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STATUS HSPOIîT K). 2 

PILii EKTPACTION T3STS 

FAI REAMS RESEARCH ASEA. 

1. Background. VJhon piles are used in permafrost areas, certain 

special considerations apply which are not always obvious to engineers 

vjhose experience has been entirely in temperate zones. For example, it 

is not sufficient merely to drive piles to point bearing on permafrost. 

If the piles are not adequately anchored into the permafrost, winter 

freezing of the soil in the active layer may heave the piles and the 

overlying structure. When a pile does penetrate into permafrost, but 

the amount is inadequate, this uplift is usually cumulative since the 

building load is normally not sufficient to force the pile back to its 

original position, the portion of pile below the active zone remaining 

firmly gripped by the permafrost throughout the thaw. The result may 

be very severe structural distortion and damage, or excessive maintenance 

costs. Another complication which must be considered is the possibility 

of loss of supporting capacity and stability due to degradation of the 

permafrost. A third special consideration is the fact that frozen soils 

flow plastically under load at stresses which may be substantially below 

their rupture strength. 

2. Site Conditions. The Fairbanks Research Area, in which the present 

series of pile testa is being performed, is located about 2-1/^ miles 

northeast of Fairbanks, Alaska. The terrain is characterized by a com¬ 

paratively smooth gentle slope. The mean annual temperature at Fairbanks 
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is about 26°F. with extremes of plus 88°F. and minus 55°F. The total 

annual precipitation is about 12 inches, including an annual snowfall 

of about U feet. The natural soil underlying the Research Area to a 

depth in excess of 50 ft. is silt containing variable amounts of organic 

material, including occasional layers of peat. Under natural surface 

covor conditions, the maximum depth of seasonal thaw varies from 2 to 

6 ft. The permafrost layer in the area is 100 to I50 ft. in thickness. 

Subarea No. U located in the western part of the Research Area 

was selected as the location for the test pile installations. See Plate 1. 

Two test sites were laid out, namely: Site A which was cleared of trees 

and brush; and Site B from which the surface vegetation and the organic 

material immediately at the ground surface was stripped. 

3. Installation of Piles. During the period from 15 April to 15 

August 1952, 32 piles viere installed to 8, 12 and l6 ft. nominal depths 

of embedment in permafrost in each of the two sites, that is a total of 

é¿i piles. Twenty-four of the piles in each site were installed in 12-inoh 

diameter drilled holes. Of the latter, the holes for Piles Nos. A-2, 

A-5, A-9, A-10, A-13. A-lU, A-25. A-26, A-29 and A-JO (see Plate 1) were 

made by means of a truck-mounted earth auger without use of water. The 

remainder of the drilled holes were made with a core drill using water 

to wash the cuttings out of the hole. Sight piles in each of Site A and 

Site B were installed in steam-thawed holes. To form the pile holes, a 

steam pipe, 22 ft. long, with 80 psi steam pressure applied was started 

in a shallow hole and advanced to 22 ft. during a period of five to 

' 



twenty minutes. Ydta the steam point at this depth, steaming was con¬ 

tinued until the minimum diameter of the hole was twelve inches, an 

average time of about three hours. Records were kept of the quantity 

of steam used in jetting, rate of jet advance and the approximate 

dimensions of the thawed sections. The annular spaces around all piles 

were filled with silt water slurry. During the latter part of July 1952» 

wooden deck-type shade structures were erected over two groups of piles 

in Site 3 as shown in Plate 1, in order to simulate the shading effect 

of a building. Photograph No. 1 shews a typical concrete pile (in this 

ease just after extraction). Photograph No. 2 shows a typical view of 

Area A with a concrete pile in the foreground and other types in the 

background. 

General Observations. 

a. Soil Data. - Three pile holes in each site were core- 

drilled for soil samples in the spring and summer of 1952. Other holes 

have been and will be core-drilled to obtain representative samples for 

routine soil tests of texture, density, moisture content and classifi¬ 

cation. Plate 2 shows soil data obtained in connection with building 

foundation studies at the research area. Plate 3 shows data from 

explorations in sites A and B. 

