
ENGINEERS. U. S. ARMY 

PERMAFROST INVESTIGATIONS 
FISCAL YEAR 1955 

FIELD INVESTIGATIONS IN ARcrlc AND SUBARCTIC REGIONS 

'~ . 

. .. 

.... 

i . •· ·. 

BUILDING FOUNDATION STUDY 

FAIRBANKS RESEARCH AREA 

PREPARED BY 



F • l. 

CORPS· ·OFi .EHGI~P..S 

.. u .. s. J:I-.'RMY 

PERMAFROST INVESTIGATIONS 

FISCAL YEAR 1955 

FIELD INVE$TIGAT!ONS !N ARCTIC AND SUBARCTIC REGIOI\E 

BUilDING FOUMJP~TION STUDY 
. v~q_,\~~~~-" 

FAIRBANKSA RES~CH AREA 

if!~~ 

.Prepared by 
The Arc~ic Construction.and Frost Effects Labo~ato~ 

· hew England Di visi·on, Boston, Mass_. 
· for· . 

Office of ~he Chief of Engin~ers 
Airfields· ·Branch · · 

Enginee.ring Division 
. . Mili t~ry qonstruction 

}Jfay _·1955 
.. iJ 

· .. -.~~NED .. Boston,· Mass. ~~ 

.< 
1 ,._l 



'il -- ·--· 

I 
I 
I 

~ 

• 

• 

t 

,.,.o ti 

1-o'l..-

1-~ 

1-o;t 

1•.0115" 

1--0~&. 

1-~"7 

2-01 

2-02 

2·03 

2•04 

3•01 

3 .... 02 

3 .. 03 

..f· 

TABLE OF CONTENrS .~ 

SY l\TOIJ;2.!2_ 

PARI' I -. INTRODUCTION 
S "'( (\T~k~to\\ 0 F -ri'\ C \='.z..o~ ,._E.l-'l 
Purpbse 

Backgtound 

Scope or Studi~s and Method of Presentation· 

Authorization . 

Definiti OIJS and N"omenolature 

Acknowledgments 

PART II .. GENEJiAL QOFDITIONS 

General 

Climatological Conditions 

Topogr'aphy and Drainage 

Soils Profile 

P&1.:r III - CONSTRUCTION AID INSTRUl!IEI\Jl'ATION 

Buildings and FoUndations 

· TemperatUre Measurement Installations 

Vertical Movement Observation.Points 

i 

3 

3 

4 

5 

6 

9 

11 

11 

12 

13 

16 

21 

24 

D 



• 

• 

4-,0l 

4T.02 
,·, 

i 

~~03 
---- il,~o4 

4-05 
I 
J •• 

l· 
i'4~o6 
'I'' 

. ' 
I 

s~ol-

5-02 

5-03 

s-o4 

5-05 

TABLE OF CONrENI'S ( CONr 'D.) 

TITLE 

Pl\RT IV - THERMAL REGIME S11UDIES 

General 

Tempere.:ture Relationships 

Degradation of Perm~frost 

Se.asone.l Freeze and Thaw 

Vertical Displacements 

Correlation of Ground Surface Temperatures, 
Degradation of Permafrost, Seasonal Freeze
and ThawD and· Vertical· llovements 

. PAftT V - COl\'CLUSI ONS 

General 

Buildings on Natural Ground with an Air Space 
Provided Under Floor 

Buildings on Non-Frost-Susceptible Fill Materials 

Buildings on Non:-Fr.ost-Susceptible Fill Materials 
vVith An .Air Space Provided Under the Floor 

BUildings on ~les YiTith lUl Air Space Provided 
Under the Floor 

PART VI - RECOMl'!iENDATIONS 

Recpmmendations 

APPENDIX A 

Depths to Permafrost ~able 

ii 

PAGE ----
26 

26 

34 

43 

48 

56 

64 

66 

71 

71 

74 

74 



• 

• 

TABLE OF CONTEl~TS (CONI' 'D.) 

LIST OF FIGURES 

FIGURE NO. DES.CRIFTION 

7 

l Gra·vel base and concrete floor for Building No. 1. 
September 1946 .• 

2 Ty:r;:e of wood floor construction with rock wool insulation 
· uaed for· Buildings No. 2 t~rough 8o July ·1946. 

3 Buildings: Nco 3; 4 and 5o Each is of similar construction 
but 'resting on gravel fills ·Of differing thicknesses. 

· · September 15'46. 

·- · -'4 ·Posts ·arid beamS for Build:ing No. 7.. August 1946. 

5 ····Posts and beazns. ·r·or Building No. 7 showing concrete pads.• 
.·Au.gt:st 1945 Q 

6 Building Noo 7. Partly qompleted Stout House built on 
foundation of posts surrounded by wood skirtin~o 
September 1946 ~ 

and 8 

9 

10 

11.-

12 

13 

14 

Pads ·and stringers. for Building No. B. August 1946. 

· V:iew of concrete foundation slabs during construction of 
Buil9ing Noo 9~ August 1947o · 

. JO.. . .-
Construction· of Building· No •. ~1' ori. foundation piles. 
August 1947• 

·Building No~ ·11. Concrete floor slab with clay tile 
·openings. Jul¥. 1948a 

" 

Completed Building Nov. 1.1.. July 1948 o··, 

Opening bet1~Veen wa~l and floor in Building No,. l. 
May l953o · 

Building' No~. 3. May 1953 .•. , 

~i.i 



• 

• 

TABLE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

_tTQ • 

TABLE OF COl'ITENTS ( COI\J"T 1D.) 

LIST OF TABLES 

DESClTIPT ION 

Freezing and Thawing Indexes, Fairbanks, Alaska 

Average Thickness of Snow Co~er in Inches, 1946-1951,-
• p~Q."""·e..l~Cs,,- -

Subarea No~ 3JJ FaJ.rbanks rtesearcn P ... ree. 
'\ 

Building .Floor and Foundation Design and Period of 
Ground Temperature Record 

Thermocouple Assemblies Used to l.ileasure Ground and 
Air remperatures 

Cumulative Degree-Days, F., for Surface T_emperatures 
Benea-th Floors of Buildings and for Grass Surfaced · 
Areas. l October to 15 April 

Cumulative Degree-Days;- .F., for Surface Temperatures 
Beneath Floors of Buildings and for Grass Surfaced 
Areas. 16 April to 30 September 

Depth to Permafrost Table Under Grass Surfaced Area 

Calculation of Permafrost De gradation Under Building 
Noo 1 Based on a Thawing Index Derived-for a FullYear 

Calculation of Permafrost Degradation Under Buil~ing 
No •. 3 Based on a Thawing Index Derived for a Full Year Q 

Calculation of Permafrost Degradation Under Building 
No;. l Based on e. Thawing Index DE)rived f'or the: Thawing 
Season 

Calculation of Permafrost Degradation Under Building 
1~a 3 Based on a Thawing Index Derived for the Thawing 
Season 

-Comparison of Observed and Calculated Permafrost Degradation 

Calcule.tion of Seasonal Thaw Beneath Build,ing No. 9 

iv 

_j 



• 

• 

PLATE NO. 

1 

3 

4 

5 

6 

8 

11 

12 

15 

16 

TAB IE_ OF CONTENTS ( COI\iT 'D.) 

LIST OF PlATES 

TITlE 
0 1i,.(Lt"\ R'F~:J"i"( 

Subarea No. 3, Fairbanks 'Research Area~ Fairbanks, Alaska 
-4 

Boring Logs and Soils Data 

Soils Data for Boring No. DH-3S 

Gradation Range on Eight Srunples in Boring No. DH-3S 

Test Data, River•Run Gravel Fill 

· De_gradation of Permafrost Along N-S Building Centerline, 
1946-1954 

Degradation, of Pe-rmafrost.Ben~ath C~nters of Buildings 
on Gravel Fills 

Progression of Seasonal Freeze Along N-S Building Centerline 

Progression of Seasonal Thaw Along 1~S ~uilding Centerline 

Displacement of Corners~ Buildings No. l, 3, 4 and 5, 
1946-1954 

Displacement of Corners, Buildings No. 2, 6, 7 and 8., 
1946-1951 

Displacement of Corners. Building No. 9Jt 1947-1954o 

Displacement of Piles· and Posts, Building No. 10, 
1947-~954' 

Displacement of ·corners., Building No. ll.t 1947-1954 

Pattern of Cracks in Concrete Flo!)r Slab.; ,Building No. ··1, -
August 1952 

Effect of Degradation of P~rmafrost on Displ~oement. of 
Buildings 

v 



•• 

• 

.- . 
. · ~ .--

---- c . 

SYNOPSIS 
.•. 

A study of the changes brought about in the thermal regime beneath 

,_.-_·.-·:·,:buildings constructed over permafrost. and the effect of these changes on 
.. · 

I 

.th~ bu_ildings has been ·made· by observing eleven test buildings. with var-

·:;i~us types of foundations for a period of about five years. The principal 

~easurernents included temperature readings in the foundation and soils 

beneath the structures. and vertical movements of points on the b~ildings. 
·~(;..,t_ • 

'"·These observations have resulted in finding_s concerning the per!IlB-nence or 

· . de gradation of permafrost~ . the seasonal free zing and thawing patterns • 

t:f.le relation of these therm~l changes· .to. seasonal and yearly vertical 

displacements of the buildings.. and structural damage in the buildings 
. ;~ . 

. ~·~· 

resulting from the~ movements. 

The effect of 'such foundation feB:tures as air spaces beneath floors, 

fills of non-frost-susceptible materials, post and pad construction, con-

crete slab floor construction on fills, insulated and non-insulated built• 

up wooden floors on fills, and insulation layers in fills have been studied. 

Conclusions conce·rning the advantages or· disadvantages of these various 

'items are made. The,relat;i.ve suec~ss of each of the seve,ral1 tes of 
. -'IS ~~ ~~-

. ·foundation designs ·a-we discussedo· I-t-45-a.:t;=tiempterd--bo--e·EH~pare t. e actual 
~.~ . 

observations with results waieA -aJ:e obtained by calculations using heat
A 

' flow principles, and to interrelate the various temperature, freezing 

and thawing, ~nq displacement data,. 

Many of the foundati_on types utilized are coJ:tsidered as satisfactory 

for temporary buildings only. The types of foundations considered to be 

most acceptable fc:~ .. r-~rrnanent type buildings are one co~bining an air 

\. 
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_ s.pace and an underlying non-frost-susceptible fill. and one with piles 

bonded in permafros·t • In the latter type, every precau'tion should be 

taken to insure the :bonding of all piles in the foundation. 

Re·oommendations are made to continue observations on three of the 

buildings·. Data are· also needed for arctic regions and foundations utiliz

ing air ducts for freezing back materials tnawed as a resu+t of building 

arid summer·.:heat. 

2 
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PART I ... INTRODUCTION 
\ .. t.q . s '\A~ ll].ll'l~ 'ii'.,~"{ 0 \!~ P02.....l> ~ ... \:bli\ 

~·. . ... 
il··lJ {.. 
1-Ql, •. = RtH;posE!.• The purpose of the field investi!;ations described 

·herein is to determine the effect of various types of building-foundations 

on the thermal regime of the underlying soil and theresultant effect of 

these subsurface temperature changes on the stab iii ty of' the structure:s 
\ 

constructed over permafrost~ with the ultimate purpose· of formulating im-

· ·proved. engineering design and construction criteria for permafrost regions 

and to aid in predicting the performance of existing struct~es. 
\-c.~ . 
~. Background. The study of buildin£? _foundations is one phase 

of.the·field investigations which have been'or ere being conducted at the 
·~·at (l.~~~\eQ,fJ>l 

F~i~bank~AI Research Area~ which is located about· 2-·1/2 miles· northeast or 

Fairbanks~ Alaskf1-. The climate df this subarctic location is ·:such that 

the existing permafrost is in a delicate ba.~~ce and surficial changes~ 

· such as the erection of a b~lding~ may cause considerable variations in 

. -~he permafrost table with time. This location is ideal~ therefore~ for 
,..,. -
such a study of building foundations. 

·. ) .. VVhen these fiel.d studies were first initiated in 1946., little 

factual iri.:f'ormation e~sted on the temper-ature distribution beneath 

. __ buildings in permafrost areas and correlation of ~eave or subsidence 

. ,With alterations ip permafrost conditions. The need for such factual 

~nfprmation was· indicated: to aid i:;L -a:n· unde;r-standing of building perform-

. ance and to assist in developing improved foundation designs. Therefore, , 

·-G'~ 
eleven, buildings were construQted in Subarea No •. 3 of· the Fairbanks Re-

. . 1 

search Area with various ground EJ.xposure~ and insulators to qetermine the 

e:f'feot · of these -ty:?e~. CJ:r foundation .construction on .ground temperatures • 

3 
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espec:ially in the permafrost, ·and vertical movement of the building 

foundation types., The r'-eporte.d ·program of observations covered about 

five years on eight of the buildings and this :part of the study is' 

'considered as complete. Measurement·s are continuing on three additional · 

'· 
buildings. 

Building and site descriptions, together with some initial 

observations# have been .previously reported in the "Comprehensive Re-

port.P Investigation .. of Military Construction in Arctic end .Subarctic 

Regic,ns ~ 1945-1948", prepared by the St. Paul District Corps of 
. . 

EngfJleers 1 dated June 1950. Observations at that time were not of 

sufficient duration, however, to. perrni t drawing any significant con-

clus:lons. 
i-~~ 
~~o Scope of Studies and -Method of Presentation. The building 

foundation study consistet.-: in the main part, of ground temperature ob• 

· . servations at a great number of points· -under the eleven buildings, to-· 

·gather with vertical mov'ement measurements for several points. on each 

. st.ructure. Since these readings constittl.te many thousands of recorded 

Vf;llU3S; it was not considered feasible to include in this report the 

indbridual detailed values, but rather, these values have been used to 
"t/'!'. 

calculate certain general averages or grap}?.icial presentations· to show 

conditions as interpretated from the basic data. 

It is considered that the effect of different foundation and 

·floor designs can be studied by consideration of 7the folloWing inter-

'·I 

·related items: ground surface tempe:re.twes beneath the buildings.~~ the 

~f!Su:.."tAi'&T 

degradation of perm~rost, patterns of seasonal freeze and thaw ,vertical 

4 
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·v~lt:~nc.a"" , 
resultant mov~ements ~ and cracking or. ot~er signs of distress in the 

buildings. The significant data' concerning each of these i tams are 

pres~:>nted and discus sed herein; these i tams are also considered in the 

final conclusions pertaining to the various foundation designs,. 
\ -cr:; 
1-04. Authorizationo Investigation of military construction in 

arctio and subarctic regions was. authorized by the Office, Chief of 

Engi:neers_, in a l~tter to the Division Engineer~ Upper Mississippi 

Valley Division~ SPENM (2 February 1945) Subject: "Investigation of 
. . , 

Airfield Construction·· in Arctic ·and Subarctic ·Regions". The St., Paul · 

District was designated a.s. the Investigational Agency~ with supervision 

by the Division Engineer. General ~~der No. 3 issued by the Office. 

Chief of. Engineers 1 on 25 February ·195-3 ~ 'stip\llated transfer of Penna-

frost Division functions and responsibilities f~om the District Engineer, 

St.,·;Paul District, Upper Mis~issippi Valley Division, to the Division 

Engineer, New England Division. The effective date of transfer was 

l M~rch 19S3o 

The investigation to determine the .effects ·of building on sub-

.surface oonditions was authorized as part of the "Comprehensive Progr·am 

~ :,~for the· Investigation of Airfield Construction in Arc-t;;ic and Subarctic 

Regions-" by the .Office~ Chief of Engineers, in a letter· dated 20 June 

:.1945;, file SPEER, _to the District Engineer, St •. Peul District. Detailed 
\. 

.. auth.ori ty for the study is given in the· Instructions and Outline for . the 

~·succeeding years~ i.·e.; ,9 "Instr'uctions and.. o-1..1tline for Theoretical Study 

· of Heat Transfer", Fiscal Year 1953 • · includes the following statements: 

.. ~ . . · "5· Analysis will be' made' of the effeo~~- of relatively stable 
/ 

insi.de air temperatures or+ ~rot1nd temper~.tures under buildingso" 

5 
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"lOb. Periodic reports will be submitted of special investiga

tions as they are completed•" 
11-ot., 
]:-e,.. Definitions B."'ld Nomenclature. Description of the field ob'!'O 

serva1:;ions and analyses of results involve specialized use of certain terms 

and wc,rds. Definitions of the terms and words as employed in this report 

are a13 follows: 

. ~~verage Daily Temperature -· The avere:ge of the maximum and minimum 

ta;r_npe:ratures for. one day or the average of several temperature readings 

. taken ·at equal time intervals during one day, generally hourly. 

:Average Monthly Temperature •- The. average of the average daily· 
.(!.~ ~0-~i..l>..~~ 

te,mperatures for· 08& month. 

Mean Monthly Temp·erature -· The average bf the average monthly tem-

· peratures for a gi1ten month ·for several years. 

· Average Annual Temperature - The average of the average daily tem-
- A • {t ; 0 • ' l.l .. • • ·~ 0-.\~..,.._ {.j.'\:.,Jt-. 

peratures for ·eee year • 

. Mean Annue.l Temperature - The av~rage of the average annual tem ... 
cj,._... 

p~rature~for several years. 

Arctic - The northern region in which the mean temperature for the 

warmE~st month is less than 50°F. and the mean annual te.mp~rature is be-

.low ~)2°F. ·In general, arctic land are·as coincide with the tundra region 
f 

north of the "limit of trees., 

Subarctic - The region adjacent to the Arctic in which the mean 

temp•3rat1Jre for the ec:i .. 1.est month l.'S below 32<T • 1 the mean temperature 

for ·the warmest month in ·.above ~50°F. , and whare there . are less than four 

.months having ·.a mean temperature above 50°F. In general,· subar-otio land 

areas_ coincide.with the circumpolar belt of\dominant coniferous forest. 

\ 
6 I 
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Degree-Day - Ea~h-deg-r--e~n any one day t:Ite:t~ttre-avera:ge-ck-i.-l:y-a4.cr 
. . ~\·.;~.) tP)\- . 

tempe~~a.t-l:lre=var-ies=f1rom-:3·20f-. ""'~The difference between the average daily 
' 

temp~:,rature and 32'T.. ·-eC!·bl:a-l:s ·the-deg-ree-ciay.s-f!~·r--=-tha.:t~day-. The degree-_ 

~ays are_ minus when the average daily temperature is below 32°F. (freez-

ing degree-days) and plus when above (thawi~g degree-days). 
~ 

U%c-<>·'iJ" dv.Z.t\'\~ w~-'->C.~ 'THC AV~.a...c~i!. Tet'IPiZe.ffC"Ui.!..il:. \'S, 

Freezing Season~ • qlh-e period of time between-t.he-hi-~hes~~pei~nk;=and= 
~~N~~\~~1>,.-"( G \i:\,..CN~ •3'2.. ,-::_.; il'~ C"~ut ~ s\~'E. "* AY 'Be·•·,. (;~ ~ .. ~ p,~~ 

s uc.c.ee·ding-}ewes.:t-pGi-nt-on-a-cmnul·at-:i:-v:e-de·gz:.ee-day.s -ti..zne-e:ur,ve. 
. . . ,.,..... ,~ .... -•• "' '"'''-..1\~·"irli 'TI"'·~;: Alii~l."!k~<:.,clAH·~ 'TI'<;li>"\'Ot-:::.·r::.A"T'l;~ ' H·A'T . __ ,_' '•"' •. .., ~ ~~ ~ 

Thawing Seaso~ - -'nhe· period of · time .. between-the-l:owes'-'t-f)ei=n:t:i=and· 
~~ \;;, {;'.W~~\'4'-~"'( ~-~~~v@.. ·~ 'L~ ~~©-'Yi2,! ~ 0:, ~ :r.A ~U" ~ "-'Y"'V ©'~ _(,:, ~ ~Gi'l.~\3.. 

~ uc...Q.~~.e.di.ng higb~_s_t_p_Qint on-e.-c-umulative-d:e-gr·e·e-days-time-o-urv-e-• 

Freezing Index .... The number of degree-days 'between the highest and 
(-\· (_.U\?A)i!.. _ ~~ \1 ~~(2.~-.Jc,.. 

lev;e:~t points on "'~ cumulative degree-daysAttime ~e for one freezing 

··season. It is· used as a measure of the combined duration and magrii tude 

of bc3low-freezing temperature$ occurring during any given freezing sea- \) 

. son., The index determined for air· temperatures at 4o 5 ft. ·above _the 

·growld is commonly designated as the air freezing index# while that de-

termin~d. for temper-atures immediately belov; a surface is known as the 

s~f:ace freezing index. · 

Thawing Index - The number of qegree-days between the lowest and 
...._ ,

1 
..... \JC ~ofi.. ~.1¢,v":,) 

f- (.,v'"' ':Jl Y 

highest points on th~Acumula.ti~e- degree ... days~time ~e for one thaw-

ing :season. It. is used as a measure of the combined duration and magni
cc...{..;,.t.Z.i?:.\~" 

tude of above-freezing temperatures _during any given thawing season. The 
. A . . 

inde:x: determined for air temperatures at ·4.5 ft. above the ground is com-

monly designated as the air thawing indeXg while- that de·t~rmined for tem-

pera:tures immediately below a surface is knovr.n as the surface thawing 

inde:x:., 

· * The definition for "fre~;ing season" and "thawing season'' are applicable 
t,o condi tiona in arctic and sub~otio regions where frequent oscilla-
tions about the freezing point are uncommon. 

7 



• Correction :Factor· • the ratio between the surface index end air· in- •. 

dex f~or . either tree zing or thavling~ (In this report the corre·otion fac• 

tors haire been calculated for some periods which do not exfictly correspond 

to the freez~g or thawing -·season)~ · 

Thermal Regime· - The temperature pattern existing in a body. 

Annual Frost: Zone -- T~e top· layer of gro.und s ll.b.jeot ·to annual freez

ing 'lmd··thawing. · .·I* ~r'~-tio and ·subarctic regions where annual freezing 

penetrates to the perm~~ost ·-table, suprapermafr.ost end the annual frost· 

zone ~-e identi~ai•~-. ':)e;tAII!~'~e~ ~~..-r::~~ T~ 1?\'5> ~e,.,.,v~ \o.~'tt:~t... 0 ~ 4~~ow~~t:. ·z~~tL 

Perm.af'rost - Perennially frct$n ground • 

. stipraperma:f'rost - The entire layer of g~'bund above the permafrost 

Permafrost Tabl._e ~ An irregular surface whfch represents the upper 

limit of permafrost. 

Residual--Thaw Z~n~ · A layer of unfrozen grbund between the" parma.: 
' . "'\il_\~ 

frost ·and annual frost zone. This layer does not exist where . annual. · 
!'\ . 

. frost extends to permafrost~ 

Free~:l,~g F;ront ~ The irregular boundary surface between -frozen and . 

Uzlrrozen ground where .freezing is taking place~ 

Thawing Front e. The irr_egul ar bounde.r_y surface between thawed and 

· ·fro2.en ground where thawing is taking place. - · _ t'\C~\'6.\~~ 
·w·-':'"'~" FrOst·S~eitp'tible Soil :.. Soil iri which significan-t;., rce sEigl:-egation 

·, 'will oceur when the requisite moi"sture and ·freezing conditions ere pres.,. 

~ . . 

· : !ce Segregation '!'he gr·owth: -or-· ice as. -distinct lenses, layers··,· 

• veitls., and ·masses in soils commonly, but not always·. :oriented normal to 

the dire-ction of heat loss• 

8 
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Non-Frost-Susceptible Materials- Cohesionless materia.ls;such as 
"-'\l.,;\)..\\i'=H .. t"'-NT lo;:;:,• ~ti\.~W.T~~ 

crushed rock, gravel, sand, slag, and cinders in which ice segregation 
. .f\ 

~ .. 
.d~s not occur under normal freezing Qondi tions. 

,~ .. -4- : 
1..• 

Thermal Conductivity ..;. The time rate of heat flow through unit area 

9£ s:ubstance. _under a unit temperatu-re gradient. Comxn.on units are Btu 

per hout' per square foot per degree F. per inch (or foot) of thickness. 
"-----. 

Thermal Conductance - -The time rate of heat flow through a sub-

stance. for .a.."l area of ohe,. square foot and a difference of' temperature 

of. 1 °F.,_ between surfaces. (In building construction this is known as 

the "U-faotor~") e 

. Thermal Resistance - The reciprocal of' thermal conductance. 
\-.tn. 
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tory in the summer or 1954 •. 
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·PART II - GENERAL COl\IDITIONS) .. 

L 
General. ·The building foundation studies reported herein 

i.vere c•bserved in Subarea No. 3 of the Fairbanks Research Area •. The 

resuliis of- these studies were affected by the initial climatic, vege-

tat_ive,, topographical and subsurface conditions which existed at the site 

prior to the construction program and the changes which occurred to the 

·subsurface the)rmal regime and the permafrost table during the following 
\ 

years were the combined effect of the natural climatic f~ctors and the 

man..,produced items such as the heating of the buildings. The conclusions 

presented in this ·report and their application, therefore, should be 

limi teld to similar subarctic conditions as- given in the following para-

graph~~. 

~~-o2. Clime.tologi~al Conditions. 

ao Tempe:ratu·re. The U. So Weather Bureau stat-=-.~.·on re~or:~s at 
-~~~ . 

Weeks Field,- located about 4 'miles south _of the Fairbanks Research Area, 
l\ 

indic~Lte .that the mean annual temperature at Fairbanks, Alaska, is about 
. r-
. 0 ' ·, ' . 0 0 

· +26· F4. with yearly extremes of about +90 F. and -55 F. The mean freez-

ing a:nd thawing indexes are about -5300 and 3200 degree-days, respectively• 

A tabt:Llati on of freezing and thawing indexes at Fairbanks for the period 

-:of thE1se studies is presented in Table 1.. These ~ecords show that the 

· ·. freeztng season usually begins i:;he first or second week in October and 

the thawing season about the middle of April. 

b, Precipitation and Snow Cover. In the period from 1946 
~ 

through ~953, the total annual precipi tatio:r.i. recorded at Weeks Field 

11 
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0 h maximum of 17 o38 ino in 1948 and a minimum avera~;ed about 11 oO ino wit a 

;ncluding the water equivalent of about 48 ino of of 8,i~i7 ino in 1952o ... 

annual ·snowfall o 

The snow cover dep1:;h was recorded at weekly intervals at 

se~ecte'd ground temperature observation assemblies for these. building 

The average sno"~N cover depth at three grass surface foundatiol'l: studies o 

. • .03) - given in Table 2 for the first of locations (B-lOlo B=l02 and B=l are 

19'1.6 and 195lo Included in Table 2 the month from November to May between- 4 

d th 3 -=ft o no_ rth a nd s outh of Buildings are ,_also the average snow cover ep s 

Noo ·1 through 8o These data show that the average snow. cover adjacent 

· t · th open Sll.. ghtly less than the snow cover ou :t:n . e to these. ·structures was 

Snowfall was cleared from the gravel service roads and 

~pproach walks within the areao 

[l_- c1earance)., 

\ \ \ 

(See Plate 1 for location·of snow 

~i&t~~~-t""~"·f~-

l L~rv¥--~ 
it 
,I 

..: -~-------------. ----~ -- -·-------·--"'---.. ,--~-~--n----·---:.2-..---~-------

.) Topography and Drainageo The terrain of the Fairbanks Per.ma= 

frOst Research Area is characterized qy a comparatively smooth gentle slope 

of about 3 percent which generally provides good surface drainageo Geola= 

gically~ the material was a win~-- blown deposit with minor addition at 

disintegrated local rOcko Thicker deposits in the valley are attributed 

to slOpe wash and mass movement (soliflUCtion) of the fine=grained mater:!.al 

from the rock upland known as Birch Hilla The original ~ge~tive cover~ 

which was cleared and stripped in June 1946 consisted of a spruce-birch 

stand averaging 30=fto in heighto 
This surficial feature was replaced D.y 

foundation gravel fills and grass covero 

12 
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The surface draina(!;e from Birch Hill was channeled toward the 

west along two drainage courses which skirt the norther~ and southern 

lirili ts of Subare·a. No. 3 a~ shown by the heavy arrows on Plate 1 e A 

targe percentage of the water from an uncontrolled artesian well, located 

aQ.eut 700 feet west· of the area, also flowed in the drainage course along 

the acce s.s roaq. 
I 

I' 

2-04, Soi'ls Profile·. 

a. Subsoil Conditions. The natural soils underlying Subarea 
,. 

