3

PR A A R SO S

)\‘L

]

\m
ETTRS

Selection of sampling methods, sampling location and
sampling rate for grain sizeidistribution of a gravel-bed

River material - Toucian River as an example

i
(W

oA

=

(i

hEFE FAY K

PB4 e g



Selection of sampling methods, sampling location and sampling rate
for grain size distribution of a gravel-bed River material - Toucian

River as an example

Moypo4 i Bdiy Student:Chih-Wei Fu

hERR LY Advisor: Jyh-Jong Liao

A Thesis
Submitted to Department of Civil Engineering
College of
National Chiao Tung University
in partial Fulfillment of the Requirements for the Degree of Master
in

Civil Engineering
July 2005
Taiwan

PER R4 e g



P A T R e
HMAELHAXEXEFHEFHIIHET

(RUEBMARITNEARXETLRZIRAA)

WL 0 B AN B LR KE i;{ilﬁ %ﬁﬁ
ﬁﬁ%:}%%mﬁ%fﬁmz

ik~ AL B BARF - LASR AT IR A f51

81 & 8

AN AZEE LR - BHBRHEALERS M
LruBEwE ANESEEN TEREE - LEAHK
HE A THREHARZIBY  AAIRBASLRE ML
B & 545 1 FROGIR ~ BERTJLR B 0 SUIR SRR R B AL
EWEE s EREAR O NEFHELSEERAKREN o B EF:
ik BT - THRRKFIE -

oy

u)-'— nb
N
o 48 R
D> P
BHE -

e

WX AX BN 2 E AR

AREEBMERE R KLERER | AN

I 48 I 48 35 W BB

B A2XEFHEIXAREER

¥ A A /f;

RERL @\ Cr (J}»
+ERE 14 # B8 A 55 8




B ¥y X @ K #F
LEETETTE T T L

(REBHMAFEITH X T FHBAMEZRAA)

B EPRAMZFMWX > ARARBLRBAE LRI A A
AT A @ 93 245% 2 SMRAFALLHZHX -

WXAB CTREAB Tk A B EIE R - UASAATIE B P
BRI BEF

mAE

AANGEREE > UFRE -~ BERMA L TBREL » AN W
M TRREE -LRAME, 2EL ARBAGTRENAREZE
o B RBRER /T AAANE - EREHA S A EEHRE
SEEAKRERN o RAFEATHERTIEP

AEXAHARAANOBENRBEAFTHFEN(RPFEARRF R TR
M2 — > BHXKAE v o X3
z F A 2 =AY 5

R A AL

gl o

T

rerm 7+ & & A >5a




e
WAL A L
(RBBHAEITRERBGXARBRMEZL)
ID:GT009216582
ABRHMEFBREZAXARBALRALRBREERIZ L/ 93
BEBER Y PUBRFALTEMZBX -

WXAE TR EAEEN Y E S AL IR R-LASAATIE A1)
R BEY

BE BB REARE EFHZ IR (4H2) LR -
EERERARE T4 > FMRR - SRS RE 0 A% ~ A RHE
&SRBty X LR X EH » BBt EIRX AR
XEFHALEAB T X > REFEZEANBAFZFHEET 24 iR
FKBE - TR -

KORAENERAMRZ R ERE - BE ~ TRKFIEP LIRS BAKEHE
A8 MR E ML -

BHA ﬁa%\ 3
REEL f/zf [ 2 L"P»

RA L+ 5 A >ia



BEEZHE
HRELHEXEFHEELERMHE
(HNMIPBERAZFF L E APABIIER )

ID: GT009216582

ABRHMERBEZAXABRBALRIRBREEIRIEZEZA 93
LEEY  SHMBIFHALEMZIX o

WXARB TREAEEG Yk AL E BIE R - LUSE AT E A 1)
AR BEP

LB BB RHABRA FHFHZEIRXEX (4HE) kLR -
BERMBEARE 4 > R -~ FR MR A4 ~ AR HE
& FE B AL XAF LI X EH - BTS2 b R
XEFHEALBRAEART X REBERAPNBAAESFAINLETZR LR
BT - THRXIE -

