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Experimental Research of the Relationship
between Water Stage and Flowrate in
Torrent
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ABSTRACT

This study uses indoor channel test data to establish the relationship
between water stage and discharge, which can better reflect the relationship
between the end depth of the check dam spillway section and the discharge
of the water flowing through the dam. According to the test data analysis
results, the end-depth ratio relationship can be expressed as:
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Where, d;,=median particle size(mm); S, =bed slope; b =bottom width of

spillway section; B =average channel width. In practical applications,

when the bed slope (S, ), median particle size (ds, ), side slope slope (m )

and contraction coefficient (b / B ) are known, the critical depth can be

obtained by substituting the measured end depth (y, ) into the above
formula , then the corresponding discharge is:

0 :\/g[(b+myc)yc]3

b+2my,

The above formula is suitable for the trapezoidal spillway section.
When the side slope m = 0 , the relationship between the discharge and the

critical depth of the rectangular spillway section can be obtained from the

Q=byg ys

In addition, the contraction coefficient in the end-depth ratio

above formula:

relationship represents the blocking effect of the spillway section on the
water flow. When the contraction coefficient A ~ 0 , it can be seen from
the end-depth ratio relationship that the end-depth ratio approaches 0.786.

In other words, under various conditions, the maximum end-to-depth ratio

I



(Yp/Ye )max =(0.786 , and this result 1s quite consistent with the results

of previous studies.

However, the end-depth ratio relationship was established through
indoor channel testing, and the error range between it and the actual
situation on site cannot be known. The only solution is to measure the
actual value of the river flow for correction. Therefore, in addition to
establishing the end-depth ratio relationship, it is recommended that weirs
should be planned and laid out at appropriate parts of the torrent to measure
the actual discharge, so that the discharge of torrent can be better

understood.

Key word : end-depth ratio, critical depth, contraction coefficient,

weir
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(rating fall constant) % -k i+ & #c 5 % _j% £ (rating fall a function of stage)
@ 2 i > % (Rantz, 1982) » 12 & ¥ 5y % PR B2 pUip| Tl o 2 2

KRB = Rtk oo #t¢F > Rouse (1950)4a 3 A dp e -k ik 2 T 2 42
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(7) e waERHE R 2 REREGRIEKT 0 BRI PRI s s
3 oo % (uniform flow state) e

BRI EH K FER RAR T E AR 2 pd FoApd
K (free overfall) » & F mad &% 2 2L KR4 N F 2 fEEL
8 18 TR b2 28 %K iF(brink depth) 3%, &) > iR K TLIER o
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BREBREFBEGESEPDATHEET 7 4 5
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(a) 377 3% B @ (b) & A 8 5 B 44t 42
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d VR N3E9)F F
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ERBBEEAFELRBROEE Sl RHERT R A FRGE
FER) T EBHFEAHER > A Y WK BFH L )
BBEA B 5S=1°-3%2 5% s AR ERH R A 20~
7.5% o
P PR T (e e 5 )

ERRILE O B RERB R 2 F RO
kel B AP RN SR - o ARRG T LR
ARG EREHR O (SR A ADIFZERF R L iR
2 kPpt o PR ERM AR 0 RS RIS F oA
0.1xB » e feflz B % kB3RP ] 3 3om s
¥ o F RS 0.0lmmpF > ¢ FRRERE hm A 2 B IR %
Flpb o Ak s 3 em 2 0.01 mm FFIEP 3 fAk s e s Aok
42 %55 0 7 3 g s ez dgy A B E 3.68mm ~ 1.98mm >

2.38mm > H s o F el 4.2 A1 e

30418 RERGEER AN - Ti

g+ o5 i
Meyer-peter uller(1948) n=0.0385dy’ m
Lane and carlson(1953) n=0.0256d.¢ in
Raudkivi(1976) n=0.013d2 mm
Garde and Raju(1978) n=0.039dk’ ft

n=0.0593dg "
Bray(1979) n=0.0561d%" m

n=0.0495dg;°
Subramanya(1982) n=0.047dy’ m
PATE 2 5w 3(1999) n=0.0625d"° m
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I
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I
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(c)fis C(F 2445 =2.38mm)
Bl 4.5 ¥ RIS S FERET A A SN LKA

578 iR

oS
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B BTR L FE A T TR KRGS KIFE S Y)
RFE(YDEmB(Q)E A » PP LE LA LEHE

