ft, in natural sur
face condition but 
with trees and brush 
removed. See Figure 
III-4. 

c. Section "C" consists 
of an area, 200 ft by 
200ft, w i th vegeta
tion removed and 
with surface soil 
stripped off to a 
depth of about 16 in. 
See Figure Ill- 3. 

d. Section "D" consists 
of an area, 30ft by 90ft, stripped to a depth of 12 in. and backfilled with sand 
to the original ground line and paved with 6 in. of concrete. One -third of the 
surface area of the pavement is colored black, one-third is colored white, and 
the remaining third is an uncolored concrete surface. A temperature equip
ment test area has also been established in Area No. 1 for the comparison of 
various types of equipment and installations for measuring ground tempera
tures. The soil in Area No. 1, as is the case throughout the Research Area, 
is composed of silt and peat. See Plate III-8 and Figure III-2. 

5. INSTALLATION OF OBSERVATIONAL FACILITIES. Facilities are provided in 
Area No. 1 for the observation of ground temperatures, groundwater levels, vertical move
ment of ground surface, depth to permafr,ost by probing, and the taking of soil samples for 
natural moisture and d ·ensity determinations. The location of each of these facilities is 
shown on Plate III-5. Ground temperatures are observed at intervals to a depth of 30 ft 
by means of thermocouples placed in oil-filled 3/4-in. steel pipe or directly in the ground. 
Continuous temperature records are made in each of Sections DB, DN, and DW with Leeds 
and Northrup "Micromax" recording equipment using resistance thermometers placed at 
depths varying f~om the pavement surface to 6 ft below the pavement surface. Vertical 
movement observation points in unsurfaced areas consist of 3/4-in. steel rod, 7-3/4 in. 
long, anchored by welding to a slotted 1/2-in. steel plate one foot square. In concrete 
paved areas, they consist of 1/2- by 2-in. bolts grouted into the pavement flush with the 
surface. In asphalt surfacing and gravel surfacing in Area No. 2, they consist -of 20d and 
80d nails, respectively, driven so that the head just protruqes above the surface. Ground
water elevations are observed by means of a graduated rod in groundwater wells consist
ing of 2-in. steel pipe casings fitted with 80 mesh well points. Vertical movement points 
and groundwater wells are similar throughout the Research Area. Probing is accom
plished by means of a 1/ 4-in. or 1/2-in. steel rod and, if results appear indefinite, they 
are supplemented by borings with a 1-1/2-in. soil auger. During October 1947, a tempera
ture equipment test area was established in Area No. l to test various types of installa
tions for the measurement of ground temperatures. The equipment tested included 
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Figure III-3. Area 1, Section C 
Clos e -up of stripped surfa c e . 

September 19 46 

Figure III-4. Area 1, Section B 
Close-up of cleared surface. 

September 19 46 

Figure III- 5. Area 1, Section A. Close -up of undisturbed natural 
cover. October 1946 
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thermocouples, resistance thermometers, and mercury thermometers. Nine installations 
were made; of which six included thermocouples, two included resistance thermometers, 
and one included mercury thermometers. The thermocouples were installed in direct 
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, Band 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 
nece·ssary. For Section D in which the effect of different surface colors in concrete pave
ment on underlying ground temperatures is to be observed, thermocouple installations 
were not made until late in the fall of 1947. Ground temperatures in holeD, located beside 
Section D, have been periodically observed from 11 November 1946. Continuous records 
of ground temperatures have been made 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 III-9 to III-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 III-18 to 
III-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. l. 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. 1 at 9 points, to determine the e x tent 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 period from 22 November 1946 to 2 Oc
tober 194.8. Data are plotted on Plates III-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. 1 
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 III- 2 1 . 

