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Abstract. The article reveals the fundamentals of engineering and designing mobile weir with 

rectangular opening for farmlands, applicable for measuring discharge in interfarm and 

temporary canals. It includes the fundamentals of choosing most efficient structural solutions 

for the weir, choosing material for fabrication of its main elements, performing the static 

design for weir horizontal beams according to marginal states of providing reliability and 

stability of weir main elements. Results of calculations of diameter of steel bar for rectangular 

weir with B=25cm showed that the diameter needed is 6mm. The diameter is small enough for 

the weir to be called a thin plate weir. Thus, using 6mm bar is reasonable enough from the 

point of view of stability and the by the requirements for a thin plate weir. 

1.  Introduction 

Nowadays the reforms in every sphere of Uzbekistan’s economy are serving as building bricks for 

people’s prosperity and providing necessary conditions for citizens to reveal their creative potential.  

Step by step transition of the economy to market based policy and full denial of the old system which 

was based on administrative and command management is facilitating the provision of wide 

possibilities and good conditions for small businesses and private enterprises as well as farming 

business. [1,2]. As an example we can mention the organization of farmlands in the country and their 

transformation into multiple branch businesses. Nowadays 162 thousand farmers are operating in the 

country. Most of them are based on specialized in crop farming. The increase of the number of 

individual farmers has led to the increase of individual water users in agriculture. Therefore, there is a 

task for the government to fairly distribute water among users and provide water to each consumer 

according to their crop irrigation schedule. In certain cases, there have been practice to distribute water 

to farmers according to their land area. But it is very important to note that water to farmers must be 

allocated according to scheduled irrigation rate for specific crop and based on the soil conditions of the 

region where their farmland is located, type of the crops they grow, the ratio of lands where various 

types of crops are grown and other factors. Otherwise random allocation of water only based on 

farmers’ total land area will lead to the decrease of crop yield and degradation of meliorative 

conditions of the land due to wrong watering amounts. 

In order to solve this economically and socially important problem, it is important to provide each 

farmer with compact portable flow measuring weirs so that each farmer could use water reasonably 

and keep accurate calculation of the amount of water they use and save water resources by using 
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necessary amount of it. In order to give necessary amount of water to crops it is important to 

accurately measure it [3,4,16]. Nowadays the existing water measuring devices in irrigation system are 

mostly of stationary type. Besides, the capabilites of such stationary water measuring devices are 

limeted when it comes to measure water continuously in small inner farm and temporary canals, which 

are built seasonally [5]. Advantages of using portable weir for small streams are discussed in authors 

previous works as well as in works by other authors [17]. 

2.  Method 

In order to solve the above mentioned problem staff of the department “Hydraulic Construction and 

Engineering Structures” of Tashkent Institute of Irrigation and Agricultural Mechanization Engineers 

have developed the design of a compact portable water measuring weirs [6,7,8,9,10]. These portable 

weirs are mostly intended for the use by farmers and their cost is 3 to 4 times cheaper than the 

stationary ones and, most importantly, their wide cover area, that is, they can be used to measure water 

in several fields during a day. 

The given portable weirs have been designed with triangular, trapezoidal and rectangular openings and 

their structural design have been patented by the Bureau of Intellectual Property of Uzbekistan (patent 

№00647). The first samples of the weirs were tested in the laboratory and in the field, the laboratory 

and field experiments of the weir is shown in Figure 1. 

 

  
Figure 1. Testing the portable water measuring weir in field and in laboratory. 

 

The design of the portable water measuring weir is very simple, consisting of vertical and horizontal 

steel bars. The structure is covered with flexible water impermeable PVX material by inserting the 

steel bars in the pockets in the material. The structural scheme and the main elements of the portable 

weir with rectangular opening is illustrated in Figure 2. 

In designing portable water measuring weirs it is important to choose right material and conduct static 

calculations for its each element based on the requirements set for control and measuring devices and 

according to applied design methods. Therefore, it is reasonable to choose corrosion resistant 09Г2С, 

14Г2 and 15ХСНД grade steel for the main elements of the weir [11]. Operation accuracy of 

measuring weir and the reliability of the obtained results significantly depend on the static calculation 

of it. The particular attention must be given to correct determinination of the amount of loads applied 

on the weir and how the loads are acting on the structure in order to conduct its static calculation. 