Hr. C. YJ« Fulwider who was present at the time the piles were 

installed observed that the conditions in Site A and Site B are not en¬ 

tirely identical. He reports that Site A is slightly higher and better 

drained than Site B although the soils are somewhat finer grained. 
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Site B is lo’wer and approaches rather closely to areas which contain 

standing water in suinner, and the soils tend to be somewhat coarser than 

in Site A. 

b. Groundwater Observations« - Ground water elevation obser¬ 

vations were initiated in July 1952 in 13 wells bounding Sites A and B. 

Observations have been taken at two week intervals thereafter during 

the thawing periods. No analysis of these data is given in the present 

report. 

o. Vertical Movement Observations. - A fixed vertical movement 

observation point was established on each pile. Observations referenced 

to a stable permanent bench mark were talcen at weekly intervals for the 

first two months following installation and during subsequent periods 

of intense thaw or freeze. Between the latter periods, vertical movement 

observations have been taken monthly or at longer intervals. 

d. Ground Temperatures. - Weekly ground temperature obser¬ 

vations have been obtained by means of thermocouple assemblies installed 

on selected piles* 

Around the 16 test piles installed in steam-jetted holes, thermo¬ 

couples were installed end temperature observations were taken hourly 

during the period of jetting and daily thereafter for a period of two 

weeks. Since that time they have continued at weekly intervals. No 

analysis of these observations is presented in the present report. 

5. Pile Sntraction Tests. 

a. Tests In 1953» - During October and November 1953 extraction 

tests were conducted on 11 piles installed to varying depths of embedment 
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in drilled holes. These consisted of treated timber piles (tip down end 

butt down), reinforced concrete piles, steel pipe piles and steel I-beam 

piles. Several of the deeply embedded piles could not bo extracxod due 

to the difficulty of applying tensile forces to the piles without causing 

structural failure of the piles above ground surface. The extraction 

test procedure used on the first pile of each type, that is, wood, con¬ 

crete, steel pipe and steel I-beam was as follows*. 

Increments of 1000 lbs. were applied over a 

maximum period of JO seconds and load held 

constant for five minutes or until rate of 

movement decreased to less than 0.002 inch 

per minute, '.hen rate of movement was equal 

to or greater than 0.002 inch per minute 

thirty minutes after adding an increment, 

this \vas taken to indicate that failure by 

plastic flow had been reached. After plastic 

flow had occurred, increments of UOOO lbs. 

were added every five minutes until rupture 

between pile and frozen soil, or structural 

failure of pile. After initial tests on each 

type of pile, the increments used were selected 

so as to reach the estimated point of plastic 

flow in a minimum of six increments. 

Photograph Fo. J shows the pulling arrangement. 
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b. Teats in 195U»" 

(1) Short Tins Tests» - Based on the results of ex¬ 

traction tests perforraed in fall of 195U the initial loading incre- 

nents for comparable tests carried out in F.Y. 1955 "ere selected as 

follows > 

Depth of Eabednent in Froten Soil 

8 ft. 12 ft. 16 ft. 

Increments (pounds) 5»000 8,000 10,000 

The magnitudes of the above load incroments were 

selected to permit at least six increments of 

load before reaching point of plastic flow. 

After applying each load increment, the pile 

movement was observed at one minute intervals 

for ten minutes. When a load was reached at 

which a pile continued to be pulled out of 

the ground at a rate greater than 0.001 inch 

per minute ten minutes after placing an incre¬ 

ment, the load was held constant until rate of 

movement was less than 0.001 inch per minute. 

If movement thirty minutes after placing an 

increment exceeded O.COl inch per minute, it 

was considered that a condition, of plastic 

flow had been reached. After plastic flow. 

6 



increments were held for five minutes with 

pile movement readings made every minute» 

Loading was continued until failure of 

pile member itself, rupture of bond be¬ 

tween pile and frozen soil, or pile movement 

rate of 1/2-inch per minute» 

(2^Lon^ Term Test. - Since analysis of the results 

achieved up to the end of the 195U short time loading tests had left 

some doubt as to the level of shear stress which could be tolerated 

for the life of the structure without excessive cumulative movement, 

it was decided to investigate the plastic flow characteristics of the 

pile failures in greater detail. The reason for this is clear when it 

is realised that a movement of only 0.01 inch per day accumulates to 

3.65 inches if continued for a year and about three feet if continued 

for ten years. However, it is obvious that to complete tests of this 

nature in a reasonable time (that is in less thar the lifetime of the 

structure) movements must be measured with an unusual degree of pre¬ 

cision. 

