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LA BORAT JR Y TESTS C" FROST PSN2TR>\TI3N 

AND r:ZR?.AL CC’ DUCTr^m- OF gOHSSlOlÆSSG SOILS 

1. Pui^osj». The purpose of this inrestigation ha. b«an to study 

(1/ torriDoratura changes within laboratory specir.ans of sand due to suddenly 

i-nresscd surface temperatures and (2) the thermal conductivity of several 

ronresentative materials commonly used for hase course construction be¬ 

neath navemonts and one sample of bituminous concrete. 

2. Sco£e. The materials s«:lected for testing wore limited to 

those which are non-frost susceptible, that is materials in which frost 

action is not possible. In connection with the analysis of test results 

it was necessary to utilize and develop theoretical solutions for temp¬ 

erature changes under ideal conditions. These studies are included in 

this report. Also included is a brief summary of the work accomplished 

by H. E, Patton on thermal conductivity and the results of his investi¬ 

gations are compared with those reported herein. All tests for thermal 

conductivity were limited to the material in the unfrozen state. 

5. Acknowledgement. The Posts reported herein were conducted in 

the Soil 1.echanics Laboratory, Harvard University. The use of the facil¬ 

ities of the Soil Mechanics Laboratory including the cold room was made 

available through the cooperation of Harvard University by Dr. Arthur 

Casa-ronde. Dr. Casagrande •made frequent suggestions and assisted greatly 

-lose tests by Giving ireely of his own time for consultation. In 

addition members of the Staff of the Graduate School of Engineering fur¬ 

nished the temperature measuring equipment and valuable advice on its 
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u™. r. R«cin»ld Barron, Zv.ri^r, *J. ¿. ^-incor Cffir«,, Prnridwire, 

P. ., acco^liahod, thr^uph a ro^nerativ; arroe.r.-nt, tho the^rotical 

rrath-aticnl studios utlllxo^ in t^e araly.1, ,f «tulti. In addition 

he furnia hod valuable advice on teat Ppnarn‘;u« for det-nrlnini' the eo- 

ptiicicnt of th«r al conductivity» 

lu Dufinitlona. 

a. ;>n- ror • ■, ri-lr. ar. crurhod rock, ennd, 

aand and gravil, prnvel, nlnr, oindem or any ether cohesion* 

Use material Ir. .vhieh frort action ir not noaeibl ., 

h* rr'ct Action ir tho accumulation of wator ir. t!ie for*- of 

ioo lonsaa in tho roi! or b«ss Riateriale under natural 

f.-eozinr condition«, 

— n,lty is tho mit 4ry woirht in nounds nor cubic foot, 

5* . vontont io the ratio exnreBBod aa a tornen tare of tho 

rrcifht of water in n rivc^ noil to tho woirht of soli^» ner- 

ticlos. 

--.c.iric el’ of «y Substance 5 a defined as tho oal- 

crioa of haat required to raise one cran one de/rree Conti- 

prado. 

Volun:trir P.et C^acity. C, is definod as the heat in Btu 

requirod to raiac one cubic foot cf coil one dopr-e pahron- 

hoit. 

-•‘•'irnal ^nit, Btu, is th-. heat required to raise 

tho terror atura of ^at-rcr.o doprae iahrenhuit at its max- 

ir.im density. It is oquel to ?52 cslorijs. 
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h. ..nt-»nt Hgat^of Funion. L, ie the quantity of boat required 

to changi unit rasa of Ice t* water rith no temperature 

r.hnnge. 

l* Il^rnal Conductivity. V# ie tho quantity of hort that will 

pan* through a unit area of unit thickness in unit time 

un:cr a unit temnraturo gradient. 

-■;acri",i'’r| oi L,tt>r.rntr.r,- Coi': k or- an.» •;quiDm,-,nt. The invosti- 

gati:r.k wore carried out in the c>ld room laboratory, at Harvard -Jnivor- 

*ity Graduate School of úiginecring. General layout of tho cold room and 

oquionent is shown on Plate 1. 

«. Col-1 Boon. The cold roo» la o w«llc-ln n-frljcrator with 

tnald. dl.wonalona 6 fact 9-l/J Ineha. lonf by 6 tort 9-1/2 Incho, wldo and 

6 foat 5 Incha. high. It 1. Inaul.tsd on «11 6 cldo« with h Inchct of cork. 

