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Table-1. Experimental channels of various

kinds
Channel P The number of
type Description channels
o] Concrete lining channels 30

SC-A  Soil-cement lining channels 8
Clean section, no vegetation
in channels

‘SC-B Soil-cement lining channels 8
Clean section, some weeds in
channels

SC-C  Soil-cement lining channels 8
Rough section, grass, some
weeds in channels

SC-D Soil-cementlining channels 8
Erosion, rough section, dense

weeds in channels

U-A Unlined channels 6
Clean bottom, weeds on sides

U-B Unlined channels 6
Grass, weeds in channels

U-C Unlined channels 6

Dense weeds in channels

Total 80
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Fig. 1. Determination program of Manning’s
roughness coeff.
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Table 2. Frequency distribution for velocities.

Cumlua- Relative Relative
Class Frequency tive fre- freque- cumulative

quency ncy frequency
m/sec % %
0. ]58.—200 9 9 11.25 11.25
0.200- 14 23 17.50 28.75
0. B0 V7 40 21.25 50. 00
0.300- s 20 60 25.00 75.00
03500 1 71 13.75 88.75
0.400- » 3 74 3.75 92. 50
0450 5 4 78 5.00 97.50
0.500- ., 2 80 2.50 100.0 ¢r
Total 80 100. 00
201 =
15.
104 |
5
0
Fig. 2. Frequency distribution histogram for

velocities
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= e KB T4EE A 28DKEES] 92.5% ¢ BRHE
a9t

W S KEBEEAY EoRRBESEhES Figd
o] FRstA

Table-3. Frequency distribution for channel
slopes
Cumula- Relative7 Relative
Class Frequency tive fre- freque- cumulative
quency ncy frequency
% %
1/3,000 3 3 3.75 3.75
1/3, 000-
172, 500 4 7 5.00 8.75
1/2,500-
172, 000 1 18 13.75 22.50
1/2, 000~
171, 500 16 34 20. 00 42.50
1/1, 500~
171,000 25 59 31.25 73.75
1/1,000-
17500 18 77 22.50 96.25
1/500 3 80 3.75 100. 00
Total 80 100.00
i
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Clamel slope
Fig. 3. Frequency distrbution histogram for

channel slope
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Fig. 4. Percentage cumulative frequency curve
for velocities and slopes
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Table-4. Frequency distribution for roughness

coefficient

Cumula- Relative Relative

Class Frequency tive fre- freque- cumulative
quency ncy frequency

% %
0.015- o 18 18 22. 50 22.50
0.020- 5 23 Q 28.75 51.25
0.0% o 19 60 23.75 75.00
0.030- 05 13 73 16.25 91.25
0.0 0 5 78 6.25 97.50
0-040- 15 2 80 2,50 100. 00

Total 80 100. 00
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Table-5. Minimum, mean and maximum val-
ues of the roughness coefficient n for

chanels of various kinds

Channel types Minimum mean Maximum

Concrete lining cha-
nnels

Cc 0.0159 0.0206

Soil-cement lining
channels

0. 0257

SC-A 0.0162 0.0206 0.0248
SC-B 0.0205 0.0256 0.0286
SC-C 0.0243 0.0289 0.0320
SC-D 0.0285 0.0332 0. 0382
Unlined channels
U-A 0.0208 0.0245 0. 0281
U-B 0.0262 0.0308 0.0358
U-C 0.0323 0.0367 0. 0422
!
o
Vg
8L

0.030

j7///\// |

Volues of the roughness coelficient of
0.025

8]
-3
‘9 | R #e—e——  Minioam values
Q. o
‘a.l' a8  Meun values
0  Maximem yalues
C SCA SC-B SCC SCD U-A U8 6
. ’ Comunl 1008 .
Fig. 7. Minimum, meun and maximum values

of the roughness coefficient n for
channels of various kinds

fRE(S.D.), MERKC.V.) R ¢ #E] K3l B
BRSNS KNES BE SR A HERB
sto] o] B HERES BESY BT L F
Table-7, o] FRd vhel 2t