() ex 2 L@~ B AR : 2005.8.25 2H -

BAA HEE

At

ernr: Y 51




5 1% KB
D%KDE;EAH_'E%

AR TARTHE BRI BE5E B

ISR . URERSNSE  (IEEEE
— I ERRILE A

SINETERRE  $EAEEBNERT -

ORES W,?@%/’% \ﬁ%%

7 e

: 54

-
L %#

AN
%z&iﬁééz_z_ﬂﬁ

PERE At0W0 F t A +/\ B



]

¥
i

PRTA AN E S R B EE
C LSS 2 hERE B R®
CHRECETIRNE SRR SRR Y il Yo 4

# 2

e

&? o A ORISR 4 TR R R R A B £
+
A

x‘é%fg@’ Jﬁ%iz\%*#,}l,%‘;ﬁﬁ J:T;h»'iy }%é]ﬂﬁ‘}'oxﬁ‘.f:”’%ﬁ
1ﬁﬁ%% WA R 2 E g BP R SR BRSO
LY na&?*%éﬁéqhi#ﬁw-u:ﬁlf@ﬁﬁfﬁwiiﬂﬁ

Eolei@r @i ERp THEEY 2 FRG AR R £ SITE FE
LG ERA o FI Rl RE AR LY R FEER P
BEA AR ES GRS L 0 Rk FE AFR SR R R

Pk s e A ?Riﬂﬁﬁﬁ%ﬁﬁ\$ﬂ SRR P
a i
1 A

Yot

RPRIFAREEIRE o SR PHFT A A ChEAMEE R A e
FERPATAL 2 tEBTBHRRY
Bk deier M RIRE 25

Avdd MAZORRER2RRES RFERERYLEDLT
'ﬁoﬁﬂdﬁFM$wﬁ‘/Piéf?’EW%WHM+mi*%?”§ﬁﬁﬁﬁﬁ’i?i
PR B E AN TRUANGAE R FAPHETF AN ¥
ggﬁﬁmg%LW#z%mm%#fﬁﬁﬁ%ﬁ@#ﬂio

FrSEsT o 5Pk FREAE 100m 2 347 £ 4238 309 »
FReFgrdv @FrRiEgE - ?Wﬂmﬂm%“’ﬂéfﬁﬁggp
AR EREREVRE I FATFALRFENERVIAR DL RE2
ﬁﬁﬁ’f&ﬂ%a@;ﬁ@ﬁeﬁﬁéﬁ»wwiaﬁ%ﬁ B R

ERA RIF A2 2 TR o PRTEFEE LR

<ﬁ¢w,iﬁﬁ€¢4 At R AL R LT R 2 £ R
SAE DEMERPHFTEAAAZLERE

BRGEF © P AT WA R R TR P EE R

£

ﬁﬁiﬁﬁﬂ§ﬂpf,g;w

\
%

w’<

|~ -

S

n



Selection of sampling methods, sampling location and sampling rate for grain
size distribution of a gravel-bed River material - Toucian River as an example

Student Chih-Wei Fu Advisor Jyh-Jong Liao

Department of Civil Engineering
National Chiao Tung University

ABSTRACT

Bed material of river affect the flow resistance, particle initial movement
and sediments transport. Bed material lying on the surface is the major influence
of flow resistance and particale initial movement. It is equally important of
surface amd subsurface material for sediments transport. The purpose of
investigation should be known before work. In Taiwan, surface and subsurface
materials are collected together by volumetric sampling, it is different to other
countrys, which surface materials collected by grid sampling and subsurface
materials sampled by volumetric sampling. Due to the river conditions are
different from other countrys, thé possibility of using grid sampling in Taiwan
should be evaluated. Sampling site often randomly spread to river bed among
equal space, but river morpholegy migration is:caused of hydrology, sediment
deposite and property of boundary materials. Thus, river morphology has
considerd when deciding sampling site.

The study includs selection of sampling method, sampling location and
sampling rate for grain size distribution of a gravel-bed River material - Toucian
River as an example.