No.· 3 are principally silts to· a depth of about 50-feet with frequent 

inclusions of peat. and ice lenses. '.D.he soils of this stratum were 

·sampled to depths vary~ng between about 20 to 40 feet in explorations 

core drilled at the center of each b\lilding site for temperature measuring 

installations e ':D.he. logs of these borings, including soil classification 
~::...: ~· '·. :• 

in accordance with the Un$f'orm Soil Class'ification System, natural water 

content and· natural dry unit weight on selected, but not continuous 

s.amples., are shown on Plate 2 o These subsoils were further visually 

classified in explorations churn~dri~led for the remaining temperature 

as~sembly locations shown on Plate 1 (except tho~e of Et:.ildinga. No.o 9~ · 10 

and 11), installations of BM~'~' in about the center of Subarea No. 3~ 

e.nd deep _we 11 W-5 between Euildingt3 Ro.(-, 9 .. and ·ro. This, latter expl,oration 

indicated the silty top layer rests 9l1 ~ relatively thick ·stratum of 

silt, silty sand and -sand-gravel ~~~:t;tr~s to ~ depth of about 250 feet. 

This· stratum is under lain by bedroc_k~ ·, · 

13 
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Since the explorations in ·this area indicated the silt stratum 

to be of the same general characteristics, a core boring was drilled on 

21 and 22 May 1946 adjacent to B-103 to a depth of 31.6 feet for detailed 

lab?ratory testing of continuous sample cores. The results of these 

tests are given on Plate 3 and the gradation range of eight samples, 

varyi~g in depths from 2.4 to 31 .• 6 feet_, are presented on Plate 4. It 

is· cops ide red that these results are representative of the silt soil~ 

:l.n Subarea No. 3 to be considered in this study. 

_ b. · Permafrost Conditions. It- is assumed that the upper 

s~rface of_permafrost in Subarea No.3 was originally about 3 feet 

beneath the_surface at times of maximum thaw as evidenced by the fact 

that tw() probings in this area before initiation of clearing and 

stripping operations in June cr 1946 indicated permafrost at depths of 

-2.5 and 4•0 feetca · Groti"ricf'-temperat~re observations in.- the grassed areas 

, (B-101, B-103 and B-104) indicate that since then;;; the permafrost table 

has_ equilib~rate~ at .a depth of about 5 to 6 feet. 

Drilling operations in this area indicated the lower r:>ermafrost 

boundary to be_ at a_· depth greater than 160 feet. 1he. boring log for deep 

-well W-5, chu~n~~erilled between Buildings No. 9 and _10- in August 1947, 

showed the lower permafrost limit at a de-pth of 178 feeto Another churn 

- dr'illed hole located about 200 feet northeast- of. Building No. 5 was 

·. sti;ll in permafrost at a depth of 164 feet. 

c. Gro\lnd Water conditions. Actual water elevations have be-en 

· observed in s_everal wells in the building foundati9n research _area. ·Since 
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the fluctuations o:f the ground water are not considered to be',,of primary 

importance in the action of the te_st buildings, detailed information on 

gr9und water levels is not included in this report. It may be stated, 

,however, that the water table during the thawing season is about 3_feet 
. . ~ ' 

below the .ground surface and fluctuates between 0 and 6 :feet. With the 

start o:f the freezing season. ground water shows a definite l~owering. 

dropping to le~els o-r 6 ·or 8 f~et or more, before freezing of the wells 

prevents further observatio:ps. The slope of the ground water table in 

this area is about the same as the natural ground sur:face. 
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PART III - CONSTRUCTION AND I l\BTRU11ENI'ATION 

Buildings and Foundations. 

a. General. Eleven test buildings with various ~p~~~~ 
-~~-- ·. 

· f.qu:pdations were erected in Subarea No. 3 of' the Fairbanks Research Area 
'\ 

for this study • Eight buildings ·(Nose 1 .- .8} were constructed 16 S'}nere 
. %~tJ.ii. 

feet ;:'n plan in the summer and •· fall of 1946. These buildings hav~ been 

utilized for a variety of purposes during observations, i.e., field 

office., soils laboratory and storage. Three additional buildings (Nos. 
. . . · j~vttte 

9, 10 and 11) were built 32 :sq.u&Pe feet,\; in plan about a year later for 

use as residences (Nos. 9 and 10·) and as a garage (No,. 11). The ar-

rangement of· th~. bui1dings in the area is shown on Plate 1 and a·sohematic 

drawing of the foundation type for each building is shown on Plate 6~ A 

general description of the type of flooring and foundation for each 

structure is given in Table 3 together with the period: of temperature· 

observations• 

b'o Construction. of Buildings No. 1 through·8. These buildings 

were prefabricated, tar paper covered, Arrqy Stout houses with entrance 

vestibules~ each cons-tructed identically with the others except for 

differences in the types of floors and foundations provideq as shown 

in Table 3, and further discusse;d in the r'ollcrll'Jing paragraphs., Well-

graded, non-frost susceptible river-run gravel foundations were placed 

for Buildings No., l tl'!rougp 5 in July and A\lgust /1946 •. A composite 

grain size distribution of this gravel fillJJ typical for all the 

. 16 
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• · co:rt_struction in this project, and in-place field densities are given 

• 

on- Plate 5. ··seven of _these houses .were placed on the prepared founda-
. . . - . . - . . . . 

. . 

~i_ons· and :floors in Sept.ember and the eightn in Oc~oberjf l946o The·se 

- ·_buildings were _-first heated ~n. 4 Nqvemher 1946 with gasoline type space 
. . . . . 

· hE;;~Jl,ters, -whi oh were. oonverteci to oi 1 fired ty-pe in March of 1947. A 
-··· . ' 

removable floor section, about 3-ft. square, was also inoorporated_about 

. 4:-ft. from the north and east walls in the floor of eaoh house to permi-t 

'' 
· . ·soil. sampling and probing for the penn.a.frost table after constf\l,ction. 

·Those buildings with gravel fill foun_dations had an 18 ... i~- casing throug~ 

the gravel·to permit ·samplin-g of the natural subgra.de, J 
/ ·, 

Bu:ilding No., 1 was erected on a 4-in. cortcr~te floor reinforced 

'VIrith 4 x 4-in. No. 6 wire .mesh and placed dir~ct~y on a 4-ft~ river-run -

·gravel foundation, 2-ft, of which was ;'Qelovv the original gr~und surface, 

The -4-ft. depth of gravel extended about 5 ft~ beyond the edge of the 

_slab --and then on a 1 on 3 slope to the original ground, as piot1.1red in 

~-Figure lo This building was dismantled in September· of 1954. 

The foundation of Building No. 2 consisted:~_.of a 4~rt. river

(,run gravel fill~ 1 ft~,. of which was b,elow.- original ground, and extended 

5 _fto ~eyond the edge-s of the building. -. The :floor system .of th~_s. -build.- · 

~g was . supported on 4 x 4-in. 'muci sills' placed ~n, the grayel fill 

- s-urf'ace and was p~efabricated of ~ x 4-in. joists, l6•in. ·on centers, 

' with 1 x 8-in~ bottom -~.heathing · ~p. ~1-in·. tongu~ and groove top flooring 

as shown in Figure z/ This flo?,fC:y~tem was .insulated with 48" X 16" X 4" 

· · batts of' J~.bn~:ill~ "FJtt}..,,lifk" ~~~~~~j~~· B.1rock ~ol J.fnsulation 
'-?~.: (;~ 

·.,_-placed be~rreeh the floor joifl~.s-~· The imp·regnated pape-r backing of th~ 

-·~·_-: 
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• insulation batts was placed down. A similar floor system was used f'or 

Buildings NoJ). 3- through 8. Building No~ 2 was dismantled in February 

·,, 

• 

~i 1952. 

Buildings Nq~ 3~ 4 and·S~ shown in Figure 3, represent 

further construction on gravel foundations with the following variations: 

(a.) the gravel fill for Building No. 3 was 2 ft. thick so placed that 

its surface oorrespond~d with the original ground surface. This gravel 

-fill. extended a minimum of 5 ft. beyond the building limits·. (b) The 

fotlndation of-Building No. 4 was 6-ft~ of gravel., 3-ft. of which was 

below or~ginal ground level. The insulation in the floor system of this 

s'tructure was removed on 2 January 1947 to promote additional tha'tl!T of 

·'the natural sub grade. (c) 'rhe foundation _of Building No. 5 was a layered 
' 

_type composed of 2-ft., of gravel, 6~;tn.- of cell cqncrete insulatioi'l., 

and 2-ft. of gravel, respectively~ from the surface. This foundation 
.·-: 

·_erlended 1-1/2-fto belO'W' original ground· and 5-ft.~ beyond. the building . 

. edge: the gravel theri pitched to the grou.~d surface at a 1 on 3 slope. 

The·:;·cell concrete insulation was composed of fine aggregate, portland 

·cement .. water and a foa"'l. compound.. .Tests made a. few weeks after place-
~ . . . •' 

ment indicated that the cell concrete had an average dry density of 

48 pcf and a water oontep.t of 17% •. Buildings.rNOJk 3, 4 and 5 were dis

mantled in September 1954. 

Bu~ldings Nos. 6 and 7 were constructed with post and beam 

.supports on natural _grou.."'ld 1Ni thoui;i a gravel t;>a·sa as 

· Fig;Ure 4 and on Plate 6. Th~ 2-f. t._ high _posts were placed 
~- · .. 

.. · GoRer9t~pads . 3" ~ ~- thick just belovr the ground surfa~e as. shown on 
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Figure 5· ·These butldings differed .only in that· wodd 

·skirting was used around the open space under Building No. 7 as shown 

·in. Figure 6, and not in Building No.6. These structures were moved 

.. to a new location in July~ 1951, and combined to ro:rm a field offioe 

building. 

Building No.. 8 was constructed ~ th an insulated wood floor 
I 

on 4 x 4~in. wood s:tringers with 2 x 4-in·. headers, ·supported on 

18" x 10" x 3" wood pads, placed directly on the natural grolm.d ·surface 

as shown in Figures 7 and 8~ Two or three pads were ·used at one end ./ 

· of the building to level the mud sills. Building l~o" 8 was ·completely 

des~royed by fire in September.~ l95le 

o. Construction of Buildings Nos ... 9) 10 and 11. Construo-

tion of these wood fr~e buildings was initiated under contract i~ July 

of 1947 and lar.gely completed· the follo·w·ing November. The buildings,

were heated ~arly in the winter of 1947-i948 with indfV,idual, oil fired, 

foroed warm air heating system~o Ground temperature observations war~ 

. begun .in January ;;r· 1948 for Buildings N~ 10 and 11 and in June~ 

1948 for Building tTo. 9. The floor and foundation types provided for 

the·se structures are described below. 

Building No. 9 was built on a reinforoed .. conorete (vibrated) 

' 
fotindation of dual slabs separated by ooncr~t~ piers ·bo maintain a 2-ft • 

. high open air . space as shown ·on Figure 9 and Plate '6. T~s .. foundation 

was placed on 5o6.;..ft.· or river~run gravel ffll.· Exoavatfbri··for 'the fill 

exi;ended 5 fte below. natural grotmd and had a cro.ss-...seotional area 

19 
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~ equivalent to that of'the double concrete floor. The rill tapered from 

the building to the ground surface _at a 1 on 1. slope, Results-of a 

~ 

moist~e content and density test on the fill material taken at the 

time ·of placement are shown on Plate 5. The floor system for this 

building above the concrete foundation -~onsisted o~ 2 x 4-in. joists 

on -16-in. centers c~vered with r~ugh flooring, building paper, and then 

finish ·flooring. Rook wool blanket insulation 'vas placed betw-een the 

joists. 

Building No, 10 'TJlTaS supp'?rted on treated· wood pi1es located 

as shown ·on Plates 6 and 13. Specifications required that the piling 
r 

should have a penetration of n~t less than 20 fto below the ground sur-

face and be placed butt down. Piling diameter requirements were 12 to 

20-in. at a poi~t. 3 ... ft. from the butt end and 8 to 12-in~ at cut-off 

.grade'~ The piles 1~ere dri van in place afte:r s.team thawing the frozen 

grol.md at each location. Girders formed by bolting five 2 x 8-in, 

. plariks. were· .placed en the. piles t'? permit a 4-rt. high open. air space 

as shovm. · on Plate 6. Wood skirting was placed arounct.. the pi ling 

perimeter. A view of Buildiqg No~ 10 during construction before the 

.·skirting was placed is shown in Figure 10. The flopr sy-stem of this 

bui1ding wa~ constructed from 2 X 8-in. joists Oil 16 ... in. centers yJi th . 

a ·roug_ll floor# building paper~ and a finish flqor •. A l/2-in. insulation 

ho~rd is on the bottom of the. jqists and :;-ins. or vermiculite.ioose~ 

fill insulation was poured between the joists. 

The foun~ation. of Buildin,g 1To •. 11 was· 5-f.to· or river-run gravel 

· till, approximately 4-ft. of which was 'beloW' the original ground ·as 

20 
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/,;'1~--·· ··:;::-~~1:D) ~ tAJ1)_~·~ ' -~--

shown on Plate 6. ~d density for this fill, sho~~~~ 
• ~ • 1 cJtv-vVL 

indicated a dry unit weight of 111_ pof' .which signifies that~of':...the. 

fill was probably a sand; With little or no gravel sizes. The floor·· ,ot 

the Quilding was an 18-in. sandwich-type reinforced concrete slab with 

4 x 12 x 12~in. hollow clay ti~es to provide continuous air passages 
~ 

through the slab. A~~f'hoto"g~o-fThe slt;ib and tile openings is shown 

in Figure 11. 'The top of the slab served as a wearing surface for 

vehicles garaged in the struct~re and was exposed directly to the air 

.in the building. On three sides of the building, the gravel surface 
\ 

gradually tapered out to meet the original ground· surface about 5_ to 

·.lO:l't. from the ·building· edge. An additional l8 i;n.. of gravel was· 

placed on the south side ·to provide a driveway into the garage. A view 

of the completed building is shm~ in Figure 12. 

3-02. Temperature Measurement Installations.. ·The changes brought 

about in the thermal regime beneath the buildings in the test area were· 

· m~as.ured with five thentlOcouple as·semblies placed along. a north-south 

. ·_line through the center of each building·. These assemblies were 

. ·positioned at the building center and 2-ft~· 'in.side and 3-ft. out~ide 

both the north and south walls of the buildings. Tl.velve additional 

assemblies were also installed beneath Building No. 2 to measure the 

.heat flow distribution under and, adjacent to this 'building. Three as

semblies were located under the grassed sul'faces Within th~ building 

area (B-101, B-103 and B-164) to provid~ control values for comparison 

of the building sub.su:rface t·erilpe_raturesee The location of. the tempera

ture meas'uring installat"ions are~ ·shovm on Plate 1. The thermocouple 
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• positions are tabulated in Table 4 for each location and also indicated 

graphically on Plates 6, 8 eu."'ld 9 with the exception that all position's 

are not shown· on Plate 6 for Building Noo 2. 

• 

All thermocouple assemblies were fabricated from 14 gage~ 

multiple duplex, copper constantan. ~her.mocouple wire with,compensating 

j~ctions and an i~dividual reference oold junction•- The thermocouple 

leads of each assembly (except those to be positioned at shallow depths 

as· discussed below) were 'Wrapped in a common bundle with varnish satu

rated cambric tape. These assemblies were installed in 3/4-in. galvan

ized iron pipe' placed in either cor·e-drilled or chum-drilled holes 

prior to plaeement of the gravel fill foundations or erection·or the 

·buildings with the annular space between the hole nnd pipe backfilled 

with a soil slurry. After placement of the assemblies, the pipes were 

filled with No. 10 SAE motor oil and the leads were connected to switch 

panels located at the center of the completed buildings and selector 

switche~ in box shelters about 2 ... rt. above the ground ·surface in the 

grassed.areas. Separate thermocouple leads in direct contact with soil 

·or air were used for (a) ali thermocouples in the air., (b) all thermo

couples at the top or bottom of the ··concrete slabs, including the cell 

concrete in the foundation of Buildin-g Ho. 5, and (c) all thermocouples 

at the ground or gravel surface and bott~m· of all gravel fills except 

under Building Noo 11. Separate thermocouple leads were used for the 

tvro upper thermocouples in the soil o-r Building· No.: ·lO, the upper two 

within the gravel for assemblies. B-11, . B-l~b and I311o· and 'the upper 

three for the qther assemblies of Building· No. 11,·· and the assemblies 

under the grassed area·s (B-1011 .B"!-103 and B-104) •. 
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Readings of the thermocouple assemblies were initially ob-

tained ·at daily intervals but after March of 1947 ~ at weekly intervals. 

Thes.e temperature observations were made from the permanently mounted 

switches with a .Leed.s ..... and 1\Tor±Ai'1!tf'" portable field potentiometer to the 
. ' 

0 
nearest 0.1 c. Air temperatures within Building No. 1 through 8 were 

measured with mercury thermometers placed 6-in, o above the floor at 

about the·center and in the northwest and southwest corners. These 

air temperatures were recorded twice daily only during the freezin,g 
. -~ ~ .. 

Th. r· • til t · · d B · ld · seasons. ere was no program o a1.r empera ures :tnsl. e u1. J.ngs 
" 

. No. 9, 10 and 11; however, general infonnation was available from the 

occupants with regardJ to the temperature con~itionjin these buildings. 

The aforementioned temperature observations were also used 

to determine whether the subsoil was in a frozen or unfrozen condition. 

Since ·a considerable depth of soil at many of the t·emperature· assemblies 

. 0 . 
varied only a fraction of a degree from· 0 c. for ~engthy period~ of 

time~ an instrumentational error of only a few tenths of a degree would 

be important. Field experience indicated 11hat .the a·ccuracy of the 

thermocouples was about ·:!: 0.2°C. and the observing instrument Ool to 

0 
0.2 c. A greater error is introduced, however, by the installation of 

thermocouple as·sembl'ies in oil-filled pipe r_ather than in direct contact 

with the soilo A .. study of tempe-rature data ~dica.tes ·.that the measured 

values in the pipe may be in ~rror of about :t 9·5 -:to ~~0°.c. This fact, 

however, does riot prevent use of the fielQ. data _to .. estap.lish' the froz~ 

soi 1 bo1.mdary if a certain a.."Uount of ~udgment and knowl.e?-ge of the ex

pected subsoil temperature gradients is used in the iJ?.terpretation·of 
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the temperature data. These procedures e.re explained more fully in 

the discussion of permafrost degradation and seasonal freezing and 

thawing beneath the buildings. (See ,paragraph 4-03b),. 

·(A research .project is currently being cc;>nduated at ·the Fair~ 

banks Research Area to evaluate variou.s types of ground temperature 

measur~g installations including tl;l,e_nnocouples in oil-f'illed pipes as 

used in this building .f'otmdation study, thennocouples in direot.contact 

vdth the soi1, and other systems. The results of these tests will af-

ford a more exact indication of the ~rrors to b~ expected in such fu~ure 

oil-filled pipe installation~\. 

3..:.03. Vertical ·Movement Obsenta.tion Poin-ts .. , Observation points 
.,• ... 

were established on the test buildings to deterinine the relation of the 

changes in the subs·urfaoe thermal regime to seasonal and- yearly verti~ -

cal displacements of the buildings. _These points consisted·· of 20-penny 

spikes oriven vertically int.o· the top of the floor at the :four. corners 

of,. Buildings No. 2 through .. 8 and reference marks on the outside. :four 

corners of ·the con·crete slab of Building No. 1. One quarter inch .. ·bolts 

were cemented into holes drilled in the concrete floor :of Buildings No~ 

9 land 10; fifteen additional reference .points were ~lso.marked 6n'the 

concrete floor inside .. of Bu.ilding No. 11 in Ap~il;.f' i948. · Twen;ty•penny 

~pikes ,;ere driven: ~bout 14 in.ches a"t?ove the natural ground surface. into 

17 piles- beneath ·Building No. 10 and also into the four supporting posts 

--· 
of the· t-wo·porcheslt 

. '• ~·· ' 

Monthly ·:r~adings were. taken on these vertica1· moveznen:t· .. obser~ 

vation points with an engineer's level and rod to. the nearest· 0~001' ft. 
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4lt Reading~ were discontinued_in July~ 1951 for Buildings No. 6, 7 and 

$, and in December~ 1951 for Buildings No" 1 through 5. Semi-annual 

• 

~ . 

observ~tions (April and November or ·September) were initiated in the 

·Spring{Df 1953 on interior points of Buildings No~. 1 and 3 to observe 

the warping of these floors, and on the four original corner poir1ts of 

Buildings No •. 1, 3, 4 and 5. Monthly readings have continued for the 

observation point.s of Bu_ildings No •. 9, 10 and 11. 
'· 
',The primary bench ·mark used for control in these measurements 

was B!t M_., "Casing", a step vrelded on the· 2-1/2-in. casing of a 164 ft. 

deep dry well located about 200 ft. northeast from Building NQ. 5. A 

secondary bench mark, known as B.. M. "H" and located about in the center 

of Subarea No. 3 as shown on Plate ~was also used as a control. B. M. 

"H" was th~ cap on a 2-in., pipe placed in a hole churn~drilled to a depth 

of about 3q feet and encased in a grease.-filled ·4-inch pipe for the top 

10 feet to preclude_movement.by frost action. This secondary bench 

mark was frequently verified' viTi th B. M~ "Casing" which was accepted as 

being unaffect~d by frost action. 
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PART IV_- THERMAL :_REGIIvJE STUDIES· 

4~01. General. One of the important changes which occurs with 

the erection o£ a structure in arctic or subarctic regions is in the 

thermal regime of-the underlying soil. Suph temperature changes may 

.be important in the performance of the structure particularly if the 

ground is subjected to conditions of freezing and thawing. 

Ground temperatures at the test area were undoubtedly fairly 

stable and i:t?- adjustment with the local climate before initiation of 

_clearing end constructiono This bal~ce was~ influenced also by other 

existing·eonditions at the sitesuoh as the surficial cover (this in-

oluded a deposit of :insuiating organic material)~-the physical charac

teristics of the soil# fluctuations in ground water table, degree and 

direction of 1 and slopes~ wind breaks ~;ind other factors. However 1 once 

the balanced conditions were disturbed by clearing of the la.ndl placing 
\ , .. 

of co,~rse-t~xtuz:ed fill. materials 1 and erection of heated buildings 1 

rapid temperatur~ changes became evident. These changes are still con-
....... 

tinuing at a reduced rate 1 ~~d several more years may be required be-

fore a new balance is reached at the test area. 

It is . ."the purpose of the fol.lowing paragraphs to present the 

temperature data recorded beneath and around the eleven investigational 

buildings and to develop interpretatiops of design which may be applied 

to similar construction in the subarctic. 

h·02. Temperature Relationships. 

ae Interipr Temperatures. There were more than 50,000 indi-

vidual mercury thermometer readings taken in Buildings No. 1 through 8 



• 
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between 1946 and. 1951. In lieu of specific data, therefore, it is be-

lieved that a general statement will be adequate concerning interior 

temperature conditions based on some averageo for only portions of this 

period. 

At the start of the first winter (1.946-1947), it had been 

planned to maintain a 15°C (59°F) interior temperatUre;· however,· this 

'was raised to 20°C ( 68°F) in January of 1947 to promote more thawing 

of the foundation soils. T\'Vo year· averages of interior temperatures 

for these buildings gave values from 16.1°C (61°F) to 18.5°C (65.3~) 

with art av~rage of 17.6°C (63.6°F). This average temperature will be 

·considered as representative for the entire period of observations. It 

is noted that a considerable difference existed bet111feen the tempera-

tures at the center of the floor and those taken near the corners ex-
-

C!3pt in Buildings No 41 6 and 7 which were constructed with a 2-ft air 

space b~neath the floor. This observed temperature difference was fre-

quently 4°C (7.2"F) and occasionally 10°C (180F) ciuring particularly 

cold periods. 

Buildings No. 1 through 8 were heated usually from the middle 

- of October to about ·the end· of April or into Mayo Buildings No. 6 and 

7 Were not heated after th~ l94~1949 Winter season as heating ·Of the$S 

structures appeared at that time _to have. little or no effect on the 

th:ermal regime o_f the underlying soil. There were some heating system 

- ' 

failures but ·~ost of these w~re only overnight or for a day or two and 

did not appe_ar to influence the ground temperatures. There w~s one per-

i6d~ however 1 from 18 to ·26. January 1951., when failure of heat· in Build-

· ings No!t 2 through 5 and No. 8 undoubtedly has an ~ffect on ground tem

peratures as the outside i{emperatures were .about -50°C ( -58°F).· 
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Interior temperatures were not recorded for Buildings No. 9~ 

·• 10 and 11. · The family residences, Buildings -No. 9 and 10, were heated 

normally to a. room temperature of about 22°C- (7tlc6<7),; but it is esti-

. . - b 
mated that temperatures near the floor were most often at about 18 C_ 

. (64.4°F) in the coldest winter months. ·Floor temperatures of the gar

age, Building No. 11, are estimated to have been about 16°C to 18°C 

b. Ground Surface Temperature Beneath a Building. Changes 

in the ground thermal regime beneath a structure depend on the gro~~d 

surface temperatures which in turn are a function of the floor design~ 

the. presence or absence of an air space under the floor, air .circula-

~ion permitted in ·the air space 1 and other factors. To study the dif-

ferences which occur vvi th the various floor end foundation designs on 

a gen~ralized basis, freezing or thawing degree-days, F., have been cal-

culated· for +.he thermocouples positioned at the top of the benk-run 

-gravel foun<:latio~' (or soil in the absence of ~rav-el fill) of each build-

. ing. The thermocouple selected for Buildings No. 1 end 11 was located 

at_the boun~a.ry between the concrete'slab and gravel foundatiol;l and for 

-B~ilding No. 9, at~- the top surface of· the lower concrete slab. Degree-

d,ay summations have been made for two seasonal periods. The first per-

iod is 1 October to '15. April which corres.ponds approximately to this 

freezing season.- (S.ee -Table 1 for the exact dates of the freezing sea-

son). ~his arbi tra.ry period was selected because ground surface tem-

per~tures do not ordinar~ly change from above to below freezing .on the 

same date as the air temperatures~ thus making the comparison for the 

· -s.~veral locations and years under the buildings on a commmi .basis. Fur-

• thermore 1 the- period is such that comparisons o:£ the degree_.days above 

28 



• 

•• 

or below freezing can be made with the freezing index calculated from 

air temperatures· for the actual freezing season. · The second period is 

16 April to 30 September and corresponds approximately to the. thawing 

seasono The cumulative degree-days 1 F., values for these two- periods 

are tabulated on Tables 5 and 6, respectively. 

The significance of the freezing degree-day summation values 

in Table 5 is that a positive value indicates the ground surface be-
. '.,~ 

neath the bui1ding was predomi~atrely above freezing., and thus~ in the 

area beneath the floor, heat would flovv· downward toward the permafrost 

. tabl~, or laterally toward the seasonal freezing front. Negative value.s 

i.Jldicate predomina~ly below freezing temperatures and if this value is 

comparatively larger than -that of the grassed surface area, ground freez-

ing·would undoubtedly occur faster and deeper~ unless affec~ed by the 

depth of permafrost, than in the open grassed area.. If the values ap-

proach zero, perhaps being positive for some years and negative for 

others~ the chances are that the gravel and/or soil beneath the struo-

ture may have been thawed or frozen during that freezing season. When 

the values are relatively uniform in magnitude for the three positions 

under a given building, tha penetration of frost (assuming negative 

) . e 
valu~s would be expected to occur uniformly; and conversly~ if the 

·.· ' ' "" . 

values are markedly variable, the frost pattern would also be expected 

to be variable. A comparison with air freezing index is also signifi-

cant in cons·id~ring these summations for buildings with air spaces since 

it is frequently desired to estimate a surface freezing index from an 

index based on air temperatures. The degree-qa.y summations for each 

·building are aJ:+aly~ed and discussed below·~ 
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Building No. 1 had predomina'e'e:ly positive degree-day values 

• for all points beneath the conc_rete floor. slab during the observational 

-years indicating sufficient heat flow through the slab to-maintain a 

thaw tone under the structure.. Positive values were e.! ways present also 

at the center point of Building No.- 11, but the hollo:,.v clay tile ducts 

in the sandwich-type concrete floor ~lab apparently provided ·sufficient 
. . 

dissipation of fioor heat, so that freezing tempere.tures dominated at 

the points two feet in from the edge of the buildingo (See location.of 

thermocoupile assemblies· B-llb and B-llo )• 
) 

V~iable degree-day s~e.tions from year to year existed under 

Buildings· No. 2, 3 i 4 and ?· '!'he !nsulated wooden floor systems o:f 

<:these structures were supporte~d _on mud sills. Building Noe 2 usually 

had· freezing temperatures on the gravel surface and in some instances, 

:t,he cumulative number. of· degree7 days vYas less than .. that of the open 

grassed area. The variable values for this building from year to year 
.·'!' 

indicate differences· in the circulation of air under the. floor system. 
. . . 