Loading of tost Pile B-25 ty noons of dead Heights and a 

later arrangerant sras started late in 19¾ and has continued through 

the Hinter. Stresaas of 10. 15. 20 and 25 pal -re sucoassirely applied. 

Each load inoranent Has maintained for a period of thirty days or swrel 

the movement of the pile Has measured to 0.001 inch Hlth J dial gauge 

extensomsters placed at third points. 
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Teat Raault». Reaulta of all pilo testa performed to date ara 

tabulated in Table 1. A condenaed aunœary of pila extraction teat data 

ia given in Table 2. Typical load-deflection curves and load va rata 

of deforaation ourvea are given in Platea U and 5, respectively, k plot 

of vertical movement versus time for the long-term test on Pile B-25, 

for 15 and 20 pal stress incremento, is shown on Plata 6« Plate Mb. 7 

shone typical plots of vortical movement of piles versus time since the 

time of their original installation in 1952. • Plate Kb. 8 ia a layout 

of pile test Areas A and B with the total cumulative heave to 1 ¿lay 

1953» 1 Kay 195k» and 1 Kay I955, ahown beside eaoh pile. Plata No. 9 

•hows a generalised picture of assumed variation of load distribution 

along pile shaft. 

In all computations of tangential shear atraes developed in 

permafrost, an allowance has boon sado for akin friction in the activa 

tone. 

7» Special Test tifficultiea. 

a. Measurement of Pile üove¡:ent. - Measurement of pila me venant 

to as olose as 0,001 inch over long periods under field conditions of 

wide temperature extremes, etc., has presented an annoying problem which 

seems easier to solve than it actually is. Much effort has been spent 

trying to eliminate or minimise persistent up and downs, drifts, and 

other irregularities of the data. 

The very first difficulty encountered was with the extensometer 

gauges used to measure the deflections. These frose up under their 
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twenty-four hour • dty exposure to the winter weather at the Research 

Area. A very effective solution for this, devised at the Research Area, 

consisted of placing a small incandesoent lamp near the gauge as is 

shown in Photograph No. U, the heat of which prevented any icing. 

It was next found that the extonsometers appeared to show the 

pile as sinking into the gsctmd under the upward pull. This was found 

to be due to heaving of the extensometer beam supports, even though 

these had been driven to twice the depth of the active rone. New sup¬ 

ports were then installed which eliminated the progressive heave effect. 

However, small fluctuations in readings continue to occur even 

at present. These are believed to be largely, if not wholly, fluctu¬ 

ations with temperature, even though substantial efforts have been made, 

in mounting the extensometers, to minimise the effect of temperature 

lengthening, shortening and twisting of the various supporting members. 

It is apparent that the mechanics of setting up and performing even the 

simplest field tests may require unexpected tine and effort in froren 

ground studies. 

b# Application cf Load to the Piles. - Difficulties in ap- 

plying tensile forces to the piles have been substantial. In the 

original tests, for example, a slot was cut through the upper end of 

the pile and a pulling rod passed back through it. The result was often 

failure of the top of the pile as shown in Photographs Nos. 5 and 6, 

before bond failure in permafrost could be developed. In the concrete 

pile tests the oonorete itself, of course, cracked very easily after 
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which the reinforcing rode tended to stretch and spall off concrete. 

