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Abstract

In hydraulic engineering, stilling basins serve as crucial energy dissipators, primarily
transforming and dissipating the significant kinetic and potential energy discharged from
spillways through hydraulic jumps and turbulent action. Hydraulic jumps are a key factor
influencing energy dissipation within these basins. Traditionally, despite hydraulic jumps
being a three-dimensional (3D) phenomenon, most research has employed one-
dimensional (1D) or 3D models. While 3D models offer high accuracy, they come with
substantial computational costs. Conversely, 1D models fail to capture the complex
vortex and lateral flows inherent in hydraulic jumps. Considering both computational
efficiency and accuracy, two-dimensional (2D) models present a promising alternative.
This study aims to evaluate the applicability and limitations of 2D hydraulic models in
simulating experimental cases of abrupt and gradual expansion stilling basins. The core
of this research revolves around identifying optimal geometric design parameters,
including various expansion width ratios, expansion angles, and inflow eccentricities, to
maximize energy dissipation efficiency. Our findings indicate that the error rate between
simulated and experimental data for the tailwater depth (h2) after a hydraulic jump is
directly proportional to the expansion angle and inflow eccentricity, but inversely
proportional to the expansion width ratio. The expansion width ratio significantly impacts
energy dissipation efficiency; however, there's a limit to this enhancement, beyond which
further increases in the ratio do not lead to substantial improvements in efficiency. The
expansion angle did not show a clear trend in energy dissipation efficiency, with its
characteristics varying depending on tailwater conditions. Similarly, eccentricity
exhibited characteristics in energy dissipation efficiency akin to the expansion angle, also
changing with tailwater conditions. Notably, when the inflow's sidewall aligns with the
expanded sidewall, energy dissipation efficiency decreases, which may be related to its
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positive correlation with the hoerror rate. Finally, a design incorporating mixed geometric
factors was implemented, confirming a superposition effect, though the characteristics of

the superimposed factors exhibited slight alterations.

Key words: Two-dimensional hydraulic model, abrupt expansion stilling basin, abrupt

expansion hydraulic jump, SRH-2D, energy dissipation efficiency
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(ﬂd\

Zabaleta % * (2022) - # & * OpenFOAM & (7= Mif iv» ficft » 2 7
TR B A B R BILE A AJEAFRek S G Y g S o

2414 %

EE R CRETEEN 0 BV AR AVR S BB N R T RS E - YA
- kA HONIER AL

TELEMAC-2D #_d ;# ®& # = @ (French Electricity Board, EDF-R&D ) #= %
PR T R ek 4 9 % 3 (Laboratoire National d’Hydraulique et Environnement -
LNHE) B3 o 3%#i5% € * 5 '3~ % /2 (finite-element method) ¢ 5 *T 48 4% /% (finite-
volume method) » & £t = £ A58 < a3t B et k£ /2 % 25 = 4257 (Saint-Venant
equations) » ¥ " ¥ g Kk B~ A E (Ata E A > 2014) -

MIKE 21 & MIKE 3 Flow Model FM &_d 2 # -k 47 3 #7(DHI Water &
Environment) 47 3 o 32 H030 A0 2 /2 73 ¥ R 5T %L 5 Navier-Stokes = 423
Sl iE 3 > £ % < Boussinesq 1 # KB iR 0 F Y g R RIT I F

( Environment > 2007 ) °
12
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Hydrologic Engineering Center's River Analysis System (HEC-RAS)#_d ¥ R &
1 % ®(U.S. Army Corps of Engineers, USACE) -k 7 /h#* 7 “7(Institute for Water
Resources, IWR)£-k < 1 42 ¥ & (Hydrologic Engineering Center, HEC) #7474 o %4
VAT UM AR 2 4 Full Saint Venant = 42;% &% Diffusion wave » 423% » #2 5%
3.1.1 &:& {715 4% 31 (Brunner » 2020) o

Sedimentation and River Hydraulics — Two-Dimensional River Flow Modeling
(SRH-2D)#_d % B £5% % (Bureau of Reclamation)*7#7 % o 3%#3%  * 7 "L
2 RKfz2 2D iER T iad ik S AR S )’Iﬁa{%—ﬁ St. Venant = £23% » #3t % 3.1.2 &