The .gravel surface beneath Building No. 3 seemed to be considera"Qly 
. . . 

warmer than that under Bui1dl.ng No. 2 even though the floor systems 

were of identical construction. It is theorized that the 3-.ft~ of 

o;,~ rais.ed gravel foundation fill. under Building Ho. 2 acted to· dissipate 
~iti•• ·~~ 

• 

more readily-the f.~oor heat to the atmosphere in comparison to the 

. gravel fill 6.f BUilding No~ 3 placed with its. surface at original ground 

elevation. Building l~o~ 4 had predC>minatitly- above-fr-eezing temperatures 

at the· center. p~int_except !'or the .freezing sea~on of 1947-48. The f~oor 

·. insulation wa.s removed from this building in Jarn,.tary 1947 and •field re-
.. . . 

. ports ··st~te that -gravei vv~s· placed aroUild this structure and ·Building No • 
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5.in the summer of 1948 to tmpede air circulation under the floors. The 

t1vo edge locations of Building No. -4 indicate that after 1948 there was 

enough movement of heat downward through the floor to prevent any ap-

preciable duratibn of' freezing temperatures~ Building No. 5 had a vari-

able patt~rn of degree-days below freezing co~ditions at the edge points 

and higher temperatures at the center. 

Buildings No.: 6, 1 ~ B, 9 and 10 represent structUres with 

open air spaces between the floor and gravel foundation fill or natural 

ground surface. This may not be apparent for Building No. 8, but con-
• 

st~'Uction left an open air space'· 6-in .. or more in height, when the 

.floor system was leveled with plank pads. Field reports further indi-

cate' that snow was removed from the perimeter of' this building periodi-

cally in the w~nter of 1949•1950 which would insure air circulation 

·through this _restricted opening ~ter a snowfall. The cumulative degree-

days shown in Table- 5 indicate negative summations for these five build-

ings. · Buildings No •. 6 and 9, with 2-ft. high open air spaces, have 
/~...;: ....... O'-'-

the greatest negative 'J"alues which averaged about(j3_~~;~and -4300 degree~ 
.k 

days, F.~ respectively. Thes·s values are slightly less than the -5~0 

' degree•day, F., a~r freezing index but· greater than the -1215 degree- f.;A p 
day i F "» average value at the grassed surface area. This is attributed ~~ ~ 
to the- absence C?f a snow cover under these buildings in comparison to · ~~1A®11/ 

th~ grassed area. The air spaces of Buildings No. 7 and 10 were· skirted 

with boards th~reby restricting air circulation •. Building 'No,. 7 had an 
:-. ... 1-~oo 

ave:rage value of accumula,ted degree-days e'qual to about: ·1700 or con-

siqerably--less than ~ts non-skirted counterpar-t;, Buil4ing No. 6. Like-

\. : 

wise,. ·the average value of -3500 degree-days F .• ~ for Btii~ding No. lO 
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was less than the value for Building No. 9 even though the former build

ing had an air space 4-ff. high compared to the 2~f't. opening under 

Building l~ot! 9. B\lilding No. 8 1 with smaller air space openings than 
. . ~.,~~ 

e.ny other '!.uildin~, had an average cumulative degre~day ~ F., value. of 

' about ':""3000. This summation r·s! greater than the values for the skirted 

-
p~ovided with air-spaces indicate that the air-surface temperature cor-

rection factor, utiiized in frost penetration calculations, may vary 

con.siderably when the_ s:urface freezing index is- estimated from air tern-

' 

perature indexes, This is illustrated by the followingc (a) ·the data I .? 
for Building No. 7 with a skirted air space indicates a correction fac-

1 

•> ,f._V;: 

f)~v(. -. 
tor of approximately 1700/568'0 = 0._3; (b) skirted Building No. 10 

1 
~- - • l{i.,, 

t ~,...it 

yields a correction factor of 3500/5.CBO = 0.6+; and (c) with non-skirted i. j\'jt.,t:~" ~/tf' . I V,f'Jwtl 

BJ?aces, the values are 3000/5680 = 0. 5+. for the rather restricted open- ), t,._Qr~· i 
\: 

-ing under Building Noo. 8., 4300/5680 = 0.8 for the concrete slab under 

the air space· of Building No .. 9, and 5300/5680 =. 0.9+ for the natural 

·-. '"Soil urlder Building No. 6. 1 CJti~ ~i;;J:OOs that considerab/le~dgm~/t J 

is required in the selection o£:. an air-surface temperature corr~6tion \ 
/j 

f_actor for fros-t calculations beneath the air space of a con~emplated 

E;tructure ~~~ 

The. degree-days#- F~ S'Qllll'Tltitions. ~t the ground or gravel founds.-

• tion surfaces for the 16 April ~ 30 September period, shown in Table 6 1 

are significant in th~t they affect the thaw beneath the structures .• 
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• Reference is made to the air thawing index at Fairbanks I Alaska;J .which 

averaged about· 3250. degree-days, F., (See Table 1), and to the three 
-

grassed sur_faca point~ vnth average ·cumulative degree~days above 32~. 

of i860 •. Building No. 1 with a concrete slab placed directly on a 

gravel fill had the largest summation value. It is noted that the fill 

of this sttuctilre also had a positive cumulative value f·or the freezing 

season which indicate~ that the upper ground temperatures were alread,y 

high at the start of the thawing -ctsea$oil and remained high throughout 

th_e period. It is noted that Building No. 11 likewise had a high cumu-

lative degree-day value for the thawing season. 

The 16 April - 30 September p~riod sUmmations for the four 
- I 

building·s with built .... up wood floors on gravel foundations.6 Buildings 

No. 2# 3, 4 end 5, vrere similar with averages between 2300 and 3000 

degree-days'_, F o Building No., 4 which had. the ~loor insulation removed 

i~ ~r'anuary 1947 had the highest value for this building group. Since 

these values were all greater than that .at a grassed surf.ace ~ the thaw-

ing action would be expected to be more rapid beneath these structures 

than -heneath a ·vegetative cover. The values were somewhat less than 'the 

air thawing index. 

_The -summations in Table 6 .also indicate that skirting of build-

ing ~oundation air spaces has an appreciable effect on the depth-of thaw 

penetration& For example,. Buildi~gs No. 7 and 10., with skirted spaces,_ 

had. average vaiues of about 1960 and 2320, respectively; whereas I 'Build-
': ,·· 

·ings. No~ 6., 8 and 9; with non-skirted ~paces., haq. average values of 

about 3220~ 2870 and 3250 degree-days, F., respectively. These lat-

ter averages are about equal to or slightly les·s than the average air 

:. thawing index of 3250. This study i:p.dice.tes that for calculations of 
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• thaw penetration beneath structures: an air-surface correction factor 
1 
j 

of about o. 6 or 0. 7 should be used for skirted air spaces and about 

0.9 or i.o for non-skirted air spaces. The 0.9 value is for Building 

N~8 in which .the air space is of relatively small height 1 i.e.,about 

6-iri. as compared to 2-ft. for the other buildings. 

eo Temperatures in Permafrost. A great number of tempera-

ture readings were recorded in the permafrost beneath most of the build

ings extending to depths of 20 to 25 ft. With a maximum depth of 40 ft. 

(See thermocouple assembly locations and thermocouple positions on Table 

Noo 4). A study of these values shows that the depths to the perma-
.. 

frost table varied from about 3 to 18 ft. and in nearly all instances 

the recorded permafrost temperatures ar~ between 0 and -l.0°C. It is 
. . ' 

considered that thermocouple readings in the oil-filled pipes are 

least affected by conduction along the pipe at the time of change from 

the .thawing to freezing seasons or around 1 October-o Inspection of tern-

petatures in the permafrost depths at this time indicates. ·that the tem-

perature o~ the permafrost varies f.rom 0°c. at its upper surface to be- "" 

tween -oe5 and -1.0°C. at depths varying from 20 to 40ft. However 1 

the reliability of these thermocouple readings is not considered to be · 

sufficiently accurate to make more than such a generalized statement.~ 

4~0~e Degradation of Permafrost. 

ae General. The 9onstruction of buildings disrupted the 

previous thermal balance of the underlying soils., not only by changing 

the characteri,stics, of the surface 8 but also by provid-ing heat sour~es 

during the winter seasons which previously were non-existent. Although 

these heat sources were similar for many of the buildings,_ ground tem-

• : peratures were influenced differently due to the various types of 
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structural" foundations and floors. This change in the thermal regime re-

sui te·d· in a lowering -of· the underlying permafr9st table which, in turn, 

af~ect;ed the vertical movement of the buildings •. The position of the 

permafrost table, therefore, was located at various times throughout the 

investigation for correlation with building heave or subsidence. 

b. Permafrost Table Observations. The permafrost table was 

determined at each thermocouple assembly location from temperature re-

cords at the end of each year's thawing season( appToximately 1 ·October). 

··Depths to permafrost at this time are considered quite reliable because 

temperature gradients along the oil-filled pipe, as discussed in para

graph 4-02o, would be at a minL~um. The manner in which the permafrost 
. . 

table ( Q0 .BJ. isotherm) was interpr~ted from the temperat-ure records is given 

below, 

A yearly temperature ·tabulation was ·plotted for each thermocouple 

assembly· on 'one year by days' graph paper with time as the abscissa and 

thermocouple position or depth as the ordinate. Isotherms were then dre:wn 

to indicate the pene~atl.on-time rate of freezing or thawing temperature 

into the . ground. Some Judgment# however, was required to plot the ooc iso
> 

therm due to inaccuracies in· temperatur~ readings close to 0°C. ~ iee., it 

was found that, when thaw occurred do-wnward from t~e gr01J:t:ld surface, the 

te:mper·ature gradient above the thawing front wa~ about uniform. · The posi

tions of' the 1, 2 and 3°C isotherms., theref-ore, greatly aided in the plot 

of the 0°C isotherm~·, 

The depths to the permafrost table were further determined by · 

probings with solid rods and aUgers. which ~alues served as ·a check on the 

interpretation~ of the temperature datao These probings were.made in the 
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• sampling wells of Buildings No. 1 through 8, at the outside perimeter of 

the structures and at the building locations after removal of certain 

structures. In addition, test pits were excavated close ·'to. several build-

ings in 1949. These vario~ data for the probings and test pits are as-.• . 

sembled in Appendix A of this report. 

The permafrost t·able under each building~ as determined from the 

temperature' data at. the. end of the thaw period (1 October)~ is shown on 

Plate 6.between the'interval of 1946 and 1954, together with pertinent posi-

--
.tions determined by probings o 

c. Analysi~d Discussion of Observations. The trends of perma-

' ·.:--)-~" ~.'' • ~ ' •• , ~~ ' ....... ~" • • • 1 

frost degradation, or 1-acl~>o~i'~~-.~degr-adatron, below the various buildings is 

· :discussed and compared in the follo~ing paragraphs tq that observed at the 

grass . surfaced installations of Subarea No. ;. The depths -to the perma

frost table at the latter location~. installations B-101, B-103 and B-104;, 

have been determined both by study of subsurface· temperature plots and 

' 
probings as shown in Table 7. These data exhibit some inconsistencies 

due to 'difficulties tnhere~t in both methods of permafrost· depth determina-

tion with the· probing depths averaging about 0.5 ft. less than those de-

termined from interpretations of thermocquple readings. In general, -the 

depths given in Table 7 indicate that the permafrost table in the grass 

surf'aced area dropped from a depth of 4. 5 /ft. to about 5-.5 ft.. in the per-

iod from 1946 to 1951. 

The analysis should further recognize that some lowering of the 

p~rmafrost t~ble undoubtedly occurred beneath the buildings ·during the thaw-

ing season at the time o£ foundation construction. and building erection. 

This position is essent~ally the'l946 permafrost on. Plate 6 for Buildings 

~ No. 1 through 8. 
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• Building No. ·1. -·The yearly permafrost table positions beneath 

this building. indicate a. degrad:ation from about 1-1/2 to 3 f't. between 

1946 .~d 1947 and a continuing recession, between 0.5 and 1 f't. per year. 

from·l947 to 195lo This is one of the more pronounced records of perma-

frost degradation among the eleven structures. The thickness of the supra-

permafr.ost below. the· concrete slab averaged about 13 ft •. in 1951. This 

thickness represents 4 ft. of the river-run gravel foundation and 9 ft. of 
. \~ . .. ~ 

natural silt subsoil •. ~~k~S(' "~'';"'~\)L~*~,;-~~.,..~~.;;&t~·'<•-;;.; ~ 

. . . ~!t!'!z.t~~;~ble under this building is ,some-

what dish-shaped to the surface paflad on the total area of the building 

end the. s'ur'rounding ·gravel fill. ··The probings made 13 fto north and south 

from_th~ building. or just beyond the toe of the gravel embankment, en-

·countered permafrost on 8 September 1952 at a depth of 6.6 and 6.2 ft., . . . 

~,~sp.ective1y. This depth corres~onds t~ about 8 ft. from th~ top of ~~, ~ 

. . ~· ... g,._ .0 ·-"""' ~ t) 5" '"I ~ ~~~~ J v 4l 
gravel,:~_J~~~ T~..Q ~ --~~ 1~ ~~~1~'r'""c 
. ~~No ~ion of permafrost under this building 

was fairly steady betvreen 1946 and 1951 with a total degradation of about 

4 to 5 ft .• IJ or an average rate of about 1 fto per year. During the first 

few years P the depth t·o permafrost vras a foot or two ·greater at the south 

~dge of the b~ilding than at the north edge 1 but bee am.e more uniform in 

the 1at~r years. Vv'hen this building was .di·smantled in February 1951. prob-

ings indicated that the permafrost table was .slightly shallower than the 

1951 ·levels· as interpreted from thermocouple readings. There was a. slight 

dish-like shape to the permafrost table but differential elevations were 

less than 1 fto by 1951. The permafrost degradation below this building 

was ·slightly less than that under Building Noo 1 prior to 1947 but nearly 

• the same from 1947 to 1951,. 
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··· · Building No. 3 - The permafrost table degraded uniformly under 
-~~ ~ .· 

this structure and the surrounding· gravel. fill. If th~--permafrost table 
1 

~ 

is
1 
a:ss~ed at a depth of about 6 ft. under the sur-rounding grassed area, 

it would appear that the entire gravel filled area had a dished depres-

·' 

sion of about 4 ft. at the ti~e for the 1951 observation. In the five-

year period from. :'l946 to :1951 # the lowering of the permafrost ta~1e totaled 
. . 

about1 5 ft. or ~ .. ~ _an average rate of 1 ft. per year. More than half· this 

total lowering ocourred in the tvTO-year period from 1948· to·1950. Slight 

differences· occurred between the permafrost level at the south and north 

edges of the building., averaging about 0.5 ft. lower at the south edge. 

, _ · Building No.· 4 - Permafrost degradation under this building was 

similar to that of Buildings No.tt.• 1, 2 and 3. A total degradation o£ about 

4· to 5 ft~ .. ·ocour~ed.betv;e~n 1946 and 1951 with depths usually being about a 
\ I . 

~oct greater at the southern edgeo Probings made around this buildi~g in 
d . 

1952 indicated ·~-tn:at degradation occurred under the surrounding gravel em- , 

b~krnent an.d· ~ ts As;id~ JllOii?eS •. a~ v:_e;n _JS UlJ.<ter "jjhe nc:oflll'~a~ ~~~<je..N\6''- fl 
\ '-).5'\ ~~ ~vw~, ~ ~ \ ~- ,~ -~ ;t\M..·.~u~~ ""- ~ 

· Building No. 5 - A. rather. steady degradation of the permafrost r:;!~ 
took place under Building No. 5 and the surrounding gravel embankment. ~"LC~· c~'fd.. 

. • ~~~;1 
The t~tal . degradation was bout 4 to· 5 ft. in the period from 1946 to. 195i~r:4N 

This depth corresponds with that obser-fled under Buildings No. 1 through 4;~~~" 

ther~for.e 1 it .. appears that the 6-inch layer of cell concrete insulation 

did not hav~ any be;,neficial effect in retarding heat flow through the · 

·'gravel foundation. Probings ·indicated that the permafrost table was quite ..... · 

,_ leve'l tihd.er .:tl:le. ~P.. tire fi .1 . m~b.·,., -'-~-n, en,d buiad.tt:lg_ ar~ll.~in.l952.:~' s:~- ~--a.~ \~~ ... ,""t.L.. _ . . -=-.,-a:~;~"~,'-~ t~ ~ ~-f>r~~l A·~-~~ 
\o.J 0 ~-L.;.iQJ ·~ . . ~ ;tC; c ct.i.F,-~ . i \.f- ~t . .rv • '2. ll) /V.J v~ 
·~ega . .:.: @'" an 7 .. The permaf:rosit tab . ·under these struo- · 

tures sho-:wed no degradation between 1946 and 1950. The permafrost depths , . 

• averaged about 3~5 ft. and 5 ft.,_respectively ~ -under the ground surface -of 
. " 

·-.~::· 
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Buildings No. 6 and 7 in comparison to the 4.5 to 6.5 ft. depths observed 

,. under grassed s urfaces. It is noted that these two buildings were heated 

:-'_only through the freezing season of 1948-49, and field observations up to 
-. ·' 

that time indicated that the building heat had no effect on the ground tern-

peratures. .It is considered, therefore, that greater degradation was ap-

parently prevented by the ~uilding shading effects. 

The_ pro?ing depths shown for Building· No. 6 on Plate 6 may ap-

pe.ar misleading when compared to the permafro_st tables, but, as indicated 

· ther~on, -th_e probings were made in JUly 1952, or about twelve months after 

removal of the building fTom the site. These probings show that permafrost 

degraded several feet ~~thout the shading effect of ~e building. A some-

what smaller increase in permafrost depth i.s indicated after removal of 

Building 'No. 7 and it is assumed that a depth of 6 or 7 ft.~ could be ex-

peoted by September 1952. 

Building No •. 8 - Permafrost beneath tpis structure was similar 

to that at Build~ng~ No~ 6 and 7, i.e., ·there was no marked degradation 

and the permafrost table was at a depth of about 3.5 to 5.0 ft. between 

1946 .and 1951~ The similarity of the permafrost table plot for Building· 

No. 8 to those for Buildings No. 6 and 7 on Plate 6, as well as on Plates 

8 and 9~ depicting seasonal-frost and thaw~ leads one to conclude that good 

air circulation was possible in the atr space. about 6 inches in height, 

provided-when leveling the floor system of this building. 

·The July 1952 probings shown for Building No. 8 should not be 

used to verify the permafrost elev-ations determined from thermocouple 

~ ·. 

reading~ as .. · those depths ·were es-tablished about l..() months af1;er the struo;;.. 

ture was destroyed by fire. The· probings do indicate, how:ever 1 that the 

• permafrost table probably degraded at the end of the 1952 thawing season 

to a depth of·5 ft. or more. 
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Building No .• 9 - Plate 6 indicates +:hat the permafrost table was 

very stable under the north portion of. this building but a ,steady degrade.-

tion occurre~ close to· ~he south side of the building at the location of 
. . 

__ ,the. ~hermocouple assemblies designated as B-9c and B-9d •. Since a 2-rt. 

high open air space was provided between the floor·· of this building and 

' ' ' 
the gravel foundation fill. the magnitude of d~gradation indicated would 

nqt_ be expected based ·on reasoning from other observations. It is be-

. lieved that· lowering of the permafrost table at this location and at the 
' . -) ' . . .. 

south edge of Building Noo 10 was· caused by the· concentrated flow of 

~round yvater in th~ "t"t&b~ ,...-dc.~i::Qse channel constructed a:long the access 

road just south of· Buildings No. 9, 10 an:d 11 as shown on Plate 1. The 

natural .flow in this drainage course was further augmented by discharge 

from an uncontrolled artesian well prior to 1948 and'between August 1948 

and the wint~r of 1950-51~ It is judged that this flow of water, which 

was e~timate.d to be about 200,000 gal. per day, thawed a: channel in the ·. 
. . . .permafro~t· clos·e· to Buildings .No. 9, 10 end 11. The permafrost levels 

:shoWn in Plate 6 for the north portion. of Building Noo 9, _therefore 1 are 

considered to be normale 

The permafrost table at the center of Building No. 9 has stead-

.i~y positioned at· a 10 ft. depth or about 3 ft. in the silt subsoil under 

:the, ~ravel fill foundation. A probing 4 f't. north of the building edge 

l:ndicated that this c~nter depth represented a depression of about 2 or 

3 .i't4) in contrast to the adjacent. 'area unaffected by the concentrated drain-

~g~ w~ters. 

Building NC?!.-l:£- ·The permafrost table beneath Building No. 10 

has shown very li ttie change in position except at thermocouple assembly 

. B-lOd located just south of the building. At all other locations, depths 

4o 

f.~, --



• of about 4.5 fto ~t the center o.f the bUildirig 't;o about 6 ft. a.t·.th~ edges. 

·have occurre,d.each· yeflr. Temperatur·e i,nterpretations at location B~lOd 
p [;/'<(; . 

c . .¥fi.".,...b~ 

are somewhat difficult, but -=thi-s data together v:with 'the probing reco,rds~ 

indicate a pronounced dr~p in the permafrost table level to a depth of 

about 12 ft. ~ear the. south edge of the building. Spme data are at vari,. 

ance with the·se findings • namely, the curves derived from the temper ~tur e . 

data of 1949 and 1953 and a· probing in November 1953. It is considered 

that this drop represents a trench in the perme.frost caused by the heavy. 

flow of vwater from the artesian well., as discussed above for Building. No• 

9. Probings in September 1952 · indica.t49d that t.his channel was· deepest at 
' . : 

about the loeationof' the thermocouple assembly_, and at locations more than 

10 ft. from th~ sohth edge of the building, permafrost was at a depth of 

less than 10 ft. ·It is· considered that· t.h~, ~ev~~t;~· ~d~~ the· north po~tion 
. . 

of Building No• 10 ·show the normal $~~1:1atio:n for this type of f'ound~tion~ 

It will be noted that the depths to permafrost are abo~t the same·as those 

£or Building Nc;>. 9; thi~ would be expected as both buildings have fi skirted ,,· . . .. " . 

air space over ~~t~a~ g~ound• 

Building No. 11 .,. It is also P?ssible that the oonoentra.te4, f'+ow 
. . 

of' ground wat~r·ha£S affected the degradation of' p~rmafrost tmder th~ ~South 

por;tion 'or Building No. n: _The .r~:·~egrade.tion tr«te; llll.4 ··.·. 
·' ' 

~ . ·:,.:,.~;- ~ ' 

north portion. of the building ·&q~.al:red- about 4 to 5 f't. in the f'ive~y~ar 
b·\C..Lk~~ ' . ' JAAAI\ 

.peri·od or at about th~ samel:··· .. as exhibited .beneath Buildings No. 1 

.. thr'ough 5. This indice.tes that the hollow clay tile ducts in the qoncrf)·te 
: . . . . . . . 

floor did not provide sUfficient area for air ciroulat~on to prevent d.egra-

dation~ . The thaw u!tder t~e c<ihter of BlP.lding No. 11 at the end: of ~;!;ears 
• extended about 1~ ft. i~to the silt foundation soil as experienced at the 
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• center of Building No. 1. .Probings made outside the building limits- in '5'>!\''tt.(}l\\;,.~ 

• 

·1952 indicated that the permafrost ·depression was dish-shaped m Septenieer 

.l~with depths to permafrost being about 7 ft. at 16 feet or more from 
I 

this buildinge 

d. Observational Summary. Heated struc·tures with floor systems 

placed directly on gravel foundation fills caused _·permafrost degradation 

-
in the underlying silt subsoil at a rate a.pprox~mately equal to 1 ft. per 

year ·for a five-year period. Thill is illustrated by 'the curves shown on 

Plate 7, which represent the permafrost elevations approximately at the 

-centers of' Buildings No. -1 through 5 and No. 11 shown on Plate 6'. It is 
- -

realized that the permafrost table was not entirely uniform under the 

buildings, but these curves_ are considered to give a general indication 

of the rate of degradation. The slopes of the curves further indicate 

that degradation of permafrost would be expected to continue beyond the 

five=year period of observations at a rate perhaps slightly less than that 

for the first five years. 

There was no appreciable difference in the rate of permafrost 

degradation beneath gravel fills varying in thickness from 2 to 6 ft •. 

" 

,This type of foundation will not prevent degradation for the observed-

range ot depths and probably even greater depths~ 

The rate of degradation was not particularly different for -struo-

tures with concrete ·slab floor~P insulated wood floors, and non-insulated 

wood floors R ex<:H~pt that the depth of thaw ~nto the silt subsoil averaged 

about 2 ft. mor~ under the concrete slab type of flc:>or in th~ five-year 

period • 



• Comparison. of degradation beneath Buildings No. 2 and 5 in,.dicates 

that the use of cell qoncrete insulation in the foundation fil! has little 

if ·any effect iri retarding thaw penetration. 

Degradation of permafrost under buildings can be prevented with ~~~ 

an air space under the floor to permit circulation of outSide air. The !/, ,. 

height of this ai:i- space does not have to be vary great as illustrated by ( ~ 
the results 6f Building No. 8. The 6 in~high o~eriings provided under this~~~~: 
building when leveling the floor stringers prevented degradationq 

The:degradation of permafrost under buildings of the size used 

in this study is fairly uniform under the entire building.area. Di~ferenoes 

in depths to permafrost rarely exceeded 1 ft. (The difference~ attributed 

to the 'flow of ground water at Buildin~s No. 9P 10 and 11 are not considered ~ 

as being a normal case). Depths to permafrost on the south ·side ·or a build-

~ng maY: be slightly greater thap those on the north side. 

Where a buiiding is placed .on a gravel fill which extends at its 

fuli depth several feet outside· the edges of the bUilding~ the depression 

of the permafrost table Else extends below this full depth of fill. 

· 4.:.04. -Se.as.onal Freeze and Thaw. 

a. General.· The important thermal. changes in the soil'under a 

structure consist not·only of alterations to the permafrost table but also 

seasonal changes represented by the shallow freezing and thawing of soilso 

To investigate the pattern of such temperature changes 'in the foundation 

soils of the 'eleven test buildings; the progress of freezing and thawing 

beneath and arO'Uild the· structures h~s been studied for the freez1ng season 

of 1950-1951 and the thawing season of 1951. ·since Buildings No. 6 and 7 
I 

I 

• were not heated after the winter of 1948-1949·, the freezing s~:a~~n of 1948-

1949 and the thawing season 9f 1949 have been analyzed for these· structures. 
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• Although the freezi,:ng and thawing patterns varied somewhat from· year to 

yee.r:; the above years selected. foi- stUdy are considered representative 

•• 

and suffioient to p_ortray the differences in the temperature patterns of 

the va.riou.S foundatiori designs.o. 

The progress of seasonal frost, shaw.n on Plate 8,-has been d~ 

- termined at. approximately monthly- intervals from October to March froi a 

study of the individual isotherm plots referenced in paragraph 4-03b.. The 

March. o·u..-rye represents about the maximum penetration of. the 6°c isotherm 

although the ~nd of the freezing season is normally in the middle of .April-. 

The progressioil.. of -seasonal thaw is shown on Plate- 9.-

b. Analyses and Piseussion of Observations4 The seasonal freeze 
' . ' . 

and thaw are discussed below fo7; each b1.1ilding •. 

