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Physical significance of the parameters in the van Genuchten model
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Abstract; The van Genuchten model is widely used in fitting soil-water characteristic curves. However, it has
numerous parameters with the complex physical significance, and especially the parameter o has not been well
understood so far. This paper discusses the physical significance of the parameters a, m and n in the van
Genuchten model on the basis of the results of both theoretical derivation and the measured values of the soil-water
characteristic curves of the samples (silt sand, fine sand, medium sand, coarse sand), and focuses on the
relationships between parameter @ and air entry values or matrix potential at the inflection point (h;). The results
illustrate that the relationship between the values of 1/« and h, is related to not only h; but also the parameters m
and n, and the value of 1/« is approximately equal to h, for the medium sand and coarse sand, while it is greater
than h, for the fine sand and silt sand. The air entry value is equal to value of 1/« for the coarse sand, and the
complex relationships occur for the other media. In addition, there is a higher degree of accuracy when the water-
soil characteristic curves are fitted as m and n are independent variables. It was necessary to give a constraint
condition, i.e., m =1-1/n, when the unsaturated hydraulic conductivity is calculated.

Keywords: soil-water characteristic curve; van Genuchten model; air entry value; inflection point;

unsaturated hydraulic conductivity

Y5 B H#A: 2017-01-20; f£iT H#3: 2017-03-05

ES&TH: HEAAR =S T H (41472220) ;b Je @ 42 AR L 45 2% % 05T 43 (310829162015)

F—1EE: BRD 4 (1991-) 5 B LA, EENFE MR KIS A5 . E-mail :578677316@ qq. com

BIWAEE: BAS(1969-) 5 #8235 b /K 0% I 5 3055 J7 i 0 20 F i 98 T4E . E-mail: chdhbsh@ chd. edu. cn

’



. 148 - % T4, %5 . van Genuchten 118 S50 194 B &

2017 4

AE A0 A T BT (BT, B ) ) 2 Bl A BT K
RS AR, FRAE I AP BT A il 2 FR O Ak AR A BT K
TARFAE N ZE (SWCC) o 7K T RRAE Hh 26 2% 7 E 1 Fn A B
K G 1 BE 1 AR 2 18] 9 G AR, o S e A A A Jo Rk
AVER K PERE R S E s M i 2k o AR K
A A A il 2 AT DLARAS AR AR AN A BT B K T 2 0 g e
ST, T R SR K A3 o A A B AR R R AR
A AL Bz R T AR R A R A R A A
K B BORAE AR M A AR B B AR
SEMEEZATTE . 20t S0 AERE S EA
Z K LA BUABR R Ok RAEK LR 4,
#% van Genuchten }5 % ( VG ) | Brooks and Corey f& 7l
(BC) ., Gardner # !  Fredlund and Xing 4% %  Mckee
and Bumb % Fll Williams 45 %9 45 "7 fly 1% 46 5
PR R 2 R B 0, R T AR 2 S By ) B
SCAS TR, e DA H2 T 5, 2 50000 2R BT v 2 0 S5 0 17
TR - K RS BEAT G WA 2 T B A A AL o 2
By B SO, 5 T I B R SR A
A LA A I 2 S R0 AR BBOK - R AE il 2 Bl A R 1Y
12 5558 SRl

VG R fe o R Y 7K R AE 2 BOE A
AR RE S 2 7 4 10 B 9 B K R AR il 2, R
[F) 2R AU A A AR o A A5 0 B, HA T 3l P,
s A=A (1),

0. -6
0 =20 + m (1)
A0 AR (om0
h——1 & (emH,0)  HUF{H ;

6. .0, g3 0 A AL RT B KRR R BR A K RS
(em®+em ™)
a.m.n *ﬁﬂ%ﬁo

VG B A — A B3 45 A Bk (0 ) B

R ( % )t /N, B3 a5 A AL BR 23 A v s K g3 A e

TE 9 FLB B AR AR RS N, 1% s AR B IR b, B KR 6, A
HARERIERE L . 735b, 18 Brooks and Corey £t
B AR VG B B i SCHESUH A, B RE 2R
AN P — A EEME . BT VR P RS o 2
ME—AATRES b, F A, LK RS H A VG
BRI B o, X 7 T B9 N IR — ELAE A WA, van
Genuchten'*' 547 45 AR () 3 3k 5, X T 28 o IF
BEAT 25 A A 2 A o I RIE I S . Z

