
J. Hydrol. Hydromech., 60, 2012, 2, 101–114 
DOI: 10.2478/v10098-012-0009-0 

101 

 
 
 
 
THE INFLUENCE OF ROUGHNESS ON THE DISCHARGE COEFFICIENT  
OF A BROAD-CRESTED WEIR 
 
JANA PAŘÍLKOVÁ, JAROMÍR ŘÍHA, ZBYNĚK ZACHOVAL 
 
Brno University of Technology, Faculty of Civil Engineering, Institute of Water Structures, Veveří 95, 602 00 Brno,  
Czech Republic; Mailto: riha.j@fce.vutbr.cz, tel.: +420 541147753, fax: +420 541147752 
 

The use of environmentally-friendly materials in hydraulic engineering (e.g. the stone lining of weirs at 
levees) calls for the more accurate estimation of the discharge coefficient for broad-crested weirs with a 
rough crest surface. However, in the available literature sources the discharge coefficient of broad-crested 
weirs is usually expressed for a smooth crest. The authors of this paper have summarized the theoretical 
knowledge related to the effect of weir crest surface roughness on the discharge coefficient. The method of 
determination of the head-discharge relation for broad-crested weirs with a rough crest surface is proposed 
based on known discharge coefficient values for smooth surfaces and on the roughness parameters of the 
weir. For selected scenarios the theoretical results were compared with experimental research carried out  
at the Laboratory of Water Management Research, Faculty of Civil Engineering (FCE), Brno University  
of Technology (BUT). 
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Používání přírodě blízkých materiálů ve vodním hospodářství (např. kamenná opevnění povrchu přelivů 

v ochranných hrázích) vyvolává požadavek přesnějšího stanovení součinitele průtoku pro přelivy se širokou 
a hydraulicky drsnou korunou. V dostupných literárních pramenech je součinitel průtoku přelivů se širokou 
korunou obvykle vyjádřen pouze pro hladký povrch koruny přelivu. Autoři článku shrnuli teoretické poz-
natky týkající se vlivu drsnosti povrchu koruny přelivu na součinitel průtoku a navrhli metodu pro stanovení 
způsobu hydraulického výpočtu konzumční křivky přepadu přes přeliv se širokou a drsnou korunou. Postup 
vychází ze znalosti součinitele průtoku přelivu s hladkou korunou a charakteristik drsnosti. Pro vybrané 
scénáře byly teoreticky vypočítané hodnoty porovnány s výsledky experimentálního výzkumu 
uskutečněného v Laboratoři vodohospodářského výzkumu Ústavu vodních staveb, Fakulty stavební, 
Vysokého učení technického v Brně. 

 
KLÍČOVÁ SLOVA: ochranná hráz, přeliv se širokou korunou, součinitel průtoku, drsnost. 

 
1. Introduction 
 

Broad crested weirs are frequently utilized in hy-
drotechnical engineering e.g. as part of weir struc-
tures in open channels, as lateral weirs on flood 
levees or as discharge measuring devices. In hy-
draulic calculations it is usually assumed that the 
overflow surface is relatively smooth, e.g. in the 
case of concrete structures. In such a case the dis-
charge coefficient depends on the shape of the nose 
of the upstream entrance (sharp with vertical wall, 
inclined, rounded, etc.) and its value is related to 
the overflow head.  

Lateral spillways at flood levees are special 
structures. They are specific in their extensive 
length, which on many occasions may exceed hun-
dred meters, and also in their relatively small over-
flow head which usually does not exceed 0.50 m. 
The spillway crest mostly follows the crest of the 
levee and is usually lined so as to be protected 
against scouring during its overtopping. The lining 
very often consists of rip-rap, beaching, stone pitch-
ing or gabions with the grain size exceeding         
50 mm. Due to this the surface cannot be assumed 
to be relatively smooth and its roughness becomes 
an important parameter influencing the discharge 
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coefficient. Due to the long spillway crest and rela-
tively small overflow head the error in discharge 
coefficient may have a considerable influence on 
the discharge rate calculated to be released to the 
land side of the levee.  