B¢lding No. 1 ~ Seasonal frost did not penetrate anY a.ppreoi-. 

able distance beneath the concrete floor slab. The 0°C isotherms on Piate 

8 show a_ s1igh_t pent3tratio:ri under .the perimeter of the building, but these 

isotherms are merely a m~tter of ju(igrn.ent as temperatures were not recorded 

between the th~rmocouple assemblies at the inside and.outside edge of -th~ 

building. !t appears that heat loss through the 4-in. concrete slab was 

adequate to prevent penetration 6f freezing temperatures for any appreci

able distance into the gravel fill tinder the slab. ·Beiow freezing tempera-

- tures- were occasto·ne.lly recorded for short periods at thermocouple assam-

blies B~lb and -~-lo-. corresponding to the times of ·heating system failures~ 

but . thes~, temperatures are not considered as being· s:lgnificant. 
. - -

The _thawing bf ·s_ea~onal frost around BUilding No~ 1 ·occurred 

. quite :rapidly. By the ·middle of May·. there was o,niy abo.~t· a foot of silt 

subsoil at the, B·~l~ and. ~~ld ~ssemblie·s -rem~ining in the frozen state but 

this thawed -completely be:t~~e ~he nuddte ·of JUnEi,. 



• 

• 

Building No .• 2 - The insulated i'loor of this building retardeq 

the flow of heat i~to the. 'Ultderlying ·foundation soils •. Plate 8 indio ate~ 

that frost. penetrated the gravel fi;l end about 2.5 to 3.6 ~t. of the silt 

subsoil; .~ residual thaw zone .remained above the pe:rma.trost table.. This 

zone . extended .. about to th~ toe of the gravel fill. 

Thawing of the. seasonal frost started earlier on the south side 

of the building. than on the north sid~. The gravel fill 1vas entirely 

thawed by the middle of May Emd seasonal fr~st was entirely thawed under 

the building by late July. Further penetration of building heat into the 

subsoil_. during the remainder of the tha~ng season would result in perma-

frost degradation". 

Building No.·. 3 - The penetration of' s~asonal ··frost beneath Build

ing No. 3 is intermediate between that of Buildings No ... l and 2. Frost deJ 
not penetrate into the gravel fill ~d silt soil under the center of the 

building~ but d~d extend in beyond the two thermocouple assemblies located 

2 ft~ insid~ the building edges. This is riot' a typical pattern as there. 

appears to be different patterns for other year~, i •. e. , the entire .gravel 

fill benea-th.the building froze in' 1947-1948. Flow.of heat through.the 

floor of thi's building thawed the seasonal frost under the. structure early 

in April. Frost in the silt underlying the gravel fill adjacent to the 

structure h~d thawed before the middle -·or ~une• 

.J, . Building No~ 4 - The thermocouple. temperature data. of Building 

No. 4 are somewhat ir-regular and' ~iffioult to interpret.. It appears that 

seasonal frost penetrated oply into the foundation soils at the building 

perimeter. Ground freezing temperatures were fir,st recorded within the 

southern edge in Febr~ary ~d.- March.~ 
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• Seasona~ thawing of the· frost penetration took pia.ce .:from the 

cen~er outward, indicating heat flow from the floor to the atmosphere. A 

residual thaw zone was noted ·at the building.· edges similar to Buildings 

No. 1 and 3. 

Buil~ng 1-Io• _2 ~ The entire . gravel fill under this .building was 

completely frozen in February as shown on Plate 8. · ·This uniform penetra-

tion is· attributed to the nine day heating system failure ·late in January. 

A month later, . "however.: a portion of the foundation fill was· thawed be-

neath the center of the building by heat loss through ·the floor. It .is 

assume·d that frost penetration would have been similar to Buildings No •. 

3 and 4 if the heating system had not failed. , .A residual thaw zone was 

present under the entire building. 

The March and April thaw was downward and outward from the cen-

ter of the floor •. It is difficult to ascertain the effectiveness of the 

6-in. layer of eell concrete in the gravel fill from the ·-available dat$.. 

Buildings No", 6~ 7 and 8 - The- seasonal frost beneath Buildings 

No~, 7 end 8 occurred qui:te. uniformly from the natural ground surface to 

the. permafrost t1,3.ble6 .rt can .be noted that frost penetrat~d slightly .faster 
. . 7 

· outside the skirted area of Building No. ~ The suprapermafrost was ~om-

pletely .refrozen by about January for· auildings No •. · 6 and 8 and late Febru-

ary for Building No •. 7~ Thawing also progressed uniformly during the thaw

ing season as shown on Plate 9. The air . space under these buildings gave 

a fairly uniform air temperature distribution under the structures~- which · 

resul t~d in the uniform free·;ing and thawing patterns in the· natural subsoil. 

Building No. 9 .... _ The frost penetration through the· gravel fill beneath 

• the ,concrete fo:mde.tion slab of BIP.lding No. 9 we.s very re.pid b"'into the 

underlying ~i.ltt.proceeded more slowiy: The seasonal frost reached permafrost 



• under the northern half' of ~ building dui'ing Deceinbei-; but il.t the sdhth"" 

ern edge; where permafrost was deeper· ... freezing wa.s _not completed until 

about March~ Thawing was rapid in the gravel and deepest iri the silt at 

• 

the south side of the building. This is attributed to the concentrated 

flow of groUnd water as previously d~scussed~ . 

Buildi-ng No~_!£ .;. Seasonal freeze and thaw beneath this build-. 

ing ·proceeded in mU:ch the same manner as under Building No. 6 exeept that 

the deep· treneh of thawed soil at the southern edge did n'ot completely re-

freeze~ leaving a small pocket of residual thaw• The rate of thaw was 

fairly uniform althoUgh slightly slower under the building center in com

p_arison. to the o~ter. buft;lding tire~~-

Building No~ 11 - Freezing penet!ated inside the edge thermo

couple ~ssemblies but' did not underneath the cente~ of the building~ Freez~ 

ing was ·confined to the gravel fill under the north edge of this building 
' ' 

but at the ,south edge penetrated. through the gravel fill and about a f'oot 

or two into the silt subsoil• An appreciable dept}l of residual thaw 

existed beneath the sides of the building. Thavring occurred downward end 

outvrard. be~eath the b\lilding ·with seasonal frost completely thawed· by July •. 

o. Observatl.onaf Summary~ The eleven buildings may be· divided 
,. 

into ·the follovring two distinct groups on the basis_ of the pattern of sea-

sonal freeze and thaw: · (1) Seasonal frost always penetrated to the perma

frost table under those buildings viith an ~ir space beneath the floor,. 

nam~1~ Bui1dirtgs iTo~: 6-, 7/ a, 9 and. 10; .an exception to this statement was 

the small pocket of residual thaw at the south edge of Building No. 10 

caused by. the unique gro\llid water flow, fttJ.d (2) residual thaw zones were 

~fesent uride~ b~ildihgs Without air circulatioh be~e~th the floors; the 
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.J: r:esidual. thaw zones extended beneath the gravel fills. around the .out-
. ............ ,':_· 

sf~~- of the buildings_ 

The insulated wood~n floors~ supported on the gravel foundations 

by mud sills, retarded the flow of heat in some instances so that the gravel· 

fill froze completely. In, most cases~ however, seasonal frost did not pene-

trate under the center of the floor, but only a few feet in from the sides. 

The non~insulated concrete floor slab of ·Building No. 1 appeared to prevent 

frost penetration inside the edges of the building. 

The use of a gravel fill under an insulated wooden floor did not 

prevent the penetr~tion of frost into the underlying silt subsoil~ In most 

instances~, frost penetration into the silt was under the edges of the 

building~ but oc()a.sionally a depth of silt froze under the entire building 

area, 

V~ere frost ~id penetrate unde~ the edges of insulated wood~n 

floors~ it was commonly thiiwed by heat flow thro·ugh the floor before the 

start of the thawing season~ 

There does not seem to be any ~-s~gnific ant· differences in sea-

sonal freeze on the :p.orth and sou.th sides of a building. Thawing starts 

earlier and progresse~ fs.ster at the south edg_e of a building in compari-

son to the north side.. Seasonal frost may be completely thawed about a 

month earlier o~ the south side. 

4~05o Vertical Displacement. 

a~> General. The heave and subsidence o-f the four foundation 

corners of Bt1ildings No! 3-.through 9 and 11 were measured at selected in""'· 

tervals to determi~e/the relationship between changes in the subsurface 

thermal regime an~, seasonal and yearly vertical d:lsplacements of· the build-
/ . 

ings. These meS:Surements ·~e shoWn on Plates 10# 11~ 12 and 14. Sami~annua1 
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observations.were also initiated in the spri~g of 1953 on interior points 

of Buildings .J:Jo. 1 ·and 3 to observe the warping of these floors. The move-

ment of 17 foundation piles supporting Building No~· 10 and the corner posts 

of ':the two porches were a1.s<? recorded monthly as sho·wn on Plate 13. 

The zero point in _the vertical scale of the above referenced 

plates repr.esents the original level of each position at the time of the 

initial ob.se.rvation ~hartly after completion of construction. Positive 

·va~ues .signify· heave and negative values., subsid~nce. 

be Resume of Displacements - A brief resume is given below on 

the· observed, heave and subsidence of the structures .• 

Building No. i - The. four corners of. the concrete floor slab -~ 

settled uniformly until midsummer of 1949 with very little tilting of the 

slab and·a .. net settlement of about 0.3 ft. Subsequently, the subsidence 
\ 

'at·the corners was irregular in tne summer months and :resulted in pro-

ilounced. floor tilt-ingf-l A difference of. 0.~5 ft. was recorded in November 

1951 :Oetween the elevation of the NE and SW corners. ·serni.;.annual readings, 

. thereafter~ have sho-vvn that this difference increased to o. 76 ft. in SeP-
. \~ . 

tember 1954, with the SY-( corner more thari 1.5 ft. below its original. ele-

vationo 

Building No. 2 - Seasonal hea-ve and settlement occurred in a 

:cyc~e approximating a sine curv~ with an ~llplitude of about 0·•1 ft;. The 

_recorded tilt of the floor was 0.1 ft~ in December.l951 and the SW corner 

· subsided ·Oe2 ft. from the original posi t'ion. 
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Building.No. 3 ~ Seasonal heave and settlement followed a curve 

approximating a sine curve with an amplitude of 6.2 fto Practieally no 

net settlement o-ccurred until the sunnner of ·1950. · Thereafter • settle-

ments of about o·.2 to 0.5· ft• til ted ~he floor more than 0.,3 ft. Monthly 

.readings were discontinued in December 1951. Observations made in late 

September 1954 indicate a continuing settlement with a maximum subsidence 
. . \ 

at the NE corner of 1.0 fto; tilting between this point and the STJ corner 

'\VaS 0.46 fte 

Building Noo L~ - Movements of Building No • 4 until October 

1950 were essentially seaf?onal heave and subsidence of about 0~05 ft •. 

v1i th a net settlement of about 0.15 fto in the four-year period. A tilt-

ing ·or·Oo2 fto occurred the following year and level readings in September 
J • 

1954 indicate that settlern:ent became more pronounced with a maximum sub

sidence of about 0.96 ft. at the NE corner and a tilt of o.4 ft. 

Building No~ 5 - Oscillations in level approximated a sine 

curve haV:i.ng an amplitude of about 0.2 fto· VJi th settlements exceeding 

heave so that a net dovmward displacement of' 0 .• 35 ft. occul:"red by 1951. 

Level readings made three years later in S~ptember 1954 shmy a settle• 

ment·of 0•.83 ft. for the NE corner and a tilt of 0.23 ft. 
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Buildings Nos. 6, 7 an:d 8 - The displacement of these three 

buildings was in the pattern ·of a sine curve with amplitudes of about 0 .• 3 

or o.4 fto Building No o 8 had slightly lower values in 19L~7-48 and· 1949-50~ 

The net displacements between 1946" and 1951 were. settlements of about 0.1 

fto for all. three buildings.. Tilting of th~ noor was about 0.1 ft. with-

out any sig~ificant change fr·om year to year., . 

Building Noo~9 -·variations in level followed the pattern of a 

sine curve with an amplitude of about 0.15 ft. and·a net dovmward dis-

placement of about 0.1 ft. b.et'vveen 1947 _and 1954. The amount of tilt . 

showed. a gradual increase to a difference of 0.2 ft. in elevation of 

the- l\i'E anO. SV{ corners in 1954. 

· Building No~ 10 ·- Vertical movement observations were taken on 

17 of the f-8 foundation piles -und.er this building and on four posts 

under the two porches. These data, sho~vn on Plate 13, indicate a pile 

displacement of about 0~05 feet, exc~pt for Piles C, Ivi, vi and Y, after 
. ' • l 

some minor movements in the first three months of observation. 

. -
It is reasonable to assume that ·most of the piles supporting 

this l;?uilding were frozen in bond with the permafrost thereby precluding_ 

seasonal movem~:nts ·by freezing and ·thawing of the supra:r>ermafrost.. The 

seasonal ~ispl~cements of Piie C with ·occasional subsequent settlements 

indicate that possibly heat from undergrqund water flow near the south -edge of 
\. 
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~ this building prevented adfreezing of the pile into permafrost. Seasonal 

frost could then heave this pile each year and frictional restraint pre-

~ 

vent subsidence. Pile M; located on the south side of the quilding and 

about 8 ft-o east of Pile b, may have had a similar action during the win-

ters. of 1948 and 1949 but, thereafter, appeared stableo: 

Plate 13 shows 'that Pile V~ settled about O.l ft. in the summer 
'-

"of 1949 and remained relatively stable after 1951.· Th~ .displacement plot 

for.Pile Y also shows irregularities in performance near the end of the 
'· ' . 

1948•1949 ·and 1952-1953 freezing seasons. The reason for the. sudden heave 

or settlement recorded for these two piles is not readily apparent; it is 

believedthat the inaccessibility of the piles for level measurements may 

have resulted in erroneous 'readings of the reference points. 

The short posts supporting the two porches of Building No. 10 

were placed to a shallow unrecorded depth in the suprapermafrost. The 

displaQement-time qurves for these posts, labeled R, S, T and U on Plate 

13, indicate net displacements as great as le2•ft. in six years. These 

posts heaved ~bout OQ2 ft. e~ch year with practically no settlement during 

the thawing seasons. 

Building No. 11 - Relatively small displacements occurred in 

Building No. 11 prior to the sunnner of 1950, but then the structure set-:-

tled each .summer an_d remained statio1;1apy duri~g the winter months. Pro

nounced tilting of the floor slab was evident for this_· structure1;;:;:;:,-·;~ ele

vation difference. of 1.0 ft~~~ between the_ NE and SW corners was .rec.orded in 

June 1954 with a maximum displacement of l.~4 ft. at the SV\f corn.~r. 

c. Effect of Displacements on Buildings. The vertical dis-

placements at the building corners res\llt~d in some damage_ to the varioUs 

elements of th~ buildings, i.e. 1 cracking of flo'ors and wa:J_ls, opening of 
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·- .cracks between floors and walls~ etc. These observations are described 

in the followi-ng paragraphs. 

• 

Buildings No~, 1' through 8 were constructed of prefabricated, 

fibre-:-board panels that could adjust themselves to some displacements with-

out. d~trimental effects~ There was never sufficient displacement of the 

ytalls to· prevent usage of the buildings during the life of these structures. 

The foundation .settlement of Building No. 1 was sufficient to 

cause. considerable distress in the concrete floor slab as evidenced by the 

surface cracks radiating fr.om the probing well. The pattern of these cracks 

is shown on Plate 15 for AugUst 1952o Differential floor .settlements in 

May 1983 ·resulted· in separations up to 2 inches in height between the walls 

.and the -floor .. at the middle wall sections o Figure 13 is a photograph of 

the. segregation at the west wal+• 

The wooden-floor systems of Buildings No.2 through 8 endured 

. -
without structural distress differential displacements of Oo2 ft. and .a 

ma.Xi~um. of Oo35- ft. for Building No. 4 in November 1953. The annual 

hea":~s of' 0.3 ·to 0.4 ft. recorded for Buildings No. 6, 7 and 8 moved the 

ent~:re floor ~ystems uniformly so that serious wall openings did not de-
1 

velop in_these structure~. Building No., 3 had a maximum displacement pf 

0.9 .ft, in November 1953. and suffered_ separations at the south we.l,l in May 

1953 i~ shown in Figure 14o Field reports note oRenings in the fibreboard 

wall panels prior to the time this strtic~ure was· dis;mentlea .in September 

1954. 

Building No. 9 has shown only minor indications of structural 

strain. The August.1952 in-terior inspection showed only five cracks in 

the plastered walls betweep the Window casings and the floor or ceiling 
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and that all doors functioned f:ree~y.__ A number of hair cracks were found 

in the concre-te- foundation but mostl!. in the upper ::,1lab. These cracks did 
. -

not- appear_ to be important in a structural sense and are attribut-ed to tern• 

perature stresses in very·, cold weather. 

The effect_ of foundation movem~?ts on Building Noo lO was fi~st 

noted in. late -1947 by the .. appearance of cracks in the south sid,e walls~ 

This '!Jiias probabiy due to the. initial heaves of 0.1 fte -or less at the 
. . 

- three corner pile~ .• A~ B and C.,· shown· on .Plate 13. Following· this initit=il 

movement and leveling· of the building with wedges~ further heaving of Pile 
. . . 

' ·.· ·. _.. . 

c' under the southwest corner caused· alm?st continuous cracks within the 

walls of the building~ doors malfunctioned after repeated repairs and sepa-

rations occurred in the double vyfndow casings •. T1te -building was. then leveled 

by o\ltting o_ff portions of Pile C and Pile M. IJ?- August 1952 e~ghteen cracks 

were counted in the interior walls chiefly adjacent to windows and doors. In .. 
spite of the vyall d:'.stortion·, · however# there was only _slight vya.rping of the 

fi'oors and a separa·i;ion of about one half inch- occurred bert~vreen some lengths 
. . - - ' . . ~~: 

of baseboard and the floor •. ve·rtical displacement o.f the posts· supporting 

the·two.porches cauEed.the porches to_ become greatly.d~storted.neoessitat-

ing repairs and adjustments at frequent int·ervals o 

In spite of tha appreciable settlement and tilting that took place 

-in Building Nco 11 1 the concrete slab showed no visible cracks in the in

speo.ti'on of August 1952 and the g~age doors have· alw~ys worked freely but 

rather loose-fittir.g~ 

d. Observational Summery. 
I ·. . . 

Buildings ~upported by posts md. pads 

or mud sills founded-on _the natural silt soil and w-ith-circulation of air . . ' . ~ ·. . . . ' 

beneath the- flo.or underwent a seasonal heave an~ settlement of about 0.3 or 



• 0.4 fte ~ with practically no progressive or net change in· displacement 

over several years. The movement of these buildings was fairly.uniform 

with no tilting or severe strain in the floors or walls• 

Buildings founded on gravel fills without air spaces under the 

floors were subjected to le~ser seasonal heaves than those with the· air 

spaces~ but shovved' a progressive settlement over· several years.. The set-

tlement in some instances ca:used pronounced tilting of the floors_ (as 

much as 0.7 ft. iri. a 16-rt. square- structure) B:nd caused openings between 

the floors· and "V~Iall panels. The progressive settlement of gravel· fill 

foundations and its associated damage a:re more serious than the effects 

of seasonal heavi~g• 

Buildings with insulated wooden floors on gravel fill founda-

tions gave a much better .performance than concrete slab floors on similar 

fills. The maximum amount of settlement and the tilting were appreciably 

greater for the slab-type floors. 

Building No. 9 with both an air ·space under the floor and a 

·gravel fill foundation, had good stability. The seasonal heave~ pro-

gressive settlement and amount of tilt were all only about 0.1 or 0.2 

ft. in six years. No appreciable structural strain damage occurred in 

the building·~ The rigid ·type of concrete foundation u.."ldoubtedly attrib-

uted to this excellent perform~ce but the combination ·of the air space 

and gravel' fill ~e also ::con~idered as important factorso 

A b~ild:lng founded on piles#· ·supposedly anchored in permafrost J 

and with ari ai~eS:th the floor • ·had considerable oracn.ng ~f walls • door 
1 

'1\ . . . 

jamming. and similar actions due to the:vertical movement of one or two 

• pileso The importance of bonding all piles to permafrost beneath a structure 

was demonstrated in this instance,. 
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4-06., Corr~-~at:~.?n of Ground Surface Temperat':il"es·, Degre.dation of 

Permafrost., Seasonal Freeze and Thaw J and Vertical Movements. 

a. General. The data on temperatures and freezing. and thawing 

presented in the previous paragraphs are inter-related and in substantial 

agreement "With one another:~ For example 1 the positive cumulative degree

day'· F., suim:nation at the surface of the gravel foundation for the freez

ing season, the lack of seasonal frost under the concrete floor slab, th;e 

apsence of seasonal heave j the rapid seasonal thaw, the ·continuous degra-

dation of permafrost and the net downward movem~nt of Building No. 1 are 

consistent felationshipso A correlation of various factors.., as indicated 

for the test buildings 1 is presented in the following paragraphs.~ 

b. c·.a.lculation or' Depth of Permafrost Degradation.. Methods for 

calculating .the depths of the:w, based on heat transfer princip!:t. that 4 
. ·, 

may op·cur under· b-uildings in permafrost areas are contained in Chapter 6, 
; . ~ 

entitled, ucaloulatiori Methods for the Determination of Depths of Freeze 

and Thaw in Soiis":., Part XV, Arctic and Suba:rctic Construction., Engineer-

ing Ivlanu?-1 for Mi~itary Construction, dated October 1954. Since these 

~od~ are si~plified procedures in which only the factors of predomin-

~ influence are taken into account. the field data recorded in this 11 
building fo.uridation stu~y :afford a means of checki11g these procedur.es for 

use in suba;rctic conditions similar to that at Subarea No. 3 of the Penna.-

f~ost .Research .Area. 

V[here the floor of a heated building is placed directly on fro

zen ground, thaw· depth. calculations may be determined approxi~ately by the 

foliowin,g equation for ho~oge1;1eous soils and taking into, consideration the· 

ther~al resistance of the floor: 
h =·j 48~I 
.·: \1 L 
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where: h =·depth of thaw in feet 

- k =. coefficient of thermal conductivity of thawed 

. soil in BTuf~q.ft:x.~./r~. of thioknes~ 
obtained from Figures 3 and 4 of Chapter 6. 

I= surface thawing index-in degree-days F. The 

surface thawing index is replaced by the prod-

uct of time in days and the degrees above 320f. 

of the building temperature. 

L = volumetric la1;ent heat of soil, in BTU/cu.rt. ~ 

as given in the expression: L_ = lo44 wd in 
which w is· the moisture content in percent of 

dry weight end· d is the _ d:ry unit weight in pcf. 

If the underlying soil is composed of more than one layer, then 

-the depth or"" thaw may be computed by determining that part of the surface 

thawing index required to. melt the ice·in the voids of each layer. The 

difference between the surface· thawing index and the summation of the par

: tial thawing indexes down to the final layer may be applied in en equation 

: t~ solve· for hn, -the thickness ,of thaw· into the final l~yer. - The sum o~ 

the thicknes-ses of all layers thawed yields the depth of thaw. The partial 

the.wing· index required to melt the ice in the top layer is: 

whe_re-: 

Ll -hl .. Rt . 
I1= _-- 24 (2) 

. h1 . = thickness of. s-o11·1ayer i~ feE;tt -

- _Rl =thermal-resistance of ·soil layer= hl 
kl 

The p~tial thawing- inde~ require d.-to meat the ice in the second layer is: 

57 

\ 



• The partial thawing index required to melt the ice in the nth layer is: 

• 

I = Lnhn (~ R + 2!n )· 
n ·24 · <:.. · 2k 

.· n 

The summation of the partial indexes is equal to the Rnnual thaw

ing· index of the surface. The total depth of thaw is h1 + h2···· .+n.n. The 

depth of thaw hn may be equal to or less than the actual thickness of the 

nth layer dependi~g upon wh~ther qr not the last soil layer is.oompletely 

thawed •. 
. . ~ .... : . ~. :' .... •:: 

The manner in which the layered system equation can be e.pP.lfecf 
:'!~~('.: . 

to the ·investigational buildipgs placed on ground m~-be illustr~ted by 

oalculati.ons for Buildings No. 1 and ;. These calculated thaw depths for 

five years;~ shown on Table 8 and 9, do not tak~ into account edge effects, 

which would be important ·for small buildings, and ~e based on an approx-

imated air thawing index at the interior floor surface. This latter value 

was. derived for. a full year by (1) calculating the thawing index (I i ) 6-

inches above the floor·surface from the assumed average interior air tem-

perature of 17 .6°C. (See paragraph 4-02a., Interior Temperatures}: for the 

period 1 October to.l5 April, which corresponds about to the freezing sea ... 

son~ ( 2) adding t_o_ this index the average outside air thawing index (Ia) 

between 1947 and 1951 shown on Table 1, and (3) applying an ass .. umed cor

rection factor (Cs) to determine the thawing index (I1) at the'tnterior 

floor surface. 

I~~. :IJ = ~Cs (Ii + I a) = 0.,9 [ (17 ~6 x ~ x 195) + 3250] = 8490 degree- f 
days~ Fo 

These depths of thaw indicate that the ealoulated permafrost deg

radation in five years under Bu~ldings'· :No." 1 and 3 ," 12. l and 9.8 ft. • res.;. 

peotively~ is.more than twice the values. faun~ by probU,.g~ 5.6.and 5.5 ft.~ 
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~ ./espectively. Apparently~ it is erroneous to assume unidirectional heat 

~ 

flow from the floor surface to the permafrost table throughout the en·tire 
I 

year under these structure.~ and consideration must be_ given the influence 

of ~dge effects. in the computations for depths of thaw. 

Assuming that the major portion of heat, which passes through 

·the center of the floor in the freezing season, passes in a lateral dirac-

··tion in the underlying· soil to the seasonal freezing front at the build-

ing edges, then permafrost degradation beneath these structures may be 

attributed to the heat flow in only the summer months when the subsur

~ face temperature gradient would be downward rather than lateral. The 

calculations for permafrost degradation between 1946 and 1951 under Build-

_ings No. 1 and 3, based O!l. the above assumptions~ are given in Tables 10 

end llo In these calculations, the thavnng index at the floor surfaces 
/ 

was assumed as being equal to the average outside air thawing index of . . 

3250 degree-days, Fo betvr~en 1947 and 1951 in the absence of recor-ded in-

terior building temperatures for the _thawing seasons. This index value 

was doubled to compute the depths of thaw in two years, tripled for three 

years, e_tco Similar calculations have been made for depths. of thaw under 

·Buil~ings -No. 2. 4, 5 and 11. 

The computed yearly depths of thaw betvveeri .19~6 and 19.'.53 under 

the above ~eferenced buildings. which experienced permafrost degradation, 

are tabulated in Table 12, together ~~th the observed depths beneath the 

center of the, structures as shov~ on Plate 6. In general, there is a good 

correlation between the observed and c a.loulated d~pths of thaw with most 

differences being less than 1.0 ft. .An analysis of these deviations should 

consider that the observed depths were interpolated from temperature readings 
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• With instrumentational errors close to the permafrost t.able and that the 

thawing index in the calculated- values was assumed as equal _to the air 

• 

thaW:ing index~ · · 

The agreement of values in Table 12 indicates that only the 

tha~ng season heat passing through the floor ·should be considered in 

computing depths of thaw Under buildings about 16-ft.. square in plan• 

It is further ·reasoned that a thawing index~ based on the combined freez-

in~ and th,awing season heat • should be ~used in calculating the thaw under , 

structur.es ,\with\ large lateral dimensions in comparison to the permafrost 

deptho T:tle heat flow under such dim~p.sioned heated str\lctures during the 

-
. freezing. season . would be greater in a downward direction than seemed to 

occur under the investigational buildings. 

;e. Seasonal Thaw Beneath Buildings with Air Spaces~ The equa-

tions given in paragraph (b) above to calculate the depth of thaw below a 

soil surface may be used· to calculate. the de_pth of thaw tinder buildings 

having an airspace beneath them assuming that 'the building heat will dis

sipate into the air· r·ather than penetrate into the soil significantly. 

