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Relationship between continuous air content and air conductivity in a sandy soil

based on acoustic measurements
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Abstract: Soil air conductivity has a hysteretic relation-
ship with the air content of the soil, likely caused by
amount of entrapped air depending on the wetting or dry-
ing history of the soil. Entrapped air content can be eval-
uated as the difference between total air content according
to the volumetric water content and continuous air content
based on the acoustic measurements. Acoustic tests were
conducted for a 50-cm® cylindrical container filled with
Tottori Dune sand at several stages in the drainage or imbi-
bition process. We evaluated a relationship between con-
tinuous air content and air conductivity, as well as the ef-
fects of entrapped air on the hysteresis. Air was entrapped
in the course of imbibition of water for the total air content
from 15 % to 10 %. Within this total air content range, air
conductivity was found to be uniquely determined with the
continuous air content. Since almost no air was entrapped
for the total air content exceeding 15 %, continuity of air
in the soil depending on wetting or drying was assumed to
be a main reason for the air conductivity — total air content
hysteresis.
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THEoBRMIL, BRAKICL > TEBMICEK SN,
£ DA, GHELOBGRTRENS. ZhuE, &

RERNT A= L L TBRRBREE I BRICEL Lo
V9 BR% (Millington and Quirk, 1961) <2, & %W 3 EH
BIZiE, BREEESHEENS TR TEAEFHTHS
EVW O EE (Moldrup et al., 1998) 72 EIZH2S0 T 5.
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WEMED E 2T U o ZDMAIZ DN TIE, W< DD
R DHEN OGN D, WAKEEYH O 8K AE T HE
KRR LY REWE WS FEERD, Wi (Colonna et al.,
1972) °WE L8 (HA 5, 2006a, b; #4 - H 1, 2008;
Rouf et al., 2012) ZHW/=EBh5ENATWDS. L
2L, WAKEBEYH CHIKER EED ST, WKER
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HERMEOE AT U ZAO—RITEHAERTHD. £D
BT, EAZEKITERICHFES LN E WS RICHD.
Al 21X Land (1971) 1%, R/KIEFR O 8 5AERE DS HEAK
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T, HAZLKERKE LW e AT Y VA BRI T
\%. Stonestrom and Rubin (1989) %, EEwE +1%
DOFANERELZREL, RN TIXEAZKIBFE LR
WIZH b 6T, BRREOE 2T Y P RTFET D
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RoNbeRT Y RAZBFETH7-20120%, £7, HA
EBROFBEMOER NG 72 63 L XFF 5 LN
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ETH L. EFRAEE L IIRE &k L THZEROR
BRHEE LTERESND. TEAEELZFATL &, 1€
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AZBLZDOKMMRERDO D Z LN TE D, £, FEAE
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AEHE, A Scm, & 25cm DAT L AN EAS
CEBEWEWEZ R TALLEL D THD. S LI,
Bk 0.1 ~ 0.4 mm [ZEED 90 % NFIETHWTH
5. MERBOEEICIE, AT L7 40— (Pall
Corporation, Versapor1200 Membrane Disc Filters) % X
O AT, DS OKSIREE A ATREIC L7z,

PeAERE DK 2B D56, FRAMRICHAK L RE
Tz ift LiAZ, FLEBTREE D, Z OHfEz ek
VKL, ZEICRmME2ER Lz, WKBRROEEIE, 22
DEZHRERREDOW 2 Ak, FERO#EIEZIT o7, R
BRI 1L, HEARFET 1.64 ~ 1.70 gecm™3, Wik
WEET 1.63 ~ 1.66 gcm ™3 & 72 o7, aBHIE, HEkid
BTIE, BKEETI0OETHS.

w2, PKBROGE, MBI L TOKBEAEZ
—2.05 —8.5kPa £ TEREHICRES LTWE, Koy
FFREE N BHEAK LT, —BERE D KEAZA D ZEAS5313 0.2
kPa~ 1kPa TH Y, —2OREHI DX, T~ 9 [FDEHE
ElTT- OKBRZEDH] . —2.9, —3.4, —3.7, —3.9, —4.2,
—4.44, —49, —54kPa). HEKBAIED 12 ~ 24 KEfd
%, HKREOHIE L EEBNEZIT> 72, WKEBROEE
X, BBtOHLITR L TKEEZESE —4.0 »5 0kPa £ T
BRI/ S K LTV E, ZEERTNRER ) B K4y & HE N
SET. B OKIEAEDE(S7E 0.2 kPa~ 0.5kPa T
HY, —OORBHI DX, 6 ~ 8 [HIDEEREZFRIT 7= (KEH
=0/ -39, —29, —24, —1.9, —1.4, —0.9, —0.4
kPa). WoKBHARN G 24 BFfE, WoKEDOHIE & &2
ExRIToT.
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fe RARRNEME L 0 @/ G S v % . /N4 T S
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e, 2O0KMTLOFEL V. AFETIE, £
REERIAARNELS —BT 2Rz b LT, 2foB

M2 5, /el L7z TREE D & 5 Rz m L, BAZER
DEBELHFTER L.
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Relationship between total air content and continuous air
content.
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Soil-water characteristic curve for Tottori Dune sand.
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DR ELTVRIICH o o AlREMEZ R LTS, HiKkiR
BROEKHE 13~ 18 % ((KEEKE 19 ~24 %) TIiL,
~ MUy I RT v VOB D RRMARDO AL
Db REW., DD ZOLKHRHPIL, HKNEH
\ZiEA, [ADREIEIRIZIAN D EMTHD. Z0L X,
FERE RO e U 3 B R A B < D ARt 8 52
BL, EREFTRNEY LT 0o - REMER S 5.
N OHIE SR EBERAEE OBMRIC oW TRk Tk
~5.

WABBRORE A2 R THh DB &, 2RMEIL 3T D BE
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% 1°5 3% FTHA L., 25K 10 % 1[ZB1T 548K
WBEROFER L OWEREVICL Y, EAZRNTKE &
HLIZERMR 15 % H7=0 THRAEL, 7 % FBEE THM
L7z EHERI L 7=,
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Relationship between air conductivity and (a) total air content
obtained using the conventional method; and (b) continuous
air content obtained using the acoustic method.
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Millington and Quirk (1961) 23HEIBROIHEAEHN & L CTFF
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EERAME Lz, BEWEDZ 50 cm® MEASICHAE L, JGRER & RAGRERIC B\ T Bk 1o 55
WEZATo 7z, ZTORE, BAZEKUTRABFRO KRR 10 ~ 15 % OFPATAEL, Z O45KHERHH
WZRWT, BXRBREITEIOERSMERIZT TRED Z 3o otz £, &XMHER 15 % LU LETIE,
BAZERIIFIE L2V, ZEROEHMENE 2TV ADTEHRLEEZ HILD.

F—TU—F: GHW IR, HHEZER, EAZEK, @XM, e AT U TR



