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with Rounded Edges
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Abstract: A broad-crested weir is a flat-crested structure, acting as a hydraulic control, which may be used to measure the discharge.
Detailed observations of free-surface profiles, pressure, velocity, and boundary shear stress distributions were performed in a large-sizes
weir with rounded corners. The data highlighted a rapid redistribution of pressure and velocity profiles. The dimensionless discharge co-
efficients ranged from 0.92 to 1.04. The velocity data implied a developing boundary layer along the broad crest. The boundary shear stress
increased as the flow accelerated toward the downstream end of the crest, where a local peak of shear stress was observed. The shear stress
was relatively uniform across the weir, except next to the sidewalls. Based upon the nonhydrostatic pressure and nonuniform velocity distri-
butions, the detailed hydrodynamic characterization demonstrated that the flow was critical along the entire broad crest length. DOI: 10.1061/

JIDEDH.IRENG-10666. © 2025 American Society of Civil Engineers.
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Introduction

Hydraulic engineering encompasses the storage, regulation, and
safe conveyance of water in natural and manufactured systems.
Hydraulic structures play an essential role in water storage, flow
control and measurements (Wegmann 1911; Jaeger 1956; Montes
1998). At a dam and weir, the spillway crest controls the discharge
outflow for ungated structures [Fig. 1(a)]. The discharge above
the crest is typically expressed by the weir equation (Henderson
1966)

Q:CDX\/gX<§X(H1—AZ)>3XB (1)

with Q = volume flow rate; Cp = dimensionless discharge coef-
ficient; H; = upstream above crest, Az = weir crest elevation; g =
the gravity acceleration; and B = crest breadth [Fig. 1(b)]. The
discharge coefficient Cp is a function of the weir shape, weir
height, and upstream total head (Bos 1976; Ackers et al. 1978).
For an ideal fluid overflow above a broad-crested weir, theoretical
considerations yield: Cp = 1 (Henderson 1966; Chanson 2004).

A broad crest refers to as a flat crest for which the length along
the flow direction L is significantly greater than the upstream head
above the crest (H; — Az). Thus, the streamlines above the crest are
parallel to the crest, i.e., straight horizontal, and yield near-
hydrostatic pressure distributions (Bos 1976; Castro-Orgaz and
Hager 2017). Fig. 1(a) presents a photograph of large dam spillway
equipped with a broad crest. Physically, the crest is considered
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broad when the ratio L/(H; — Az) is larger than 1.5 to 3 (Govinda
Rao and Muralidhar 1963). Although less efficient than an ogee
crest, the broad crest design is simpler and facilitates vehicular ac-
cess during and post construction. The hydraulics of broad-crested
weirs has been investigated for nearly two centuries. Seminal
contributions encompassed Bélanger (1841), Bazin (1896) and
Woodburn (1932). Some systematic comparison showed larger
discharge coefficients with an upstream crest rounding of the weir
crest because of the reduction in flow separation (Tison 1950;
Ramamurthy et al. 1988). Recent physical studies of broad crest
on tall structures illustrated the effect of large vortical structures
in the approach flow (Gonzalez and Chanson 2007; Zhang and
Chanson 2016).

The present study aimed to characterize the pressure, velocity,
and boundary shear stress distributions properties on a broad crest
with rounded edges. The experimental observations were under-
taken above a 1 m wide 1.4 m high structure. The data set provided
a detailed characterization of the two-dimensional flow field.

Experimental Facility and Instrumentation

New experiments were conducted in a large flume with very
smooth inflow conditions. The water was supplied by three alter-
nating currents (AC) pumps through a manifold-style diffuser in-
stalled in a 1.7 m deep and 5 m wide intake basin, which was
equipped with a series of baffles and flow straighteners. The flow
smoothly converged in a 2.8 m long symmetrical section with a
converging ratio 5.08:1, yielding a waveless flow into the flume.
The flume was 0.985 m wide with acrylic sidewalls. The broad-
crested weir was 0.542 m long (L = 0.542 m) with a PVC invert
and rounded ends, with a 1.4 m high vertical upstream wall
(Az = 1.4 m). The upstream rounding radius was 0.058 m, and the
downstream rounding radius was 0.012 m, with 180° bend, as
sketched in Fig. 1(b). The broad-crested weir ended with a 1.4 m
high steep stepped (1V:0.8H) chute.