I£ the ground underlying Buildings No. 6.. 7; 8 and io is as

sumed a homogeneous silt with an average dry unit weight of eo pof and 

a water content of 4o:fo as indicated in Plate-s 2 and 3, the depth of thaw 

for the average air-thawing. index of· 3250 degree-days~ F.;, would be as fol-

_lows: 
.' h = '. _,. 48_ ki = .'·j; 48xO. 7x3250 ·= 4 9 ft ' 

\ L \ 4590 • .4~ 

This depth considers an air-surface correction factor o£ l<iO; however~ as 

noted in paragraph 4-02b., . a factor of about Oo65 was found for Buildings 

No. 7 and 10 with skirted air spaces. This value would yield the folloWing 

6o 



• depth of thaw under these two structures: 

h . = \J.· Qaxo. 7xo.,65x3250 = 3• 9 ft. 
: 4590 

T4ese calculated depths appear in agreement with the observe~ 

depths of thaw beneath the four buildings which average about 4 to 5 ft. 

As shown on.Plate 6, however, there is an inconsistency in the observed 

depths under· s~i,rted Buildil!g No.· 7 ·and Uz."lskirted Building No. 6. The 

1 greater depth of thaw under Building No. 7 may possibly be due to soil 
/M- ' 

/ . ~v;ater content differences. [!( if'/ . · 

• 

The depth of thaw under Building No. 9, shovm in Table 13 1 was 

calculated by the layered system equation to consider the lower concrete 

slab and the gravel fill foundation mat". 7:'he computed 2.4 ft. of thaw in. 

the silt.is slightly less than the observed depth of 3.0 ft. beneath the 

center of the buildinge The air•surface oorr~ction factor of 1.0 used in 

this calculation appears proper for the concrete slab surface under the 

air space o.f' this building. by the . data of paragraph 4-02b. 

d. .Correlation of Degradation of Permafrost. and Settlement of 

Structures. The progressive ~-subsidence of Buildings No. 1 through 5 and 

11 is attributed to consolid~tion of the original frozen silt soil thawed 

by alterations in the ground thermal regime. The permafrost .underlying 

these. structures had a high ,ice content which, upon thawing, would result 

in a volume decrease due to the difference in volume of equal weights_ of 

ice. and. water and drainag~ of soil moisture. The average subsidence of 

the four corners for these buildings has been plotted versus the perma-

fro~t degradation beneath the centers of the buildings. on Plate 16. The 

·degradation; for Buildings No. 1 thro1.1gh 5 has been: figured by considering 
. . . 

the 1946 permafrost ·ta.ole on, Plates 6 and 7 a~ the initial or zero pointJ 

61 



• settlement,: similarly, has been calculated from the 1946 positions on 

Plates 10 and 11" Since the first permafrost position Under Building 

No. 11, shown on Plate 6 was ~t the eri.d of the 1948 season, the settle-
' ' 

meri:~s · of this ·structure h~ve been calculated from the aver-age elevation 

of the four c·orners in October '1948. The plotted points on Plate 16 in-

dicate a stmilar relationship between the settlement and permafrost deg-
r 

r· ' 

radation of B~ldi.ngs Noo· l;; through 5, namely, a settlem·e'nt of about O.l 

ft. occurred With the_ firs-t. three' feet of permafrost degradation and then 

increased rapidly after ; degradation greater than about 4.5 ft• The 
. . ' 

linear rel~tionship b.etwe~n sub~idence and- degradation under Building No. 

11 was greater than the other five structures. This difference is not 

read~ly ·apparent but an examination of the boring log on Plate 2·for Build-

ing No. ll indicates relatively high soil moisture conte~in the upper 
' ' ' . / 

silt stratas which may account ·ror the larger settlements. Since soil 
- . . I . 
sampling was not continuous., it was not p~ssib~e ·to make a direct com-

pa:rison with the moisture contents beneath the other buildings._ Plate 

16·, further indicates that.~~ after an initial thaw degra-dation penetra-

. tion of aqout 4 .. 5 ft., each foot of p~rmafrost degradation results in 

about ·o.l ft. average settlement of these ~tructures. 

e. R.elation of Seasonal Freeze in Silt and Heave of Buildings. 

Most of the test' buildings indicated some relative upward movement or 

, heave during the ·freezing season and a subsequent s~ttlement during the 

thaWing season. The magnitude of seasonal he~ve would be expe-cted to · 

he.ve,_soine -relationship _to the dept~ of season_al frost in the silt benef;tth 

the building. "This rele.tionsh~p » ho~vever., wa_s complicated by the fact 

• that seasonal frost J?enetrated -.only upder the edges of some buildings as 



•' 

• 

shown· on Plate 8 and the variety of floor and gtnvel foundation~--designs. 

No· e.xact agreement was .round between the heave and depths -of seasonal 

frost in· the silt Sllbsoil. Some general :.:findings were noted 'as given 

below. 

The use of a gr~vel fill beneath structures (Buildings No. 1 

through 5Ji.9 and 11) reduced the seasonal frost in the silt beneath the 

edges. of_ the buildings to about from 0 to 3 ft. in comparison to the re

freeze of the suprapermafrost, about 5 ft. for buildings without a gravel 

foundation. The seasonal heave of b¢-ldinga on gravel fills ranged about 

0 to 0.2 ft. wit~ ~ average value of about Ool fte; the greatest yalue 
-_; 

I 

was for Building No. 3 with only a 2. ft.· gravel fill. In comparison to 

these values Jl Buildings No. 6~ 7 and 8 had seasonal heaves of about ·o.3 

~to and even slightly_ more in some winters. The difference in the amounts 

of heave for buildings with and without gravel fills may be attr~buted to 

the reduced depth of freeze in the silt for those on the fills and~ in 

part 1 to ~f1e_ ~£feet of .the surchar~e of the fills on the heave .• 

It is D:ote_d that buildings with a concrete slab floor on top 

of a _grave.l fil~ . (Buildings No. ·1 and No. 11 w~i~h se.emingly had a high 

loss of hea:t thr~ough th~ slabs an~ had relatively high temperatures dur

ing the freezing season at the top boUJ.'"'l.dary of the fill)~ had very little 1 

if a:rJy g rr.eezing; in the sil ~ and practically zero s_ea.sonal )leave • 

/ 
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5-0lo General • 

. tions in the grol.lnd thermal :regime under 'the eleven investigational build

ings,observed at Subarea No.3 1>f the Fairbanks Research Area, Fairbanks, 

'Alaskao These alterations were affected by the initial climatic, vegeta-

tive, topographical and .subsurface, conditions existing at this typical 

subarctic site prior to the construction program and by the combined 

effect of the natural cli~atic factors and the man-produced items in 

~~e. £oliowing years. Although the· conclusions are considered of fairly 

ge-neral application as·. s_tated~ it. ~ust be recognized tha~}.;>qualifications 
. ... . . . '·:. ~. . . . -___ .. ______ ..---... -· . ~- - .. 

ma.y·be found necessary under apprecia~ly different conditions which have . 
. ~71'4 .---~it~.-~- J~ ~ .>1.4~~1!~4:-t:~--.# ~~>d, 

-not bee~ investigated as ·-ye-t. v.J.- r If' 
,_. .... ..,-------¥~-"r:---- -·..._}'_. 

5·02. Buifcfing.s on.··~atural Ground With Ail Air Spacei Provided Under 

The Floor,,. This type of construction includes buildip.gs supported on 

both. skirted and non-skirted, 2-i't. high wooden posts and pads (Buildings 
. 

No. 6 and 7) ~· and boxed-in wood stringers over two or three thicknesses 

or 3-in. ·high wood pads (Building ·No. 8) to provide a relatively clear 

air ~pace b=~~r~:_:~~t:ral ~round. 

:t=ir-±s-... c'onc'lud'e"d""t:hat : ~ · · 

ao The permaf_rost ~able, under the buildings does not tend to 

degrade but maintains a level quite close to that which e.xists beneath an 

~pen grass-surfac~q area_. ~ 

~-

'l'h~ ground surface temperatures. beneath the buiidi.ngs · 

depend upon the. air circqlation ·permitted in tne air ·spaceo The field. 

data indicate that the air-surface temperature. correction,factor varies 

between 0 ·3 to 0 o6 for a z.;..ft. h~gh-skirted air space· and about o •. a to 
. ; ..... 

Oo9 for a non-skirted· ai:r space during the freezing seasono 

,.· ,, 



c. The depths of seasonal t}law and freeze beneath skirted and 

•. unskirted air spaces are ~ot markedly different with variations in ground 
., 

surface temperatures. Seasonal 'freeze of the suprapermafrost always oc-

curred for skirted and no~-skirted·buildings. 

Seasonal freeze and thaw is uniform under the air space d .• 
;!f.:··_. 

I· 

· which.,results in seasonal. heave and settlement. The magnitude of heave. · 

and· settlement is . greater than that of the oth,er types' ~of foundation ·· 

design studied., 

e. Si~ce the penetration of freezing and th~wing into the 
I . . 

.:, grou~c1 are· at a uniform rate,. tpe vertical displacements of the structure 

are uniform, assuming negligibl~ differences in the ground characteristics. 
\ 

~her~ is usually_no great, amount of tilting of the floors or other major 
"'t ....... 

distox:otions; however,p some adjustments may be expected to cause cracking 

of walls, jamming of doors .• and similar actions. There is no net or pro-
. .·«{4 

gressive settlement with this type of founQ.ation design.,'fi,·'The -performance 

of Bui~ding No. ~~e. deep e.i:r space is not required to obtain 

/ . 

.~ > 

- -sUfficient_ o~t_s,:1f~ ~ir jt:_c~la)\~-"~- :f'o~ p~eJI"~~i~~. ,"{ per.~af;osi; Q.ep.Tade: ·~ 

· tio~~ An open air space .about 6 or 8 in,. high under the f~oor is suffi-

cient to give res~lts similar to tho~e obtained with a 2-ft. high air 

spaceo A"propbrtionately higher air space would be required-under build-

. . ~ngs with lateral dimensions greater than 16-ft. to permit dissipation 

_'of heat through the f'~oor by air circulation .• 

Construction of this type of foundation_ should be satis-··ri .·. 
-,-f[fac.:tory for small buildings in which a relative~y large amount of seasonal 
f.·· 
The ave would not be· detrimental to the use or· the structure. l' . . Plastering; 

1,. ~~:~ 
' i . 

.. · ,_; tile work, and the like should be avoided as these materials 

displacements. This relatively inexpensiv~ foundation 

~a_tisfactory for small temporary storage buildings. 

l 
t~ ' -
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• 

• 

/ 5-::-93• Buildings on Non-Frost-Susceptible Fill Me.te.rials •. This type 

of. 9onstruction in?t1.l~.tl~ buildings with concrete floor. slabs (Buildings 

No~ 1 and 11) and ins:q.~ated and non-im;ulated wooden floor systems 

(B~ildings No. 2, 3.· 4 ~nd 5) ;I?laced directly on non..;frost-susceptible 

fili materials without ~revisions for air circulation under the floor. . ij_ -
, ' 

Si!l~e the hollow tile d'-'cts in the ;~pncrete slab of Building 1ro. 11 did 

~no~ permit air- circulatiQn.. this structure is included with Building No. 1 
l .. 

as· ~lab on grade const~qtion. 
ey.a~ ~~ ~ . ;.0~ ~ 
I.t-.is.-=co-nclu.t~le:d for concrete slab type constructiolJt tha-:t: 

a. Above-freezing temperatures commonly exist at the lower 

boundary of the concrete slab because of the relatively high thermal . 

c~ndueti~ity 6r. the concr_ete. (This did not always occur near the edges 

of· Bu,ilding Ndo 11 and is considered as an edge condition only)~ 

b. The heat loss through a. concrete slab floor and the under-

lying gravel fill will degrade the permafrost in th~ underlying soil. 

F~eld observations indicate that this degradation would continue for 

several more years at a slightly reduced rate in ·comparis.on to the first · 

,:-five. years of record. 

o• The rate of permafrost degradat~on is in good agreement 
. / 

·with the rate calculated by heat ... flow principles. Degradation is caused 

b~ the dow~nard flow of thawing season heat under the relatively· small 

si_zed i-nvestigational buildings; heat flow from beneath the floor during 
; . . 

· t~e. freezing se~son is essential!:[ in a lateral direction to·w·ard the 
. . 

. . . '• 

. tree~ing ~ont ~round ~he edges of the bu.~lding.' It is re~o-girl.ied that 
···: .. ".;' .- ·_,. .. //- .. .. . . : . 

· .,. ,-·the -~,:t~~e of the puilding e.nd its relationship to permafrost depth ~re 
' .. / .·. . ):., ·. . . .. 

-im~6rtant factot~:,, in regard to the directions of heat flow
1
beneath -~ 

floor slab dur_~ng- the freezing se.ason. The degradation of permafrost 
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• under buildings with greater comparative lateral dimensions would be ex-

• 

pected to occur at a greeter rat·e· ·than was experienced with the teat 

buildingse For calculation of the maximUm ·amount of degradation to be 

expected with build-ings of great lateral extent, downward heat flow from 

the floor should be considered for a complete year. 
1.' 

r--~--- ~---- --t 

d. The 'flow of heat through a concrete stab floor prevents 

penetration of seasonal frost in the grave 1 fill under the floor and in 

the natural soil bene.ath- ,the fill. There actually was some frost pene-
( -------

tratiqn beneath the 'edges of- Building No~ 11 but the experience of Build

ing No. 1 indicates that this was proba·bly ·due .to the tile _air ducts. 
• t 

Since there is no frost. penetration ben~-~~_h such floors~ seasonal frost 

heave is also absent. 

e. The vertical displacements for this type of construction 

are essentially settl~ments resulting from permafrost degradation. Settle-

ment increases with· the recension of the permafrost table. The magnitude 

of subsidence depends on' the ice content and other properties of the soil 
I 

strata wherein degradation occurs. 

£. A pern1afrost degradation. of 5 or 6 ft. may result in dif-

ferential settlement of·the concrete floor slab with tilting of about 

1 ft. in a. 16':..rt •. square slab, cracking of the concrete slab~ separations 

of floor sl~b and walls 3 and severe distress in the buildingwalls. 

~ , •. ' .'!;·. go Non· ... frost-susceptible fills ~p to 4 ft. in thickness are 
~ ... 

t, ... ::b:tit 'effective. in pl"eventing vertical displaceme:q.t~ and' building damage. 

h~ · Cm.1s tructipn with concrete slab floors on gravel fills over 
'•• 

~. permafrost is not oonsidered as a s·'atisfactory type of construction. If 

_such cons-truction is used,. appreciab,le amounts of vertical settlement 
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should be expected and the concrete slab should be designed and rein-

fqrced to preclude breakup unde:r non-uniform conditions of support. 

It is concluded for wooden floor type construction on grade that; 

a. The actioJ?. of_ built-up wooden floors on no~·frost-suseeptible 

fills differ from concrete slabs on similar fills in that the· former floor 

types have a greater resistance to the flow of building heat which results 

in the existence·· of variable lower temperatures on the surface of the fill 

throughout the freezing s·eason • 

. b. The use of insulated wooden floors on gravel -fills does not 
/ 
I 

prevent permafrost degradation in the underlying soils. The depths of 

·thaw in a five-year period were in approximate agreement with calculated 

values based on the assUll;lption that dowmvard flow of heat through the 
J 

floors was effective only during the thawing season. The remarks .made 

for concrete slab floors qoncerning the effect of building lateral dimen-

sions on such calculations also apply -herein.. The amount of permafrost 

degradati~n beneath ins~lated wooden,floors on fills is slightly less 

than that· under concrete slab floors. 

c. Theoretically the use or non-use of batt insulation in a 

built~up floor should make a d~fference in the rate of permafrost degra-

dation beneath the floor. Other factors mav have affected such a com-
.' " 

parison in the test structures as only slight differences were noted for 

these two types of constructio:n (Comparison of Buildings No~ 2 and 4) •. 

The use of e.n insulating layer of cell concrete. in the gravel fill did 

not. seem to have any beneficial effect in the prevention of permafrost 

degradation • 
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· d. The patte~n of I?ermafrost de gradation was fairly uniform 

under the investigational buildings. The ~evel of the permafrost.table 

was noted to be about 1 ft. ~tr less lower at the south side of a building 

than at the north side. 

e. The depression of the permafrost table beneath a building 

on a fill extends under poth the building ari.d its surrounding full depth 

of fill. ·The 'rise of the permafrost level to that of the surrounding 

area probably occurs under the side slopes of the fill • 

. r. variation in depth . of grave 1 fill makes O+tlY a small dif-1· : ' ·" . 

ference in the rate or. de gradation of permafrost. Fill depths as g. reat / / "\f"• 
as 6 ft., did not appreciably retard the amount of degradation. ( 

g. Permafrost degradation may be expected to continue after 

a five-year·period at a rate only slightly less than that observed dur-

ing the first five years. 

h. The settlement of b-uildings with built ... up wooden floors 

is similar to that experienced by concr~te siab floor buildings'! A,pro-
I 

gressive settle~~-nt of the floor. accompanies permafrost degradation and 
.-- / 

~s undoubtedly affected py the soil ~r9perti~s subjected to thawing, 

principally its ice con~ent an~~he presence of segregated ice. 
1
/ Sett'le-

ment averaged les~ than 0.1 ft., per ft·c_7 0f degradation ·for the first S ft. ·. · 
/ -

of degradation~ but field ·-observ~tions indicate that. this rate would e~~-:·)'7\-~-f)?J 
, . . - ,(f7e~ \- , .__ . ' 

ceed 0~1 ftlt per
1 
ft~ for:.··further lowering of the permafrost. table.\!\ Al-

though' it is not' known if this rate ·of ac'celere.ti.on is a typical conditio~ 

it ~ppe·ars' that the amount of settlement would depend on the conditions 

of -the particular strata' of soil being thawed at a given time. Settle-

.ments .with this type' of construction may result in some diffe-rential 

movements~ cau~ing tilting of __ floors and separations of floors and walls. 
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i. The pattern of seasonal free.zing· beneath buildings with 
. . . . 

built-up wooden.floors.on:fills .is somewhat variable depending upon the 
. I . ' 

degree of insulation an? ._the possibilities of circulation· of outside air 

beneath the floor. If some circulation is possible,. the fill would un-

doubtedly freeze completely;' hO"Never.; if such circule.tion is ·prevented by 
. . 

banking of the fill around .the building edges, frost may only extend into 
. . 

the fill a few feet· from the building edges. The fill would remain thawed 

beneath the center portion of the building. The existence _of this un...:. 

froz.en .portion of fill could be anticipated with less . .floor insulation. 

j. Y.fhen freezing penetrates into the gravel fill beneath a 

.structure, it also penetrates into the natural soil beneath the fill. 

Fill depths as great as 6 ft. did not ·prevent freezing of the natural 

sol;-1. 

k. Yllhere seasonal frost penetrates into the frost"'"susceptible 

soil beneath a ·building and its foundation fill, ·a heaving of the struc-

ture results.. The amou:p.t of such heave is less than that of st~ctures 

.founded on frost-susceptible soils without the use of nori-frost-

susceptible fills·. Although fi·ll~, of 2-f.t. B.epth reduce the amount of 

heave 1 s?me heaving still occurred with.6- ft. of fille 

' 1• Construction with insulated built-up wooden floors_ on non-

frost-susceptible fills ~s considered .slightly better tha~ concrete slab 

. construction, because rate of permafrost de'gradation and progre.ssive 

settlement are somewhat less .• · ·Both progressive settlement and seasonal 

heave will occur and progressive settlement will ·probably be more serious 

than the -he·avi.ng. Buildings on such foundations mUst be capable of 

undergoing differential settlement and tilting. This foundation de·sign 

is not recommended except for tern.porary constructlono 
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5-04. Buildings on Non-Frost-Susceptible Fill h~terials With an Air 
u\:k~~-

Space . Provided Under the. Floor~ ±:t-=:l:s-c·ene:±uaed that: 

a. . Buildings with an air space beneath the, fioor and founded 

•on a gravel fill may be expect~d to give e. good., stable performance •., , The 

air s~aee is effective in the dissipation of heat under the building so 

that serious permafros~ degradation does not occur and the non-frost

susceptibi~ fill tends to redu?e the magnit~de of t~ seasonal heave and 

to make it sufficiently uniform so that seasonal vertical movements do 

not tend to damage the st~·6ture. ,r In Building No. 9 of the test progr,am., 

this type of foundat~on was· further improved by having a rigid slab both 

at the top of the gravel fill and also above the columns forming the air· 

space 9 ·Warping of the floor or other non-uniform differential movements 
. . 

did not occur in this construction. It is considered that other types of 

construction combining the non-frost-~usceptible fill and an air space 

beneath the. floor would givej good perforrnan~e. Post and ')?ad construction f! 
on a gravel fill, for example 11 would be expected to have little or no pro

gre-ssive. settlement and small amounts ·qf seasonal heave, but slightly 

greater differentfal movements and tilting due to the lack of foundation 

rigidfty in comparison tp Building No~ 9· 

b. Foundation' construction c9mbining air spaces and. non-frost-

susc,eptible fills are· considered ~s superior to constructi'on with air 

spaces only or·the use of slab or insulated built-up floor~ placed di

rectly on fills without provisions for air circulation • 
. . 

.. 5-05 •. Building.s on Piles With An Air Space· Provided· Under the Floor. 
,~e.~!!.... .~ -.,4~ \1Cd; ~ • 
I-~--:,....., 

a. Bui_ldings on piles fouil~ed in permafrost and with a skirted 

air space beneath the floor- (Buildipg No. 10) give a good performance if 

~ 

./ 



• all 'the pilas are well bo.!).ded in the permafrost to preclude seasonal heave •. 

•• 

The expe.rience of Building l\To._ 10 indicated that the .·movement of just one . 

or two piles is sufficient te. cause severe cracking of walls and jamming 

o~ ·doors.. Additional experiences acquired in other observations have 

shown that c~rtain precautions must be taken in such construction, i.e. 1 

piles should be placed butt down in core dri~led holes because steam 

jetting of holes may cause an excessive volume of soil to thaw thereby 

preventing or ret.arding refreeze of the soil. The construction site must 

be away from: drainage ditches, small streams or channels of ground water 

flow to avoid thawing around piles. The porch posts of Building No. 10, 

which were set in the annual frost zone 1 demonstrate that all parts of a 

structure.must have the same type of foundations; -in this instance~ piles 

in permafrost. Cantilever.supports from the main structure would have 

been satisfactory f.or the ,porches • 

. b. Vfuere a building is supported on piles with an air space 

above ·ground, there is no appreciable degradation of the permafrost. 

Seasonal freeze and thaw have no effect on the structure if the piles 

are firmly held in the permafros~. 

Ce Pile foundations simila-r to Build'ing No. 10 are considered 

as a stable type of foundation design when all the piles are bonded in the 

permafrost and are re.connnended for permanent . type building construction .. 

. Questions of the economy of the heating of b1-1ildings have not 

been considered in the comparison of the different types of foundations 

in- th~s study·o. I:t ·is recognized. that ~he heat losses differed for var

ious types of ·_construction suc;h as the .concrete floor slab on a fill, 
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ins~lated and non-insulated wooden floors on fill, · and floors with skirted 

and unskirted atr spaces beneath them. In an actual des~gn, the effect of 

floor construction ar1d insulation on heat losses, as well as on the thermal 

regime beneath the floor 1 would have to be considered • 
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PART IV - CONCLUSIONS 

. 6-01. It is concluded from an analysis of the results at the Fairbanks 

Permafrost Research Area that: 

a. Foundations incorporating an air space between the building 

and the natural ground do~not cause a degradation of the permafrost table 

and seasonal freeze of all suprapermafrost occurs. Th~ freezing of supra

permafrost occurs at a uniform rate and as ~:result, heaving and subsidence 

is also uniform. This type foundation would be effective for small, 
. \)'l\1\~D"at'\ . \ . 

temporary structures in which a large amount of seasonal heave and settle-
·- . . A 

·ment would not be detrimental to the usefulness of the building. 
) 

b. Buildings placed on non-frost susceptible fill up·:-to 6 ft. in 

depth tends to cause a_ degradation in permafrost under both wood and con- -

crete floors. Accompanying this degradation_in pe~~ost is damage to the 

bu.ilding due to',differential settlement. 

c. BuildingS on non-fros:t susceptible fills provided with an air 

space give good service becaus~ it combines the m~rits of an air space 

(minimum degradation of permafrost due·to. building heat) and the s~bility . ·. 

of non-frost susceptib~e fl~l (~~Urn h~a~ and ~ettlement during the 
- . . 

freezing and thawing seasons). This foundation is especial~ good for 

_ rigid type foundati-on slabs (Buiilding 9). 

d. Buildings on piles anchored in permafrost give good service 

provided the piles freeze back enough to prevent heave during freezing of 

. ,supra permafrost. To insure this proper freeze back, however, it is'-

necessar.y to take certain precautions to p~event excessive thawing of perma

/1;_ ~ frost during construction. Holes for the piles should be drilled ·and not 

.steam thawed. 

2 
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This type foundation should"' be located adjacent to surface 

drainage structures, either natural or man-made, or adjacent to channels 
"::,u""' c::,.., tz•··:?~ct:. 

of g~eundwater flow. 
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PART VI - REC01lffi11E1'!DATIONS 

6.;..olo .· Recommendations. It. is recommended that:· 

a. Periodic field observations be continued at Buildings No. 9 

and·lo until October 1958 .to, give a ten-year record on the effect of these 
--------~-::--~l'ii"'-.;J' 

) 

two.foundation types on the thermal regime of the underlying·soil and the 

resultant effect .o~ these 'subsurface temperature changes on the stability 

of the structures. _ Cont'inuing observations will indicate if the· relatively 
,-9'1' . 

. stable condition of ·these structures is of a permanent nature. ~ ~ · 

It i~. sugg~sted that: (1) the vertical movement of Buildings No. 
. . 

. 9 and 10 be determined semi ... annually at the end· of· the. freezing and tha~-

l.ng seasons, (2) .subsurface. thermocouple rea~ings be recorded at monthly 

intervals except for,the-latter six-week period of each .freezing and thaw

ing seaspn when readings should be made weekly, {3) the depth to perma• 

frost be probed~~e~~h thawing season, and (4) field data bEi 

obtained to correlate the freezing and thawing indexes in the air space 

under the· buildings with corresponding open air indexes. Similar tern-

perat\ire observations should be continued at the open grass-surfaced 

areas fqr ·correlation with the building data. 

b. Experimental structure.s .be constrq,cr~~d to appraise ·the value 

and establish the rtheory of new designs which ~·:10~ being devised to meet 

the foundation proble-ms in arctic and subarctic regions. ·Chief among · /.") . ~ / I 
these is the use of systems employing foundation ventilating ducts rely-

ing on either forced o'r· gravity flow cold air for freezing back foundation 
i 

, -mater.ial.s thawed by building and summer heat. Data are needed to deter

mine the. effectiveness of these methods, the proper position and spacing 

• of· the a·ir ducts and workable theories. for analysis and design • 
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. ---~ 
Since. appreciable settlement and slab tilting .has o~curr~d to --, 

~ 
Bui1ding No .. · ·111 ·it is suggested that this building be relocated iOn a new 

:foundation utilizing. pan-type. gravity flow air ducts. 
I ) 

Periodic obser- /14A~~ 

W.tiolilf Should be conducted to determine the effect of this ,foundation~ 
des-ign on the underlying ground thermal regime 'B.tid stability of the struo""\ 

. ture~ and to- verify current design and analytical .. theories. __ __) 
c• Advantage be taken of every possibility to observe. the 

structural behavior of structures con~tructed over permafrost and to 

correlate this 'information 'With changes in the thermal regime of the 

soils beneath'the structures. Comparisons should-be made between ob-
H~. 

served c,onditioris and calculated results utilizing heat flow principe.rls 

to verify or £ornlti.late improved engineering design and construction ori.;;; 

teria for permafrost regions and to aid in predicting the performance of 

existing structure·s. 

d. Since the~results of this building foundation study ate 

li.nUted- to· the ·subarctic climatic conditions at the Fairbanks Research 

Area~· ~ru:rtheir obs·ervations should be made at locations with ii: climate " 

characteristic of the ~rctic• 

I 
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Figure 1 

Gravel base and concrete floor for Building No. 1 
September 1946 

Figure 2 

T,ype of wood floor construction with rock wool insula
tion used for Buildings No. 2 through 8. July 1946~ 
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F o re 3 · 
Buildings No. 3, 4, and 5. Zach is of similar 
construction but resting on gravel fills of 
differing thicknesses. September 1946 

···-·--···- ·- -------------- --·----· 

... ---------·~--· - --·--·- _ ..... . _.- - --
Figure 4 

Poets and beams for Building No. 7• August 1946~ 
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Figure 5 

Post and beams for Building Ho. 7 shO\.,ring <C""o~crete pads. 
August 1946 

Figure 6 

Building Noo 7o · Partly completed Stqut House 
built on foundation of posts surrounded by 
wood skirting. September 1946. 
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Figu.res 7 and g 

Pads and stringers for Building No. 8 
august 1946 
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Figure 9 

View of concre t e foundation sl~bs during· con
struction of Buildi ng Noo 9o August 1947. 