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. 2, and 3 frost observation points in Area No. 3, as shown on 
Plates Ill-5, III-6, and Ill-7, respectively. Observations have been taken at intervals of 
two months since 17 October 1946. All probe points in Areas Nos. 1 and 3, and 4 of the 
10 points in Area No. 2 are located adjacent i;o ground te'm.perature holes, so that a di
rect comparison of data obtained by the two methods can be made .. Results were found to 
be quite similar for all points. Therefore, points A, B, and C in Area No. l have been 
selected as typical for purposes of this discussion. These points are located at the centers 
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of Sections A, B, and C. Plates III-22 and III-23 show the 0°C isotherm as plotted from 
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 dete rmined 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 th e rod w ill spring back to its original position upon release. If the point is 
still in thawe d so il, the ent ire rod w ill turn and much less spring will be noted upon re
lease. Probing in g ravel is unreliable, and in coarse gravel it is impossible due to ob
struction b y th e lar ger stone s . Vvrhen probing results appear indefinite, they may often be 
checked b y boring s w ith soil augers. In general, the two methods when applied in fine
grained soil s g ive 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 b e obtained by p robing , especially during the "freeze-up" season in the fall. 
The greatest value of probin g is for reconnaissance and for investigation of sites where 
continuous records ove r lon g periods of time are not contemplated. Recent field tests in
dicate t h at probing b y p n e umatic drills is more effective in frozen ground than hand-driven 
probe rods. 

III Area No. 2 -- Runway Foundation Studies 

11. 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 t e st sections listed in Table III-2 and shown on Plate III-6 and 
Figures III-6 and lll-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 III-6. Sampling sleeves provided in paved test sections, for taking soil samples 
under pa:vement, 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 
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pavement in certain representative sections. Typical moisture-density relatl.ons for the 
sand and gravel fills of Areas Nos. 2 and 3 are shown in Plate III-24. Plate III-25 shows 
grain-size accumulation curves which are typical of the backfill materials in Areas Nos. 2 
and 3. Observational facilities in Area No. 2 are, in general, similar in construction to 
those installed for similar purposes in Area No. 1, as described in this report. 

TABLE III-2 

FAIRBANKS RESEARCH AREA NO. 2 
RUNWAY TEST SECTIONS 

Con- Base Course 
struc- Total 

Sec. tion Thick-
No. Season Surface Type Insulation ness, ft 

RN-1 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 and Gravel None 4 
RN-4 Summer 5-in. Asphalt Sand and Gravel None 4 
RN-5 Summer 5-in. Asphalt Sand and Gravel 3 -in. P.C. Foamglas 4 
RN-6 Summer 5-in. Asphalt Sand and Gravel 6 -in. P.C. Foamglas 4 
RN-7 Summer 5-in. Asphalt Sand and Gravel 6-in. Cell Concrete 4 
RN-8 Summer 5-in. Asphalt Sand and Gravel 6-in. Cell Concrete 4 

(low density) 
RN-9 Summer 5-in. Asphalt Sand and Gravel 12-in. Cell Concrete 4 
RN-10 \Vinter 5-in. Asphalt Sand and Gravel 6-in. Cell Concrete 4 

(low d~nsity) 
1-- RN-11 Winter 5-in. Asphalt Sand and Gravel 6-in. P.C. Foamglas 4 

RN-12 Summer 5-in. Asphalt Sand and Gravel None 2 
-t RN-13 Surrimer 6-in. Concrete Sand and Gravel None 2 
} RN-14 Summer 5-in. Asphalt Sand and Gravel None 10 
i RN-15 Summer 5-in. Asphalt Sand and Gravel None 6 
RN-16 Summer 6-in. Concrete Sand and Gravel None 6 
'RN-17 Summer 6-in. Concrete Sand and Gravel None . 4 

RN-18 Summer 12 -in. Concrete Sand and Grave 1 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. Compacted Moss 4 

RN-21 Summer 5-in. Asphalt Sand and Gravel 6-in. Zonolite Concrete 4 
'iRN-22 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 Sand and Gravel None 4 

RN-26 Spring Gravel Sand and Gravel None 4 
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Figure III-6. Area 2. General view looking south, Area 2 
in fore g round, Area 3 in upper right b ac kg round. 

October 1946 

Figur e III- 7. Area 2. Close - up of thick g ravel fills, Sections 
RN-1 , RN-2, RN-14, RN-15 a~d RN-16. October 1946 
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Figure III-8. Ar~a ~ 

