HEAEHRFETER BA5 B2 TRIELA
Annuals of Disas. Prev. Res. Inst,, Kyoto Univ., No. 41 B-2, 1998

EEEKE - X4 THREER UHEAREHEETIVOBRAR

HEREFERE" - SL)IRRA - T)I1 3R - 3 E - - B+ Ris
* REBAERER T EH R

E

&

WERBMEDOHNOEFVOREBL LT, FABEHKENORGRI/MAFhOET
ABRELOND, LL, REORRBEORAIL, BOBE L EEOHEOHENT
B—HORVEEERTZ0T, —BHRSLERKANORAOESAL LY b, HKH
OHEHFH—BEERLETFALOFN, RHOBEE LY LSRR TE 5 AMEMESN

b5,

AR T, BHEFKREZHA L kinematic wave & 7V THaf/RAAMELERR
L., N AT HFH bF N & B kinematic wave EF AV TREAL, Thb&#HEE L

EHOHBEEFNVEZHBET S,

*—-0—F : MBEEKE, /X A47H. kinematic wave model, ¥ H & F 1

1. F#®

WEXBMEOCHNDEFVOEBRL LT, 25
HERENoRaf/MAKhoETFABELLRS,
LirL, ZEOBEMEORNIL, BOREBLERK
OUEBOREN A —EORVEEEZITHOT,
—~RAORELBEENOTLOEF L LY b, HR
BOBMENFY —H2ERLEETVOLR, Kl
DHEBELY ALK RBETEIWEERDH D,

P, WEoRLBHROEREZ LD L &IT,
EXMMEZEETILREETHS., 2H LEE
KEREEH T, FLEAKEAOTN L UTHEEN
KRYEIORFEFECELWY, LA, LR EX
HRE., Wbwav Yy AWaLMrLRBEL
TEFMLT D H M, ZEOHhOBBORIANE
Bz, EEKERR LTV, & (1992) iX. &
HEBRBHRNCBT SERERORFIZSNTS
EDLHRBRTVE, MABEOHEIX. EXM
BARETRTOMBMKOEY b L LTHEL,
THOFRHEHOHMENKRE L TR, ZhizxL.,
FROBFOBA T, EXMBRITALL & LTH

BB (1992) bR,

EBLRVWHL, ThERVWELEMROFBAENS
BRHEFXETH, 2O, FARNBBEORAE .
EXHMBROGEXERLCLEEHHLEEL. Y
Fx—AORILIBRVFENET2-oTH, Thiz
CRERZW, L L, RFRE%. St hiEos
BTaL) B8, EXHREELFAYHEMES
BELTALERAKREL, BT, BEFAOHKA
EBWTER, "A7ROEHELEZEXBROTEL .
Thbb, AATHEZEERL2ThE2520,

bHVEOBIE BT B, B (1975) 1k, BAED
BWERLBABZF-TWVWAFHR TR, EBERHD
EERXPHAHTHS & L LT, PRABHIE.
ARBRVOEARBIRERANKEL~BHBL,
ENBRABLLERTTOOOL ABNEHATE
BREAPHMERBATILOLDEEORH S L
ROZALD2HOOPHEHBHEELZIN LTS,
HEEARBEMNE (BRERLE
B LHRKLTEREATOIHRMBE (PHRRER)
POMR IR TVWAL LT, HHEFVEMB LT
Wa, Zhboid, BESER A EHEBLT, &
hWo2MAEE T, MHERFERATILOL 2o

—229—



V3,

IOXIRFARRLAB LI, XEHRTELD
Bl TOBEERRLAETVERRTS
TENBEETHIELEVIOBRERREOLBTH D,
ZOLT, I, EROKRBER - FRRET VICHE
BEKBOEZ D ZEALELETNERET S,
Fhizk b, EAROHE B TREIZAR Y, kinematic
wave I X B H BN, WARZT TR EKE
~b, BBV, EKRED B Bk R~ BRI B
TEBXOIRD, Ebi, FEMNRHMEEERL
T ARAAT B TR LB EER L EHAET V2R
BT 2, TNOOHETTNIL, BELBRBELT
WBKXEFAEEY R T 5 OHyMoS (1995) D FE
REFLE LTERENS,