Grid method 1s conditioned application in Taiwan. The content of particle
which size greater than 100mm exceed 30 percent, the result of grid sampling
need to be corrected. If only consider medial diameter of grains, truncate
boulder will let volumetric sampling result to approach grid sampling result. The
coarest active material should be sampled, because it may be related most
directly to suggested controlling hydraulic mechanisms, and it is generally
considered to exert the greast influence on channel rohghness. So the sampling
site often on riffle or bar. In order that quantification sampling size, it should use
statistical method to estimate sample representative. Particals movement related
with discharge, when bankfull flow occurs that all particals on bed will active
and bed form will change. Bankfull flow of Toucian River is 4 year, it is
suggested to resample frequency.

Key words bed material volumetric sampling grid sampling river
morphology select system
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PREE R RS R AT A G BT d R A R R S R T
HERMe - Bm g o @A B2 s v egra 3ot o gt
W % B 1 B4~ (abrasion) ~ #4 % (sorting) ~ B it (weathering) ~ ¥ A
% (geomorphic history) ~ & /it % » (tributary input) ~ L3 228 if & &
(hillslope-channel coupling) 4 % g = ¥ 5t & #7# i (paleoenvironmental
reconstruction) ¥ F] & ig = » H P £ 0 B fL e g E 7 S+ (Rice and
Church,1997) -

Schumm(1973)4p d1 i A s it 2 d > inid 3l -

o AR B b R R TR A - AR E R

"ﬁ\

v

SHpARE S o MR RIS R S RIE R o PRI 2 SRR
AR - § AR E S AP BT S [ AR e AR
orik TR RE N R AERAE R B R EAT Y SR 8 6 A 4 B AL
Ao @SB (] - #f2 B 3ppn T s - R E R

At R R AR R PSR O A o Aot A A2 TR P
B AR R AT P57 % iR ) IR % o Bradley(1970) % ** Colorado
PREFRF BRI EAIERLEELROFRAIERTELESEZ R

DHEDARAFRBERE T AL 2B 5 RV IR M § et P AR E
Sternberg(1875)3% 5 # 7 /7 IR FI B4 HiF A 4 2 5 T 5

wRRILG 0 R R EBGEER T :f;; b 7% (semi-logarithmic) - i

Brierley and Hickin(1985)*% British Columbia 2. Squamish River & {7 #¥
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R FRBTHF AL Rl P TR A T2k Sternberg’s
law > pLpESER R BT FER (B AR I A CEER) FRENE
& He(power function) 4 > d H 2B 2 % 7 kP BRSNS T SRR
Y 4o 7 T B L AR Ao 2.2 917 o d B 2.2 F sk L
B3 A5~ ke koAbl LR B RAER R RS A - 2 o P

BRSO T PRI R R AR 7 S e Ap

Standard

DEO re error |
A D50=832L"" | 0.86 0.05(23)
v B D50=794L | 0.7  0.09(24)
38
X ® C D50=191L 0.08 0.32(25)
@
£ 100 o**% %o
4= ® o®
ee
/ ° g
=]
o x Canyon v
® PBraided
v Meandering
10
| 10 100

T #5gE, L, (km)
Bl 2.2 @AM ERire ™ 55EM R BI(L % p Brierley and
Hickin,1985)
d Bl 227 &o@ B P BTN EEYEH Ao R EZ R “,%i it B
i wie F Fdics G hNFETEFRFIRAEAL LR -
Hey and Thorne(1986)** 1978 2 1979 § & -k i # ¥ & United Kingdom

T LR KT 02 BP AT EtR & BiRS B L R (pool) & X i
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(riffle) 2 4 M2 HE > d 3 AR MY & 2 AR - FRALLE
PREETDE > REFRAMNDS0 L B ALETIHDS0 119

s
RDs, 1.19Ds, > 0.95 2.1
HY RDsp=aet @ a4tz @ Efis (H i mm)

Dsp=#rF A =% 2 ¢ @/ ToE (K= mm)

- AREBZ P (doinae ) 77 R RP R Lo TR
(25 ) P BApdedoe - &S () P AR o B - R
P RRAKEB P RNERRT LR 0 W ¥ 2 ) (diagonal bar)2
B R R R E s ) e o R GRnE B IS 34 %14 (Mosley and Tindale,
1985 ; Morris and Fan, 1998)

