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FROST IlTVBSTIGATION 

1944 - 1945 

- - APPElf.DIX g 

REPORT ON 

CASPER AIRBASE, CASPER, \,vYOMIHG 

1. Authorization~ 

The investigation of frost ~ctior! beneath th~ airfield pavements was 

authorized by the letter dat~d 7 July 1944, from the Offic·e, Chief of Engin-

eers~ to the Di'tfision Engineer, Ne,Ar England Division, subject: 1rFrost In-
I ' 

vestigation, tt and by the letter dated 28 August 1944, £-tom:.th~ District En-

gineer,,Eoston District, to the Division Engineer, Missouri River Division, 

subject; "Frost Inirestigation11 • 

The purpose of this investigation has been tne determination of the 

. . 
o.evelopment of frost action in pavement elements as affected by varying con-

ditl.ons of v11eather, soils~- and ground water. The investigation at Casper 

Airbase ,r1as made ·tp determine the effects of frost in an area and region hav-

ing a fairly lot-r annual preCipitation, a generally lotrr water table, and a 

naturally dr~r subsurface soil condition, these conditions existing simultane-' 

· ously \\ri th s1ibsurfP.ce soils having a, borderline susceptibility to frost 

action under proper moisture conditions4 

. The scope of this report covers ·an investigation of frost conditions 

existing 1J.!?.der both flexible and concrete airfield :pavementso The investiga-

tion.W1der the flexible pavements includes the determination of moisture and 

. ' 

•• density changes occurring in the vat~ous subsurface pavement elements during 

the period from early fall, 1944, thro'4gh the spring tha~~r period of 1945, 
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~gether 1.vi th the measurement of heaving of the pavement caused by frost 

• action, changes in California :Searing Ratio characteristics of the subgrade 

soils due to possible frost. action, and the observation of ice lenses" or· 

other frost formations below tb,e' pavement surface by means of test pit excava-

tions. The investigation of the concrete pa'Vement areas includes the detez:-

mination of surface heave by means of wire~line readings taken at 'Various .in-

tervals throughout the fall 9 Ninter, and spring, and moisture; density and 

ice foTmatfon data obtained from pit excavations made at various :periods 

during the investigation. 

4. General Conditions. 

a. Location, Terr~in, and Drainage. 

Casper Airbase, is located approximately 8 miles ncrth,~rest of the 

City of- Ca,s~qer in Natrona County,: ~Tyoming. The general terrain of the air-

field site is ar- elevated flat, br~aking to the northeast and to the south-

east into Six llfile Draw. Drainage is in general to the .southeast. The sur-

rounding terrain varies froE'l dra1f!S and gullies to rolling country wi·th the 
'() 

Casper Mountain Range rising approximately 10 miles south of the airfield. 
. ' ~ 

The elevation of the airfield is approximat'ely 5325 feet above mean sea level .• 

The drainage system on the airfield consists of a surface and a st~rm sewer 

systc::m discharging into n:.:1.tural courses to the northeast ancl southeast of the 

airfield. No appreciable subsurface water conditions ~~rere encotmtered, 

neither during. construction, nor in any tests subsequently perfermed fpr the 

. frost investigation. The groll!l .. d 1r1ater elevation in the airfield ·region. is. 

indicated to be in excess of 90 feet bel~w the surface of the airfield. 

b~ Types of Pavement. 

All airfield pavements on this airfield are· flexible t;3rpe , .. ri th the 

• - exception of apl)r.oximately 277.000 square yards of Portland cement concrete 

aprOn paVement., ~he Original (l.es:i,gn Of flexible paVements for taXi~1a3rs 
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and ·the center runway areas on Casper Airfield called for the construction of 

~~ a 5-inch asphaltic concrete surface and an 8-inch sand base constructed over 

a minimum of approximate~y. 2 feet of suitable subgrade soil mate-rl.als. The 

run\"ay sections on this airfield were constructed 'lrJith the center portions 

\' 
150 feet 'Aride, meeting the requirements heretofore stated,1.•rith_ an additional 

75-foot ~,·ridth of paved shoulder constructed on each side of the center pave-

mento The rumr.Jay shoulder pavements were designed fo'r a 3-inch cold mix 

bi tu.rninous mat surface and a 6-inch sand base, constructed 01?'er a minimum of 

2 feet of suitable subgrade soil material. The center portions of all taxi- ; 

way pavements l.1rere ·designed· to have a section similar to the yenter portion of 

the run~,.,ays, this section co:qsisting of a 5.:..inch asphaltic concrete surface, 

.a ·6-inch sand 'SUbbase and a rninimutn of 2 feet of sui table soil materials. 

Twelve and one-half foot shoulders ,,,rere constructed on all taxh~Tay section$. 

These pavements consisted-of a 1~-inch asphaltic concrete ,~,earing s.urface, a 

6-inch sand base, and· a minimu..-rn .of 2 feet of sui table subgrade soil materials. . . . . ~ 

The concrete apron pe,vement consists of a 7-inch concrete slab, with unsup

portecl_edges variously thicl~ened .from 9 inches to·. lOt· inches and construction 

joints varying from 7--inches. to 9-in-ches in thickness.. All concrete pave·-

ments v.rere constructed on compacted. existing subgrade ·$oils. A major })Ortion 

of the airfield p,avemen ts w~re constructed during the period. May 1942 to 

October 1942. The 12t-:foot vvidths of taxiway shoulders were constructed in· 

July 1943~ 

c. Traffic Historvo 

Aircraft traffic began on this airfield in lJovember 1942 .. ' Traffic 

during the period of,.opeFatlot1 of ;this airfield consisted -prlncipaily of B-l·7. 

~,nd :B-24 type planes. having gross weights of approximately 50, 000_ potmds.. The 

~ average traffic during the period of ·operation through October 1944, is estima

ted to have been ap~roxtmately 95 la:Q.dings and take-offs per day,. 
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do Condition of Pavement. 

• The condition cf the flexible airfield pavements varies from fair 

Q • 

\ 

to good. Numerous small depressed e.reas exist on all f~exible -pavement sur-

faces due to differential se-ttlement under traffic. These depressions are 

accentue,ted by the· vel .. Y small trans-verse grades employed in the construction i 

of the va.rious airfield surfaces and minor p·onding of 'tvater on the pavement 

results during periods of precipitation. Minor cracking, existing on some 

surfaces is considered to be due largely to the action of traffic. The con-

dition of all concrete pavement existing on the apron is considered to be goo4. 
} 

eo Frost Conditions. 

The subsurface soils existing under the pavement surfaces on this 

airfield consist principally of ML, SF, SP, SO, S\v, e.nd CL type materials. 

All soils and also all base course matsrials in the airfield ~avements are 

considered to be susceptible in varying degree to frost action, both in .the 

form of heaving and in reduction of su:oporting po1:rer during the tha1N' period, 

provio.ed these elements are subjected to the proper moisture condition. Some 

materials. such as materials of SF classificationp are constdered to be bo.r-

cterline materials relative to the occurrence of frost action, and particular 

a,ttenticn has been given. to the observation of frost actions in these and 

similar ty-pe materials .• · Pavement behavior data on this airfield since the 

elate of construction, do not indicate serious heaving of the pavement nor 

pavement distress due to frost action~ \Y'hile the soil and base course mater-

ials, are considered to be variously susceptible to frost action, other condi-

tions 11 such as the lo1w rate of rainfall and very lm~r water table, tend to re-

duce the occurrence of frost action in the airfield soils. 

fe Climatic Conditions. 

• The general '~reather conditions in the Airfield region are moderate, 

and are considerably milder than 'tlroulcl be generally indicated by the latl tude 
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• 
of the region'" The normal cumulative degree-days belohr freezing value, based 

wr_t:H4~ 

on a five-year mean, iis ,532 .. ·"""~he 1943-44 season produced 720 cumulative de..;.. 
'-''" - , .. ,_ --

gree-days belo\lr free zing. The normal accumulative :?reci -nita tion for -~he 
r. 

;' 
period September, Octo~;' November, and December for the airfield region, is 

~ 

ap-proximately 4.4 ip.~hes. The 1943 accumulative precipitation (luring the 

fall period totaled 3 inches, '~'~hile the 1944 precipitation during a similar 

period totaled a~~roximately 2.5 inches. The weather during the period of in-

vestigation of this airfi.eldp therefore, was considered to -be more severe th~ 

normal relative to the cumulative degree-days below freezing, while precipita~ 

tion conditions are considered to have been less severe than normal. 

5. Definitions. 

The description of the tests and analyses of results involve a 

specialized use of certain terms and w~rds. These words and terms are define~ 

for use ~n this report as follows: 

a. Test Area - The test area is the portion of the airfield selected 

for investigations and observations. 

b. Pavement - The term pavement is defined as a covering of a ~re-

nared or manufactured product superimposed upon a subgrade or base to serve as 

an abrasion and ~,,reather resisting structural mediuni. 
" 

c~ Base - The term base applies to. the course of specially selected 

soils, mineral aggregates, or treated soils or aggregates placed and compacted 

on the natural or co'mpacted subgrade. 

d. Subbase - The term subbase refers to a course inte-rmediate bet~~reen 

the base and subgrade, and may consist -of selected soils, mineral aggregates, 

treated materials or highly comp._~cted existing soil. 

e. Subgrade - The term ·subgrade ap~lies to the natural soil in place 

• or to fill material upon ~l'lhich a pavement, base or subbase is constructed~ 

f. lVIap Cracking - Map cracking is . th(~ develOj?ment of a de:fini te crack 
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:pattern in the paveme-nt surface uncler the. ac-tion of repeated loadings o Map 

~ cracking is distinguished by the formation by cracking-of continuous connected 

polygonal pavement segments. 

g. Consolidation - Consolidation is the increase in unit ,,,reight, or 

decrease in volume of a ,material clue to the action of a;Jplied loadings. Con~ 

solidation is considered to be synonymous with compaction in this reporto 

h. Permanent or Vertical Deformation - Permanent or vertical deforma~ 

tion is·the accumulative non-elastic part of the total ve~tical movement of 

the surface of the pavement which remains after the loacl·is removed. 

i. Capacity Operation - Capacity operation is defined as the maximum 

traffic that can possibly operate on an airfield for a period of appr(')ximately 

20 yearso The daily operation may be assumed as varying from 10.0 cycles of 

landings and take-offs for the very heavy planes to 1500 cycles for ver~r 

light "Vreight planes. 

j~ Yrozen Soil - ?rozen soil is referred to in this report as 

(1) Homogeneous Frozen Soil~ A homogeneously frozen soil is a 

soil in which all the water in the soil is frozen within the natural voids 

existing in the soil, without observable segregation or accurnulation of ice 

lenses or frost forms exceeding in volume such natural void spaces·. 

(2) Stratified Frozen Soil. A stratified frozen soil is.a soil 

in \,rhich a part of the \'later in the .soil is frozen in the form of observable 

ice lenses, occu,Jying space in excess of the original soil voids o 

(3) Hard Frozen Soil. Hard frozen soil is soil at or below a 

temperature of 32°F. vrhich has been hardened due to the solidification, by 

freezing, of water films between soil particles. 

• k. Frost G;ro1,vths - .Any- observable crystalline or solid frozen forms 

of \\rater in soils formed by freezing temperatures, 
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1. Ice Lenses - Ice lenses are the observable frozen free '·'rater 

• bodies existing in stratified frozen soil. 

m. Ice Crystals - Ice crystals are th~ observable ice particles 

existing in the void spaces arid pores of homogeneous frozen soil. 

n. Frost Zone - Frost zone refers to the vertical linli ts of froze·n 

soil~ 

Oo Frost Penetration- Frost penetration is the maximum depth from 

the surface to the bottom of the frozen soil. 

p. De<')th of Freezing Temperature Penetratio.n .... The depth of freezing 

temperature penet.ration is the maximum de})th belo~~r the surface of freezing 

\ 
temperat-q.re • 

. q~ Degree-Days Below Freezing - Degree-days belcw freezing is the 

cumulative difference between the average of the daily maximum and minimum 

temperature and 32° Fahrenheit. 

r. Terminal Frozen Plane - The terminal frozen plane is the final 

thav.ring :plane in the frozen soil. 

6. Test Area A. 

-
a. Location and Pavement Description. 

Test Area A is located on the concrete apron pEwement, station · 

lf95 to station 3f45, beginning ~10 feet southeast of the nort~~est edge of 

the apron~ and extending 300 feet in a ~outheasterly direction. The pavement 

consists of a 7-inch Portland cement concrete navement, the construction 

joints ·of iftrhich are thickened to 9 inches and the unsupported exp?-nsion 

joints anci. edges are thickened to 1~ inches. The concreterpavement is laid 
7 

directly on compacted existing sand and sandy-clay subgrade soils. The loca-
r- ·-·· :--) 

ticn of the test area is shown on Plate 2, 

h. Test E.xplorations. 

Test explorations in Test Area A, the location of which are shmvn 
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on Plate 2, consist of the follo~·ring groups: 

• (l) Preliminary. Soil Exnlorations~ 

Preliminary soil explorations consisting of borings made in 

the apron pavement ~~ri thin the test area to .determine the subgrade soil condi-

' tions existing in the proposed site were made in .August 1944. The :preliminary 

test boring holes are numbered on Plate 2. 

( 2) Fall Explorations. 

I T1,,ro Test Pits, numbered TP lA and TP l:B, 1~rere excavated in 

October 1944, to determiner density and moisture. In q.ddi tion to the pit ex-

cavations, excavations and borings were made adjacent to several contraction 

and expansion joints in the concrete pavement to obtain data relative to the 

subsurface moisture conditions existing under such joints, cis affected by the 

infiltration of surface 1.'later through such joints. 

(3) Winter Explorations~ 

Winter explorations consisted of two Test' Pits numbered 

TP 2A and TP 2B, excava~ted in January .1945. Subsurface soilt \~rater and frost 

conditions t~rere determined from these excavations"' 

(4) Spring Explorations. 

TWo Test Pits, numbered TP 3A and TP 313, were excavated in 

March 1945 for the purpose of· determining t~e condition of the subsurface 

pavement elements relative to water co~tent, density and bearing ratio. 

c~ Lquipment Xnstallations. 

The. follo1.ving installations ~r.rere made in the pavement area: 

(1) Bench Marks. 

Six bench ma,rks for use 1rJi th t1:ro. transverse wire-lines, were · 

placed in Te-st Area A for· the· purpose of obtaining readings used for deter-

• mination of heave in the pavement s~ction. The bench marks consisted of rods 

driven into the soil below the f·rost level and protected through ·the frost 

- 8 -
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ZOD;e by a pipe covering,· the rod being surrounded 1~ri th a soft asphalt mixture 

·• to permit free movement of the frozen grounQ... The location of the bench marks 

in Test Area A are shm11n on Plate 2. Details of bench mark equipment are 

shown on Plate 3o 

(2) Temperature Measuring Equipment ana: 1'Tater Observation Wells. 

Temperature measuring equipment was not installed on this. 

airfield1.1 11!ater observation wells ;~rere not used due to the indicated extreme 

depth of the natural water table .. 

do Observations and lileasuremt;nts. 

The follmving observations and measurements , .. rere ma.de in Test Area 

(1) Wire-line Readings. 

1'Vire-line readings 'vere· determin~d in October 1944, and dur-

ing JanuarJr, February and li.farch 1945. The data so Qbtained have been used to 

determine heave of the pavement area. These data have been plotted as heave 

contours on Plate 4" 

(2) Frost Penetrationo 

The c:tepth of frost penet.ration \ITas det.errnined in test pits 

excavated during January 1945. In the absence of temperature data in the 

test s,rea, the depth of frost penetration is COl1Sidered to be that depth at 

\rhich frozen ground was noted or frost crystals or lenses foundo The depth 

of frost penetration in the excavated pits was determined by the depth_of 

frozen ground, since no ice crys.ta~s or lenses were observable in the base or 

subgrade materials in these pit .excavations. In Test· Pit TP 2.A, ,the. subgrade 

materials, from a depth cif 0~77 feet to 0.89 fe~t below the surface of the 

pavement, \vere _frozen hard. The material bett,reen o'o89 feet and 1.24 feet' be-

• lo~r the surface \vas soft and loose, ,,.,hile the material beti.veen (1.,24 feet and 

2.45 feet i,\ras frozen harO,.o In Test Pit TP 2B. sanct-gravel-clay material, 
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existing from 0.73 feet ·to 1 .. 0 feet "''ras not frozen, although a clay-sand 

mr.:tterial existing from loO feet to 2. 5 feet ,,.ras frozen hard., No ice lenses 

or frost crystals were visible in either pit excavation. 

Ice Lens Survev., 
::::7 

As noted in the preceding sub-paragraph (2), ffFrost Pene-

tration, 11 no ice lenses or crystals 'l.lrere observed during excavation of the 

te.st pits in January 1945. 

(~-) \rv"ater Filtration Investigations. 

f Borings through the pavement l,vere made in October 1944,. to· 

determine the conditions o"f moisture existing in subsurface materials under 

several types of pavement joints in Test Area A. The borings consisted·of 

one hole bored through the pavement directly" above th·8 joint and a series of 

boredholes spaced one-foot apart on a line normal to the joint.· The holes 

'~rere bored through the pavement and auger samples of .soil were taken to a 

total depth varying from 3 to 6 feet.. \.~Tater contents of the materials ,,rere 

taken at clepth intervals 'of ap:proxir.nately 6 inches_, beginning at the bottom 

o'f the pavement. The vertical borings 1rrere made in a line normal to one side 

of the joint only. Data, 1fl!ere obtained from One transverse ·contraction~ one 

expansion, ancl.two construction joints. The data so oo-tained are shm,m on 

Plate 4. 

eQ Field Tests. 

(1) Subsurface t-loisture Testso 

Subsurface moisture tests were obtained at all pit excava...:. 

tions made in the fall, l,,Jinter, and spring test periods. The moisture deter-

minations in. the test pits 'Here obtained directly under the concrete pavement 

• an¢l at interYals of ap~ciroximately 6 inches to a depth of 5 feet, and at one

foot intervals thereafte;r. to a total denth of 15 feet.. The samples belm,r a 
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5 feet depth· ~~rere obtainecl by means of soil augers. The moisture data ob-

• tained from the various test -oi t excavations are shovm on Plate 5. 

( 2) ·Subsurface Density Tests. 

Suosurface density tests were obtained.from all materials 

in the test pit excavations in the fall and spring test peri~ds., The density 

tests ,,,rere obtained at one-foot inter'\tals beginn.ing at the t~p of the sub-

grade, for a total depth of approximately 5 feet below the pavement surface. 

The results of these tests are sho,Arn on Plate 5. 

fo Laboratory Tests., 

The following laboratory tests were performed: 

(1) Classification Testso 

Mechanical analysis and Atterberg tests were made for class-

ification of all soils and aggregate materialst All materials were classi-

fied in accordance with the Casagrande method and by the methods and lJro

cedures given in Appendix 14 of the Frost Investigation Report. Classifica-

tion and analysis data for all materials are given in Table 2. 

g. Conclusions, Test Area A~ 

(1) Heaving. 

The heave meas1..1_red in Te.st Area A was indicatecl. to be rela-

ti vely minor, the maximum heave not exceeding Oo03 feet, ,,ri th an average 

heave of .. approximately 0.01 feet.. The absence of sufficient frost action to 

produce heave is indicated by the general absence of ice lenses or other 

frost form.-?.tions in the subgrade during the· test ;~it excavations in the 

winter test period. Although a.n appreciable vTater content is indicated as 

existing in the subsurface materials by the data showri on Plate 5; the 

quantity of water present ~.,ri thin and directly belo'l!r the frost zone is indica-

• ted as being insufficient to produce ap~9reciable ice formations, which under 

the conditions of test~. effectively retarded the development of ap:preciable 
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heave • 

• ( 2) Frost and_ Freezing Temperature Penetration .. 

·The depth of freezing temperature penetration ,,:Tas not ·de-

termined in this test area, since subsurface temperature measurements t•rere 

not macle.. 'The depth of frost :penetration was determined by the observatio.n 

of the depth of frozen ground in the test pit _excavations made 15 and 16. 