Construction of Building No·. \0 on foundation pile,e., 
August 1947 
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Figure 11 

Building No. 11 concrete floor slab with 
clay tile openings. July 1948. 
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Figure 12 

Completed Building No.· -11. July 1948 • 
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Figure 13 

Opening between ,~all and flo or in Building No. 1 
Hay 1953o 

Figure 14 

Opening between ·wall and floor in Building No. 3· 
May :1.953• 
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Year 

19!~5-46 
1946-1+7 
i947-48 
1948·---49 
1949-50 
1950-51 
1951-52 
1952-53 
1953-54 

·"" 
./' 

TABLE 1 

FREEZING AND THAWING INDEXES, FAIRBANlCS, .AIJ~SKA 

BASED ON AIR ,TEMPERATUHES, .WEEKS FIELD 1945-1951 AJID 

Il\"TEHNATIONAL FIELD 1951-l954 

Date$ Start of 
Freezing Season 

5 October 
18 October 
30 September-
4 October 
6 October 
7 Oqtober 
2 Oct-ober 

16 October 
15 October 

Freezing Index 
De g~ee -days, F ~ 

( 

-57'78 
-6161' ~ .. ·. 
~52~5. 
-5774 
-5235 
-61426 .. 
-5570 
-4952 
-5941+, 

) ~ .. _, 

Year 

1946 
194:.7' 
1948 

.1949 
1950 .. 
1951--. 
1952 

.. 1953'· 

Date, Start of 
Thawiilg Se.~~ 

16 April 
12 April 
4 May 
6 May 

-12 April 
·13 Aoril .. 
18 April 
15 .April 

• 

Thawing Index 
Degree-days, Fe 

3406 
3085 

- 2913 
-3072 
3625 

. 3558 
3249 
3858 

'' \ ,' I , 
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TABLE 2 

AVERAGE THICK1TESS OF S KOW COVER IN I 1\TCHES 

Location 

B-1011 B-103 and 
B-104, Grassed Area 

Near . vicinity of 11 a" 
and n d" thermocouple 
assembly locations, 
Buildings No. 1 
through· a 

1 Nov. 

6 

6 

1 Dec. 

9 

9 

1946-1951, SUBAREA NO .• 3 

FAIRBANKS RESEARCH AREA 

Date of Observation 

1 Jan .. 1 Feb. 

20 23 

16 19 

NOTE: Physical properties of snow cover were not recorded. 

1 Ma.:r: • · 1 Apr • 

21 13 

17 '12 

:: ' ~ . ··~· ... . ' 

• 

1 May 

0 

0 
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Building 
No. · 

1. 

4. 

-.6 •. 

7~ 

TABLE 3 

BUILDING FLOOR AID FOUNDATION DESIGN 

AND· 

.. PERIOD OF GROUND TEN.tPERATURE RECORD 

Type of 
Floor -

Type of 
Foundation 

.4-ino concrete slab 4-rt. river-run 
gravel 

2x4-in. joists on 
16-in. centers; 
Wood flooring above 
and wood sheathing 
below; rock wool 
batt insulation 
between joists 

Same as Bldg. No. 2 

4x4 .. in. mud sills 
on· 4 .. rt. river-run 
gravel 

4x4•ino· mud sills 
on 2-fto river-run 
gravel 

Brune as Bldg. No.2 4x4-in•·mud sills 
except rock wool on 6~ft. river•run 
batts removed 2 Jan. gravel 
1947 

Same as 'Bldg. No.2 4x4•in.-mud sills 
on 4-rt. river-run 
gravel and 6-in.· 
cell concrete 

Same as Bldg. No. 2 Posts and pads. 
.Beams 2-ft. above 
ground. 
No skirting 

Same as Bldg. Nc> o 2 Posts and pads • 
Beams 2 ... ft •. above 
ground. 
With skirting. 

Period of 
Temperature Record 

14 Oct. 1946 to 
24 Jan·. 1952 

14 Oct. 1946 to 
24 Jan. 1952 

4 ··No~. 1946 to 
24. Jan;, 1952 

14 Oct. 1946 to 
24 Jan. 1952 

l4 Oct. 1946 to 
24 Jan. ·1952 

14 O~t. 1946 to 
13 July 1951 

14 Oct. 1946 to 
15 June 1951 

TABLE 3 



• 

• 

Building 
No. 

a. 

9-· 

10. 

11..; 

;,-

TABLE 3 . ( CO~?r 'D.) 

Type of 
Floor 

Same as BlqgG No. 2 

Double- wood floor on 
2x4 .. '"'in. joists on 
16-in: cent_ers; . rock 
wool insulation-batts 
between joists 

Double wood floor on 
2x8-in. joists on 
16-in. centers. 1/2-
in. . insula. ti on boa ~d 

Type of 
Foundation 

~~-in. mud sills on 
3 .... ip., pads on natural 
gl"OUnd 

Two concrete slabs· 
(upper 6-in. thick, 
lower 9-ino thick) 
separated by 3-ft. 
concrete piers. 
Lower slab on 5.6-ft. 
river-run gravel 

Piling in natural 
ground. 4-ft. air 
space to flooring~ 
Wood skirting around 

beneath joists ar-d 3-in .. air space 
. vermiculite, loose-fill 
insulation, between 
joists 

18-in. concrete slab 5-ft. river-run_ 
containing 4xl2x12-inGI gravel 
hollow clav tile " ) 

ducts 

Period: ·of':. 
T.empe:t:·e. ture -~- Ree ord. 

14 Oct. 1946 to 
J4 Aug~ 1951 

26 June 1948 to 
24 June 1954 

31 Jan. 1948 to 
24 June 1954 

17 Jan. 1948 to 
· 24 June 1954 

I·. 

TABLE 3 ( COI\ll' 'D.) 
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TABLE 4. mERJ.iOCOUPiiE ASSJ£MBLIES USED TO MEASUP.E GROwl AND ,~- TEMPEWT.JlUS 
' . t < 

r 

Thermocouple Spacing on Assemblies i.n Feet for Delligna.ted Design Types 
Switch 
Point 

No. .l B c D B F G H I J ][ L "' Jl 0 

0.5 .' 1.5 le5 
Air Above AboYe .&.bon >, 

Ground Ground Ground 

o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o•o o.o o.o 
'1 Ground Surf .of · Grav Surf .or Grar. Surf .of<lnlv ~urf.ofGrav. Ground Ground Slab Gravel Slab GrouDil GJ'Oimd Concrete Gravel Concrete 

\ 
Oo75 0.75 lo5 1.5 

2 0.5 0.5 0.5 Oo5 - Oo5 0.5 Oo5 Gravel 0.75 Gravel Oo5 0.5 Gravel 0.5 Gro.nl 

3 1.0 1.5 1.5 1.5 1.5 1.5 1.5 lo25 1.25 lo25 lo5 1.5 2.0 le5 2.0 
/ 

4 1.5 2.5 2.0 2.5 2.0 2.5 2.5 2.25 2.25 2.25 2.25 2.25 3.0 2.0 3.0 

5 2.5 3.5 2.5 3·5 2.5 4.o 4.0 3.5 3.5 3o5 3.5 3·5 4.o 3.0 4.0 

6 4.o 4.0 3.5 4.5 3·5 6.o 6.0 4.5 4.5 4.5 4.5 4.5 5o0 4.0 5oO 

7 6.o 4-5 5.0 5·5 4.0 8.o 8.o 5o5 5o5 5o$ 5o5 5o5 6~0 5.0 6.o 

8 8.o 5o5 7.0 6.o 4.5 10.0 10.0 6.5 6.5 6.5 6.5 6.5 7.0' 6.o 7oO 

9 10.0 7o0 9.0 6.5 5o5 12.0 12~0 7·5 7.5 7.5 7o5 7.5 9.0 7.0 9o0 

10 12.0 9.0 n.o 7o5 7o0 15o0 15.0 9o0 9o0 9.0 9.0 9o0 n.o 9.0 n.o 

11 15.0 n.o 13.0 9o0 9.o0 20.0 20.0 n.o n.o u.o u.o u.o 13.0 u.o 13.0 

12 20.0 13.0 16.o u.o u.o 13.0 13.0 13.0 13o0 13.0 15.0 13.0 l5o0 

13 25.0 15.0 21.0 13.0 13oO 15.0 15.0 15oO 15.0 15oO 17.0 15oO 17.0 

14 30o0 18.0 15.0 15o0 17o0 17.0 17.0 17.0 l7o0 20.0 17.0 20.0 

15 23.0 17oO 18.0 20.0 20.0 20.0 20.0 20.0 25.0 20.0 25o0 

16 20.0 23.0 25oO 25.0 25.0 25.0 25.0 30.0 25.0 30.0 

17 25oO 30o0 30.0 30.0 30.0 30.0 35.0 30.0 

18' 35.0 35o0 40.0 

19 4o.o 4o.o 

/ 

Thermocouple Assembly Location and Fabrication Design Types 

Looa:tion De sip! Location Desi91 Location Desit;n Location Deair;n Location Deait;n Location Deait;n Location Desit;n 

B-101 ·/ A- B-2b B B-2n B a-4 D B-6 F B-8 F B-10 I 

B-103 A B-2c B B-2p B B-4a D B-6a G B-8a G B-10. L 

B-1~ A B-2d B B-:?Q B B-4b D B-6b F B..Sb F B-lOb L 

B-1 B B-2e B B-2r B B-4c D B-6o F B-8c F B-lOc L 

B-la B B-21' B B-2s B B-4d D B-6d G B-8d G B-lOd L 

B-lb B B-2r; B B-3 c B-5 E B•7 F B-9 H B-11 M 

B-lc B B-2h B B-3a c B-5a E B-7a G B-9a I B•lla N 

B-ld B B-2j B B-3b c B-5b E B-7b F B-9b J B-llb 0 

B-2 B B-2k B B-3c c B-5c E B-7c F· B-9c J B-llc 0 

• B-2a B B-2m B B-3d c B-5d E B-7d G B-94 I B-lld N 

,_ 

'-....~ 

TABLE 4 
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TABLE 5 i 
J 
i 

CUMUlATIVE DEGREE-DAYS1 F.* 1 FOR SUI&ACE TEMPERATURES BENEATH 

FLOORS OF BUILDINGS AND· FOR GRASS SURFACED A.._'lliA. 

/ 

1 OCTOBER TO. 15 . APP..IL 

Building 
Noo 

Thermocouple 
Assembly 

Cumulative Degree-days Above (+) or Below (-)32°F 
1 October to 15 April 

No ... -------------------
1947-48 1948-49 1949-50 1950-51_ Averag~ 

l 

2 

3 

4 

5 

6 

B-1 b 

B-1 c 

B-2 

B-2 b 

B-2 c 

B-3 

B-3 b 

B-3 c 

B-5 

B-5 b. 

B-5 c 

B-6 

B-6 b 

B-6 c 

5120 

4150 

4970 

1464 

236 

•391 

~2860 

-3500 

-2480 

:.02635 

-3320 

-3402 

-4329 

-5134 

... 4740 

4250 

2850 

4510 

-936 

-1420 

-1855 

1582 

568 

5;1.4 

2180 

- 667' 

1385 

494 

-1270 

-1027 

-4940 

-4950 -4925 

-5140 .. -5375 

494o 

3580 

. 4soo· 

480 

---671 

···•132 

1405 

51 

755 

2612 

4100' 

246o· 

3720: 

-2143 

-3670 

-1215 

1260 

-256 

564 

2242 

180 -781 

1686 11308 

1003 869 

-616 -1727 

-566 -507 

-4740 -6110 

-5160 -6250 

-486o -6560 

4603 

3260 

4425 

-284 

-1381' 

-898 

347 

-784 

-162 

1100 

-1103 

265 

-259 

-1985 

1808 

~5133 

-5321 

--5484 
-------···· -----· . . ._ ...... - .. . .... ---.. .-- .. ----· ______ ,. __ .. _____________ -----------------

* Usually based on 4 readings per month. 
{1) ·Boundary between concrete slab and · 

· g:t"avel foundation fill • 
TABLE 5 
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TABLE 5 ( CONr 'D) 
------- --··--··-···· ----····-~--·-\· .......... ····-~---..-.. -~----,·----······-··· .. ·------···-.:.~-- ····-~·-. ··-···----~--.___,.....-.. --·------·· ··--· ···-~----·-···--

T-hermocouple Cumulative Degree~days Above {+) or Below (-) 32°F 
Building . Assembly 1 October to 15 April 

No. .-.1\fo~ -- .. --··-··----------

1947-48 194~49 ·1949-50 1950-51·: · Average 

7 

8 

9 

10 

ll 

Grassed 
Surface 
Area 

B-7 ) 

B•7 b.. 

B-7 ·c. 

B~8 

B-8 b 

B-9{2) 

B-9 c. 

B..;.ll(l) 

B-l:J. p 

B-11 :c 

B-iOl 

~-103 

B~104 

-1779' 

eo~l827 

-1980~ 

.. 1795 
... 

•3025 

-3734 

-1286 

-1103 

·892 

-1990 ...:'1336 

... 2 795 I , -991 

-1788 -1014 

-2203 -1681 

~2892 

·4070 

-4085 

-4662 

-4291 

~3161 

-3664 

-3145 

-4253 

.... 3188 

-232~- ""2-981 

-2680 -3328 

•2767 !"3075 

643 1323 

~1310 

-1528 

619 

-274 

-1742 -1214 

-1368 -1372 

~1350 -730 

; 

-1333 

-1325 

-1164 

-1904 

-3391 

-4956' 

-4310 

-5911 

-5228 

-4027 

-4853 

-5364 

3101 

60 

-1784 

-1632' 

-939 

~948 

•1610 

. -1735 

-1487 

-1896. 

-3117 

-4106 

-3846 

-4942 

-4o25 

•3l.l.q 

-:?620 ... 

~3736· 

1689 

-211 

-1195 

-1469 

-1196 

-980 

(l) Boundary b~tween concrete ·s::Lab and gravel .foundation fill 

(Z) To.p of lower concrete slab 

TABlE 5 ( CONT 'D) 
) . 

~---



TABLE 6 

• CUMUlATIVE DEG,HEE-DA.YS I F 0' FOR SURFACE TEMPERATuRES BENEATH F~OORB 0F 

:., ······ . · ·. BUILDI1US AND FOR ·GRASS SURFACED AREAS 

. jp~ AfRIL 'DO- 30 SEPl'EMBER. 

Thermocouple Cumulative Degree Da;s Above 32°F 
Building Assembly 16-April to 30 September 

No. No. ----
1948 1949 ·• 1950 ."1951 Ave raga 

1 B-1 (l) - 4709 ~-65 4538 4562 4568 

B-1 b 4141 3857 4225 4176 4099 

B-1 c 4601 4412 4668 4675 4589 

2- B-2 1127 2079 2403 2591 2056 

B-2 b 2052 1849 2250 2461 2153 

B-2 c 2574 2605 2999 3121' 2825 

3 B-3 3677 2361 2608 2519 2791 

B-3 b 2293 1713 2265 2292 2141 

B-3 c 
., 

2216 2251 2838 2645 2488 

4 B-4 2849 . 3320 2916 3159 3061 

B~4 b 1855 2271 2738 2930 2449 

B:-4 c 3020 3528 3605 3704 34€>5 

s B-5 1963 2262 2755 2638 2405 

B.:..5 b 2060 2110 2660 2581 2353 

· B-5 c 2580 2880 3500 3450 3103 

6 B-6 2630 2600 3160 2797 

B-6 b 3020 3150 3520 3230 

B-6 c 3500 3620 3$00 3640 t'~ 

----·····-· ·-··--.. ·--~- ...... _...,, __ --------~--···-- ...-----···--~---·---··· -----·--·---.... 

(1) Bou.."1dary betv:reen concrete slab and gravel foundation fill • • 'rABLE 6 
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TABLE 6 (Q011T 1D.) 

• CUMULATIVE DEGREE-DAYS I Fo, FOR SURFACE TEMPERATURES BENEATH FLOORS OF 

BUII.DI.NGS ANJ FOR GRAS$ SURFACED AREAS 

'16· APRIL T·O ·30 SEPI'·.EMBER · 

Thermocouple 
. . 0 

Cumulat1ve Degree Days Above 32 F 
Building Assembly· 16 April to 30 September 

No e. Noo 
1948 1949 1950' 1951 Average 

7 B-7 2010 1785 2270 2022 

B-7 b 2050 1645 2150 1948 

B-7 c 2080 1570 2050 1900 

8 B-8 3290 / 2.840. 3740 3290 

B-8.b 2060 2140 2310 2190 

B-Bc 2716 3060 3620 3130 

9 B-9 (2) 2500 3090 2940 2843 

n:9 b 3'160 3630 3420 .. 3403 

B-9 c 3260 3750 3500 3503 

10 B-10 1860 1845 2350. 2120 .2044 

B..:.1o b 2020 2520 2860 3050· 2613. 

B-10 c 1825 1915 2560 . 2850 2288 

11 B~ll (l) 3300 .2950 3970 4325 36~6 

B-11 b 3150 3320 3680 3939··· 3520 

B-11 c 3530 3730 4050 44~0 
I 

3935 

G:··assed 
0urface B-101 1910 ·1840 1705 1620 176? 
:.rea . · 

B-103 2050 1720 .1715~. ·_ ~ ~7~0 1809 

B-104 24oo 1950 1840 1820 I· 2002 
--···------ ·------·-···-~-

(1) Boilndary be'bNeen concrete slab and gravel foundation fill • 

• (2) Top of lower concrete Slab. 

TABLE 6 ( CONr 1D.) 
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Date 

_TABLE 7 

DEPTH T 0 PEHMAFROST TABLE 

U}IDER GRASS SUHFACED AREA 

Depth to Permafrost Table, 

B-101 B-103 

ft • 

. B-104 

Determinations By Probing. 

17 Oct. 1946. 4.1 3-9 4.9 

10 Octo 1947 3·3 4.1 4.5 

8 Nov. 1948 4.6 5-8 5•9 

15 Dec~ 1949 4.o 4.7 

27 Oct. 1951 5.1 
< 

Determinations By Thermocouple Readings 

Oct. 1946 5.0 4.5 s.5) 
Oct. 1947 4.5 S•O 5~5 

Oct. 1948 4.5 5o5 6oO 

Oct. 1949 4.5 5·5 5·5 

Oct~ 1950 5.0 5c5 6.0 

Oct.- 1951 4.5 6.0 6o5 

. TABLE''7 
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TABLE 8 _ 

CALCULATI O:Ni'0F:>f£!tMAFRCST,-~,DEGRADATI·O N:-:uNDER Blf!lDI NG NO. 1 

BASED ON A THAWtNG I1IDEX DERI~~ !FOR A. FULL YEAR 

' . ----·---------------'--·-----------------------------------
Coef.of 
Th~rmal 

.Conduo-
Vol. tivity 

Thermal 1946- Dry Water Latent k 
Thickness Unit Con- Heat. Btu/hr/ Resist ... 

h Weight tent L sq. ft/ anoe 

% Btu/of °F/ft. h Material .ft. pof R =- R k 
··-·------·- ·------·-·- ... ·~-·-··-~·--·-·-- --------~--------- . 

Concrete 0.33 150 1.0 0.33 

Sandy-Gravel 4.0 135 3.0 580 1.4 2.86 0.33 

Silt(thawed} 4.5 80 4o.o 4590 0.1 6.43 3-19 

Silt(frozen) - 80 40.0 L-590 0.7 9-.62 

I = Lnhn (5 R + ~) = lnhn (.5- R + hn) 
n 24 ··· 2 ~ --·· 2k 

- 4590 h . . h -. . . 
For 1 year~ 8490 = 

4 
n (_9.62 + ....,_.E .. ,)== 1840 hn, + 136 hn2 

_ 2 _ 2x0.7'_ 

~ = 3.6 ft. 

For 2 years, 2 x 8490 = 184q hn + 136 ~2 

hn = 6.3 ft. 

For 3 years# 3 x 8490 = 1840 hn + 136 hn2 

hn = 8.5 ft. 

For 4 years# 4 x 8490 = 1840 hn + 136 hn2 

~ = iOc4 ft. 

For 5 years, 5 x 8490 = 1840 ~ + 136 hn2 

~ = 12.1 ft • 

TABLE 8 

\ /. 

\ 
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_TABLE 9 

CALCUlATION OF PERMAFROST DEGPJillATION UNDER BUilDING NO. 3 

BASED ON A THAWJ; NG I IDEX DERIVED .FOR A FULL YEAR 
----~---·---~ .... ~-···· -·--· --······-~·-·· ... ~- ... --··-.. -- ··- -----· . ·------~---·--·---~-------· .. --···-·----------------------------· ... --------···-··--------··--

Sandy gravel 2.0 

Silt (thawed) 3.0 

135 3.0 

ao 4o.o 

. . ~ 

580 

4590 

1.4 1.43 

4-29 

10 

11.43 

Silt (frozen) 80 40o0 4590 0.7 ---~2-~.-7~.-. ··- -·~-"··--·--·· . H~: .. L~-;;(:_:_;~· R2 : = iih; ~R:-~~~--- ·-
For 1 year~ 8490 = 4590 hn (15-72 + hn )• 3003n + 136~2 24 ·2x0.7 un 

hn = 2.6 ft. 

For 2 years~ 2 x 8490 
. 2 

= 3003hn + 136hn 

hn ·:;: ·-~4. 7 ft. 

For 3 years, 3 x 8490 = 3003hn + l36hn
2 

_hn=.6c5ft. 

For 4.-years, 4 x 8490 
. 2 

= 3003hn + 136hn 

hn = 8o2 ft. 

For 5 years, 5 .-x 8496 = 3003hn + 136h~2 

~-~--=--_?-~-~ -=-~--~---·- ---··-------~--------· ---·- ·-----------·-·-·····-··------·····-----·---· 
(1) The thermal resistance of the insule.ted, built-up floor has been ob

tained by reference to the Haating, ·Ventih~.ting.; and .Air· Conditioning 
Guide of the American Society of Heating and Ventilating Engineers. 

TABLE 9 
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TABLE 10 

CALCUlATION OF PERMAFROST DEGAAJ;)ATION UNDER BUilDING NO. 1 

BASED ON A THAWING INDEX DERIVED>FOR THE THAWING SE..4.SON 

1946 Dry Water 
Thickness Unit Con-

h Weight tent 
Material ft. pof % 

VoL, 
Latent 
Heat· 

L 
Btu/or 

Coef.,of 
Thermal 
Conduc
tivity 

k 
Btu/hr/ 
sqoft/ 
°F/ft. 

Thermal· 
Resist-

ance 
h R = ._ 
k R 

----~----------·-.-···-.. ·------.-.--. ··-------~'""·-------------------~---------··------·--·····----·· ------------------·-·····------· ---------···----------------

Concrete 0.33 150 o.o_ .0 1.0 0.33 

Gravel 4.0 135 3.0 580 1.4 .. 2.86 

Silt(thawed) 4.5 80 4o.o 4590. 0.·-7 6.43 

. Sil t(frozen) - 80 4o •. o 4590 0.7 
--------------. -· _ .. ---~----- .... ·-------- •· .. _______ ..... ~---------·---·-·--------:-· --------··----------------

Luhn ( ~- Rn) Lnhn (-- , hn · 
I = ,..;,1.--'! ; R + - = --. ) R + -) · n 2L+ :~- . 2 24 ···-- 2k 

For--~ year~ 3250 = ~90 hn (9o62 + _hl:l... )~' 1840 hn + 136 hn2 
24 .. . 2x0~7 

11n =·1CI5 fto 

For 2 years·, 2 x 3259· = 1840 hn + 136 hn2 

11n ;:: 2.8 ft • 
.. . ·-. 

For 3 ·years·, 3 x 3250 = 1840 l1r1 + 136 hn.2 

. ]'or 4 years_,. 4 x 3250 ~~ 18).+0 ~ + 136 11n.2 

. · ~ = 5.1 i'.t" 

· For 5 years~ 5 x 3250. = 1B4o )in + 136 %2 · 

TABLE 10 

0.33 

3.19 

9.62 
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TABLE 11 

CALCULATION CF .. PEJ?J!MROST DEGRADATION UNDER BUILDl.NG NO. 3 

BASED ON A THAVHKG IIDEK DERIVED FOR THE THAWING SEASON 

Coef'.of 
Thermal· 
Conduo..:.. 

Vol. tivity 
1946 Dry Water Latent k" Thermal 

Thickness Unit Con- Heat Btu/hr/ R~sist-

h vYeight tent L sq·. ft/ e.noe h · 
Material ft. pof % Btu/of °F/ft. R = k 

-·--. --~-~-- __ ... --... ·-----·-···-----~·-·------·-------

(1) 
Insul.floor ·.10.0 

Gravel 2.0 135 3.0 580 1.4 1.43 

Silt (thavve d) 3o0 80 4o.o 4590 0.-1 4.29 

Silt( frozen) 80 40.0 4590 0.7 
---------.-----~---··-----.~----···--·---. -----~-~--···----------·----···-----·--··----:-·--· 

··_ Lnbn _· ('. Rn · lnhn ,.;··· hn 
In-. 24- ,_.-_R_+ 2) = ~- C~~-.R + 2k) 

For 1 year, 3250 = 45:_ hil. (15. 72 + ~~ 7) = 3003 hn + 136 hn2 

hn = 1.0 ft. 

For 2 years~ 2 x 3250 = · 3003 hn··+ 136 hn2 

11n = 2.0 ft. 

For 3 years~ 3 x·3250 = 3003 hn + 136 hn2 

~ = 2o9 ft. 

For 4 years 1 4 x 3250 ~ 3003 ~ + 136 hn2 

hn = 3. 7 ft. 

For 5 years~ 5 x 3250 = 3003.hn + 136·~2 

hn =· 4"5 ft • 

I 

R 

10.0 

11.43 I 

15.·72 

... . --··· ---·----- .... ------ ------------··· -------- ------ -· -~-----·---- ~-~--- --- ..: .. --··· ...... -- ----... ·.---·--·--- ----· 
·--·(1) --Th;-th~rmal resistance of the insulated; built-up floor has been ob-

tained by referenoe to the Heating 1 Ventilating and Air Conditioning Guide 
of the American Society of Heati.ng and Ventilating Engineers .• 

TABLE 11 
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! Year I 
I I 
i 19461 

• 
TABlE J2 

COMPARISON OF OBSERVED AND CALCUlATED 

PERMAFROST DEGRADATION IN FER!' 

I 

Bldgo No. 1 Bldg. No. 3 
I 

Bldg • No • 111 
'! Year 

Obs. Calc. Obs. Calc. Obs • Calc o Obs o .calc • 
. I 

Obs. Calc. : 
I . : i 

0 0 0 0 0 0 0 ~,o : 1948 ! o o ; 

Note: 

----:-----·---!'-_ __. ________ _____, 
)· . ! 

o.2 1.2 · . 0~7 o.9 · ·; 1949 l o.a 1.1 --- -~-·-"·-·-·--... - ... ----·-.. ----------'--··---~--

The-rmal resistance for f-loors ~f Buildings ;o. 2, 3 and 5 taken as~ 
for Building No. 4, 2 .~; for Building No. llJ lo5 (air ducts ignored) • 
Thermal resistance" of oell concrete below Building No., 5 taken as 2 ,o •. 
Grave 1 and silt properties assumed as shown in Tables 8 and 9 for all buildings • 

( 

l 

'. 