Table-6. Comparison of values of the roug-

hness coeff. n

Values of n for Values of n

Channel types experimental for general
channels channels

Concrete lining ch-

annels
C 0. 0206 0.015

Soil-cement lining

channels
SC-A 0. 0206 0.016
SC-B 0. 0256 —
SC-C 0. 0289 —
SC-D 0.0332 —
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Unlined channels

U-A 0. 0245 0.022
U-B 0. 0308 0.027
U-C 0. 0367 0.035
Table-7. Statics for roughness coefficients
Channel
types Mean S.D. C.V. to
%

C 0. 0206 0. 0029 13.85 10. 570%%
SC-A 0. 0206 0. 0030 14, 48 4, 082%*
SC-B 0. 0256 0. 0026 10. 22 —_—
SC-C 0. 0289 0. 0027 9. 42 —
SC-D 0.0332 0. 0036 10. 86 —_
U-A 0.0245 0. 0030 12.19 1. 920
U-B 0. 0308 0. 0036 11,66 2,367
U-C 0. 0367 0. 0035 9.58 1. 081

S.D. : Standard deviation

C.V. : Coefficient of variation
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3. ManningZAR SHEHM| EBRRRGR

KEgREtel 1A ManningZAX& RS |
& THIE HERYE BE 9 KBEAS X
BRUL REER] EEDc. ERKEBAA EEE
FstAY BEMES FIRSe BT ol & B
HPUERRE, RERGAR 3 ZEMANE ke
gES BT 9 g kle Table-8. o FRsh
Kr.

BERGAEE g wa o= KAV Ty
UESH KERES, HERES BRE Aolde ¥2

ARG dou g8 BHEE Aoldx HMMER

Table-8. Multiple correlation analysis for mean veloecity, roughness coefficient, hydraulic
radius and channel slope
Simple Partial Multiple
Channel types correlation t, correlation t, correlation t,
coefficients coefficients coefficients
| 1,=—0.3962 2.283* Lig0u=—0. 9298 12.881%% | R, ,.,=0.9875 31, 946**
o r,=—0.3156 1.760 Tag= 0.8756 9.243%% | R, ,,,=0.9715 20, 898%*
Concrete lining L= 0.9030 11.121%+ L= 0.9851 29.207# | R,.,,=0.9549 16.398%*

channels

l

| Ip= 0.7564 6. 119%% | r,..= 0,9493 15.397% | R, ,,,=0.9871 31.437%*

| r,=—0.1326 0.708 Tas= 0.9273 12.632%%

i Tp=—0.3218 1.798 Tae.1a= —0. 8908 10, 002%*

r;,=—0.2063 1.155 Tins=—0.7537 6.068%* | R, ,,=0.8817 9.889+*

rp= 0.3694 2.177# Tinge= 0.5678 3.650%% | R, ,,=0.8437 B.282%*
Soil-cement lining | . _ (6938 5277%% | r,= 0.8726 9.453%%| R,,,=0.7072 5.293%*
channels fog= 0.4790 2.989%* Tasu= O.7047 5.256%% | R, ,.,=0.8902 10.340%*

r,= 0.3018 1.734 Laepe= 0.7731 6. A50%*

r;=—0.0283 0. 155 Tsens=—0.5786 3.537+%

—9 2 —
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| r,=—0.1862 0.758 1 e —0. 8710 6. 634%% | R, ,5,=0.9735 15, 920%+
| ru=—0.1360 0.549 | 1= 0.7553 4.312%%| R,,.,=0.9348 9,848%*
Unlined lining | Tu= .87 7.591% | Tie= 0.9725 15.620% | Ry.,=0.8805 6,950+
channels rp= 0.6535 3,453%% | 1, .= 0.8780 6.863%* | R,.,,;=0.9754 16, 556%*
r,= 0.1353 0.546 Toqe= 0.8809 6, 964%%
T5=—0.1329 0,536 Tra13=—0.7796 4, 658%%