Schemes for most unfavorable conditions must be developed. Hydrostatic pressure of water at the 

headrace of the weir is the permanent load acting on the it. Imposed load on the weir would be the 

wind load in the region, which also must be considered. In order to simplify calculations, the own 

weight of weir elements can be neglected in calculations due to their insignificant impact, which can 

be considered through coefficients. 
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Figure 2. Structural composition of the portable weir with rectangular opening: 

1 – impermeable material; 2 – water flow opening; 3 – pockets for vertical and horisontal bars;  

4,5 – vertical steel bars; 6,7 – horizontal steel bars; 8 – openings for channel bottom fixation steel 

piles; 9 – bottom piles; 10 – measuring scale; 11 – tail race channel bottom scouring prevention apron; 

12 – angle strengthening patch; 13 – round patch; 14 – material bending line; 15 – material cutting 

line; 16 - seam. 
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The following initial dimensions are set before calculating the main elements for stability: 

hmax – maximal flow depth in canal; В – bottom width of the weir opening;  

Bc – top width of weir opening (B=Bc for weir with rectangular opening); 

HT – height of weir opening; 

K H= T H ,      (1) 

where: H – maximum height of water at weir opening above the bottom of the opening; К – reserve 

height of weir opening to pass floating debris, taken as 100K  mm; Р’ – тешикдан оқиб 

чиқаётган сув тагига ҳаво киришини таъминловчи захира баландлиги, куйидагича аниқланади: 

ПБССТ О-О= ' Р      (2) 

where: P’ is usually taken 30...50 'Р  мм қабул қилинади, 
ТО  - level of the bottom of weir 

opening; ПБССО  - water level at the channel tail race.
 

Based on the dimension set above, structural stand scheme for weir design is created (Fig.3). 

 

 

Figure 3. Structural stand 

scheme for weir with 

rectangular opening: 

1,2 – upper and lower 

horizontal bars; 3,4 – 

vertical side bars and 

vertical main bars; 5 – 

banquette pile bars; bк – 

channel bottom width; m – 

channel side slope at the 

point of weir installation. 

The structural stand in Fig.3 mainly consists of upper and lower horizontal bars, vertical side bars and 

vertical main bars. Water hydrostatic pressure acts on the horizontal bars through weir cover material 

and is passed to vertical stands, and statically the vertical bars are considered to be statically 

indeterminate beam with three spans. The main vertical bars and side bars are supports of these beams 

which are statically connected via roller support. 

The following design scheme (Fig.4) is created for static calculation of horizontal bars and determine 

the loads acting on them. 

 
Figure 4. Scheme for determination the hydrostatic pressure acting on horizontal bars of the weir: 

1,2 – top and bottom beams; 3,4 – support vertical bars 



FORM-2020

IOP Conf. Series: Materials Science and Engineering 869 (2020) 072023

IOP Publishing

doi:10.1088/1757-899X/869/7/072023

5

 

 

 

 

 

 

3.  Results 

The vertical distance between horizontal bars are determined first. 

K H= 1 l ,     (3) 

' h= max2 Pl  ,     (4) 

Hydrostatic pressure of water on the weir’s particular elements is determined as follows: 

iWi h= P ,      (5) 

where: W  - specific weight of water, 10W   kN\m
3
; ih  - the depth of water above the point of 

interest on the weir. 

For the scheme shown above in Fig.4: 

2

l
= 1

1

K
h


, and  

2
l= 2
12

l
Kh  ,   (6) 

The load from hydrostatic pressure on the beams of the weir is determined as follows [5]. 

2
= Ti

iP
P ,  

22
= 1

1Ti


  ii PP
P ,   (7) 

Load from hydrostatic pressure is passed to each beam as distributed force: 

TiTiTi l P= q ,       (8) 

where: TiP  - hydrostatic pressure of water on the beam being designed; Til  - loaded span of the beam 

being designed. 

2

l
= 1

T1

K
h


,  

 
22

l
= 21

T2

lK
h 


,   (9) 

Top and bottom bars design scheme is taken as continuous three span beams, so they are calculated as 

three span statically indeterminate beams, loaded with distributed load  Tiq . The distance between 

supports is ml , which is also the width of the opening for weir with rectangular opening, i.e. cBml . 

Upper horizontal bar design scheme and bending moment diagram for it is illustrated in Fig. 5. 

 
Figure 5. Upper horizontal beam design scheme and bending moment diagram  

 

Bending moment values for the top beam design scheme is determined as follows according to 

construction mechanics rules [12,13]: 
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Bottom horizontal bar design scheme and bending moment diagram for it is illustrated in Fig. 6. 

