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ABSTRACT 

Fayoumi Standard Weirs have been modified by adding one, two or three pipes, to convey 

much water to downstream direction. Measurements of discharge with these structures are 

complicated due to existence of the openings. In this research, an experimental study is 

carried out to investigate the effect of installing pipes through a piped clear over fall weir 

and bottom-pipes. Twelve weir models with different heights are tested in horizontal 

laboratory flume of 17 m length, 0.3 m width, and 0.5 m depth. Weir height is changed two 

times. Contraction of weirs is changed two times. For each one, the diameter of opening is 

changed three times. The downstream depth is changed to cover all the concerned flow 

regimes of flow rate for a submerged pipe and a free weir. The downstream water depth 

begins with the upper tangent of the pipe and ends with the crest level of the weir. The 

contraction and the un-contraction of the weir are discussed. The effect of downstream 

water depth is taken into consideration. The results of flow over weir with opening are 

compared with those of weir without opening having the same dimensions. It is found that 

there is a large difference between them. Multiple regression equations based on energy 

principal and dimensional analysis theory are developed for computing discharge over 

clear over fall weir with bottom pipes. Also, values of discharge coefficients were 

estimated for combined flow over the weir and through the pipe. Then the total discharge 

can be computed by multiplying the discharge coefficient by the summation of theoretical 

weir discharge plus theoretical orifice discharge. Equations for computing the discharge of 

combination are awarded. 

Keywords: Fayoumi weir, bottom pipes, free discharge, discharge coefficient, contracted and 

un-contracted piped-weirs. 

1. Introduction 

Weirs are typically installed in open channels to measure the flow rates. The basic 

principle is that discharge is directly related to the acting head on the weir (H). 

Rectangular weirs can be suppressed, partially or fully contracted. A suppressed weir's 

width (b) is equal to the channel width (B); thus, there really isn't a notch - the weir is 

flat all the way along the top. For a weir to be fully contracted, (B-b) must be greater 

than 4Hmax, where Hmax is the maximum expected head on the weir [21]. A partially 

contracted weir has B-b between 0 and 4Hmax. Weir contractions cause the water flow 

lines to converge through the notch. 

With the increase of cultivated area served by canals, water demands becoming higher. 

As a result the capacity of the existing weirs built on those canals and the embankment of 

the canals themselves upstream of the weirs becoming insufficient to pass this increase of 
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high water demands. So, the solution is to replace the old structures by new ones or to 

modify the existing ones. The first solution is costly prohibitive while the second requires 

a modification of the hydraulics of the weirs. The modifications may be the widening or 

lowering weir crest or operating the existing pipes used at the bottom for emptying the 

canals to pass extra flow rates to downstream.  

Clear over fall weirs are common engineering structures in irrigation system in 

Egypt, especially in Fayoum district. The name "Fayoum standard weir" became 

worldwide known [1]. Wolters et al. [18] made serious attempts to calculate the 

discharge for system consisted of a specific weir and a pipe. They made a distinction 

between flow over the weir, which can be calculated rather accurate, and the flow 

through the pipes, which is far less reliable. They suggested rating curves for all weirs 

they studied.  

 Abdel halim et al. [1] calibrated experimentally the flow over existing Fayoum weirs 

with orifices. They suggested that, calibration must be based only on water head over 

the crest of the weir H, which is the only measurable parameter in the field. They 

introduced equation for computing the discharge, but they showed that this equation is 

based on the dimensions of the model used in their work. Therefore, it can not be used 

as a general case in the field. Negm [10-12] conducted extensive experimental studies 

on the characteristics of combined flow over sharp-edged and below a gate with 

different shapes and different flow conditions and introduced a general dimensionless 

relationships for predicting the discharge of the combined flow through these 

structures. Abouzeid et al. [3] conducted experiments on the flow characteristics of un-

contracted clear over fall weir with bottom pipes managed to analyze the complicated 

flow. They found that the downstream water depth affects the upstream water depth for 

weir with opening when the openings become submerged. 

