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Various types of labyrinth weirs.
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by a labyrinth weir.
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Symbols with a labyrinth weir in this paper.

L R=TiE~-T R=T/2
' Ir

{a) 1/4 M%) b} 1/2P50%d e} B M

Fig7 TV ¥ ZHEOWIEIZIR

A variety of sectional shapes of a labyrinth weir.
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A variety of orientations of a labyrinth weir.
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Examples of a constructed or planed labyrinth weir.
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CF AR
TAKRY F—=A+IUT 1970 1790 2.8 1354 13.54 26.46 3 10
N—FLyy 7x1)— T AT 1983 5920 2.19 375.15 18.3 70.3 343 20.5
N7 PA = ? 400 2 36 18 31 3:2 2
NZ N—=F ) TV )T 1958 1000 0.5 80 4 62.5 ? 20
=T 4 T AT 1977 387 1.8 36.6 18.3 54.6 28:43 2
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=) 7T R 576 2.4 38.92 9.73 28.56 3.5:43 4
IAYVITT NAALT 1967 661 3.01 32 32 65 ? 1
L —H TV )T 1983 350 1.9 29.19 9.73 2856 |3.5:4:5 3
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Diagram defining the scope of Taylor's investigation (Taylor, 1968).
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A labyrinth weir with aprons and bed drop (Taylor, 1968). Typical test results by Taylor (Taylor, 1968).
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LEEZOLND, Variation of discharge magnification ratio
3D WP eGSR (nappe interference DEhH:) 1, by side angles (Taylor, 1968).
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EIIRIT & QU R L 1T LT L AR S vy, WP
DEHITE/NN R B EEHIEORIIED  EE R
bitb,

A I NVEIE T ) v A i iR R L
o7z,

CH/PZ05 2BV TS % T, RiRKm & TR
K (780 Y ATFRAED» S FRABKOER) O
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T 5 XEHE L FEEE, T8 v ABORGRRET)
BEALEEIN o7, L L, HikIELL
ThE QUMK L7,
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HIE L D #20% 5 < b, 7Y ¥ ABALL 72
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L% L, Taylor (1968) DEERAEGFIIL, W HP O
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3B L725Eet y TORRmIc Le#HATE 2w
EEOREN S Y (Lux et al., 1985), FRCOME#EFIC
DVTH INLDHDS DFEBREPLETH L, MAT
QUQEINCEE L, EFIE, T8 ¥ AEOFT HEE K IE
Z—E L7222 EIE BRI EDNH D, ThWR,
FERFL ) EKZL O % 52 5 Z L2 Cassidy et al. (1985),
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TEE L LI BRI ARSE S B Ttk
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(auxiliary spillway) 7> 5T 5D TdH 525, BIKTIE
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Variation of Cw by Wi/P (Lux et al., 1985).
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Variation of Cw with a sharp crested labyrinth weir (Lux et al., 1985).
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DEEIMD EE 25N D (Fig1d ),

- nappe interference (3 A/W, DK (Z ML), T/P
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FEHRFEE (B Fig1d) TIE, A 7 v BEm LIz L
BEFEHES WL L) RN LEEDT LW,
COLIBEED, T v AEEREEELT S, %
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Diagram defining the scope of this investigation.
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Increase of crest length per unit width in restricted longitudinal
space by a high density or rectangular labyrinth weir.
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F7z, DUF CRBMEROM R HHIRE S 25613
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LCENEEEDCIIVHESNEZ 2L 7V — FH
PHNCES XTI b D LT 5,

a FERMEEY

FEBRIKERG 2 520 AL E O FBR kit 5 1 LR
B EOBGKEH % K& TE, EBRIZBIT S H/P O
B LT 55 & IR 2 BER 0 72 8 O i/ N
KBS LT b, BERD /NS TE, EBE
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LY v AR ORI & KB IR 25— 5
(KTFE) 12HBEHICL TV A,

OB, 7 » AEORBRIHRIRI O T 1A
RSURRL DD, ZORKNEL KEE T IFHORT
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The experiment flume of this investigation.