J&5 , van Genuchten'"’ TS o WY
S m/n B BN, o ST HE SO A, T2
m/nBEAR KIS, o KB T8 53 5 4b T g K 3k 1 2
o XoE—FEai BT s SO, HAE 5 4 BTt A
K FEE R E B . B FT7E van Genuchten £ #!
BB FE b, — 8 AN 1V a 5 3EE b, 1
ST AW L a S AR R B M,
IFBEA B MG — AR, T VG BRI 28 m
Hlon JCEATZ R8¢ R AL VG BN H b 75 22 B i
B, HRTS 8 m R n A 5 4 R FLEBR R
A A X, ET om M on Z LR, van
Genuchten"* ZE4fE G AL FIB B R B EH T m =1 -
1/n 9 BRI 25, 3 — BRI 2% 740 X 005 7K R AE il 26
DL R A [R] 28 B A 57 i) 3k PR s 2 i — 20 g
ASCHIBIESE B Fn S DL 4 Floa AR A BT 52 I K
AR Al 2 B A B T, e VG BRI 2
B m FIon B U208 R R L, B SR o 5
A b, FUK RAFAE M2 ) S AL T b B9 R IF
IHT m Hon Z AR E G AR B S BC BRI S50\
B FR, LA K m Fn BB X AR AS 7 2R 50y 52

G 7

156 JUT R i D T O DU ER W e 4 b L Y A IR
By wb A R AR . R 0 BOHE T A B R 3R
T 3 R I R Ol AR IR S A T YT Bk v
Ji B BT 18 R A T AR Y o AR | P D AR
3 Pl S A RL AR 23 A 45 SR AN TR 1 (O D i A A 2 B
TR o

100 -
i
§ 80 :.‘ ,/
] i
41 60 /i
R i
E ) o e R
% o S i i
) ' R L
(I = 1
0.01 0.1 1 10
FifE/mm

B 1 IR RS o RE

Fig.1 Grain-size distribution for the samples
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Fig.3 Measured soil-water characteristics

curves for the samples
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Fig.4 Fitting curves using the VG model with different
parameter numbers for the samples
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Table 1 Fitted parameter values using the VG model with different parameter numbers for the samples
b by S bR
28
25 =34 B 23 =3 B4 2% =38 B eS¢ =34 B
0, 0.404 0.404 0. 404 0. 382 0.382 0.382 0.374 0.374 0.374 0.337 0.337 0.337
0, 0. 056 0. 062 0. 062 0. 008 0. 046 0. 046 0. 047 0. 051 0. 051 0.029 0. 024 0. 024
@ 0. 006 0. 005 0. 007 0. 020 0.011 0.019 0.037 0. 035 0. 035 0. 058 0. 060 0. 051
n 3.247 3.092 4.235 2.543 2.043 2.929 4.714 4.543 4.470 9.948 10. 632 6. 654
m 1. 341 1.865 0.764 0.545 1.702 0. 659 0. 648 0.748 0.776 0.418 0.351 0. 850
R? 0.998 0.998 0.996 0.997 0.996 0.993 0.999 0.999 0.999 0.998 0.998 0.996
ETUBECN 0, .« um; =508 anm; “BBCN an; R e 28
a =0.078(h ") (3)

BS M#HwARMN VG REFY o BARERE
BAEMEZE(n=9.95,m=0.42)
Fig. 5 Fitting curves of coarse sand using the VG model with

different values of parameter & when n =9. 95 and m =0. 42
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Table 3 Calculated matrix potential at the inflection point and

the values of 1/« in the SWCC of the samples
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Fig. 6 Fitting curves using the VG model with
variable parameters m and n
(a)a=0.058,m=0.40; (b)a=0.058, n=9.95
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Fig.7 Effect of the values of m on unsaturated
hydraulic conductivity when n =2.929, m =0.658 6
and «=0.019 with m =1 -1/n
(a) m<1-1/n; (b)ym=1-1/n
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