Underestimation of the coefficient leads to un-
derdimensioning of the lateral spillway; overesti-
mating of the coefficient leads to higher levees, 
which results in a considerable increase in the ex-
penses necessary for their construction due to their 
extensive length. Therefore, efforts tend to be 
aimed at the determination of the discharge coeffi-
cient as accurately as possible as a function of the 
parameters mentioned above. In the paper the influ-
ence of weir crest roughness on the discharge coef-
ficient is determined theoretically via the friction 
coefficient and verified with experimentally mea-
sured data. The study is focused on unsubmerged 
broad-crested weirs with an inclined (embankment-
shaped) upstream approach face with a slope of       
1 : 2.5 and a varying downstream slope of 1 : 2,  
1 : 3 and 1 : 4. The weir crest dealt with in this pa-
per was perpendicular to the approaching flow.  
 
2. Review of the present state 
 

The hydraulics of broad crested weirs is widely 
discussed in the worldwide literature. The basic 
approaches to broad crested weirs with overflow 
formulas and corresponding discharge coefficients 
are cited in practically all textbooks on hydraulics 
and fluid mechanics e.g. (Kiselev, 1972), (Munson 
et al., 1994) and others. Usually, only general in-
formation on discharge coefficients as a function of 
approach configuration is mentioned. 

The hydraulic properties of broad crested weirs 
are usually expressed by the discharge coefficient 
characterizing the functional dependence between 
overflow head and the flow rate. 

In the Czech Republic the determination of the 
discharge coefficient in the context of the design 
and use of structures which measure or regulate the 
flow rate in open channels is standardised and 
bound in national and international standards (ČSN 
ISO 3846, 3847, 4362, 4374, 8333). Comprehen-
sive overviews of discharge measurement structures 
with instructions, standards and procedures for their 
selection, design and use have been produced by 
Hager, 1993 and Bos et al., 1989. The topic of flow 
measurement together with theoretical analysis is 
presented in manuals such as USBR, 2001, while 
deeper analyses completed with experimental re-
search have been presented in scientific papers 

(Hager and Schwalt, 1994; Fritz and Hager, 1998; 
Al-Khatib, 2001; Sarker and Rhodes, 2004; Gonza-
les and Chanson, 2007; Bukreev et al., 2008), 
which have improved the body of knowledge relat-
ed to the shape of the free water surface, the veloci-
ty and pressure distribution along broad crested 
weirs, and also to the value of the discharge coeffi-
cient. Some authors, e.g. Moss, 1972; Hager and 
Schwalt, 1994, deal with corner separation at the 
upstream edge of smooth square-edged broad-
crested weirs and with boundary layer phenomena 
(Hall, 1962; Al-Khatib, 2001). Other authors have 
analysed special configurations such as broad crest-
ed weirs with curved shapes (Khosrojerdi and  
Kavianpour, 2002) or the compound cross sections 
(Göğüş et al., 2006; Picek, Havlík, 2008). Flow 
over oblique weirs was studied in more detail, e.g. 
by Wols et al. (2006). Villemonte, (1947) shows that 
the influence of submergence on the overflow is 
crucial.  

Most authors describe weirs as having a smooth 
surface, and such structures are usually manufac-
tured from concrete; experimental devices can be 
made from gypsum, plywood plates, fiberglass, 
plexiglass or other relatively smooth materials 
(Hager and Schwalt, 1994; Fritz and Hager, 1998; 
Göğüş et al., 2006). However, the previous research 
of the authors of this paper (Pařílková et al., 2009; 
Zachoval et al., 2009) has indicated the considera-
ble influence of the roughness of the surface of 
broad crested weirs on the discharge coefficient in 
the case of low overflow head, and this has not 
been taken into account in the above-mentioned 
studies.  
 
3. Theoretical considerations 
 
3.1 Broad crested weir hydraulics 
 

The object of our study is a broad-crested weir 
with an inclined approach sometimes referred as an 
embankment-shaped weir. Our area of concern is 
the use of such structures as a diverting overflow 
device constructed on levees, where the width of 
the broad crested weir can reach tens or hundreds of 
meters. Therefore, the effect of side contraction can 
be neglected and the specific overflow discharge q 
in [m2 s-1] is considered. As the levee is considera-
bly raised above the surrounding floodplain terrain 
the tailwater depth behind the levee will not exceed 
the weir crest and the overflow can be considered 
as unsubmerged.  
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The definition sketch and the configuration of 
the studied structure are shown in Fig. 1. Based on 
a review of the literature, broad-crested weirs have 
to satisfy a condition in terms of relative weir 
length, which is defined as H/t, resp. h/t, and whose 
values are listed in Tab. 1 according to various au-

thors. Here, h and H are the overflow head and the 
total energy head upstream of the weir, respective-
ly; t is the length of the weir crest in the direction of 
flow. 
 