The upstream water level was recorded with a point gauge using
a MeasumaX single column digital height readout and with an ac-
curacy +0.05 mm. The water depth measurements along the crest
were performed with three systems: a rail-mounted point gauge,
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Fig. 1. Flow with a broad crest: (a) Gold Creek Dam spillway (Australia) in operation on 26 February 2022 for Q = 38 m?/s; and (b) Definition

sketch of an overflow above a broad crest with rounded edge.

a sidewall ruler and some sideview photography. The accuracy was
£0.5 mm. The pressure and velocity were measured using a
3.1 mm diameter stainless steel Dwyer series 160 Prandtl-Pitot
tube. The tube featured a 1.19 mm diameter dynamic tapping and
four 0.51 mm diameter static openings located 9 mm behind the
dynamic tapping. The Prandtl-Pitot tube was connected to an air-
water manometer open to the atmosphere. The position of the
velocity probe was measured by a Mitutoyo digital scale unit with
a vertical accuracy of £0.025 mm, and the horizontal accuracy was
41 mm. The local boundary shear stress 7, was recorded with the
Prandtl-Pitot tube lying on the invert acting as a Preston tube.
Based upon the Prandtl mixing length theory, the boundary shear
stress is related to the velocity reading V,,

Tosz<ﬁx%)2 2)

with p = water density; x = von Karman constant (k = 0.4);
and N = inverse of the velocity power law exponent, i.e., N =7
for a smooth turbulent boundary layer (Cabonce et al. 2019).
Photographic and video observations were recorded with an
Apple iPhone Xs, a Casio EX-10 Exilim camera and a dSLR
Pentax K-3 camera.

Visual observations were conducted for discharges up to
0.20 m?/s. Velocity, pressure and boundary shear stress measure-
ments were undertaken for upstream heads above crest 0.110 m <
(H; — Az) <0.235 m, corresponding to 0.20 < (H; — Az) /L < 0.45,
and water discharges between 0.058 m?/s and 0.193 m?/s (Table 1).

The experimental flow conditions are summarized in Table 1 and
compared to previous physical studies of broad-crested weirs with
rounded edge.

Basic Flow Properties

Flow Patterns

For all experiments (Table 1), the upstream flow was smooth and
quiescent with very low inflow turbulence, as evidenced by dye
injection. The water velocity increased over the broad crest and
the flow became supercritical on the downstream steep slope. Fig. 2
illustrates a few typical flow conditions and two video movies are
available in the digital appendix (Appendix I). Dye injection
showed that the streamlines were nearly parallel to the invert about
the middle section of the crest, while streamline curvature was ob-
served at both upstream and downstream ends. The video movies
CIMG8069.mov and CIMG8073.mov illustrate two different over-
flow conditions, in which the streamlines are highlighted by dye
injection (Supplemental Materials). As the water flowed over the
flat crest, the free-surface elevation gradually decreased. Herein,
the downstream rounding forced the streamlines to turn downward
toward the 1V:0.8H steep chute, as reported by Zhang and Chanson
(2015) with a 1V:1H steep slope.