A nrosaorc contrcllod unit cold tier «nd ^ .xtonwlly looted freon 

nonproscor cool tho room to any desired air teKoeraturo within a rnnrs of 

JO to 50nF ard to an ancuracy of 1.0°F, 

k* -- ^aMnot. “Mithin the cold room is a freezing cabinut 

located as shown or Plate 1. This cabinet consists of an air snaco at tho 

top cooled by longitudinal coils, hung from the too of the cabinet, using 

» .econd comore«sor with sulphur dioxide refrigerant. penoath this rir 

•-aco are U drawers arranged sido by sido as shown on nhotegranh, Plato ?. 

7ho tonporature at tho top of onch drawer may bo fixjd at any doeirud 

tenneraturo with an accuracy of / C.QPF and equal to or less than that in 

tho cold r-or. by adjust« nt of a bimetalic Oc-Khotinsky tyno temperature 

control located in thî air space above thi drawers. 7ith tho cold room 
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at approximately l;0oF, the top of tno freezing cabinet can bo lowered to 

a temperature of -10°F. A small fan in the air space at the ton aids in 

maintaining a uniform temperature throughout the air space. The bottom 

of the drawers consist of n 2Í+ gage galvanized iron sample tray and is 

fi't Ie; inches above the floor of the cold room. Detail of the trays is 

shorn on Plate 1. The tomoerature of the bottom of the drawers is deter¬ 

mined by the cold room tomoerature. Thus, tost specimons may be olaced 

in the drawers and subjected to any desired temn-raturos at the top and 

bottom within the tomcer-tur? ranges of the two nieces of cooling equip¬ 

ment. Circulation of air between the r.ir soaces at the ton and bottom of 

drawers was nrovontod by inflating a tire inner tube installed in the air 

space between drawers until this space was sealed. Iwo of the drawers 

are equinoad in such a manner that water may be supplied tc the bottom of 

tho t'st specimons. 

e. Tomneraturo Koasureronts. Temperature measurements in 

test specimons were made using 7? conper-constantan thermocouples and 

a Leeds and ’lorthron Potentiometer, type IC. The thermocouples were ar¬ 

ranged in grouns of twelve. A switching arrangement permitted tho rapid, 

measurement of tho temperature at individual thermocouples successively 

desired. The constant temperature junction consisted of an ice water 

bath ii a th.rmos battle. The accuracy of a temperature determination 

was ¿0.1°F. Plato 3 illustrates the switches and temperature indicating 

apparatus. The cold tomooraturo junction is shevm on Plato 2. 

6* Experiments t.o îeasuro Temperature Changes in Tost Specimens. 

introduction. Two series of tests wore conducted, each 
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series consisting of tests on 12 test soecinena compacted at various 

densities and nater contents. All specimens consisted of a thoroughly 

ir.ixed cohesionless, medium sand. The first series of tests was used pri¬ 

marily to familarize the technicians with the operation of the test equip¬ 

ment and to determine its accuracy and limitations. 

b* Jest Conditions. Each tost consisted in permitting the 

12 soecimens to reach cold room torr.oorature of aooroximately !*0°F, sud¬ 

denly applying at the too of the specimen a freezing temperature, main¬ 

taining the bottom of the soecimen at cold room temoerature and recording 

the temoerature changes in the specimen vs. time. 

o. test Specimen. Each test specimen vras a cylinder 5.36 

incp-s m diameter and 6.5 inches high contained in a cardboard ice cream 

container. To measure temoerature changes, several thermocouples were 

placed along the axis of the cylinder. Detail of samóle cylinder and 

location of thermocouples are shown on Plate 1. From 2 to J4 specimens 

were olaced in each drawer of the cold cabinet. The too of each specimen. 

except those which were saturated, was sealed with paraffin about 2 mm 

in thickness 

specimens and 

tc prevent evaporation from the surface. The scace between 

the sides of the drawer was filled, from draiver bottom to 

too of specimens, with the same sand. as the soecimens, placed dry. 

d. Material Tested. The material tested consisted of a 

cohesionless, siliceous, medium sand obtained fron a glacial outwash 

deposit at South Lowell, fass. The groin size and specific gravity of 

the material (Lowell Sand) as used for tests, after thorough mixing and 

removal of sizes larger than 2 nm and smaller than 0.0? mm, are shown 
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or Figure 5# Pla^e U. This .-.atirial is .-onsidired nnt suBcertlbli to Treat 

action and containa particle rizos that were very small in proportion to 

thi size of tost spocimen. 