 
Figure 6. Bottom horizontal beam design scheme and bending moment diagram. 

 

Beam bending moment values for statically indeterminate beam is determined as follows: 



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,    (11) 

For the reasons of unification of the beam sizes based on the above mentioned calculations, the 

maximum bending moment is determined, Mmax=MB and then required moment of resistance is 

determined according to strength requirements by the first group of boundary conditions as follows: 

 uyR

KM
W 1max

T = 


,      (12) 

where: 1K  - safety factor (reserve coefficient);  uyR  - bending resistance of the beam material. 

Beam cross sectional dimensions are determined based on calculated moment of resistance. In doing 

so, hydrostatic pressure which is passed to the beam through weir cover material must be taken into 

consideration, and based on it, the cross section of the beam is taken symmetric, i.e. round shaped. 

For the round cross section shape of the beam, the required diameter is calculated as follows: 

3
32

= 


TW
Д


,      (13) 
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In order to decrease the weight of the weir, the cross section of the beam can be taken in the shape of a 

ring, i.e. hollow shaped.  

If ring shaped cross section is chosen for the beam and taken the ratio of the inner and outer diameter 

of the cross section would be α=d/D, then the inner diameter will be d=αD. 

Thus, the outer diameter of the cross section will be determined as follows: 

 
3

1

32
= 

 

 TW
Д ,      (14) 

And the inner diameter: 

D= d ,
 

      (15) 

Based on the determined values the strength of the weir beams by the first group of boundary 

conditions is checked as follows: 

  cuyR
W

KM
 

 1max= ,     (16) 

where: maxM  - maximum value of bending moment on the beam being designed; 1K  - safety factor, 

1.11 K ; W  - real moment of resistance of the beam being designed, which is determined as 

follows for bar with ring shaped cross section: 

 
32

= 
33 dД

W


,      (17) 

 c  - service factor, 1c . 

The weir is also checked for normally operability by the second group of boundary conditions [14] as 

follows: 

                    













l

f

JE

lq

l

f m

n

Ti

313
= 

3

,                                     (18) 

where: l

f
 - relative deformation of the beam; 

n

Tiq
 - normative value of the load acting on the beam 

being designed; lm - span distance between supports; E - modulus of deformation of the beam material; 

J - moment of inertia of the beam cross section; 








l

f

 - allowable relative deformation of the beam to 

provide normal operation, 200

1










l

f

. 

4.  Discussion 

In designing water measuring weir the loads acting on it and their values are taken based on normative 

documents. The static design accuracy of weir’s structural elements can notably affect the results 

taken from the use of weirs. Therefore, the reliable operation of water measurement will be provided if 

the results obtained by above recommended schemes and design procedure are controlled by testing 

procedures [15]. When the beam was calculated for portable weir with rectangular opening with width 

B=25 cm with these method, it came up to be 6mm. It is small enough for portable weir to be 

considered a thin plated weir. Therefore, 6 mm steel rod can be used for portable weir with 25 cm 

wide rectangular opening. Research results on flow measurement accuracy of these portable weirs and 

their comparison to stationary ones are discussed in authors’ previous articles, published in journals 

and conference proceedings [6,7,8,9,10]. Procedures of using portable weirs are the same as the for 

stationary ones and other fully metallic type portable thin plated weirs [18].  
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5.  Conclusions 

It is of a great importance for the farmers to be provided with low cost water measurement weirs to 

have the water resource be used rationally and in some cases to prevent water to be used wastefully. 

The above mentioned portable water measurement weirs is a control measurement instrumentation by 

its designation. Therefore, it is important for these type of portable water measuring weirs to use right 

type of materials, and most optimal structural solutions based on strength and stability requirements. 

Thus, it is reasonable to consider hydrostatic pressure of water as the main load in designing the weir 

structure and using strengthened corrosion resistant 09Г2С, 14Г2 and 15ХСНД grade steel for the 

main elements, which are horizontal upper and lower rods, vertical support rods. Reasonable results 

will be obtained if the static design of the weir beams is done with above recommended relationships 

by the first group of boundary conditions. Thus the basis will be set for reliable operation of the weir 

by providing its strength and stability. When the beam was calculated for portable weir with 

rectangular opening with width B=25 cm with these method, it came up to be 6mm, which is small 

enough for the portable weir to be considered small plated type, that means 6 mm steel rod can be used 

for portable weir with 25 cm wide rectangular opening. 
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