A0 FERBHRHDEAF LRI Z AL > R IFERER IR TR

— g RER R

KT ORRGERY FEN RS EFER o oBl469TT o
Bl 7 o ARG Td R S PR (R 5 0.05 mm) 2 £ 44
ot o im0 A RORIEF R T B ARG SR
AL RS RFETRG(TAFG)L LS Y HFF K
R BT ERE EfRE o BRdp S E kA e BRI Y,

Ybb=Ys—¥ (4.1)

34



m’/s(cms) cm’ /st o jR £ RIS E3E 5 0 H R
FRFEHR oV UEHEY B AP (direct measure method) ;5 v
d - e R Ay BRI ekl CEER . J FEY

EE fuBifF” TLZERFRN T ERE o ieB4.797T o

H o~ M

¥ h3hE A U4 B 4416,000em’ 2 7,000cm? G R

jut]

AR T3 s B BREd BrEaadiarki s R E G
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RHBEENARRER > A e 23 2302%1 7 Akl
BAGR AR S1HT o A8 o LOTHAE T B A R H
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-~ ARAREK
0 Tamae (R )y Tadg 3@ o (B %) 758 30em e
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E
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= FRRoRFE
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2
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g

Fd o A STRRE SR & 5 T,=TRR ik 6 %A (top width)
A 2 T 385 Tl Ry ehdn i o
AT AEE T L6 NG2)Y AR T A H S
A. =(b+my.)y, (5.3)
T, =b+2my, (5.4)
Ko D= AETR R m=RB A S o #BN(53)F N(54)®
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351 RioRmEsn- Fi