-
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Material 

TABLE 13 

C~tCUIATION OF SEASONAL THAW BENEATH 

.BUILDING 1U., 9 

' 

1946 
i· i 

bryi 
Thickness Unit 

h Weight 
ft • per 

Water 
Con.J. 

tent 
.% 

voi. 
latent 
:Heat 

L 
Btu/of 

Coef. of 
Thermal 
coriduc~ 
tiv:lty · 

k Th~~nial 
Btu/hr/. RJsist
sq. ft/ 1 arice 
°F /ft. R ~~·~ R: 

.. .. ~- ... ------------·~ .. ·. --·--- ·;--· .. --..... _ _...._ ........ , .. -----··· ... . ................... _ .......... ~·--···--·· .. __.. ........ ;... .. •'-·----···~ --····~···" -·--· --·------
Concrete 0.75 150 0 0 1.0 0·75 

Gravel 5o6 135 3.0 580 1.4 4.0 0~»75 
: 

Silt .., 80 4o.o 4590 0~7 4•7IP 
Surface degree day$ to thaw gr~v~ 1: 

I 1 = .JJL <.:: R + . . 24. 
h ) ti 5 80 ( 5 • 6) 

2k '24.-.- (Oo75 + 5.6 ) 
2xl.4 

... =·.373 

. Remaining de€?ree days ::;: 3250 - 373 ~ 2877 

Thaw in silt: -

I= Lh 
24 

(;:· R + h ) --- ~ 

2877 = 4sr h < 4.75 + _..~ ) 
2 - · -. 'i.xo···7 

h = 2.4 ft. 

TABLE 13 
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LEGEND 

o GROUND TEMPERATURE' ASSEMBLY>. 

-. BENCH. MARK 

·----EDGE OF GRAVEL FILL,BUILDINGS·'\. 
~m~EDGE OF GRAVEL, SERVICE ROADS ·. 

-4--- DIRECTION OF DRAINAGE 

NOTE: · 
PREVAILING WINDS ARE ABOUT 
15 MPH TO THE N.E. 

I 

0 
B-102 

/ 
/ 

SUBAREA NO 3 

FAIRBANKS RESEARCH AREA 

FAIRBANKS, ALASKA~ 

60 §0 40 ·30 20 10 0 

SCALE IN F.EET 

PLATE 

----
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\ 

• 
:::,_____ 

BLD'G No.I 
SOIL 

CLASSIFICATION 
D€PTH SURFACE ELEVATION 
IN, IT EL. 482.6 

0 THIN PEA,. COVER 

61---

SILT 
GRAY WITH P!:AT 

ll.~~ PEAT -BROWN 

BORING B-1 
FROZEN 
GROUND 

NO ICE 
LENSES 

z FEW ICE 
=: LENSES 

~ 

FJELD NA'NRAL 
WATER DRY 

CON TEI'IT' DENSITY 
o/o. PCF 

44 \-741 

50 70 

44 

35 

43 

52 
290 

78 

63 

73 

67 
17 

ML SILT 
GRAY WlfH PEAT '; 

~~:J~ PEAT-BROWN 

55 

264 

65 

21 

i8.3~ GRAYSI!;~H PeAT 

19.1~ PEAT-BROWN. 

SILT 
GRAY WITH PEAT 

NUMEROUS 
ICE 

LENSES 

117 

338 

110 

40 

15 

38 

21.5'-- ~------L---'-----'---"------' 

BLD'G NoB 
SOIL 

CLASSIFICATILIN 

1~E:~T SU~~AL~E4~b~~Al10N 
0 THIN PEAT· COVER 

BORING B-8 
FROZEN w~E6L,.D NA~::.RA • 
GROUND .:oNTe<T DENSITY 

% PGF 

58 65 

F'[W ICI: 

SILT LENSES 
BROWN Wmt PEAT 

6.6-

. SILT 
GRAY WITH PUT 

l3.4~ PEAT-BROWN 
14.1,-- • 

SILT 
GRAY WITH ll!AT 

IJj f1I: PEAT- BROWN 

IH SILT 
GA.Y WITH PEAT 

NO ICE 
LENSES 

1---

FEW ICE = LENSES 

~ 

t---

NUMEROUS 
ICE 

UNSES 

t---

P"EW ICE 
LENSES 

67 

32 

67 

99 

185 

61 

118 

164 
117 

75 

64 

85 

64 

49 

22 

56 

36 

24 
36 

60 

BLD'G No.2 
SOIL 

CLASSIFICATION 
0£PTH SURfACE ELEVATION 

IN FE T EL. 4B3.'3 
0 THIN PEAT CO\IE~ 

IlL SILT 
BROWN WITH PEAT 

5.51--

;.. Ml SILT 
GRAY WITH PEAT 

SILT 
GRAY WITH PEAT 

~~~~. ~~tf:~",.~wN . 
16·1 

p PEAT- BROWN 16.6 

Ill SILT 
GRAY WlTH PEAT 

23.0!---

SILT 
GRAY WITH PlAT 

BORING B-2 
FROZEN 
GROUND 

z 

0 

FEW ICE 
LENSES 

NO ICE 
LENSES 

F£lW ICE 
UNSES 

NO ICE 
LENSES 

FIELD NAT\.J\QL. 
WATER ' DRY 

CONTENT DENSI'n 
o/o PCF 

47 74 

37 81 

36 74 

33 

72 

45 

264 
59 

. 272 

36 

53 

sa 

48 

66 

18 
62 
19 

83 

67 

F~:8~t5E \ 3 2 88 

I 

32 87 

34 a!5 

31.5•'---'-----~..__ __ ,__ _ __,_ _ __. 

BLD'G No9 BORING B-9 

54.7 70.9 

39.9 77.0 
S4.9 64.7 

42.9 73.6 

52.4 73.8' 

SILT 
104.8 42.1 

18.7 76.1 

30.7 76.7 

<11:o: 64.4 

142.c.__ ------'--'------"'------'----' 

BLD'G No 3 
SOIL 

CLASSIFICATION 
DEPTH SURFACE ELEVATION 
N F T EL . .qa~.a 

0 THIN PEAT COVE.R 

IH 51 LT 
BROWN WITH PUT 

5-
SILT 

ML GRAY WITti PEAT 

~-~li PEAT- BROWN 

Ml ·SILT 
GRAY WITH PEAT 

,_ 

~~5 0.1 ~ PEAT-BROWN 

Ml SILT 
GRAY WITH PEAT 

'22.3 

BLD'G No 10 

SILT 

BORING B-3 
FROZEN FIELO ""o~!)"'-WATER 
GROUND CONTENT pms1n 

% PCF 

46 69 

FEW ICE 
lENSES 

51 66 

-
32 86 

NO ICE 36 82 
LENSES 

104 39 

45 72 

z---.. 
0 

~ 55' 61 

I 
I : 

FElli liCE 
LENSES 39 63 

I 
I 

I 51 65 

231• 21 

45 73 

BORIN_G B-10 
FROZEN 
GROUND 

z ... 
0 
0: 

FIE'LO p!ATU!II>I 
WATER DRY 

CONTENT OENSIT 
% PCF 

65.4. 58.5 

60.1 66.7 

56.3· 57;6 

50.3 65.8 

46.0 65.1 

99.5 42.1 

31.7 85.5 

r 
17.e 90.9 

53.9 63.9 

50.9 69.5 

45>Uk~1-----~~----'--~6~8~.7~~5~5-~4 

BLD1G No4 

Ill SILT 
BROWN WITH PEAT 

6.31--

SILT 
GRAY WITH PEAT 

\\:~~PEAT-BROWN 

SILT 
GRAY WITH PEAT 

:~::~ PEAT-BROWN 

SILT 
GRAY WITH PEAT 

19.51---

B~ING B-4 
FROZEN .;~~~ rA~~ 
GROUND CO~ENT OE:;,m 

NUI~~ROUS 109 40. 

z 

LENSES 
~ 

FEW ICE 
LENSES 

NO ICE 
L£NSES 

.. ---
0 
0: 

,[W ICE 
LENSES 

. 54 64 

3e 

38 

42 
224 

54 

54 
306 

65 

eo 

eo 

69 
21 

66 

66 
le 

59 

Ml SILT 

21 .1~ GRAY-SONEPEAT NU~CE~OUS 91 

'2 2. zl-P-T Jp ,_E_A_T -_B_R_ow_N_.l-l_l_E_Ns_E_S _,_.:_:19:..:6::...J__:2:.:6__, 

47 

\_. 

BLD'G Noll BORIN; B-11 
SOIL i FROZEN 

FIELD HA~ 
WATER 

CLASSIFICATION I GROUrD CONTENT OENSm 
DEPTH SURFACE ELEVATION % PCF IN FEET EL.4t12.:i I 

0 

I 
136.6 33.9 

65.2 64.2 

I . 36.t;; 81:3 I 
I 
i 59.0 60.3 

J 
I 
I 
i 
I 

58.3 60.8 

z 

ML SILT: 0 
0: 

i 

74.3 85.0 

"" 
48.6 69.8 

93.8 45.8 

-~ ---,___/ 

42.8'--

BLD'G No5 BORINGB-5 
SOIL FROZEN FIELD ~AJ~r"'-WATER 

~,T;L~~~! .. ncm~~'o' GROUND ~ONTENT p€NSITY 

0 EL. 4A2.7 o/o PCF 

FEW ICE PT PEAT- BIIOIIIN 
LENSES 206 22 

1.5- -'----
NUMEROUS 

Ill SILT 
ICE 

LENSES sa 67 
BROWN WITI't PEA ---

FEW ICE 
LENSES .47 74 

5.2- -

NO ICE 41 74 LENSES 

---

IlL SILT 
GRAY WITH PEAT 

69 53 

NUMEROUS 
ICE 

lENSES 

64. 60 

19.0 1-- ---
FEW ICE 

PT PEAT-BROWN LENSES 171 24 
3).3 r-- ---

Nl SILT NUWEROUS 52 60 
GRAY IIIlTH PEAT ICE 

LENSES 

24.0 

\ 

NOTES.' 

BLD'G No6 
• SOIL 

CLASSIFICATION 
DEPTH S'JRF'ACE ELEVATION 

!N FE T ' EL. 480.6 

0 PT PEAT- BROWN 
0.9/---

s.or-

SILT 
GRA't' WITH PEAT 

16.1,...: 
16.9~ PEAT- BROWN 

SILT 
GRAY WITH PEAT 

BORING B-6 
FROZEN 

GROUND 

NO IC! 
L.ENSIES 

NUWEROUS 
ICE 

LENSES 

FEW ICE 
LEttSES 

NUMEROUS 
ICE 

LENSES 

301 13 

52 72 

51 70 

36 

53 

143 

176 

35 

79. 

58 

31 

24 

82 

48 

!22.0'--..l------''--'----'---'--____..J 

' ). 

I. All borings are located ol center of b1.11k!ings. 

2. Date of Borings; 
8-1 to 8-8, inc!; Feb. and Mar 1946 
8- 9, Feb 1947 
8- 10 and 8-1/, Apr 1947 

3. Soil samples classified in acco,rdonce with 
Uniform Soil Classification System 

4. subsurfqce water table not encountel1!d in 
borings.: 

5. No/ural 'Cry densities obtained by water 
displocer[ient method. 

.i 

BLD'G No7 
SOIL 

CLASSIFICATION 

,~£~~u:::!E P!~!~::;R 

Ml SILT 
BROWN WIT" PEAT 

6.01--

.. 

Ml Sl LT 
GRAY WITH PUT 

16.6 ~ PEAT- BROWN 17.0 

Ml SILT 
GRAY WITH PUT 

20.1 t;; PEAT·B"'!"N 
20.9 r-

Ml SILT 
GRAY IIIlTH PEAT 

'22.a. 

BORING B-7 
FROZEN FIELD NATURAL 

YIAT£R DRY 
GROUND CONTENT D£NSIT 

% PCF 

NO ICE 52 67 
LE~SES 

---
FEW ICE 
4-ENSES 44 77 ---

HO IC! 53 69 
LENSES 

---

NUMEROUS 88 50 
ICE 

LENSES 

---
F'EW ICE 70 54 U:NSES 

100 38 ---
NO ICE 39 80 
LINUS 
---

F'(W ICE 45 75 
L£NSES ,_ 201 21 
NO ICE 

33 87 LENS(S 

\ 

BORING LOGS AND SOILS DATA 

PLATE 2 

I 

'I 
•I 

.I 



--

J_fWr~u~ .-. 

DH-35 ~uNlF0~·M SOIL NATURAL UNDISTURBED 

8/7,8/53 .. CLASSIFICATION WATER DRY DENSITY 
SYSTEM CONTENT PCF. 

El. 428.4 DESCRIPTION 0/o • u----, 
f ""'-....__ 

<. 

0 40 80 120 160 180 200 20 40 60 '80 100 
o~~T Moss and 

0.6 -~ c: organic matl. I hi 

Q) '• N -· -- "-

0 
L. • -c: ~ I 
':) I I 

... 
4.5r- - I I 

j~ ~ 

: 

I 
-· :, 

ML SILT with I 
occasional L 

I ~~ 

organic I ' 
layers I. .. 

10- I 111 

.. ! I .. 
I 

. ... 
i 

..... 
1-- 12.3 ----- Organic 

..... 
w OL 

I 

~ 13.6 SILT 
.... .. -- I c: 

Q) 
N I 
0 .. 

z ... 
IJ_ I - I 1 I 

1 ....... 
::I: I : II 

-SILT with , I 1-- occasional I I I a.. I 
l 

~ w ML organic !I I 
c 20t- material· .I -~ I I .... 

'> I I 
I 

i I 
i. I I i I . I li 

I 
[I •.. 

I ' ! i- I 
! •I ', 

!pil ' i 
..... 

I 
I II ! I I 

II I l ... ' 
I 

I 
1: I 'I ll 

26.0 r-: ,_jl ' I 
..... 

1--- II I I -
I \ 

I I 

ML- I •. 
! 

I 
CL Clayey I 

,.. 
SILT I I / 

30r 
I I I ' / 

I -
. . 

316 ,~EI.450.8 I I I 
I • '-_-1-l~ 

\ NOTES: -
a. 2" Shelby tube sampl,es 0-4 .. 5

1 

- b. 6
11 

1. D. double tube core barrel-samples 
4.5'-31.6

1 
~ :. ~ 

LABORATORY TEST RESULTS '-....._ 
c. Sample recovery about 95°/0 of total 

SAMPLE CLASS. 0/o 
depth. ' 

DEPTH FT. SYMBOL ORGANIC . L.L. P.l. 
d. Organic content determined by loss in 

7.5-7.8 ML 4.3 38.3 . 7.5 
~~ weight upon ignition of oven dried .sample. 

• _, 12.5-12.9 OL 10.0 48.3 12.4 
19.0-19.4 ML 4.1 33.8 9.3 SOIL DATA -~F-OR 
26~ 7 _:_ 27.0 ML-CL 2.2 28.4 8.1 
31.0-31.6 ML-CL ~ 3.5 27.3 4.6' BORING NO·DH-3S 

;I 
\ 

·-

PLATE 3 



• 

!-
'I: 
C) 
iij 
~ 
> m 
a: 
!if 
z 
iL 
~ z 
IJJ u « 
IJJ 
ill. 

• 

U.S. SJANDARD SIEVE Slz"E 

NO 4 NO 10 NO 40 NO 200 
100 

~ 
li I 

90 !I I 
I 

80 q I 

I 
70 'I I 

II 

II I 
60 I 
!50 

I t! 

II I 

40 
J I 

II 

i tl 

30 
I I 
I I 

20 
'i II 
!I II 
I I 

10 

d ~ 

0 ! tl 

·J J! ', . " I 177"1", .. 
/ ~~ 

I ~~ ~~ 
I '~ I \ 
I l ~ ~ ? ~ 
i ! 

,, 
j '\ 

! I ~ 1~ 
I I ~ ~ '\ 
l I ,v, 

~' \ 
: II \ ~ .. ' 

' 
t~.nr .tr,.~ \' ~ II \ 'v 

I . 
I ,r 't\ I 

I il ~ \ 
I I \, '\ I 
I II t ·~ 

I ! . l, ~~~ 
! . 
I I ~~ ,,~ 

: I ~. 
I I ·~1 I 

'I i ~f"-I 
I . I I I 

1.0 0.1 

GRAIN SIZE IN MILLIMETERS 

SAND 
Medium Fine . SILT OR CLAY 

GRADATION RANGE 

ON EIGHT SOIL SAMPLES 

BORING NO. D H3S 

tr, 
~~ ,., 

~~~.L -
~ 

~ 
\ 

.0.001 

PLATE. 4 



U.S. STANDARD SIEVE SIZE •) 

• 100 
3 IN. liN.· 'NO.4 N0.10 NO. 40 NO. 200 

I I : i i • I I i I I : 
90 

Q 1.~ II I I I I .. 
\I r! 

I I I 
80 

'~ - rr · I i I .. . I 
I 

I ~ ~~ I I I 

~ 
70 

I~ \ ! I l :I: I I 
C) 

ll \ I 
I I I LLi I I 

~ 60 II Q. ! l I. 
> I I I m 

II ll \ I I I 
. . I 

0: ' I I 

bl !50 

: \ l l r. z I I,·. I ii: 
~ I l \I I 

! I z 40 

"' r! 
. I ~·-

1 I i I u ; 
0: 

'I 
I 

I \ l l "' .. I I' CL. 
30 I 

'I ! ! f. i \ I I 

I I . I \'- I I 
~·. 20 I . -......: 

-~ l I I 
..... .... _ 

l 
I I I i "-..... 

I 
10 I 

I I l !l 
I 

"" i I "" I I ! l : "' l 0 
100 10 . 1.0 {. 

0.1 0.01 
V9 

GRAIN SIZE IN MILLIMETERS 

I GRAVEl I 
... SAND 

) I Coarse I Fine Coarse I Medium I Fine Sit T 01 ClAY 
.. 

'• 
p 
t· 

CO-MPOSITE \· MECHANICA~ ANALYSIS 
'i) ~~ 

,., (BUILDINGS NO.I THROUGH 5) 

.. 
.._, 

!'· 

BU1LOING DENSITY WATER 
NO. Pcf. · CONTENT 0/o 

I 136 

2 148 

3 136 . 
4 135 ·> .. 

5 144 TEST DATA FOR 
9 134 2.1 

RIVER- RUN II, N.W. CORNER I I I 2.8 

II CENTER 140 1.6 GRAVEL FILL 
II, N.E.CORNER 136 5.0 

., PLATF 5· !,'). 
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4"CONCRETE FLOOR EL.484.12 

I
ll
w 

INSULATED WOOD FLOOR EL.486.43 
( 4" ROCK WOOL BATTS ) 

NORTH 

B-4a Ill B-4b 

INSULATED WOOD FLOOR EL .. 48763 
(INSULATION REMOVED 1-2-47) 

4 8-4c 11 B-4d 4'x 4" MUD SILLS 

SOUT'" 

--® 
/ 

I
, ~JULY 1952 ~ --. 1949, • 1...... 11:+ + 

0 15~------+-----~+-----~+-----~~------.-~----+-._----~-----+-------+--------

' ..,1 ------;--r-- "'""'-- ~ Sl.C:; {JULY 1952 I * (±)_ + 1951) 9/ lJULY 19S2 

~S~E~PT~.~I9~S~2~~--~~-~-=:-~~+~-~· =-~~:::J::::===i==~~~~~~~~~~-------+~~~~ 
15 --- -(~ - - - - -\:t}' - . 

2~~5~----~2~0~----~~~5~----~,±o-------+-------+------~-------,,~o~----~,,~5------~2~0------~25 2~-------,1:------_L-------!-------_LS:::_-:E_F'_~~Q~ING,S_~-----'----'--.-
20 15 10 5 0 5 IO 15 20 

\ SEPTI ~~54 PRtB~NGS® 
2~~5~----~2~o~----~,~5-----.~,~o----~~s~------t-------±5~----~,~o_.----~,~s------~2~D------~zs 

20 10 10 15 20 5 0 5 15 

O NORTH 

20 
25 

NORTH 

20 15 

DISTANCE IN FEET 

BUILDING NO. I / 
(Dismantled .Sept. 1954) 

(

INSULATED WOOD FLOOR EL.4B4.96 
~ (4"ROCK WOOL BATTS) 

8·5 B·5c II !i:..5!! t6"CELL CONCRETE 

4" 4" MUD/SILLS SOUTH 

A
2" 4" JOISTS 16" O.C ~OUBLE CONCRETE FLOOR, • 

1/;
B~ANKET INSULATiON BETWEEN JOISTS UPPER SLAB 6': LOW.ER SLAB 9," 

I /BUILDING PAPER PIERS ISX IB X 3-0 HIGH ( 
!JFINISH FLOOR EL. 4S4.7 SEPARAT~O ~y ,CO~CRETE 

rr~ fJJROUGH FLOOR ~ ~ 1 
rrr-------llle>,2::.c...:Q'::.._;,'X 8' "a ,-OPENINGS 

~ i f I 
r- t '""' :"'t_ 
i_ J~-o----1\.--~...;l ·:~~9.7 SOUTH 

- ""i 

5 
7 .. : '""u :~:·D.· o· :-·~·-.·: -~.·· "7·:.· .. -=-·:: :..:,·. . . ·.·, ·<=>:7• 

..,: . ~~ 1948-"' 
LU SEP'l:l952/·~~~ 
LU 10 II '--!--..---
~ IC~ i~;~~ :· . 1949 

·:t: ~~~53 
li: 15. 
IU 
0 

( 1949 
1950 
1951 
19 52 
1953 

. . 
e 1949 "- - If, 

~ 

""'~~~, 
" 1951 ~-

1952 

t,._ .... MAY 1949 
19487'_..!...., . 

" :::--1,.---+ =t.- SEPT.I952 

} 20~----+-----~~---+----~------~------~~----1----~ 

2~~5~.~--~z~o------~~~5~----~,~o------~s------~o-------s~------~~o~--~-~Ls __ ~---2L0~----~25 

DISTANCE IN F'EET 
BUILDING NO.9 

·. 

DISTANCE IN FEET ./ 

BUILDING N0.2 
(Dismantled Feb. 1952) 

II (INSULATED WOOD FLOOR EL482 80 JL 1l1 {4" ROCK WOOL e'ATTS ) 

DISTANCE IN FEET ._../ 
BUILDING NO.3 

(Dismantled Sept. 1954) 

/

INSULATED WOOD FLOOR EL 481 27 

Jl Jl (4" ROCK WOOL BATTS) 

DISTANCE IN FEET ,_--

BUILDING NO.4 
(Dismantled Sept. 1954) 

( 
( 4'~ROCK WOOL BATTS) 

iNSULATED WOOD FLO DR EL 480 95 

NORTH 

~~~~!!:!!:!l:!!:!!:!:!!:!!!:!!'l!:!!~!i!§!:§~Ji~NOT S)<IRTEO F -r _.«·2'-0' HIGH WOOD POST r s:b ila B!c I B·6d SOUTH 

F!E::l!~~~~~~~-~~-~~WOOD SKIRTING rr Blr - I _,.,(2'·0" HIGH WOOD 
II ~ ~ ~ I B::E\' POS~OUTH 

~~ ~~~- \4"x 4" WOOD STRINGERS 
i!..:..ll.g ~ ~ ll..::..e.!! 

NORTH Orig. gd.7 -· . .~ SOUTH 

0 ' ' 

1-5 
w 
w 

''"-

~ 
.:t:IO 
I-
ll-
LU 
0 

-rr . r~:l94'7 1948 
1949 

. 
• 

15r-----~----~~-----.~------~------~~--~-.-----+------~ 

BUILDING NOT t EATED 1950-51 

2~~0~----~1~5-----4-IL0-----.~5~------0~------~5~----~1~0~----~~~~~Z-"------~20 
DISTANCE IN FEET 

BUILDING· NO. 6 / 
(Moved July· 1951) 

(, 

JOISTS WITH ~·LOOSE 
FILL INSULATION BETWEEN . FINISH .FLOOR EL.4B4.42 

112" INSULATION BOARD .. --/"/BUILDING PAPER · 
IT GIRDER 5-2''xe" BOLTED ·;//ROUGH FLOOR 1\{wooD SKIRTING 

ON OUTSIDE 

• "' ' I 
~ j SEPT. 1947 " 

• 1948~ ~!i . . 
. .\:tl' 

. 
PROBINGS (f) 

. . • 1947' 
• 1948 

lt.. 194: 

lsr-----~----~r---~~----~~----4-+----4-.----+------4 

BUILDING NOT HEATED 1950-51 

DISTANCE IN FEET..__, 

BUILDING NO.7 
(Moved July 1951) 

0 

®-
5 

0 

5 

2 
20 

B-IOa 

!0~~~~~ 

\' - OF PILES 

B-lOb I ·_~t B-10 
Original grou'fi'ct 7 ~~ ( EL.4B0.5 SOUTH 

(

4''xt2">< 12"-- HOLLOW CLAY TILE. 

. -~ SET IN 18" CONCRETE SLAB . J ~GRAVEL DRIVEWAY 
ISH FLOOR EL 485 2 '.., • . /EL.483.6 

0 
NORTH !i:l!.!! !l..:!J..li ;:!! 'j B-Ile !tlli!/ SOUTH 

1 1 I '•,"t~ 

: : : : 1953 I I I I : : I : 

5~: : 1949) 1950--.. 
1 

: __________ ----- -

1!·--·------. 194:_~ :}ov.l9~' 

2 ~L0 ______ "15~r---~10~------5~------0._ ______ 5~------IOL_ _____ ._IL5----~~20 

DISTANCE IN. FEET 

BUILDING NO.IO 

~~:-~.\:_~:~. :~. ··q ··i. ·.,'/): ====;.. ~',_!' .... a··. l~·-·.r::· •. ~.·.-.d •• ··_9.:.~_:_.::._ .. _.:._.]·v-.~.~;D 
I"" v ··~·. v 50~0:·'·"'· ·i··.·~·- ~-•:·~,:--.•.·- .:Yo 

2~~5~---.2~0_-----,1~5~----~,o~----~5------~o~----~5------~~~o--~~~,5~--~r.z~o~----~25 
DISTANCE IN FEET 

BUILDING NO.II 

.... ' ;• '' ... . .. . . s!e; 
.,~ ~ 

~~V.I94 • 1947~ • 1948 _.-.® __.. 
'!.."4 T - -

1/ . '1.1946 • . 
jULY 1952 .. ~,:"@ '"iY i • 1950 

15 

. • . 
I 1951 ~·I>. 

I ~ . 

J 
10 1 

I 

I 
j 

j 

. 

5 OISTANC~ IN FEET S 

BUILDING N0.8 

. 

(Destroyed By Fire Sept. 1951) 

LEGEND 

. 

10 15 20 

GRAVEL FILL, ALL OTHER FOUNDATION SOILS, ARE 

SILT (ML OR ML-CL) 

+, {±) PROBINGS TO PERMAFROST 

-.!.947 =., I ETC.) SURFACE OF PERMAFROST FROM TEMPERATURE 

DATA AT END OF, THAWING PERIOD FOR 

GIVEN YEAR 

MEASURING THERMOCOUPLE POSil:IONS 

NOTES:· /// 

I. BUILDING NO. I THROUGH B CONSTRUCTED BETWEEN 

JULY AND QCTOBER 1946. 

2. BUILDINGS N0.9, 10 a II CONSTRUCTED BETWEEN 
JULY AND DECEMBER 1947 ~ 

________ ; 
~ 

DEGRADATION OF PERMAFROST 

NORTH-SOUTH, BUILDING. CENTERLINE 

1946-1954 

PLATE 6 



r· . . -. -- - . , • . . , -~ 

I . ··. . . 

•• • 

. · .111tllllllffill ~ lllflllllllllfill llllllff .· . .• 
· .. · BUILDING No.I . 

. . ~ llliiiiJflllllllllflrttll;llllfriiiiiiii'IT · · 
Z _ -~~- · · · B U I L D I N G No. 2 

· ·.·~···lirllllllflllllllllllllllflllllllll'lr . · · 
<X: :. : \ BUILDING No.3 · .· · . · . a::. . . . \ . . 

. -~ ._.· -1946 ... 1947 \1948 . 1949, 1950 1951 .. 

. . ·. ~·· , 1111111111111111111 I'IJliJ 11111111111,111111: II II. . · .. ~ 
a:: . 8 U I L [ll N G No. 4 , . · : 
LL. ' . . . "'. . . . ' . 

<X: . . I 9 4 S . 194 7 I 9 4 8 ~- I 9 4 9 , I 9 50 19 5 I . 

· . .· ~ .•.. 111111111 I 111111111111111111111111111111111111 ~ ·· . ·. . · 
·. . · . BUILDING No.5 . . 

: ··•· ·.·lrlrllllllffilllllllffllllll'llfii 1111111f1

5

i111Hrj

3 

· • · .. 

· . . BUILDING No.ll 
. . . 

PERMAFROST DE.GRA DAifl ON 
I . 

. · . BENE~TH CENTERS OF BUILD I N;G S . 
. / . . 

· ON GRAVEL FILLS OF VARIOUS THICKNESSES . 

• ... . 

I _.-· 

PLATE 7 . 
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• 

4"CONCRETE FLOOR,EL.4B4.12 

~10!-------T------t-~---t------+------+------~--~~----~ 
::r: 
1--
0.. 
lLI 
0 

• 

INSULATED WOOD FLOOR, EL 484.09 
(4"ROCK WOOL BArTS) 

B-lc ~· MUO SILLS 
SOUTH 

I-
ILI 
ILl 
..:. 
~iq------t------r-----~~~~~t---~=6-===~~==--+-----~ 
::r: lfocT. 1950 
1--
0.. 
ILl 

.. • 
• 

1-
lLI 
lLI 
LL. 

INSULATED WOOD FLOOR, EL. 487.63 
(INSULATION REMOVED 1-2- 47) 

SILLS 
SOUTH 

~101~------+-------+-----~4-------4-------~------~-------~------~------~------~l 

lsr-----~----~-----.T--1---f~~~~----~~--~----~ 

::r: 
1--
0.. 
lLI 
015r---~-+-------r----~t-----~------~------~~---+~----~.-----+-~--~ 

I 

olsr-------t-------t-------+-------4-------~'--------~------l-----~ 
I • I • 

::r: 
1--
0.. 
ILl 
0 
15~------+----

0 NORTH 

DISTANCE IN FEET 

BUILDING NO. I 
(Dismantled Sepl. 1954) 

. ·, (INSULATED 

u ?~ ~ ~ 
WOOD FLOOR, EL. 484.96 
( 4" ROCK WOOL BATTS) 

20 

~ t6''CELLCONCRETE 

4';.4 MUD/SILLS SOUTH 

OriiV'} k<~•:>·--~:,;(€' :·:/·.~· . .': '?.'~}.,~.::::·.l'.··· .:·"/6'~ 
"' . . J v: •. : .. ;;.£,::, .;.;_<:· i /P . :·o x·if\: :-~~f: ·-~~- P.' .lo... 

