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AnAppraisalofSuitabilityofSomeMoisture-Suction
ModelsforKantoLoam

水分量一吸引圧関係式の関東ローム土への適用性の評価
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1. INTRODtJCTION

Soilmoisturecharacteristicsexpressedbytherela-

tionshipsbetweenthewatercontent(0),capillary

head(Q),andhydraulicconductivity(A)arepre-re-

qulSitesforanysolutionoftheunsaturatedflow.

Theserelationshipscannotbeeasilyderivedfrom

basicphysicallawsandtheyvaryfrom soiltosoil.

Variousmodelsaresuggestedtopredictthe♂一¢and

A-㌔relationships,whichcanbedirectlyusedinthe

unsaturatedflowanalysis.Thesemodelsarelargely

empiricalandtheirvalidityisassessedbycomparison

withmeasureddataofafewsoils.Unfortunately,

amongthesevariousmodelswecannotfindauniver-

salmodelapplicabletovarioustypesofsoils,thus

makingitnecessaryfortheusertoBndthemost

appropriatemodelandevaluateassociatedparame-

tersforaparticularsoiltype.Carefulselectionis

importantastheunsaturatedflowsolutionsarevery

sensitivetothesoilmoisturecharacteristics,espe-

ciallysointheanalysisoflocalised,shorttem

infiltrationprocess.Inthisstudyfourmodelsare

examinedfortheirapplicabilityfor"KantoLoam

soil.Hysteresisisnotconsideredhereandonlythe

wettingcurvedataisanalysed,

2. MOI)ELSANDPARAMETERS

Notation;

β-Moisturecontent

O,-Residualmoisturecontent

β｡-Saturatedmoisturecontent

¢-Suctionpressure(expressedaspositive)

Qc,-Airentrypressure

直ISuctionpressureat0,

Oe-Airentrymoisturecontent

Fromapreliminarysurveyofthemanyavailable

models,followingfourwereselectedforthestudy
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based ontheirsatisfactory performancein past

studies.

･･0-豊 諾 缶 +or,for距 1

β-βO, for¢く1

model(1)proposedbyHavercampetal.(1977).

2,0-(0.10,)eA(Qcr¢)+0,,for¢>¢C,

β-βO, for¢く¢｡r

model(2)proposedbyKroszynski(1975).

3･0 -(Or-Oe,llnn((3,-_QQccr,壬 11',,forめ" cr

β-βO, for¢く¢｡r

model(3)proposedbyRogowsky(1971).

4.♂-4,C,(0/00)~b,for¢>¢C,

0-00, for¢<4･C,

model(4)proposedbyCampbell(1974).

Theabovefourmodelswereassessedbytesting

againstsoilmoisturedataobtainedfromlaboratory

experimentsperformedon24soilsamples. Two

sampleseachweretakenfrom 12depthsextending

from60cmto600cmbelowthegroundlevelinthe

ChibaExperimentalStationofthisInstitute.Mois-

turecontentatllsuctionpressuresrangingfrom0-

1000cmofwaterweremeasuredfordryingfirstand

thenwettinguslngpressureplatemethod.Allthe

parametersineachmodelweretreatedasunknowns

andevaluatedbyasensitivityanalysisapproach

usingcomponentregressionasdescribedbyDecour-

seyandSnyder(1969).

3.ESTIMATIONOFPARA加IETERS

IftheparametersinamodelaretobeglVenbykl,

k2･･･kl,･･･etc,,

then,

0-¢(kl,k2,-kn)

whereめdenotesafunctionof♂.

Thesensitivityequationwrittenformobservations
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( 1 )

where θι―′th observation: θ―computed value using

parameters 力 ′, グ=1, π :ムkJ―required illaprovement

for parameter力 j.

Equation(1)can be represented in matrix fOrm

y=X4                  (2)

Equation(2)can be solved forメ 4M/hich gives correc‐

tion terms∠ 力′for each parameter力 ,  Care must be

taken in sOlving(2)as the order in the columns vary

greatly and strong correlation can be expected amOng

the columns of,こ  To overcome these difnculties a

normalising technique is used in which the diagonal

elements Ofり【7X is made equal to unity and compo‐

nent regresslon is used in v′hich only the OrthOgOnal,

truly independent,components of the system are used

for the solution

An iterative scheme is set up in the folloMring inanner

tO s01ve for the optilnum parameters.