P R T B SR A TR T B S T BT 4
321t # (Rice and Church,1997) -

B CRE B RARE FEE (FL AfERE) ¥
Ed s ag RP RPN BRI A G F IR A TS
EEM O A RIERENF R RFRPAT DAL Y RFPAT
R ABFLAGHFE TSR AIBFALA G2 2T NEETH A LG

R R R TR AR 0 FOR - ¥T6 23 AR
BEPHREEINIREE I A RPEZFE 3 FFP P AR
PoETHEFLIR - FLN TR ARRBTLARERPH B R4
7 OERAL T B RREF RN HD RB Y e R B T -
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Mosley and Tindale(1985)*+ %= & ## Ashley River 2. 5k 7 B8 (777
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Morris and Fan(1998)3%. % i@ & B H & 7™ 13 3 323 A f > 4 & -RiE
AR E AR P L AR RATHR A AR F T
A2 e

Haschenburger and Wilcock (2003 ) ** Carnation Creek ' 2 7 $&3e
BP-R P RAAR  URRRE PR B B TR RAF B

o BN G AZARE AWML R 2 ER NS ERY R 2 EHF

P ARE ] AL ER ) & 'ﬁ#ﬂh/l’w%rﬁ“ﬁi/ﬁﬁ%ﬂﬁﬁﬁ'
d BB WL G AR T kA e RIS A kR
PR RAE R AR T Kﬂ&ﬁ?i&’wﬁ*ﬁﬁﬁxw

11\1.
ét}

PR R A AT 2 3 B R B A B

R N S YR EE e Sr RN i S L

¥ 50%~70% T B B P 38 % 60%iP k& G SIS B
A e HARINA BT E R 2R KRG (F 7 AFER RE ) TEITE
G FEN R 2 EERR - 85% TN B 4 i 2 1T 25%~50%
B ARSI @k B o B EPERI ST R A EAL 2 2B
RS A RO R LR Y TR R S NS
W G L AR 0§ R ARRAT 2 5 IF B R AR BT RE ©

d ¥ e BB R o 0 ke AR A FER ABOE B S
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PR T SRR AR 2 1 Fle Kk A R
BEALKRRERPARREGH 5L EAS RIS fF AR
AL HET L%Eﬂﬁ“iﬁiiﬁﬂf’iiﬁﬂ%ﬁ%%‘%Pﬁ'}*uﬁfﬁﬁﬁf‘}ﬁ)%?
AR T TN - AREBEPLZFPEFT T AR (Blde i
FAERSEREOE > T AR ) c e B e B R AP PR
BT I RA LD PL TR H - AREEN F OB AEE LY
REAZAREBRPAFT 2 WP E R » & & e 42 7 8278 Mosley
and Tindale % ¥ 5% F#cE R > L TR EFRP T2 ¥ & B fi8
P2 RARBRREPAFHEELTE M hed @R TA AL ITTE
FTRADE RS FHRBLECHRE-H TR FARERT P E T £
Bz Mo NEAREEIRAEE TR NP R TR AL ITEF o
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TR R FIAR SR o T i Ak iR AR kA

S map e R A RS 353 B S I R apioe fE ¥

)

SRR PR RRE R ENLE 53 a4 g R o Church
etal. (1987) ¥ -7 k-2 wiaff A 5w BL AR LGB 2.5 277 ) >

R TP AR AR R et B Ao ek AR T
By g A p 24t AV AT (Matrix)E > fE2
AR E (R 2.5a) 0 § AT 7 2408 30% > AR AR R AR AT A 4
SEALRE 7 40T g 0 SRR S AT RS (AoB2.5d T )0 2t 2 A
PHLL AR AKT B 2. 52 2 Bl 2.6a MR L L EE AR

17



A B d BB E R S PR ERRR e A BRE 2 R A T 0 [
2.5d - BIZ R 2.6b 77 2 AFREZBEHF > AT RBTHFL
B R A T
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T & o Churchetal. (1987)i2 5 @ %@ ko 3+ T 7
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=