January 1945. No ice lenses or frost forms ,,tere visible in either. tes-t pit 

I 

excavations; ho,l'!ever, the deptb:-'of frost I>enetration is co~cluded to have 

extended at least to a deDth of 2.45 feet .in Test Pit TP 2.A., ancl at least to 

a de-oth of 2.5 feet in Test Pit TP 213, based on the existence of hard frozen 

soil to these depths. 

(3)· Ice Lens Survevs. 

No ice lenses or frost formations i,'\Tere observed during 

either of the winter test pit excavations. The-absence of'observable ice 

" lenses and frost formations is considerEid to have been due to the presence of 

moisture content in the soil of insufficient magnitude to cause the formation 

of suph ice or frost forms to a degree permi ttj_ng observation, although tern-

peratures in these materials were at or belovr freezing temperatures. 

(4) Subsurface Hoisture Changes. 

The results of the moisture data obtained in the series of 

-oi ts excavated in October 194~-.' and in January and Harch .,1945, ind,lcate that 

the changes in moisture content of the subsurface materials~ occurring through 

the investig~tional perio~ were relatively small, with the exceDtion of the 

increases in observed water content during the winter, of the-materials lying 

at depths of from 5 to 7 feet in the B series of· test :pits. The variations in 

moisture content indicated as occurring in the various subsurface materials 

• betv.reen clepths of 3 feet and 5 feet are considered as bei~g due in large part 

,to the possible effects of ~rost actiori and the nersistence of a fr~ezing 
"-, -
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• 

:plane in· this area during a large portion of the "~.r.rinter period... The moisture 

changes are indicated as being relati vel3r small hm~rever, and the small amount 

of change is considered to be due to the generally lo1Ar moisture content pre-

sent in the subsurface materials to depths exceeding 15 feet, the effect of , 

such low moisture content O(~ing the retardation of any action tending to in-

crease appreciably the tvater content of the materials lying in or immediately : 

adjacent to the frozen zone in the upp!3r i:)Ortion of the pavement structure .. 

(5) Subsurface Density Changeso 

The results of the density tests L~de in the upper portion of 

'the subgracle .in October 1944, and in March 1945, indicate that, in general, 

the changes in d-ensity occurring in the subsurface materia~s ,,,rere relatively 

small., A very minor increase in density was noted as occurring in the upper 

portion of the A series of <)its, while similar soils in the upper portion of 

the ] series of "?its indicated. a very slight o.ecrease. The remainder of the 

tests, talcen at lovrer de:pths, indicate a trend toward obtaining higher densi-

ties in these materials in the spring than '~ras obtained in the fall. Changes 

in density, v.rhether to1r1ard incre!lsing or decreasing, are considered to have 

been relatively minor and not indicative of the occurrence of frost action of 

any a,ppreciable magnitude. 

( 6) vrater Infiltration Tests. 

The results of the vra.ter infiltration tosts in the construe- , 

. I 

tion, contraction, and expansion joints in Test .Area .A indicate that,in 
j 

general, the moisture contents of the subsurface materials directly-under and 

adjacent to these joints have been influenced only to a negligible_ degree by 

water infiltration. 

70 Test Area B • 

a. Location and Pavement Description. 

Test Area ] const~ts of a tloxible pavement taxiing area located 
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on Taxhray T-2, Station 30f75· ;:--;::;;~~"33/~;~":: paveinent in th~ 
• consists of 5 inches of asphaltic concrete surface, and a 6-i.nch~

constructecl over sandy-clay subgrade. The soil materials in the upper :oortion: 

-· l 

• 

of this 1 supgrade consist, in g~_neral, of a c~~SF ·classification material,. a 
J' 

light bro~mp sandy-clay soil, "'hile ma.teria~'-underlying the upper portion of 

the subgrade are ~rincipally· C~P SC or CL~SF materials~ The 12t-foo't widths 

of taxi,rray shoulders con_sist of a It-inch thickness of asphaltic concrete sur~ 

facing constructed over a.6-inch sand and gravel base, clas~ified as ~~ 
~-~ 

material, these element? being co~structed over compacted sandy-clay material.· 
\ . 

Pavement details relative to the cross sections and profiles of the test area 

are.show~ on Plate 2o 

\ 

b. Test Explorations. 

A chronological summary of test explorations is given in Table 1. 
I; 

The test explorations in Area :B, the locations of which are shm~rn on Plato 2,. 

consisted of the following groups: 

( 1) Preliminary r:Jx1Jlorations .. 

· Preliminary soils explorations for the l}Urpose of determining 

subsurface condition under pro')Josed test-areas ,~ere made in August 194ll, Test· 

· borings were· made throughout the investigated area at 100-foot 1ongi tudinal 

intervals. 

( 2) Fall Bxplore.tions .. 

1. 
The fall explorations consisted of the excavation in October 

191.~4, of tiftro Test Pits numbered TP lA and TP l:B., Density, moisture, and rrin-

place.n California Bearing Ratio data :from undi sturbod samples wore secured in 

these exc.avationso 

vVinter Exulorat~. 

' The 1-rinter explorations made in January 1945, consisted of 

the excavation of Test Pi·ts TP 2A and TP 2]. Moisture determinations and 
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• 
observations of frost conditions \1rere made in these test pits • 

(4) Suring Ex~lorations. 

TNo Test Pits numbered TP 3A and TP JB \•Jere exeavated in 

March 1945. These test pits were excavated for the purpose of determining 

density, moisture, and "in-placen bearing ratio data for comparison t~ri th data 

obtained duringthe fall and winter periods, 

c~ Eguipment Installations. 

(1) Bench Marks. 

,Bench marks, consisting of steel rods driven into s~il below 

! frost level and protected by a pipe covering through the frost zo11e 9 were 
~--

placed in the pavement at six points with three bench marks to each transvers~ 

line of measurement. The locations of the bench marks are sho'·"n on Plate 2. 

The details of the bench mark equipment are shown on Plata 3. 

( 2) Temperature 1'-ieasuring Eouipment. 

No subsurface t~m:perature measuring eq_uipment '~"as installed 

in the airfield pavements for this investigation. 

( 3) Water Observation 1V'ells. 

Due to the indicated depth of ,,vater table elevations in the 

test area, 1rrater observation wells were not installed. 

d. Observations and Measurements. 

The following observations and measurements v1ere made in Test 

.Area B: 

(l) Wire-line Readingso 

Wire-line readings were obtained in October 1944, and in 

January, February, and March, 1945. The readings cover the periods -orior to, 

and during freeze-up, and after tha\lr. The data obtained from 1r.ril"e-line read-

• ings have been used to determine the period of maximum heave. 
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(2) Fr~st Penetrations~ 

• The depth of frost penetration vra~ determined by observations 
I . . 

made in the pits excavatecl.·during January 1945. The depth of frost penetra-

tion ~~ras difficult to determine in the test pit excavations due to the lack of 

sufficient ,,.rater content in the. soil to proo.uce hard. frozen ground or promine~t 

frost forms. 

(3) Ice tens Survey. 

Observations of ice lenses and frost formations 'nrere made 

I . 

during the excavation of Test Pits TP 2A and TP 2J3 in the period 13 January 

to 18 January 1945. The cumulative degree-day value during the :period of ex-: 

cavation 'ltras approximately 320. The 'excavations 1trere made during a period of 

above-freezing air temperatures, the cumulative degree-da3r value clecreasing,, 

from 10 January to 18 January, by a!?proximately 40 degree-da~~s .- The follo'lt!ing 
! 

conditions were observed in Test Pit TP 2A! The b~se course and subgrade werq 

frozen to a total depth of 1.5 feet frou the surface. 'Although this material. 

was frozen haidJ no ice lenses or frost crystals were visible, either in the 

base course, or the subgrade. In Test Pit .TP 2B~ the base course materials 

~rere frozen to a depth of 1.05 feet. The subgrade, in this case, was not 
I 

I 
frozen. l'Jo ice lenses or frost crystals'vrere observed.At 

e.. Field Tosts. 

(1) Subsurface Hoisture Tests. 

J::Ioisture data ~~Jere obtained in the ~Jit excavations during tho 

fall, \·linter, and spring pericds to· a total depth of 15 feet belov1 the surface~ 

The moisture contents -v;ore determined at intervals of (4) four inches through 

·the baso course and to a depth of 3 foot, and at interval~ o{ 6 ·inches between 

3 feet and 6 feet. the moisture tests then being taken at'intervals of one-foot~ 

• to a total depth of 15 :feet"' Moisture data are shm'ln on Plate 5 and are 

organized in Table 2. 
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(2) 
't) 

Subsurface Density Tests • 

• Subsurface density test samoles 1~rero taken in the fall and 

spring test excavations.. Densi tie_s vJere obtaine~ in the base course, top of 

subgrade, top of subbase, and at one-foot inter~als thereafter to a total 

depth of approximatcly7 feet, the densities being obtained through the norma~ 

range of expected frost penetration. The density tests obtained during the 

spring period in Test Pits TP 3A and TP 3B were taken to a total depth of 

approximately 2! feet, ,thi-s depth being indicated as the app-roximate depth of. 

frost penetration. Density data are shm"'ri on Plate 5 and Table 2. 

(3) California Bearing Ratio Tests. 

trin"'"7-place 11 California bearing ratio tests were made on the 

surface of the base course, tho surface of thr:~ subgracte, and at various depth~ 

be1'o1ftr the top of the subgrade during the pit excavations in Ocvober 194L:. and 

in March 1945.. The 11 in-ulace" bearing rritio data are giyen in Table 2. 

f. Laboratory Tests~ 

The following laboratory· tests vTere performed: 

(1) Classification Tests~ 

Mechanical analysis and Atterberg Tests ,rJere made for the 

classification of all soils and aggregate materials. All materials ~rere 

classified in accor~ance 1~ri th the Casagrande l"1ethod and by the methods and 

procedures given in Appendix 14 of this Frost Investigation Report, Classifica-

tion ·end analysis data for all materials are_ gfven in Table 2~ 

( 2) California Bearing Ratio ,Tests. 

Laboratory 'California bearing ratio tests 1f1ere made on undis-

tu-rbod samples obtained from the surface of the subgrade and at various ele-

vations beneath the surface to a depth- of appr_oximately 3 feet. Tho undis-

• turbod specimens 'of- soil were saturated i:r the laboratory and ,,1rere tested for 

bearing ratios under surcharges approximating a. dead load imuosed on the 
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• material in place in the pavement. In addition to laboratory bearing ratio 

tests·on m1disturbed. saturated specimons 5 compaction-bearing ratio studies 

'-'Jere made on all typical subgrade soils and on· a ty)Jical base course aggregate, 

The corrrpaction-bearing ratio studies w¢re made in accordance ,~ri th procedures 

established by the ~fficc, Chief~of Engineers ,.\a no_ transmi ttcd to the Di visio~

Engineer, Missouri Ri-ver Division, in a letter dated 12 May l94h, subject~ 

If California Bearing Rat.io .Procedures. 11 The compaction-bearing ratio studies 

\\Tore made by compacting th'3 representative materials in California bear'ing 

ratio mold_s, using va:r.yir':S' hammer blov.rs of 10, 25 and 55 blovls per layer in 

each series of. tests, each sGl"ies b~ing repeated_ for various moisture contents. 

The compacted materials,, c-::.f·~er density determinations, \vore saturated and 

tested for bearing ratios" Laboratory bearing ratio ctata on undisturbed ·,' 

specimens are given in Table 2 .. Data relative to the compaction-bearing ratio· 

studies are shown on Plato 6& 

g. Conclusions, Test Area B. 

(l) Heaving of Pavement~ 

Pc:r.vement movements in Test Area B cluring the investigation 

ueriod consisted of both increases and decreases in elevation, subsidence of 

the pavement. surface ·occurring over a considerable ~?ortion of the test a.rea. 

The maximw~ pavement movement is indicated as having occurred .about 5 February 

1945. An increase in elevation, or heave, of 0.03 feet was noted on only one 

test reading, whereas, subsidence to the extent of 0.01 feet v.ras noted over an 

area extending completely through the test a:~ea. The wire-line data, upon 

which the pavement surface movement has been based, indicate that no apprecable 

differential movement of 'the shoulder pavements too4:-place relative to the 

movement of the center portion of the taxh,ray :pavement. This reaction is in 

• corltrast to taxi\lray pavements on other fielcls in 'lr!hich a noticeable heaving -of 

flexible :9avements occurred adjacent to shoulders \vhich was considerecl to be 
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due to infiltration of surface ,,.,ater into the- lo\,rer portion of the shoulder 

• pa.vements. The absence of heave is considered to be due principally to the 

type of soils -oresent in the subgrade and t(> the absence of appreciable sur-

face water infiltration and to the low water content existing in the upper 

portion of the pavement subsurface materials. 

(2) Fros··~ a!l~ Freezing Temperature Penetrq,tion. 

Freezing temper~.ture p~netrations v.rere not determined since 

temperature measuring equipment was not installed in this area. The depth of 
-I. 

frost j?enetration has been based· on the observat_ion of frost and ice forma-

tions and. the existence of frozen ground in the test pits, excavated on---15 and 

16 January 1945. The cumulative degree~day value at the. time of excavation 

was approximately 325-, as compared to a seasonal total of 74-5. Based on the 

observations made at Pieyre and v1aterto,rm .Airfields, the increase in degree-

days after excavation is not considered as changing_, to any major extent, the -

conclusions noted herein. The _results of the winter test pit excavation ob-

servations indicate _that the soil in Test Pit TP 2A, excavated on 17 January 

l945, was frozen to a depth of 1.5 feet .. No visible ice lenses were presenta 
I 

Test Pit TP 2B, also excavated on 17 January 1945, v.ra,s frozen to a depth of 

lo05 fe~t. Only the base course materials in the latter pit were froz~n. 

(3) Ice Lens Survey. 

The ice lens survey, co,nsi sting of ob_servati ons made in· the 

nit excavations in the taxiway pavement, Test Area B, on 17 January 1945, in-

dicate that ice lens formations and frost formations were not present at the 

time of test, in either the base -course or subgrade materials. .4-,lthough hard 

frozen ground existed to de'pths of 1.5 and 1.05-feet, respectively, in the tvro 

test pits. It is considered that the _lack of development. of ice formations 

• is due ~9rincipp,lly to an existing lo'r-r moisture content in the materials in .the 

frozen zone and in the soils underlying the frozen zone, and to -the prevalence 
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of subgrade materials having relatively low capillary action .. 

(4) S~bsurface.l~Ioisture Conditions& 

No majo~ changes in the moisture content of any of the 

materials existing at depths of less· than five feet uncler Test Area B are in-

dicated to ha1fe occurred during the, period of investigation. All materials 
above 
f a ctepth of approximately five feet belmr~ the surfp,ce, are inclica ted to · 

have' appreciably lo~ver· moisture content than the underlying materials. The 

variations in ~oisture content, indicated on Plate 5 as .occurring between the 
I 

''-
~rinter ai1d spring periods at depths bet1~reen 5 feet and 16 feet, may be due 

' 

in part, to the stratification of previous and impervious soils at these 

depths_ rather than to the direct effect of the existence of freezing tempera-

tures at higher elevations~ 

. ( 5) Sub surface Density .Test. 
~ 

The results of the field density. tests made in October 1944), 

and March 1945, ihdicate that density changes in the materials underlying the 

Test Area B ·pavements cturing the period of investigation "'ere negli~ible. 

(6) California Bearing Batie ~ests. 

Data o-btained from the "in-placen California beari;ng :~atio 

/tests made in October l944 and during the spring J?eriod, in March 1945 in-

dicate that some ·decreases of the bearing ratio of the base course an~ the top 

portion of the ~ubgrade may ·have Occurred dur1ng the. 111Tinter veriod. The fall 

,«in-place 11 bearing ratio values obtained from the top of the base co_urse \lrere 

/ 

66 and. 52 in the A and B series of test :pits,. respeqtively, "'rh.ereas the ·spring 

values for the same rna terials '"'ere 26 and 32 reSJ!ecti vely. The 11 in-place" 

bearing ratio values obtained from the surface of the subgrade like,~rise in-

dicatec'. decreases of bearing ratio values. The fall bearing ratio .tests gave 

• values of 34 and 21 in the A and B series of tests pits respectively, v.rhereas 

the spring va~ues ~rrere reduced to 24 and. 13 res:?ecti vely, in the same series 
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of pit excavations. Bearing ratio values obtained from surfaces appr0ximately 

• one-foot belo'rl the· top of· the subgrade indicated only minor variations between 
I 

fall and spring testing periods. It is indica teo. that the variations in 

bearing ratio of the 11 in-place 11 tests may have been Cl.ue, to an appreciable 

extent, to slightly greater moisture content existing in ~hese materials 

during the spring_test period, although the moisture increases occurring in 

the upper portion of the subgrade are indicated by the test data obtained in 

in the fall and spring test >)eriod to have been small.,. The indicated changes 

in bearing ratio values of the base course and the t,op of the subgradt? may 

therefore have been due, in part_, to structural changes in the soils induced 

by frost action in these mater:i,als. Bearing ratio data obtained from lab-

oratory saturated undisturbed specimens indicate that the bearing ratio 

values obtained from the saturated undisturbed specimens tend to be appreci-

ably less than the bearing ratio values obtained from eith~r the fall, or the 

spring 1rin-place" bearing ratio testso Bearing ratio data are summarized in 

Table 2o 

8o General Conclusions. 

The results of the frost investigation at Casuer 4irbase indicate 

that the frost action occurring under both the concrete and the flexible 

pavements on this airfield,~ander the conditions existing during the period of 

investigation, ha.s ·been negligible, the existence of frost-susceptible mater-

ials ,notht.1"ithstanding. The absence of other than very minor frost action 

under the airfield pavements is indicated by the very small heave noted in 

Test .Area A, the concrete apron pavement, and in tho minor heave and sub-

siclence~ of the· flexible pavement in Test Area B. The absence of frost action 

is further indicated in the absence of ~bservablo ice lenses, or frost forma-

• tions in the frozen soil encountered in the test pits excavated in the t~ro 

test areas. T4e lack of pronounce.d moisture changes i:n or immediately 
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adjacent to the frozen zone is considered to b.e further evidence of neg

ligible frost action. The results obtained from the California bearing ratio 

studies are inconclusive and do not indicate that the changes in bearing ratio 

characteristics are with certainty, due to possible acti.on of frost. The 

absence of development of major frost action is considered to be due largely 

to the lO\IJ water content existing in the subsurface pavement elements as 

affected, in turn, by regional climatic and subsurface water table conditions, 

these factors tending to maintain the lmll moisture content in the subsurface 

pavement elements on this.field. The absence of heave on the shoulders of 

the taxi~~ray pavement is at variance 1~Jith the results noted on other airfields. 

The other fields, in general, shm;red a tendency to'lt.rarcl shoulder pavement 

heaving clue to the ·infiltration of surface \oTater into the subsurface pa1.:ement 

m2,terials under the edge of the pavement. The infiltration of surfa~e v,rater 

under the ~oa:vement shoulders on this airfield. is indicated as having been 

relatively minor during_ the period of investigation., The generally l~~rr rates 

of precipi-tation, high rates of surface evaporation, satisfactory pavement. 

drainage, and the absence of a definite'water table near the. surface of the 

navements are all consi'dered as contributing to the retarda~ion of the develop

ment of major frost action in this area under the conditions existing during 

the investigation at this airfield. These conclusions are based on normal 

conditions exis_ting in the airfield pavements and are considered to be valid 

only under conditions of satisfactory maintenance of the airfield pavement an4. 

adjoining surfaces, preventing the infiltration of appreciable quantities of 

surface vJater into the pavement. The results of the investigation indica·te 

that the migration of "'rater from materials at appreciable depths belo~r the 

surface·, u--pwards into the frost active zone is generally negligible. due to 

lmr.r subsurface moisture contents~ and to t.l-J.e retardation of \~later migration 
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• 

by layers of ma.terials having a lo'd capi1lari ty; these materials apparently 

having sufficiently lo\lr capillarity and sufficient thickness to prevent 

appreciable transfer of moisture thro~gh these strata into materials having 

higher capillary action. 

) 
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TABLE 1 

CHR01TOLOG!CAL SUMMARY OF EXPLORATIONS 
CASPER AIB.li.l-l.S.E, CASPERv vfYOMil\fG, 

lo Fall Period 

a. 5-15 August-1944 
(1) Preliminary Soil Ex:plorations,Test Area Bo 

I 

b. 5 October 1944 

c. 