The longitudinal free surface profiles were recorded for several
upstream heads above crest and typical data sets are reported in
Fig. 3. The data highlighted a good agreement between the different

Table 1. Experimental flow conditions of broad-crested weir studies with rounded edges

Reference B (m) L (m) Az (m)

Weir geometry

Comment

Q (m?/s) Re

Present study 0.985 0.542 1.4

Woodburn (1932) 0.61  3.05 to 4.57 0.53

Rounded edges and vertical wall

Rounded edge and vertical wall

0.001 to 0.2 0.4 x 10° to 8.1 x 10°
0.058 to 0.193 2.4 x 10° to 7.8 x 10°

Visual observations
Velocity, pressure

and boundary shear
stress measurements

0.057 to 0.311 3.7 x 10° to 20 x 10°

Isaacs (1981) 0.25 0.38 0.064 Rounded edge and vertical wall ~ 0.0008 to 0.009 0.12 x 103 to 1.4 x 10°

Ramamurthy 0.254 0.3048 0.1016  Rounded edge and vertical wall — —

et al. (1988)

Gonzalez and 1.0 0.60 0.90 Rounded edge and vertical wall ~ 0.046 to 0.18 1.8x10° to 72 x 10°  Geometry |

Chanson (2007) 0.88 0.99 Rounded edge and vertical wall 0.05 to 0.26 3.2x10° to 10 x 10°  Geometry 2
0.62 0.99 Rounded edge with overhanging  0.0064 to 0.17 2.7 x 10° to 6.8 x 10°  Geometry 3
0.62 0.99 Rounded edge and vertical wall ~ 0.0064 to 0.21 2.7 x 10° to 8.4 x 10°  Geometry 4

Felder and 0.52 1.01 1.0 Rounded edge and vertical wall  0.0025 to 0.142 1.9 x 10° to 11 x 103

Chanson (2012)

Zhang and 0.985 0.6 1.0 Rounded edge and vertical wall ~ 0.035 to 0.20 1.4 x 10° to 8 x 10°

Chanson (2016)

Note: B = channel breadth; L = broad-crest length; Q = water discharge; Re = Reynolds number defined in terms of the hydraulic diameter Dy;; Az = weir crest

height; and (—) = information not available.
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Fig. 2. Photographs of broad-crested weir overflow with flow direction
from left to right—(a) Q = 0.0585 m3/s, (H, — Az)/L = 0.203;
(b) Q = 0.149 m3/s, (H; — Az)/L = 0.369; and (c) Q = 0.194 m?/s,
(H, — Az)/L = 0.435.

Weir geometry
X (Hj-Az)/L =0.20 - Point gauge (CL)

—— — (H;-Az)/L = 0.20 - Median (five sidewall profiles)
+  (Hj-Az)/L = 0.40 - Point gauge (CL)

(H;-Az)/L = 0.40 - Median (five sidewall profiles)
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Fig. 3. Longitudinal free-surface profiles above the broad-crested weir:
comparison between centerline point gauge data and sideview imaging
data. (Median of five photographs.)
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Fig. 4. Dimensionless discharge coefficient above broad-crested weirs
with rounded edges—Comparison between present study and earlier
data sets. (Bazin 1896, Bos 1976, Felder and Chanson 2012, Zhang and
Chanson 2016.)

measurement techniques. While the water surface was flat in the
middle of the crest, the curvature of the surface was relatively sig-
nificant in the vicinity of both ends of the broad crest (Fig. 3). At
low discharges, the water depth was relatively constant along the
crest, before rapidly decreasing at the downstream end of the weir.
At high discharges, in contrast, the flow was not parallel to the
invert at any point along the length of the weir. These patterns
were consistent with previous works (e.g., Zhang and Chanson
2016).

Discharge Coefficient

The dimensionless discharge coefficient Cp, was derived from the
measured head above crest (H; — Az) and the discharge calculated
from the equation of conservation of mass

Q:/Avxdi 3)

with the velocity measurements performed above the crest at
x/L = 0.55. The discharge coefficient data were approximately
a linear function, with increasing dimensionless discharge coeffi-
cient with increasing dimensionless upstream head (H; — Az)/L
(Fig. 4)

H - A H —A
(:]3:0.90+0.26x1?x for o.2<1Tx<0.45 (4)

The present data are compared to earlier data sets of broad-
crested weirs with rounded edges in Fig. 4 (Bazin 1896; Bos 1976;
Felder and Chanson 2012; Zhang and Chanson 2016). The com-
parison showed a good agreement, with Cp positively correlated
to the dimensionless upstream head above the crest.
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Fig. 5. Dimensionless distributions of pressure and velocity above
the broad-crest centerline: (a) pressure distributions for (H; — Az)/
L = 0.20; and (b) velocity distributions for (H; — Az)/L = 0.20.