2. —#it Eht kinematic wave EF IV O BIEE
H7LTY X4

AT, BHUOERTENITH>TELETSE LD
72 —#g{t & v 7= kinematic wave EF NV OREHE T
MY XbkE 25, BREKE, SA7H BT
BbEBEZXETVL, BAMILIT, AHTHEXIHK
MHEEEZRVWTHESR S,

21 EHHEFTALIY XL
EPT.MEOME TOBMBEYYOFEq &K
WY [N

9= f(h, B(z)) ®

REBENBDBLTB, L, fIk. KBA L
RqLoMEERTEAORETHY, f(z) X, B
OHBEERT NI AIRIIAVLTH D, BOHEN
HAHFMCEATIRELERL T, RT AFRY
PR, Bz CEFETHILOLRALTVS,
Fhit. 1B w) KboT—HThd LIEETS
(Fig. 1)o 5 ¥ L @igER I,

2 (wg) = wr @
LEEND, EEL. r i, BRBRETHS, M
Db, ZZTiH, BEYERTS. K1), (2) T
25k X h % kinematic wave EF NV E AR T, —

# 1t & hu 7z kinematic wave 7)1 & FE&,
Q) ZLREOVDTHVER

9
ﬁ(wh) +

h = g(g, B(z)) (3)
2, X (2 KRALT,
ok @
% 72 "’)*a (wgq) = wr 4
IRFRTIR, HRBLRINIE, KEIZ, ShEFRIC
HHEhsb0LT5,

Fig. 1 Schematic diagram of a greneralized kine-

matic flow
BELhD, TIT. Q=uwg,
O
= (5)
L, K (4) X,
2Q 9Q _
—(;,7+c(3——wr)-0 (6)
LET B,
% Z T, Beven (1979) & RRIZ, X (6) %
Q‘ Q!
A
fodan (Q. MQ._l _ w‘_lme)
o (e -
+1-8) ¢}, (__M_1
- w._l/zr"l) =0 7

LENMET D (EXLORDORBFOEHEIZONT
¥, Fig. 2 21),

® known points

© unknown points

i—-1,t 1t

Fig. 2 Finite difference mesh used in kinematic rout-
ing

EEL. 00K, ERRETH D, wip
HOBFRI-1EBFRIOPHAOKELDOET
BHoT, wicyp = (Wi +w)/2 ELTRD B,

—230—



T, BEBEE 2], ol BOBFRI-1 LS
FERIOFMEADNRTAFIRI M B B (Biaa+
B2 ko TR,

41 = (@01 + Q7 (wicr +wi) ®)
t—1 dg

4 = - 9
c.-1/2 ah ‘1'—"1:::/,:!’:5;—1/2 ( )
73-1/2 =(Qi1 +Q)/(wi-1 +wi) (10)
t 9q

i-1/2 = AT 11
Ci-12 = Zp a=dt oy P=Pimisa (11)

TRHDBZbDLET S,
Beven (1979) L £ <A LHFRERATHIE,

C:jﬂ = (g—: :_: + g% j 1> /2, (12)
t t
o= (3 + 51) e (13
LFB LB, WRT 5 HERO THRET
w=04,R2F—RA T, THIHTog/oh BEHT
EgRVEVIBREAETERVOT, K (9), (1)
FRALE,

BXlt—-1 CORBFATORBOMEQ™, Q7

il BEEl -1, ¢t TOBTME T o, EH
TORZt TORAR Q, BEHNTHI LTI L,
i=12,... DMET. X (7) £ER Q! LW THIT
I, BKt TORE QL Q. BROBRD,

K (10), A1) 2BHALBR IS, o, 1 Th
PORDEREMEQ KEFETHOT, Fix, X(7)
i, QBT AHBREAIBATHS, £ T, T
DFBRERBEIC L-THRL, TRbb, R
(10) DD TR, BIxE,

Q@™ (14)

LEBILT, gl 8RO, ThdD, d_yy, ER
BB, IO, BEAE R ()R, QBETS
—RALARST, QI 2FBWCHATES, Z5LT
REoEQI ZAVT, R (10). (11) 2o}y 2F
HAL.BUKX (1) b Q #HETS., 20Xk
LCRES Q OHEBORFIONKEE Q! Dl
LLTRATS,

QoNHBEBELLT,. X (M) EFRLEDR, £
BT, B TRTHORERE (21) ERALEFH
v,

2.2 GEREEEOHEX
METHRREHEETIE, ~RICHEERE ¢ H
Bxbhke i, RIEHEE

=
c= 5 (15)
EHATILNEND B,

(1) #¥%A kinematic wave EF L DEEEE
DEH
Manning JI2SBR LT 5 RiE 3 T, MEREE n,
FEARE L T2 L. FHFE 0 25,

v "5;“" (hcos 6/ (16)