(1) Preliminary Soil Explor.:itions, Test Area A. 

3-15 
(1) 
(2) 

(3) 
(4) 
(5) 

October 1944 
Installation.of Bench Marks, Test Areis land Bo 
Excavation of Test Pits TP lA and TP 1], Test Area 
A; and Test Pits.TP lA arid TP .lB, Test Area Bo 
Concrete Pavement \rJater Infiltration Tests; 
Wire-line Readings, Test Areas A and B. 
11 In-place 11 California Bearing Ratio Tosts. 

2~ Winter Period 

a. 13-13 January 1945 
(1) .Exca~ation of Test Pits TP 2A and TP 2B, Test Area A;. 

and Test Pits TP 2A and TP 2], Test
1

Area B. 
(2) Wire-line Readings, Test Areas A and Bo 

b. 5 February 1945 
(l), 1\Tire-line Readings, Test Areas A ancl. Eo 

I 

3. Spring Period 

a.· 19-22 March 1945 
(1) Excavation of Test P~ts TP JA and TP ).13, Test Area A; 

and Test Pits TP 3A and TP 3B, Test Area B. 
(2) Wire-line Re~dings, Test Areas A and B. 
( 3) 11 In-place·n California Bearing Ratio Tests" 

TABLE 1 
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• 
FROST ImDJSTIGATION 

1944 - 1945 

.APPENDIX 9 

REPORT ON 

FARGO MUNICIPAL AIRB~IELD, FARGO, NORTH DAKOTA 

1. Authorization. 

The investigation ·of frost action beneath the· airfield pavements was 

authorized by the letter dated 7 July 194L~, from the O.f~ice, Chief of Engine-

ers, to the Division Engineer, New Englanc1. Divis-ion, subject: 11 Prost InYesti-

gation," and by the letter dated 28 August 1944, from the District Engineer,· 

Boston District, to the Division Engineer, lJfissouri River Division 9 subject: 

·rrFrost Investigation If.· 

'"" 

The purpose of ·this investigation has been the determination of the 

development of frost action in pavement element? as affected by varying condi~ 

tions of \pJeather, ·soils, and ground ~~rater. The investigation at Fargo ~·1unici~ · 

pal Airfield 1,~as made to determine· the· effects of frost in a region having a 

fairly high rate of precipitationa a high 1,vater table, generally wet subsur.-

face soil concii tions, together 1,1ri th the existence of soils considered to be 

susceptible to frost action, in. a region indicate)J. as having ·generally very 

severe winter 1r.reather conditions.. The conditions existing under the pavement 

on this air+ield are considered to be favorable for the development of severe 

frost action conditions. 

The scope of this report covers the investigation.of frost conditions 

existing 1.mder an asphalt surfaced taxi\nray pavement, considered to be typical 

• of the pavements on this airfield. The investigatton includes the determina

tion qf moistu:re and d~nsity changes occurring in·the various subsurface 
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pavement elements during ~he 1nrint~r period, toge1?h~;r 1rrtth changes in Californi~ 

• bearing ratio characteristics, the measurement of heaving, observations of 

• 

frost formations and ice lenses, and other data pertinent to frost conditions 

in the airfield region. 

4 o. General Conditions. 

a. Location, Terrain, and Drainage. 

Fargo tJhmi cipa~ Airfield is located approxir~a tely one-half mile 

'northvrest or the north1r.rest city limits of the c·ity of Fargo, Cass Count;y, North 

Dakota. The airfield site is located on a generally smooth 9 flat plain, origi~ 

nally the bed of an ancien~ .glacial lake, Lake ~gaA3si Zo The imrnediate sur-

rounding area ia very flat and runoff from precipitation in the airfield regiotl 
:) 

tends to "be slN,r .. .Airfield drainage is, in general, to the northeast into the.: 

Red River "t•rhich, in turn, flo1,vs north into Lake \IJinnipeg and Hudson :3ay. ·The.' 

elevation of the air-ffelo. is approximately 897 feet above mean sea level. · The~ 

airfield.drainage system consists of s:urface drainage and a system of under-

ground drains constructed adjc=tcent to a majority of all J:)avement shoulders. 

The underground drains consist of ditches back:-filled with coarse aggregate, 

the drains thus carr~ring both stlrface and subsurface drainage.. The. airfield is 

protectec1 against overflow of surface \<Tater from othel" areas by an open drain-:-r 

age Cl.i tch on the west and north boundaries of the ~drfield, the surface and 

subsurface drainage on the airfield ?-ischarging into this ditch. During 

periods o:f precipitation, considerable '~rater is tempo_:rarily ponded in the 

general airfield region due to the exceedingly flat terrain, and to the lack 

of natural vrater courses in the area~ Although subsurface soils in the region 

generally tend to be impermeable, a natural 'Arater table is indicated as exist-

ing a-pproximately 5 feet belovr the surface of. the airfield • 

b, Ty-pes of Pavement$ 

All airfield pa.vements on this field. are of flexible type construe- . 
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tion with the expeptiop_ of t~:Vo minor areas of concrete apron pavement.. The 

• flexible pavements on all rum~Jays and ~EiXi't<Jays C·onsist of a soil_;cement base, 

comprised of a bank-:-run sandy-gravelly material mixed with Portland cement, 

variousl;sr surfaced "~J>ri th' an, as:phal tic concrete or a cold mix bituminous mat. 

The soil-cement base course 1~1as constructecl on a subbase composed of a bank-run 

clay-gravel material. All ~avement structures, including the base and subbase~. 
I t 

were built upon the existing ground or old rum~ays surfaces in order to obtatn;; 

more satisfactory drainage of the :pavements. 

c~ Traffic History. 

Aircraft operations on this airfield began in '1941.. Traffic ?.uring 

the period of operations has consisted largely of small and medium sized com-

·mercial planes, small type and C-47 -military planes, l,,ri th occasional use by 

B-17 and 13-24 t;rpe planes. _ TrafJic during the- period of operation has con-

sisted of approximately 30 landings and_ take-offs per day4i 

d. Condition of Pavement. 

The condition of all flexible type airfield pavements d.uring the 

investigational pe:riocl was generally good. Transverse cracking and minor paver--

ment deformations due to the expansio'n of the' soil-cement base exi-st in a 

number of areas on the rl..m;,,ray pavements and to a lesser- extent on the taxiway 

pavements.. These cracks and spalled areas, evidently caused by con~raction and 

expansion of the soil-cement b~se, 'lftrere sealed and in 'good condition prior to 

the frost investigation~ The condition of appro:td,mately 9, 500 square yards of. 

concrete apron pavements on the airfield 1~ras goodo 

e~ Frost Conditions. 

The select soil materials directly underlying the soil-:-cemont base 

course consist principally of materials classified by the Casagrande method as 

• CL-SF or SF t;:,r:pes 9 The soils underlying the select materials are generally 

classified as OH:jfH ancl. CH materialsf>'_ All of thase materi?,ls are considered 
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to be susceptible to frost action, under proper moist·o_re and temperature con-

di tions, 'based on the indicatec1 high capillarity o'f these materials. The 

indicated. presence of a water taole, approxirnately 5 feet "below the surface, 

is considered as being conducive to the formation of appreciable frost action 

in the vari.{)US subgrade and subbase, materials. 

f. Climatic Conditions~ 

The climatic· cond.i tions exi.sting in .the Fargo Hunicip.:..1 Airfield 

region are considered to be very severe, exceeding in sever{ty, the condittons 

existing on other f.ields investigated, during t]:;le 1944-1945 Frost Investigation, 

Program in the Ni ss ouri River Division. The norm.s1,l Cl.11!1l1_lati ve degree-day be-

lmr.r free~ing value for the. Fargo. region is in excess of 2600.. The normal 

precipi tatio1:1 for the· Fargo Area for the 3 month period prior to ,~!inter freeze:~ 

up is indicg, ted to be approximately 3 3/4 .. inches.. The climulati ve degree-day 

value for the· 194 3-1944 seaso.n ~ftras approximately 1800, 1~rhile the cwnula t i ve 

degree-day value for the '1941.; ..... 1945 season, covering the period of frost investi-

gation 7 \lias approximately 1820 degree,....days. The precipitation in the 3 monthE! 

Prl. r t r .... xe ""e · ·the f 11 of 194il, · t 1 31 · , _ o o ~ e.u --up 1n a _ , was approxln1a e y ~ lnCJles. .The 

y,reather conditions during the period of investigation for frost conditions 

during the 1944-1945 season ~r.rere, ·therefore, appreciably milder than normal, 

both as respect to cumulative degree-days below freezing and to the preci:pita~ 

tion occu11 ring in th,e 3 mol1ths prior to fre6ze-up. 

5o Definitions. 

Ths c1escriution of the tests and 8,nalyses of results involve a 

specialized use of certain terms ~nd words. These words and terms are defined 

for use in this report as follows; 

a. Test Area- The test·area is the portion of tho airfield selected 

for investigations and observationso 
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, h. Pavement The term pavement is defined as a covering eJf a pre-

pared or manufactured product superimposed upon a su"bgrade or base to serve 

as an abrasion and ,,1reather resisting struQtural mediu.mv 

c. ~ - The term base applies to the course of specially selected. 

soilst Elineral aggregates,· or treated soils or aggregates placed and compacted 

on the natural or compacted subgrade~ 

ct., Subbase - The term subbase refers to a course intermediate bet,~reen 

the base and subgrade, and may ,consist of selected soils 9 mineral aggregates, 

treated_ materials or highly compc,tcted existing soil~ 

·So Subgrade ,... The term subgrade ap:9li_es _to th<J natural soil in place 

or to fill material upon v.rhich a pavement, base or subbase is constructedo 

fl> ·lviap ·cracking- Map .cracking is the cLevelcpment of a definite' crack 

pattern in the pavement surface under the action of repeated loadings. l-Ia11 

cracking is distinguished by the formation by cracking of cont;inuous connected 

polygonal ~avement segments. 

gp Consolidation- Consolidation is the inc:rease in unit veight, or 

decrease in vol1.1111e of a mater.ial due to the action ,of applied loadings~ Con-

solidation is considered to be synonymous with compaction. in this report. 

h.. Permanent or Vertical Deformation - Permanent or vertical cleforma'""'" 

tion is the accumulative non-elastic part of the total vertical moYement of the 

surface of the r;avement \vhich remains after the load. is removed4i 

i. Ca:p~.,city Qporatlon- _Capacity operation is defined as the maximum 

traffic that can possibly operate on an airfield for a period of approximately 
r 

The daily operation may be assum19d as varying fron1 100 cycles of 

landi:L1gs a;.1d take-offs· for the very heavy planes to 1500 cycles for very light 

-· j~ Frozen Soil - Frozen soil is referred to in this report as follows: 

· (1) Homogeneous Frozen Soil. A homogeneously frozen soil is a 
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• soil in lpJhich all the 1!1r,ater in the soil is frozen 1i.ri thin th~ natural void.s 

existing in the soil, ,~r:Lthout obseJ;"vaole segregation or acc'U17lulation of ice 

lenses or frost' forms exceeding in volu.me such natural voicl spaces. 

( 2) Stratified FrozeJ!. Soil. A stratified. fl~ozon soil ·is a soil 

in which 9- part of the ,~,ater in the soil is frozen in the form of observable 

ice lenses, occupying space in excess of the original soil voids. 

(3) Hard Frozen Soil. Hard frozen soil is soil.at or belo~.~r a 
~ 

temperature of 32°F, whichhas been hardened due to the solidification, by 

freezing~.of water films between soil particles~ 

k~ Frost Gro~,vths - Any observable crystalline or solid frozen forms 

of vJater in soils formed by freezing temperatures~ 

1 •. Ice Lenses - Ice· lens.es q.re the observable frozen free , .. rater 

bodies existing in·stratified frozen soil~ 

m. Ice Crystals - Ice crystals are the observable ice particles 

existing in the void spaces and pores of homogeneous frozen soil. 

no Frost Zone ~ Frost zone refers to the vertical limits of frozen 

soil4 

o. Frost Penetration- Frost penetration is the maximum depth from 

the surface to the bottom of the frozen soil .. 

Po Depth of Freezing Temperature Penetration - The depth of freezing 

temperatux·e penetrati.on is the maxinn..un depth belo1ti the surfa.ce of freezing 

temperature. 

q. Degree-Days Below Freezing - Degr~e-days below f~eezing is the 

--cumulative diffe-rence bet'l.oJeen the average of the daily maximum and minimum 

temperature and 32° Fah~enheito 

re Terminal Frozen Plane - The te·rminal frozen plane is the final 

• ctha1 .. ,ring ~olane in the frozen soil!). 

6. Test Area A. 

- 6 ~ 
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Location and Pavement Descri·otion • 

Test Area A of tl~e Fargo l-Iunicipal Airfield was located_ on Taxi-

~~'.ra·y No, 2B, b_eginning at $tation 3/-50 and extending to Staticon SfOOo The test 

area is 50 feet ,,iri·de and 450 feet in length., The taxbr.ray pavement in Test 

Area A consists of 1.,5 inches of asphaltic concrete surface constructed over 

a soil cement base course having a thickness of 1approximately 6~5 inches, a 

subbase composed of a CJJ-SF material approximately 15 i;1ches in thickness over+ 
·i 

lying about g inches of OH-CH soil, and mo;r-e than 3 feet of a(3 .;a:teriah 

The water table elevation in· the test·area on 17 October 1944~ '~ras 5o2 feet 
I 

belo,,,r the surface of the pavement, while the \\Tater table elevation on 10 

February 1945 v1as approxima tel~r 6 .S feet below the surface. The subbase rna ter-; 

ial in the test area :ravement 'rras construc·ced 'directly U}JOn the compacted. 

existing ground surface~ 

b. Test Explorationso 

Test explorations in T~st Area A, the locations of 1.11hich are shm,l!n 

on Plate 2; consist of the following groups: 

(1) Preliminary Soil Explorations* 

Preliminary soil explorations, consisting of borings made in 

the taxiway pavement· in the general~ test area, \vere made in September 1944, to 

determine the subgrade soils conditions existing in the proposed site .. 

(2) .tall Explorations~ 

Fall explorations consisted of. the excavations a,f t~.,ro Test 

Pits numbered TP lA and TP 113 9 respectively,, in October l:944o-

( 3) · tvinter Ex-plorations-.. 

c Two Test Pits nu.111bered TP 2A and TP 2J3 , .. ,ere excavated in 

February 1945, to determine subsurface moisture· and frost conditions& 

(4) Spring Ex~)lorations" 

T1:.ro 'Xest Pits numbered Tl' 3A and TP 3B \1rere excavated in 

- 7 _., 
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AJ?ril 1945, to· determine changes occurring in subsurface J?avement elemGnts· 

relative to vrate! content, density and bearing ratio after completion of tha1rr, 

C0 Equipment In?tallations ... 

The follov!ing installations were made in Tes-t .A-rea A! 

( l ) Bench Iviarks <:· 

Six bench marks \'!ere placed on the shoulders of the t'axh•ray 

in Test Area A giving 3 transverse. v.rire-line.s for mea~)urement of heave in the· 

test area pavement" The ben.ch m·strks consisted of rods driven into the soil 

below the frost level ancL projected. through the frost zone by a pipe coverin~, 

the pipe being filled ,,ri th a mixture of soft cutback asphalt and distillate to 

permit heaving of frozen ground without disturbance of the bench mark rod, ~he 

location. of ·the bench marks in Test Area A is shov.rn on Plat'e 2. Details of 

bench mark equipment are sfl.own on Plate 3 .. 

(2) Temperature fJI~asuring Equipmento 

Subsurface t(:nnperatures v.rere measured in the test area by 

means of thermometer wells installed to depths of 2, 4, 6, and B.feet at 
I 

Station 5}00 on the center-line of the· pavement.. The thermometer "~Arells con-

sistec1 of lengths of Saran ·sy:q.thetic plastic tubing, fitted ;~ri th_ a standard 

metal pipe cap on the lower end and a similar removable cap mounted fl1.1sh 
.I 

1rvith the surfa.ce of tho pavement at the 1.1:-pper endo .An armored. glass ·bulb 

thermometer was placed. in each v.rell ~ the thermometers resting in contact ,,,ri th · 

the metal cap at the ~ottom of the wells~ The details of the thermometer well· 

equipment e.re shown on P~ate 3.-

(3) Water Wells~ 

A \'rater table observation 'JI!ell consisting<of an iron J?ipe 

1 • ' 
approximately 1:~ 1nches in d.iameter~ fitted v.ri th a HWell Point, 11 "~Aras driven 

• into 1.11[ater bearing soil on the~ west shoulder of the taxiwa~y pavement adjacent 

to Test Area 4, at Station 5fOO., fiieasurements of 1r1ater tC?-blo elevations were 

.... 8-



• made b~T uncapping the ']Jipo and inserting .a measuring stick in the opc:ming in 

the top of tho pipeo Vvater table elevations ,~rere made at 'tnreekly intervals 

throughout the winter, and a nortion of these data are showri on Plate 5. 

· do Observations and Measurements .. 

The ,follo,I\Ti~ observations and measurements 1r1ere made in Test Area. 

A: 

(1) Wire-line Readin~s. 

Ini tia1 wire--line readings were obt·ained in October 1944, and 

further data vras obtained in January~ :B.,ebruary, and April 1945.. The data so 

obtained hevve been used to determine heave of the pavement areas, and these 

data have been plotted as heave contours on Plate 6~ 

(2) Frost Penetration.· 

The depth oL frost penetration '·"as 'determined. by an, obseryo.-

tion of frozen mat·erials existing in the pits excavated. during February 1945. 

The depth of frost penetratio~ was based on the depth of frozen ground or 

depths to which frost crystals or ice lenses were observed. Observations in 

the tlfro test pit excavations in Febru~ry 1945: indicated that ice formations 

ex.i sted. neither in the soil~"cemen t base course n6r in the selected subbase 

mate;ials ,'-.. the lattBr -var;ying in depth from 0(, 55 to lo 57 feet in Test Pit 

TP 2ii ancl from 0~6 ·to 1,.5 :feet in Test :!?it 'I'P 2Bo However~ ic.e formations 

were observed in both p.~.ts :L~·ora tht.::: bo·tt.om uf the select sublJase materials to 

a dopth of approximately 3,,'S feet bf;lo~., th8 surface, 1/llhich is assumed to have 

been the de~9th of f:rost penetration at\ that da.t·e.,). 

(3) Freezing Temperature Penetration~ 

Freezing temperature penetration 1,vas determined by thermometer 
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Fah_:cenhei t temperature. The ii1aximum depth of freezing tmnperature :penetra-

• tion is indicated to have occurred during the period_ of 3 March· to 12 March 

19l.iJ5 ,~rhen a maximum depth of freezing temperature penetration of 4,8 feet ,,,ras 

,;. . 

• 

reached. The cumulative degree-day value at the time of the maximum freezing 

temperature penetration iATas approximatel~r 1806~ Tem];>erature data have been 

shown on Plate 4o 

(4) Ice Lens.Survey~ 

An ice lens survey ,,,as made concurrently \~ri th the determina-

tion of fro~t penetration in the pit excavations made in February 1945 ,. As 

previou_sly noted in the description under frost penetration, ice lenses iArere 

not observed in the soil-cement base nor/in the SF material comprising the sub-

base unclerlying the base conrse congtruction. Frost lens formation:s ~~rere ob-

served in· all subgrade materials from the bottow of the subbase to a maximum 

depth of 3o8 f~et, iflTith tho maximum ·lens formation occurring in a black CH 

. soil at elevations of from 2"4 to 3.1 feet .• - The ice lens formations \<rere 

'generally irre·gular in sha~98 9 and vrere formed.\lrit}+ their .axes both horizontal 

ancl. vertical.; The ice lenses were approximately 1/16 of an .inch thick and 

,,,ere from 3/8. tl 1/2 inches apart. The ice patterns tended to form pol~rgonal 

shapes in the suograde soilAl> 

( 5) \·later iAfell Observations .. 

~Vater well observations to determine changes in the elevation 

of. the indicated. 1ATater table in the test a:tea v1ere made >.•reskly during· the 

period 2 December 1944 to 2 June' 1945, and eleva..t.i_ons were also obtained dur-

ing test }~it excavations. The results of the v!a ter tablo ·readings obtained 

during :pit excavations are sho1m on Pla.t'CJand. ~reekly data are shown on 

Plate(!) 