In a study conducted by El-Belasy, A.M. [9], formulas were established for 

rehabilitated weirs (modified weirs with 1 or 2 pipes in their bodies to allow more 

water to pass) in order to assist engineers in the design process. Several site visits were 

carried out to the existing rehabilitated weirs in El-Fayoum.  

   It is noticed that most of previous works for discharge measurement structures were 

carried out on weirs without pipe or on sharp crested weirs with non-circular openings 

or on un-contracted piped weirs. However, in irrigation system, like the Fayoum 

irrigation system, weirs are not sharp crested, depressed (un-contracted) and are fed by 

circular opening. The main purpose of this research is to determine the relationship 

between the flow passing through the pipe and over the contracted weir to know how 

much the pipe can affect the flow passing over the weir. 

2. Laboratory experiments 

Laboratory experiments were carried out in an open channel glass side tilting flume 

type. At the outlet of the flume, there is a tailgate to regulate water levels. In all of 

experiments, discharge was regulated by a gate valve and was measured by an orifice 

meter fitted to a pipeline which feeds water to the flume. Water surface profile and 

water levels were obtained using a point gauge. 
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Twelve models have been built from sand-cement mortar with different heights and 

openings made of PVC pipes. Six of them are contracted by using two side walls of 

width 4.9 cm for each. Figure (1) shows definition sketch of the models used in the 

experiments, and Photo (1) shows a view of the used channel. The experiments were 

conducted for various ranges of weir height P, opening diameter D, discharge Q and 

downstream water depth y2. Ranges of experimental parameters are listed in Table (1). 

Table 1. 

Experimental conditions and ranges. 

Parameter Symbol Value 
Range 

Units 
From To 

Height of weir.  P  14.6, 20.0 14.6 20.0 cm. 

Width of weir.  b 20.2, 30.0 20.2 30.0 cm. 

Diameter of pipe. D 4.5, 5.4, 7.0 4.5 7.0 cm. 

Upstream water depth. y1 varied 13.40 28.45 cm. 

Downstream water depth. y2 varied 9.1 20.0 cm. 

Head over the weir. H varied 3.95 8.55 cm. 

Head over the pipe. Hp varied 1.6 17.3 cm. 

Discharge. Q varied 5.91 17.37 Lit/sec. 

Downstream Froude No. Fe varied 0.06 0.25 - 

 

 

 

 

 

 

 

 

 

Fig. 1. Definition sketch of the used model. 

 

 
 

 

 

 

 

 

 

 

 
 

Photo 1. The flume and the used model. 
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3. Theoretical approaches 

3.1. Discharge equations based on energy principals 

Flow over a rectangular weir without lateral contractions and a non- submerged 

hydraulic jump can be described by [1]: 

5.1
2

3

2
HgBCQ dwactw  or,                 (suppressed weir)                         (1-a) 

5.1

1HCQactw                                                                                               (1-b) 

5.12)1.0(
3

2
HgnHBCQ dwactw  (contracted-weir)                           (2) 

In which Qactw is the actual discharge passes over the weir, Cdw is the coefficient of 

discharge, B is the width of the weir, n is the number of end contractions, g is the 

gravitational acceleration, and H is the water head over the weir. Also, Flow through 

the pipe is governed by the following equation for the orifice discharge [1]: 

Pdpactp gHCDQ 2)
4

( 2
  or,                                                                   (3-a) 

5.0

2HCQactp                                                                                            (3-b)                         

In which Qactp is the actual discharge through the pipe, Cdp is the coefficient of 

discharge, and Hp is the difference of head of water on the pipe, see Fig. (1). 

From the geometry shown in Fig. (1), 

Hp = H + (P- y2)                                                                                              (4) 

If y2 ranges from D to P to satisfy the condition of free flow through clear over-fall 

weir and submerged pipes,   

Maximum   Hp = H + (P- D),                                                                          (5-a) 

Minimum    Hp = H                                                                                       (5-b) 

    Thus, any relationship controls the flow passing over combined structure (Qact) 

consisted of weir and pipe must use these equations to illustrate the interaction that 

may be happened. The following equation may be used in providing relationship 

between discharge over weir and that through pipes: 

                 actpactwact QQQ                                                                              (6) 

     or 

                thpdpthwdwthd QCQCQC                                                                  (7) 

     where Qth, Cd, are the theoretical discharge and the coefficient of discharge of 

combined devices, respectively and Qthw, Qthp are the theoretical discharges passing 

over the weir and that passing through the pipe respectively. From Eq. (7), one can 

easily get the following form: 
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The values of Cd, Cdw and Cdp may be experimentally estimated. 