RH
1.2 K m3pkd b 4 35350 SRR IR RRE 0 & F
Ak kd THIUSF 2 ARERIERRE o LR AT AR ERE R
MARRE 2 0 R R RpR s RS R ks TR (B 2.
5a) e
2.7k HHAL Atehr ﬁsa] (equilibrium transport ) % 2 = » fisfe g ¥
Ehp il P A Ak et 2% (F2.5b)0
FL R0 A 05 BHRAEE R R AL W 2.5h R f kit
P G 3E B e AR B A B 2. Sc kiR o i B e K R MR K P 5
Kim R R 4 A ATl ) > )2 0B 2. 50 2w o TP K M AR
REPRFIAIRLTEIRG > EIFRPHART ZRNRLG -
Carling and Reader(1982)3% = & % /@ Bk Jo = JUfu3Ef 5 2 > 2 g 4
RITR G i3 o2 d BB R AR G- H oSN B H R
B 2 AR REA R (Ao 2. 5b) o F 2 3Nfekpk e fpfs o S Btk o P

25 % B 2. 5¢ 2 35 o
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Bl 2.5 #fgF# kL AAE (A Churchet. al,1987)

20 20
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¥ . =

B 2.6 @77k HAREA G Bl(2) o1 (o)A FEfosal (Fp
Church et. al,1987 )
TRt R PR TE f0 £ & (armour layer) R i & i B AR e 3t
& & (subarmour layer) % % #f% o Shih and Komar (1990) # 7 ¥ 7w % & #
AR RER G A kiR R R R K iR BT 3 o AR

TR d @2.7?5%—*{&%%\, N }%}é]’Hﬁ'l“f'_’%\' i8 o

19



g

FE N I R T T T A I I I )

)
B

1]
40
subarmnour
% 20
B
0 -
10 -
%
u_
_if -
.\;.LJII|||I|1J
y
AR REE:

I I I B B TN A

007 03 12 AT 1% T
mim

F2.7 #77kHALED »F b mF(3Ep Reid et al1997)
o A
wr B

i PR P T LA (oo R SRR IR
IR A E R G ) PIEHEREEA AT BER L LFE R

A

RAFBHEIL RF T RLE»RANFT 57 d JE22 04 26
BARPIAK MR el TRBD AT ORFHG P
215 T§ AR

TR R R A | AR A Gt P B Y AT T 4B
PRI BRI SRR ST B T T2 i B g
Bt E-AERISE A AR T e It AR o A TR

A B B L € KRR R ISP R e B o

20



BT PR MBS 2.8 47 L R o R

BACTH 7 T G 0 TR § R R AT RS o 5 e Bk S
LR VLY SR

’

o Cheng and Clyde(1972)i& {7 — % *F < F| K &

DR RS K-Sk Brt g

N

o PO AR R ER e F e

L 129 RN, S Al N - Pk
g ARBAPeA A I P AT e o Findie- 2 L pEa

11\1,

R RE
W PoAT AT B R o

S1oza Charale Wike
Al e——

Flow direcuon
_—

Threction of

Cmenlalog
of bedform Clualer
width
Flait vlew
. Cluster bedform length
—

.
Ll

B12.8 77 kM7 L BEE P Reidetal,1992)
EP RIS T A T AR kB - SRR E 4 Bk
B ARl AR S R - ResF P ORI R AR TS

T - R kT 4e 1232 15 (Egiazaroff,1965; Andrews,1983;

Bathurst,1987; Wiberg and Smith,1987) » -] >t &3 s

|
E
N
a
e
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RN S A & R ]

RATHALZ 4 & 5 B F Rk
S RSP AERBE BN it g 2 4 B F A ) N ERBEE 4
B HAL 2 4 & i@ T BT 57 RS R R A 2 P kT (Proffit
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and Sutherland,1983; Bathurst,1987) °

T R RN ART £ § f TRE ARG I
HE IR R A S R LKA o Laronne and Carson(1976)i& - # s p? § =
Spok e R fE T2 f AR (AoB] 2.5d B2 2.8 A1 ) 4t R R R - 3
WA heiE B L PR B AT 2 T AR ] g A o d BT
Lo H - 3RS AR AR T BT AR S s FR