Stripping thawed surface 
material with dragline 

July 1946 

Figure HI-l 0. 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 1946 

10 

Figure III-9. Area 2 
Hand drainage of subgrade 

during spring thaw. 
June 1946 

Figure III-11. Area 2 
Insulating layers in place. 
Foamglas in Section RN-5, 
near center; spruce boughs 

in Section RN-19, left fore
ground; moss in Section 

RN-20, middle foreground; and 
zonolite concrete in Section 

RN-21, right foreground. 
July l94b 



Figure III-12. Area 2 
Placing cell concrete insulation 

in Section RN- 7. 
July 19 4 6 

Figure III-14. Area 2 
Six-inch layer of Foamglas insulation 

consisting of two courses each 3 in. 
thick sealed with tar. March 194 7 
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Figure III-13. Area 2 
Base course construction. Due to 

unstable condition of subbase during 
spring construction, backfill was 

extended by end dumping. July 1946·• 

Figure III-15. Area 2 
Sectional view of Section RN-9. Note 

insulating layer of cell concrete 
exposed below gravel fill. October 1946 



13. GROUND TEMPERATURE OBSERVATIONS. Ground temperatures are ob
served in Area No. 2 at the center of each of the 26 test sections and at 4 points on the 
center line of the area. Observations were started at holes R-20 l and R-204 in February 
of 1946, at holes RN-10 and RN-11 in July of 1947, and at all other holes in Area No.2 in 
September or October 1946, so that, in general, a record of observations covering a p~ riod 
of two years is available. Readings were taken daily until April 194 7 and weekly from that 
date to 31 October 1948. Ground frost data collected in Area No. 2 have been summarized 
and are presented graphically in Plates III-26 to III-36, inclusive·, which show the position 
of the 0°C isotherm under each section at various times during the period of record. On 
the basis of observations and tests performed, it is considered that natural variables such 
as climatic conditions, moisture content, and density of soil rernain 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 sections. Since 
each section represents an individual test, the 0°C isotherm has been plotted separately 
for each section as a straight line rather than attempting to draw a continuous isotherm 
for the full length of the area. Ground temperatures are observed in each section at only 
one point which is located at the center of the section in each case. Holes R-20 l and 
R-204, located in natural ground on the center line at either end of Area No. 2, provide a 
comparison with ground temperatures under natural conditions. The position of the 0°C 
isotherm for these holes is given by note on each of the sectional drawings. 

14. GROUNDWATER OBSERVATIONS. Groundwate-c levels are observed at weekly 
intervals at 6 points in Area No. 2. Present data are for periods from 8 June to 25 Sep
tember 1946, from 27 May to 29 October 1947, and from 26 May to 27 Oct~ber 1948. 

15. NATURAL MOISTURE CONTENT AND DRY DENSITY OF BACKFILL AND 
SUBGRADE. Test pits were dug during late September and early October 194 7 adjacent to 
the surfacing in Sections RN-2, RN-6, RN-9, RN-18 and RN-21 in order to secure undis
turbed samples for the determination of natural moisture content and dry field density of 
soils underlying the test sections. The test pits were located and dug in such a manner as 
to make it possible to secure samples as far under the sections as possible without dis
turbing the surfacing. The data obtained were used in making calculations of depth of thaw. 
For all samples from the five test pits in Area No. 2, the moisture content of the gravel 
fill ranged from 1.9 to 6.0 percent, with the greater number falling between the limits of 
2.5 to 4.5 percent. The dry density of the gravel varied from 133 to 144, and averaged 141 
lb per cu ft. The highest density of the natural soil was encountered immediately beneath 
the gravel fill in each case. This condition is apparently due to compaction .by overlying 
gravel fill and is noted to depths of from 1. 5 to 2.0 ft below the bottom of the grave~. The 
average dry density in this zone for all test pits was 9 5.1 lb per cu ft, the maximum densi
ty of 108.2 occurring in Section RN-9. Below this zone, the density decreased and aver
aged 78.7 lb per cu ft for all samples taken. The average moisture content of the gravel 
fill for all test pits was found to be 3 percent, indicating that the material is quite free 
draining. A .marked increase in moisture content is noted upon entering the natural soil 
sub grade, but no definite trend toward increase or decrease of moisture content can be de
tected at increasing depths into the subgrade. Two samples, one in Section RN-2 with a 
moisture content of 67.8 percent and one in Section RN-18 with a moisture content of 81.9 
percent, are noted to depar't radically from the general average. Ail other samples range 
between 22.5 and 54.0 percent and average 37.9 percent. Peat in varying stages of decom
position has been noted to have varying qualities of absorption due to the cellular structure 
of organic material which may hold free water within the cells. Both of the samples noted 
above for widely divergent moisture content contained peat which might explain this condi
tion. lt is noted that the cell concrete insulating layer in Section RN -9 had a moisture 
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content of 40.4 percent, and the zonolite layer in Section RN -21 had a moisture content of 
74.0 percent. Both are embedded in gravel having a moisture content of about 4.0 percent. 