3.1. Dimensional analysis 

A physically pertinent relationship between the discharge and the other dependent 

parameters may be found by dimensional analysis. The non-dimensional relationship is 

also useful for checking the sensitivity of the different parameters which affect the 

phenomenon [9]. The functional relationship of the discharge Q may be expressed by: 

  Q = Φ1 (B, b, P, H, Hp, y1
, y2

, D, ρ, μ, g)                                                                 (9) 

where , width of the channel (B),   width of the weir (b),  height of the weir (P), 

upstream water head over the weir (H), upstream water depth (y1), downstream water 

depth (y2), diameter of the pipe )D), water density )ρ), dynamic viscosity of the fluid 
)μ), gravitational acceleration )g). Using π-theorem and applying the properties of 

dimensional analysis, it yields; 
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In which 



D

Q
= Reynolds Number. In open channel flow, Reynolds Number effect 

may be neglected [9]. The width of the weir is constant, so, Eq. (10) may be takes the 

following form: 
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The left hand term represents the dimensionless discharge value and will be called 

CD for simplicity, and q is the discharge per unit width of weir crest. 

4. Results and discussions 

4.1. Flow characteristics 

Figure (2) shows the variation of upstream water depth, y1, with the downstream 

water depth, y2, at weir height equals to 14.6 cm, pipe diameter equals to 7.0 cm and 

discharge of 10.84 lit./sec. (as an illustrative example). The upstream water depth 

remains constant for free flow through weir without pipes, while it is affected when the 

downstream water depth become higher than the pipe diameter, for the piped weir. The 

rate of increase in upstream water depth is higher when the weir is contracted than it is 

suppressed (un-contracted). This might be explained as the submergence of the pipe 

reduces the acting head and the passing discharge. So, the discharge over the weir crest 

should increase by increasing the upstream water depth.  
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Fig. 2. Variation of y1 with y2 at weir height P = 14.6 cm and pipe diameter D = 

7cm, Q = 10.84 lit/sec 

Water surface profiles for both piped and that without pipes weirs are represented in 

Fig. (3). The length of hydraulic jump was noticed and measured on the longitudinal 

scale of the glass lab channel. For the case of submerged pipe-free weir, it can be seen 

that the hydraulic jump behind the weir with opening occurs nearer to the weir than 

that at weir without pipes. This may be happen as when the flow falls only over the 

weir, the total momentum upstream the jump is higher than that for piped weir. Also, 

the upstream water depth is higher for weir without pipes than that at piped weir, and 

for the contracted than that for the un-contracted. So, the existence of bottom pipe to 

pass discharge increases the canal conveyance efficiency upstream of the weir. 
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Fig. 3. Water surface profiles over weir at P = 20 cm, D = 7.0 cm and Q = 15.94   lit/sec. 

For the same weir height, the variation of upstream water level with discharge for 

different pipe diameters is shown in Figs. (4 – a), and (4 – b). With reference to the 

figures, it can be concluded that for the same opening, as the discharge increase the 

upstream water depth increases.  
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Fig. (4-a). Variation of upstream water depth with discharge for contracted 

piped weir and un-contracted piped weir with height P = 20 cm. 

 

 

 

 

 

 

 

 

 

 

Fig. (4-b). Variation of upstream water depth with discharge for contracted 

piped weir and un-contracted piped weir with height P = 14.6 cm. 

The effect of different dimensionless parameters derived earlier, Eq. (11), on the 

discharge as a dimensionless value is explored. Figures (5 to 8) show the variation of 

dimensionless discharge value CD with the dimensionless parameters (H+D)/P, H/D 

(y1-y2)/D, and bH/(By1) for different pipe diameters respectively. It is shown that the 

dimensionless discharge values increase linearly with these parameters. 
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Fig. (5-a). Variation of dimensionless discharge value with dimensionless 

parameter (H+D)/P at contracted piped weir with height P =14.6 cm. 