1) ヽVith an initial estirnate of parameters compute

′and sensitivity coettcients∂ φ/∂力,corresponding to

each obseぃ ′ation

2) Compute observation(θ ι)―computation(θ ι)for

these points and setup equation(2)and solve for∠ 力,

3) Estimate the improved parameters given by

力′
+l=力

ι十∠力:,where′ ls the number of iterations

4)ヽ Vith the new estimate of parameters″
+'

repeat frOm ttep(1) Optimisation process is ter‐

minated when∠ 力̀ ,becomes ttnaller than a prescribed

l m■ o r  w h e n  b a s t  s q u a r e  e r r o rュ(θJ―θ′)2 ,。r  S O m e

such error criterion becomes acceptably loM′

_AbOut 10-15 iterations、 ァere required to obtain the

optirnised parameters of each rnodel for each data set

ln the case v′hen initial estilnates vary greatly from

the true values, solutions tend to diverge and oscil‐

late.  Such effects can be minirnised by iinposing

restraining conditions for the physically  based

parameters as the order of their values are roughly

known

4.RESULTS AND DISCUSSION

Covariance of the observed and computed moisture

contents and the sum of relative percentage errors

JVen by豊 100(θι―∂ι)/θιヽ shown h Table l

Results show that model(1)describes the θ 一
ψ rela‐

tionship best for the Kanto-loam The parameters α

and β Can be varied to obtain a、′ide range ofぬapes,

thus lnaking the inodel very nexible AnOther advan‐

tage is that the model desoribes θ―ψ Cun′e continu―

Ously from a l cm suction pressure unlike the other

models v/hich are of hybrid type connecting at ψ cr

Ho、rever,at very lnild slopes as in the case of sandy

sOils the mOdel fails and then the equation has to be

modined as

θ=Ψ +み lHa .… mp∝ 証ュ解つ

ルlodel(2) too yields good representation of the

observed data   The ψcγ value becomes irnportant

o n l y  w h e n  t h e  θ―ψ c u r v e  s l o p e  i s  m i l d  T h i s  m o d e l

has the advantage that it can easily be differentiated

to obtain∂ ″θψ,term which is important in the

unsaturated floM/analysis

Nlodel(3)does not have a shape parameter,which

makes its shape quite rigid  The model nts to a
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Fig l  Examples ofヽ任easured θ―ψ data and mOdel―predicted curves
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certain category of soils and is inferior to models( 1 ) 2000 cm water was assigned to Q, and other parame-

and(2) indescribingKanto-loam. Theparameterl'" ters were evaluated with respect to it. It may be

fluctuated greatly in the optimisation process prob- possible to obtain a better approximation if a lovrer

ably due to the almost vertical nature of 0-r/, cuwe value is selected for t!, and only a part of lhe 0*t!

in the neighbourhood of d". Therefore, a value of curve corresponding to 1ow l, is modelled.

Table2.  The parameters for  model  (  1)  and model(  2)

Model( 4) faired poorly in the

comparison as the power func-

tion could not account for the

two inflections encountered in

the observed data. Accurate

modelling is possible either at

the lower end or upper end of

the suction pressures. It is also

possible to evaluate the parame-

ters of this model by transfor-

ming it into the 1og scale and

then using multiple regression

to evaluate the coefficients of

the resulting straight line. The

/"" values thus obtained were

very low and the slope of the

best fit line is significantly

different from that of the obser-

ved curve. In table I the param-

eters for only the first 12 sam-

ples are given as it '"vas not

considered for further analysis.

It was not possible to obtain a

clear relat ion between the

model parameters and soil

depth. This can be expected as

the soil comprises of volcanic

ashes deposited at different time

periods and from different

sources. Figs.2,3 and 4 show

the d is t r ibu t ion  o f  (00-  0 , ) l

depth  Vs . /depth ,  loc (a  )Vs . (do
- 9,) and B Ys.(00- 0,) for the

model( 1). These figures could

be used to obtain a rough guide

of the soil parameters when the

saturated moisture content and

the soil depth is known. The

regression lines are given by,

Table 1. Covariance of computed aird observed values, and Summation

of relative percentage errors for four models

Depth No

Covariance (Observed and Computed) Sum of Relative Percentage Errors

model(1) model(2) mOdel(3 mOdel(4) model(1) mOdel(2 model(3) mOdel(4)

