
© 2023 JETIR May 2023, Volume 10, Issue 5                                                            www.jetir.org (ISSN-2349-5162)   

JETIR2305C26 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org m177 
 

Calibration of Compound Weirs 

1Jaydeep Tamkhane, 2Jayshree Shelke, 3Shamayela Shaikh, 4Gauri More, 5Dhananjay Desale 
1, 2, 3, 4 Students, 5Assistant Professor 

1, 2,3,4,5 Department of Civil Engineering,  
1, 2,3,4,5 Guru Gobind Singh College of Engineering and Research Centre, Nashik, India. 

 

Abstract :  This research describes the design and calibration of compound sharp crested (CSC) and compound broad crested 

(CBC) weirs, consisting of the combination of rectangle, triangle, and trapezoidal shapes. To improve the accuracy of the 

measurement of the coefficient of discharge of the flow, compound weirs are made up of two regular weir types combined 

together to form a single weir. A linear combination is developed to illustrate the discharge equation for the compound shapes of 

the sharp-crested as well as the broad-crested weirs using the standard discharge equations for basic rectangular and triangular 

weirs that already exist. Weir crest and weir height on the upstream side of the weir are two elements to take into consideration 

when calibrating compound weirs to determine the coefficient of discharge (Cd). The experimental analytical work was carried 

out in a laboratory, and from that determination, the coefficient of discharge was calculated for the available compound shapes of 

the weirs. To validate the analytical results of newly developed weirs, experimentation was carried out in laboratory on hydraulic 

flume, From the readings noted, Coefficient of discharge (Cd) was calculated for the compound weirs. Different geometries (the 

combination of shapes and height of the weirs) were tested in order to validate the results of the research and to establish the 

head-discharge relationship for various compound shapes of weir. 

 

Index Terms - Compound Weir, Sharp-crested weir, Broad-crested weir, Coefficient of discharge. 

I. INTRODUCTION 

A weir is an obstruction across a river or stream’s width that regulates the water’s flow characteristics. Weirs are commonly 

used to regulate water flow, raise water levels, and keep track of the quantity of water is being used in a certain catchment region. 

Sharp-crested and broad-crested weirs are the two main categories. A clear, distinct transition between the upstream and 

downstream water surface levels is caused by sharp crested weirs, which have a sharp or thin edge. Since their crests are wider, 

broad crested weirs result in fewer apparent transition zones. Due to the lack of suitable water resources, flow measurement in 

hydraulic flumes, water and wastewater systems, and irrigation and drainage networks is important for the various flow 

measurements. A weir is a low-head dam which is constructed across a river to control the flow and discharge of water. 

Theoretical equations are to be used for calculating the coefficient of discharge of the flow of water, and this is done in the 

laboratory and cast-in-situ as well. In this regard, some equations have been theoretically developed and calibrated using 

experimental data. For experimental validation and determination in the laboratory, the triangular and rectangular weirs are used 

to calculate the coefficient of discharge of water. 

A compound weir is a hydraulic structure that consists of two or more type of weir shapes combined into one structure to 

increase the discharge capacity. However, in many situations, such as irrigation canals with large variations in flow discharges, 

the selection of either a rectangular or triangular weir is erroneous or unsafe[2]. For this reason, compound sharp crested and 

compound broad crested weirs have been recently designed and implemented to increase the accuracy in measurement and avoid 

the various losses are occurred due to surrounding conditions. A compound weir is a composition of two standard shapes of weir 

to form a new shape, such as the combination of triangular and rectangle-shaped weirs. This provides good measurements for the 

stream with a wide range of flows. The discharge over a compound weir is calculated by simply applying the standard discharge 

equation for each segment of the weir to the head on that segment of the weir. The total discharge is then the sum of the 

discharges of each segment of the weir. These studies have been carried out on CRRSC, CTRSC, and CRTzSC for sharp crested 

weirs and CRRBC, CTRBC, and CRTzBC for broad crested weirs. J. Martinez et al. (2005) developed and calibrated an equation 

for discharge measurement of the compound sharp-crested weir. Chyan-Deng Jan et al. (2009) developed and calibrated an 

equation for discharge measurement of compound broad crested weirs. 
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II. SIMPLE WEIRS 