Subscripts 1,2,3 and 4 represent mean velocity, roughness coefficient, hydraulic radius and channel

slope, respectively.
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4. BRERKXE

hgat e giols] A EEUKEES RIAKE
< HESHY

(1) BmEAEAe BEEKEE LEKRLEY
of {kifste] 140mm= 3Gk,

(2) KBEEEE KiER BEEKRE EBRE
9wk Lo EEI 20% 2 2%, MoritzZy
’ﬁ“"" EEsled BHI L TKERS BABESR
KL # 16%°] 5ok,

(3) BEEe RABHME BBE BHEU 5.4
mm/day & A,

(4) Bk ABHRE 2 9 AEHS BAK
Bigo BHEILMELE 19666509 6A T A KER
# 4.93mm/day % 8H 4 FXEEIE 8.95mm/day
Z {FHSE

(5) 1B BABHREHS shaz A

(6) BetHKE HEHEY

1) @M sha KWK

Qi=a, X4,
Q,=q, X4, h & %L BIA
o7}l A
A, : i EHE (ha)
Q, : BHAKE(m®/sec)
Q, | AESEE S BREERAKE(m®/sec)
g, . hat BHA 7k & (m?®/sec/ha)
g, : ha¥ KA BREEAKEm /sec

/ha)
2) {EHESE sha Lik
Q+Q,=5¢,+(A4,—5)q,
Q:=qs X Ay ¥ & A,
ol 7]} A
Q, . BESKE EHAXR(m?/sec)
g - ha¥ BEHKH FEAKE(m®/sec/ha)
A Rl A FED 0,0, R o e 2o] HE
g o,

D, __ deptdp
%="gg00—10y * %7 Bed0(1—1) *
dmt $-dp
5="8640(1—1)
Q7 A A

D, : Zig{d Bk (mm)

dep . BERKH 75 HE (mm/day)

dmt : JKESEB R BATREYE(mm/day)

dp . BFH&(mm/day)

I KEBA HEE

Yol A RET Hikel whel EEEMER RIHEK

B EEstgl ub Table-g. @ Fig. 8. oA ¢ 7+
o] vhebykel},

Table-9. Design water requirement for irri--

gation area

Designs
Irrigation Q, Q, Q,+Q Q. water
area(ha) (m®/sec) (m?®/sec) (m‘/ sec) (m’/ sec)requir--
ement

0. 0203 —
0. 0405 —
0. 0608 —
0. 0810 —
0.1013 —
0.1013 0.0015
0.1013 0.0030
0.1013 0.0045
0.1013 0.0040
0.1013 0.0075

0. 0203
0. 0405
0. 0608
0.0810
0.1013
0. 1028
0.1043
0.1058
0.1073
0.1088

0. 0021
0. 0042
0. 0062
0. 0083
0. 0104
0.0125
0.0146
0.0166
0. 0187
0.0208

0. 0203:
0. 0405
0. 0608
0.0810°
0.1013.
0.1028
0.1043
0. 1058
0. 1073
0. 1088

o O N o B =

—_
o
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11 0.1013 0.0090 0.1103 0.0229 0.1103
12 0.1013 0.0105 0.1118 0.0250 0.1118
13 0.1013 0.0120 0.1133 0.0270 0.1133
14 0.1013 0.0135 0.1148 0.0291 0.1148
15  0.1013 0.0150 0.1163 0.0312 0.1163

16 0.10i3 0.0165 0.1178 0.0333 0.1178
17 0.7013 0.0180 0.1193 0.0354 0.1193
18 0.1013 0.0195 0.1208 0.0374 0.1208
19 0.1013 0.0210 0.1223 0.0395 0.1223
20 0,1013 0.0225 0.1238 0.0416 0.1238

1

wl . ______/_’/

0.1
\

0.08

0.06
—

f)esie- water tequirement, o /seo
0.04 .