Velocity and Boundary Shear Stress

Pressure and Velocity Distributions

For all experiments, the data sets showed a longitudinal redistrib-
ution of the pressure field. The pressure distributions were nonhy-
drostatic at the upstream and downstream ends of the broad crest,
and were hydrostatic only about the midsection of the weir crest.
This is illustrated in Fig. 5(a), presenting typical vertical distribu-
tions of pressure.

The velocity data showed a major redistribution in velocity pro-
files from the upstream end toward downstream end of the broad
crest [Fig. 5(b)]. For 0.185 < x/L < 0.74, the velocity distributions
presented a typical profile observed in an open channel flow, with
zero at the invert and a monotonically increasing velocity toward
the free surface. At the upstream and downstream ends of the broad
crest, the velocity distributions markedly differed. The maximum
velocity was observed about midwater column, as a direct
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consequence of the streamline curvature [Fig. 5(b)]. Along the
crest, the longitudinal variations in velocity distributions implied
the development of a turbulent boundary layer along the crest in-
vert, as previously discussed (e.g., Gonzalez and Chanson 2007;
Zhang and Chanson 2016).

Boundary Shear Stress

The boundary shear stress along the crest invert was measured with
a Prandtl-Pitot tube acting as a Preston tube. The measured boun-
dary shear stress ranged from 0.1 to 22 Pa. Typical data sets are
presented in Fig. 6.

On the channel centerline, the boundary shear stress increased
almost monotonically from the upstream end of the crest toward its
downstream end. In the middle of the crest, the trend was nearly
linear [Fig. 6(a)]. The rate of increase in shear stress was positively
correlated to the dimensionless upstream head (H; — Az)/L. A
slightly different trend was observed at the lowest flow rate,

e., (H; — Az)/L = 0.20, with a nearly constant dimensionless
shear stress. Overall, the dimensionless boundary shear stresses
To/lp x g X (H; — Az)] ranged from 0.00003 to 0.01, correspond-
ing to a Darcy-Weisbach friction factor from 0.001 to 0.3. The
present data were close to the data sets of Felder and Chanson
(2012) obtained using two different approaches, namely the mo-
mentum integral principle and the law of the wall next to the
invert.

The boundary shear stress data were reasonably uniformly dis-
tributed across the breadth of the crest [Fig. 6(b)]. Some sidewall
effects were observed with some local maximum in shear stress
next to the walls, and these were about symmetrical on both sides.
The local maximum in boundary shear stress was believed to be
linked to the formation of elongated corner vortices with horizontal
axis. Such vortical structures were likely an extension of the spiral
vortices seen upstream of the vertical upstream wall of the weir by
Rouse (1938, pp. 75 and 271) and Gonzalez and Chanson (2007,
p. 109). A contour plot of boundary shear stress is illustrated in
Fig. 6(b). The contour map showed the boundary shear effects im-
posed by the crest invert and sidewalls boundary of the wall as well
as the rapid flow acceleration near the downstream end of the crest
(ie, 0.8 <x/L < 1).

