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Table 1. Ratio of f‘nai to initial hydraulic conductivity of pirezpaed
s0i: cores & 'tey 20 ifreeze-thaw cyvcles

Wate ¢ ment level
Haximum water
nolding capacity . N 5 ba- pressure
Aggregate size Freezing temp ©C ~ e zing temp. ¢
group {(mm) - .8 o - -
0.0-0 8 0.248 I 0 91 US| n
0.8-1.2 n.03 0 24 1 Cot .67
1 2-2.0 0.05 [ L 41 93
RYQ. 0.11 0.48 .13 .79
Ave.age ratio for nign nd iow
" :ter leveis rsspectivel _ B 0 and 1.46.
Average iatio for -18C and -4C
ctemperature levels respectively™ = 0.62 and 1.12,

n Each r»atue ic the average of six observations composed of duplicate
determinations run on each oi thv2e cores

+ LSD 0 betwezen overali uggrecate level means - 0.26

D p; between overali water Tevel and temperatuie treatment
means = 0.21.
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Table 2. Analysis of variance summary of ratio of 7inal to initial
hydrauiic conductivity.

Sourcez of Degrees of daan * T ogns
erro: freedom square _ value ievel

Total 35
Aggregates (A) 2 1.706 33 45 6.66
Temperature (T) 1 2.387 46 .80 g 55
Nater (W) 1 12.308 241.33 §.55
vox T ? 0.951 18.65 6.56
A x Y ? 1.101 21.59 6 656
WxT 1 0.195 3 82 2 268
Ax W xT 2 0.225 al 3.40%
Error 24 0.051

4 ¥ vaiue needed for significance at the 0.N5 levei.
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ccomplat Y A for cn v uc FRERE indicaies
that 'eezing =moe 3 0 ' te ntent
(Table 2) have -~ a- , Y e rvar ! rezing and
thawiny ffec |, : ndu 1 . t). . ¢ v _. Jdoar boag ate
by temp- tu T 'q by - te "ty on d a igr rticant
aq¢ - b 3y L . e onacc " shown 4o cempera-
ture oy 'wafe: 1t "3 .

‘he data ir 1i>7: 1 and compéral ve s shova in the "7V
summa 'y /Table 2} ¢ cate t av ' ~ 2v ct :e it ts oversheadow un
effec s the other aai, ments o of the .nteractiont¢. Ba .cally
Treez d th. 19 ! 11 vause a decvrease in conductin '
maxim .e¢ ho 1in¢ capacity and an increase at the 0 5 bar eaquilib-
rium Ine. '

' cl wate ‘eatment group. ¢ °° nt aqgregate e
frec pe @’ ‘acts are appavent ‘v maximur he d.
capac t the 1 ez na emperature caused a areate 3¢ :ase
hnydra 1+ ¢ nd c“° .y cha d the -4C te - u ~: the ¢ :¢:es
dece s o unrtd ‘h the . _ ni reqgé "¢ sizes. The -¢. 1._. .na ~
ten ‘a e fi e ‘ncon te acros . aqqgrogate cizes.

e o ic.e e it yoint heve s an f ‘ease n
mere € n ourt voJor e o2 g agc 'ga. S, ourr e bk

~eez m ratul The & was ¢ :a fo - - . e 4

cen r e ¢ | ac e a s zes show:d | o chie: /o P
mn. s 7e -,ates ¢ I n. . A& The 0, 0 agt . _
froz ; 18C shoy ¢ 1 q° 2ase In 1y -aul ondt x>t v

A photograph 1 7i¢g 1) o7 those cores equilib,ated at maximum
waterr-holding capaci-v and ® 5 bai- of pressurce (hat weie frozen at
-18C sh " physical a3 e n of the cores after repe: :ec f
ing u Lo ’ *Ac e-ch» cess ¢ d ~~~ large 12 1
to dev._ n a. to the divecti n of rezi g i 0Se €01 325 th the
larger - 4 2S5 ancg maximum w  “7-hoicing :a iy,

The co-e designeied by the airow most dramatically displays
residual cracks associ¢ :ec 1ith ice-lens development No cracks are
evident in those cores 1av na the lToweir initial equilibrium water
content ( .5 bar) Y2 expecired these residual cracks to provide open
channels -ugh wvihicn water could flow. Such was not the case.

Soil mat- a' sloughed into the ciacks and sealed them duvinc the nvo-

cess ov determining final

A covve: tion enalvsi
5ignificant ponential ‘e
freezing . A £
a highly n ficant rel
at free- rig. 2. °
reqressi enua. .
where y = 10 oF f1 ¢
and X = 1 >3- can
The cor ‘a on ci ict1n .
requive . ,0r sign.,., "ang:

le -

hydraulic conductivity wvalues

< of previous data (2) has shov1 a i1ig .y
lationship between the soil ) ater conte at
evaluation of the preseint d ta also ho
onshyp betwae¢r K, and the so' 1 water ent
“t cquares . of these data yields
y = 757"
.0 - N ¢ conduc  vicy,
pe: 1¢
;I S a0 ¢ ea - - the 7. value
o ze. 0 a. | n Jove. 0of « ilicance,
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Figure 1. So  cores with initial w. ter equilibri m values of ma~imun
ware -holding capacity an: © 5 bar of ssure ISt oa“”
the -18C freeza-thaw tiveatment.
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Figure 2 Semilog plot of t Tative change S 1y rat ¢
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freez nn ¢ * thawing zo011 drres ¢t diffeirent soil water

contents.



Inc1ude8 &n Fxgure 2 is the regression line and equation
(y = 35 16e computed 7ov Ky in a previous study (2). A
statistical F test eva1uation of these two equations shov i that their
slopes are nearly identical bui that thay have highly sigr ““c-nt
differences in intercepts (F value of 17.45 :ith & value ¢’ ’
required at the 0.005 jevel).

Obviously the affect of freeze-thaw action on K, is simila- to
the effect on K, (regression equations have nea.ly equaz slopes). In
each case freez1ng and thawing decrease the soit hydraulic conductivity
at high water content and increase it at 1ow watev content. However .
at a given water content the magnitude of the effect is not the same
for conductivity in the two directions (regres:zion equation wi
significantly different intercepts). This fact tends to veri.y the
hypothesis that freeze-thaw+ eftect on hydraulic co “uctivity i% parily
responsible for the development of anisotropic cond.. dns of
conductivity
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