* -^nlo Pr»paration. The quart ice cr>nr container, 'rith 

top and bottom r.moved, fomin- the sidos of a tost apeciman, vma placed 

into a split forrinr jacket, illustrated on Plato 5. The aolit forming; 

jacket had holes through rhich thurmocouplea could be inserted into the 

8000 in on during compaction. Placent and compaction oí the material in 

a dense state was accemU.hod by using a device and procedure developed 

by Dr. Yen Chan in cenr.ection with his w-rk on a thesis for the degree of 

Doctor oí Engineering at Harvard Uni^rsit”. For the dorse state, material 

having the desired water content was placed in ton equal layers and each 

layer compacted by an increasing number of blows in a sequence which re¬ 

sulten in a uniform degree of compaction throughout the spccUon. Thcrro- 

Oouples were inserted as the placement progressed. After removal from 

forming jacket the thermocouolo lead wires were cemented with paraffin to 

t .-- ice cream container. Loose samples were constructed by first ceir.wit- 

ing t. 1 thermocou-loe at the dosir:»d positions, then, carefully placing 

material having the dc.iirad water content around the thcnaocouolos. At 

the sa-o time the sido of the container wm lightly tapped to obtain a 

small amount of compaction to minimize shrinkage during testing. To ob¬ 

tain saturated samples in either loose or dense state, the material was 

claccd dry in conta nors Hiicb wore equipped with screen bottoms. These 

scocimons wore th n tlaced in the drawers, fitted with pans for water 

siapply, and saturated by forcing water toward through the specimens until 

A 
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froa ••'»tîr anp^nrjíl on tho surface. 

f* IoBt Pr°c^urfi. T’vo different scries of tests, numbered 

1 and 5 ^ura rorformod. Each sarics consisted in aoplyirg to the top of 

th- spocirnons three différant freezing cabinet temoeroturcs, anoroxlr^tely 

3°0F, 30°F tt"d 10°F. In tho aoplicntion of tho J fraezinç tcmc-raturcs 

to thj top of tho test s00cirons, a timo lag to roach tho desired temperature 

vms aridant, Tho time laS for tho 30*F and tho ?0°F tomporatures ras .mall* 

For tho 10°F toro-rnf.ro tho tiro lag arr. -roator, about 1 hour, and cork 

insulation ras used ne describe bolor*. For thj 3ü°F tosta of Series 1, 

tho loaded drawers rare left anon until the compressor had ceolod the ceils 

of tho fronting cabinet. The drawers worn then closed and the time of clos- 

inç ..ras assumé as tho starting timo cf tho to.t. For PO°F and 10°F toste, 

tho dra-vors wore .oalod, froezing cabinet compressor was start.«d and timo 

vs. teem eraturo data of cabinet air tonooraturo was observed until the tost 

tomo .rature was reached. For these tests tho starting time was assied 

to b, tho time at which tho cabinet tcrmcraturo had r .ached the average 

between the test terroraturo and tho col^ room tom,era turo. Tho samo 

erocedure ras followed for Series 2, oxcont for the 10^ to.t. where sheet 

cork insulation ms placad ever the top of the «arrio., tho drawers closed 

nad tho cabinet tomoeraturc lowerad to 10 degrees. The cork shoot was 

thon r. tn cabinet »opIo* and the starting tino for to.t was as- 

suro'* as the latter closing tinj, 

% ^.ibtolo d. Ih: date, obtained fron Series 1 is not in- 

clud d in this r. cr. for ti reason that this 3 -ri ;s m* porfonnod pri- 

marily to train and familiarise tho t r.t 0^raterr in the uz3 «nd operation 
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of the equipment and the prenaruticn «uid tectinr of eneoimeni. The result* 

Pf toatB frnr- thiB "«ries ere erratic and certain of the results are in- 

c .,1.,tant vith series ?. The date ie on file at the Bosten District Cffice. 

The ieta obtained fror. Serieo 2 are sunr-Arired on Plate h. Table 

A sumr:arizos the principal test conditions for each test performed. riCure 

1 if a tynical cat of time vs. ternarature curves for each of the thorr.o- 

counles in a selected tost. *i*ure 2 is a tynical set of temperature rxad- 

iants at selected times after a suddenly impressed surface temperature had 

bam appli.d. Fl.uro 5 prei jnta rcrroi-mtatlv. duba ahOTinj tb. pmotra- 

tl°n of thj 3?0f banp.puturp vr. tim. Into t.tb an PC Imana at <!iffpr.nb 

-.bar cortonb. and «ib dry neijbb. .nd with 2 diffpranb, auddpnljr Inprpa.cd. 