( 1 .;\ · Sub surfa.--. o ::; liioisture Tests" 
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Hoisture data '"'ere obtained in the -oi t excavations made dur-

• ing the fall, 1.1rinter, and spring periods, these data being taken to .a total 

depth of ap~!_?roximately 7 'feet. belo,~; tlie ·surface. 11~oisture contents ,~rere de-

termined at approximately one-foot intervals through 'the base course and to a 

depth of 7 feet. Test borings in the t~st pits were terminated at a depth of 

7 foot. Moisture data are sho11rn on Plate 5, and. are summarized in Table 2o · 

(2) Subsurface Density Tests, 

Subsurface density tests· of the va;cious ~oavement elements 

v.rere mad·8 cl.uring the fall and spr.ing test pit excavations.· Densities 'N.ere 

taken to a depth of approxinntely 5 feet.during the,fall test period, and to 

a de:~Jth of ap}?roxirnatoly 4oS feet during the spring test pe:riod. DensitJr data 

are shown oh Plate 5 ancl are :further summarized in Table 2. 

(3) "In-place" California Bearing Ratio Tests. 

11 in-<?lace If California Bearing Ratio Tests were made on the 

surfaces of the soil-cement gase course, the subbase and the sub grade, and at 
•• '!, 

approximateljr one-foot intervals of depths to a total of 5 feet in the test 

pits excavated in October 1944. 1iin-:olace 11 California bearing ratio data '~rer~ 

also obtained during the ·spring test ;)it excavations in April 1945, ,,,rith data 

being obtained at elevations similar to those used. in the fall test :pit exca- · 

vations. These data are summarized in Table 2. 

f. Laboratory· Tests. 

The follo'r.ring laboratory tests ~~.rere :performed: 

(1) Classification Tests~ 

Mechanical analysis and attorberg tests we~o made for _tho 

classification of all soils and aggregate materialsct .All materials were 

classif-iec1 in accordance vvi th tho Casagrande method, using the mothods and 

• procedure given in .8.:9pendix 14 of the Frost Investigation Re~oort. Classifica

tion and analysis data for all soil and aggregate materials are given in 

.... 11 
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Table 2.o 

• (2) California Bearing Ratio Tests .. 

Laboratory California :Bearing Ratio Tests. ,~rere made on the 

subbase and on the various subgrade materials obtainecl. as undisturb.eo. sp.ecimen~u ,. 
• :1, 

The specimens were saturated. prior to testing and "''~re tested under surcharges;:) 
r· 
~ 

, approxi'mately equivalent to the dead loads existing at the elevation of the 

undisturbed sample in the airfield pave~ont. The saturated undisturbed speci~: 

men bearing ratio data are· gi von in Table 2o In addition to the undisturbed 

sample tests, compaction-bearing ratio studies i~rere also made on all re:9resent?-.-

tive pavement subsurface materials~ These tests v,rer·e performed in accordance 

~~rith the procedure established by the Office, Chief of Engineers, in the lette't 

to the Division Engineer, Nissouri River Division, dated 12 ~Iay 1944, subject·: .. 

"California Bearing Ratio Procedure." The compaction-bearing ratio studies 

iNere made by compacting the various materials in standard molds in a series of 

tests 9 using varyiJ:?.g hammer bl61,11S ·of 10, 25 and 55 blows per layer, each 

ser.ies of compactions being repea·ted for various moisture contents. The com-

pacted materials, f:tfter density determinations, iNere saturated and tested for 

bearing ratioo The data obtained. fr·om the laboratory cornpaction-be·aring ·ratio 

studies aro shm~m on .Plate 5o 

g. Conclusions, Test Area A~ 

(1) Heaving, 

The .period of maximum heaving, as determined from ~riro-line 

readings made at intervals throughout the fall, winter, and spring periods, 

occurred. en approximately 13 February 1945. Heaving data, as sb.o,~rn on Plate 6, 

indicate that appreciable heaving'took place throughout the test area with a 

maximum heave of 0.12 feet occv.rring at the north~"'est corner of the test area 

•. 11'lhile the average heave over the test area ~"ras approxiinately 0,'07 feet. 

Differential hJavi ng in thE: test area i.~ras indicated to be generally small, 

- 12• -



~----

except in the area of maximum heave in the north,~rest corner of the test area. 

• The cl.egree of heaving occurring in the test area indicates that appreciable 

frost action took place under the ?-irfield pavements"' The cause of the heavin~ 

notecL in the area is indicated by the presence of tlie i'ce lenses observecl in 

the test pits excavated in the area during the period of heavelOI 

(2) Frost and Freezing Temperature Penetration. 

Based on the. results of opservations made- in the test pit ex-· 

cavations in February 1945, the depth of frost penetration in the airfield 

regions at that. time was a:pt;~~ximately 3.3 feet; ~he-reas, the depth of freezin~ 

temperat11re 1 as determined from thermometer readings made in an adjacent area 

at the same time ""as approximately 4-$4 feet. Although the cumul.ative degree-

day value at the time of the indicated maximum· freezing temperature penetratio~ 

in March '~ras appro~il11.'i teiy 1306, the degr~e-day value at the time of the pit 

exeavations on 12 Febru..q,ry t~ras approximately 1400. The difference between the 

depth of frost penetration as determined by the presence of.frost formations, 

ancl the depth of _freezing temperatures as measured by thermometers may be due 

to the _possible existence of a zone o:( appreciable thickness having a tempera-

ture of 32~degrees Fahrenheit, the upper .PQrtion containing frozen water at 

32-degre$3S, v!i th the lotrier portion in an unfrozen condition pending further 

heat loss. equal to the latent heat required to freeze the soil 'water. An 

appreciable clistance may .thus separate the maximo~'? depth of freezing tempera-

ture penetration and the maximum depth of the frozen zone. This condition is 

probably accentuated on thi-s ·airfield. by the. relatively large quantity of ,rrater 

present in the subgrade soiJs requiring the transfer of large quanti ties of heat 

to·produce actual freezing of the soil watero 

(3) Sub-:-surface .Temperatures. 

• The temperature. data obtained on this airfield. indicate that 

the maxim"Lun penetration of freezing temoeratures occurred approximately during 
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the perioo_ of maximum cumulative degree-days ·oelovr freezing.. Th~ s behavior is-

• considered to be· due, to a large degree, to the e:x;i stence of ap;Jreciable 

q_uanti ties of moisture in ·the. subgrade soils. The· data obtained from sUb$ur-

face temperature readings, as shown on Plate 4, j_nd.icate that heat transfer 

' 

from the interior of the earth proctucing thawing of ice in the fro zen zone, wa$, 
~~ 

relatively minor on this airfield as compared with other airfields}. notabl:r th$, 

Pierre Airfield at Pierre,· South Dakota.. Tl1e subsurface temperature data in-·,~ 

clicate rather slOi,v changes in temperature occurring at del)ths greate·r than 

a:pproxi!iately 3 feet belOir.r the surface,whereas, materials lying above this 

depth are inclicated to be much more responsivle to changes of air temperaturesr 

I particularly changes occurring during short periocls of timeG 

(4) Ice Lens Survey. 

The pronounced ice lens formations ·not~d in the subgrade 'rna-

terials bet1r1een the bottom of the subbase and a depth of approximately 3o8 feet 

are indicated. to be the result of frost action in S"\?-bgrade soils having high 

capillarity ~d.th a 1rrater sou.rce·in the ~~rater table, :fluct1J.ating bet1.veen 5.and 

7 feet belo1,1[ the surface of the pavement during the frost investigation period .. 

The- ctistribp.tion of ice lenses· throughout ari appreciabl'e range of depths of / 

the subgrade soils ind.icates a slm.-.r penetration of freezing temperatures. The 

absence oft hick ice lenses indicate, in general, a slo1~r rate of ca}?illary flow 

of moist1.1re into the fre·e.zing zone. The observed ice .lenses .incticate the 

:probably cause of the pavement heaving noted In the test area. 

(5) Subsurface fiioisture Conditions. 

Hoi~ture changes at elevations above a depth of 2-l] feet are 

indicated to have been- relatively minor during the investigational period. 

Ho1,rever·, a:opreciablo changes in moisture contents occurred at de:pths belov;" 

• 2-t feet, extending to a 5-foot ,depth in the A series, and to a 7-foot depth in 

·the B series of test pits. The variations in moisture contents, beginning at 
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a ·depth of 2~~ feet and extending dowmprard, are indicated as probably ebeing due • I 

to the action of frost~ since such action gene~cally tends to accumulate ,,,rater 

and_ ice in the upper part of this region. The variatious in '.~ater content 

correspond approximately to the depth of the frozen· zone \<rhich extended to a 

· de~oth of a~qproxima tely 3. S feet, a:ncl to the de:oth of free zing temperature pene~ 

tration, 1.~hich extended to B.IlJ)roximately 4 .,3 feet in the test area.. The effec~ 

of the thawing of the ice lenses and ice formations in the frozen zone is in- '. 

dicated in the pronounced increase in moisture content occurring at a depth of! 

approximately 4~ feet in each test pit in the excavations made on 11 anct 12 

April 1945o The high moisture con{jents of ap;;:>roxi mately 38 percent, existing 

in the tvTo test pits are considereil as being due to -the melting of ice forma-

tions at anct above this elevation :Ln tp.e original f:cozen zone, follov!ed b¥ 

slow drainage of this excess moisture into the area belo,,,, the frozen zone. ~h~ 

effect of frost action,.occurring in the frozen zone in the upper portion of 

the subgrade, on the elevation of the \\rater table in the area, may be noted in· 

the v.rater table elevations. sho~,vn on Plate 5. The changes in ,,.rater table ele-

VB.tions are indicated as due, in part, to the migration and accumulation of 

1r1ater in the frozen zonet and in pc:1.rt to the freezing of the upper porti..on of 

the grounct, preventing absorption of surface '~'later, ltrhich in turn, 1~rould like-

v,ri se tend to recluce the elevation c1f ground ,,,rater • 

( 6) ·sub S\?-_!fac_s:__ Densi t;y· Tests .. 

Density.tests obtained in the test J>it excavations during the 

fall. ancL spring period indicate that an increase in clensi ty ma;)r have occurred 

in the su_-bbase, c:tnd in· the upper ~oortion of the sub grade to a depth or a~pprox~-

mately 4 feet .. The reasons for the apparent increa9e in density of these rna-

terials are not known •. Attention is invited to the fact th;;:1't the areas indica-t-

•. ing density increase lie within the observed ;frozen zo:ne and depth of freezing 

tem~erature penetration. 
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(7) California Bearing Batie Tests. 

• A comparison of "in-place".bearing ratio data obtained durin~ 

the fall.and·spring period indi~ates that_, in general, the trin-place"" bearing 

ratio ~alue obtained on the ~urface of a given material in the spring was 

appreciably less than· the original fall bearing ratio for the same ma~erial. 

The reasons for the decreases in bearing ratio value·s in the spring tests are 

not. apparent since both lo'l!rer moisture contents and higher densities are ~n-

dicated as existing during the s:9ring :period as contrasted to the fall period. 

A comparison of saturated bearing ratio data with the tt~n-place" b·earing ratio 

data obtained in the spring of ~945, indicates, in general, t!ta~ the bearing 
/ 

ratios obtained from the "in-place" test ~uring the spring were less than the 

sat~rated undisturbed sa:.mple bearing ratios obtained in the fa;ll., although the 

moisture contents of the saturated samples, in general,_ exceeded the'moisture 

cont~nts of. the "in-placert materials tested ·in the spring. The differences in 

bearing ratio characteristics noted in the various materials rna~ possibly have 

been due to structural changes induced in the materials by the action of frost 

during the \\tint.e:r period. The action of frost in producing changes in soil 

structure have beeri not.ed by observations of soils imrnediately after the thaw-

ing of the fr(.')st, the frost .lenses and other formations tending to produce a 

separation of the soil into smal~ blocks and 
1
segments, resulting in a.hetero~ 

geneous soil s~ructure in place of the homoge_neous structure ~xisting prior to 

freezing. The heterogeneous structure, although possibly havirig.greater 

density, apparently does not have the strength characteristics of ·the homo-

geneous condition. 

7. General c·onclusions. 

~he fro.st investigations at Fargo Airfield indicate thc:.t relatively 

• severe .frost action occ.urred in the subsurface pavement elements during the 

inve.stigational period. The occurrence of se'\Tere frost action is indicated in 
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the appreciable heave. obtained in the test area and by the extensive frost 
\. 

lens formations observed -in the excavated test pi tso A lo,r.rcred pavement 

carrying capacity due to frost action is tndicated in the decreased California 

bearing ratio values obtained in the spring as compared to the higher values . 

obtained in the original fall tests. The effect of frost action in.producing 

moisture·and density changes is also indicated in the mo-isture and density 

data obtained in these investigations~ The further effect of frost action 

towards reducing the elevation of the ground water ~a·ble has been noted in the 

\.. 

lo,~rering of the \1rater table under the airfield to the extent of appr.oximately 

2. feet cluring the winter period. The development of frost act,ion 1mcler the 

airfield pavement .in considered to have been somewhat retarded by the ·existenc~ 

of a sv.bbase having a low degree of frost action susceptibility 'since frost 

formations ,,.,e:re not obs.erved in these matr:;rials during the frost period •. The 

disruptive effects of frost act'ion on the airfield pavements also tended to 

be minimized by the fairly uniform heave conditions occurri11:g throughout the 

pavement area, the lack of difforeT_J.tial heaV;~~:·· .. :;"ti-ed'-I~uing to. decrease. pave.ment 

stresses during the vertical movement of .the pavement~ 
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T.A.BL~ 1 

. CHRONOLOGICAL S~J~Y OF EXPLOF~TIONS 
FA:B.GO MffiHOIP.AL AL~IELD~ F.A.RG0 5 NORTH DAKOTA 

lo Fall PeriQd 

aw 4-7 Sept·ember 1944 
(1) Preliminar'y Soil Explorations. 

b. 11-·17 October· 1944 
(1) Installation of Bench Marks. 
(2) Installation of Wsll Point. 
(')) Excavation of Test Pits TP lA and TP 1:_]..., 
(4) Wire-li~e Readings~ 
(5) 11 In-place 11 California Bearing·Ratio Testso 

co, 30 November 1944 
(1) Installation of Thermometer Wells. 

2.. Winter Period 

ao 2 December 1944 - 1 March.l945 
(1) 'veekly Thermometer Readings., 
( 2) Monthly Ground v.Jater Le'Vel Readings .. 

I 

b. 12-27 January 1945 
(1) Wire-line Readin~s~ 
(2) Thermometer Readings~ 
(3) Ground '\t!ater Level R·8adings ... 

c. 10-13 Februar;:i 1945 
(1) Excavation of Test Pits TP 2A and TP 2:8,.' 
(2) \:lire·-·li~e Reac.iingso 

3~ Spring Period 

a., 1 ~March ·- 2 June .1945 
(1) lveekly Thermometer Readings. 
(2~ !VIonthly Ground. i:vater Level Readings., 

10-13 April 1945 
(1) Excavation of Test Pits Tl' 3A and 'TP 3B. \ 
(2) Wire-line Readings~ 

, (3) 11 In-plc.ce 11 Ca1ifo·rnia ]·earing P..[-ttio T.ests .. · 

TABLE 1. 



• 

• 

FROST INVESTIGATION 

. 1944 - 1945 

- - APPENDIX 10 

REPORT ON' 

:BISMARCK Mt)l~ICIP4L AIRFIELD, :BISMARCK, NORTH DAKOTA 

TABLE OF CONTEUTS 

~ Paragraph 

lG Authorization 
2. Purpose 

. 3, Scope 
4,· General Conditions 
5.· Defini~ions 
c· 
o~ Test Area A 
7. General Conclusions 

Tables _ 

1,. Chronological Smnmary of Explorations 
2. Summary of Soil and Pe.vement Test Data 

P-lates 

1~ Geographical Locatioh Map 
2~ Plan and Profile 9 Test Area A 
3e Equi,ment Details 
4. 1veather, t~ayer Conten-t and Density Data 
5. Frost Heave Contours, Test area A 
6~ California Bearing Ratio Studies 

'I 



• 

FROST INVESTIGATION 

1944 - 1945 

APPENDIX 10 

REPORT ON 

BISMARCK MUNICIPAL AIRFIELD, BimilA.RCK, HORTH DAKOTA 

1.; .Authorization. 

The inves.tiga.tion of frost action beneath certain airfield pavements 

,~ras authorized by the letter dated 7 july· 1944.9 froE1 the Office, Chief of 

Engineers, to the Di'ITisicn ·Engineer, Ne,,, England Division, subject: "Frost 

Investigation," and by the letter dated 28 August 1944. from the· District 

Engineer, Boston District 11 to the Division Engineer 9 ~-iissouri River Division,. 

subject: "srost Invest.igation" o 

2.· · Purpose o · 

The purpose of this investigation has been the determination of the de~ 

velopment of frost action in pavement elements as affected by varying condi-

tions of vteather, soils 'and ground ,,.,ater~ The invest-igation at Bismarck 

Municipal Airfi.eld ll\l'as made to determine the effects of frost in a region 

having a fairly lov.r annual. precipitation but ,~1i th severe \'linter ,~reather con- · 

di tions, and on an airfield ha:ving subsurface materials 9 .. including subgrade 

soils, \-Jhich may generally be 1 Considered as susceptible to frost action, the 

possi'Qility ·of frost action in these materials·being increased by the presenc~ 
~ 

of a perched \-later table at a depth of ap-proximately twelve feet below the 

surface. 

The scope of this .report covers an investigation of frost conditions 
I 

existing under a flexible runway pavement. · The investigation includes the de-

I 

termination of moisture and density changes occurring in the various subsur-
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face pavement elements, together 1~ri th cha;ng~s in the California bearing ratio 
\ 

characteristics of the materials ~n the base course, and upper nortion o ;f the 

subgrade~ The period of te.sting extendecl from 30 august 1944 to 16 4-pril 

1945e The observation of frost and ice lens formations in the subsurface 

materials during the ,,,inter period has been included in this investigation~ 

4. General Conditions.· 

a. · · Location, Terrain, and Drainage .. 

l3ismarck Municipal .Airfield is located immediately south of the 

southeast limits of the City of Bismarck-in Burleigh County, North Dakot~ .. 

Fort Lincoln, a military reservatio~,. adjoin~ the airfield on the \1rest and 

south~ The airfield site is, located on a relatively fiat; elevated bench 

above. and a.pnroximately 2 miles east of the Missouri River. The terrain to 

the east and north of the airfield consists of.a series of ascending ele-

vated benches of ·the Missouri River Valley, while the terrain to the 1~rest an~ 

south of the airfield descends into river bottom landso Drainage in the 

' 
region of the airfield is considered to be generally good due to the ele.va-

tion of the site and the character of the surrounding terr~in. The normal 

elevation of natural ground water on the airfield site is indicated to be 

approximately 40 feet belm~r the surface; ho\·.rever, a perched water table \vas 

found to exist under some portions of the airfield pavements, including the 

frost investigation site, at a depth of approximately 12 feet belo111 thef· 

surface~ The elevation of the airfield is a!)proximately 1650 feet above mean, 

sea level. The drainage system on the airfield consists principally of sur-

face drainage '!r<ri th a portion of the field drained by a storm sel~rer system 8 

discharging into n
1
atural water courses to the south of the airfield site.. The 

perched· v1a ter table is indica ted to be due to the presence of an impervious 
..--·- "-<:-

: ' clay pan, underlying sandy and gravelly material·s, produci~g a subsL+rface 
\ 

ponding condition during a large nortion of the year. 
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b~ Types. of Pavements.,. 

• The pavements on this airfield consist of four bi tuniinous paved 

rum~rays., one bi t~inous paved ta~iway, a bituminous paV'ed ap;ron, ·and. three 

small· Portland cement concrete· aprons, the latter averaging approximately 100 

by 120 feet each in' size, ,~Ji th a combined area of approximately 2, 560 square 

yards. The bituminous paved surfaces consist of cold mix bituminous mat wear

ing surfaces.,having thicknesses varying·.from 2 inches to appr~ximately 4t 
inches, laid in turn ongravel base courses having thicknesses varying from 

6 to 6~ inches. The base· courses are constructed on compacted subgrade 

materials classified as SF-ML and HL type soils. A major portion of the ·air-

field runway pavements "1ere constructed during 1942. One of the concret·e 

apron pavemants· was constructed during 1935 and 1939, while the t1r.ro remaining 

concrete paved aprons were constru.cted in 1942 and 19L~3o All pavements "''ere · 

constructed by the City of l3ismarck and the Works Progress Admini.stration. 

c~ Traffic History. 