To determine the coefficient of discharge for regular shapes of weirs (Rectangular and, Triangular) some theoretical equations 

are already described in many hydraulic books. The triangular and rectangular shapes of weirs as shown below (Photo 1):

 
(a)Triangular Weir 

 

 
(b)Rectangular Weir 

Photo 1: Simple shape weir 

The discharge equation for rectangular sharp-crested weirs can be written as (Henderson 1966), 

 

Q =
2

3
. Crd .√2𝑔  . b. h3/2                 Eq. 1 

 

The discharge equation for triangular sharp-crested weirs can be written as, 

 

Q = 
8

15
 . Ctd. √2g . tan(

θ

2
). he

5/2         Eq. 2 

 

Where, Q = discharge, g = acceleration due to gravity, h = water head over the weir crest, b = weir length, Crd = discharge 

coefficient of rectangular sharp-crested weirs, Ctd = discharge coefficient of rectangular sharp-crested weir, he = effective head, Ɵ  

= angle of triangular portion of weir. 

Calculating the coefficient of discharge for rectangular sharp-crested weir, The weir height P , head on crest h, weir length b and 

channel width B are to be considered as described by French (1986) 

 

Crd = 
0.611+2.23(

𝐵

𝑏
−1)0.7

1+3.8(
𝐵

𝑏
−1)0.7

 + 
0.075+0.011(

𝐵

𝑏
−1)1.46

1+4.8(
𝐵

𝑏
−1)1.46

 . 
ℎ

𝑝
     Eq. 3 

 

According to Bos (1976) for calculating the coefficient of discharge of triangular sharp-crested weir the following equation is 

used:  

Ctd = 0.6085- 0.0525Ɵ + 0.02135Ɵ2     Eq. 4 

 

For calculating effective head of the weir (he) the following equation is to be followed , 

 

he = h + Kh          Eq. 5 

 

Where, Kh = correction head for calculating viscous and surface tension effects as shown in equation 6, 

 

Kh = 3.9058 – 3.8558Ɵ + 1.1940Ɵ2            Eq. 6 

 

Where, Ɵ is considered in radian (1 rad = 57.2958⁰) 

According to Bos (1976) some discharge equations are expressed foe calculating the coefficient of discharge for rectangular 

broad-crested weir are shown below: 

Q = 
2

3
. CDRB .√

2𝑔

3
 . b. H0

3/2       Eq. 7 
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For simple triangular broad-crested weir Bos (1976) derived the discharge equation in the form below: 

 

Q = 
16

15
. CDTB . √

2g

5
 . tan(

θ

2
). H0

2.5      Eq. 8 

 

For a truncated triangle in broad crested weir Bos (1976) expressed equation as given below : 

 

Q = 
2

3
. CDRB . √

2g

3
 . b. (

H0

H
)1.5 (H - 

1

2
Ha)

1.5     Eq. 9 

 

Where, Q = volumetric flow discharge, CDRB = coefficient of discharge for rectangular weir, CDTB = coefficient of discharge for 

triangular weir, g = acceleration due to gravity, b = width of the crest in transverse direction, Ɵ = angle of triangular portion of the 

weir, Ha  = depth of the triangular part of the weir and H0 = total energy head at the upstream measurement section that is for the 

referenced upstream water head H adding to its corresponding velocity as shown below, 

 

H0 = H + (
𝑉02

2𝑔
)       Eq. 10 

 

According to Bos (1976) for truncated triangle one condition are to be given for H0 , i.e. H0 should must larger than 1.25Ha. 

 

 

III. MATERIALS & METHODOLOGY  

The compound weir is a hydraulic structure that consist of two or more shapes of weirs combined into one structure to increase 

the discharge capacity. Compound weirs are commonly used in situation where the available head is limited, but the required 

discharge is large. 