Critical Flow Conditions

At a spillway crest, the flow condition is critical because the spe-
cific energy is minimum (Bakhmeteff 1912, 1932; Henderson
1966). At a broad crest, the specific energy is minimum and
the flow must be critical along the entire broad crest. For a fric-
tionless free-surface flow, a detailed general solution of critical
flow was developed, encompassing nonhydrostatic pressure
and nonuniform velocity distribution situations. There exists an
unique relationship between the pressure correction coeffi-
cient A, the velocity correction coefficient (3, and the dimension-
less discharge coefficient Cp (Appendix II). Combining with
the equation of conservation of mass, the condition for mini-
mum specific energy gives a relationship between the ratio
X = d/Emin

1 1
X3——XX2+—X(

A 27 \3 n 0 ©)

2\3 2

_) o B xCp _

in which d = expression of the critical depth for nonhydrostatic
pressure distribution and nonuniform velocity distribution.
While Eq. (5) presents four types of solution depending upon
the sign of the discriminant (Chanson 2006), the present data
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Fig. 6. Dimensionless boundary shear stress above the broad-crested weir: (a) longitudinal distributions of boundary shear stress above the
broad-crest centerline; and (b) contour plot of dimensionless boundary shear stress above the broad-crest for (H; — Az)/L = 0.20.
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Fig. 7. Dimensionless flow depth above the crest A x d/(H; — Az) as
a function of 8 x C} x A? along the length of the crest—Comparison
between data and theoretical solution [Eq. (5)] for (H; — Az)/L =
0.20 and 0.37.

followed relatively closely two of the solutions, as previously
reported. In Fig. 7, two complete data sets are shown. In the cur-
rent study, the pressure and velocity correction coefficients A
and 3 were derived from the pressure and velocity measurements
respectively (Appendix III). The comparison between theoretical
solution and experimental data indicated a change in solution
depending upon the longitudinal location x/L as illustrated
in Fig. 7.

Implicitly, the current experimental data demonstrated that the
flow conditions were critical above the entire broad crest. It is
acknowledged that the theoretical solution assumed no energy
loss, while the present velocity data indicated the presence of a
bottom boundary layer development. The latter implied some
boundary friction, while the local shear stress maxima next to
the sidewalls suggested some strong secondary motion in the bot-
tom corners.
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Conclusion

New experiments were undertaken with a focus on the flow field on
a large broad crest with rounded edges. The fluid flow measure-
ments encompassed free-surface, velocity, pressure, and boundary
shear stress distributions. Although the data were overall in agree-
ment with the detailed literature, they brought newer insights into
the fluid flow motion.

The critical flow conditions took place along the whole stream-
wise length of the broad crest, although the velocity and pressure
distributions were nonuniform and nonhydrostatic at the upstream
and downstream ends. The marked deviations at both ends of the
weir crest were caused by the rapid redistributions of flow field and
streamline curvature. The longitudinal distributions of dimension-
less boundary shear stresses on the crest centerline, corresponded to
Darcy-Weisbach friction factors increasing from 0.001 to 0.3 with
increasing streamwise distance. The dimensionless discharge coef-
ficients ranged from 0.92 to 1.04, while the correction coefficients
A and g varied within 0.3 < A < 1.01 and 1.01 < 8 < 1.03 above
the crest. The transverse distributions of boundary shear stress were
symmetrical about the crest centerline, with local maxima next to
the sidewalls likely caused by elongated tornadolike eddies ema-
nating from the bottom of the weir upstream wall.

The present data set was collected in a large-size facility, and the
results can be extrapolated to full-scale prototypes with minimum
scale effects. They showed that the dimensionless discharge coef-
ficients for broad-crested weir with rounded edges increased with
increasing upstream head above crest. The study highlighted the
importance of the approach flow conditions and some implications
for the three-dimensional flow motion over the weir crest, e.g., in
terms of boundary shear stresses.

Appendix I. Video Movies of Broad-Crested Weir
Overflow

New physical experiments were undertaken in a relatively large fa-
cility with very smooth inflow conditions. The broad-crested weir
was 0.542 m long, 0.985 m wide with a PVC invert and rounded
ends, with a 1.4 m high vertical upstream wall. Video movies were
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Table 2. List of digital video movies and flow conditions

Geometry H —Az@m) Q@m’/s) (H, — Az)/L  Video movie filename Camera (and lens) Description
Present study 0.135 0.080 0.249 CIMG8069.mov Casio EX-10 Exilim  HD movie [30 fps] with dye injection
0.175 0.121 0.323 CIMG8073.mov Casio EX-10 Exilim  HD movie [30 fps] with dye injection

Note: H, = upstream head; Q = discharge; and Az = weir height.

recorded during some experiments with colored dye injection (see
Supplemental Materials). Their description and the corresponding
flow conditions are listed in Table 2.