For 1. fata, condition, war, anch that pquillbrlur. 

«a. raaoh.4 »ibh »V tpprprat'jro approximptaly at thp midpoint of the 

•poclmon and «¡ullivrlm tcmpraturo gradient» for thaï# 1, trat« aro abo,«) 

in r'ipure Ut Plate 

h’ «•’"i Concicton«. From tho tpata d.acrlbad it i. 

r.o».ibl, t, lnro.tlr.tp th. affact of th. .«rf.oc bo«dary «on -.«.noratur. 

eonditi n» in tna fat apMlman.. fho temparatur. iradimt. nt aquilibri« 

were plotted far all tp.t., .imilar to tho typical oquilibri« tomp.r.t». 

rradlont, .homo on Figuro L, Plato h. Thoao tapnorat«. fr.dl.nt. mar. 

than oxtr.pol.tad to tho ton and bottom .urf.00. of tho .«pi... 

•noolnpn tomoratur«» at th, top and bottom nor, then d-tormlnud .cd aro 

rdod .able A. Platu L. Tho dlfforonco botweon tho tamooraturo pf 

tho aoaoimen at the ton or bottom, and tho air torror.turu at th, too or 

bettor. r~.0PctlTcly 1. tamed tho "boundary t maporaturo dlfforonop". 

^ y y/ ^ 

' ~C ' •?- /crfM- «y 'Ÿyr ÀU 
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Frirthor th» oquilibri’jn tcrn^ratur» cradiont. of «ach soocir.on, ex-refl«od 

i i .rrso. t por f ot, hav? b««n oomut.id md aro rocordod on labio A, 

Plate 1;. Plato« 6, 7 and S er« olote of »qi.ilibrli* t-rworetur« ixadlont« 

vr. brun1ar r toro oraturo diff«ronoea for the 3 differont -eetír contenta 

tooted. The «cattorirr of tho te«t data ie rath r wide, howoror. U MU 

to noted that «rail incrua« :t in tt • quilibriir; tjaperMura rraMrnt oro- 

duco auhstantlal încrcaso» In tho boundary tcmaraturo difforcnc; for all 

oral or contents and in general, the groator th> water content tho greater 

tho bouidary ten»« rature difference for a given temo rature gradient. 

Piold obaorvations indicate that equilibria tewomturo gradient« at on» 

foot depth below the ground surface a« largo a« & ,.,r foot raly bo ex. 

poo ted at Bedford, i'a.sachu.otta, and 10°F por foot at Presque Isle, Kaino. 

For rradionts of thoco .nagr.ltudoa, tho boundary tcn-orat.iro difference Is 

npnrr.xir.atdy !<* and í?°F remoctlvoly a. Indicated by the t;.t ro.ult. 

°n ^JClrvf,fl ftt 2.8 n-rnnt wnt>r content (Plato 7). It is interesting 

to note on Plates 6, 7 and 6 that tho boundary terpereture difference at 

th« botter of the so cirorit is anprcxlnatoly the sama as the boundary 

toro «ratura diffonrcc at too of thj rnaelrers ,-v.jn though the water con¬ 

tent and tho condition of tho ton and bettor of the anode on. varied. 

• ha irwortunc.i nf the .-valuation of the b-mdary tara rature 

differ ene: U>s in its relation to th. orediction of frost eenetrution. 

Kncwl:dge of th.- -agnitudo cf the boundary t.rp era turc diffurenco *,y pur- 

rit refin r.r.t. in th.or tical methods for frost rredicticn and s. r.cro ox- 

'.ct analysis of obs.rv-d frost rcnetratirna, 

A atudy of Tnblo A, Plot, i InAicot.-« that tho timo far torparatora 
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equilibrium to be reached within a given test specimen is deoendent upon 

the r’®Enitude of the sudderilj' imnressed temperatura difference between 

top and bottom of soecinen and the density and water content of tha specimen. 