E
. EnE
3 E R
-
Fia TR T4
| @™ — s . =—

Fig18 7Y v AMEDFEEfi%

The experiment facilities of this investigation.
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d/P, hdP OFIHFENO RS BEARSE (M, 2.) &£13
IZFBREHEE S NS,

—7J, BOWTEIZIRIZOWTIE, F v 7 THIBIRICE
W /4 B (Fig.7) ASHCREESD, B T4 oo i < A
ThAH, BIEKETH Yy TTRIEIRPZELT S5
v AT, 14 PN L7223, £ FIEOBEN L
TLEWST A= L, FHE (AW ICH#E), %E
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Discharge obstruction by nappe interference (Taylor,1968).
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Table 3 REEMOIEI H/P [t O in S8 A5 (A (H/P))

Ranges of H/P that unstable overflow state occurs and
boundary H/P of the state.
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W n b HP, TH  AEE

FARAET 5 HP D% (= A (HP)))

w
AW | wop
2 5 8
05 | 0437 ~ 0484 | 0223 ~065 | (0.20) ~ 0850
: 0.048 0.429 0.65
.| 042-073 | 0318~ 081 | 0278 ~ 0.668
0310 0.497 039
o | 15 | 031~ 0731 | 0203 ~046 | 0237 ~ 0421
' 0421 0.259 0.18
S| 0283~ 0655 | 0267 ~ 039 | 0287 ~ 0370
0372 0.121 0.08
, | 0348~ 058 | 0.266 ~ 0.401 | 0.269 ~ 0378
0.236 0.136 0.11
05 |0448 ~ 04855| 0239 ~ 072 | (0.23) ~ 0.828
: 0.038 0.478 0.60
.| 0510~ 0.68 | 0248 ~ 0.87 | 0.284 ~ 0,675
0.169 0.618 0.39
036 ~ 073 | 0.260 ~ 045 | 0.223 ~ 0431
0.0765| 1.5 0376 0.195 021
o | 0314 ~062 | 0249 ~038 | 0237 ~ 0374
0.304 0.134 0.14
, | 0348 ~ 044 | 0207 ~ 046 | 0256 ~ 0.411
0.095 0.255 0.16
05 | 0406 ~04365] 0215 ~ 0.703 | (0.189) ~ 0.895
: 0.031 0.488 0.71
| 0471 ~ 06325] 0198 ~ 1031 |(0.225) ~ 0.846
0.162 0.833 0.62
ots | 1s 0393 = (0:638)] 0.178 ~ 0558 | (0.244) ~ 0.606
: ' 0.245 0.380 036
o | 0288 ~ 0560 | 0.198 ~ 0,561 |(0.225) ~ 0.704
0272 0.363 0.48
, | 0283 ~ 0441 |(0.181) ~ 0.791|(0.226) ~ 0.871
0.159 0.610 0.65
05 | 0354 ~ 0424 [ (0.173) ~ 0.704] (0.168) ~ 0.847
: 0.071 0.531 0.68
| | 0379 ~ 0583 | (0.170) ~ 1.057|0.179) ~ 0.819
0.205 0.887 0.64
025 | 15 | 0348 ~ 0,666 | (0.173) ~ 0.607|(0.245) ~ 0.643
: ' 0318 0.434 0.40
L | 0324~ 0520 | 0.180 ~ 0,675 | (0.266) ~ 0.745
0.197 0.495 0.48
, | 0344 ~ 0757 | (0.182) ~ 0.819|(0.208) ~ 0.888
0.413 0.637 0.68
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Table 4

EARE C. oIl

89

Regression formulas of C.. in sharp crested labyrinth weirs including high density or quasi-rectangular shapes.

(H/P = Cur [JFR Cur=ar (HP)* + b (H/P)? + ¢+ (H/P)* + d- (H/P)+ e DER a, b, ¢, d, e /Lt O #H H/P)