~~~-+----4-~~~~---~-~~~r~ ~~~~~~~~~~~~~~~~~---+~~ 
~~ ·~ ~~~~~ 
~ 

~ lor-------+-------1-------~------~------~--~--~-------+-------4------~------~ 
:I: • 
~ • locT. l!l~c 
~~~----~~----~------~-----4~------~------4---~--~~.-~~~----+------~----~ 

20/ ______ _j ______ ~------~------_L ______ _L ______ i_ ______ L_ ______ L_ ____ _J ______ ~ 
25 20 15 

NORTH 

10 5 0 
01 STANCE IN FEET 

BUILDING NO. 5 
(Dismantled Sepl. 1954) 

10 15 20 25 

2"•4" JOISTS 16"0 C ~OUBLE CONC.~ETE FLOOR, 
· UPPER SLAB 6, LOWER SLAB 9" 

:

/;BLANKET INSULATION BETWEEN JOISTS SEPARATED BY CONCRETE ' 
FINISH FLOOR, EL 48~-7~ \ PIERS 18" 18" 3 •_0 " HIGH 

(
[BUILDING PAPER • • • 

ROUGH FLOOR\ B -1 • 
1 ~ ~I 

l
' -~--:-__ -~"._ B-9d 

I \ .I rEL.479.7 SOUTH 
-~ 

.. 
• 

j i 

c..QL---------L---:----'---_____j___________L___________L_____L____j 

.I 
2~L5------~2LO _______ IL5----~~Ii0-----4~------~0~----~5~~----IL0~-----15L_ ____ ~S0~----~25 15 10 0 20 25 10 15 

DISTANCE i'N' FEET 

BUILDING NO. 2 
(Oismamtted; Feb. 19:> 2) 

20 

INSULATED WOOD FLOOR EL 482 80 .. ~ . ( ·~· (4'"ROCK WOOL BATTS) 

24" 

15 

v~NOT SKIRTED 

n-------~-------- WOOD POST 
NORTH Orig.vd} 

B·6a !!.:.§11. B !!:2s: e..:.§J! 
• · • , SOUTH 

.o 0 

1-
w 
lLI ... 
~ 10 

I· 
1--
0.. 
w 
0 15 

. ....::,· 

20 
20 

B·IOo 

NORTH 

·' 

15 

_.;_. ..... 

- -..... 
~--

~ 
--L. ---- . . 

!.... t-- ... . --~ 1-
..-IZ . . - r--. : '-OCT.I~4B • • . . . • 

~ ... , .. . . . 
'"'\"'"""'" 

> • 

THIS PLOT FOR 1948-1949 

I I I -
BUILDIN

1
G NOT ~EATED 

1
1950-51 

10 5 0 10 15 
DISJ:ANCE IN FEET 

BUILDING·..- N0.6 
(Moved July 1951) 

2".8" JOISTS WITH 3" LOOSE 
FINisH FLOOR,EL.484.42 

BUILDING PAPER 

_...-

20 

/ir FILL INSULATION BETWEEN 
112" INSULATION BOARD' 0 

tr '{GIRDER 5-2"x8" BOLTED I (ROUGH FLOOR 1VWOOO SKIRTING 

.. ,~ ~~ ~~:ES~DE 

~-~~.1 

5 

~10 

:r 
1--
0.. 
w 
0 

I 5 

B·IOb 

Or.ig.gd'C I · .. EL.480.5 
Jl B·IOc B·IOd 

SOUTH O NORTH 

15 10 

'!o, ... • 

0 
DISTANCE IN FEET 

BUILDING NO. 10 

10 15 20 

.l· 

10 

NORTH Orig. gdl 

15 

. 5 0 
DISTANCE IN FEET 

BUILDING NO.3 
Dismantled Sepl. 1954 

10 15 20 

A /INSULATED WOOD FLOOR, EL.481.27 1 ( 4" ROCK WOOL BATTS) t:. WOOD SKIRTING 

8·7a f' ------- :n--- ----- ~ 24"wooD POS 
1 

B·7b ~ li.:1£ : B-7d 
• I' • SOUTH 

'~ 1--:..:.. -T "----
~--

-
I. 

. 
~...----· 

!.....___- ~--~ . . --::::: . 
~ ~ ~ ~-- f-t 

I 

~ i . . • L~c -. I .:.; .194B 

I 
. . • • • 
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. APPEl\ID IX A - DEP!'HS TO PERMAFROST TABLE* 

• Permafrost Table 
Depth Be1ow ElevatJ.on 

Building Surface Above m.~ .• 1. 
No. Location Date Ft. Ft. 

1 . Probing well l Nov • 1946 7.2 ' 476.8 

" 15 Nov. 1946 6.8 477-2 

ft: 26 De9. 1946 7·5 476.5 

tt 15 Sep. 1947 10.0 

n 9 Apr. 1948 10.4 

Test :Pit, 4ft. 
, West bldg. 5 Apr. 1949 10.7 

18 ft. West 
bldg. 27 Oct. 1951 8 .• 2 482.9 

18 ft. West 
bldg. 21 ·Nove~ 1951 8.9 472a2 

15 ft. West & . 
7 ft. So. bldg. 6 Feb.1952 7·8 473.4 

13 ft. So. & 
3 ft .• · East of 

16 June 1952 475.0 SW·.·eorner 7·2 

13 rt. so. 
bldg. 15 July 1952 

I 4.; 478.1 

8 ft. So. 
~ldg-~ " 1·9 474-5. 

8 ft. No. 
bldg. " 9o2 473-5 

13 ft. No .• 
bldg. n 4.6 477·6 

13 ft. So. 
bldg. 8 Sep. 1952 6.2 476.1 

* Permafrost table determined by probings unless indicated. 
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Permafrost Table • Depth Below Elevation 
Building Surf' ace Above m .. s.l. 

No. Location Date Ft. Ft. 

1 (Cont'd.) 13 ft. No. bldg. · 8 Sep. 1952 6.6 475·8 

Center· of bldg. 1 Oct. 1954 15o2 466.8 ,[ 

8 ft. No. of 
bldg •. center " 14-5 467.8 

12ft. No. of 
bldg .• center ff '11.7 470.6 

17 rt. No. of 
bldg. center I. 27 Sep. 1954 7-1 475-1 

22 ft. No. of 
bldg. center n 6.0 476ol 

8 ft.· So. of 
bldg. center " 14-5 467-4 

12 ft •. So~ of 
bldg._ center 1 Oct. 1954 14.4 467·5 

17 ft. So. r;>f 
b~dg. center '." 9-4 472-9 

22 ft. So. of' 
bldg. center " 6.0 476.1 

8 ft. East of 
bldg •. center " 11.9 470.3 

12 :ft. East of ,. 

bldg. eenter " 8.1 474.1 

17 ft. East of 
476.6 bldg. center, " 7el 

22 ft. East of 
bldg. center 27 Sep •. 1954 6.4 477·3 

8 ft. West of 
bldg. center n 14.-8· 467.0' 
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Permafrcet Table 
Depth Below Elevation 

• Building Sur .face . . Above m.s .1. 
No. Location Date Ft. Ft. 

1 (Cont 1d.) 12 f'~ .• West of' 
bldg. center 27 Sap. 1954 14.0 467.8 

17 ft. West of' 
bldg. center " 11.6 469.4 

22 ft. West of 
bldg. center " 6.0 475·3 

2) 1Probi~g·· well 25 Oct .• 1946 1·8 477·7 4-~;;:t; 

" tt 8 Nov. 1946 7.6 -477·9 
tl " 22 Nov. 1946 8.0 477·5 
tt. tl 6 Dec. 1946 1·9 477o6 

" tt ·15 Dec. i947 8.2 

" fl 9 Apr. 1948 8.3 

Test pit, -3 ft. 
West of bldg. 12 Apr. 1949 10 •. 1 

23 f~. No.- & 
1 ft. West of 
bldg.· center 15 Feb. 1952 .. 475-e? 

.16 ft. No. & 
1 ft. West of 

· bldg.· center " 475·0. 

11 ft. No. &c 
-1 ft. West of-
bldg. center 15 Feb. 1952 474.6 

6ft. No. & 
1 ft. West o£-
bldg. center " -473•1 

1 ft. West o-r 
bldg. center tf 473.9 

6-ft-. So• · & 
1 ft. West of-'· 
bldg. center " 473·8 

13·5 ft. So. &· • l ft. West of 
·bldg.· center " 474.-7 

-----·-·· -~· ·-·----------------- ... -·- --- -·---- ----···--~·- -------- ----- ··---····--· -- .... ----.--. - ·--. ...... --·- ---- ------~ -·-~---------------
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Permafrost Table 
Depth Below Eieva"=tion 

• BUilding Surface Above m.s .1. 
No. Loc·ation Date FtQ Ft. 

3 Probing well 23 Oct. 1946 5·1 . 479.8 

" 4 Nov. 1946 5·5 4Bo.o 

fl 20 Nov. 1946· 5.·5 . 4ao.o 

" 2 Dec. 1946 5·5 4ao.o 
t1 20 Dec. 1946. 5·5 4ao.o 

II 15 Deca 1947 5·7 
, 

Test pit 5 ft. 
1949 East, of bldg. 9 ~p:r •. 7·9 

Probing well 27 Oct., 1951 9~5. 475·6 
n 21 Nov. 1951 10·,.0 475-1 

" 6 Feb. 1952 10.0 475-1 

13 ft. So. of 
bl.dg. J.4 J':llY 1952 9·3 476.1-

8 ft. So. of 
bldg. " 9·3 476.3 

8 ft. No. of 
bldg •. It 9·0 476.1 

13 ft. No. of 
bldg. " 9·3 476.0 

13 ft. No. of 
bldg. 8 Sep. 1952 9.0 475·5. 

Cent~r of bldg. 27 Sep. 1954 10.3 471.6-

8 ft. No. of 
bldg. center " 8.4 474.1 

12 ~t. _No. of .. 
474-9 bldg. center " 9,9. 
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BUilding 
No. 

3 (Cent 1d.) 

Location 

17ft. No. of 
bldg. center 

22 ft. No. of 
bldg. center 

8 ft~ So. of 
bldg. center 

· .12 ft. So. of 
bldg. center· 

17ft. So. of 
bldg. center 

22 ft. So. or 
bldg. center 

· 8 fto East of 
bldg. center 

12 ft. East of 
bldg. center 

,. 

17 ft. East of 
. bldg.· center 

22 ft. East of 
bldg. center 

8 ft. West of · 
bldg. center 

12 ft. West of· 
bldg. center 

17ft. West of 
bldg. center 

22 ft. West of 
bldg. center 

\~ 

Permafrost Table 
Depth Below Elevation 

Surface Above m.s .1. 
Date Ft. Ft. 

27 S~p. 1954 6.5 478.2 

" 5·9 479.4 

" 9 .• 6 473·5 

" 10.~8 474.6 

" 7·1 478.3 

" 6.3 479.1 

u 10.1 473.6 

" 9·7 474.-7 

" 6.4 479-2 

" 4.6. 481.6 

" 8.2 474.5 

n 9o9 475·1 

tf 6~~8 478.2 . 

tf 
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• · Permafrost· Table 
I 

Depth Below Elevation 
Building Surface Above m.s.1. 

1o. Location Date Ft. Ft. 

4 Probing well 7 1Tov. 19¥ 1·1 479·3 

" .n 20 Nov. 1946 8.1 . :478.9 

.tt " 3 Dec. 1946 8.1 478.9 

n " 8 Jan. 1947 8.8 478.2 

I n• I' " 17 Sep •. 1947 9.6 

Test pit, 
6 ft .. East 
of_ bldgo t.: 7 Apr. 1949 8.6 

13 ft. So. of 
b1dg. 16 July 1952 9.4 474.6 

8ft. So. of 
blQ.g. n 9·5 475-1 

8ft. ·No.· of 
'·bldg. tf 

9-5 473·5 

13 ftq Noe of 
bldg. tt 9.3 473-·3 

13. ft. No. of 
bldg. 8 Sep., .1952· 9·7 473.0 

Center of ~··· 

bldg. -2'3 Sepo .1954 12.3 470.5 

a. :ft• ·No.· of 
~~_dg. center n 10.8 472.0 

.. 

12 ft. No~ of 
bldg. center n 10 .• 5 472·2 

18 ft. No~ Of 
bldg • center .. 24. Sep. 1954 9.4 473.4 

•• 



·permafrost Table • Depth 'Below Elevation 
Building Surface Above ni.s .1. 

No. I Loc.ation Date Ft. Ft. 

4 (Cont'd.) 23 ft. No. of 
bldg. center 24 Sep. 1954 5*6 477·3 

8 ft. So. of 
bldg. center 25 Sep. 1954 ·. 11.6 471.3 

12 ft. So. of 
bldg. center 28 Sep. 1954 11.2 ' 471.7 

18 ft. So. of. 
bldg. center .28 Sep. 1954 6.4 477.,0 

23 ft. So. of 
bldg •. center 28 Sep. 1954 6.3 477-4 

8 ft. East of 
bldg. center 25 a~'Pw:· 1954 11.7 471.4 

12 ft. East of 
bldg. center " 11.2 472.1 

18 ft. East of 
bldg. center 24 Sep. 1954 l0.-·6· 473.1 

23 ft. East of 
bldg. center " 5-l 479·1 

8 ft. West of 
bldg. center 28 Sep·. 1954 11•3 471-3 

12 ft. West of 
bldg• center n 10.7 471-7 

18 ft. West of 
bldg. center 24 Sep. 1954. 8.7 473·7 

23 ft. West of 
bldg. center " 5·9 476 .• 7 

·---·--·-··------- -~---·------··-··- -------·----.---.··--·---------

5 Probing well 23. Oct. _1946 .. 8.0 476~3 

" ff 12 Nov. 1946 7o.O 477·3 
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Permafrost Table • Depth Below Elevation 
Building Surface Above m.s .1. 

No. Location Date Ft •. Fte 

·s (Cent 'd.) Probing well 9 Dec. 1946 1-9 476«14 

" " 10 J~n~ 1947 · 7·5· 476.8 

" tf 17 Sep.. 1947 7.6 

Test pit 7 ft. 
East of bldg. 5 Apr. 1949 11.2 

13 ft. So. of. 
. bldg. 17 July 1952 9.2 473-3 

8 ft. So. of 
bldg. tJ 11.2 471.6 

8ft~ No. of 
bldg .• ti 9·1 472i7 

13ft;. No. of 
bldg. tf. 8.7 473.2 

i3 ft·;.. No. of 
'bldg. 8 Sep. 1952 8.7 '472·9 

· Center of 
bldg. 27 Sep._: 1954 9.0 470.3 

8 ft. .No. of 
bldg. center " 7.6 471•9 

12 ft. No. of 
bldg. center " 6.7 472.5 

17 ft. No. of· 
.. bldg. center 11 4.3 475·9 ·-

22 fto No. of 
bldg • . cente.r~ " 5.1 476.6 

8-ft. So· .. of 
bldg. center It 9o5 470.0 . 
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• Permafrost Table 
I Depth' Below Ei~~tion 
! Building Surface·. Above m.s .1. 

. No. Location Date Ft • Ft. 

5 (Cont 'd~) 12 ft. So,; of 
bl6g. · center 27 Sep~ 1954 8.9 470o5 

17 .:f't.lt ~9~ of 
bld~~ center " 8.1 472o4 

22 ft .. ~o .• of. 
bldg~. center 

,, ;.a 475-9 

8 ft. East of 
bldg. center " 9·3 470.8 

12 ft.. East of 
bldg. center " 8.9 471~8 

17 ft. East. of 
bldg. center " 9-·9 471-9 

22 ft. East of 
bldg. center n 4.1 478~1 

8 ft. West- of 
bldg. center " 8 .• 0 471.0 

12 ft. West ·of 
bldg. center " 7·4 472-5 

17 ft. West of 
rt bldg. center 5·5 474.8 

27 ft. West of 
bldgo center " s.o 475·4 

6 Probing well 6 Nov. 1946 3•7 476e7 

" n 17 Sepo 1947 2.7 

17 fto SOo of' 
bldg. center 19 July 1952 5.2 473·9 

12 ft. So. of 
bldg. center' n- 6.3 472.9 

• 
.· j 



,.--
i 

• 

• 

Permafrost Table 
Depth Below Elevation 

Building Surfaee Above m. s .1. 
No. Locat'ion Date Ft. Ft. 

6 (Cont 'd.) 7 ft. So. 
center of bldg~ l9 July 1952 6.8 472.4 

1 ft.. offset fro:m 
center " 7-ol 471.7 

7 ft. No, ~enter 
_of bldg.· tl 6.7 472•2 

12 ft. No, center 
of hldg'o It 4.7 474•3 
17ft. No. center 

. of bldg. " 4.7 474·5 

7 Probing well 6 .Nov. 1946 3-5 475.2 

" " 18 Sep. -1947 2e9 

. 17 ft. So. of . 
center of bldg. 18 July 1952 3·8 474o9 _, 

12 rt. so. of 
· center of bldg~ ft 

6~1 472.~ 

7 ft .• So. of 
" center of bldg. 5·7 - 472o8 

1 ft. offset from 
center ·If 

5~3 472•9 

7 ft. No c. center 
of 'bldg. tl 5a5 4~.6 

12 ft. Noo center ~ 
of bldg. " 8o5 469.6 

17 ft. No. center· 
of bldg. ·fl 

8.4 469.9 
--·----------·-···--- ~-··-•--••··~···--~·-•· ••-••••·-·•-r-•·~·-·--"·- w •- ··----····-•••·----~---·- ••·-•-•• ,,.-,_:_•~••••·------------·--•-••·-
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Bu'i1ding 
No. Location 

Pro bing we 11 

" tt 

17 ft. So. . 

Date 

6 1\fov. 1946. 

18-Sep. 1947 

center or bldg. 17 July 1952 

12 ft. So. 
center_ ,of 
bldg .. 

7 ft. So •. 
center of- bldg. 

1 ftc> .offset 
from · center 

,, .. i ft. N(). ·Qf 
bldg. center 

12 ft. No. of 
bldg. c~nte;r-

17 ft. No. of 

" 

11 

n 

Permafrost Table 
Depth Below Elevation 

Surface- Above m.s.l. 
Ft. Ft. 

477o0 

3.2 

475•8 

476.; 

3-3. 

.475-l -bldg. cepter. " 4~1 
--------------~--~~------~-------------- ----- ----- . 

9 0.6 ft. So. of 
b1dgG · 10 ~~y ~949 

10 ft. So. of 
bldg. 27· ·oct. 1951 10 .• o 

.14ft. so. of 
bldg. 21 ·Nov. 1951 8.5 469·7 

12 ft .• So .. of 
bldg. ··. 6 Feb. 1952 468.4 

3 ft. So. of 
bldg. 16 June 1952 11.2 

28 ft. So. of 
bldg. 21 July 1952 474.1 
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. Permafrost Table • Depth Below Elevation 
B~il_ding Surface Above m.s .1. 

no. Location Date Ft. Ft. 

9 (Cont'd.,) 23 ft •. so. of 
bldg! 21 July 1952 4.3 473.6 

18 ft• so. of 
bldg. ft 4"6 473.4 

• I 

I 

3 ft. So. of 
bldg. ft .l2o3 ·467.1 

1 ft. No .• of 
bldg. tl 5.6 474·? 
10 ft. No. of 
'bldg~ " . 6.5 471.8 

16 f't •. No •. of 
bldg. ft• 6.2 471·7 

18 ft. So. __ of 
bldg. 10 Sep. 1952 : 8.3 . 469.7 

13 ft·. So·. ·of' 
bldg. n 9·7 46Bcr9 

8 ft. So .• of 
bldg. " 11.-7 467--3 

3 f.t. So. of j 

bldg. u 14.0 465.6 

1 ft. No ... of 
bldg. " i 7.6 472.1 

10 0 .• 5 ft. So. of 
bldg. 7 Iviay·l949 12.5 .. 

Adjac •. to piles 
A# B, C,D,. E, F, G,H, I 16sep. 1949 5.0 to 5.9 

K; M and N n . Av~ 5o4 
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• Permafrost. Table 
Depth Below Elevation 

Building Surf' ace Above m.s .1. 
No. Location D~te Ft. Ft •. 

10 ( Cont 1do) Adjac. to pile L 16 Sep. 1949 6.7 

3 ft! Ea~t of 
'bldg~ 27 Oct. 1951 12.0 468.7 

5 ft.~ East o:f 
bldg. 21 Nov. 1951 12.0 468.7 

7ft. East of 
bldg~ 6 Feb. 1952 12.0 468.9 

3 ft .. So. of. 
bldg. 16 Julie 1952 11..9 468.9· 

4o ft. So. of 
bldg. 19 July 1952 s.o 476.0 

28ft .• So .. of -. 
bldg. n 3.8 476.4 

23 ft. So. of 
bldg. tt 4.1 475.6 

18ft. so. of 
bldg. " 4-3 47s.a 
3 ft. So. of 
bldg. fl 13o5 467.1 

1 ft. 1\Jo. of 
bldg. " 3"'5 477•2 

10 ft. 1\To. of 
bldg. n 3.4' 477-1 

16 ft.· No. of 
bldg. II 4.6 475•7 

18 ft. So. of 
bldg• 1~~: 9.0 470.9 

13 ·ft. So. of 
bldg • " 8.6 .472.1 

• 
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_ P~rmafz::os_t Table 

·---· --Depth· ·Below Elevation 
·-· 

Building Siu-face Above m.s.l. 
No.· ·Location Date Ft. Ft. 

10 (cont'd.) 8 ft. So a of 
bldg. io Sap .. 1952 10.0 470.9 

3 ft;. So. Of 
bldg. ft 12.8 468.2 

1 ft. No. of 
bldg~ " 4.6 476·2 

10ft.- No. of 
bldg. " 5"6 475·0 

No. East corner 10 1Tov. 1953 s.o 476.·+ 

So~ East corner 
·n 6.9 474.3 

S~. West corner tt 6.; 474.2 

No. W·est corner '" 6.5 474o.l 

At bidg. tt 6'.~8 ., '474.1 

At bldg. tl 
5·5 

., .. 

475·5 

11 _ 4ft~ So. bldg. 4 May 1949 ' 12.3 
,. 

10 ft. so. bldg. 6 May 1949 13.5 

3 ft. No. B-lla 27 Oct. 1951 8·5 474~-7 

10 ft. l\ro. B-lla. 21 Nov. 1951 6.0 476"•7 ' '' . 
6 ft. No. 6 Feb. 1952 6-.3 476.7 

4'ft. N".E. · bldg. 16 June 1952 a.o 475·1 

35ft. So. of 
bldg-. 19 "July 1952 4.9 478.0 

28.ft. So. of . 
bldg. 

,, s.o 478.1 
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Permafrost Table • Depth Below Elevation 
Building Surface ·Above m .. s .1. 

lifo. Location Date Ft. Ft. 

11 ( Cont 'd·.) 21 .ft. So .• of' 
bldg~ 19 July 1952 5·5 477-9 

4ft. So. of 
bldg. ·n 8o3 476.1 

l ft. No. of 
bldg. n 9·3 473·7 

10ft .. No. of 
bldg• n 4.0' 478.6 

16ft. No. of 
bldg. " 4.0 478.5 

21 ft. So. of 
bldg .. 9 Sep. 1952 7·4. 476.1 

16 ft. So. of' 
bldg. tr 7o1 476e7. 

11 ft. So. of 
bldg. tt 8.9 475.1 

6 ft. So •. of 
bldg. " 11.9 472.4 

4 ft. So. of 
bldg. t1 12.2 472.3 

1 fto Noo of 
bldg. II 11.0 472.0 

10· ft. No, of 
bldg. n 6.6 . 476.0 

~S line 18 ft. So~ of bldg. 
Noo 9 21 July 1952 9-5 466.3 

65 ft. West-Due West of bldg. 
center " 13.4 463.3 

18 ft. No. of ·Bldg. No. 9 rt 11.8 465.2 

• A-15· 
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l .Permaf~os·t. Table 
I . Depth Below Elevati<?n 
1\ • Building· Surface Above m.s.l. 

No• Location Date . Ft. Ft • 

' N-S line· Centerline Btdgsill l 
f 
I No·. 9. 10, ll 12 Sep·o 195g 5:.6 ·474.0 
I 

20 ft .• East 5·ft. so. \ 

·or 
centertine " 5·1 474o4 

Bldg. No. 9 10 ft·. SO·o of 
centerline tT 5'•4 473•9 

15 ft~ ·So. of 
centerline "' 5o0 474-4 

20 ft. So·. of 
f· centerline If ·5•0 474•4 
I 

25 ft. so. of' 
centerline " 5-2 474·9 

30 ft. So. of ,r·,._· 

·center~:\:r;l~ '!_,, 4.6 474~4 

N ... s line Cente";'lin~ 

18 ft. East Bldgs. No. 9.. 
Bldg. No. 10 10, 11 tt 5•1 / 476•3 

t 
! • 
:.--. 

5 ft. Soo of 
1 
1 

center lin~ tt 5·0 l . 476•5 
~ 
! -~ 

lC f't .• So. of ,\ 

centerline " 4.91\ 476.,8 
: : \· 

15 rt~ ·.so .. 
I\ 

of I ~ 
centerline " 4.7' 1 476e9 I 

I 
18 ft. So. of I 
center:.i:ne 

,, 
1lo2· \· 470.2 

j 
23 ft. So. of . 
centerline· tr 12•0: \ . 469·2 

28 ft. So. of 
centerline tf ].2.2, \ 468.,8 

33 ft •. s·a. .l 
of I centerline " 'l·O:· 469•7 .. ~ 

i· 
3"8 fto so. 'of 

• centerline il 9·1 471·3 
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