 

 
Fig. 1. Conditions at a broad-crested weir. 
 
T a b l e  1.  Broad-crested weir limits. 
 

Author H/t t/h 
Kolář et al. (1983)  (2~3) < h/t < (10~15) 
Bos (1989) 0.07 < H/t < 0.5  
Hager, Schwalt (1992) 0.1 < H/t < 0.4  
Clemmens et al. (2001) 
experiments 
theory 
recommended  

 
0.1 < H/t < 1.0 

0.05 < H/t < 0.5 
0.07 < H/t < 0.7 

 

 
The unsubmerged flow at the central part tc of 

the horizontal crest (t1 ≈ 2h, t2 ≈ 0 to h) is close to 
the critical value; the flowlines are approximately 
parallel and hydrostatic pressure distribution can be 
considered (Bos, 1989). 

In the case that H/t < 0.07 the friction losses on 
the weir crest cannot be neglected (Clemmens et al., 
2001) and the discharge coefficient is dependent on 
the relative roughness of the surface. 

The discharge equation for the ideal liquid at a 
broad crested weir can be derived using two ener-
getic approaches. The first assumes the conversion 
of the mechanical energy in Profile 1 into kinetic 
energy; while within the second one the mechanical 
energy is being converted into potential energy and 
kinetic energy in the critical flow in Profile C (see 
Fig. 1). In the following text only the second ap-
proach is applied. 

Considering an ideal flow over a rectangular 
broad crested weir the discharge Qi is obtained 
from the following formula (Bos, 1989)  
 

  
Qi =

2
3

⎛
⎝⎜

⎞
⎠⎟

3/2
bg1/2H3/2 , (1) 

 

where b is the width of the rectangular broad-
crested weir, g – gravitational acceleration and H is 
the approach energy head. By introducing the dis-
charge coefficient (taking into account factors ac-
cording to Eq. (5)) 
 

 
Cd = Q

Qi
, (2) 

 

the discharge equation for real liquid holds:  
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Q = Cd

2
3

⎛
⎝⎜

⎞
⎠⎟

3/2
bg1/2H3/2 . (3) 

 

In the case of a high rectangular broad crested 
weir (h ≈ H), the conditions h/p1 < 0.15 and          
0.1 < h/t < 0.3 have to be fulfilled (ČSN ISO 3846, 
1994). Here, p1 is the upstream height of the weir. 
In such cases when the kinetic energy head of the 
approach can be neglected the discharge coefficient 
is governed by the following relation:  
 

  
Q = Cd

2
3

⎛
⎝⎜

⎞
⎠⎟

3/2
bg1/2h3/2 , (4) 

 

where h is the overflow head.  
 
3.2 Discharge coefficient 
 

The discharge coefficient can be determined us-
ing tables, diagrams or functional relations provid-
ed by numerous publications or standards including 
guidance on the estimation of measurement uncer-
tainties (ČSN ISO 3847, 1997; ČSN ISO 3846, 
1994; ČSN ISO 4362, 1995; ČSN ISO 8333, 1997; 
ČSN ISO 4374, 1997; Bos, 1989; El-Alfy, 2005; 
Gonzalez and Chanson, 2007; Hulsing, 1986; 
Khosrojerdi and Kavianpour, 2002), etc. Alterna-
tively, the discharge coefficient can be derived 
from the results of numerical or experimental mod-
elling (Pařílková et al., 2009; Zachoval et al., 
2009).  