Aircraft traffic prior to 15 September 1943, consisted principallf 

of 6 landings and take-offs· per day of commerc.ial ·airline aire.raft.. Military 

operations b~ginning 15 September 1943,' and continuing thereafter thr?ugh the~ 

date of this report, have consisted of an average. of approximately 20 landings 
'- . - -· ~ 

and take-offs per day, consisting principally· o:f p_., 39 and P-38 ty:?e aircraft, -~ 

ancl also including P-47, B-17 and B-24 type craft in adcli tion to the normal 

civilian commercial airline service.. The traffi·c distribution on the rum ... ray ' 

pavements during the period of operation is estimated to have bet:''n as 

do Condition of Pa~e~ent. 

The condition of all airfield 1Jav.ements is considered to be fair, 

• ~rri th checking and minor cracking existing in nearly all flexible 1Javement 

surfaces~ The -checking and cracking existing in the flexible pavement 
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surfaces is indicated to be due, ~p, part, to a some1,\rhat brittle condition of 

• the cold mix bituminous mat, thecracking of the mat poss:i.bly being accelera-

tea. by pavement flexure occurring in the subsurface pavement courses under 

traffice The prevalence of cracking may alse be 'duf.3, in part, to .the occur-

renee of contractive forces during the 1.vinter period as q. result of low· tern-

peratures., producing the equivalent of shrinkage cracks in the pavement su.r- ~ 

·' 
face" Hinol" depressions exist on various :9ortions of the surfaces of the air1 

field pavements, and this conditionv together with the noted cracking, is in-: 

dicated as possibly inducing the infiltration of some surface '"'ater into the ·. 

base and subsurface courses. The surfaces of the airfield pavements have not: 

been recently sealedp 

e. Frost Conditions. 

The soils Underlying the airfield pavements consist principally 

of materials of SF and l{L classifications, and combinations of these material~, 

principally SF-ML and CL-ML groups, together with some materials of SP class-;,' 

ificrtion. ·The gravel base courses existing uno.er the bituminous surfaces 

are generally classified as SC materials,·and are considered to be susceptible 

to frost action due to the quantity of silt material incorporated into the 

·base 6. The subgrade soil. materials and the existence of a perched water table . · 

at a distance of 12 feet below surface, create conditions which are considere4; 

to be favorable to,~ra.rd the occurrence of frost action in the subsurface pave-

ment elements\? Prior to thfi3 period of the frost investigation, no indications· 

of frost heaving or other major }Javemont changes due to frost action had been 

note do 

f. Climatic Conditions. 

The winter weather conditions at this airfield are considered to 

• be relative.ly severe, with a normal freezing index cf approximately 2,550 

cumulative degree-days. below freezing. Normal precipitation for the 3 months· 
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:preceding freeze-up in the fall is inclic~ted to be app;roximately 2.,.6 inches. 

4lt Rainfall dur~ng the 1944 season was approximately 3 inches. The winters of 

1943-1944 and 1944-1945 were generally less severe than normal, the cumu-

lative degree-days .for ,these periods being, respectivel3r' 1710 and 1740,. · The: 

l,reather conditions during the period of investigation on this airfielcl, there"" 

fore, have been conside,red to have been appreciably less severe than normal, 

relative to the duration of minimum temperatures, while :9recipitation during a 

3-month period ~rior to freeze-up is indicated to have been slightly more 

severe than normal~ 

5. Definitions, 

The de·scription of the tests and analyses of results involve a 

_specialized use of certain terms and words, -These words and terms are de-

fined· for use in this report as follows: 

a. Test Area -·The test area is the portion of the airfield selected 

for investigations and observations. 

b~ Pavement - The term pavement is defined as a covering of a pre-

pared or manufactured p:rocluct superimposed upon a :subgrade or base to serve 

as an abrasion and weath~r resisting structural medium~ 

c. :Bas·e - The term base applies to the pourse of specially selected 

soils, mineral aggregates,· or tre.ated soils or aggregates ~9laced and compacteq. 
" 

on the natural or compacted subgrade. 

d~ Subbase·- The term subbase refers to a course intermediate be-

t~r.reen the base and subgrade, and may consist of selected soils, mineral 

aggregates, treated materials or highly compacted existing soil. 

eo Subgrade · .... The term subgrade applies to the natural soil in place 

or to fill rna terial upon ~~rhich a pavement, base· or subbase is constructed • 

• fo Man Cracking.- Hap cracking is the development of a definite 

crack pattern_ in the pavement surface under the action of repeated loadings. 
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Map cracking is distinguished by the formation by cracking of continuous 

• connected polygonal.pavement segments. 

g. Consolidation - Consolidation is the increase in unit !.'Ieight, 

' I or decrease in volume of a material due to the action of applied loadings .• 

Consolidation is considered to be synonymous 1.1ri th compaction in this report. 

h. Permanent or Vertical Deformation - PermaneDt or vertical de-

formation i~ the accumu~ative non-elastic part of the :total ve-rtical move-

ment of the surface of the pavement which remains after the load is removed. 

i. Ca~acity Operation- Capacity- operation i.s defined as the maximlli~ 

traffic that can possibly operate on an airfield. for a period of ap-proximately 

20 years. The daily operation may be assumed as var;;ring from 100 cycles of 

la.nd.in~s and take-offs for.the very heavy planes to 1500 cycles for very 
I 

light vreight planes. 

j~ Frozen Soil - Frozen soil is referred to in this report as 

follmrJS! 

(1) Homogeneous Frozen Soil. A homogenebusly frozen soil is a 

soil il1 \vhich all ·-the water. in the soil is frozen within the natural voids 

existing in the soil, 1.vithout observable segregation or accumulation of ice 

lenses or frost forms exceeding in volume such natural void spaceso 

(2) Stratified Frozen Soil. -A stratified frozen soil is a soil 

in which a part of the water in the soil is frozen in the form of observable 

ice lenses, occupying space in excess of the original soil voids. 

(3) Hard Frozen Soil. Hard frozen soil is soil at or belov a 

temperature of 32°F, ,Prhich has been hardened due to the solidificat'ion, by 

freezing; of 1.1rater films between .soil particles. · 

ko Frost Growths - Any observable crystalline or solid frozen forms 

• of water in soils formed by freezing temperatures. 

1. Ice Lenses - Ice lenses are the obse'rvable frozen free water 
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bodies existing in stratified frozen soilo 

• · m. Ice Crvst.als :- Ice crystals are the observable ice particles 

existing in the ·void spaces and pores of homogeneous frozen soil.· 

n. Frost Zone - Frbst zone refers to 'the vertical limits of frozen 

soil .. 

o., Frost Penetration - Frost penetration is the maximum depth from 

the surface to the bottom of the frozen soil. 

p . ., Depth of :?reezing Temperature Penetration.- The\ depth of freezing 

temperature penetration is -the maximurn depth below the surface of freezing 

temperature. 

q_. Degre .. e-Days Belm'r Free zing; - Degree-days belmv free zing is the 

cumulative difference be-tween the average of the dail'y maximum and minimum 

temperature and 32° Fahrenhe~t. 
-. . 

r., Terminal Fro zen Plane .... The terminal fro zen plc-me is the final 

thawing plane in the frozen soil. 

So Flexing - Flexing is the visible springing or vertical elastic 

movement of the pavement under a moving 1:[heel load. 

S. Test Area A. 

a~r Location and Pavement Description. 

Test Area A is located on the E-v! Rumr.ray, Station S-f25 to Station 

ll.f25~ ~he rtlm~ray pavement in the test area is 150 feet ·,,,ride. The runvray 

shoulders are turf. - The pavement .in Test Area A consists of a 4~ inch thickness 
c ' 

of a colcl mix bi tun1iilous mat· surface course t constructed with sand-gravel 

aggregate and a medium curing cutback asphalt, a gravel base course apprcxi-

mately 6.,~ inches in thickness and approximately 3 feet of CL-HL type subgrade 

soils. The CL-1-'IL t;1pe sub grade soils are underlain by strata of ML, SP and SF 

• materials. Sandy and gravelly materials exist belm,r the up:9er subgrade soils 

to a depth of approximately 12 feet,. at "'rhich point a clay hard pan is 
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encountered of such character and elevation that \vater is entrapped in the 

• :permeable material~ overlying the hardpan, resulting L1 the formatiol1 of a 

l 

perched \vater tabl~. 

·b. Test Explorations~ 

Test explorations in Test Area. A, the location of \-rhich are shown 

on Plate 2, consist of the following: 

(1) Preliminary Soil Explorations. 

Preliminary soil e~plorations were made inAugust and 

September 1944 • for the purpose of d,etermining the uniformity of soil C·Ondi-

tions under the TIT01JOsed test areao 

(2) Fall Explorations .. 

The fall explorations consisted of the excavation of t\vO 

Test Pits. numbered TP lA and. TP lB, cluring October 1944. The exDlorations 

ineludecl the determination of moisture, q_ensity, and 11 in-place 11 beartng ratio 

characteristies.of the subsurface elements. 

( 3) lfinter Explo r,:it ions. 

Two Test Pits, numbered .TP 2A and TP 2J3, \vere excavated in 

February 1945. Observations of frost formations in the subsurface pavement 

elements and moisture tests '~rere made in these excavations. 

(4) Sprine Explorations. 

Test Pits numbered TP 3A and TP 313 were excavated in April 

1945 •. Moisture, density) and "in-}?lace 11 bearing ratio data Here obtained 

in this series of tests. 

c. Bqui~ment Installations. 

The following installations lfrere made in Test .Area A; 

(1) :Bench Markso 

I • 'six bench marks ~~rere installed in the te~t area gi v:ing two 

trans-ver~e ~~r~:re-lin:es for the measurement of heave in tl1e p:1vement surface .. 
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The bench mark;s consisted of steel rods driven into the soil belo~~r the frost 

~ level and protected through the frost zone by a pipe covering, the pipes, in 

turn, being filled 1.~i th a mixture of soft' asphalt, and eli stillate to prevent 

disturbance of the r~d during pavement heaving. The location of the bench 

marks in the test area are shown on Plate 2. Details of bench mark eQuipment . 

are shown on Plate 3. 

(2) 'Vater iATells. 

A ,r.rater \'rell, for the :purpose of observing changes in ele-

vation of the :perched 't,rater table during the investigational periodp was in-

stalled at the edge of the runtvay pavemel}.t adjacent to Test Area As. at 

Station 9t75. The water well consisted of a length of iron pipe, one and one~ 

quarter inches in diameter,-equip:ped with a perforated well point, the point 

being driven to approximatel~r 16 feet belo'" the surface of the pavement .. 

( 3) Temperature Ivieasuring Equipment. 

Temperature measuring eQuipment ;;.ras not installed in the tes~ 

area on this airfield. 

d. Observations and Measurements. 

The following observations and measurements 'r!ere made, in Test 
\ 

Area· A: 

( 1) 1vire-line Reaclings. 

Wire-line readings for the determination of pavement heave 

,,,rere made in October 1944, and in January, 
1
:irebruary and April 1945.. The data 

obtained from 1,1rire-line readings have been used to determine heave contours 

as shown on Plate 5. 

(2) Frost Penetration. 

The depth of frost penetrition was determined in the pits 

• excavated in February 1945.. The depth of frost penetration is considered to 

be the deJ?th at 1rihich observable ice forms or hard frozen ground was 
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encountered in the test pit excavations. The depth of freezing temperature 

penetration v.ras not determined o~ this airfield since subsurface temperc:1.ture.J 

measuring equipment was not installed at this airfield. The observations of 

frost penetrat~on, as determined by the depth Qf frozen gtound, indi~ated_ 

that the depth of frost pe-netration ~r.ras 3o 7 feet belo\v the surface of the· 

pavement in Test Pit TP 2A, ,Arhile in Test :Pit TP 2], the frost penetration 

reached a depth of 3·8· feet.. The observations indi·cated that the naterial 

tl\fas frozen continuously from t.he bottom of the bi t1.u-ninous surface to the 

maximum depth of frost penetration rioted. 

(3) Ice Lens Survey. 

In the test nits excavated on 3 February 1945~ no ice cry-

- stals 6r frost formations \1rere noted in the gravel base course, although this 

course '"'as hard frozen. In,· t'he subgrade ,_ ho,.rever. continuous hairline lenses 

in layers from 1/16. tg 1/8 pf an inch apart, existecL in ·large numbers in the 

up:per 0.23 feet of the subgrade in Test Pit TP 2A and similar ice lenses ex-

isted in the up-per 0.3 feet of subgrade in Test Pit TP 2:B.· Uo ice formations 

'Mere observed .oelo~ri these depths, although frozen g;round existed to an 

appreciabl~T greater depth. 

e. Field Tests. 

(1) C~lifornia Bearing Ratio Tests. 

Field 11 in-placefl California beari:ng ratio data were obtaine~ 

in 'the test area· during both the fall and the spring test pit excavations .. 

The bearing rat:i:o tests w~re made on the surfaces of the base course and sub..,..: 

grade, and on several elements at varying de:~ths be~ow the top of the sub-

grade. The data obtained from the "1n-place 11 bearing ratio tests ·are given in 

Table 2. 

(.2) Subsurface Moisture Testso 

Noisture data ,,re·re obtained at various denths and in the . . ~ . 

various efements of the pavement during the' fall, "Tinter, and· s:pring. test pit 

excavations. The lr.ra.ter contents of the various elements ,~rere taken to a total · 
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depth of approximately 12 feet, at 't~rhich elevation the percb,ed lArater tab:le 

• \'ras encountered .. 'The fall moisture' tests \'Jere made in October 1944, the 

J 

winter tests in February 1945, and the spring tests in April .1945.. The.mois-

ture data obtained from these tests are shown oti Plate 4. 

Subsurface Density Tests. 

Densi t~r data 'l..,rere obtained to a cLenth of ap:9roximately 4!) 5 

feet (Luring the fall, ancl spring test perioo.s·. These data are given in Table 

2, ancl are shm\m in graphic· form on Plat.e 4 .. 

f. Laboratory Tests. 

The follo1.1ring_laboratory tests were uerformed: 

(1) Classification Tests. 

Mechanical analysis and Atterbe;rg tests '"'ero made for the 

classification of all soil and aggregate mc;,terialso .. '1.11 materials were 

classified in accordance 'with the Casagrande method, using the methods and 

procedures given: ~n Ap:pendix 14 of the Fros"t Investigation Report,., Class-

ification and analysis data for all soil and aggregate material,s are given in 

Table 2\'1. 

(2) California Bearing Ratio Testso 

·' 
Laboratory determi!lations of California.bearing ratios were 

rnade on all oase courses, ap.d on typical subgracLe materials 'existing ~d thin 

the depth of pit excavations. Labora~6ry tests were macle on undisturbed · 

specimens of subgrade soils which were obtained in steel c~rlinders and sat-

urateCJ. in the laboratory prior to testing~ All subgrade materials ,~rere 

tested_ in the laboratory under appropriate surcharges, using surcharge· load-
} 

ings equivalent to the deC:d load imposed on the same material in the airfield 

pavement. Laboratory tests '\lrere made on samples obtained during the fall 

• test period in October 1944. The_ re-sults of .the saturated bearing ratio tests 

on the t.mdisturbecl spec.imens are given in Table 2.· In addition to the field 
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• and. und.isturbeci.' laboratory specimen tests, a compaction.-..bearing ratio study 

11as made in the lab ora tory on disturbed specimens of soil and. base c curse 

mate~cials recompacted to various o.ensi ties at different :moisture contents and 

under varied. conditions of compaction; using methoo.s establi,shed by the Chief 

of Engineers. These methods are described_ in A,ppenclix 14 of the Frost Investi-

gation Reporto Bearing ratto data ,,rere obtained from the saturated recompacted 

specimen. The data from the comp~tction-bearing ratio study are sho,~rn on Plate 

go Conclusions, Test Area A, 

(1) 
I> 

Heavin~ of Pavement~ · 

Pa.vemen~ heave is indicated as having reached a maximum on 

about 13 January 1945 .. ~.A maximum heave of-OolO foot ,,~,ras noted at one corner 

of the test area, and the average heave was approximately .Q-.04 feet on that 

I 

'date6 Heaving was fairly uniform in the test areai except that the average 

heaving· of the south half of the test area 'nras ap,Jroximately 0~02 feet, while 

the 'average heave of the no:cth ha.;lf of· the -pavement 'r.Tas about 0.05 feet. Al-

though temperature, soil;- 'r.Tater table elevation and the water contents in the 

subgrade soils were ·favorable for the- c~evelopment of severe frost ac-tion, the 

observed results indicate only relative~y minor heaving. The effect .of this 

heaving on the reduction of carrying capacity of the pa.vemen t ~~as not 

determined&. 

(2) Fr~st Penetration. 

The depth of frost penetrationJindicated to be approxinllitely 

3.8 feet as determined from the. depth of hard frozen ground in the test pits 

excavated on 7 and 8 FebruarJr 1945, corresponded to .a cumulative degree-day 

belm'IT freezing value of approximately 1280. The depth of frost :penetration 

• determined from the te.~t pi~ exc~vations 'ts indicated as having been at or 

near the maximum depth of frost penetration in ithe' test -P.rea during the 
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investigational periodo 

(3). Ice Lens Sur~eyq 

Observations in the test pit excavations indicated that ice 

·lens formations tended to be concentrated in the up~9er J?Ortion of the sub-

grade, thin lenses and crystals existing from the top of the subgrade to 

distance.s of 0!)23 feet and. Oo3 feet belo,.<r the top of the subgrade in Test 
I '·• 

Pits TP 2A and TP 2.B, respectively. Ice formations were not present, neither 

in the base course 9 nor at eleva.tions lower than the first 0.23 ·feet of sub-

grade in Test Pit TP 24. or the first Oo3 fee_t of subgrade in Test Pit TP 2], . . 

although frozep ground was notecl as extending to a depth of approximately 

3o8 feet belmrr the pavement surface- in each test pit.,. An examination of 

moisture data obtained in the ti~ro test pit excavations inclicate that high 

moisture eontents \lrere present in the soils exhibiting the frost formations. 

It is further indicated that the soils directly underlying the upper ~ortion 

of the subgrade had ,tater contents appreciably less than the soil abov~. It 

is considered possible that s0me dehydration of the lower soils.may have 

~ccurred, this i!Jater migrating into the upper portion of the subgrade to form 

the observed frost formations~ 

(4) Subsurface Moisture.Changes~ 

The subsurface moisture changes, occurring in Test .Area A 

during the frost investigatihnal period, are indicated to have been relatively 

minorv In the A series of tests, small increases of moisture content 6ccurrea 

from the top of the subgrade to a depth of approximately 3.5 feet., The total 

change in moisture content -between the fall and the spring readings \~ras 

approximately 5 percent, the spring period indicating the higher moisture 

content. The moisture increases occurring in the ] series of nits were less 

• than those occurring in the A series... The B series of pits indicated mois

ture content increases. of approximately 3 to 4 percent bet1rreen the top of the 
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subgrade and a d@p~h of approximately 5 feet. The moisture changes are in-

• dicated as having occurred principally in the CL-ML soils e:x:isting in the 

l]_pper portion of the subgradeo The CL-ML so-ils overlaid material of SF-ML, 

SP, and SF type soils, the latter. soils extending to the' perched water table 

elevation., It is ~9ossible that the SF-HL, SF and SP soils may have pos-

sessed sufficiently low capillarities to have retarded the migration ~f 

v.rater from the p~rched ~ter taole into the frost active zone of CL-lvfL mate:r-

/ 

ials. The result of such ac'tioh ,,,ould be a retardatio;n of water accumulation 

and frost action in the ma~erials lying above the lov.r capillarity soils. 

(5) Subsurface Density Test .. 

··The subsurface density data obtained during tha fall ajid 

spring test pit excavations indicate almost negligible variations in density 

in the subsurface materip.ls during the lftrinter test period. It is considered 

that the frost action occurring at these· levels in the test pit was in-

sufficient to produce any major change in density ·o:f the subsurface materials· 

within the frost active zone. 