FE MM VR R E PR R E D 75 A AR

\;\\]«

B RE A A 438 Bk f B SRR MO AR R S 2 ﬂf BARR o 1ok F]
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B o % 4 A (2003)#-532 0 d7 A Y BEELARBE B R ASE MR
A RE e 0 B T AU AT SRR R AR i R 2 8
B FRPLPEET IRPAFT AT UFR R G AR T RERR &
F OB KR RA A E R (T AR o

22 FRFBE

REPHETDEIFZLLS B ¥ 1B RE e 02
ol AT R 3

FRAP AR PETAAPRET 2REREAS cREFFEFT
AR R DTS,y R GFAPT T RY 32 R
RIS AR A R A T R RE AN N 2 R S
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AGRAE LA B4R 2 Dt R R A 7 Pk
S E B AR R R D - R T IR A e B
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1343 2

Kellerhals and Bray(1971)4p & “P 8¢ 7 Jk P-4k = & 3+ 5 M4 P4k
(bulk sampling) ~ i P~ #(grid sampling) ~ & ## P~k (area sampling) 12 %
# 7 B~k (transect sampling) & = fi o #F {2 X Fiwb 3 F T gL E
o AL R L IR AW AR AR E TR 0 R B
BP B EME 2 e e R S R 2 et S G B D SR
THEG FFEFIPN TF 2 A ARSI E AR 2R AR
PR R- SE 2@ F S UL X SRT S L LA .

Church et. al(1987) %14 45 B 0% o @ B3 F 7 Ik P Ik FEH % A
A R Y e N S Rl T S N
EUEZHEBESE 2B MHPRIEER 2 RAEFER SR
T e TR 0 ORI B S A T R A2 e ik FR 1E A )
E P4 SRR SR D R R B T L A

Pk R R FIL LR &R AR R

=¥
]
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=8
\
N
T
J

A &
g8 ¥

Morris and Fan(1998):& 32 i7 /& B2~ 2 53 B2 ~ R 226 H
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FETH O RE PR 2 AR BREFRE0 A
R EREr  FERAERSFE MAZT UAG A KRET
MERZEGFFEAROE Y PREVIRIFA I AHAL T2 5

VAT R R R B R AT TR T o MR
BB EOTPR S BER AIBRR 0 B0 R T AT 0 T W R R A
B

W4 2 et feRgs ¥ Wolman(1954)4k ) 3 2 4o 1l ik

+

o BT ENAFFU TR e DR R T 2 ipk 4 (£ E
RAFHFEF R ) GETERGDZZET L 5T e G

(1) 3442 :
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=
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|4
|
N
(
\

RT3 AkdE (B 2.9) =) S 1aa0
B4k ZRIFEZHEPIEENIFITAACE 2 > EREELR
T LK BRSBTS L EE ] 3 8mm BF o B:E B ARt
T & 3t 8mm 2. ¥f 4B~ 1% 2. o British and Hickin(1985) % 14 pt ;& 3%
Squamish River 2. &s#E 3| (meandering) i@ £~ 2. & if 3| p| & 7 & )

FvP TR TR B R eiEE 2 100 B &

AT A AT o TE LR R TR T R MR AT Y 2 Ry e
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P o=y

r bl fw

B 2.9 - A;%3=57 & B (Kellerhals and Bray ,1971)

PR GERFIREENTERBAZ N B RN it B
Bl PR REE LT 2 2 AR o otk F 2 BRI R (1) F - PR
FERTRBEBRYT > B I B fREicE DI € HicP 5k o British
and Hickin(1985)** Squamish River 2. ##ik 4| (braided) ;@ £ F 14 gt 2
EEABE O NFERNN 2 LRERBR LR EEERREF > 0 12m &
Im IR 7 45 45 B 0 £ 3 SR T AT R o 2 2 e
AT SRR F YR e kR R AT Ry o

(3) 1% 5 H in FAR AR -

Leopold(1970)#% 192 7 F > Wolman(1954)2_ £ & = /% o i5 2 3}
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BRI A (AR 2. 11 #7770 )0 e PR @ ALIA & 4 47 02 s el
HCEEES EEEES ST T NERE LN S EE RS 2
BAH)EFETEHR O RHREFAR 212977 o d B 2. 12 ¥ g IREF 1Y
NI s AHZ ERHEREEV EREMHEF AT S H o
Kellerhals and Bray m ¢t = = ik - A7 2 A= 2 Bk E L Bk ¥