LW
A/W | W/P
2 5 8
0, 0, 8.30, —6.87, 3.64 / 0.178 ~ 0.4286 0, 0, 209, -19.7, 8.02 / 0.154 ~ 0.427 14.4, -48.4, 60.8, -35.7, 11.8
0.5 |0, 0, —48.89, 49.70, —10.10 / 0.4286 ~ 0.5064 | 0, 0, —16.4, 15.7, =2.94 / 0.427 ~ 0.504 /0177 ~ 1.093
0, 0, -3.301, 2.398, 2.163 / 0.5064 ~ 0.6853 | 0, 0, 1.59, -4.07, 5.10 /" 0.504 ~ 1.069
0, 165, -150, 42.2, -0.671 / 0.241 ~ 0.411 0, 0, 14.0, -16.8, 9.17 / 0.180 ~ 0.350 9.669, —33.13, 45.00, -31.35, 13.30
1 | -188, 55.4, -60.4, 27.6, -1.66 /" 0.411 ~ 0.705 | 0, =31.02, 53.33, =32.65, 11.23 /0.350 ~ 0.608 /0206 ~ 1.124
0, 0, 1.94, —4.48, 474 / 0.705 ~ 1.083 0, 0, 1.75, =5.19, 6.63 / 0.608 ~ 1.042
0 | 45 |0 355 623,208, 3.06 /0389 ~ 0.637 0, —44.2, 56.1, -27.5, 10.4 / 0.146 ~ 0.486 2.82, —14.4, 279, =262, 13.6
= 10,0, 0937, 2.74, 414 / 0.637 ~ 1.368 0, 0, 3.28, -8.36, 8.50 / 0.486 ~ 1.076 /0190 ~ 1.213
0, 66.4, —60.1, 17.1, 1.74 / 0.257 ~ 0.438 0, -77.0, 84.6, =359, 11.6 / 0.237 ~ 0.375 2767, -13.29, 2537, —24.21, 13.16
2 10,197, -37.7, 21.8, -0.693 / 0438 ~ 0.581 |0, 0, 3.66, -8.94, 8.81 / 0.375 ~ 1.095 /0207 ~ 1.329
0, 0, 1.26, =3.45, 4.69 / 0.581 ~ 1.052
4 | 535, -117, 895, -28.7, 6.56 /0283 ~0.520 |0, -27.84, 25.41, —13.66, 9.21 / 0.225 ~ 0.344 | 4.575, —20.64, 36.27, —31.28, 14.96
0, 0, 0.787, -2.51, 439 / 0.520 ~ 1.418 0, 0, 4.06, -9.58, 9.20 / 0.344 ~ 1.071 /0240 ~ 1.055
0, 0, 9.22, -8.15, 4.11 / 0.202 ~ 0.443 0, 0, 24.6, =234, 921 / 0.139 ~ 0.333 6.44, =252, 37.8, -27.1, 11.0
05 | 00, 405, 418, -8.26 /0.443 ~ 0.508 73.72, —174.7, 152.4, —60.27, 12.86 /0.232 ~ 1.298
~ 10,0, 1.18, -2.70, 3.59 / 0.508 ~ 0.9494 /0.333 ~ 0.553
0, 0, 2.03, -5.09, 5.68 / 0.553 ~ 1.084
| |0, 136,231, 404, 3.89 /0.194 ~ 0.6307 0, -28.5, 43.3, =26.0, 10.4 / 0.182 ~ 0.608 11.60, -39.86, 53.74, —36.20, 14.13
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The Performance and Discharge Characteristics of High Density or
Quasi-rectangular Labyrinth Weirs for Small Dam Spillways

TSUNESUMI Naoto

Summary

There are a large number of small dam, more than 200,000, in Japan for irrigation of paddy fields. Most of these
small dams have been constructed before the modern period with old construction methods. Therefore, disasters of
dam breakage sometimes occur in large rainfall. In order to prevent these disasters, a refurbishing project of old small
dams have been conducted in recent years. A problem in the project is that total refurbishing costs will become large
by numerous old small dams though refurbishing costs per one small dam is small.

In this thesis, I examined hydraulic performances of a labyrinth weir in order to reduce a spillway refurbishing
costs which occupies large part of a dam refurbishing costs, especially in a fill dam.

A labyrinth weir is a zigzag plane shaped weir and it is expected to decrease a spillway size by its high discharge
ability. Especially, a high density or quasi-rectangular labyrinth weir can be preferable in limited space, e.g., on a
refurbished spillway of a small fill dam because the crest length of the labyrinth weir is relatively long even if the
longitudinal space is limited. But discharge coefficient, overflow state of a high density or quasi-rectangular labyrinth
weir was not clear enough for its application to a dam spillway. Its overflow state can be a problem because the
overflow state often becomes unstable by its thin sectional shape which is inevitable for its zigzag plane shape.

From the above considerations, I examined discharge ability, overflow states with sharp crested labyrinth weirs
including them of high density zigzag shape or rectangular shapes.

Results of this thesis are summarized in the following.

1) Relations between H/P (H:overflow head, P:Weir height at upstream side) and discharge coefficient, overflow
states became clear with sharp crested labyrinth weirs including them of high density or quasi-rectangular shapes.
And discharge coefficient formulas of them were proposed (see Table 4).

2) H/P range of unstable overflow became clear from 1) (see Table 3). It is useful to decide the design head for
overflow stability by splitter piers, increase of tailwater level.

3) It became clear from 2) that H/P range of unstable overflow was narrow in shapes of W/P = 1.5 ~ 2 in spite of
change of A/W, L/W (W : width of 1 cycle of a labyrinth weir except its elbow, L : crest length of 1 cycle of a
labyrinth weir except its elbow, A: apex half length of a labyrinth weir).

4) Tt became clear that labyrinth weirs of W/P = 2 and A/W = 0.0765 had the advantage by both their discharge
ability and overflow stability on the condition of small dam spillways.

5) Hydraulic design procedures were proposed with sharp crested labyrinth weirs.

Keywords: dam, spillway, weir, labyrinth weir, hydraulic design
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