BE | Az ] AAEEAE| EH T ¥ (cm) mE HgoRiFE R v ¥ 30cm Ay T kiE iR

B R (B) |#76 A% | Rlta s | (cm?/s) |(Yp.cm) | y (cm) |dmaedic| mf | (y, cem) | (Y, /Y,)
1 A 0 24 0.3 1931.03 1.23 1.62 1.00 | §&& i 1.86 0.66
2 A 0 24 03 4107.98 3.14 2.68 1.00 | §&7 in 5.06 0.62
3 A 0 24 0.3 12810.2 4.40 5.74 0.99 | A in 6.44 0.68
4 A 0 24 0.3 16895.5 5.19 6.72 1.03 [R§RRin 7.70 0.67
5 A 1 24 0.3 2199.18 1.38 1.59 1.17 [R§&R 2.03 0.68
6 A 1 24 0.3 4289.22 1.90 2.55 1.12 [/ 3.15 0.60
7 A 1 24 03 12158.1 3.97 4.97 1.17 [R§&R 6.23 0.64
8 A 1 24 0.3 16210.7 5.02 6.29 1.09 [ {&H i 7.50 0.67
9 A 3 24 0.3 2434.78 1.08 1.55 1.34 [T/ 2.17 0.50
10 A 3 24 03 4452.93 1.60 2.18 1.47 [R§&R 3.23 0.50
11 A 3 24 0.3 11535.7 3.12 3.45 1.91 [/ 6.00 0.52
12 A 3 24 0.3 15936.3 391 4.24 1.94 A7 o 7.40 0.53
13 A 5 24 0.3 2304.91 1.03 1.35 1.56 [R§&H 2.09 0.49
14 A 5 24 0.3 4353.74 1.40 1.72 2.05 [T/ 3.17 0.44
15 A 5 24 03 11173.2 2.40 2.81 2.53 (R §EA 5.88 0.41
16 A 5 24 0.3 15180.3 2.92 3.20 2.82 [RiRF 7.16 041
17 B 0 24 0.3 2525.25 1.53 2.05 0.92 |& §&=Ain 2.24 0.68
18 B 0 24 03 5747.13 2.69 3.32 1.01 | §&/ i 3.82 0.71
19 B 0 24 0.3 10680.9 3.88 4.89 1.05 [ {&Hh 5.70 0.68
20 B 0 24 0.3 18454 .4 5.63 6.89 1.09 [ §&H in 8.16 0.69
21 B 1 24 0.3 2538.07 1.44 1.78 1.14 [ §&H/ 2.23 0.65
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w5 | 4w Ahg R | EH T e (cm) g =B igokiF FE T 25 30em s e ki HIF
(B)  |#ra A% | Rlga s | (ecm®/s) |(Yp.em) | y (cm) |4gsdic| ik (Y, >em) | (Y, /Y,)
22 B 1 24 0.3 5925.93 2.39 3.03 1.20 | §RRh i 3.89 0.61
23 B 1 24 0.3 10767.2 3.72 4.47 1.21 [AR§RA i 5.75 0.65
24 B 1 24 0.3 18890.2 5.09 6.31 1.27 [ATRA i 8.27 0.61
25 B 3 24 0.3 2875.92 1.18 1.59 1.53 &k i 2.42 0.49
26 B 3 24 0.3 6092.92 1.82 2.38 1.77 [R§RA i 3.97 0.46
27 B 3 24 0.3 10282.8 2.77 3.11 2.00 [ATRA 5.57 0.50
28 B 3 24 0.3 18079.1 4.01 421 223 [AFRA 8.05 0.50
29 B 5 24 0.3 2730.11 1.17 1.26 2.06 [AZTRA N 2.34 0.50
30 B 5 24 0.3 5811.84 1.52 1.86 244 ATRA N 3.85 0.40
31 B 5 24 0.3 10113.8 2.46 2.58 2.60 [AZTRA N 5.53 0.44
32 B 5 24 0.3 17185.8 3.57 3.75 2.52 [ATRA N 7.77 0.46
33 C 0 24 0.3 2413.79 1.31 1.68 1.18 | §&Ah in 2.15 0.61
34 C 0 24 0.3 5702.07 2.73 3.09 1.12 A fRA i 3.80 0.72
35 C 0 24 0.3 10139.4 428 4.41 1.16 A TR i 5.52 0.78
36 C 0 24 0.3 15252.6 4.98 5.90 1.13 AR §RA i 7.20 0.69
37 C 1 24 0.3 2423.82 1.19 1.44 1.50 [AZTRA i 2.16 0.55
38 C 1 24 0.3 5816.07 2.48 2.62 1.46 | §RA i 3.85 0.64
39 C 1 24 0.3 10282.8 3.52 3.99 1.37 [R§RA i 5.58 0.63
40 C 1 24 0.3 15810.3 4.50 5.40 1.34 AR i 7.36 0.61
41 C 3 24 0.3 2633.56 1.16 1.17 222 [ARTRA 2.28 0.51
42 C 3 24 0.3 5811.84 1.88 2.15 1.96 [AZ§RA i 3.84 0.49
43 C 3 24 0.3 9803.92 2.85 2.88 2.14 [ATRA 5.40 0.53
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w5 | 4w Ahg R | EH T e (cm) g =B igokiF FE T 25 30em s e ki HIF
(B)  |#ra A% | Rlga s | (ecm®/s) |(Yp.em) | y (cm) |4gsdic| ik (Y, >em) | (Y, /Y,)
44 C 3 24 0.3 14733 3.69 3.70 220 [ARTRA on 7.05 0.52
45 C 5 24 0.3 2500.89 1.04 0.97 2.80 [ATRA N 2.20 0.47