% 4ok 2.1 97 o

Particle |Linear Size |Weight| TotalNo. In Total No. In
D W |Somple Volume | Sample Surfoce
| i 4608 192
2 8 576 48
4 64 T2 12
B2 11 =7 s i %’aﬂf > M4k %3 p Kellerhals and Bray,1971)
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Morris and Fan(1998)#
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Boop 2 g A i X AFE RS
EE BN A HERE SRR TE
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231 P4p &

A 2 #4577 4p (River morphology) ¢
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{
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2 (Thorne 1997 )
Reo AL e BPRRFEREEERPIFL GlTe AR ERNP S
Ri-oguEmaRrym > REHREERALGF > P AR

BEMAFEG s FRRAHA S 0E A RS AN L BB PR
#z - Leopold and Wolman(1957)¥ti7 "' 4]

FEEE Y PO EE R SE

B A b B S ed B T b S B A 5 R R L K o

Schumm(1977) 14 4 i ¢ (sediment load)£? /7 "' 48 Tk f& 5 A #LE (7 T
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232 1L EF A Bk

1.2 &3|#® " (straight)

EARAP R 3 ARt A A2 PR T S 4t
TorFAED R FHREEE LT R e AT F 0 R KA
EAGRGEERT] @ A FH SRR ERPFFPRIILE R L2
TRE LIF L AH AR AR R e N B R P B o B At
Fe P REFERE R FE ST FRB A R RE B A RRER R
BakpERn B8 IR G o SR Rid 2P R B ARARET
B A2 i 5 R (pools) 0 B A2 B Jafi & ¥t (riffles ) FR BN MR
CIEECS A S PSS & SRS 1) It

Leopold et al.(1964) 53 2 S ALir "' ¢ X el Ml jedp g
AP R 2T 3 - B o Yalin(1972)3% 0% 3RS P R o B R R
#t 2 Leopold et al.(1964)# 1R+ 2 - Hey(1976) & #7# &% Yalin(1972)
2. W% TR NRBEFIESL P E S 2n 2 B M %ot 232 Leopold et
al.(1964)# 74 % f 5 4p % o 7] 7 1980 & & » Hey and Thorne(1986)z_
FEERAMTIEL SR P T2 631 8 > 0 2R Ge 2n (628) B
iT > # 22 Leopold et al.(1964)#& 1P 5 — k4% o

PHEFT LB AR TR PE R LR TG R
w2 A IEF o Ao B 2,19 Ao Aror o i NP AL AR S R
WY - RIA 2 RLER G 7R SRR A e R H Y i
Fope2 oK AR b Ak AL - R T B 2 R4 LB i AT

Hgo S P AADR RS E ReE fied 312 T AR -
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Ae AR REE LAY o NS LB ASE Y ik L F e
hipl AR Y - RIREBAF S B R R %
e d BARAFS ke m " o B 2.20 977 LB MA R
vEed AT 2 ek | T g A 2 R AL FREART &0 F Vel R
(sinuosity: Z&if ¥ wHRE B f MR EEMERE )LD EERA L
152 RFav 37 > 428 1.5 2 bsbe? ' o
BHDMASNF S R 2250 0 0 K i IR AR
FEERE T AR B o 4o 212 S AT R R TP BT AT
FHIEE FL48p PR TAR %0 od FREEELT RER
HEG R AT R o e B R A N e B S gk H
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\\\?{r

¥ o

T3 Loagravel  ——— Inftial channal bank 0 metes 100
3 Bar gravel —— [Riffla In low flow channal
FLAN (Enlargement of A) CROSS SECTIONS

Fl2.19 EAI)P 2 7 $AER - LTRSS RIS T G Py %

7 % B (4f A Richards, 1982)
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A Sinuosity = 1.0 » Fast
B e T, < e e ---»tw