The discharge coefficient involves mechanical 
energy losses. Dimensional analysis leads to the 
following formalised functional dependence of the 
discharge coefficient on dimensionless geometrical 
and other parameters:  
 

  
Cd = f h

p1
, h
t

, h
b

, t
ks

, h
ks

, h
r

,Z1,Z2
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
, (5) 

 

where ks is the Nikuradse equivalent uniform 
roughness size, Z1 and Z2 – upstream and down-
stream slope factors and r is the radius of the up-
stream weir nose. In the case of a smooth surface, 
the dependence (5) simplifies as follows: 
 

  
Cdh = f

hh
p1

,
hh
t

,
hh
b

,
hh
r

,Z1,Z2
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
, (6) 

 

where Cdh is the discharge coefficient for a smooth 
surface and hh is the overflow head in the case of a 
smooth weir surface. 

The meanings of the individual terms in formula 
(5), resp. (6), are as follows: 
− h/p1, resp. hh/p1 – influence of relative weir head, 
− h/t, resp. hh/t – influence of relative weir length, 
− h/b, resp. hh/b – influence of relative weir width, 
− t/ks, h/ks – influence of weir roughness, 
− h/r, resp. hh/r – influence of the roundness of the 

weir nose, 
− Z1 – influence of upstream slope inclination, 
− Z2 – influence of downstream slope inclination, 
− influence of approach channel geometry and 

roughness, 
− influence of temperature, surface tension and 

other factors. 
 

In the following text only the influence of weir 
roughness, namely the effect of the h/ks ratio, will 
be studied. 
 
3.3 Influence of the roughness of the weir surface 
 

Losses due to friction depend on the flow re-
gime. They differ significantly in cases of laminar 
or turbulent flow namely for hydraulically smooth 
surfaces, while for rough surfaces transition range 
and fully turbulent flow provoke the greatest differ-
ences in friction losses. The governing criteria are 
both the Reynolds number Re and relative rough-
ness h/ks. In the case of a change in the flow regime 
along the weir crest it is necessary to take another 
factor into account e.g. t/ks, which expresses the 
relative length of the given flow regime. 

Generally, the effect of friction at the weir crest 
surface can be expressed using two methods 
(USACE, 1992). The first stems from the assump-
tion of uniform flow along the weir crest; Chezy, 
Manning or Darcy-Weisbach equations can be 
used. The other method employs the boundary layer 
theory at the weir crest (Clemmens at al., 2001).  

For a given discharge Q, due to the weir rough-
ness the overflow head h is larger than that in the 
case of a smooth weir surface hh. The effect of sur-
face roughness is implied in Eq. (4) by introducing 
the friction head, hf, which has to be added to the 
“smooth” head: 
 

 
h = hh + hf . (7) 

 

The overflow head hh for the smooth weir surface 
can be taken from the experimental results summa-
rized e.g. in the standards ČSN ISO 3846, 3847, 
4362, 4374, 8333. 
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Weir roughness expressed by the friction coefficient 
 

For the first approach a uniform, fully turbulent 
and approximately critical flow in a rectangular 
cross section is assumed. This hypothesis is justi-
fied in the case of an approximately critical flow at 
the weir crest. Assuming the hydraulic radius          
R ≈ hc, the friction loss head hf along the weir crest 
can be expressed as follows (USACE, 1992; Gar-
cía, 2008): 
 

  
h f = iEt =

C f t vc
2

hc g
=

C f t Q2

hc
3 gb2 , (8) 

 

where iE is the energy gradient, Cf – the friction 
coefficient, vc – the critical flow velocity and hc is 
the critical head with the kinetic energy correction 
coefficient α = 1 
 

  
hc =

Q2

gb2

⎛

⎝
⎜

⎞

⎠
⎟

1/3

. (9) 

 

In the case of steady fully turbulent uniform flow 
and homogeneous uniform spherical sand grains on 
the weir surface (Nikuradse´s uniform roughness 
elements), the following resistance law was derived 
by Keulegan (García, 2008):  
 

  
C f = 1

κ
ln 11

hc
ks

⎛

⎝⎜
⎞

⎠⎟
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

−2

, (10) 

 

where κ ≈ 0.41 is von Karman´s constant. The loga-
rithmic velocity distribution law close to the hy-
draulically rough wall is applicable only at a dis-
tance of about 0.2h from the wall (García, 2008) 
for large values of the relative roughness hc/ks, the 
limit of which also depends on the type of rough-
ness (Schlichting, 1979). 