0.02

: Il
1B 22

L H L. A 1 ) A

9 2 4 6 8 19 12 M 16
Lerigation ares, ba

Design water requirement for irrfga-

tion area

Fig. 8.
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e 713 g HKES SEE e FE s
o PREREKES EESAT,

BREEFIURE S BE, BREEGIK R Y FKEE]
ek A % gon U o MEIN HEs
ojof & FREsz Brid,

5. HAKR ¥ FAKE

BEAKE R AERBE & ERIA HER %
& RS KEEE 2 OvleS BRKERS BiE
g Bike st BT SRR BH
BHERE MEAA KBEEANZ FHKES KT
t}4 Mamning Aol fkele] SHEHS HEI
Table-10. 6] 4] 2¥E vhe} 2o FRERZ Fif
KB 2 SwEe Enetd Fig. 9. 9 Fig 10
of #rE ket ek,

Table-10. Normal depths and velocities for

channel slopes

. Soil-cement .
Channel [ siae afiming chan7lned b
slopes nels

D v D v D v
1/500 | 0.271 0.614] 0.300 0.523( 0. 300 0. 436

1/1000 | 0.319 0.473; 0.353 0.402 0.350 0.336
1/1500 0. 350 0.407; 0.387 0.345/ 0.381 0.291
1/2000 0.374 0.365] 0.412 0.311} 0. 405 0. 262
1/2500 ‘ 0.393 0.337 0.433 0.286| 0. 427 0.239
1/3000 | 0.410 0.314; 0.451 0.267| 0. 444 0.323

D : Normal depth, (m)
V : Normal velocity, (m/sec)
Design water requirement: 0.1178m?/sec
Bottom width: 0.3m
Side slope: 1; 1.5(Concrete and Soil-cement li-
ning)
1:2.0(Unlined)
Roughness Coeff.:
n=0. 0206(Concrete lining channel)
n=0. 0256(Scil-cement lining chann-
el)
n=0. 0308(Unlined channel)
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Fig. 9. Normal depths for channel slopes
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Normal velocities for channel slopes
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Table-11. Minimum permissible velocities by
Kennedy formula

Concrete lining [Soil-cement lini-
Channel slopes channels ng channels
D Vs D Vs
1/500 0.271 0.238 0.300 0.255
1/1000 0.319 0.265 0.353 0.282
171500 0.350 0.281 0.387 0.300
1/2000 0.374 0.293 0.412 0.312
1/2500 0.393 0.303 0.433 0.322
1/3000 0.410 0. 311 0.451 0.330

Kennedy formula for sediment-laden water
VS:CD"'“
Vs : Minimum permissible velocity, (m/sec)
D : Depth of water, (m)
C : Coefficient depending on soil
Value of C: 0.55(Fine. light, sandy soil)
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Fig. 11. Comparison of normal veloecities with

minimum permigsible velocities in
concrete lining channels

Table-11. % Fig. 11~12, 6] FFRT wps} o] &
adego]d KA E o= BB SHiEo
BANGERE Sk A ¢ 4 dot £dAdE
glo] ] JKEgo A AKEMESSF 1/2, 00025} 45183 R

— 9 5 —



REMT R $20% 458 19796 125

©
°
2 F o———0 Normal velocities
§ o+ mirimumpermissitl e velociten
E
il
=
Ll
2}
i s
-
N N . N i 1.
17500 171000  1/1500 1/2000 1/2500 173000
Channel slopes
Fig. 12. Comparison of normal velocities with
minimum permissible velocities in so-
ilcement lining channels
Boll = FitwEe] BOEERE DT et A

<+ E 4 ok welA o] BB KKREmERI o
AAE o] Bg sy WHASS HEsicr 2
Aoz #lgd,

Fortiers} Scobeyo] k3] BEY RANFEMRES

ERMES 2 HPELRY BE A8 0.45m
/secl ®] FEERUKEERR - TOKBEANA BEED SHmE
< 0.223m/sec~0. 436m/sec 2 A BRIFEFE &E
P38l #heisieh,

V. #

B

A WEE T RAKEBES BEREE B3t o
oA Ervh FEMY HEIHET BE EREKEY
WELES Ttz KBFREHE 9T HATEHNE
R RKE THHA BAEEHAA Bl
HRKEE BAA 278929 = HRE BN
o ehget B