ERENBOT, HARAERE ¢ 13,

g =vhcos@

_ cos()f'/:,/sinohs/g an
L&REND, 5T, a=(cos8)*/?/sinb/n, m = 5/3
LRTE,

g=ahb™ (18)

LET B, 0L 5 IE B kinematic wave €7 )V
% 23 ¥ A kinematic wave EF L &\ 9,

TOBER, BAGh kAT EIKREL LB
EEcik,. BRCHETET,

h=(g/0)''" (19)
¢=amh™! (20)
THhbH,

LOBE. KRB ORBE,. c=02R2B2 L
CEELATLERGRY, 2ok, K (14) ITX
DB EEIBEN CRVBENEL D,

BN, BERt—1 T, TRTOKFRAT, HWEDN
0THY, At T, LHRWADOWARELR W
BEEEXX)D . REARE" I, HOEOHEEL LD
LB B i=10H8%E%BEXD, R (14 ick»
T, Qi ZYMBETH L., PHKES LEBRKED
0 LEREBLEOT, R (10) &, BERE ¢, ),
Loy, RA)RI-THETIEEEE S O
B, 23 THL R (N T, dy Aoko
T, e, P HETHoTH, QHiko Lhd, L
BT, ETORFEAT, Qiik. 023, Lk
BoT, TRTORFATHENOTHHLVIN
MAGTHAEEZRBTIE, WOETEL2TH,
BRODEETH S, .

ORI, X (4) KEoT, @ 2 MHBRET
BLEMBAELTVWS, £ T,

Qi & max{ Qi
+wisipp(r' 4+ %) Az /2, Q) (21)
RES>THMBRET H0R L,
(2) PERALBRAASKETIRNORREE
FHL G (1976), HEZE (1983) 1X. RN L R E R
BEFETIHAOHKE - RABERNE LT,
H<d

s (22)

_ a H,
1= aH + a(H-d)7,

—21—



EHVTND, 22 T.a>0,a20,d>0,m>11H
EET. dRBPTOARBE., HIIMNEICEERE
AOHTEMNERLE Y OKIREETHD, H>d
DEE, RERBBELTWVS,

AFRTIE, KELIHELFRICRHIZ LITLE
DT, H=hcos8 L#B%. acosh, a(cosd)™, df cosd
EHLDT 0, a,dB e, HEEMABYEY O
FRkg LHHECERY VRESTMOKIRER(Z
NOUEMBIZKELEES) R LOBRAL LT,

_ ah,
= ah + o(h—-d)™,
BELIhD, .
g<adDL X, BAXbRE T LT, KEhR,
CBEECERDIOBES T,

h<d

h>d (23)

h=g/a (24)
c=ga (25)
Thd,

g>ad Ok &k, Newton ¥ & 5 (Fig. 3 3H),
Fig. 312it. R (23) THREN I HBEMBKLOEZH
W oh>d0eZhin, ig=ad+tah—d™ %
BMLTWRZ LERSALZL,

ah + alh —d)™
(o, 90)

(h1,@1) ad + a(h — d)™

Fig. 3 Newton mehod for calculating k which corre-
sponds to ¢

Fig. 3 LY. 5xbhiikgicntL T,
¢=ad+a(hy—d)™ (26)
LB h ZRONE, o>k THDIH D, he ZH
FEELT,
i = ahi + a(hi —d)™ 27

¢ —q (28)

his = hi= a + om{h; — d)y™—?

K EoT, go, b1, g2, ho, ... BROKRD, £5
{h} DIRKIER b &T5, GEEE ciX.

c=a+am(h~d)™! (29)

LLTRDEIB,

3. EERKBREERLETRAR - BRARET LV
EEOBERHEE

3.1 BESFAKBREERLEPER- BREARET L

R TR R PR - EEHRET AV CTiT, £
BIRBALRERAR, £EbIC, FMEH D VIR
EE LTRFCELS, REBCR, REBIIFA
BRALTH. BELbOMFHARRBET SO TR
2w,