(6) California Bearing Ratio Tests, 

Californta bearing ratio data obtained from the tests made 
' . 

in October l944 and in .A,pril 1945, indicate that tho changes in "in-place" 

bearing ratios of the various subgrade' elements bel01iJ the surface .course 

·during the ,~rinter period ,,.,ere very small~ Field-bearing ratio data '"'ere 

some,,rhat erratic t the field "1n""!'~~lace 11 bearing ratio of. the "pase course being 

indicated as having decreased fr()m a fall beari:p.g ratio value of 32 to a 

value of 26 in the suring A series of test pits, while in the] series.of 

• test pits, a base course "in-placerr beari-ng ratio of 15 'lr;as obta~ned during 

the fall, and a ratio'. of 23 was obtained during the spring. Small decreases 

• of subgrade bearing_ ratio values were noted in tl;le spring Tri.n~place'' data 

as conrpared to the fall test datf3., The bearing ratios of materials belo'~ the 
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top of the subgrade are indicated as having undergone only negligibie or 

• extremely small changes. The results of the follouing spring llin~:plc:tce n 

bearing ratio tests do not indicate maj"or changes as having occurred in the 

bearing ratio characteristics of the pavement subsurface materials during the 

,~linter period, due to frost action. 

~- 7• General Concl~sions. 

Frost action occurring under the flexible airfield pavement test area 

on the Bismarck 'Airfield during the 1944-1945 win'ter season is indicated to 

' have been relatively minor despite.weather, soil, and moisture conctitions 

'which might be considered as conducive to the development of severe frost 

action. The absence of severe frost action is indicated in the minor heaving 

observed in the test area and in the absence of pronounced development of icc 

or frost forma.tions in the subsurface pavement elernonts during the \<Jintor. 

The chang0s in moisture contents of the upper portion. of the subgrade soils 

lying 1~ri thin the frozen zone and density variations of the same materials, 

both indicate only very minor effects due to frost action. The result of 

California-bearing ratio data obtained from the field 11 in-:-place 11 tests like-

~rise indicate only relatively minor changes as occurring during the winter 

period as a result of fros't action. The absence ·of more pronounced frost 
e 

action is considered to have been due po~sibly to the existence of lo~r capil-

larity soil types of SF, SP and GP classification, lying between the high 

capillarity upper sub grade soils and the perched \vater \table. ( The lo~r capil-

larity is .indicated to have retarded the migration of '•Jater from the water 

source into the frost active zone, thus diminishing heave and retarding the 

formatiari of icc lenses and ·other frost action phenomena 'rrhich might other-

1,,rise have been expected uncler the temperature and wotl.t.her conditions 

• existing on this airfield,. 
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TABLE l 

CHRONOLOGIC.AL SUMMARY OP EX?LORA.'riOHS 
. BISlJL'lliCK MUNICIPAL AI:f:tFIELD, BISl•L'i.RCKi J:JORTH DAKOTA 

1. Fall Period 

a. 30 August - 2 September 1944 
(1) Preliminary Soil :Sx:plorations .. 

b. 19-24 October 1944 
(1) Excavation of Test Pits TP lA and TP lB. 
(2) Installation of· Bench Marks. 
(3) Instaiiation of Well Point~ 
(4) \eli re-line Readings. 
(5) 11 In-..place 11 Cali'fornia Bearing Ratio Tests. 

2. Winter Period · 

a. 15-30 Ja.nuary 1945 
(1) Wire-line ~eadings. 

bo 6-9 February 1945 
(1) Excavation of Test Pits TP 2A and TP 2B. 
(2) Wire-line Readings. 

3. Spring Period 

a. 13-16 April 1945 . 
(1) Excavation of Test Pits TP 3A and. TP 3Be 
(2) \fire-line Readings. 
(3) Ground W'ater Level Readings. 
(4) "In-place 11 California Bearing Ratio Tests,.· 

TABLE 1 



WAR DEPARTMENT 

• 
0 

G 

l") 

0 

"" 
q,. 

.c 'o,<::::, .,. 

\.,. 

~ ' 
t'\ 

> 

'2.. 

• 

0 

c 

0 M l 

CASPERv" 

0 L 0 

G 

.R A D 

N E 'W' 
l\11 E. X I c O 

T 

+ 

0 

c 

s 0 

N E 

0 

E 

A N A ·D· A 

K A s A 

·OX L ~ .H: 0 ·M.A .. 

A·R g·A N_.S 

... ' 
X A. 

. ' 

0 
F 

G 

F 

T_E:NH·J< . 

:f ·. 

M. E 

LEGEND 
'I COMPREHENSIVE 

'V SURVEY 

.c 
0 

CORPS OF ENGINEERS 

FROST INVESTIGATION 

GEOGRAPHICAL LOCATION 
MAP 

100 50 25 9 so 100 200 3?0 
SCALE IN ~ILES 

MISSOURI RIVER DIV., OMAHA, NEBR. JUNE,I945 

PLATE 



•• 

• 

DATE TYPE SOIL 

~ 

I 

FROST INVE:STI GAT I 0\N 

SUMMARY OF SOl L AND PAVE:ME:NT\TEST DATA 

CASPER AIR BASE, CASPER, WYd'·MING 
TEST AREA A 

SOIL DATA SUBGRADE DATA 

GRAIN SIZE 
%Finer than indicated groin -size 

· ATTER_BEHG LIMITS 
NATURAL 

. DENSITY FIELD TESTS MODULI TESTS 

.· WATER UNIT WATER 

. PAVEMENT DATA 
CONCRETE 

FLEXURAL STRENGTH TEST 
PIT DEPTH 

IN FEET CLASS . .'0.005 0.02 0.05 0.10 0.297' 2.0 . 4.7 . 19.1 :. LIQUID PLASTIC SPECIFIC CONTENT WEIGHT CONTENT DENSITY 
, LIMIT INDEX GRAVITY t 

ACTUAL 
VALUE 

28~0AY 

VALUE 

• lA. 

2A . r-;- 1-' 45 Surfac~ 
Sub gr. 

.. . ·: 
:-_· · .. 

0.0 - 0.8 Cone. 
O.B ._ 1.8 f*SF .· 
1.8 - 3.5 f*SF 
3.5 - 4•5 ~ML-SF · 
4.5 ..;. 5.5 i*GP 
5.5 - 8.0 ~F 
8.0 - 9.0 ~p 
·9.Q -12···o -~~L 

I.t;o ·~.::.r3: .. o··~F _·. 
13.0 -15.0 ~SF . 

· * !Field Clc: ssifica ion 

mm mm mm _mm .mm mm mm 

I 

mm . . .. . . · . 0/oDryWt. .p.c.f. ·o/oOryWt p.c .. 

.. · ; 

.. 2.70 
. .2.64 
. 2.66 

n . 

·.·.·-·_· 

. I 

lO.OCt> 122 (2.) . 10.0. Ct) .122 (2) 

9.1 (2.) 113 C2.) 9 .lJ~' llJ · c2> 
. 7~4(Z) 110 (2.) · 7 o4·J~), 110 (2) 

3. 5 ('2) 110 C2> .· · 3• 5 C2.> 1.10 Ct) 
. ·. 4. 8(2.) 107 C2.) 4.8 C2J. 107 (2) 

.. 5. 6'2) ll6 (2.) . ~. 6 (2.) 116 (2) 

-~r.,,-$ ~-. 

.~······:: 
. /s:4 :; 

. . A" . II ~·· 

1// 

F 
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TEST· DATE PIT 

2B l-145 

3~ 1 45 

3B 3-1 45 

. I I 

TYPE· D'EPTH SOIL 
'IN rEEl CLASS. 0.005 

mm 

Sur.t'ac 0,0 - 0,7 Cone. · t~

SUbg~ 0.7 - 1.0 *GF 
1.0 - 2.5 *SF 
2. 5 - 4. 5 *ML-SF . ...-/ 

. 4.5 - 6.0 '"ML-c __. 
6.0 - 7.5 -t~CL 

7.5 -··9.5 *GP 
· 9.5 -1o.s *GF 

· 10.5 -11 •. 0 ~L-sF 

Surfac 
Sub gr. 

Sur.t'ac 
Sub gr. 

· 11.0 -13.0 *GF .. 
13.0 -15.0· *SF' 

0. 0 • 0. 7 Cone ~ )':':) 
0,7 • 1,6 *SF-CL 
1~6 - 2.5 .. ·*SF 
2.5 - 4.0 *SF 
4.0 ..:. 4.5 ~L-SF 

4.5 ... 7•0· *SP 
7.0 ~ 9.0 *CL-SF /; · 
9.0 ..:1o.o. *SF 

10.0 ~11.5 *SP 
11.5.'-!13.0 *CL-SF 
13.0 -l4 •. 0' . *CL-SF 
14.0 -15 .o· *SF 

o.o -·o.s Cone. 
0,8 - 1.7 *SF-cL 
1.7·- 2.7 it-SF 
2.7 - 5.0 *SF 
s.o - 7.0 *CL 
7.0 - s.o *CL 
a.o - 9.0 *GF 
9.0-10.0 *GF 

10,0 -11.0 *SF-GL 
11.0 -12.0 *SF 
12.0 -1}.0 *SF 
13.0 -1.5.0 *CL 

11 

* Fi 1d Class ficatio 

0.02 
mm 

FROST INVE:STIGATION. 
SUMMARY OF ·SOl L AND ·PAVE:.ME:NT ... TEST DATA 

CASPER AIR .. BASE ;CASPER ·:·w'fo:MlNG . .. .·. . . ·. , ,, .. , .. , ·., .; . : ' .... I '. , . ·, . . . . . 

TEST· ·A·~~A. A 
r :.· ,: . , 

. SOIL DATA. 
... ,· .. '' . . 

', '.';,',.·I ''' · ... :··. SUBGRADE D'AT"A PAVEMENT DATA 
GRAIN SIZE 

. 
0/o Finer than indica ted rain size 

0.05 0.10 0.297 2.0 4.7 
mm mm mm mm rrim 

. •' 

. ··' ... · .. '. 
' ! • . • .. 

4o 

.. 

19.1 
mm 

'• .. ·, 

·. ·. · .. : · NATURAL 
ATTE:RBERG ·LIM.ITS · ·.. ·· · .. · · · ... :· DE·NSITY· · FIELD TESTS 

·LIQUID.· PLASTIC SPECiriC WATER .· UNIT WATER 
. . r. .CONTENT. WE I GHT CONTeNT DENSITY 

LIMIT .. INDEX GRAVITY. o' D.· w f o1 D w• f · 10 ry t. . p.c. . . 10 ry 1. p.c .. 

' ' ~· ' 'i' 

', "' ·.' '' 

·., .· '• '•' 

·:'· :. ·.· .. '· ~ ' ' ' ' ' 
'.,'• 

'.'1':. 

·.: ·.;. I '•' 

' ·,,: ',, 

MODULI TESTS 

K 

1-

CONCRETE 
FLEXURAL STRENGTH 

ACTUAL 
VALUE 

28-DAY 
VALUE 

1 '( . 

~~~I 
II · I 

I . 
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• 

0 .... ;; 

• 

TEST 
PIT. 

·u 

.... '• 

DATE . TYPE. 

· ~ : :';~ ~- '" urtace .. 
. ,i' · ·Base 

ubgr_. 

};,""' ' ' 

2A.. l<l-' 45 · Sw;-tac• 
- ':r.)1 · · .. · Base . · 

· _ Subgr. 

* Fi ld Class fico.tio 

o.o-o. 7 . A& ph~ . 
o.?-1.3 
1.3-1.8 *SF 
1.8-7 • .3 •SF 

. 7 • .3-9.5 *CL 
. 9.5-ll.O *GF 
ll.O•l.3. · H.OC . 
13.0..14.0 . *CL 
14.0..15.0 *CL 

' ' ' 

' ' 

· . · ... ·.-· FROsT···INVESTIGA;TION 

suMMARv:· oF:sokL;AND•·PAVEMENT TE:sT DATA 

CASPER ArR····fi)'>.$E; CASPER, WYOMING .. 

mi'n mm' mm 

' __ : 'TEST ·AREA. ·B ' 
.· .... :SOIL DAtA·· 

' ! .· 

' ' 

. . . . 
· · 3 -· · 2.66 . 4.5c21 1)3.-c_~>. · 

2 .• 63 ... So4C4lll) _(4). 
-· · :.· .. ~ ·. '· ·: :i.9c2~ 105 .. <2;-

·,. . 
I 

' i ' . ' 

( ' 

C.B..R. DATA 

. · .. · ~·· , .. . .-

... ,· .. 
'" 



•• 
TEST 
·.PIT 

2B }~ . l-_ 145 . 
. , .~;.;;, r 

. ' . . :·· ... 

1 ' ~ .- •• 

o~~Q.6. 
·o.6-1.1· 

.. : l~J.~2~l:: 
... 2.1~4~5 

· ··o.O;.o~6.·: 
. 0~~1 .• 1 
l.l-l/1 . 

. :1.7-6~0 ' 
o.o-s.o ; 

. 8.~9·0· 
9~0~10;.5 

10.5~11.5 . 
ll.5;..l4~0 

14.0~15.0 

* F ld Clas iticati n 

. .. . . . 

.. . '~ROST INVESTIGATION.·.···.· 

suMMAR·v ·oF.: so1 L AN:o PAVEMENT Te:·.s.:r. 
.. CASPER AIR· BASE, CASPE.R, W_YOMING 

TEST AREA B ··~· .· 

'·SOIL DATA 
'·,.· . 

~ .. · 

I"' ': 

. . . . I . . 
·I 

. i 
. . I 

I • 

I· 
I 

... 

·DATA 

C.B.R. DATA 

·J·· . . .. ---.-;-

·, ·.· 

, ....... •' 

.',,.·· ... 

•',.- .... 

·.· .. ·.·;· .· 
. . . . 

/ I . 
I I . :. 

. . - . 

. . . . . ~- . 

,.· 
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WAR DEPARTMENT 
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WAR DEPARTMENT 
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WAR DEPARTMENT 
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CON. TRUCTI 'JN J0/1 TS ~ 

r 
.L 
~ 
") 

~ 

I
I 

STA .. 3+30 

22'-0" 

CONTRACTION JOINT 

~ 
!f 
t...i ,!<> 
~ 

' 
c ...., 

,- CON'T"R~ CTION OINT 

CT~~NI L''B" t'l"'ff/2 
~ CONT~ OINT W& ... 

STA. 3 +4 

LOCATION PLAN PLAN- PANEL "B" 
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SURVEY 5 OCT. 1944 ro 5 FEB. 1945 
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WAR DEPARTMENT 

10 20 

NOV. 

. ''· 

·I+ 

t+·_ 
+H+ 

I 
II r·-

g$=1±1~ ' · -H·r-::..L.;. ... ~q+-l::I- 1 _ ±±: 

0 

SNOWFALL 

PRECIP-
MONTH ITATION 

INCHES 

ocr. o.js-
NOV. 0.88 

DEC. o.ss 
JAN. 0.25 

F'EB. 0.49 

MAR. 0.88 

0 

2 

6 

7 

10 

13 

16 

0 

I 

~ 

3 
1944-1945 

DEPARTURE UN MELTED 
FROM SNOW 

NORMAl. INCHES INCHES 

A 

-0.94 J./ 

+0.09 8.J !) 

0.0 1.3 

- 0 . .1.5 4.4 .. --0.21 8.2 

-0.30 10.2 

. 
0 

3 

.. 

DENSITY 
DRY WEIGHT·LSS. PER CU. FT. 

WATER CONTENT 
PERCENT DRY WEIGHT 

1.0 1: 10 1.!0 I 0 .1'10 ·g 

TP 3B IYfT H B 

\ 

1\ 

--

TEST AREA TEST PIT 

A TP I B 
A TP 2B 
A TP 3B 

DENSITY 

o eo 10 I 5 2 0 25 

1 I 

0 ~> 

I ~~ 
~ 

~TP 

f\ k 

~ 
1£ 
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, ___ 

~ v. \ 
~· ~ 11 
~ 
~ 

SF'· ~L .. ~ ~ -
lsF • 

v ~~· v .... 
~ 1\ 
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DATE 

10 OCT.I944 
16 JAN.1945 
21 MAR.I945 

IB 

T_l 2B 
\.V 1" I ~r11 

rT B 

~ 
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0 
A 
c 

WATEH CONTENT 
·PERCENT DRY WEIGHT 

.... 

..... 

0 

2 

3 
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4 

~ ... 
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DRY WEIGHT-L BS. PER CU. FT. 

WATER CONTENT 
PERCENT DRY WEIGHT 
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I 

~ ~ .. , 0 
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~ • F A· \ I , 

' ,.I .' 

1\ ~ .,.i- lA 
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1'1~ 
~ 1/ 

ir- fTP 3 lA. 

so. 

TEST AREA TEST PIT 

A TP I A 
A TP 2A 
A TP 3A 
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SF· ~L--~ 
,lNG 

IY:~ 
CL· lsr ~ 

t-o 

STATION 

'3+15 
3+15 
3.+15 

DRY WEIGHT-LBS. PER CU. FT; 

< .,_ 
~ 

,.... 1··- .A 
11 ' l1 

ll) 1 
DATE 

.9 OCT.I944 
IS JAN.194S 
21 MAR.I945 

SYMBOL 

0 
A 
c 

WATER CONTENT 
PERCENT DRY WEIGHT DRY WEIGrrro-~• 9g f-5~ ~~ F~ 0 140 130 I c ~ I Q. _l~ _20 

~ 
O I ~0 I~ 10 I !0 I 0 IC 10 9 0 8 D C ! 10 I 20 

B 
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~ 
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1'--.-'J. L'"J. 

v --'1 )!_ 
I..:; H .. ~ 

~ b.. .. to 

I 

2 

3 

4 

5 

8 

7 

0 

3 

e 

~ 
Q. 

~ 
ONLY) 

TEST AREA TEST PIT STATION ~ SYMBOL 

B TP IB 32+25 14 OCT. 1944 0 
B TP 2B 32+31 . 17 JAN. 1945 fl. 
B TP 38 32+15 20MAR.I945 0 

lJ I 
~~~ - ·p A 

~ 
[T .:.! A..;<J 

~~ 

I 
I 

I 

lJ 
&IV 

TEST AREA TEST PIT 

B TP lA 
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B TP 3A 

r 4 <I 4 

I 
g 

11-.- IJ: _g~. 
(' tiATE \Air 1::-NI 

~ 

~ 
.!fj 

-·p lA 

~ ~ 
~]' l ~~ I 

~ 
I ' I 
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I 

r,.--TFI JA I 
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~ r::< k•' 

~ 

STATION 
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~ SYMBOL 

I 5 OCT .1944 0 
I 7 JAN.I945 A 
20 MAR.I945 0 

CORPS OF ENGINEERS U.S. ARMY 

0 

WATER CONTENT 
PeRCENT OF ORY WEIGHT 

5 ~ ~ 20 

1001--l...---.l.----~----"'--1-""----' 
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NATURAL DENSITY VS. NAtURAL 
WATER CONTENT 

LECiEND 

m PAVEMENT 

~41•~ SASE 

~ StiBGRAOE 

FROST .INVESTIGATION 

CASPER .A.IRBASE, CASPER, WYO 

WEATHER • WATER CONTENT 
AND DENSITY DATA 

. SCALE: AS SHOWN 

MISSOURI RIVER DIV.,OMAHA,NEBR. JUNE,1945 

PLATE 5 



•• 

• 

WAR DEPARTMENT 

t!) 

''I, 

a: 
ai 
u 
0 
1&1 
1-
u 
1.&.14{) 
a:: 
a: 
0 
u 

-20 

L&; 
u 
' If) 
CD 
.J 
).. 
1-
Ill 
z 
1.&.1 
0 

>-a:: 
0 

40 

20 

. _·.·. . · ... ·.. . :' 

. TEST AREA . A 
.. TEST PIT I A ·. 

.COURSE: SUBGRAOE 

MATE: RIAL: SF'...;CL~ SANOY LOAM 

···oe:PTH .o.s To is. ·F":r. 

SU~CHARGE DATA: 
SOAKING 22 . LBS. 
PENETRATION . 22 LBS. 