TVs 'r as exeocted for the density and water content of the specimens 

influence the thermal propertied of the material. Specimens at very 

lev water contort reached equilihrinm tei.:oerature quickly because of the 

Brail latent beat cf fusion and volumetric heat caeaeity. Saturated speci¬ 

mens reached equilibrium more slorly because of the creator latent heat 

of fualan and volumetric heat cioaelty. The sane results are illustrated 

by ! vfuro 3, »late h in which the penetration of the 3?°F tamarature is 

a function of the magnitude of tom-erature difference between ten and 

bottom of a snocinen, and its density and rater content. 

From Figure i;, Pl«te ij the ratios of the thermal conductivity 

in the froren to the unfrozen state can be determined. It may be shorn 

that this ratio is equal to the ratio of the slopes of the equilibrium 

teiro-;rature «radient in the unfrozen rone to that in the frozen zone.- 

Those ratios have been determined for the four tests plotted and indicate 

that for the material tested and tie density and rater contents tested 

the coefficient cf thermal conductivity in. the unfrozen state is approximate! 

52 to PÇ oí that in the frozen state. 

7* fooorlr.Q.nts to I ogrur» Thermal Conductivity in Unfrozen State. 

a* Infr^dijction. Five different base co’ materials were 

t*ste for thar-al conductivity in the unfrozen state. Each material "ws 

tn-ted at maximum density except one which was tested at several densities 

bein—n waxirnr: and minimum. Tests were performed on specimens at water 

-10- 
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contonts ranpinc fror, alnost dry to the saturated condition. 

k* Test Conditions. Each test consisted of subjecting a 

cylindrical test snecimen irar.ersed in a bath, located outside the cold 

room, to a constant temperature of approximately 75°f. The specimen ins 

then suddondly immersed in a second bath, located in cold room» to a con¬ 

stant temperature of aporoximatoly hO°F. The rosulting temperature changes 

were mearurod at the midpoint of the specimen. Bath* consisted of cir¬ 

culating water maintained at constant tomneraturo by addition of hot or 

cold water or ico as requirad. Plato 1 shows details of constant temp¬ 

erature bath and Plate 9 shows photograph of bath with test specimens im¬ 

mersed. 

c* Jost Specimen. Each test specimen was of cylindrical shano, 

5.36 inchos in diameter and 10.68 inches in height, and • as contained in 

a brass cylinder of I/16 inch wall thickness. Brass was used because of 

its high thermal conductivity in comparison with soil. A thormocouplo 

was placed at the exact midpoint of the cylinder as shown on Plata 1. 

Cylinder ends were I/16 inch brass and were sealed to prevent leakage 

and changes in water content of specimen during test. Plato 10 shows 

photograph of brass cylinder and cover. 

^ Materials Tested. The following materials were tested and 

gradation and specific gravity of all the materials are shown on Figure 

? and Table A, Plato 11 respectively} 

(1) Sand (Lore11 Sand) consisted of a cohesionless, 

siliceous sand from a glacial outwash deposit nt 

South Lowell, Lass. 

-11- 
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te) Cr’Jflhgd Rook Í Ineh^at^r Crushed ^ock) c-'raieti/d ol’ 

» fin-» mined quartr diorlte obteir.ïd from ouorry 

et "inchaatir, LUiss. 

l1,) 3l«£ (I'yatlc 51af) consisted of bo»ic r aidu^ fror 

blnat furnaco located nt -¡Torett, f'ona. 

(U fIndora (Sooi'.Tville Cindorc) conaiatod offf'rrorcial 

frade cindirr obtn.'nad locally aa a raault of burnit?; 

bitttninoua coal, 

(u 3and nd Gr-.vt,l (nanjor Sand and Gravel) consistid ^f 

« well rraded «and and rmvol oi flnoial orlfin obtain- 

t*d fr^m ?*nror, :>ino. 

_j"',r> d i tir '-if Cone rote ATrafoto conaistod of 

locally oroctasad Of croate* of sand and o-rtinlly 

crushed gmrol obtained fror Mna at niant at Canbridçe, 

Mara. 