1715 F 42t (Lai v 2008) -

13
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Y% AL

31HEHR
%% Deal % * (2017) &%= 7 » ¥ 5w HEC-RAS 2D #* SRH-2D © 4z v *

Aoz da R B ORCOREE IR % o T - —Jﬁﬁ;;“ PERETAE TP R Y 2 -

3.1.1 HEC-RAS 2D
3.1.1.1 4]+ #£3% (Governing Equation)
% HEC-RAS-2D i & @& * ™ w fédr4]| = 4258 ¢
1.5 & = [£(Mass Conservation)
B 2T R MFETESS
SV (V) =g (3-1)

FAPtAER U A Xy eE BEA R q L R/EEEE OV = (u,v)T

i

o O DT o e s
¢§®§’V=(5,£)Tﬁﬁ)§i@£+°

2.% & = JZ(Momentum Conservation)

dzg , 10 ( au) 10 ( au) Thx | Tsx 1 0pq
=—gZ42 ) 412 (v, h ) —Tx T 10 (39
g 0x + h ox vt'xxh dx + h oy tyy dy PR + ph p Ox ( )

at d
g1y h ) 412 (py p )2y T 10 (g
=9 dy +h6x vt'xxhax +h6y vt'yyhay PR + ph p 0y ( )
;\‘. ¢

Wy s B AR AT R (L/T)

g it itk (LT?)

Zs» ke B A2 (L)

Vixx " Viyy & X~y > o b a0k LA e (LYT)

14
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Tpx *Tsys Xy > w b a&kmT 4 (M/L/T?)

R k4 2 (L)

Tox " Ty Bl{v# 3 X $1y % déndd b ot (ML/T?)
hi-ki®E (L)

ferftnd S8 (UT)

Pas * F & (ML)

U R HEFRIEREFRET RS BAG LR

L+ (V-VV+fk XV =—gVz +2V (hVV) — B2 2Vp, (34)
A

V=) 5 R+E v s iFndbFEd kigi v 8is
Borsiiah Bt el o
3.7 i+ 3] (Turbulence Modeling)

ve = Du.h + (C50)2|S] (3-5)

5] = Jz () +2(2) + @+ 2 (3-6)

D iR &2 Bk E ~u, 5 T7:% B 0 C, 5 Smagorinsky % #c(*
HA30.05 4002 2 ) As Jpik B R A& (filter width)H #icig 22 22 £ 3R i

fefrtrkAn ke o ISI5 B

4.% -k > #2272 P 17 1 (Diffusion Wave Approximation to the Shallow
Water Equations)
Evs 8 AR NP bR RO SRR SRR 2 L4 3 ¢ F i d

4R R AR B T RS BT S AR

=V (BVz) +S+q (3-7)
15
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.BthZ/S v s+ig pa_pz;h
s=v-[6 (5P~ 2]

FP NGk BAmkER e
3.1.2 SRH-2D

3.1.2.1 4] #237* (Governing Equation)

4t = X0 Navier-Stokes = f2 ¥/ ik PoiE B L 390K

~ & St. Venant > 4% :

OhU | OhV _
at L+ ox Ty =

ohU ohUU ohvVU OhT. OhT. 0z

+ — XX + Xy _ h—

at ox dy ox dy x

0hV ~ OhUV | OhVV OhT; OhT. 0z

—+ + — Xy + yy gh—_

at ox oy dx dy dy
Jue

taEREF o hakiE - UB VS Ax

Y 1=
»

' 7% 5 (excess rainfall rate) > g 5 & 4 4rif

(3-8)
(3-9)
LB S
(3-10)
224 Dy + Dy (3-11)
'%y4-Dyx4-Dyy (3-12)

Sy ez ERTEEAE e

R Ty Ty ~Tyy 5 i

BTN 0 Dy ‘ny ‘Dyx ‘Dyyf% dFRETIEa &4 i o

Z=2Z,+ha ko B 2,2 RAB 'pa KBR Tpy "Tpy e RET 4 (B

J)o
HoY R B4 2 iF
() =pc; (O)Voz=ve s

Tby

g R ARLCT

16
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Cr = (3-13)
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i ¥ Boussinesq B3k 0 i i i 4 T e

U 2
Ty = 2(U+Ut)a—§k
7]
Ty = W+v) (5 +5) (3-14)
v 2

Ty, =2 +vt)———k
dy
Jue
U ok e AhF il v s AT RARIE T lic 0 kG g TR B R

EAFTY YR FR T G f SUECA] (parabolic model) i iR AR T

v, = CUNE UG KRk BEERE > CP 07 kB~0-
313 [ % R RHABNER

%% Yoosefdoost ~ Lubitz (2022) z A F %% » FAZ L 35 2 Ve g kv o

=Y - 5B R E i 48 Deal & 4 (2017) 9> X % HEC-RAS-2D i&
7E > A ¢ * HEC-RAS-1D it {7 H4t > (8 5] » i d %75 2. Energy Grade
Line(EGL) =& 5 » £ 3~ 7w 0 EGL & 5 3 » HEC-RAS-2D ¢ Unsteady Flow

s EGL & 5 &

v

94
.1»»