For practical calculations the approximation of 
formula (10) by the Manning-Strickler power form 
can be used (García, 2008): 
 

  

C f ≈ 8.1
hc
ks

⎛

⎝⎜
⎞

⎠⎟

1/6⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

−2

, (11) 

 

which can be applied when the following condition 
is satisfied: 
 

  
5 <

hc
ks

< 250 . (12) 

 

Under real conditions the grain shape and grain 
size significantly differ from being spherical and 
uniform. The grain size can be expressed by the 
grain size distribution curve. To express the non-
uniformity of the grains the ratio between the Niku-
radse equivalent sand roughness size ks of the weir 
crest and the representative grain size dX of the 
material at the weir crest is introduced: 
 

 
αs =

ks
dX

, (13) 

 

where the subscript X means the Xth percentile of a 
particle-size distribution curve.  

The experimentally derived relation between αs 
and characteristic grain size dX according to various 
authors (Yen, 2002; García, 2008; Meyer-Peter and 
Müller (García, 2008)), is recommended to be set 
at αs = 1 for d50. This assumption is used in further 
considerations. 
 
The estimate of discharge coefficient Cd  
for rough surfaces  
 

For practical applications it is desirable to speci-
fy the magnitude of the discharge coefficient Cd for 
rough surfaces, respectively to find out its relation 
to the generally published and used discharge coef-
ficient Cdh for smooth surfaces. The latter can be 
taken e.g. from cited technical standards (ČSN ISO) 
or handbooks on fluid mechanics. The method for 
determining such a relation is as follows: 
1. An appropriate set of overflow discharges Q has 
to be chosen first. 
2. Assuming a smooth weir crest, the approach 
hydraulic head hh is found using an iterative proce-
dure based on the functional relation Cdh(hh) (6) 
taken from standards, handbooks, etc., and a formu-
la analogical to Eq. (4). 
3. For a given discharge Q the following are deter-
mined: critical depth hc (9), friction factor Cf using 
Eq. (10) or (11), friction loss head hf along the weir 
crest from Eq. (8), and finally overflow head h us-
ing Eq. (7). 
4. By substituting the corresponding discharge Q 
and the overflow head h into Eq. (4) the discharge 
coefficient for the rough weir surface Cd is ob-
tained. 
5. The ratio β between the above-mentioned coeffi-
cients is defined as follows: 
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β =

Cd
Cdh

. (14) 

 

The dependence of ratio β on the relative rough-
ness hc/ks and hh/t expressed using Eqs. (10) and 

(11) is shown in Fig. 2. The application limits of 
the graphs in Fig. 2 are: 5 < hc/ks < 30, 0.1 < hh/t < 
< 0.3, hh/p1 < 0.7, hh > 0.06 m. 
 

 

 
 
Fig. 2. The ratio β as a function of hc /ks and hh/t: the dash-dot line is represented by Eq. (10) and the solid line represents Eq. (11). 
 

From Fig. 2 it can be seen that the ratio β ap-
proaches a value of 1 with increasing ratios of hc/ks 
and hh/t. When decreasing both non-dimensional 
ratios the ratio β decreases and also the difference 
between the values obtained using the two ap-
proaches represented by Eq. (10) and (11) increas-
es, in particular in the case of smaller hc/ks. The 
diagram in Fig. 2 can be used for obtaining Cd as an 
alternative to the procedure described above. 
 
4. Experimental research 
 

The aim of the experimental research was to  
verify the theoretical considerations mentioned 
above.  
 
4.1 Description of the experimental equipment 
 

The experimental measurements were carried out 
in a 6 m long and 1 m wide flume with a smooth 
plexiglass vertical wall on one side; the second side 
wall was made of steel. With respect to the relative-

ly small overflow head the effect of the smooth 
walls was neglected and the flow was considered to 
be two-dimensional.  

The weir shape was designed according to the 
real conditions at the levee or small embankment 
dam. The cross section was trapezoidal with an 
upstream slope of 1 : 2.5 and a variable down-
stream slope of  1 : Z2 (Z2 = 2, 3, 4) (see the photo 
in Fig. 4); the weir width was 1 m. The lining was 
stabilised by a concrete sill installed at the down-
stream edge of the weir crest (Fig. 3) which also 
represented the weir crest level: in the case of the 
rough surface it was very difficult to unambiguous-
ly define this level. In the absence of an impervious 
sill the seepage flow through the gravel lining 
would have distorted the measured flow discharge 
over the weir crest.  

