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CALCULATION OF PARAMETERS OF THE CHANNEL EROSION IN
TRANSITION SITES OF THE MOUNTAIN RIVER ZONE
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When erecting river structures, the planned outline of the channel changes in certain area. In these
transition areas the correct estimation of channel erosion parameters is important. Existing methods for the
calculation of these parameters have a number of serious shortcomings. On the basis of a universal
mathematical method, a method for its particular application has been developed. It gives opportunity to obtain
regularities in determining the parameters of channel erosion in transitional areas of sub mountai rivers. On
their basis, it is possible to calculate the hydraulic flow characteristics and the coordinates of the new channel
bed in the bridge crossing, formed after the stabilization of the erosion process. The developed method can be
used by specialists in the design of river structures, as well as in making up recommendations for safe
exploitations.
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Introduction: When building channel structures, the planned outline of the river often changes:
the width of the channel widens, but mostly it often narrows. Such transitional areas are mainly
created by installing supports for bridges and for other communications, bank-protecting walls, etc. In
bridge crossings, the change in the outline of the channel occurs both onshore and intermediate
supports. In any case, the narrowing or widening of the channel width leads to a change in the
characteristics of the flow, in particular, to a decrease or increase in its velocity field. Because of this,
sedimentation begins in some cases in the transition area, in others —in the bed bottom erosion. It is
very important to predict correctly possible deformations, since the trouble-free operation of channel
structures, including bridge supports and bank-protecting dams, is determined by the reliability of
establishing the depths of erosion. Thus, the determination of the position of the final, stabilized
surface of channel erosion is relevant, especially in the areas of establishment of river structures, both
scientifically and from a practical point of view. Existing methods, including numerical solutions for
calculating the deformation of transitional sections of mountain streams, have a number of serious
shortcomings. This is due both to the establishment of the initial characteristics of the drainage and the
boundary conditions of the problems, and to the choice of the formula for calculating the sediment
flow rate.

The aim of the work is to develop a method for predicting possible channel deformations in
transitional sections of mountain streams and calculating flow and channel parameters on the example
of bridge crossing.

Research results. In the works [1, 2] the existing methods and formulas are analyzed for
determining the parameters of channel erosion in bridge crossing and in transition areas. The main
shortcomings of the existing offers are estimated and mentioned here, the tasks of following
researches are pointed out.

The author of the research has worked out the universal theory of channel formation, passing
to a stabilized, balanced phase [3]. It characterizes also the hydro-dynamic processes rather well,
which occur in the river areas, where the bridge crossings are. According to this theory, for the
formation of coordinates of stabilized surface of deformations the following dimensionless equation is
resulted:
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where the scale of boundlessness is to be the width of channel by, for example, 7= z/by ;

Z - is the required dimensionless coordinate of the stabilized surface of the bed bottom in the
deformed transition region;

h - is the depth of the flow in the new channel with the surface of live section 4.

Besides the three mentioned unknown the remaining quantities of equation (1), including the
relation g, =h,/h, and number of Freud - Fr, in the channel area with curve i, are either given or are
determined by familiar methods. (The scale of boundlessness is accepted the width of by . (Here and
after the parameters with index “0” relate to the channel area where sediment ability of the flow gets
ultimate meaning).

In the conditions of observing sediment balance in work [4] the following dimensionless
regularity between the area of the live section and the wetted perimeter of the flow was obtained:
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In this paper it is indicated that for mountain and mudflows the indicator a varies in the interval
3 ... 4. In further developments for mountain rivers a = 7/2 occurs. Then equation (1) can be written as:
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Equation (3) is solved in the presence of regularities between the hydraulic parameters of the
transition. For simplicity, the shape of the channel in the section of the bridge is assumed to be
rectangular. Consequently:

Tl

R: H B
(4)
— (b+2h) Do
=(b+2h
x =(b+2h) )
From the expression (5) follows that
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where the coefficient g=b/h=b/h.
Accordingly from a = 7/2 cooperative solution of dependences on (2), (4) u (6), we get:
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Viewing the possible meaning of coefficients £, and g in practice, the equation (7) can be
presented in the following way without any notable omissions:

b

h =

The final solution of the task may be given more strictly, however, further equations may occur
transcendental. Thus the difference between the results of both solutions in practical relation is slight.

From the dependents (4) and (8) for the area of live section we have as follows:
A=b?". 9)

The obtained universal equation (3), regularities (8) and (9) can be applied for solving problems
on the calculation of parameters characterizing channel erosion in transitional sections of mountain
rivers. For this, alongside the indicated expressions, it is necessary to use the boundary conditions of
the given problem.

Suppose that on a certain segment of a mountain river with a width B, and bed curve of i,

bridge supports are installed with length of I and width of bridge pass b« (fig. 1). Flow rate Q is
obtained from hydrological calculations. For the river section, where the stream acquires the ultimate
channel forming capacity, the channel characteristics 7o and bo are established. On their basis, the
classical method determines the hydraulic parameters of the cross section of the flow Ag, ho, fo. These
values are the starting points for the prediction of deformation of a bridge crossing through mountain
rivers.
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Figure 1. Planned drawing of bridge crossing
1 — natural channel, 2 — bridge supports.