8 12 ll5 12 ' 7 9 

... :1' 

. MOLDING WATE-R' C.ONT.E'NT:., .. MOLDED DRY DENSITY-LBS/GF: IIIOLDING WATER CONTENT-, •. 
WAT.ER CONTENT VS.DENSITY &G.B.R. MOLDED DENSITY VS C.B.R. WATER CONTENT VS C.B.R •. 

·. 

.'I. 

·~ 
0 
W. 

.1-
··.u 

... ...,. 
a:: 
a:: 
0 
'-> 

L&; 
u 
' dl 
CD 
.J I; 
·cn 
z 
1&1 
0 
)-
a:: 
0 

' ~ . ' . . 

I··. 
TEST AREA·A 

'. 

TEST PI.T. IB 

·couR.SE:SUBGRAOE 

MATE:~IA_Li. Sf',. SAND 

DEPTH. I. 8 TO 2. 5 F"l: .. 

SURCHARGE DATA: 
SOAKiNG 46 LBS .. 
PENETRATION. :!10 · LBS. 

~ 6 R 

·., 

MOLOlN(; WATEFt' eCJ.N't£NT:.%. MOLD.ED DRY .DENSITY-LBS/GF. IIIOLDING WATER CONTENT- "• 
W,6.TER coNTENT·vs DENSI·TY &C.B.R; MOL.DED DENSITY-vs c.e.R. wATER coNTENT vs c.B.R. 

.-----. 

~ 2 --t-l 
Ill 
u 
0 
1&1 
1-
u 

·I.&J 
a:: 
a:: 
0 
u 

Li; 
u 

. 40 

H 
H+ 

,..,.. 
. ell+ 
Ill± 
...1 11-
).. 
1'-· 
ell 
z 
1&1 
0 
)-

cr: 
0 

''I, 

a:· 
ai 
u 

·o 
1&1 
1-
u 
1.&.1 0 
a:: 
a:: 
0 

.U 

L&; 0 
u 
' If) 
!D 
..J .. , 
)-

l2 'I-

~± 
1&1 
0 
)-
a:: 

·0 

--r:-ttH+ 
.~ti: 

r 

120 

80 

. ·o 

40 

TES.T AREA B 
TEST PI .. T ·I A 

COURSE: BASE 

MATERIAL: G.W, SANOY GRAVEL 

DEPTH 0~~ :TO I. 3 F"T .. 

SURCHARG.E DATA: 
SOAKI~G _: 16 LBS 
PENETR~TION 16 LBS. 

·tdr, 

"J. 

d -1-'-
.. 
..)_ 

·.·: 

. .· 

TEST AREA B 
TE$T PIT lA 

·couRSE:SUBGRAOE. 

MATE:RIAL: SP, SAND 

DEPTH I. 3 TO L9 FT. 

SURCHARGE DATA: 
SOAKING 34 LBS. 
PENETRATION 30 LBS. 

i-· -t-

10· ·~ 5 120 4 
MOLDING· WATER CO E NT~,_ •. MOLDED DRY DENSITY-:LBS/GF: toiQLDINC.oWATER CONTENT- "• 

WATER CONTENT VS DENSITY &c.B.R. MOLDED DENSITY VS C.~.R. WATER CONTENT VS C.B.R. 

CORPS OF ENGINEERS U. S. ARMY · 

LEGE: NO 
0 55 BLOWS PER LAYER . 
c 25 BLOWS PER LAYER 
A 10 BLOWS PER LAYER 
• WATER CONTENT, TOP INCH 

G£NERAL NOTES: 
AI.,L SPECIMENS SOAKED rOP AND BorrOM 

FOR 4 DAYS. 
ALL SPECIMENS C'OMPACrt:O IN 5 LAYERS, 10 

LS. HAMMER, 18~ DROP,. IN CSR MOLD. . 

, FROST INVESTIGATION 

CASPER AIR BASE, CASPER, WYOMING 

CALIFORNIA BEARING RATIO . 
STU.DIES 

SCALE:. AS SHOWN 

MISSOURI RIVER DIVISION, OMAHA, NEBR .. JUNE, 1945 

PLATE 6 
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I.' 

TEST 
PIT 

DATE 

lA 10-1 44 

2A 2-'45 

2B.· 2-'4~ 

.· 

. '._._, :·· · --FRosT·· ,·N(;t:::-.s·+·-~-6:-:A:~·~·~i'.a .. ,_Nt .. ::. . ... 
·SUMMA··RY c)F"··.'soiL AND 'PAVE.MEN_T .. TEST DATA 

F"ARGC>ty1UNtC1P~AJRF"IEL[)~·····FAP.GO,·t«)RTH DAkOTA 
·· TEST.AREA·. A-· _· . 

. · 
SOiL DATA C.B.R DATA 

GRAIN'·SI.Z'E ATTERBERG LIMITS NATURAL FIELD IN~PLACE TESTS UNDISTURBED CYL.TESTS REMOLDED TESTS-100°/o DENSITY 
%Finer than-indicated grain si·ze DENSITY 

TYPE DE P.TH so r L '---..---~~~~~!.!:..::!..:~~~:...:..!:...::--r~--4---...,-r----c..,...--o-E-ci-,..-F .. -cl--w-A..!:rr::..=..:..:R ~u~N--,T-. -+w-A_T_E_R-r-"------r--c.-8-.R-.. -+-w-AT-.. -E-R__,....-----r--c-.-8.-R-. ..._W_A_T-ER_c_oN_T__;E_N_T~----r-----.--:c:-. 8:--. R....;...-t 

IN FEET C~ASS. 0.005 0.02 PLASTI S. . I CONTENT WEIGHT CONTENT DENSITY 0.1" CONTENT DENSITY 4 0. 111 BEFORE AFTER <% DENSITY 0.1" 
-. 

mm mm 

Surface· 0.0 - 0.1 Asph. 
Base 0.1 - 0.6· Soil-k;emeJ t 
Subgr. 0.6· - 1.5 CL-SI ;_9, 16 

1.5 - 2.5 6H..:Cl 22 · 45 
/ 

2.5 - 3.2 CH 57 - 87 
·3.2 - 4.3 CH 63 9l 

21:, . .30· 50 
57 .b5 .75 

.. 94 ... 96 . 97. 

. 9? ' '\.\99: · ... 99 ··.· 

4.3 - 5.0 CH 
5.0 - 6.0 CH 

Surface 0.0 - 0.1 Asph. 
Base 0.1 ... 0. 7 Soil- Cemer t 
Subgr·. O. 7 - 1.5 CL-Sl ---7- · 11 .. -16 
. 1.5 - 2.4 OH-GF 32 56. 68 

2.4- 3.2 CH 43 .75 · 88 
3.2- 4.2 CH 64 92 98 
4.2 - 5.0 CH . 
5.0 ~ 6.0~CH 
6.0: ~ 7.0~H 

Surface 0.0 - .0.1 A~ph~ 
Base 0.1 - 0.6. Soil·fcemel t 

' . ' .. 
Subgr. 0.6 ... 1.6 *SF 

.. 1.6 - 2•5"'0H~I 
2.5 - J.5w;H:' ··· 
3.5 - 6.o~~H ~·· I· 
6.0 - 7 .O~CH .. 

1·: . 
... . ·.·; 

.. .·· .. 

.... 
. ·... I . .. . . . I• ' . 

Surface 0.0 - o·•::1:>.Asph~ ·.. .1· -
·Base .0.1.- 0~6 Soil~ Cetnei~~ot:.- ... 
Subgr. 0.6 ... 1.5~SF' · · :_·· ·· · · 

(j> 1.5 -- 2.4~0H~l 
2.4 - 4•0~CH·. .. . . ..·· .. ·-·. 

4~0 ~ 7.0~CH 

••• 

. ";.. ~ .. :.; . 

~'', .· ' ' 
.... 

' 

I 22· 42 
. 75 84 
92 97 
99 •99 

1;91. 96 
J 9i 98 
. ! 99 100 ... 

-11~0. --

92 100 
97 100 
99 

·. 

100 
99 100 

97 30 
100 Q4 -- .-73~ 

-- 76 [ 

- 31 
- 62 
- '1'5 -- .80 

INDEX GRAVITY %DryWi . p.c.f. %DryWt. p.cJ Pen. 0/oDryWt. p.c.f.. Pen·. SOAKING SOAKING SWELL p.c.f. Pen. 

i2 
29_ 
40 
47 

1~ 

31 
47 
56 

.2.70 
2•57 
2.64 
2.70 

-- S 0 A K l D ---

10.Q(2) 122 (2) 10.0 ('Z.) 122 (2.) 

,9.8(4) 127 (4) 9.8 (4 ) 127 (4-} 19(4 ) 10~.5(2.) 

22.7t2.) 90 (t~· 22.7(2.) 90 (t)-l.=~oP."il-, . ._ -~~.c~27.2(1' 

31.7E2} 88<2)·31.7(1) 88f2) 4.30 32.2l1 
28.6 (2) 90 (2.) 28.6 ,,_, 90 .(2) 3 .lt' 28. :1.. (..?..J 

30.-1 <2> 92 n.> 30.1 <?.> 92 <2> 3.1--~ _. 1 

~- -- ~I ,. 

126 (.2) 27 ('2.) 

88 t'1) 9 • oti> 
s·s t'l.) 6 • st2) 
9lt'> 4. ot'l) 

I ., 

12 •. 2 (..2) 122 ('l!/ 12. 2 (2) 122 (t) 
2.67 11.3~) 124_""Y ll.J{g) 124·\C,) 
2.52 301.?l1) 88 (t~ 30.7(1) 88 (t) 
2,66 . 3,3.1t'1) 86 t2> 33.1('1) 86 (t) 
2.69 31.J(1) 86 (1) 31.3{~) 86 (t) 

31.9 ttJ . 90 t2) 31.9 ('1) 90 ttl 

7 .~. 11.9tj1 !124(2) 
6. d-~~ 24. stt~ 93 (2> 

. 4. 92 32. 2t2)1 88 (2.) 

·J.rf-2: 32~ 2t2)1 . 86 t1) 

11 ('1.) 

10. (2) 

5.3(2) 
4.r::J.'IJ 

{ ' 

1 ... ,-,. ... 

f:.J\J • I 

·:;30.9 

13.9 (2.) 
11.1 (l>) 

--, 30•1 (4) 

4.4t~ · 1 

/ 

( '- • ..:> 

f~P 

- ~Jl~>&5T~5). ,F=-1) 
34.{}_(4) f 

~~ 

I I 

" 0. ----L!Y-

/t'• 1' ¥' l 

*Fieild C1assi r; ~~+~; r.r ) 
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FROST r NVESTI GAT I 0 N -
/ 

·SUMMARY OF SOIL AND. PAVEMENT TE:ST DATA 
Ill . 

'• • : 

FARGO MUNI~IPAL AIRFIELD, FARGO, NORTH ~KOTA 
TEST AREA A 

SOIL DATA 
' C.B.R. DATA 

GRAIN S 12E NATURAL ~-.. ATTERBERG LIMITS FIELD IN-PLACE TESTS UNDISTUR'BED CYL. TESTS REMOLDED. TESTS -100 °/o. DENSITY 
TEST 0/oF iner than ind icot ed qro in size D'ENSITY 

DATE TYPE DEPTH SOIL WATER. UNIT 
.. 

WATER C.B.R. WATER. C.B.R. WATER CON TENT . C.B.R.. PIT IN fEET CLASS. 0.005 0.02 0.05 0.10 0.297 2.0 4.7 19.1 LIQUID PLASTIC SPECIFIC 
CONTENT WEIGHT CO'JTENT DENSITY 0.1

11 
CONTENT DENSITY 0.1 11 BEFORE AFTER 0/o C€NSITY 0.1 11 

LIMIT INDEX GRAVITY 0/oDryWt p.c.f. %DryWt. p.cJ Pen. 0/oDryWt. p.c. f. Pen. SOAKING SOAKING SWELL p.c.f. Pen. mm mm mm mm mm mm mm mm 
' 

1._. 

3A 4-'45· SUrface o.o - 0.1 As ph. !!I I 

t Base.· Q .. l - 0.6 Soil· f'Ceme, ~t· ·9. 713) 120 (3) 9 Q 7 (?>)/ 120 t~) 

0.6·- 1.6 ll/.1 Sub gr. ~.~s. 
~ 10.7 '2) 133 (2) !o .. 7 (2~ ~~33 (2) 12 (!) 

1.6 - 2.4 ~OH-c~ . r.J 24.3 (2) 97 (1) 24.3 (11-r 97 (2) . - 5.4 (2.) 
0 

fr~~G.(' 
2.4 - J.? ~CH. · ((C"' ~) 29.0 Ct). . 97 (2) 29 .o (2.) e97 (2) .4.9·<2) Ct)~- 5, 6~rf-€""i:!.. L·f,o(n lfZ.) NI. ~. 

i 

·~ ,· ~ ! 3.7 - 4·3 ~CH 36.6 ('2) 84' (2) 36.6 (2) . 84(7.) ~ 4. 2l2) JJ.7(s-: Cf/'3) ~ij ~~ 4.3 - 5.0 c-CH 29--.-]:-(7.)_ -9-1 <~L -2'T;j.:-~'a-) ~.L \'1.} 
. _:') (2) 

~ 

Goa~ 

. 5.0 - 6.c ~H 
.. 

~~ 
30-A..t.ro 

~ s"L. --l 
• 7 ,_., 

~1. 7 .6.0. --7 .c ~H· -- '37-:v- .· 
\ 

I 

\ 
' q,3' ' I, ~. ··.';'o 

.3B 4-'45 Surface o.o - 0.1 As ph. 

I 
4 Base 0.1 - 0.7 Soil· Ceme ~t 12.6 {3) 120 (.)) 12.6 ~) 120 {1) .. 

~ Subgr. 0.7 - 1.5 ~~~] . ~ 11.3 (l) 128 (1) 11.3 (.2) 128 (2) . 5. 9 (]) C6r.r:... ·s;, ....2 
I 1 ~ 

~~tie.·~ j-;'i 1.5 - 2.5 ~H-oi I l 
.. 29.6.<'1) 95 (~)'- -29.6 (2) 95 (2.) 3.8 (2.) 

2.5 - 3.~ ~H ··- : 

'I 3.3•0 <2) 91 (') . r3·3.o tt) 91 (t), 2. 5 (2) 'f.1 
).4 - ·4-~ ~CH : ~ 

,I 37.7 C!t)· ----81-(2). __ ' (.1) :-81'"":"~1)- - '5·-8 (3) o/· 'l, ... : il ~7-.-7-
I ) 4.4 - 6.c ~CH ,·, 31-i-0-<4). 1--- -2.-5-+t-} . ~ ~ j ·F' 6.0 - 7.0 ~H .'2975~ ~-~ : 1~; 

:~..~ 
7.0 - 8.0 ~CH : 

35.3- r;,· lr. . 
~ LJ:;• 

~ .. ·~ 
•B" - .... 

~. t . . 1- ') 
·' ~ -}1. ~--

~tj 
..---· 

/ 

" 
/ 

"· 

, 

-

.. 

r? , 

] 
. I 

IJ} 
' -

• . 

I * Fi e1d Cla~ sificatiol 
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WAR. DEPARTMENT 

•• 

y 

c 

. 0 

+ 

• 

0 M l 
CASPERv N 

0 L 0 

0 

G 

T 

c A A 

0 
·X: A . N' .. s ."·'·A :s. 

... 

0 X J., A H . 0 .. · ll . :A. :. 

E X ··A· .. ·· ·.· ·s 

G 

M 1· S 

0 
F 

TJ 

T .· J:; .~ N. 

0) 

.14 
...... . ,. 

~. 

F M E. X .r 

.~ 
• COMPREHENSIVE 
V SURVEY 

.c 
0 

0 

FROST INVESTiGATION 

GEOGRAPHICAL LOCATION 
MAP 

•08 50 2.!1 o so 100 200 390 
SCALE IN MILES 

MISSOURI RIVER DIV., OMAHA, NEBR. JUNE,I945 

PLATE 



• 

• 

WAR DEPARTMENT 

LEGEND 
AUOER BORIN0--------------0 
TEST PIT_------------------· 
BENCH MARK----------------$ 
OBSERVATION WELL----:..-----0 
THERMOMETER---------------r 

Note: 
Psvement thicknessBs shown srv 
des(Jn thicknesses, 

:t 
~ 
§ 
~ 896 

~ 
~ .... 
~ 895 

I 
' 894 

&0 

PLAN 
TEST"AR'EA ·A 

100 

I . 

'"'"'_)t:~·ty T&bk [/e<•892. 2, !ehruaty 10, 194< 

PROfiLE ALONG CENTERLINE 
TEST AREA A 

--·~~~· J~~-z 

CORPS OF' E.NGINE.E:RS U.S. ARMY 

z:-••c-&$-!!!1!!'!& 

20 

CROSS SECTION A-A 
? ac 40 

ICAL.B:·.IN P'&:B:T 

fROST INVESTIGATION 
F'ARGO ~UN ICIPAL AIRF'IELD. 

F'ARGO,NORTH DAKOTA 

PLAN AND PROFILE 
TEST AREA A 

SCALE:.AS SHOWN 

MISSOURI RIVER DIV.,OMAHA,NEBR. JUNE 91945 

PLATE 2 



• 

• 

WAR DEPARTMENT 

SECTION 

PLAN 
( Ccver Removed) 

THERMOCOUPLE 
TERMINAL BOX 

SECTION THRU BITUMINOUS PAVEMENT 

Svpporf 

DETAIL AT TOP VIEW D-D 

Backfill with 
like material 

SECTION THRU CONCRETE PAVEMENT 

THERMOCOUPLE' INSTALLATIONS 

~I· 

\ 

Piano Wire -.02?. "dia. ~ 

Q Wirtt · 
Stand-off 

Wire 

'() 

r-z·x ~·Bar 

--- -- . f %"~2Ji'~cl 
HOCisinq 

Extension 

I 

11 ell 
~Hov.sin9 
I ~ . 
lj 

[_Jj_!Cod 
I~ I i 

SECTIONAL ELEVATION 
(SHOWING WIRE STAND-OFF'&. HOUSING EXTENSION) 

'-Weld 
I i -e." Pips ~ I 

VIEW C-C 
( SHOWING HOUSING EXTENSION ) 

tj?®t-

END WIRE TENSION DEVICE 

Copper Tv/Jinq 
.'7',"/.D. 

: 
Po$ilian of [-1 
Thermomet•r : I 

I I 
'I ,, 
II 
II 

No~:~ of thermometer : .: 

wrapped with dry 1 I 
.ott on to provide )! 
cushioninq ond insulatlona ,: 

u 

!/16 "Dia. Hole 
For wi e 

FRONT VIEW SIDE VIEW 

THERMOMETER HOLDER 

WIRE LINE APPARATUS 

. %"Pipe Couplin9 

!/2" •){.1• Rod weld~d to 
coup,/in9 to provide 
anchor info pavement 

f/.,'' Black Saran Tubing 
OovbleSfrtmyfh 

Note: 
Z." of anti-free:z.e solutio, 

at bottom of W811 for Hermal 
contod. 

~"Pipe Cop 

THERMOMETER WELL 

~ 

\;;) 
•I 

' 
~ a: 
II: 

~ 

~ 
" II: 

~ .... 
~ 
"-
I) 

~ 
~ 
~ 

1 
~i=' 

• 
. ~ 

. 
' ~ ,, 

"' ~ 
it 

11:: 
.Q 

' ~ 
Ill 
11:: 

~ 

' "' 
~ 
~ 
~ 

~ 
--

_.__ 

r2" P/Utj 

=~ 

~ 
2'C()(.Ip/ing 

I--2"Pipe 

It--' Fill space · willi 
pump grease 

r--r" Plain Rod 

BENCH MARK 

CORPS OF ENGINEERS , U. S. ARMY 

SECTION 

VIEW B-B 

!7.,"x2!-.z4 P/(Jfe 
~'thick 

WIRE HOLDER 

. ~ '· .. 

FROST I NVtSTIGATION 

EQUIPMENT. DETAILS 

MISSOURI RIVER DIV., OMAHA ,NEBR. JUNE,I945 

PLATE 3 



WAR DEPARTMENT 

• 

r . 

• 

lo 
I~ 

h'\<vv 
"' w .3~ 

I J I 
0 

.-+ . 1+-++ 
. ;_' 200 

f. 