1. E39 Egfold KRy HEREE 2 F95ES)
0.02062.2 4 ¥4 Fitel EWHEY HEREY #Z2
o 0% EE € oz e,

2. &AW Eete] Yk HEMRBE KB R
B R EERE o2 287 A9 FHEE 0.
0206~0. 03328EA ct, =T £ QA E}o] g kig
o HEREBS THiEs ¥9 R FRMELY
0% 2E £ 3oz ety

3. £TkRS HERB= K¥s MR R #Hi
B wel 2RI JA2 2 THEE 0.0245~
0.0367#E 2] oz veitow %W Wit BE
A FHch Kug 10%BE A EE L

4. RKE TR EEAKKES B AEFEERs
e EW R BERY HEREY Fd HId
HES € FdE ¢ U ADT HEOh ER K
ez BEY FHEM) ZEsdd,

wehA Sikel BRI TR KEHEHE ST R
EREE B G2 9 gt i bh
] ol oF ¥ Aoletz pUlTE

5. BKEME HES 5% HEAKES HKKY
XEmE wtet fARSA EEd9ed AKEE
1f&9] XTI A 16hagl RkE Tir#e 8
BAEPEAA HED RHAKES 0.1178m/secz.
A EF RETAKEC LY 0%8BE =A e
weh, TRHY RHAKES REAKE, KR
KEEH] R AKEEY K BEAke wel RS

oz FELE ) BREE o ez 68§ #
A HZEE o oF & etz SUErslc)

6. HFWMKES Tazsato] kK B\HE 0.27L
~0.410m, £YAH=zelo] kg TEE 0.300~
0.451m, +TJKEEo] i 0.300~0.444m=z A KE&
fEfl] whet RS oz vedorn %y it
FEUKERT Koz 20~30% BE = &
=},

7. EMMES FEREA Hatel By v 4
TKERA A e BRAHARE KEARY oz v
on FagEgYRBAAL BIAFEFRELS
£ #ez vetet &g9AE o] Ko A=
IKEEEFZT 1:2,000120 8183 188 S/EER
HEich & oz WHIAND, @A 28T ©F
FE 2 KB KE&RHE S o Be ZRe
o BEATE tEdel 2 Aoz B,

BEXR

1. SRR0972) : R B RKBHRHA0), &
I2B&EE, 14—4, pp. 7882

2. (1973) : R FE BABRHEQ), &
TE&3, 15—2, pp. 91—96
3. (1973) : R FHE BKRBRIFEG), &

T Z&gk, 15—3, pp. 73—81
4. &8m, £HBH0976)  BEFHE,
pp. 122—129, 302—315, 337—376

at,

—9 6 —



10.

11,

12.

13.

14,

15.

16.

17.

18.
19.

-20.

21,

22.

23.

24.

25.

26.

Aks T BREHEe BY RAWARGEEAKE Hitd Matd)

BOokdh, BSEREAT1972) | BRI KR &
BIKEEME, pp. 2—16, 51—52
BRKEER(1974) | B BHEMEES KET
15, pp. 28—70

s BEREREAT(1976) ¢ WEESHRATIR
bR BRREAEWES, e 11-12, 33
—61

, (1977) : $RIL - TEH
B 3Tk pp. 24—30, 129—140

. BERERAT(1970) | BUTHIE BEGERE

HAE

(1976) : BEEHRBEEE =+F
58, pp. 217—237, 296—299
—__ AQ1976) . RKkBHE HEBERE
&, BTHEBM pp. 1718, 33

(1977) : RKEHE Kig 2
¥ ¥B®E, pp. 6787

(1976) : RkBHE #& 2
ERREREHEE pp. 1028
BIIRHALAT(1973) : RKEHE BERCHE
P18, pp. 27—30, 50—57, 307—316

(1973) : R BWE REFSERE
Bk kX 2 LEREEHRES, pp. 145156

(1973) : AKBHE HHFEHRE
W% KILRE, pp. 192—195, 247

(1978) : BEPRTEEE Bk 2
BBk, pp. 61—66, 81—82, 85—90
FSPEE(1977) 1 KEE, ZGEE, pp. 113—121
g, &sHmQ975) ¢ KEMEEY KERE
BTI®e, pp. 2—9, 24—59
AR, TN, FRE, SHREATI) IFL
KZet o8l & 1%, @WEETHH, pp. 203
—204
ma,