The crest height above the upstream flume bed  
p1 = 0.46 m; the upstream slope was not covered by 
a gravel lining in order to represent the relatively 
smooth grassed surface of the levee slopes. The 
weir crest was covered by a layer of gravel of vari-
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able grain sizes. During the experiment the tailwa-
ter level did not reach the crest surface and there-
fore did not influence the discharge over the weir.  

The discharge entering the flume was measured 
by a DN 300 electromagnetic flowmeter with a 
direct digital display. The available discharge range 
was from 0 l s-1 to 128 l s-1. Upstream of the weir a 

stilling tank of the dimensions 1 m × 1 m × 2 m 
was installed.  

For a given discharge the water level was mea-
sured at a distance of 3h upstream of the weir. The 
measurement was carried out by plotting the water 
level on the outer plexiglass wall. 
 

 

 
 
Fig. 3. Scheme of Variant A1of an experimental dike with a rough crest surface.  
 

 
 
Fig. 4. Photograph of Variant A1 of an experimental dike with a rough crest surface.  
 
4.2 The experiments 
 

The experiments were carried out with the mate-
rial on the surface of the weir exhibiting variable 
grain size (see Fig. 5) in order to achieve variable 
roughness of the weir crest. An overview of the 
parameters of the experiments is shown in Tab. 2. 
During spreading the material was adjusted to the 
horizontal plane. 
 
4.3 Results of experiments 
 

The weir head-discharge relations were obtained 
for the individual experiments according to the 

observed values (Fig. 6). Based on the measured 
values of h, Q and b the discharge coefficient Cd 

was evaluated from Eq. (4). The influence of the 
neglected entrance velocity head represents approx-
imately 2 % of the discharge value. The depend-
ence of Cd on overflow head h is shown in Fig. 7. 

The logarithmic function was used for the ap-
proximation of the Cd(h) relation based on the ex-
perimentally measured values for the variants of 
different weir crest roughness represented by  
ks = d50 values (Fig. 8).  
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T a b l e.  2.  Experimental parameters. 
 

Experiment Z2 d10 d50 d90 Q 
  [mm] [mm] [mm] [l s-1] 

A1 2 8 14 20 
4.9, 9.9, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 

70, 80 

A2 2 8 20 32 
4.9, 9.9, 14, 20, 25, 30, 35, 40, 45, 50, 55, 60, 

70, 80, 90, 100, 110, 120 and 125 
B1 3 8 24 40 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 
B2 3 8 24 40 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 
C1 4 8 24 40 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 
D1 2 8 24 40 5, 10, 15, 20, 25, 30, 35, 40 

E1 2 8 24 40 
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 

70, 80, 90, 100, 110, 120 and 125 
E2 2 8 24 40 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 

F1 2 8 14 20 
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 

90, 100, 105, 110 

 
 

       
 
Fig. 5 Material on the weir surface (from the left d50 = 14 mm, d90 = 20 mm; d50 = 20 mm, d90 = 32 mm; d50 = 24 mm,                    
d90 = 40 mm).  
 
5. Comparison of theoretical  
and experimental results 
 

Based on the procedure described in section 3.3 
the values of the discharge coefficient were calcu-
lated for the roughnesses corresponding to the ex-
perimental research. The representative grain size 
was set to d50 and the coefficient αs = 1 (Eq. (13)). 
The corresponding discharge coefficient Cdh for the 
smooth weir crest surface was taken from the 
standard (ČSN ISO 4362, 1995). 

The comparison of the relations Cdh(h) and Cd(h) 
calculated by the method described in Section 3.3 
and the results taken from Fig. 8 is shown in Fig. 9 
to Fig. 11. Here, the solid lines denote the loga-
rithmic approximation of the measured values; the 
dashed lines represent the values calculated by the 

procedure given in Section 3.3 using Eq. (10) and 
the dash-and-dot lines depict the relation derived in 
Section 3.3 using Eq. (11). The range for the ful-
filment of condition (12) is also marked out. 

The dependence Cd(hc/ks) for the measured data 
and for theoretical values derived from Eq. (10) and 
(11) is compared in Fig. 12 and Fig. 13. 