11 Inflow =77 EG Slope for distributing flow along BC Line > /it 7
» Normal Depth &l 5 o227 6 @ * Excel ¥ & g2 % B & @ fé & * QGIS &
e A5 ¥ 6% » HEC-RAS > § ®nK @5 0.02 - SRH-2D i * i3 pos& 3 542
B @R - ddg e
3.2 W

PIEREEHN L AR P AR S B A2 R AR AR
A i g AL B PR T B R SRR B2 B AR L A B R
R R

AETABZ DR RES (R % - 2 ) SRR A
o i T R A

Foh- AFT R S TR IS B R L B

o

& FABEERE T TETR VIS ERES T
17
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FEHZ RREF RSB TR P R H AR K 2
EEFRRTER- LR -
3.2.1 B k3T S8kt

F_k
%
>a

EERE S wm ood PR F =R S L lE’T%»é} i (d kB
BRINAEE )T EH2Y R CKITHA I EANTRRESES A 2 P2k
) z #4 > %% Bremen ~ Sinniger (1990) 1 Fig5.9 » T @ 3-1» 2% &K

IR S AP BRI W S B A RS L B R KRR el v T

0.5 =

B 3-1 AY ~ X; Bl (Bremen ~ Sinniger > 1990)

(0 =% %ke- > (—) ??*5“(3'16) > .éAYmax—%J'—:E': A }\(3 15)

Ay =1 — %E = 0.442 (3-15)
AY = AYpgy - F(X1) (3-16)
F(X) = [1 - th(CXy)] (3-17)
th(i) = [exp(i) — exp(—1)]/[exp(i) + exp(—1)] (3-18)
X, = x, /Lr* (3-19)
Lr* = (6.29Fr, —3.59) - h (3-20)
18
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FF C=19 x5 kB =8 THECHER  £F B 32 Rk 5 2wk
%0 Fry s » imisit B o
322 R k-

i% f& Bremen ~ Sinniger (1990) 7 Appendix 1 § 5 #cyp i (722 # > Bip Ak &
PR 3-2~ B 3-3:8{7EHC 4 & FIF SRlicdp2 ¢ REC] > MONESN TR 2 oMk
@%j;aﬂﬁﬁﬁi_ﬁfagfﬁﬁxﬂuhﬂfﬁﬁﬁiﬂi7% BB A RS
SR 4 Rl TR R

b 30 F B - Y Sl ik iR e ,,IS,,. BT FHmT A 0 Tk E 2

N
\\?{r

i

e
=S

PR R ERRIRE R L R o FI xR T G R o
4% 222 8% 223 A EKE R SEHRES T UERAR
FonF g LA 2 FARAEY HA 0 x P winwpF 0% EF > 4% Kawamura ¥
) B sk R Fr=02-0508 vk =3 B > ¥ UFRFr=022 0.5

ZRBavRkZAZ 223 > @ Fr=08 avR = kgdw o ;FE] Moo R KB Fr=0.5 =

BAmA e B e
e B R YRR R AR SRR A R i 7 Rk e 0 Ak

B & - fA A RN ARk Bod TR R (Fr>1) R 3 2 L TRh it (Fr<l)

g

g Bed =i k: Twhme
KBS R R X2 T & ERRP IR E 2 S AR RS 5 54
LB~ ARAR Bic X 2T &30 10 E 8 Fr=05 T 5 kR R =8 xy o
2.5 R ARG Y 1l B AR A TRA S 0 VA AR Fr
= 0.5 1% 5 G 24T > AT L A Bt i) 0 - Fr = 0.5 4 5 & < 4@tk
B S50% 5 A FHRE o o KR A B A S FriEl S ARtk iz

50% T3 Rz B o 1T L MARAR B R IE 2T p SN ET o
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*2 o
h — 1
’/(— il —
] —
T S+
h_!L__. e, \ ""'-.._.._
x Xe |
al : L [
@ @
by
b} —=

Bl 3-2 % % $ALRA 2 B A0 MR

a) AL B > b)fb+ B (Bremen -~ Sinniger > 1990 )

\\\\\\x "bz

Le

"____»

01

*o

Nanihnkt
A\

c)