16. VERTICAL MOVEMENT OF GROUND AND TEST SECTION SURFACES. Verti
cal movement was observed in Area No. 2 at three points in natural ground along the east
ward side of the area and at five points on the surface of each test section to compare the 
extent of vertical movement which may be expected in several types of construction and 
in the natural ground surface. The various types of construction studied in the test sec
tions are also shown on Plate III-6. Level observations were made of each point at inter
vals during the period from 23 November 1946 to 10 November 1948. 

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 various types of foundation construction, and the stability of 
piles placed to varying depths into permafrost, include the buildings shown in Table III- 3, 
on Plates HI-7 and III-37, and in Figure III-16. Buildings 1 to 8, inclusive, are 16 by 16ft 
and are used as test buildings only. Buildings 9 and 10, 32 ft square, are utilized as resi
dences and Building 11, also 32 ft square, as a garage, in addition to serving as test build
ings. Test piles to determine the depthnecessary to prevent seasonal heaving and settle
ment are placed at varying depths to penetrate permafrost to distances 0, 1/2, 1, 1-1/2, 2, 
2-1/2, and 3 times the thickness of the active layer. See Figures III-17 through III-26. 

18. INSTALLATION OF OBSERVATIONAL FACILITIES. Facilities are provided 
in Area No. 3 for the observation of ground temperatures, groundwater levels, depth to 
permafrost by probing, the taking of soil samples for moisture determinations, and verti
cal movement of buildings, piles and ground surface. The locations of these facilities are 
shown on Plate III-7. Vertical movement observation points for buildings consist of 20d 
spikes driven into the sills at each corner. For piles, the observation point consists of a 
20d spike driven into the 
pile at about 14 in~ a
bove the normal ground 
surface. Ground tem
peratures pertinent to 
th buildings are ob
served at switch panels 
within the buildings in 
lieu of switches in junc
tion boxes used for tak
ing readings at other 
thermocouple installa
tions. The spacing and 
depths of each thermo
couple installation, to
gether with other infor
ma tion pertinent to the 
installations, are shown 
in Plate III-37. During 
September 194 7, swell
ometers to observe the 

Figure III-16. Area 3 
General view of test buildings. July 1948 
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Bldg. 
No. Type of Floor 

1 Concrete 

2 Insulated wood 

3 Insulated wood 

4 Insulated wood 

5 Insulated wood 

6 

7 Insulated wood 

8 Insulated wood 

9 Insulated wood 
on upper con-
crete slab 

10 Insulated wood 
with air space 

11 Concrete slab 
containing layer 
of continuous 
hollow tile open 
to air at both 
ends 

TABLE III-3 

FAIRBANKS RESEARCH AREA NO.3 
TEST BUILDINGS 1 to 11 

Foundation 

Material Thickness 

Sand and Gravel 4 ft 

Sand and Gravel 4ft 

Sand and Gravel 2 ft 

Sand and Gravel 6ft 

Sand and Gravel 4ft 

Post and Pads Beams 2 ft above 
ground surface, with-
out skirting 

Post and Pads Beams 2 ft above 
ground surface, with 
skirting 

Mud Sills On the natural 
ground surface 

2 Concrete 
slabs separ-
ated by concrete 
piers 3 ft high 
on 5-ft gravel 
fill 

Piling approx-
imately 4ft 
above natural 
ground 

Gravel Fill 5ft 

14 

Insulation 
in 

Foundation 

None 

None 

None 

None 

6-in. Cell Con-
crete 

None 

None 

None 

None 

None 

None 



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

sills placed directly on gravel 
fill and wood floor completed. 

Typical construction for Build 
ings Nos . 2, 3, 4 and 5. 

September 1946 

Figure III-20. Area 3 
Test Building No. 7 with floor 

completed and skirting in place 

September 1946 

15 

Figure III-1 7. Area 3 
Foundation of Test Building 

No. 1 with 4-in . concrete floor 
slab in place. Building No. 2 in 

background. September 1946 

Figure III-19. Area 3 
Test B uilding No. 6 with wood 

floor conl.pleted. Not to be 
skirted. September 1946 



Figure III-21. Area 3 
Test Building No. 8 with pads and 
sills in place on ground surface. 