ERLELUBEOLTRICRANRETS &, REBL
AR, BRI FORVICRESLDIN, &
LEEKEIBHALTVWIE, R8T, BHlIAE
LTHEBTDEOICRD, BELENASAdEAL
LTHEBLEITEAOLBORAREBREEKE
(field capacity) £\ 93, ¥, BBFKBEIZ DL
KEIRB2KIHT 2 KB THLN, AHATIE, B
BRABRIHIET2EKELEBEKELFET, v
LRTZERTD, LBOLEREBER L THLE,

YE=n-—7C (30)

M. EBERRLEENS, BEALLTHBTS
KOEEE 6, LERTE, EITBR<TBEER.

8 = 0, 0 < 1)
60—y, 0271

LExb&hs, TOoBBKR%Y Fig. 4 CRITRT S,

b5

E YCc

TE

Fig. 4 Relation between 85 and 6

BIECRA_ PR ERTmHET VT, RO
BAENERE KBy RELEEOHhDOET L

—232—



TH5,
ZRICIASEFKEUTCORARKEH 50
T.N>1RBZNRFAZEHALT,

. N\ UV
-0
6 =0;+7vc (1"‘ (‘YL_”;"L) > (32)

Lk&hseT5, R(32) 26, THAETD L.
ig_:].f_lc.(]_ (M)N)—T
daf N TE

NS (‘Y_E_:_"L) " (33)

E YE

BELND, Thhb, ;00L& d/df; — oo
LY, 0~ yp DEE, dO/doy > 1 ERDB LN
b9b, 0, =00r%k,.0=00; =9 D& X,
=60+ =v8+7c=n,2B50DT, XN (32) T
AN HBIX. 0=0DHEL, 0 =n DFET,
K(B1) CRENDIITMICET D Z L2535 (Fig. 5)
M), N> oo DL EIIL, X (32) TRENZIHKR
i, R (31) THRENBIHMMBITESL LEXRLT,
A (32) X, BRFKBREFAO—BILLVXD,

by

YE Yc

B

0 Yc n 9

Fig. 5 Generalized relation between 8; and

ABOBEER DLLT, ABROHMERSDLY
DRARE b, BEHAKIRE by LRL, d= 7D,
c=vcD (BREKR) LB L.

1/N
h=hf+hc(1—(fl—%)»’> (34)

BEROLID, ABROD LERAABEET I HEE
BT DITIX.

hy>d DEE h=hy+he (35)

LEBThEI W, T2bb ABEBZ &I,
hy b R OB, HE 1 OERTEREL, KED
By, T0EEARKOHERLERD,

A (34), (35) TREND hy & h DBALRE Fig. 6
IZRT,

R TR PEE - REED ¢~ h BHEXDO R
CBHRARERT Ly 2RATEL, BREFKEE
BALALRERPEHAETANEONRD, Z5LT
BonEHFLWh~qg BHEE Fig. TIZFRT,

hg
d he
e
d |/

45° 45°

0 he nD h
Fig. 6 Relation between hy and h

q9

a{h — he) + a(h — nD)™

Fig. 7 ¢ ~ h relation of a new surface-subsurface
flow model which considers field capacity

3.2 BERFKBEXEBLEPHA- BRERET
LOGEHBEEDOHEE

MECHEWZPHE - BRERETVIC, 28T

BRLEEEHBE7ALTY) XAZ2ERATHIEI, B

—283—



BAKBEEE L -PEN - HRERLBHHETS
ILRTED,

COBRAOBEREER, DEDOI I LTHET
x5,

22 THARZZEIK, —MI, BAEMNERE ¢ A
Exbhib i, GEEE c=dg/dh RO D Z
LRTERTAERL RV,

P MBEBRBBELTWRVWEE, $Rbb,
g<ad DL EEEXLS, ZORAE.
hy=q/a (36)
RBEBENSHD, KR h L BEKE Ry OROBK
& (34) ERRTLT B DT,

_d—hy

b= (37)
B, 2 T2E, R (34) 1T,

h=hy+ho (1= (38)
LEREND, Zhihy THETDL,

dh he N ~(N-1)/N

o =1 T =) (39)
s, A (37) LADLET, dg/dh DEIX.

dg _ dg dhy

dh ~ dhy dh

“ (I_MN)(N—I)/N
= MN—I + (1 _ uN)(N—l)/N
POHETES,

OFK, MEEBRBRBRELTWEEETEEXD,
ZOBEIL.