(7) AfnMl'>c -j t’r'.n riK 'j rcr -te conalated of the blond- 

•d bitw-ir.au* concret* alefato «nd i*.5|í bitw-.cn. 

o. Carol" Pr .mr'-.t Ion. The ••lected tost natirial wrs placod 

in annroxircately five equal laynr.a and comacted uairvç the device and pro- 

COdurc de,Crlbad -n ^'-^ranh 6 a. Care waa taken not to injurs or dis- 

pine ■ the therr.comic durir.f compaction. A template was used to center 

th thermocouple accurately in the cylinder. After the cylinder was full 

the c-jv r rr.a out on and aenled ii rat with flyptal, then oaraffin. 

f* The data cbt* inod from the thermal 

conductivity testr aro aumaritod on Pinte 11. Figure consists of two 

-12- 
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pl-ts showing Cr°in sita curvas of natoríals tested. Table A is a siranary 

of all tjst data in tabular fora. Figure ? is a nlot of tyoical curves 

of the tajr.o orator es at the theraocounle located at the midpoint of the 

test RneeiTton vs. timo. Figure ii is a sumary plot shoi-dng the relation 

of therarl conductivity to water content and density of the several mat¬ 

erials tostad. The results of tests for tho blended bituminous concrete 

agrregat- and «sobaltic bituminous concrete have not been plotted. 

'¿TthoA of Comutin- Th r-al Conductivity. The equation 

us.jd for computing the thermal conductivity from the data obtained to¬ 

gether with tho nomenclature is contained on Figure 1, Plate 11. This 

Lng equation, designated (b) was derivad for tho following nssumotionss .✓A*''*' " 

(1) Ihe temperature of tho exterior boundary of the soilV^ 

is equal to the temperature of th-■ liquid both into 

which the container is immersed. 

(?) The rango of tomocmture change during a tost was 

oithjr above or below the freezing point of water, 

h>nce latent heat of fusion was not a factor. 

n* ^o^itaUon :' .u- "h r -,1 Conduct lui t.y. From the test data 

thj th'îrrîra conductivity, k, may be computed if th ; volumetric heat 

encacity is Ifnown. It may bo assured that tho volumetric boat capacity 

can be cemnutod for a given noil using equation (a) Figure 1, Plate 11. 

This equation is based unon the assumption that the volumetric heat capacity 

is equal the sur, of the volumetric heat capacities of the dry soil and 

of the water present In the soil. The v^lue for the soocific boat, of 

dr’ soil is a variable depending upon tho mineral and chemical constituents 

-13- 



of tha soll. Rofcroneo to the tabulations of spocific boat for vnricuc 

r.inornis, rocks, and dry soils basad upon tests by rarlous investigators 

viU sho’T that tho specific heat of dry soil, binerais, and rocks varies 

within narrow limits and that a value of approximately 0,2 Bti/Ob) (deeF) 

is a good average value. The value of tho specific heat of water is 1 Ptu/ 

(lb) (dcgF) and of icc is O.5 BtV(lb) (dogF). Hence, using equation (a), 

tho volumetric heat caoacitv of each tost may be computed using the assumed 

value for specific heat of dry soil shown in Table A, Plate 11 and tho de¬ 

termined water content and density. Substituting the computed value for 

volumetric heat capacity, the thermal conductivity, k, nay be computed 

using equation (b). An example for tho dot'rmination tho thermal conduct¬ 

ivity, k, is presented on Plato 11. 

Tests by Other Investigators. A comprehensive investigation 

of tho thermal conductivity of ten different soils was performed by Harrison 

E. Patton (1). The results of his investigations unon eight soils .are pre¬ 

sented on Plato 12 in a form similar to tos+s conducted by Boston District 

as summarized on Plate 11. Tests on tho remaining two soils were incorralcto 

and are not included. On Plato 12, Table A is a summary of tost data, 

Figure 2 contains reported grain siso curves, and Figuro 1 is a swnrary 

plot of thermal conductivity vs. water content for the densities tested. 

It will bo noted that densities of test specimen wore very low and gener¬ 

ally much loss than that at which the soils would normally be found in 

their natural state. 

j. Analysis and Conclusions. The tests performed by tho Boston 

(1) Patton, Harrison E. "Heat Transference in Soils”, U. S. Dept, of 
Agriculture, Bulletin No. 59» September 1909» 



District cri .„„Iscd on Piste 11 nay b. co^nrod »1th those porfomod 

by H. E. Pstton os sumnorlsod on Plots 12. It «111 bo noted that the soTl, 

Of costs« quarts tsstod by Patton approoohus In grain siso distribution 

that of Lowell Sand, and further that tho thonr.nl oonductlTitlos of thoso 

tro soils wo aporoxlsratoly tho sac. ot oqual „tor contents. Tho tost, 

on tho Hudson M»„r Sand arc quite different fro», .11 other notorial, tested. 