August 1946 

Figure III-23. Area 3 
General view of Buildings 9, 10 
and ll from rear to foreground. 

July 1948 

16 

Figure III-22. Area 3 
Rock wool insulation in floor of 

test building. Typical construction 
for Building s Nos. 2, 3, 5, 6 and 7. 

July 1946 

Figure III-24. Area 3 
Test Building No. 10 with 

rough floor in place. Note 
composite wooden beams and 
treated wood piling supports. 

August 194 7 



upward vertical movement of the 
soil at various depth s below the 
ground surface, were installed 
in Area No. 3 at three locations 
as shown on Plate III-7. Essen
tially, a swellometer consists of 
eight wood rods, l-in. square 
and of varying lengths, each of 
which is firmly fastened to a 
hollow prismatic base one foot 
long and a ninth rod set in a 
solid base. See Plate III-38. 
The rods are assembled and 
lubricated in such a way that 
they may slide freely in a verti
cal direction and move independ
ently of each other. The base of 
each rod is left unlubricated and 
may be roughened to p r omote a 
good bond with the surrounding 

Figure III-2 5. Area 3 
General vie w of test pile section showing a steam 
point in operation. The Herman Nelson heater on 
the right was used to warm up a dra gline engine. 

December 1946 

soil so that the movement of each rod is determined b y 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. 

Figure III-26. A rea 3 
Placing a test pile into a t h a w ed 

hole. December 19 4 6 

water when soil layer s just under 

19. GROUND TEMPERATURE OBSERVA
TIONS. Ground temperatures are observed weekly at 
3 points in natural g round and under Test Buildings 1 
to 8 in Area No. 3 at points indicated on Plate III- 7. 
Beginning on 14 October 19 4 6, these buildings were 
heated to maintain a continuous temperature of + 15°C 
until 1 January 194 7, 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 w as raised to +20°C. Ground isotherms 
have been plotted for each of the building s to show a 
north -south section at the center line of the building. 
Plates III-39 to III- 4 9, inclusive, show t h ese data 
plotted at various times during the period of record. 

20. GROUNDWATER OBSERVATIONS. 
Groundwater levels are observed weekly at 4 points 
in A rea No. 3, as shown on Plate III-7. Present data 
cover periods from 8 June to 25 September 1946, from 
2 7 May to 29 October 194 7, and from 26 May 1948 to 
3 November 1948. It may be noted on the plates show
ing g round temperature observations during the winter 
months that thawed zones which had about the same 
shape each year developed under certain buildings 
such as 7 and 8, and, in some cases, increased in size 
durin g the season. \Vhile no definite proof is available, 
it is believed that these thawed zones carry ground-

the surface are frozen. The movement of water through 
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. cracks, 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 moisture content of soils in Area No. 3, auger borings were made in 

late September 194 7 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 20-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 III-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 1 to 11, on 17 piles supporting 
Building 10, at 15 points on the concrete floor of 
Building 11, on 

Figure III-27. Area 3 
Placing fabricated steel vertical 

movement observation point in the 
ground adjacent to a test pile. 

February 194 7 

each of 24 test 
piles, and at a point 
on the ground be
side each of the 24 
test piles. Loca
tions of the obser-
vation points are 

shown on Plate III-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, and 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 Nove!llber 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 
Navy, 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 
by personnel and equipment of the Post Engineer, Ladd Air 
Force Base, under supervision of the Department of the 
Navy. The Permafrost Field Office assisted in the 
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Figure III-28. Area 3 
One of the 3 s we llomete r s 
installed in the test pile 
area. December 194 7 



Figure III-29. Area 3 
Detail of monotube Navy test pile 

and temperature pipe. 
November 1947 

Figure III-30. Area 3 
Loading platform for monotube test 

piling. December 194 7 

planning and field supervision of the w ork and thermocouple assemblies were made up by 
the St. Paul District for the observation of ground temperatures adjacent to the piles. The 
installation consists of one 60-ft and ·one 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 20 November 1947. The loading bin with supporting steel members was 
completed on lZ December 194 7. A total load of 114 tons was placed on the piles in De
cember 194 7. 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 
from the Field Operations 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: 