_ . Pool

B Sinuosity = 1.1 ....» Riffle

. —..» Bend
C Sinuosity = 1.5 _ _ » Crossing

B 2.20 B A vk el 357 D beREA] e T G ) AL 1R 8w %

=y
Poacs
=
7\
e

] | 'éh()rley -t ‘al'”.: 1984)
248237 " (meandering)

e

o] ie T G A A W LR L EE S

\\\?{r

£
e pdom ¥ N IEER 0 i (crossing) & IR FE A o
Leopold and Langbein(1966)# & 4 » bk 3] /7 "1 25 %k 27 5 > 3 IR 52
WA 42 % BT B aelte " o ¥ A RIFER L I PRI %
BT 2 R Ak X8 ¥ RITTET A A2 7 HE
HH o

balige LR < L AF S R A 8 B 7258 ¢ Richards(1982)

A EERE 2 G4oT o
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Lm=12.34w (2.2)
HY Lm= 5@ " fhit § 2 bk £ (m)
w= " EH % (m)
70 2.2 NGRS An(12.57) 0 X)ng 5 B RPN R EEZ IR RS
(2rn) e1d & o @ Dury(1956)3# Tk £ 225 4 i 8 2 B R BK 40T ¢
Lm=>54.3Q," (2.3)
HY Lm= 5@ " ghit § P2 bekg g £ (m)
Qu=7%1 & (m'/s)
Schumm(1963)5% 3% IF & 3742 & &2 S priiFt 2 4 £ AL 2 B £ 4p ik
1% BE FEY OB o Schumm *t 1968 # 2 — # 2 R Al £
B2 Ap3 Mo B3RP Edbdd P TR ERF 0 REB AR R
W ¥R 2o R e T AR B o N e T

Lm= 1935Qm’**M*™ (2.4)
Lm= 618Qb**M*"* (2.5)
Lm= 395Qma”"*M*"* (2.6)

HY Lm= 5@ " ghit § P2 bekg g £ (m)
Qm= £ T & E (m’/s)
Qb=%1#in & (m'/s)
Qma=# T a2 -k (m’/s)
S SRR S P LR R FE S
Leopold and Wolman(1960)2 = ;¢ (5% 2.7) #Hp § & £ @FF » ¥

BB BED

T 55

Lm=4.59Rc"" (2.7)
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HY Lm= 57 " ghiE P2 Lebgd £ (m)

Re=d F X% (m)

Bagnold(1960)dp 1 % o F & L2 im B2 10 B /1 2% 2~3 P& §4 5 rp K
e B 4E A o]

ks A AR 4> (clayplug) E R A BEE @ P Rl
FHPRERR S Y G DI o Fisk(1944)F7 7 45 1§ A2 2 0130 A 8
WA PR T E T FRE NS B S fﬁ%ﬁiﬁ,j‘s KL F AR R
M BL2 T B TAESE A L MR RE 2B P AL E Y
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AV iR WelE k Mud B OAR K SUBIRAS R R oY N e R
B4R A o FEIe ShiEFE RIS SRR o YT
hobe AT AT HRE IR SRR BRI T R e ?g,aﬁﬁ\@':ﬁ;ﬁ b2 4
o TR B IR TS BEI TR A T R F b B R

MEEREERA T PTRE BB F e AR A LT

b
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Wk AALFRGAFRER P R H L T AR 2R EF FH R KRR
CRE o Eh & AP M AT § 98 ¥ & Leopold and Wolman % 1957 & 3
ZEAIH A TR ERIEE D HARER S R L2 A (B 2.21)

v A@%ﬁ%'—igiﬁi?}%fi#&ﬁ? (bedload) & % pF > € 3t iBsg

d AT 2 e k- A B D X AL SRS T 6 4] R et
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Coleman(1969)41 * %} Brahmaputra River 2_ /@ 4p 45 it % 7& Leopold
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B2.22 webed] ~ B3] & 3G & B ETG 2 M T (4F # Coleman,1969)
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£ 2.3 @ AasErEk 4 (B2 p Rosgen,1994)
Fa & P&k B e AT R T EM R
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Passing Cumulative percentage by number frequency(%)

Passing Cumulative percentage by number frequency(%)
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Passing Cumulative percentage by number frequwncy(%)
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Passing Cumulative percentage by number frequency(%)
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Passing Cumulative percentage(%)
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