New gripping methods have now been devised. For example a steel collar 

and wedge device is being constructed for the wooden piles which avoids 

the weakening effect of cutting the slot through the pile. Little im¬ 

provement is possible for the concrete piles since their strength is 

limited by the amount of reinforcing rods rather than by the method of 

gripping and pulling used. Of course no actual pile foundations would 

be designed for loadings which would cause euch excessive stressing of 

the piles. However, in order to establish allowable design values of 

known factor of safety, it is necessary to understand what limiting values 

of bond stress are applicable. Since general values of bond stresses are 

now known, from the present tests, as indicated on Table No. 2, it will 

be possible to plan future pile tests in the program o as to keep depth 

of embedment and stresses in piles at practical levels. 

o» Placing of Slurry. - It has been found in pile tests at 

the Research Area that placing of the slurry around the piles is a 

critical operation for cases where skin friction is depended upon for 

bearing capacity. Photograph No, 7, for example, shows a concrete pile 

after extraction. The light spot near the rule which does not show any 

discoloration from contact with soil suggests a void. It is considered 

advisable to piece the slurry by a tremie typs method in order to insure 

that the space between the pile and the drilled hcJs will be completely 

filled. If the slurry is simply dumped from the surface into the space 
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between the pile and the wall of the hole, and if the apace ia narrow, 

extenaive voida may occur along the aidea of the pile. Preparation of 

the alurry by hand ia a very tedioua operation. It ahould be planned 

for a machine operation, even for a email job, if for no other reason 

than to avoid the skimping which may occur when the workers discover how 

slow and tedious the process is. 

8. Discussion of Results. «* The ultimate adfreeze bond strength 

in testa to date has varied from a low of IJ.O psi to a high of UO.7 psij 

in drilled holes, averages thus far are 22.5 psi for concrete piles, 27.1 

psi for steel pipe piles and 37.2* psi for steel I-beam piles. Driven 

pipe piles average 23«2 psi for piles pulled a short time after instal¬ 

lation. A few teats on piles driven into the active zone only, have 

shown comparable akin friction values for the soil in the thawed state 

ranging from 1.3 to 5.7 psi. 

* For steel I-beams, perimeter used for computing total shear area « abed. 

I 

0 * 

8.16" 

_jL 

r,. - 

However, if the total surface perimeter of the I-section is used, 
abegcdhfa, the pile surface area is increased by almost one third, and /., 
tne ultimate adfreeze bond strength values are reduced to nearly the same \/*' 
values as for the steel pipe piles, which seems reasonable. The perimeter / 
distance bo is about two-thirds of the distance bsgej however, reference to y 
other dateTsuggests that the shear strength through”the soil should be of </ 
the order of double the adfreeze bond strength. Therefore failure should ^ 
be expected along bego rather than be, Hone of the I-beam piles have 
been extracted sufficiently to provide visual check of this point. It is 
possible that all I-beam pile results may have to be recomputed. However, 
all data in this report are based on abed. 
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Of the 11 pile« tested in the fall of 1953 in short term 

loading, 7 w®*® frosen in so securely that they failed structurally 

before failure in bond between pile and soil occurred. Of the 20 piles 

tested in short term loading in the fall and winter of I95U, 2 piles 

failed structurally before failure in bond could be achieved, and 2 of 

then reached the maximum load capacity of the loading apparatus without 

reecning failure either in soil or in pile. 

Reference to the plot of typical load-deflection curves obtained 

in the 1953 series of tests shown on Plate U indicates that the curves 

show progressively increasing deflection as the loads increase. Plate 5« 

which shows rate of deformation instead of cumulative deformation, indi¬ 

cates the importance of the rate of movement at the higher loads. In 

test of Pile B-I6 (as shown on Plate 5) continuous plastic flow began 

between 20 and 30 kip loadings, then increased and became very much 

more rapid at loads of the order of 60,000 lbs. or more. It will be 

clear from this plate that the arbitrary figures of ,002 and .001 inch 

per minute taken as indicating that plastic flow was occurring may give 

load values which are actually substantially above the actual stress at 

which plastic yield begins to occur. This progressive yield of piles in 

soil is not important in case of design for wind load upl:'.ft or similar 

short duration trsnsient loading, but is a factor in design for long 

term loading of piles. It is also a factor in designing to obtain suf¬ 

ficient embedment to resist frost heave of the pile, since frost lifting 

nay gradually cause the pile to move out of the ground under its steady 
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force acting for maiyweks and months, unless the pile is sufficiently 

embedded in permafrost so that the frost heave resisting stresses are 

kept below the level of plastic yield. Stresses at significant plastic 

yield as determined by the more or less arbitrary definition of 0,001 - 

0,002 inch per minute movement after thirty minutes, averages about 80 

per cent of the bond failure stress for the drilled and steam-thawed 

holes with individual values varying from 65 per cent to 100 per cent. 