(40)

g =ahs +alh; - )" (41)

REBEHEIEH D, Brbhl g KHETS by Off
11,2202 CRAEFETHETE S, X(29) »b.

L (42)
dhy
ThHY, R @G5 »b, dhyfdh=1720T,
dy _ dy dhy
dh = dh; dh
=a+am(h;—d)™" (43)

283, hhb, dg/dh 3HETE 3,

2Ei T, BHRERAL LT . R Q) &2FRLE, 208
A ABOEPLORBEEEATVRY, RbHH
REFAELT, ABEPLORBEMRE i, B, BH
Kby iClBlTHE LT,

ig = aghy (44)
LRENDBEFABREZLLND, LI L, ag XA
EETH S,

2AMTIR, NTAFFEABLCT. g X A ETOMK
LB,

4. RATIBTHERET L

RAT BT HHEEE, R kinematic wave
FATEFALENB L LT, ABOTRE L BIZ
DEDEIRETAMETEDLTHS I,

a 3
3 (wh) + () =

w((1 = ap)r —isp —~ isg) (45)
a a3 .
3 (why) + o= (10a5) = w(ayr +iup) (46)
isp = Qspnphy (47
tsg = Bsghg (48)
9= (aﬂ/“pm"—l) hpmp (49)

U b R R R E R (A BIR) Ok &,
¢ TR RERER (A BR) OBAEHEE, » 1T
BRBE, op B AT /BTHLEEE, i, ZAR
B NRAT B THL~DBHBE, i, LB
CHMTABE~OBERE., np, IAT /BT HLE
B by gp B RNATBTHLHWOKS R, BALE
W, ap, mp, 20 BERTH S,

X (45) k. ABBOPRFEERER O ERRXTH
Y. EBIC, BRI K BWAERE (1-ap)r, X147
~DFAREABP AT HL~OHH) i.p. AR
BT AR~ORBE g DEEBNTWVD, A
F~OFRAKERBE i.p. ABRP LB TA~DOR
Fig DETFNVELTH, K (46), (48) DL ST, A
BROBBA L CHHATIEVI OXRRLHER
ETFNVTHDHI,

Fig. 8 pipe flow model

—234—



5. R BHEE (1975): HHAROLRF L ZTOEL. in &
AR, KB, kX%, BAEE. pp. 125-135.

BAES - HERE T - LA 3 Fn (1976) s Sy AR B H K
EFACEB Y Iab—Vav b ERLRAT—N,
AL EEBERENBHRSBHRME, 1I-14

AR (1992) : BRAHE TOMAFE, in FARRRE.
K E, K EHAR. pp. 102-157.

BEEE (1992) IHHFIRIC BT SRAFHO TR,
in BABRAGR, ZAAE, UK MR, pp. 171-

AFETI, T BRBLEESTALERB O
kinematic wave EF LV OMEHE 7L TY X A %12
Rli, o¥Fi, BBERELESE L2 PR %K
FHEF LML EOHBEET LE, &K, S
A7 BT HLHEERLEHETIARET L,

AFRITEFAORTEZOHBEEORTICL &
Y. EFBOFKMMAICHEATECREL R o
Fo 5%, MR TORHEBNE S, BENE T —

> 190.
FORRERY RR~OBRERNLTRELL, Beven, K (1979): On the Generalized Kinematic Rout-
B ETH ing Method, Water Resources Research, Vol. 15, No.

5, pp. 1238-1242.
HEREFERE (1983)  MHROEF AL L FRICET S

EROFRE, RBRFFMRI

Development of Slope Runoff Models Which Consider Field Capacity and Pipe Flows

Michiharu SHIIBA, Yasuto TACHIKAWA, Yutaka ICHIKAWA, Tomoharu HORI and Kenji TANAKA
* Graduate School of Engineering, Kyoto University

Synopsis

As a model of flow near mountain slopes, a saturated-unsaturated flow model in porus media can
be considered. However, since actual runoff process in mountain slopes is affected strongly by the shape
of the flow field and structural nonhomogeneity of the media, those models which consider those effect
explicitly may express the characteristics of runoff better than a general model of flow in porus media.

In this study, saturated-unsaturated flow is expressed by combining field capacity model and the
surface-subsurface kinematic wave model, pipe flow is modeled by the power—law kinematic wave model,
and a model which combines those model is presented. Numerical calculation methods of those models
are also presented.

Keywords: field capacity, pipe flow, kinematic wave model, runoff model
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