7 N

e)

Bl 3-3F5%k- 2 » Bl
b=0.5m > x0 5 A =% ;
244 a)B=5:b)B=3;c)B=2:d)B=15

AL 1 e)B=3; ) B=2
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323 R 5%k=

% P& Nasrin Hassanpour % 4 (2017) F S« Sh#ichp e (722 i BE A4k 4
R 3-4 & i 275 % Rl @4 BB A 0 A AR E SRR
BB RERANGIS)ATE KR k322 F &% 5 H2 & B8 KT i3 3%

R

Y2 = 0.832(Fry) + 1.998(B) — 1.250 (i) +0.432 (3-21)
41 Y1
ROy R M EKIER b Mk g Fry s r in kG gkl T 5 A

ML FR G AETY WREY ANEF P (Tr=0)-

\ “'_l-("" B e Y

Head tank / O

@ _ 10O N I“ Flow [ Stilling basin by
1S e All o
[] \ / I
Upstream gate Downstream gate
B 3-4 9 %% - & 4B (Nasrin Hassanpour % % > 2017)
324 %=

%P Torkamanzad % % (2019) F e S #cdpie (724 BE Ak 2R B

35 FEH KA SR P R A R A IR B Y )2

= S~

P20 il A

%2 = 0.797(Fry) - 0.855 (yi) +4.097(a) — 1.388 (3-22)

X¢ hR(-15)2 1o AR Y @R AEF &4 (T h=0)-

21
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Storage tank

210 cm 631 cm——= h
v v v v v v
S E BT BT D E I
PR S BRI S
etetetetete
20806 20%e %020 B Tail tank
I EPE T
' EIES e
’o‘o’o’:\\o’o
2 L3 & [ 3 2 £ 3

B 3-5 § 5% = & 4k ~ RI4RE (Torkamanzad % 4 > 2019)

33 /@ F)F HE
AT E S P TS R R 0 0 BB AR R T
BT o FF R EN RS PR A PR R TR SRE 3-60 kT

KRl ene M 24 B 37 -
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s iR ez

Bl 3-6 &£ BiEZ B &

Run

| B=2 || B=3 |[B=4 |[ .. |[B=10][B=15][B=20][B=25|[B=30| B

| I I I | | |

o107 =157 p=30'] fo=i5" = fomo5"] fporor] [ fpesor

|
‘ e=0 ‘ ‘e:O.ZHe:OAHe:OﬁHe:O.SI ‘ e=1 ‘ e

¢

B 3-7 2 HoRlE i [
331t THEFTARV
3.3.1.1 2%

FPHEEERRTN0 N o FRELS R (THEEE RARTNE ) P HETAR
52008 RAF5 0001 THEERELSTON & B i 0020 F TR A
B 5 13 10(F#3H4)~15~20~25~30-

3312 @R
oo B R EER TN G 60 m3/so r inoRiEE 12 % x iARA B S 3.83;

o L LI R LA LR S R A I 4 .
FlAnE g R P ek (kg =) F a4k

» BT A

(e

(g2l

SR R B B R D B e e R S g 3 R s n
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1 g8 KE2 R > £(3-23)
Y=2=05 (-1+1+8F7) (3-23)

2. %% Bremen ~ Sinniger (1990) # Rajaratnam - Subramanya ( 1968 )

G230 3 (3-24)

S = 2403 (3-24)

Fr;-085 B

w
\\\?{r

% Herbrand (1973) #2538 > e 54(3-25)

%2 = 0.5(—1+/1+8FrZ) - B7%/* (3-25)
Y1

SN
o

T & B3N (3-26) 0 3 HEE 0 F oK iF(normal depth)

—1p2/3 -
V=—-R3[S; (3-26)

5., #T KRR AT ARAES 0.1 B2 B kIR £2F N 3-27)

Fr, = J;_ =0.1 (3-27)

y
6. 7 Barimit® U TR FOE LR > ¥ S RFZ KT
332H/HFE LA

WE &R QT A SBF 3-8

o] O 2

V4

=

Bl 3-8 $h5k & KT LW

Il

3.3.2.1 2%
ronBk 3300 23 R ABAE 00010 & B 002°B i 40 @i F
L 10° ~15° ~30° ~45° ~60° ~65°~70° ~75° ~ 80° ~ 85°24 90° » F| ¥ HyEE & B