  

 

 

 

 

 

 

 

 

Fig. (5-b). Variation of dimensionless discharge value with dimensionless 

parameter (H+D)/P at un-contracted piped weir with height P =14.6 cm. 

 

 

 

 

 

 

 

 

 

Fig. (6-a). Variation of dimensionless discharge value with dimensionless 

parameter H/D at contracted piped weir with height P = 20 cm. 
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Fig. (6-b). Variation of dimensionless discharge value with dimensionless 

parameter H/D at un-contracted piped weir with height P = 20 cm. 

 

 

 

 

 

 

 

 
 

Fig. (7-a). Variation of dimensionless discharge value with dimensionless 

parameter (y1-y2)/D at contracted piped weir with height P = 20 cm. 

 

 

 

 

 

 

 
 

 

Fig. (7-b). Variation of dimensionless discharge value with dimensionless 

parameter (y1-y2)/D at un-contracted piped weir with height P = 20 cm. 
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Fig. (8-a). Variation of dimensionless discharge value with dimensionless 

parameter bH/(By1) at contracted piped weir with height P = 14.6 cm. 

 

 

 

 

 

 

 

 

 

 

Fig. (8-b). Variation of dimensionless discharge value with dimensionless 

parameter bH/(By1) at un-contracted piped weir with height P = 14.6 cm. 

The multiple regression analysis is used for correlating the different dimensionless 

parameters shown in Eq. (11) to develop an empirical equation for computing the 

discharge over clear over fall contracted weir with submerged bottom pipes . The 

developed equation can be expressed as follows; 

1
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78.306.086.006.135.0
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           (12) 

The coefficient of correlation R
2
 and the standard error in estimating these 

parameters are 0.992 and 0.036, respectively for the range of studied parameters. 

A multiple regression analysis is used for correlating the different dimensionless 

parameters shown in Eq. (11) to develop an empirical equation for computing the 

discharge over clear over fall un-contracted weir with submerged bottom pipes. The 

developed equation can be expressed as follows; 
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The coefficient of correlation R
2
 and the standard error in estimating these 

parameters are 0.979 and 0.037, respectively for the range of studied parameters. 

Based on Eq.(8) and the measured data, using the regression analysis, one can 

estimate the average values of  Cdw and Cdp and consequently the total discharge 

passing through the combined structure of piped weir. It is found for the range of the 

experiments that: 

1. For un-contracted piped weir: 

th

thp

th

the
d

Q

Q

Q

Q
C 05.175.0                                                                                  (14) 

 with R
2
=0.996, and SEE = 0.042 for the range of studied parameters. 

 

 

 

 

 

 

 

 

 

 

Fig. (9). Relationship between computed discharges using Eq. (14) versus 

measured ones for un-contracted piped weir. 

2. For contracted piped weir: 

th

thp
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C 90.072.0                                                                               (15) 

with R
2 
= 0.996, and SEE = 0.055 for the range of studied parameters. 
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Fig. (10). Relationship between computed discharges using Eq. (15) versus 

measured ones for contracted piped weir. 

Based on Eq.(1b,3b) and the measured data, using the regression analysis, one can 

estimate the average values of  C1, and C2 and consequently the total discharge passing 

with the combined structure (weir and bottom opening). It is found for the range of the 

experiments that the values of C1, and C2 are: 

 Piped weirs with D/P = (0.225,0.308): 

1. For un-contracted piped weir: 

5.05.1 373.0742.0 pact HHQ                                                                 (16) 

 with R
2 
= 0.988, and SEE = 0.274 for the range of studied parameters. 

2. For contracted piped weir: 

5.05.1 464.0424.0 pact HHQ                                                                 (17) 

            with R
2 
= 0.996, and SEE = 0.055 for the range of studied parameters. 

 

 

 

 

 

 

 

 

 
Fig. (11). Relationship between computed discharges using Eq. (16), Eq. (17) 

versus measured ones for contracted piped weir. 
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 Piped weirs with D/P = (0.270, 0.370): 

1. For un-contracted piped weir: 

5.05.1 82.074.0 pact HHQ                                                              (18) 

where standard error R
2 

= 0.967, and SEE = 0.528 for the range of studied 

parameters.  