Appendix Il. Theoretical Considerations

The relationship between volumetric flow rate above a weir crest,
upstream reservoir level, and weir crest geometry [Eq. (1)] is based
upon a combination of the equation of conservation of mass, the
Bernoulli principle applied between the upstream reservoir and
weir crest, and the definition of critical flow conditions in open
channels. For a rectangular hydraulic structure, the equation of con-
servation of mass states

Q = Vst X derest X B Continuity principle (6)

with V. = cross-sectional averaged velocity at the crest, d .y =
water depth at the crest and B = transverse breadth of the crest. The
Bernoulli principle applied between the upstream reservoir and
weir crest yields

E e = Hl — Az Bernoulli principle (7)

with E...q = specific energy at the crest and Az = weir crest eleva-
tion above the reservoir invert [Fig. 1(b)]. In open channels, it is
common to use the depth-averaged specific energy within the frame
of relevant assumptions (Liggett 1993; Chanson 2006; Castro-
Orgaz and Chanson 2014)

V2
2xg

E=Axd+p3 (8)

with A and (3 = pressure and velocity correction coefficients,
respectively, defined as

1 d P
A= 3 + /0 oxgxd x dy pressure correction coefficient (9)

:fg‘VxxVxxdy

8 dx V2

velocity correction coefficient  (10)

where P = local water pressure; y = distance normal to the invert;
and V, = local velocity component. Physically, the coefficients A
and (3 respectively account for the nonhydrostatic pressure and non-
uniform velocity distribution at the weir crest. For a hydrostatic
pressure distribution, A = 1, and 8 = 1 for an uniform velocity dis-
tribution. At the weir crest, critical flow conditions occur and E is
minimum (Bakhmeteff 1912, 1932; Chanson 2004)

assuming that dA/0d = 0 and 03/0d = 0, with q the unit dis-
charge: ¢ = Q/B. Eq. (B-7) satisfies the minimum specific energy
condition for smooth, frictionless flows with nonuniform velocity
profile and nonhydrostatic pressure distribution (Chanson 2006).

The combination of the basic principles provides a complete
characterization of the critical flow properties at the weir crest with
a rectangular cross section

B
derest = XXE (13)
A
Verest = \ Bxgxq (14)

The water depth and velocity at the crest are related as

[A
Verest = B X g X depet (15)

and the minimum specific energy equals

3
Ecrest = 5 x A x Aerest (16)

The Bernoulli principle [Eq. (B-2)] yields the weir equation for
an ideal fluid flow, neglecting friction and energy loss

1 o) 3/2
Q= mx gx(gx(Hl—Az)) xB  (17)

For an ideal fluid flow above the weir crest, Cp equals

1
Cp = ———= Ideal fluid flow (18)

VB x A?

The result is valid for any overflow weir shape. For an ideal fluid
flow motion, the ratio Cp/[1/(3 x A?)]'/? is unity. Experimental
data (not shown) indicated some slight deviation from unity caused
by friction and energy losses.

Appendix lll. Pressure and velocity correction
coefficient in critical flow above a broad crest with
rounded edges (present study)

Axd/
OE ” . 2 x A2 -
(— = 0> Critical flow conditions (11) Hm wb G A A BxCox A (Hi— A7)
od Q=constant 0.110 0 1.036  1.016 0.928 0.940 0.777
0.110 0.185 0970 1.011 1.005 0.961 0.694
Thus, the following relationship holds at the weir crest: 0.110 0369 0953 1.012 1.011 0.939 0.625
0.110 0.554 0953 1.013 0.999 0.919 0.599
2
q o .. .. 0.110 0.738 0917 1.015 1.000 0.853 0.563
A=fx g =0 Crtical flow conditions  (12) 9110 0923 0939 1015 0879 0691 0.439
© ASCE 06025005-6 J. Irrig. Drain. Eng.