The three compound shapes of weirs are investigated in the present study for calculating the coefficient of discharge for both 

the types of weirs i.e. for sharp crested weirs and for broad crested weirs. They are combination of Rectangle-Rectangle (R-R), 

Triangle-Rectangle (T-R) and Rectangle-Trapezoidal (R-Tz) for sharp crested and for broad crested weirs respectively. The weirs 

were made with a thickness of 2mm Acrylic thin sheet. For sharp crested weir crest width is taken as 2mm and for broad crested 

weir is taken as 50mm for all shapes of weirs respectively. 

 
(a)Compound Rectangle-Rectangle (CRR) weir 

 

 
 

(b)Compound Triangle-Rectangle (CTR) weir 
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(c)Compound Rectangle-Trapezoidal (CRTz) weir 

Fig. 1: Cross-section of compound sharp & broad-crested weirs 

 

Theoretical equations are to be derived by combining the simple equations and then derived the linear combinations of those 

simple equations,  Jan et al. (2006) and Lee et al. (2012) proposed the following equations for R-R, T-R and, R-Tz for sharp-

crested weirs, and Bos (1976) proposed the equations for broad-crested weirs. 

 

Qth = 
2

3
 Crd1  .√2g .(2b1). h1

1.5+ 
2

3
  .Crd1 .√2g  .b2 .h2

1.5  

 

……(CRRSC)[20] Eq. 11 

 

Qth = 
8

15
 . Ctd . √2g . tan(

θ

2
). (h2e
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2.5 ) + 

2
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……..(CTRSC)[20] Eq. 12 
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2

3
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2
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8
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…….(CRTzSC)[20] Eq. 13 
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2
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3
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2

3
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3
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2
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3
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2
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……..(CRTZBC)[12] Eq. 16 

 

Where, Qth = Theoretical discharge, g = acceleration due to gravity, b = width of the crest in transverse direction, h = water 

head over upper or lower parts of compound weirs, Ctd = discharge coefficient of simple triangular weir, Crd = discharge 

coefficient of rectangular sharp-crested weir, Ɵ = angle of triangular portion of weir, CDTB = coefficient of discharge for triangular 

broad-crested weir, CDRB = coefficient of discharge for rectangular broad-crested weir, H0 = total energy head at the upstream 

measurement section, he = effective head. 

 

IV. EXPERIMENTAL ANALYSIS 

Comparing the measured discharge with the calculated discharge with reference to the mentioned theoretical equation for water 

flows over a compound weirs, was conducted in a laboratory on the basis of the experiments. This is done for all combinations of 

the shapes of the weirs, i.e., R-R, T-R, and R-Tz. The experiments were conducted in a tilting bed flow channel (hydraulic flume), 

having a length of 4.7m long, is 15cm wide, and is 23cm deep. It is provided with a pointer gauge to determine the depth of the 

flow of water at any section of the flume. The control gates are provided at the upstream and downstream ends to control the flow. 

A measuring tank is used to measure the discharge flow through the flume with the help of stopwatch. The weirs are to be fitted in 

the flume to measure the coefficient of discharge of water. 

Three runs of experiments were conducted for each of the three sharp-crested and broad-crested weirs. The geometrical 

parameters of the weirs i.e. weir length, weir width and weir height with reference to the available regular shapes of the weir. The 

experiments are conducted and later on determine the coefficient of discharge for all compound shapes of the weirs. For 

experimentation the channel width is 15.5cm and bed slope is maintain at 0.012 for all shapes of compound weir. 

The hydraulic flume i.e. Tilting Bed Flow Channel is shown in photograph (2), on which we perform the testing of various 

shapes of compound weirs. The details of hydraulic flume is as discussed earlier.  
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Photo 2: Tilting Bed Flow Channel 

 

The followings photographs (3 (a), (b), (c)) shows the position of compound weir specimens in tilting bed flow channel during 

the testing. The position of weir specimen kept vertical with sharp edge facing the upstream side.   