Since these values were selected at an arbitrary time of 30 minutes 

after load had been applied and since as indicated on Plate 6 a transient 

stress condition existed in the pile, the load being in process of re¬ 

distribution along the pile length, the elastic yield values cannot be 

said to represent any well-defined physical concept. 

Reference to Plate 6 showing the results of the long term 

loadings of Pile B-25 at 15 and 20 pai indicates that after a few days 

of gradual adjustment the pile became stable at both these stress incre¬ 

ments, Initial data from loading of this pile at a stress of 25 E«*- 

indicate that the pile is also stable at the latter stress level. This 

suggests that the long term loading test on this steel I-beam pile may 

give results at least of about the same order as obtained in the previous 

short term loading tests. (As shown on Table 2 the steel I-beams in 

drilled holes tested to date have failed at an average of 37*2 P8^ ’»ith 

a range of 33.6 and h0.7 psi. As shown on Table 1 the stresses at start 

of nominal plastic yield in the I-beam short term tests completed to 

date in drilled holes have ranged from 25*2 psi to 32.2 psi). It may 
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be that the short terra loading test is actually less conservative than 

the long terra test. It is possible that the short term test completed 

in a day or two gives insufficient time for redistribution of stresses 

along the length of the pile thus actually resulting in failure at lower 

stresses than in a long time test. It is expected that as further load 

incre.nents are added to Pile B-25 a level will shortly be reached at 

which adjustment to a stationary condition will not occur. Reference 

to Plate 6 shows that the achievement of a steady, stable condition 

took distinctly longer at the 20 psi loading than at the 15 psi loading« 

More than half of the 6U piles installed in the summer of 1952 

have shown no progressive movement since installation although the data 

indicate apparent small, irregular movements of l/^-inoh or less; 

however, it is believed that most of these apparent movoments are simply 

due to observational errors. About a third of the piles have shown an 

inch or more of cumulative heave two years after construction. 

Plate 6, showing the cumulative heaves at the end of ap¬ 

prox ima tv ly one, two and three years since installation, indicates that 

negligible heave (less than l/2 inch) has occurred in all but one of the 

piles in drilled holes in Area A, whereas the corresponding types of 

installations in Site B show significant heave for the majority of piles. 

A combination of factors may explain this. First, some of the holes in 

Area a were installed in holes drilled by augering without use of water; 

thus less heat was introduced in these particular holes. Second, the 

piles in Area A were first to be installed and were put in earlier in 
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the year, when air temperatures were s till fairly low and the ground 

was at its coldest. Thus there was less opportunity for disturbance of 

the thermal regime. Third, as previously pointed out, Area A is slightly 

different in topographic position from Area B and contains probably 

slightly finer-grained soil. 

Plate 8 shows that the steam-thawed holes in Site A produced 

exceptional heaves during the first winter. Heavo of wood Pile Nb. A-7 

reached nearly five inches in the first winter and 6.6 inches after the 

second winter. In general, these piles required two full winters to 

become stabilized although a few showed only slight movement in the 

second winter. Por some reason the piles placed in steam-thawed holes 

in Site B showed generally less heave than those in steam-thawed holes 

in Site A. Further study on the data of the amount of steam used may 

give some explanation of this. However, no reason is apparent at this 

date. 

It presently appears that under the soil and permafrost con¬ 

ditions at the Fairbanks Research Area, and using the pile types and 

installation techniques here employed, reliance cannot be placed on all 

piles of a foundation to be stable against frost uplift until after one 

to three winters, depending on the installation method used, unless 

artificial refrigeration is employed to hasten attainment of solid 

freeze-baok or unless the frost lifting action can be defeated by other 

means. Further study of the nature of permafrost, of other pile types. 
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of refinement in installation techniques, of further test results from 

the pile test program and of the nature of the freeze-back process may 

yield new approaches. Except for piles which were installed by steam 

thawing, there is no apparent reason why some piles heaved and others 

did not under apparently similar conditions. It is considered likely 

that the heave is evidence of a very slow rate of free*.-back. This is 

presumably because the permafrost in the Fairbanks Area is close to 32°F. 

in temperature and has very little reserve of cold. Where the permafrost 

is much colder as at Point Barrow, Alaska, or Thule, Greenland, much more 

positive freeze-back should occur. 