2. For contracted piped weir: 

5.05.1 79.041.0 pact HHQ                                                             (19) 

where standard error R
2 

= 0.988, and SEE = 0.405 for the range of studied 

parameters. 

 

 

 

 

 

 

 

 

 

 

Fig. (12). Relationship between computed discharges using Eq. (18), Eq. (19) 

versus measured ones for contracted and un-contracted piped weir  

 Piped weirs with D/P = (0.350, 0.479): 

1. For un-contracted piped weir: 

5.05.1 32.184.0 pact HHQ                                                                  (20) 

Where standard error R
2 

= 0.935, and SEE = 0.618 for the range of studied 

parameters. 

2. For contracted piped weir: 

5.05.1 67.139.0 pact HHQ                                                              (21) 

Where standard error R
2 

= 0.961, and SEE = 0.816 for the range of studied 

parameters. 
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Fig. (13). Relationship between computed discharges using Eq. (20), Eq. (21) 

versus measured ones for contracted and un-contracted piped weir. 

Table 3.  

Values of Cdw and Cdp estimated from relation among Q, H
1.5

 and Hp
0.5

 

Case of 

contraction 

D/P 

0.225, 0.308 0.270, 0.370 0.350, 0.479 

Cdw Cdp Cdw Cdp Cdw Cdp 

Un contracted 

piped weir 
0.84 0.53 0.83 0.81 0.95 0.78 

Contracted piped 

weir 
0.80 0.63 0.77 0.78 0.73 0.98 

5. Conclusions 

The finding from this research may have practical applications especially when 

operating the existing bottom pipes to increase the conveyance efficiency of the 

channel upstream the weirs and also to increase the discharge passing to the 

downstream of the channel. The following main conclusions may be drawn: 

1- The division of flow passing with combined structure affected the flow 

characteristics downstream, where for weir with bottom pipes; the hydraulic jump 

behind it is formed at shorter distance than that with weir without bottom pipes.    

2-   Operating the bottom pipes for passing flow with that passing over the weir crest 

decreases the upstream water depth, consequently increases the conveyance efficiency 

of the upstream channel and increases the flow passing capacity of the weir. 

3-   The downstream water depth affects the upstream water depth for weir with 

bottom pipes when the pipes become submerged. 

4- Based on the dimensional analysis and the energy concepts, equations are 

developed for computing the discharge through the combined device for the 

same conditions of derivation. 
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5-   The relationships among Hp, H and Q depend mainly on the diameter of the 

pipe installed in the bottom of the weir as well as the dimension of the weir. 
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 ϥللسريا ΔليكيϭرΪيϬعلىالخصائص ال ΕاراΪϬالحرة ال Δالسفلي Εالفتحا ΕاΫ 
 الϤلخص العربى

ΕاέاΪϬال ϡΪΨتست  Γήالح ΕاΪمع αΎقيϭ ϩΎيϤيع الίϮل تΜم ΔيϜليϭέΪيϬال νاήمن اأغ ΪيΪط فى العϮϘس
.ήطΎϨϘى الϠع ϥίاϮالت ϕήيف فϔΨلك تάكϭ ΔفϮشϜϤال ΕاϮϨϘلΎف بήμالت  ϩάه ϡΪΨتست ϡϮيϔيم الϠفى اق

 ωήمن الت ΪيΪى العϠع ΔعέΰϨϤال ΕΎمΎمΰال ΓΩΎيΰا لήψنϭ .ϥΎيήسϠل ΔقΎيف ميل خط الطϔΨفى ت ΕاέاΪϬال
الΎϘϤمΔ عϠيΎϬ هϩά الΪϬاέاΕ يΩΰاΩ الطϠب عϠى تήϤيή معΪاΕ تήμف كΒيΓή من الϤيϩΎ مΎϤ يϯΩΆ الى 