 

 
 

(a)CRRBC Weir  

 

 
 

(b)CTRBC Weir  

 

 
 

(c)CRTzBC Weir 

Photo 3: Testing of weir specimen 
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V. RESULTS & DISCCUSION 

The theoretical equations were used for the determination of the coefficient of discharge for all the combinations of compound 

shape weirs. The theoretical discharge for sharp-crest weirs ranges from 0.0011067 to 0.0037142 m3/s while the actual discharge 

ranges from 0.0014505 to 0.0061081 m3/s. The discharge variation for broad crested weirs for theoretical discharge ranges 

between 0.0019135 to 0.0088399 m3/s, and the range for actual discharge varies between 0.0013447 to 0.0064204 m3/s. 

The following tables shows the experimental results for various shapes of compound weir. 

 

Table 1 : Experimental Results for CRR sharp-crest weir 

 

 

Run 

No. 

Characteristics of compound Weirs  
Discharge 

(m3/s) Cd= 

(
𝑸𝒂𝒄𝒕

𝑸𝒕𝒉
) b1 

(cm) 

b2 

(cm) 

h1 

(cm) 

h2 

(cm) 
Crd1 Crd2 Qth Qact 

1 2.5 5 2.10 9.60 0.589 0.588 0.0028469 0.0031682 1.11 

2 2.5 5 2.93 10.43 0.589 0.588 0.0033626 0.0048428 1.44 

3 2.5 5 3.47 10.97 0.589 0.588 0.0037142 0.0061081 1.64 

        Avg =  1.40 

 

 

Table 2 : Experimental Results for CRR broad-crest weir 

 

 

Run 

No. 

Characteristics of compound Weirs  
Discharge 

(m3/s) Cd= 

(
𝑸𝒂𝒄𝒕

𝑸𝒕𝒉
) b1 

(cm) 

b2 

(cm) 

h1 

(cm) 

h2 

(cm) 
Crd1 Crd2 Qth Qact 

1 2.5 5 8.77 9.60 0.589 0.588 0.0066029 0.0031801 0.48 

2 2.5 5 10.17 10.43 0.589 0.588 0.0074921 0.0034451 0.46 

3 2.5 5 12.23 10.97 0.589 0.588 0.0088399 0.0064204 1.64 

        Avg =  0.56 

 
 

Table 3: Experimental Results for CTR sharp-crest weir 

 

 

Run 

No. 

Characteristics of compound Weirs  
Discharge 

(m3/s) Cd= 

(
𝑸𝒂𝒄𝒕

𝑸𝒕𝒉
) b1 

(cm) 
Ѳ 

h1 

(cm) 

h2 

(cm) 
Crd1 Ctd Qth Qact 

1 2.5 60ᵒ 1.92 6.60 0.587 0.578 0.0011067 0.0014505 1.31 

2 2.5 60ᵒ 3.02 7.77 0.587 0.578 0.0017024 0.0022346 1.31 

3 2.5 60ᵒ 5.32 10.00 0.587 0.578 0.0030891 0.0036412 1.18 

        Avg =  1.25 

 

The Tables represents the experimental results for the different compound sharp crested & broad-crested weirs. The first column of 

the table represents the run number, next adjacent column represents the characteristics of compound weirs, the next proceeding 

column represent the discharge value i.e. actual discharge which is measured by volumetric method and theoretical discharge is 

calculated by the linear combinations of the equations for that compound weir as we discussed earlier. Last column shows the 

Coefficient of Discharge (Cd) for the particular shapes of compound weir and gives the average discharge value for the particular 

compound shapes of weir. 
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Table 4: Experimental Results for CTR broad-crest weir 

 

 

Run 

No. 

Characteristics of compound Weirs  
Discharge 

(m3/s) Cd= 

(
𝑸𝒂𝒄𝒕

𝑸𝒕𝒉
) b1 

(cm) 
Ѳ 

h1 

(cm) 

h2 

(cm) 
Crd1 Crd2 Qth Qact 

1 2.5 60ᵒ 6.6 11.28 0.578 0.587 0.0019135 0.0013447 0.70 

2 2.5 60ᵒ 8.73 13.41 0.578 0.587 0.0031190 0.0030987 0.99 

3 2.5 60ᵒ 10.8 15.48 0.578 0.587 0.0040692 0.0050296 1.24 

        Avg =  0.97 

 

 

Table 5: Experimental Results for CRTz sharp-crest weir 

 

 

Run 

No. 