''1. 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. 
The following is a summary of the 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 III-5l .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 21 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 
following erection of the bin. By 19 December 194 7, the piling appeared to be 
stabilized, with no settlement observed between 12 December and 19 Decem
ber 1947. Temperatures of 0° 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 194 7 the 60 and 40-foot piles had settled 0.126 
foot and 0.106 foot respe.ctively and were exerting pressure on the jacks at 
the corners of the bin. The jacks were lowered again on 22 December and an 
immediate 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 194 7, 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 temperatures above 0° 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 1947 and 21 January 1948. Between 16 and 30 Jan
uary, accelerated settlement accompanied by a general rise in ground tem
peratures was observed at both piles and resulted in the distribution of a 
greater proportion of the load to the jacks at the corners. Total settlement 
between these dates was 0.065 foot and 0.053 foot at the 60-foot 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 apply and measure the load in increments, it was de
cided to remove the major portion of the gravel and to reload in increments 
one foot in depth over the bin's floor surface and thereby determine the 
maximurr1 load capable · of being supported by the piles. Accordingly, on 15 
March 1948, all but 2 feet of the gravel 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, the ground temperatures observed were generally +0.1 ° C., with 
the exception of the upper and lower extremities of the piles where the 
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temperatures were below zero. On 16 March, approximately 24 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 <?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 for 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 March and 6 April 1948. On 
18 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 March and 22 March 1948, a temperature rise from minus 
0.1 °C. to plus 0.2° C. took p lace in the central sections of both piles. 
The small vertical movement observed during the period 19 March to 
23 March is like l y due to the limitations of accuracy of level observations. 
On 23 March 19 48 , an increment of one foot of g ravel brought the total 
load to 60.5 tons. Application of this additional load was accompanied by 
a slight ris e in temperature throughout the length of both piles; there was 
no observed c hange 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 qf from 0.1 to 0.3° 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 grave 1 we re added bringing the total load to approximately 
83 tons. Settlement in the order of 0 .00 4 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 ,'.- h ich h ad not been removed from the north side. 
Temperature observations continued since 12 April indicate a general 
and progressive rise in gr ound temperatures. At present, temperatures 
are above 0° 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 a pp rox imately 7 4 tons. v'/ ith the application of additional 
load bringin g the surcharge to 82.8 tons, the yield point was reached and 
progressive acceleratin g settlement o·ccurred. The bond between the soil 
material and the pile surface (tangential adfreezing strength) has been 
computed for 1 April 19 48 when the piles were supporting a total load of 
82 . 8 tons; there had been no appreciable rnovement for three days follow

in g a pplication of the final load increment and, with the exception of 

approx imately seven feet on the 4 0 foot pile, ground temperatures ad
jacent to the piles were at 0°C. or colder. The quantity of soil moisture 
which remained thawe d at the ran ge of temperature observed adjacent to 

the piles i s indeterminate from the available data, however, for the pur
pose of calculatin g tangential adfreezing strength, ground at 0° C. or 
colder i s conside red to be frozen. 

21 



Weight of bin in place •••••••••• • •••••••• • • 
Weight of 1513.90 cu. ft. gravel a t 100 lbs/cu.ft ••• • • 

Total Load 

Surface area of 40 I pile in frozen ground 
Surface area of 60 I pile in frozen ground 

Total Area • 

Tangential adfreezing strength ••.•••••••.•••• 

14220 lb. 
151390 lb . 
165610 lb . 

89 sq. ft. 
194 sq. ft. 
28 3 sq. ft. 

4.06 lb. per 
sq. in. 

"5. Except for the observation that pile failure and rapid 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 moisture, mostly in the form of ice 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. If thawed, the thermal regime is disturbed and the 
so"il 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 seasonal influe~ce approaches the critical temperature of 0° C. 
and a consider~ble time is required 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. Con
sideration of the inclosed drawing, 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 conditions 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 exten-ded 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 0.3° C and the silt soil in the area can be expected to have 
0.1° to 0.2° C depression of the freezing point. Thus, temperatures of -0.4° 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 ground was frozen. It neglects any 
point bearing capacity which would be a substantial amount in frozen ground. 
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depth below St.Jrt"oce of' seer ion. 

470 

410 

475 

470 

415 

F rrosen Zone 

U OnT'ro;1en Zone 

/Vote: 
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