=

it

MR

ZHB1977)  BIKKY KEB, BE
sALit, pp. 75—180

, BIET, EMBHR(1979) | KIS,
#t, pp. 201—223, 354—362
@, BEEA9TT) | A BEE,
pp. 113—142, 257—287
HABREQ962) 1 2 v 7 V) VEKEO HERK
BT AW, ZEA, RENBEHRE 27
AR (1965) : KEEB, AEHA@R, pp. 144
—151

HEE, PNk, , BEEHQ9T5) kKo BE
EEHBE L KR OWT, AL ARBeE,

pirt3

B,

-9 7 —

27.

28.

29,

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

43—3, pp. 5—11
#8 (1977) - Manning 43X > Hazen Willi-

amsZZH 0 BHEES, BRI RBeE 45-2,
pp. 11—14
FRREAR(97T) | Bk - EARIE, BEY

pp. 91—121, 384—396

HARELIARBE (1969) : B¥tL KR v F7
7, AEHAER, pp. 489—560

BiEE(1966) | KEHAKBREED RE, &%
REBEEE, 34—2, pp. 42
BEEEFR(1968) : KM T, MARE,
—68

BARRELARBE1977) | ANEFENESH
#EE. pp. 828—830, 846—865

B.A. Bakhmeteff, N.V. Feodoroff(1943): Di-
scussion on open channel flow, Trans., ASCE,
Vol. 108, pp. 492—502

C.E. Ramser(1929): Flow of water in drain
age channels, U.S. Department of Agriculture,
Technical Bulletin No. 129

Don M. Corbett and others(1943):
gaging procedure, U.S. Geological Survey,
Water Supply Paper 888

E.W. Lane(1955): Desion of stable channels,
Trans., ASCE, Vol. 120, pp. 1234—1260
F.C. Scobey(1939): Flow of water in irriga-

pPp. 23

Stream-

tion and similar canals, U.S. Department of
Agriculture, Technical Bulletin No. 652

H.A. Einstein, H.L. Barbarossa(1952): River
channel roughness, Trans., ASCE, Vol. 117
pp. 11211132

H.W. King(1954): Handbook of Hydraulics,
Fifth Edition, McGraw-Hill Book Company,
Inc., pp. 7.1-7.80, 4.23—4.38, 5.1—5.51
J.J. Doland, V.T. Chow (1952):
of river channel roughness, Trans.,
Vol. 117, pp. 1134—1139

M.C. Boyre(1954): Estimating the Manning

coefficient from an average bed roughness in

Discussion
ASCE,

open channels, Trans., American Geophysical
Union, 35—6, pp. 957—961

R.E. Horton (1916):
formula coefficients, Engineering News, 75—
8, pp. 373—374

R.E. Horton (1933): Seperate roughness coe-

Some better Kutter’s



44.

45.

46.

BEATReE £214% H45 1979 128

fficients for channel bottom and sides, Eng-
ineering News-Record, 111—2, pp. 652—653
W.L. Cowan (1956):
roughness coefficients, Agricultura Enginee-
ring, VolL.37—7, pp. 473—475

Tahal Consulting Engineers Ltd. (1969):Des-
ign Criteria Recommendations for Canals and
Related Structures, M-6261-1, pp. 6—20
U.S. Department of Agriculture Soil Conser-

Estimating hydraulic

—9 8 —

47.

48.

vation Service (1977): Design of Open Chan-
nels, Technical Release No. 25, pp. 4.1—4.7,
5.1—5.13, 6.1—6.69
V.T. Chow(1955): A note on the Manning
formula, Trans., American Geophysical Union,
36—4, pp. 668
(1959):
McGraw-Hill Book Company, Inc.,
114, 128—149, 157189

Open Channel Hydraulics,
pPp. 89—