Characteristics of compound Weirs 
Discharge 

(m3/s) Cd= 

(
𝑸𝒂𝒄𝒕

𝑸𝒕𝒉
) b1 

(cm) 

b2 

(cm) 

h1 

(cm) 

h2 

(cm) 
Crd1 Crd2 Ctd Qth Qact 

1 1 3.5 0.50 8.00 0.588 0.587 0.578 0.0013882 0.0019012 1.37 

2 1 3.5 1.80 9.30 0.588 0.587 0.578 0.0018592 0.0024128 1.30 

3 1 3.5 5.00 12.5 0.588 0.587 0.578 0.0037015 0.0037211 1.01 

         Avg = 1.22 

 

 
Table 6: Experimental Results for CRTz broad-crest weir 

 

 

Run 

No. 

Characteristics of compound Weirs 
Discharge 

(m3/s) Cd= 

(
𝑸𝒂𝒄𝒕

𝑸𝒕𝒉
) b1 

(cm) 

b2 

(cm) 

h1 

(cm) 

h2 

(cm) 
Crd1 Crd2 Ctd Qth Qact 

1 1 3.5 8.69 16.19 0.588 0.589 0.578 0.0029100 0.0022705 0.78 

2 1 3.5 10.69 18.19 0.587 0.589 0.578 0.0035720 0.0034416 0.96 

3 1 3.5 12.09 19.56 0.587 0.590 0.578 0.0040627 0.0048290 1.18 

         Avg = 0.97 

 

 

The ratio of the actual discharge and the theoretically calculated discharge is denoted by Cd (i.e. Cd = Qact/Qth). When 

theoretical discharge and experimental results compared, it has been observed that the discharge for compound sharp-crest weirs 

are approximately 8-10% higher than that for compound broad-crest weirs. 

Compound weirs are generally used to control the discharge over canals, rivers, dams, etc. The following are some application 

of compound weirs that we are suggesting on basis of our research. 

a) For the condition with low head and high discharge compound weir with Rectangle-Rectangle combination is suitable.  

b) For the condition with low head and low discharge Triangle-Rectangle weir is suitable. 

c) For the condition with low head and medium discharge Rectangle-Trapezoidal weir are recommended. 
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Graph 1: Coefficient of discharge (Cd) for various shapes of weir 

 

 
 

Graph 2: Head-Discharge Relationship for RR Weir 

 

 

 
 

Graph 3: Head-Discharge Relationship for TR Weir 
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Graph 4: Head-Discharge Relationship for RTz Weir 

 

For sharp-crested weirs whose heights are more than one-fifth of the total head (P/H0 > 0.2), the discharge coefficient is vary 

greater than 1. For weir heights less than about one-fifth the head, the contraction of the flow becomes increasingly suppressed and 

the crest coefficient decreases. 

VI. CONCLUSION 

1. From the test it has been observed that sharp-crested weir have maximum discharge for low head as compared to broad-

crested weir. 

2. The compound weir with combination of Rectangle-Rectangle (R-R) gives maximum discharge for low head. 

3. Coefficient of discharge for sharp-crested weir is more than that of broad-crested weirs as in broad crested weir loss due 

to friction is observed. 

4. When theoretical and experimentally results were compared it has been observed that the discharge for compound sharp-

crested weirs is approximately 8-10% more than compound broad-crested weirs. 

5. From the overall observation it can be concluded that for maximum discharge with low head is recommended to use 

compound weirs with the combination of Rectangle-Rectangle (R-R) weir. 
 

VII. FUTURE SCOPE 

There is a future scope to determine the coefficient of discharge by the field calibration method also to compare the laboratory 

results with the actual field discharge. Increase the scale of the weir prototype model at the time of field calibration because some 

geometrical parameters are change according to the field conditions. For field calibration some prerequisite are to be required for 

the weir testing at the time testing of weir on field for to avoid the losses due to the surrounding atmospheric conditions . Then 

perform the field calibration with proper suitable method and compare those discharges for same shapes of weirs with the same 

laboratory calculation. 
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