The comparison of the results of theoretical 
analysis and experimental research indicate the 
following general conclusions: 
− The downstream slope Z2 of the weir and its 

roughness have only a negligible effect on the 
value of the coefficient of discharge Cd as com-
pared to the roughness of the spillway crest  
(Fig. 7).  

− Experimental results (Fig. 12 and Fig. 13) prove 
the   theoretical   consideration  shown  in  Fig.  2  
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Fig. 6. Experimentally determined head-discharge relations of the weir for individual variants.  
 
 
 
 

 
 
Fig. 7.  Discharge coefficient Cd related to overflow head h for individual variants. 
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Fig. 8. Approximation of Cd(h) related to the grain size ks = d50 by a logarithmic function.  
 
 

 
 
Fig. 9. The dependence Cd(h) for ks = d50 = 14 mm. 
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Fig. 10.The dependence Cd(h) for ks = d50 = 20 mm. 
 
 

 
 
Fig. 11. The dependence Cd(h) for ks = d50 = 24 mm. 
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Fig. 12. Dependence Cd(hc/ks) obtained by the method using Eq. (10). 
 
 
 

 
 
Fig. 13. Dependence Cd(hc/ks) obtained by the method using relation (11). 
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regarding the decrease in discharge coefficient 
Cd with falling relative roughness hc/ks. The ef-
fect of the relative roughness hc/ks becomes more 
significant when the values of this ratio are small 
(Fig. 2).  

− The effect of the relative width of the weir hh/t 
was not evaluated in detail; however, Fig. 2 
shows practically the same trend as in the case of 
relative roughness hc/ks. 

− From Fig. 9 to Fig. 11 a significant difference 
can be seen between the values of the discharge 
coefficient Cd obtained from Eqs. (10) and (11) 
and the experimental values. For ks = d50 = 14 mm 
the difference is about 10 % within the whole 
range of hc/ks values fitting condition (12). For 
larger grains the differences become smaller. If 
condition (12) is not satisfied, the differences in-
crease up to about 40 %. However, theoretically 
and experimentally obtained curves are of a simi-
lar shape, thus proving the logarithmic resistance 
law. 

− Figs. 12 and 13 show that the effect of the rela-
tive roughness on the value of the coefficient Cd 
for hc/ks < 5 determined by the measurement is 
smaller compared to the effect determined by 
calculation using theoretically based procedures 
(section 3.3). The difference between theoretical 
and measured values can be also caused by a cer-
tain difference between the real discharge coeffi-
cient Cdh for the experimental device (which was 
not measured) and that mentioned in ISO stan-
dards. 

− In cases when condition (12) is satisfied both 
Eqs. (10) and (11) can be used. In general, when 
hc/ks < 5, Eq. (11) gives better results when com-
pared with experimental research (see also Figs. 
9, 10, 11). Based on Fig. 13, Eq. (11) can be  
recommended for cases when hc/ks > 2. 

 
6. Conclusions 
 

In this paper a theory-based method has been 
proposed for the estimation of the discharge coeffi-
cient Cd for the crest of a rough broad crested weir. 
The results obtained from the proposed procedure 
were compared with the values obtained from ex-
perimental research carried out in the LWMR, FCE, 
BUT, Brno. The comparison was carried out for 
two modifications of the resistance law expressed 
by Eqs. (10) and (11). 

The discharge coefficient Cd was derived for the 
trapezoidal cross section of an overflowed structure 

(e.g. a flood levee). In the analysis only the effect 
of the crest roughness (t/ks, h/ks) was studied; the 
other factors mentioned in Eq. (5) are included in 
the value of discharge coefficient Cdh for a smooth 
weir crest according to the relation (6). The velocity 
of approach was neglected.  

In our study the values of Cdh were not experi-
mentally verified and are assumed to be known 
from the available literature or standards, e.g. (ČSN 
ISO 3846, 3847, 4362, 4374).  

It should be noted that only three variants of sur-
face roughness were studied and experimentally 
verified in 124 tests. For a sound statistical assess-
ment and proper error analysis more extensive re-
search should be done.  

Nevertheless, the method proposed has general 
relevance and can be used for more accurate hy-
draulic calculations of broad crested weirs with a 
rough crest. 
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