46 C 5 24 0.3 5584.64 1.68 1.62 2.88 | TRA 3.75 0.45
47 C 5 24 0.3 9732.36 2.35 2.48 2.65 | TRA N 5.38 0.44
48 C 5 24 0.3 14505.9 3.21 3.36 2.51 [ARfRA 6.97 0.46
49 A 1 20 0.5 1696.56 1.19 1.68 0.83 |ITRAin 1.91 0.62
50 A 1 20 0.5 3283.3 1.75 1.78 1.47 |A&§RRA 2.94 0.59
51 A 1 20 0.5 6267.14 3.01 3.88 0.87 |& f&f i 4.46 0.67
52 A 1 20 0.5 9937.89 4.25 4.84 0.99 | &R 6.00 0.71
53 A 1 20 0.5 12945 5.12 5.50 1.07 A& FRA i 7.07 0.72
54 A 3 20 0.5 1780.72 0.99 1.20 1.44 | TRA on 1.97 0.50
55 A 3 20 0.5 3246.75 1.52 1.78 1.46 |&§RA 2.92 0.52
56 A 3 20 0.5 6250 2.59 2.10 2.18 [ fRA 4.46 0.58
57 A 3 20 0.5 9318.58 3.31 3.02 1.89 A TRA in 5.75 0.58
58 A 3 20 0.5 12195.1 3.60 3.31 2.16 A FRA i 6.82 0.53
59 A 5 20 0.5 1707.32 0.79 0.85 231 [ARfRA 1.92 0.41
60 A 5 20 0.5 6965.61 1.30 1.28 511 |k in 477 0.27
61 A 5 20 0.5 6024.1 2.23 1.88 248 |AFRR 4.36 0.51
62 A 5 20 0.5 9003.94 2.51 2.50 242 |[ARTRR 5.63 0.45
63 A 5 20 0.5 11181 2.90 2.71 2,67 |RTRA 6.45 0.45
64 B 1 20 0.5 1203.37 1.09 1.45 0.74 AT 1.52 0.71
65 B 1 20 0.5 2376.1 1.55 1.84 1.01 [ATRAon 2.38 0.65
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w5 | 4w Ahg R | EH T e (cm) g =B igokiF FE T 25 30em s e ki HIF
(B)  |#ra A% | Rlga s | (ecm®/s) |(Yp.em) | y (cm) |4gsdic| ik (Y, >em) | (Y, /Y,)
66 B 1 20 0.5 8281.57 3.86 4.82 0.83 |I F&hin 5.34 0.72
67 B 1 20 0.5 12326.7 4.99 5.15 1.12 AR §RA i 6.85 0.73
68 B 1 20 0.5 16096.6 5.99 6.28 1.09 A TR i 8.11 0.74
69 B 3 20 0.5 1202.13 1.00 0.90 1.50 [Aq&A i 1.52 0.66
70 B 3 20 0.5 2592.59 1.69 1.44 1.60 (A T&A i 2.52 0.67
71 B 3 20 0.5 7996 3.13 2.88 1.74 ATRA i 5.22 0.60
72 B 3 20 0.5 11764.7 3.79 3.57 1.86 [AZTRA in 6.65 0.57
73 B 3 20 0.5 15701.7 421 4.20 1.94 TR i 7.97 0.53
74 B 5 20 0.5 1186.64 0.93 0.88 1.54 AR 1.51 0.62
75 B 5 20 0.5 2604.17 1.39 1.34 1.79 R §RA i 2.53 0.55
76 B 5 20 0.5 7751.94 2.29 2.14 2.64 AT N 5.12 0.45
77 B 5 20 0.5 11477.8 3.11 2.94 242 ATRA 6.55 0.47
78 B 5 20 0.5 15108.6 3.49 3.34 2.64 [AZTRA N 7.80 0.45
79 C 1 20 0.5 1606.98 1.22 1.14 1.41 AR 1.84 0.66
80 C 1 20 0.5 4593.18 2.59 2.29 1.41 |74 o 3.65 0.71
81 C 1 20 0.5 6944.44 3.14 2.98 1.43 [ATRA i 4.77 0.66
82 C 1 20 0.5 11670.3 4.39 4.46 1.32 A qeAin 6.63 0.66
83 C 1 20 0.5 16701.5 5.49 5.79 1.28 [AZ§RA i 8.30 0.66
84 C 3 20 0.5 1671.44 0.89 0.86 222 [ATRA 1.89 0.47
85 C 3 20 0.5 4533.68 1.91 1.76 2.06 |RTEA o 3.63 0.53
86 C 3 20 0.5 6568.14 2.39 2.26 2.06 [AZTRA N 4.60 0.52
87 C 3 20 0.5 11363.6 3.34 3.20 2.11 AR 6.52 0.51
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w5 | 4w Ahg R | EH T e (cm) g =B igokiF FE T 25 30em s e ki HIF
(B)  |#ra A% | Rlga s | (ecm®/s) |(Yp.em) | y (cm) |4gsdic| ik (Y, >em) | (Y, /Y,)
88 C 3 20 0.5 16129 5.21 428 1.94 | §RRh i 8.12 0.64
89 C 5 20 0.5 1636.28 1.09 0.77 2.57 |[ARFRR 1.86 0.58
90 C 5 20 0.5 4385.96 1.49 1.52 248 |ARTRA 3.55 0.42
91 C 5 20 0.5 6291.78 2.19 1.96 244 ATRA N 4.47 0.49
92 C 5 20 0.5 10958.9 3.02 3.06 2.18 [ TRA 6.37 0.47
93 C 5 20 0.5 15281.8 3.19 3.46 2.53 [ATRA 7.85 0.41