24
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e R AA H T ORI B R S F 2 i3t 907K e TR R
3301 LIBELREER TOD T o
33228 Rige
*REE R R 3.3.1.2 0 dUiniE 2 aF
1 %48 % 2383-20) - R EF echr §RiF -
2. BTMNEE T A ARAAES 01 R R ORE FNGB2T)
3. Fdhpirieia®  BHR TR AEKE T ARGk
333 *inthes &
rimEr I RE e 34011 2% % A A F 00010 % B0 i 00205 90°(R
W)oBi 4 rintheF e A FNQRT) e H 050240420608
loe s OPFR & » it & & oo o F R 2 ek 2 33220

334 R & g

#5331 5 5332588533359 I b S kEETRE G HE

TRE O EREE B FF ETE G A ton ke LF T R b i) oo o
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Fri HVHORB R A

AR R RS R e A A FRER G LA LIS B

41 B8 EH
it * HEC-RAS-1D #lie— B3 » £ 29m > £ 2m> in® 5 10m¥s > » i kg

% 05m> E-KE 2.168m > dx=dy=0.1m-° - RIHEBE » it > = RIIBE J00 o

Wi

4.1.1 HEC-RAS-2D

Ao Rl 0 BHRERERERX TS T ¥ -KF ) (Normal Depth) » B4
FREFEZVENFH P LR FREFLE T HR 2 F R S K
TEFBE > Bk KR EE i Y TR g | (Stage Hydrograph)eh= 54 » B
Fedp T B KAl kg B4 CKFEERKEB L)

HEC-RAS 2D # = f& Unsteady Flow 1f28 = % » & & 3% - pliRize ff3
FOREFVUAAERY ERY 313 &R B kB
4.1.1.1 % - #& Diffusion Wave

B 41 PEVEFR G (£) F ER- BFiEE (Tied ) R AR
4-2 ¢ X o~ il v )8 i = )2 kiFEG P A RCRIF2172 2 2.177)
EZRTH MBS o A r B NG oaikEA L > FEY N (2-6) &

s = PN > 55
o s digieg 238

26
doi:10.6342/NTU202503786



Selected: 'Froude’ 01JAN2000 00:01:00

1.000
0380
0.750
0630
0.500
0.380
0250
0.130
0.000

Fml |
B] 4-1 Diffusion Wave 44t Bt % %

Selected: 'Depth’ 01JANZ2000 00:01:00

4000

3125

1.75

oo
Fm |

B 4-2 Diffusion Wave vk EH % %

27
doi:10.6342/NTU202503786



4.1.1.2 ¥ = #& Eulerian-Lagrangian Shallow Water Equation Solver, SWE-
ELM(original/faster)

B 43 28 44 57 0 » iR B AR ECE MR PIRER AR T
Zon g e gttty B 45 rpEL o hETe g lcEA A o A A BE RER N

B RS (2:6) FEFALEL > EMFE I AR ARETY o

Selected: 'Froude' 01JAN2000 00:02:00

Sml 1

B 4-3 SWE-ELM(original/faster) e 4% st & %

28
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Selected: 'Depth’ 01JAN2000 00:02:00

fml

B 4-4 SWE-ELM(original/faster) s R iFHo 55 *

B 4-5 SWE-ELM(original/faster) ek i H4. % %
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4.1.1.3 ¥ = #& Local Inertia Approximation to the Shallow Water Equations, SWE-
LIA(local inertia)

Bl 4-6 57 1B B2 ABa B 2t 1o AP ki ARk Te R ik

B o WA RETG R ABARBCBLE DI T E L I T R RR I E M B 4-7 %

W HCRRSTR L B KRR R T o 0 o B 48 AR e B Af e

Lo AT RER M IR RS (2-6) FEBALFL  wSAPHELT
Fr AT o
Selected: 'Froude’ 01JAN2000 00:03:00

200
1.35
1.50
125
1.00

075
0.50
025
0.0

GmblL |

Bl 4-6 SWE-LIA(local inertia) srif 4% B it & %
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Selected: 'Depth’ 01JAN2000 00:03:00

Sml |

B 4-7 SWE-LIA(local inertia) - K /5% g & %

B 4-8 SWE-LIA(local inertia) e K JF Hht 5 & (3 % » iR 4e)
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4.1.1.4 ¥ = f& Eulerian Shallow Water Equation Solver, SWE-EM(stricter

momentum)

Selected: 'Froude' 01JAN2000 00:02:00

SmlL |

B 4-9 SWE-EM(stricter momentum) 745 4% B fir e 2 5%

32
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Selected: 'Depth' 01JAN2000 00:02:00