Appendix lll. (Continued.)

Axd/
H, (m) x/L Cp 38 A BxChx A (H —Az)
0.110 1 0.996 1.025 0.384 0.150 0.164
0.151 0 0.985 1.022 0.928 0.855 0.789
0.149 0.185 0983 1.008 1.000 0.975 0.730
0.149 0.369 0.967 1.009 1.007 0.956 0.644
0.150 0.554 0970 1.010 1.000 0.951 0.595
0.149 0.738 0981 1.010 0.963 0.901 0.541
0.150 0923 0985 1.012 0.820 0.659 0.403
0.150 1 1.035 1.025 0.289 0.092 0.123
0.200 0 1.026  1.028 0.920 0916 0.798
0.200 0.185 1.004 1.007 0.988 0.990 0.761
0.200 0.369 1.010 1.007 1.014 1.057 0.701
0.200 0.554 0995 1.007 1.002 1.001 0.625
0.200 0.738 1.014 1.007 0.991 1.017 0.563
0.200 0.923 0988 1.009 0.805 0.639 0.387
0.200 1 1.036  1.021 0.565 0.349 0.239
0.235 0 1.018 1.034 0.928 0.923 0.804
0.235 0.185 1.032 1.007 0.978 1.025 0.768
0.235 0.369 1.010 1.014 0.994 1.021 0.699
0.235 0.554 1.012 1.015 0.991 1.021 0.631
0.235 0.738 1.006 1.012 0.962 0.948 0.548
0.235 0923 1.039 1.016 0.492 0.265 0.243

Data Availability Statement

All data or models that support the findings of this study are avail-
able from the corresponding author upon reasonable request.
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Notation

The following symbols are used in this paper:
B =channel width (m), 0.985 m in the present study;
Cp =dimensionless discharge coefficient;
d = water depth (m);
d, =critical flow depth (m);
g = gravity acceleration (m/s?), 9.794m/s? in Brisbane,
Australia;
H =total head (m);
H, = upstream total head (m);
L =broad-crest length (m), 0.542 m in the present study;
P =pressure (Pa);
P,, = wetted perimeter (m);
Q = water discharge (m?/s);
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q = water discharge per unit width (m?/s): =Q/B;
r=radius of curvature (m);
V =velocity (m/s);
V, =longitudinal velocity component (m/s);
x =longitudinal distance (m) positive downstream;
y = vertical distance (m) measured perpendicular to and above
the crest invert;
z = transverse distance (m) measured from the channel
centerline;
7, =invert elevation (m);
Az = vertical weir height (m);
v =dynamic viscosity (Pa-s) of water;
p=water density (kg/m>);
T, =boundary shear stress (Pa);

Subscript

¢ =critical flow conditions;
crest = crest flow conditions; and
1 = upstream flow properties.

Supplemental Materials

Supplemental videos associated with this paper are available online
in the ASCE Library (www.ascelibrary.org).
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The following correction should be made to “Hydrodynamics
of a Broad-Crested Weir with Rounded Edges” by Sunhanut

Chaokitka and Hubert Chanson (https://doi.org/10.1061/JIDEDH
IRENG-10666):

The authors discovered typographical errors in Fig. 1(b) and
Eq. (4) in the original manuscript. These errors do not affect the
data or change any results or conclusions. The corrected figure and
equation are provided herein

Cp = 0.90 + 0.26 X H1+ for 0.2 < HI+AZ <045 4)

The authors regret the errors. To preserve the published
version of record, these details have been corrected only in
this erratum.
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boundary layer
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Broad-crested weir

(b)

Fig. 1. Flow with a broad crest: (a) Gold Creek Dam spillway (Australia) in operation on February 26, 2022, for Q = 38 m?3/s; and (b) definition

sketch of an overflow above a broad crest with rounded edge.
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