94 A 1 16 0.7 1366.92 1.29 1.92 0.55 |& f&A i 1.90 0.68
95 A 1 16 0.7 3455.08 2.19 3.27 0.62 |& f&f i 3.43 0.64
96 A 1 16 0.7 8429.93 4.36 6.20 0.58 |& f&f i 5.98 0.73
97 A 1 16 0.7 10624.2 4.99 6.79 0.64 |I TR i 6.89 0.72
98 A 1 16 0.7 13502.1 5.95 7.62 0.68 | f&-fh ik 7.94 0.75
99 A 3 16 0.7 1355.54 1.16 0.81 1.97 & §Rh i 1.89 0.61
100 A 3 16 0.7 4139.56 2.39 1.73 1.93 A& fRA i 3.85 0.62
101 A 3 16 0.7 7940.45 4.01 2.64 1.98 A TR i 5.77 0.69
102 A 3 16 0.7 10165.2 4.09 2.77 235 [A&fRA 6.70 0.61
103 A 3 16 0.7 12578.6 4.49 2.97 2,62 |ARTRA 7.62 0.59
104 A 5 16 0.7 1377.14 1.09 0.63 2,93 |AR§Rh 1.91 0.57
105 A 5 16 0.7 4105.57 2.41 1.31 291 [ARFRA 3.83 0.63
106 A 5 16 0.7 7655.5 2.85 2.02 2.84 [AZTRA N 5.64 0.50
107 A 5 16 0.7 9489.92 2.79 2.30 290 |R§Rh 6.43 0.43
108 A 5 16 0.7 11834.3 3.39 2.57 3.06 |ATRA 7.35 0.46
109 B 1 16 0.7 1200.27 1.25 2.16 0.40 |I A in 1.74 0.72
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w5 | 4w Ahg R | EH T e (cm) g =B igokiF FE T 25 30em s e ki HIF
(B)  |#ra A% | Rlga s | (ecm®/s) |(Yp.em) | y (cm) |4gsdic| ik (Y, >em) | (Y, /Y,)
110 B 1 16 0.7 2798.88 2.06 3.45 047 | &R v 3.00 0.69
111 B 1 16 0.7 6686.17 3.56 5.91 0.50 |& f&-A i 5.20 0.68
112 B 1 16 0.7 11004.1 5.09 7.11 0.62 |& f&fh i 7.03 0.72
113 B 1 16 0.7 16000 6.71 9.11 0.62 |& TR i 8.80 0.76
114 B 3 16 0.7 1213.59 1.05 1.04 1.22 A fRA i 1.75 0.60
115 B 3 16 0.7 3491.27 1.99 1.62 1.80 |[ATRAron 3.46 0.57
116 B 3 16 0.7 6887.65 3.61 2.53 1.82 A& §RA in 5.30 0.68
117 B 3 16 0.7 10575 3.99 3.03 2.14 AR TRR 6.86 0.58
118 B 3 16 0.7 15122.9 4.89 3.91 2.08 | TR 8.50 0.58
119 B 5 16 0.7 1212.75 1.03 0.88 1.58 | fRA i 1.75 0.59
120 B 5 16 0.7 3234.75 2.09 1.41 2.06 |RTRA 3.30 0.63
121 B 5 16 0.7 6672.23 2.45 2.03 246 |RTRR N 5.20 0.47
122 B 5 16 0.7 9667.67 3.00 2.67 236 [ARTRA 6.50 0.46
123 B 5 16 0.7 13769.4 3.70 2.94 291 [ARTRA n 8.05 0.46
124 C 1 16 0.7 1075.6 1.32 1.51 0.61 |& f&f i 1.62 0.81
125 C 1 16 0.7 3014.64 2.12 3.00 0.62 |& f&f i 3.15 0.67
126 C 1 16 0.7 7107.95 4.08 5.41 0.60 | f&f i 5.40 0.75
127 C 1 16 0.7 13125.5 5.83 7.05 0.75 |& f&f i 7.80 0.75
128 C 1 16 0.7 16528.9 6.83 8.00 0.78 |& f&-fh i 8.95 0.76
129 C 3 16 0.7 1069.52 1.09 0.75 1.75 A& §&Rh i 1.62 0.67
130 C 3 16 0.7 3957.04 2.72 1.76 1.81 [ fRA i 3.74 0.73
131 C 3 16 0.7 7023.71 3.89 2.53 1.86 |[A TR in 5.35 0.73
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it |z u) AAEEAE| EHT %5 (cm) P = igoKE FE T 1A 30em A Tk kE L
(R) |%r% A% | Rlta s | (ecm®/s) [(Y,.cm) | y (cm) |4imsdc| ik (y, >em) | (Y, /Y.)
132 | C 3 16 0.7 11653.3 476 3.35 2.02 [ARTRA 7.27 0.65
133 C 3 16 0.7 15122.9 5.30 3.95 2.05 ATRA N 8.50 0.62
134 | C 5 16 0.7 1068.7 1.05 0.64 222 [ATRA 1.62 0.65
135 | C 5 16 0.7 3771.55 2.77 1.45 230 [AZTRA N 3.63 0.76
136 | C 5 16 0.7 6562.76 3.39 2.01 245 ATRA N 5.13 0.66
137 | C 5 16 0.7 11126.6 3.84 3.28 2.00 [ATRA 7.07 0.54
138 | C 5 16 0.7 14842.3 4.29 3.20 276 ATRA v 8.40 0.51
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