+-: 

.;...;...M: H+' t· -·~ ..i. 

,,;.. 
. H-. 

.. I .. 

··:~+ 

.•. ···i~ 

·+ 

. ·!;if! ·H 
.:p •+ :w7• • w 

·t· 

I 20 10 20 10 20 
DEC. JAN. FEB. MAR. 

TOTAL CUMULATIVE DEGREE DAYS 
BELOW.32°F 

SNO AIF'ALL · Ul44- 194! 

PRECIP- DEPARTURE UNMELTED 
MONTH ITATION FROM SNON NORMAL 

INCHES INCHES. INCHES 

OCT. 0.17 -1.52 0 

NOV 1.8.5 K195 .5.3 

OEC 0.19 -0.53 3.0 

JAN 0.33 -o-34 4~ 

FEB. 0.87 .,.0.18 8.4 

MAR. 1.20 +0.19 lO 

J· 1800 

.. 
,.·.~ 

H-It 
-H- t+i+ 
+ ~l~t. 2800 

10 20 0 

APR. 

CURVE 

NO. 

2 

J 

------

DATE 

12-9-44 

1./.-16-44 

1.2-30-44 

....... ,,,: .. , .. , .. , .l.:-r--
···'-;·1· ... 

.... :·-~~,.: .. ;...: : . : : : I ' :·:~ .. 

·"'I.~~::::EE·~-~~~--'···~ ;:.;.: 
~y 

J.:'-:+·::/'··::. 
! ..... ;. '{/:·· ....... 

·r ~'l~:"~L~. ii~:i:.~F:~+~::r:n: 
" ....... , ... , ... ~, •"T"~"7"""' .... w ....... ' 

.•.•. : 1·.·.~·: •. ::.:: 

OCT. NOV. DEC. 

CUMULATIVE .PRECIPITATION 
(MONTHLY) 

DEGREE 

DAYS 

138 

224 

531 

AIR 
T·EMPER-
ATURE 

2'6 

34 

II 

. ;.+- ....... , 

0 

1\ ~ 

\ 
·~ 
~ 
~ 

"\ ::: 
~ 

-~ 
e: L 

\ 1\Vr 

2000 NOV. DEC. JAN. FEB. MAR. APR. 
1844 1945 

TEMPERATURE VS. TIME 

4 

5 

6 

7 

8 

1-13-45 

2-24-45 

.J- 12-45 

.1-17-45 

4- 7-45 

939 

1514 

./806 

1761 

1502 

i!l 

u 
46 

49 

52 

: _, _ .. -, .. ~w=r~E'TfiT;"J~?ti~-':t:.~_;J~=:.~~I'Jf~~Oo 
TEST AREA A. 

9 4-21-45 1406 JS SUBSURFACE TEMPERATURES 

\ 
\ 
\ 

OrDaf ~ 
J.r' I 

~~ ., ..:> 
------r-·-- -- ~ 

8 'r 

~ E!<VEM ~--~ 
-- ___:... .. -- / 

BLE MY ~~__!Y.f-...; t- \. 
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140 130 120 .11o ·1oo go eo .·:. < ;::>!:>, : .. 10 lp 2()>:':' · 30 35 4'0 ·. 

0 . l ~~. . . .... . .. :'·. . ·.:.< ......... " . ··. i. '· 

. .. ... \~. J ,.. . I . . . .·( . ·.· "' 
· •·· .· . I. . ;·r_ \ 7 . 1. :---.. · (·i • 28 · . ·:· 

. r- ,;, . ~· ... ,,···. roo ... ·•·';i~ .. ;,'':!·~·~IIC:.'tl VJIL-11;.·· 

}.:..... ..•'·· I:·/'·. . c· 

.~ .. ' . ; . 
... ~· .. ·· • ·. 'TP 

2 .. ,J·.. . 

3·~~~~---r--+-~r+~~ 

.. 
.···: . < < \ •. 

: :· ··., ~ .. 

> .. 

I. 

1/ 
li 

: 
I 

1 1 . 

TEST AREA TEST PIT STATION SYMBOL 

0 A 
A 
A 

TPIB 
TP2B 
TP3B 

5+00 12'h'L T. 10,16 ~44 
4•92 12'/2LT. 2-12.,45 
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SOAKING· 16 . LBS: 

. PENETRATION .16. L.BS .. 
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(Z'Z] .. SUBGRAOE . 

CALIF'ORNIA BEARING RATIO 

0 55 BLOWS PER LAYER 
o 25 BLOWS PER LAYER 
~ I 0 BLOWS PER LAYER 
• WATER CONTENT, TOP INCH 

GENERAL NOT£5: 
ALL SPECIMENS SOAKED TOP AND BOTTOM 

FOR 4 DAYS.· 
ALL SPECIMENS COMPACTED· IN 5 LAYERS, /0 

LB. HAMMER, 18" DROP,. IN CBR MOLO 

F'ROST INVESTIGATION . 

FARGO MUNICIPAL AIRF'IEL;.D, 
·FARGO, NORTH DAKOTA 

DENSITY, WATER CONTENT DATA 
CALIFORNIA BEARING RATIO 
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MISSOURI RIVER DIVISION, OMAHA, NEBR. JULY, 1~5 
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CONTOUR .INTERVAL=ONE HUNDREDTH OF· A FOOT 
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TEST 
PIT DATE TYPE 

FROST INVESTIGAT.ION 

SUMMARY OF SOl L AND PAVEMEN'T T'EST DATA 

BISMARCK MUNICIPAL AIRFIELD, BISMARCK, NORTH DAKOTA 
TEST AREA A 

SOIL DATA C.B.R .. DATA 
GRAIN SIZE NATURAL 

0/oFiner tho11 ind,cofed qrain size ATTERBERG LIM ITS DENSITY FIELD IN-PLACE TESTS UNDISTURBED CYL. TESTS .REMOLDED TESTS -100% DENSITY 

C. B. R. DEPTH SOl L I ,, I . I I L Q D p A<:;TIC C:P£CIFIC WATER UNIT WATER C.B.R. WATER C.B.R. WATER CONTENT 
IN fEET · CLASS. 0.005 0.02 0.05 0.10 0.297 2. 0 4.7 19.1 1 

Ul L -. ~~· CONTENT WEIGHT CONTENT ,DENSITY 0.1'' CONTENT I DENSITY 0. 1" BEFORE AFTER % DENSITY 0. 1" 

mm mm mm mm mm I mm mm mm LIMIT! INDEX GRAVITY %DryWt. pc.f. %DryWt. i pc.f. · Pen. 0/oDryWt. p.c.f. Pen. SOAKING SOAKJI)HS' SWELL p.c.f. Pen. 
F=====f= .. ===t====t=======t====t===F==F===F==t====*===f:===t===t=== ... =--=·~-=·-===· =1==.=. =.=t/, =--=.:-~-===--= . -1"'~:::: .... = ====4===t==='==S===l=D=A==K=E=FD==t===~~/=· ~. ~=======l~==l=======f 

lA. · 10·'44 Surfac1 0.0 - 0.3 Asph. 1 • I,/ 

lB 

2B 

~:ro g:~: ~:~ ~-Ml. ~~ Ji 5L !~ ':I ~ 166 ~~ ~~~ ~ ~:~ 1tb;!~ i6~ :~ 1~:b~:;j i6~ ~~ ~: 20.4c·'l1o2 <•, 21 <•' .. I! ill 
lo5 "" 2.,6 Cl:..,MJ~ v8 34 61 71 ! 91 99 .lQQ """" Jj 1 iO 2 .. 61 16.,8 (2) 84 (2 ) 16.8 (Z) 84 ('l) 5.5 (S) 34.0 ('Z): 83 (Z) 3.0 (z.J. , 

2• '45 Surface 
Base 
Subgr 

2.6 .. 3.6 CL-MJ .. //tf " " n I " " " -- "i " n 17.4 ('ZJ 77 (ZJ 17.4 (2 ) 77 (ZJ 3.2 ~) -- ,. -- --
3o6 "" 4.,; SF-MJ~~o· 28 47 57 91 99 100 -·-· ·· .!,24;.;::=- 7 2.65 15..,0(2)' 88 (Z) · .!5~0 ('t!) 88 ('Z) 5.6(s) 3lo3 (zl 88 (z) l.l (2) 

J;g~ft:~"!~=,7~~~""~-~~~=:~~=-=:::U:JLJ~ /~~·~ _,_. g ·····1,-. :: . ~·:~·' _'!!(') ~:~ ~:~ ~~ (.,I. ::5(<) ! 

o.o - o.~ Asph. 
0.3 - O.f*SC 
0.6 - 1.5*CL-MJ~ 

1. 5 • 3.lf*CL-Ml~ 

3. 7. - 4. 'ifitML 
4. 7 - 6.~f*SF 

6.4 - 7 .Cf*SF 
7.0 -10.Cf*SP 

· 0~0 •ll. 5f*-SP 
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1.5. 7 (~.) 80 (Z) I 6. 5. (3> 

15.9 (t) 84 (zJ . 2.4 (2. 

14.6 (!) 92 ('l.) 4.1 {J;) 

7.9 ~, -- ·.I --
3.9 (2 ) -- --

1 
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17.5 (4) 
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~ 
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·4.7 
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* Field ~lassifi ~o tion I J I C \ 
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TEST 
PIT 

3A 

JB 

DATE TYPE 

FROST· .INVESTIGATION. . 

SUMMARY OF SOI·L A~DPAVEMENTT~~T DATA 

BISMARCK MUNICIPAL AIRFIELD, :BISMARCK, NORTH DAKOTA 

SOIL DATA 

! . ! 

C.B.R. DATA 
GRAIN SIZE · · · 

%Finer than indicaied rain size UND.ISTURBED CYL. TESTS REMOLDED tESTS -100 °/o DENSITY 
DEPTH so1L~--~~~~~~~~~~~~.---r---~~~~~~~~~~~~~~~~~~~c-.-B.~R-.+-w~AT~.E~R-. ~-----~c.~s-.R-.~W-AT_E_R_c_o~N-T-E-NT~----~----~c~.a~.-R.~ 

IN fEET CLASS. 0.005 0.02 0.05 0.10 0.297 2. 0 4.7 19,1 . 0.1"· CONTENT DENSITY . 0. 1" BEFORE AFTER 0/o OCNSITY 0.1" 

mm mm mm mm ·mm mm .mm mm Pen.· 0/oDryWt p.c.f. Pen. SOAKING SOAKING SWELl . p.c.f. Pen 

4-'45 Surtac o.o - o. Asph. 
Base· 0.4 • o. SC 

'4-'45 

*Field 

Subgr . O. 7 .-. l. OL-
1.7 • 2. OL• 
2.9 - 4. OL- I' 

4~0 - 5 •. SF- •· -
5.0 - 6. SP. 
6.5 - 9. SP . 

Surtac 
Base· 
Subgr 

0~0 - o. 
0.3 - o. 
0.6 - ·l. 
1.7 - 2 • 
2.8 ... 4. 
4.o ... 5 • 
5.0 - 5. 
5 • .5 .. 7. 
7.0 .. 8. 
s.o - 9. 

ph. 
*SO. 
OL• .. 
. OL"'! 

. OL•' · 
. OL-. 
SF· 
SF• 
SP 
GP 

2.3 .(3) ·. 

·-. .. 

I . 

. . ~ : 

SHEET .2 OF2 



WAR . DEPARTMENT 

'b. 

,) 

,r 

•• 

0 M l 
CASPERv !'I 

c. 0 L 0 

G 

a A D 

llr E. X I C 0 

T 

0 

c A 

5 0 

N E B 

0 
A 

E X 

N 

s .· A .·s 

D ·. 
.-. ~ ' 

}.{ 1 5 

0 K L A H o· .M A 

A..,. 

G 

A 

T :E. :N .N E. 

"' :r 
,·"-· 

~ 

(/} 
Ill 

CIJ 

0 F M E 

F 

·.~ 
1' COMPREHENSIVE 
V SURVEY 

.c 
0 

CORPS. OF ENGINEERS U.S. AR Y 

·~ 

FROST INVESTIGATION 

GEOGRAPHICAL LOCATION 
MAP 

•gg 50 2$ 0 50 100 200 300 
SCALE IN I!.IIU:S 

MISSOURI RIVER DIV,, OMAHA, NEBR. JUNE,1945 
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c'ENTER LINE PROFILE 
TEST AREA A 
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AUGER BORING ___ -.:_ ___ . __ 0. 
TEST PIT ____ .:_ ________ • 
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OBSERVATION ·wELL ______ @ 

Note:. 
PBvement thicknesses shown are 
desiJn thicknesses. 
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SCALE: AS SHOWN rvc;o 
MISSOURI RiVER DIV.,OMAHA,NEBR. JUNE,1945 
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WAR DEPARTMENT 

SECTION 

PLAN 
( Ccver Removed) 

THERMOCOUPLE 
TERMINAL BOX 

Svpport 

DETAIL AT TOP 

Joint Filler 

Sealing Compovnd 

i!'-0"~ 

VIEW D-p 

Backfill with · 
li/fe material 

SECTION THRU BITUMINOUS PAVEMENT SECTION THRU CONCRETE PAVEMENT 

THERMOCOUPLE! INSTALLATIONS 

Piano Wirs -.01?.2. "dia. 

·n.Wirtl 
1-cyl~tand-off 

.--- I 

1-- .z•x ~'Bar 

~· 

~ 
\,() 

--- -- f %"42f2"Rod 
Htx~sinq 

Extension 

SECTIONAL ELEVATION 
(SHOWING WIRE STAND~OFF & HOUSING EXTENSION) 

~a· %'' 

~W•Id 
I l r-- ,2 II Piptl 
~ I 

VIEW C-C 
( SHOWING HOUSING EXTENSION ) 

€3@ -+ 

END WIRE TENSION DEVICE 

Copper TvblnfJ 
%"/.0. 

PDsifirm of 

I 

:; 
:·I 

Tlt"rmometrr : l 

Note: 

II 
I I 
II 
II 
II 
II 

End of thormom•ter 1 1 
wrapped with dry 1 I 
cotton to provide )! 
euahioninq and in••lotlon. ,: 

u 

!/,6 "Olo. Hole 
For wi s 

FRONT VIEW SIDE YIEW 

THERMOMETER HOLDER 

WIRE LINE APPARATUS 

\) 
j 

~ 
~ '/,2''-J(J"Rod weltl•d to 1:: 

eovp/in9 to provide ~ 

anchor info pavement ~:~ 
~ 

.Y4" Black Saran Tvbing 
Oovb/sStren9fh 

Note: 
z.• of anti-freeze solution 

at bottom of well for thermal 
c:ontod. 

:?."Pipe Cclp 

THERMOMETER WELL 

~ 

1:: 

ct 
..... 
·~ 

..... 
~ 

:f: 

~ 

.2· Couplinq 

Fill spac' · wifli 
pump grease 

BENCH MARK 

CORPS OF ENGINEERS, U. S. ARMY 

SECTION 

YIEW B-B 

I 7., ·x 2 },~• Plafe 
~·thick 

WIRE HOLDER 

. ~ ... 

FROST INVESTIGATION 

EQUIPMENT DETAILS 

MISSOURI RIVER DIV., OMAHA, NEBR. JUNE,I945 
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WAR DEPARTMENT 
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. ·+ :-t .+-. ·-;-r- ·•--:-·,-, 

S£PT. OCT. NOV, DEC. 

CUMULATIVE PRECIPITATION 
(MONTHLY) 

'·-·- - ... 

SNOWfALL 

PRECI·P-. MONTH ITATION 
INCHES 

ocr 0.12 
NOV. 2.56 
O£C. r 
JAN. 0.39 
F£8. 0-21 
MAR 0.98 

NOT£.· r .. TRACE 

+' 

Lt 

-r-· 

.r 

J944 ... dl 14S 
DEPARTURE 

FROM UNMELTED 
. SNOW NORMAL 

INCHES INCHES 
-0.79 r 
+1.99 7.7 
-0.48 r 
-0.06 4.9 
-0.23 4.2 
+0-09 •i2.5·· 
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't-7 ___.-· 
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. DENSITY' 
DRY' WE/GifT- LBS. PER CU. FT. 

TEST AREA 

A 
A 
A 

TEST PIT 

TPIA 
TP2A 

.TP3A 

STATION. 

8+75 
8+66 
8+87 

WATER CONTENT 
PERCENT DR'r'_ WEIGHT 

5 10 l:l . 20. 25 

..Q&t_ 

. 20 OCT. 1944 
7 'f"E:B.I945 

14.APR.1945 

SYMBOL 

0 

·. . DENSITY WATER CONTENT 
DRY WEIGHT.-LBS. PER CU. FT: PERCENT DRY' WEIGHT 

() 

0 ,_~1~3~o~r2ro~r~IO~~·oo~~97o~~aro~~~--~s ___ ,ro--~•s_·~2T0 __ 
1
25 __ _, 

L--~1 -+----.h ~.Mr-1· . ,---+'--+--.---,t-,1 : 

1-+-----+----1~~~/ . ·.... } ;: 

~~~ ·~ •... TPB n 

, .... 

1:., 
TEST AREA TEST PIT 

A TPIB 
A TP2B 
A TP3B 

STATION 

9+ 75 
9+ 66 
9+ 86 

DATE SYMBOL 

21 OCT. 1944 o 
8 F'EB.I945 1:. 
15 APR.I945 c 

ONTENT ONLY) 
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130 
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~ 120 
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~ '110 
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..... 

~ 100 
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CORPS OF ENGINEERS U. S. ARMY 
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0 \ SOILS SYMBOLS 
0 

sc 0 
0 

~ 
CL-ML b. 

Sf-ML 0 

0 
SP • 
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'~ \1' 
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fJ. ~ . ,'•·,·· 
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0 0 !'.... 

.. ~ 
6 fJ. 

6 .. .. 
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' 

5 10 15 20 2.5 30 
WATER CONTENT-PERCENT DRY' WEIGHT 

NATURAL WATER CONTENT VERSUS NATURAL DENSITY 

LEGEND 

m PAVEMENT 

~ SASE 

1222]. SUBGRADE 

FROST INVESTIGATION 
BISMARCK MUNICIPAL ·AIRFIELD 

BISMARCK, NORTH DAKOTA 

WEATHER.WATER CONTENT 
AND DENSITY DATA 

SCALE: AS SHOWN 

MISSOURI RIVER DIV., OMAHA, NEBR. JUN£,1945 
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CORPS OF' ENGINEERS. U.S. ARMY 

: ..... : . 

. ·'. 
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COURSE: BASE: 

MATERIAL: SC,GRAVE:LLY SAND 

DEPTH 0.3 TO 0.63 FT. 

SUR~HARGE DATA: 
SOAKING 10 LBS 
PENETRATION 10 LBS. 
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. COURSE: SUBGRADE: 

MATERIAL: Sf ML, SANDY LOAM 

DEPTH 3. 7 TO 4.3 FT. . 

SURCHARGE DATA: 
SOAKING 70 LBS 
PENETRATION 30 LBS. 
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COURSE: SUBGRADE 

MATERIAL: CL-ML, SILTY LOAM 

DEPTH 0.7 TO 1.3 FT. 

SURCHARGE DATA: 
SOAKING 16 LBS. 
PENETRATION 16 L.B5. 
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.MOLDING WATE-R~ CONT.ENT-":1. MOLDED DRY DENSITY-LBS/CiF. I'OIOLDING WATER CONTENT- ":/• 
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LEGEND 
'o 55 .BLOWS PER LAYER 

. o. 25 BLOWS PER LAYER 
b 10 BLOWS PER LAYER · 
• .WATER CONTENT. TOP INCH 

G£N£RAL NOT£S: 
ALL SPECIMENS SOAKED TOP.ANO BOTTOM 

FOR 4 DAYS. 
ALL SPECIMENS COMPACTED IN 5 LAYt.RS, 10 

LB. HAMMER, 18" DROP, IN CBR MOLD . 

FROST INVESTIGATION 

BISMARCK MUNICIPAL AIRFIELD 
BISMARCK. NORTH DAKOTA 

·CALIFORNIA BEARING RATIO· 
STUDIES 

SCALE: AS SHOWN 

MISSOURI RIVER DIVISION,OMAHA,NEBR JUNE, 1945 
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