The finer groined sells, Pedunk fine sandy loos,, Uenardte»n silt loon, 

Hagerstown loon. Colecten clay and fine quart, flour oil haeo approximately 

the nasir tncraal oonductielty at oq,wl water contents. The thermal eonduot- 

l»lty of tho muck sell 1. much loss than that of tho -Vaerv.Uo e¡nd,ri 

Cystic aHg tosted. 

The tost, »on the lo*oll sand Indloate that the Influence of water 

content unon thonsol oonductielty 1. much greater than density. 

Thor, la no aooarent relation between grata sise or other ohoraotor- 

Istirj of th.* Tarions sells tested which may be correlated with thermal 

oonduettrlty. To satisfactorily determine tho thermal oenduotlTlty of a 

glTon soil, tost, are required at sereral different moisture contents. 

Tho tost procedure herein described 1. considered a satisfactory method 

for tho rapid determination of the coefficient of heat oonductielty. 
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20.9 
¡*•5 
U.9 
2.9 
1.9 
2.2 
2.0 
2.1 
9.1 
2.1 

»
S

R
*

 

O
O

O
O

O
O

O
O

O
O

O
O

O
O

 

2
2

8
8

8
8

8
8

8
8

8
8

3
8

 

21.2 
21.2 
20.1* 
98.8 
1<1.9 
29.9 
20.8 
18.8 
19.9 
21*.9 
22.7 
19.7 
26.1* 
20.1 

0.221* 
0.221* 
0.201 
1.22 

■’fcir 
0.559 
0.399 
0j*18 
O.693 
0.966 
0.5« 
O.925 
O.520 

(1) 
(2) Ntniiaia irv lenatty 

92.9 kb* ou. rt. 
Maiinun dry dona tty 

110.9 !»*•/«**•, rt. 
(3) 3an;la not proparly 

*• 91-1 
91-2 
91-9 

Rancor Son 1 and 
Orafal 

127.0 
191.9 
127.0 

U 
1.1 
9.9 

2.70 
2.70 
2.70 

0.20 
0.20 
0.20 

29.8 
27.7 
96.3 

I.06 
0.801 
1.31* 

laakad Into aaapla 
during taat. 

U*) Taat raaulta a/a 
not oonaiatont 
with raaulta of 
othar toa ta. 

(5) Atar ago— 
• a 14.21 top of 

aanpl# 
a a 27.3Ä bottoai 

of aaaplo 
(6) Non-viBlfora watar 

0 on • ant 
(7) Farrar t Bl turnon 

l*.9t 

9C 9C-1 
30-2 
90-3 
9C-4» 

Soaorrllla Clndara 
(1-lneh aajttaiai) 

60.9 
60.0 
60.8 
61.7 

20.7(5) 
96.6 
21.2(6) 
11.9 

1.28 
1.28 
1.28 
1.28 

0.18 
0.18 
0.18 
0.18 

29.6 
92.8 
29.9 
18.1 

0.1*20 
O.55O 
0.1*22 
0.351* 

3D-1 
3D-?a*) 

Myatlo S lag 
Oi-toeh aaxtM) 

79.1 
81.2 

9.1 
99.5 

2.18 
2.18 

0.17 
0.17 

17.5 
(*0.9 

0.221* 
0.658 

« 91-1 

TA-Sflll 
StMwUl) 
Ti-7 
'«-8 

WVnr '»••tor Cruahod 
TV y **ock 

Incn aaitaui) 

99.2 
100.0 
98.9 
98.5 
99.9 

100.0 
10?.0 
102.0 

1.9 
2.1 
L.U 

27.2 
2*U 
27.7 
2.5 

26.7 

2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 

0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 

21.7 
22.1 
29.6 
1*6.5 
1*8.0 
1*7.7 
29.0 
1*7.7 

0.1*16 
o.li*i 
0.1*60 
1.01 
2.76 
2.20 
o.i*U 
1.76 

V 9r-i 
^r-2 

Mphaltle llltiaiinoua 
Cone rata 

150.0(7) 
150.0(7) 

0.0 
0.0 

2.60 
2.60 

0.20 
0.20 

90.9 
90.9 

0.820 
0.915 

9« 

— 

70-1(5) 

— 

Blandad Bltuainoua 
Conerat« A/^regata 

145.5 0.0 2.81 0.20 26.7 0.372 
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CORPS OF ENGINEERS,U S ARMY 