６０

６０

‐００

‐００

‐５０

‐５０

２００

２００

２５０

２５０

３００

３００

３５０

３５０

４００

４００

４５０

４５０

５００

５００

５５０

５５０

６００

６００

0 9971

0 9952

0 9975

0 9977

0 9991

0 9940

0 9627

0 9990

0 9681

0 9828

0 9990

0 9952

0 9983

0 9981

0 9989

0 9980

0 9970

0 9958

0 9939

0 9941

0 9872

0 9962

0 9648

0 9731

0 9936

0 9916

0 9927

0 9942

0 9946

0 9930

0 9889

0 9954

0 9727

0 9889

0 9948

0 9932

0 9914

0 9933

0 9954

0 9981

0 9982

0 9960

0 9981

0 9972

0 9881

0 9937

0 9939

0 9865

0 9776

0 9807

0 9869

0 9793

0 9872

0 9580

0 9277

0 9757

0 9208

0 9395

0 9826

0 9692

0 9801

0 9858

0 9564

0 9250

0 9213

0 9510

0 8889

0 8894

0 8974

0 9491

0 9431

0 9007

0 9670

0 9792

0 9797

0 9594

0 9744

0 9393

0 8806

0 9271

0 8966

0 9148

0 9544

0 9537

6 6087

10 6142

4 7461

5 0514

2 7863

5 4891

16 7987

2 4875

16 6447

10 5348

2 3780

5 3738

2 9256

3 2391

3 5747

5 0547

2 5742

3 7871

2 5783

3 2282

5 7851

2 9496

5 3041

6 7471

10 8739

16 5605

7 9470

10 9951

6 5615

6 6375

7 3617

6 4884

15 2814

7 1763

4 5965

5 6170

7 7255

5 8295

9 1527

4 1447

2 2597

4 7026

2 0787

1 9425

5 8772

3 5330

2 3235

6 8637

29 4285

26 5897

15 7345

27 8798

14 2777

27 4160

33 2145

23 4076

43 1924

31 9445

13 7651

17 1939

18 4493

10 3881

39 0418

44 2847

18 9179

25 2787

29 3037

18 5700

21 6106

15 3846

9 2024

20 7053

38 5966

42 7368

24 5234

61 8628

22 5387

37 5655

42 8376

33 0548

37 8948

52 6159

16 8819

29 8310

Depth

model(1) mOdel(2)

θ′ β θ。 ψ.′ A

60

60

100

100

150

150

200

200

250

250

300

300

350

350

400

400

450

450

500

500

550

550

600

600

75 60

76 23

70 81

71 42

75 47

75 70

74 87

73 85

76 33

75 32

77 75

76 44

77 05

73 91

70 00

71 06

70 16

71 92

50 63

51 23

49 19

48 87

45 90

47 99

57 10

54 06

58 10

54 51

62 32

62 50

63 01

61 07

64 05

62 09

66 58

65 88

64 54

63 36

55 38

57 84

62 63

62 08

47 10

46 99

43 61

43 79

43 19

43 25

1636 85

2031 41

806 36

269 22

591 53

389 64

534 26

261 99

218 08

310 25

193 36

4312 16

93 35

664 88

212 93

125 28

125 28'

415 75

19 91

19 89

72 06

19 49

44 13

54 36

5 98

5 88

5 36

4 60

5 00

5 28

5 15

4 81

4 84,

5 21

4 32

7 031

3 86

5 20

5 07

4 96

4 96

5 49

3 37

3 36

4 43

2 91

3 18

3 80

75 50

75 75

70 56

71 42

75 37

75 51

74 87

73 69

76 42

75 42

77 61

76 09

76 75

73 73

69 78

71 38

70 21

71 80

50 51

51 14

49 11

48 50

45 93

47 85

57 28

54 24

58 35

55 08

62 78

62 94

63 04

61 33

63 60

62 69

67 23

66 06

65 18

63 57

55 61

58 00

62 81

62 26

47 22

47 16

43 88

44 16

43 52

43 57

5 28

6 38

5 34

2 00

2 74

4 21

7 79

2 94

3 35

8 04

2 02

8 69

2 00

4 59

2 17

2 96

2 69

4 84

2 00

2 12

2 00

2 00

6 54

2 00

0 024197

0 019720

0 021193

0 024644

0 018215

0 039267

0 064033

0 029487

0 040826

0 050217

0 023766

0 036224

0 026311

0 021346

0 047323

0 052820

0 057957

0 047395

0 073921

0 074631

0 066751

0 040578

0 046724

0 068487
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ldepth(depth:Cm)
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depth in model(1)for 24

)

報速

(oo- o)

for 24 sam-
Fig 2 (θ。一θ7)/depth VS

samples in model(1

Fig. 3 Parameterd Vs. (do-d')distribution

ples in model( 1 )
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Fig 4 ′″(α)Vs(a― θ″)distribution

model(1)

'u 
(uo- u.)t"

for 24 samples in Fig.5 Distribution oI 0J0o

ples

(■―θカ

仇―θγ= 2 7 6 8 0 2 ( d e p t h ) - 0 6 0 4 4 4 ( d e p t h ) " 2

+00503178(depth)2-0.0018487(depth)5′
2

+2507× 10~5(depth)3

β=327793+013509(θ。一θr)

′バα) = 2 9 5 0 8 + 0 2 2 8 6 ( a―θγ)

Table 2 gives the parameter values obtained for

models(1)and(2).  An interesting linear relation‐

s h i p  b e t w e e n  θノa  a n d (θ。一θ″)c a n  b e  o b s e r v e d

fronl these results(fig 5).

3) Of the models tested, the most suited was modei

( 1 )fol lowed by model( 2 ),  model( 3 )and modei( 4 ).

1 )

5. CONCLUSIONS ",

1) The shape of the0-t/ relationship for the

Kanto-loam lies in between that of sands and clay

material. Effects of secondary pore distributions are 4)

not seen in the suction pressure ranges considered

thus making the 0 - t! nearly vertical in the lower end 
5)

of 0.

D Sensitivity analysis approach is useful in obtain-

ing an unbiased estimate of the parameters, especially

in the case of d" which is useful in the statistical

models for h-t! relation.
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Vs(θ O―θ7)for 24 soil sam

(Manuscript received, January 24, 1986)
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