عϤل عϠى تΪϬيΪ جسέϮ الϮϨϘاΕ اأمΎميΔ الΎϘϤمΔ عϠيΎϬ هϩά اέتωΎϔ مϨسϮبΎϬ أمϡΎ هϩά الΪϬاέاϭ Εالϯά بϩέϭΪ ي
ϡΰϠي ΎϬيϠع ΔمΎϘϤال ΕاϮϨϘالϭ ΕاέاΪϬكل من ال Δسع ΓΩΎيΰلϭ .ΕاέاΪϬ1 : ال )Ύم·  ΏΎأعت ΏϮسϨيض مϔΨت

ΕاέاΪϬ2 .ال ϭأ ΎϬضϭήع ΓΩΎيί )3 ء( تشغيلΎنش·ϭ  نىΎΜالϭ ϝϭاأ ΡήتϘϤال .ϩΎيϤال ήيήϤلت ΔيϠϔس ΕΎفتح
شغيل الϮϤاسيή الϮϤجΓΩϮ بΎلϔعل لغνή يف انشΎئيΔ عΎليΔ، أمΎ الΎΜلث فيحتΝΎ فϘط لتيحتΎجϥΎ الى تΎϜل

تϔΠيف التωή أثΎϨء الμيΎنΔ. تشعيل هϩά الϔتحΕΎ يحتΝΎ الى معήفΩ Δقيϭ ΔϘشΎمΔϠ عن كϤيΕΎ الϤيϩΎ التى 
 .ΎϬϠعن تشغي ΔΠتΎϨال έΎعن اأث ΔيϜليϭέΪهي ΔاسέΩ الى ΝΎلك يحتάكϭ ΎϬمن خال ΎهήيήϤن تϜϤي 

ϙϮϠس Δفήمع ΔلϭΎحϤب ΔليΎالح ΔاسέΪتم الϬت  ϝΪمع ήيΪϘلت ΔيϘيΒتط ΕاΩΎمع ΩΎΠلك ايάكϭ ϥΎيήالس
.ΔيϠϔالس ΕΎتحϔال ϩάه ϝخاϭ ΕاέاΪϬال ϕϮع فϤΠϤال ϥΎيήسϠف لήμالت  ϭ ϥΎيήالس ΕاΎح ΔنέΎϘتم م ΎϤك

 ϕήط ΓΪف بعήμمل التΎمع ΏΎن حسϜأم ϭ ، ΕϮΒϜϤال ήغي ϭ ΕϮΒϜϤال έاΪϬتشغيل ال ΔلΎه فى حμئΎμخ
 عϠى معΎمل التήμف ϭمϨسΏϮ أمϡΎ الΪϬاϭΫ έ الϔتحϭ .Δ كάا έΩاسΔ تأثيή مϨسΏϮ الϠΨف

ΕاέاΪϬϠل ΝΫΎϤى نϠع ΎيϠϤع ΔاسέΪيت الήأج Γήالح  ΔتϮΒϜϤال ήغي ϭ ΔتϮΒϜϤال(contracted weir, un-

contracted weir) ΓΩϭΰم ΔϔϠتΨم ΕΎعΎϔتέΎب ب ΎϬنΎقيع ΪϨع ΔيήائΩ ΕΎتحϔ ل فىϤعϤب ΔفϮشϜم ΓΎϨق
ΪΨاϡ معΩΎاΕ اأستήϤاέيϭ ΔثΕϮΒ الطΎقϭ ،Δكάلك نήψيΔ اأبعΩΎ، الϬيϭέΪليΎϜ بΎΠمعΔ أسيϮط. ϭبΎست

Δيήψن ϡاΪΨستΎبϭ .ϥΎيήالس ΎϬيϠع ΪϤامل التى يعتϮالع ΪيΪن تحϜأمRegression Analysis   ئجΎتϨمع ال
الى معΩΎاΕ يتم من خالΎϬ تΪϘيή معϝΪ تήμف السήيϥΎ  تϮصلالϤعϠϤيϭ ΔالϤعΩΎاΕ الήψϨيΔ أمϜن ال

ϔال ϝخا έΎϤع.الϤΠϤال ϥΎيήالس ϝΪلك معάكϭ ΓΪى حϠكل ع έاΪϬال ϕϮفϭ ΕΎتح  
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