150

075

000
S5ml__ |

B 4-10 SWE-EM(stricter momentum) - k ;2 Ho58. 5 %
4.1.2 SRH-2D
FIR A2 kB RR R AR PN EORF BT d 2.168
DR A 26 2% o
Bl 4-11 Baor » ke A2 &K T2 B AmAt B B 4-12 Bom » i A2

BER R MORFE AR IR PR ES L > TEY Y (2-6) 7 -

Mesh Module
Froude
000:30:00

I <o

4.0
30 i Vi
Im

Bl 4-11 SRH-2D igi Bohida s %

33
doi:10.6342/NTU202503786



Mesh Module

Water_Dapth_m
000:30:00
l 28
208
- nlet-SC
1.04
0.52
00

Bl 4-12 SRH-2D sfimfofm e &

4.1.3 %3
i¢ * HEC-RAS 2D ¢ SRH-2D e - % | 2 BT REZHH A F 9% 7
MR AR S % o XA 0 4 2 0] SRH2D e it ehip 0 2 B Rt R
TELE)

BEEHEIL T RhOT REFRE(EAHT5 95 HEC-RAS2D i3 i

1k

P AP TG RHE A B ORIRTE > AR A TEY SRH2D F5 27 % 2
= EHCE B o
42 B3N %

Rypmitz 3 38 B FS R T mRg %, o
4.2.1 Bk 3T Sl 2

LB LR T IR 4-13 B 4-14- B 4-150 L AL Z B P FRE &R
KiFEFTR 3% 1&47;—%5?‘?&?2 O (3-15) R E - R F P B-F T E ok

/F#q’/}fz“‘ 3% i% é LI 3§?~ (=9 1._ 2 °

h, gz e
== 4-1
h, FEHE ( )

— 10D -
AY =1~ (4-2)

7$(4-2)° Y 38 (3-23)2 Y o hy & (REE(S v RiF > hy & > GnoRiE o

FADE P E R HRESRLAY 0 RG19D (G200 5 E T F AN LAV E -
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0.4
0.35
0.3
0.25
0.2

deltaY

0.15
0.1

0.05

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

deltaY

tail 97% v.s. delta Y ®97%

@ [o[F 25
°
®
° °
L °
° H
0.2 0.4 0.6 0.8 1 12 14
X1
Bl 4-13 $ £ 35 KFITR 3% % i 2 20 (3-15) 82 1
tail 90% v.s. delta Y ®90%
@ [o[F 25
°
®
°
M °
e °
®
®
[ ]
0.2 0.4 0.6 0.8 1 12 14
X1

B 4-14 S 50K EITH 10%2 v 5 2 0 (3-15)8 2 1 i
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deltayY

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

tail 80% v.s. delta Y ®30%

® [ AT
®
®
L ] ® ®
L ]
L ]
®
]
0.2 0.4 0.6 0.8 1 1.2 14
X1

Bl 4-15 $F5 5o KFATR 20%2 ® §F 2 3 (3-15)8 2 1+ i
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4229 - ~Z ~Z B8Rz %)
g REELE L A BRI £ B0 F R AR A

PRETHR S TRE T S A RRIEL A B Fam S e

hy £t 5 = |(h, % — hobidgie)|/h, ¥ % i (4-3)
B & h2Z=BE=E
D225 4 e - T
. T + 1 MEEEE
& ERlREE
0200 4
0175 4
#0150
+H
)
ﬁ 0125
=
Q1001 [ e
0075
0050
-
s ] :
Br#E

Bl 4-16e=1 3R & & 90 BB ¥ hy £ B ¥ £ F
Bl 4-16 874 meFe=sl PHEERL ORPF B THTAY B h
LA BV F AP AR T o~ - RS DN E L kR T b it

1 TR R B KA KIFRL EH RS
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e B h2=ELhLE

0225 4

0200 1

0075 4

0050 7

0025 4

LEEE

0239
e ZHE

Bl 4-17B=3 #E 4 B 90 Behe ¥ hy £ B & £ 5 H

B B h2Z Bt

025 1

020 1

h2 ZZELE
=

010 1

005 1

=ig{E
- EmEzlEx
ERIEEE

Bz#E

B 4-18e=0> & 4 R 90 BenB ¥ h2 £ E- & £ 5@

B 4-17 %1% BARR 2395 245 (90 &) pF > hy £ @ &

TIL LY

‘e o Bl 4-18 ¢ B i 3 enF 5 ¢ * Bremen ~ Sinniger (1990) 7§ %% T > Fl4¢

25 LA L3
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