Inspection of the shear stress data on Table Sb. 1 shows no 

noticeable difference between either plastic yield or bond failure 

stresses for the shaded piles as compared with the unshaded piles. 

Plate 9 illustrates a generalized concept of changes in load 

distribution which occur when load is applied to a pile in frozen 

ground, considering only skin friction. Initially the stresses may be 

carried entirely in the upper layers of ground as illustrated by Curve 

Ko. 1, However, when the stresses at the top of the ground become so 

high as to result in plastic flow in the material surrounding the pile, 

yield occurs, allowing the upper part of the pile to change in length 

and to distribute more of the resisting force progressively to lower 

levels in the ground as illustrated by Curves 2 and 3. Thus, if the 

load applied to the pile is small, or if the pile is sufficiently long, 

virtually no load may reach the bottom of the pile. This has been 
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recognized for some time in the design of pile foundations in temperate 

regional however, special physical properties of frozen ground make the 

analysis of pile bearing capacity in the arctic and subarctic a unique 

problem. 

9. Conclusions. 

a. Under the soil and permafrost conditions at the Fairbanks 

Research Area, and using the pile t/pes and installation techniques 

here employed, all piles in an installation cannot be relied on to 

become stable against frost uplift in a reasonable period without 

artificial refrigeration, even when depth of embedmexït in permafrost 

is as much as U or 5 depth of the active zone. 

b. Under the conditions of the tests for piles placed in 

drilled or steam-thawed holes, a design tangential shear stress in 

permafrost of the order of 15 psi seems to date tentatively safe 

against the possibility of continuous progressive deformation, pro¬ 

viding solid freeze-back has been completed. This conclusion takes 

into account the results of the long-term test and the fact that plastic 

deformation as defined in the short-time tests represents a transient 

condition. It is not intended to apply to driven piles, on basis of 

data thus far available. 

10. Recommendations. In order to establish pile design criteria 

which are applicable under various construction conditions, it is 

clearly necessary to obtain basic understanding of the vray in which 

stresses are distributed from a pile to a body of frozen ground, both 
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through adfreeto bond and through «nd bearing* Also it if neoeffary to 

understand more fully the freeze-back process which occurs after instal¬ 

lation of a pile in frozen ground and to investigate possible •»nv-rvidni 

methods for speeding this process and making it more positive* There* 

fore the following measures are recommended for continuation of the pile 

test program at the Research Areas 

a* Install 9 additional test piles at the Research Area oonr 

sisting of concrete, steel pipe and steel I-beam piles (3 depths of 

embedment, each type) especially instrumented with strain gauges and 

load pressure cells. Consider also possibility of three wood piles* 

The piles should be first subjected to increments of compressive loading 

to a high level of intensity (but short of failure). Following this the 

piles should be tested in teimion. In b th types of loading the changes 

in stress distribution with load and with time should be measured. 

b. A series of tests is recommended in which piles are loaded 

in end bearing only, without any skin friction, and the end bearing 

value determined as an individual separate component. 

c. The bearing capacity of piles in combined skin friction and 

end bearing should be evaluated. 

d* Installation and test of belled caisson or other special 

piles to resist frost heave uplift should be carried out. 

e. The forces required to resist normal frost heave uplift 

should be determined. 

f. The possibilities for eliminating frost heave uplift by 

means of sleeves or other methods, in the active zone, should be in¬ 

vestigated. 
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g* Micro-measurements of the temperature condition around 

piles during placement and freete-baok should be made since present 

thermocouple methods are not sufficiently precise. It is suggested 

that soil resistance measurements offer a possible means of confirming 

the indications of the temperature readings, as to -whether or not the 

material is in a froton state, 

h. The manner in which freezing occurs, i.e., the sequence 

of the crystallization process when piles freeze back, should be in¬ 

vesti gated » 
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