Unit 
Dry 

Wnifht 
Water 

Contant 
Spnolfio 

Raat 

Voliaatrle 
Innt 

Capacity 
Tharaal 

IsndnctUlty 

Ibi/e.f. % Dry Wt. 8tV(«F)(cr) »t«/"I’ ift)(hr) 

COAMÍ qMIBTf 

10Ü 
100 
If 
79.3 
7t.9 
78.0 
9?. 2 

0.095 
0.095 
1.710 
2.160 
5*5?0 

IO.910 
26.700 

0.1900 
0.1900 
0.1900 
0.1900 
0.1900 
0.1900 
0.1900 

11.9059 
11.9059 
12.70i*6 
i*.9e5o 
14.1*768 
16.8418 
M.9H7I* 

0.221 
0.206 
0 >5 
c 615 
0.581 
O.630 
0.653 

FUg QOAlTt 

55 
5L.6 
56.1 
57.1 
55.5 

53.7 
90.0 

o.oev 
U.280 
6.9? 7 
8.T0 
9.530 

10.920 
19.670 
?6.6SO 

0.1900 
0.1900 
0.1900 
fc. I91V) 
0.1900 
0.1900 
O.I9OÜ 
0.1901 

11.9059 
13.9^39 
15-<Wî 
15.9120 

t .8293 

»J^QO 

O.O141 
0.2J2 
''.cufqrf 
0.603 
C.32« 
0.627 
0.680 
1.290 

'^inaoii Rivoi 
SATO 

hi*. 5 
56.5 
56.8 
B8.5 

0.2S7 
U.500 

18.120 
30.760 

O.I9OO 
O.I9OO 
O.I900 
0.1900 

11.169b 
15.2534* 
15.9197 
23.1192 

3-1575 
2.19 
7.20 
9.53 

pooun pnri 
3AMDT LOAM 

89. li 
76.0 
66.0 
69.6 
5L0 
5Í4.9 
áO.5 
93.9 

0. .*68 
1.330 
2.IÍ4O 
2.830 
6.601 

10.080 
20. P5O 
26.93O 

0.1900 
0.190( 
7.19OC 
O.I9OL 
O.I9OO 
0.1900 
0.19ÍX. 
0.19OÜ 

11.566C 
12.0766 
.12.6800 
12.8107 
16-5662 
16.0680 
19.99V1 
22.2260 

0.191 
0.191 
0.209 
0.266 
0.306- 
0.61a 
0.625 
1.32 

ueoauarron 
sat 
i-nin 

75.0 
69.6 
69. 
62.1 
62.1 
Uuk 
56.0 
51.9 

0.806 
2.ÍP7 
5.5*0 
U.690 
8.980 

10.650 
11.5T0 
18.550 

0.1900 
0.1900 
0.1900 
0.1900 
O.I9OO 
0.1900 
0.1900 
0.1900 

16.8138 
15.3192 
15.9971 
16.8138 
18.2770 
18.9386 
19.1256 
21.6216 

0.216 
0.210 
0.622 
0.299 
O.I43 
0.562 
0. >88 
O.500 

luantsTori 
LOAM 

65.0 
70.0 

1.12 
lift. 05 

0.1911* 
U.19U, 

19.5050 
».5171 

0.1686 
0.893 

a Ai. TO TO» 
CLAY 

61^9 
57.0 

1.U 
67.55 

0.2097 
0.2097 

15.7717 
52.9659 

0.139 
0.868 

MOCl SOIL 

cv 
0

 O
 cr> (Vi A

i V
 ' 

¿
iK

lé
líiíiS

S
j 

3.93 
».95 
1*7.06 
58.96 
62.33 
69.1*2 

119.20 
123.00 

0.1900 
0.1900 
0.1900 
0.1900 
0.1900 
O.I900 
0.1900 j 
O.I9OO j 

11.756? 
19.5956 
96.6156 
29.2968 
50.0895 
51.5510 
58.5440 
58.8005 

0.08)42 
0.106 
0.180 
0.860 
0.257 
O.POfl 
0.519 
O.itOP 

GRAIN SIZE GRADATION CURVES DATA SUMMARY TABULATION 

FIG 2 TABLE A 

NOTE 
(I) HE PATTEN "HEAT TRANSFERENCE 
IN SO«_S" U S DERART MENT OF 
AGRICULTURE BULLETIN NO S» 
SEPTEMBER 1909. 
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