After the establishment of bridge bases in the cross section area the regime of movement changes. The
vortex zones forming in the support angles fall out of the general smoothly changing motion, and the
planned outline of the lateral lines of the newly formed flow within the transition becomes narrower,
and after the supports - the expanding form (fig. 1, 2). Therefore, for a channel width, a suitable
approximating relationship (linear or curvilinear) can be chosen. For both cases the problem is solved.
The paper presents the developments for the case with a linear change in width b within the transition
(fig. 2): in the range x = -(L1+ 10/2), channel width b = By. Further it begins to decrease and before the
support (x = -10/2) is equal to the width of the bridge aperture &.. Within the supports (-lo/2<x <lo/2)
we have b = b, . After the supports, within the limits lo/2<x <lo/2 + L», the flow expands and at the
end of the section (lo/2 + L) we again have b = B,.. In this case, the reduction angles #1and the
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expansion 6, for smoothly changing motion should be less than 12° [5]. For simplicity, we can take 6,
= 6, =0, then we get Li=L, =L (fig. 2). For the pointed forms of bridge section the method of
calculating the deformations of channel is worked out (fig.3). This method is applicable for other
forms of planned drawings of channel section areas as well.
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Figure 2. Calculating scheme of planned drawing of bridge crossing.
1 — natural channel, 2 — bridge supports, 3 — cross area of channel.

Figure 3. Prolonged profile of bridge crossing after erosion end.
2 — bridge support, 4 — channel bed before erosion, 5 — bed of channel after stabilization.

It is clear that, because of the decrease in the channel width, the flow velocity will increase and
soil erosion will begin. During the erosion process, the bottom of the channel is deepened and the
speeds will decrease. Simultaneously, the process of erosion gradually dies out, i.e. the balance of
sediments along the length of the bed is restored, including in the bridge crossing. Therefore, for the
analytical description of such a process, the above mentioned equations and regularities (3), (8), (9)
can be used, together with the corresponding dependence by definition of the width of the transition
area. Thus, in the channel section - (L+ 10/2) <x <-10/2 , we have:

b=b, +2(x+l,/2)tg(z-0) , (10)
when x = - (L+ lo/2), we have b=Db,+2Ltgf=B, when x = - I/2, we get b=b, , in channel
section -lp/2 <x <lo/2 , we have:

b=b,, (11)

in the channel section 1o/2 <x <1o/2 + L, we have:
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b=b,+2(x-,/2)tgd (12)

When x = 1o/2, we have b=b, , when x = L+ 1o/2, we get b=b, +2Ltgo=B,.

M

Expressions (10), (11) and (12) are shown in the way of boundlessness (scale of boundlessness
is the width bo). In this case for the given three sections of transition area we correspondingly get:

b=h, +2(x+l,/2)tg(z-6), (13)
b=b,, (14)
b=b, +2(x-l,/2)tg6. (15)

After differentiation of the expressions (13), (14) and (15) we will have:

db

Ix Y (16)
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Simultaneously from the dependences (8) and (9) follows:

dh___ 5 db L
X 7457 dx )
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Accordingly with the dependents (9), (19) and (20) the universal equation (3) will get the
following calculating way:

dE_ 5 dk_)_ 2 Fr, dE_i 61’358/21 1)
= 12 - 11 — — 0 Yot .
dx 7ﬂ0b% dx 7ﬁ0b% dx

Joint solution of the resulting equation (21) and final conditions (13)...(18) lets us
differentiate the coordinates of new depth on every transition area of bridge crossing dependent on x
(fig.3), formed after the stabilization of erosion process.

Conclusion. The developed method for determining the coordinates of a stabilized
deformation surface allows us to establish the depth of occurrence of the bases of bridge supports and
other river structures in transitional sections of mountain streams. The method can be used by
designers and operating personnel.
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Lwywupwbh wqquypt wnihippGluuhywlwt hwdwuwpwb

Stiwnwiht  Yunnigwéph wbnwlwpdwu  nbiwpnd  npnpwyh  nbnwdwunwd  thnfuynd £ hniuh
hwunwlwgdwjhu  wbupp: Wn wugnWwiht  wbnwdwubpnud Juplnp £ niubuw] hnwwhu nnnnnuiubph
wwpwdbiwnpbph 6hoin quwhwnndp: <wdwyphpwnbh dJwpbtdwunhywlwu dnnbijh hhdwu Ypw dowyyby £ npw
dwutuwynp Yppwndwu dbpnn: Uju  huwpwynpngnit £ wwijhu bwfuwibnuwht  gbwnbph - wugnwiwjhtu
wnbnwdwubpnd unwuw] hntuwhtu nnnnnuubiph Wwpwdbwpbph npnadwt ophtwswithnyeniuubip: Hpwtg
ogunipjwdp Yuwnbtih £ hwodwpytp Ywdpowiht wugdwt hhnpwyhluwywu wwpwdbnpbpp b wju hnp
hwwwyh Ynpnhuwwbipp, npp duwynpytp £ nnnnnuiubpph Gplnyeh Yujniiwgdwt wpryntupnud: Uwldws
dbpnnp  Ywpnn £ oquwgnpdytii qbwwiht  Ywnnigywdpubiph  twfuwgddwt dwdwuwy, huswbu uwl
dwutwgbwnubph Ynndhg' Yunnigwdph wudwnwug swhwgnpddwu hwyjnwpwanbp Yuqdbihu:

Pwuwih pwnbp. gbwn, hni, wugnuwiht wbnwdwu, nnnnnud, wwpwdbinptph hwaquny
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PACYUET NAPAMETPOB PYCJIOBOI'O PASMBbBIBA B ITIEPEXOHBIX
YYACTKAX PEK ITPEJITOPHOM 30HbBI
I1.O. baamxksan, I'.I'. MagaTsan, O.I'. Keiaemxan
Hayuonanvnvui nonumexuuyeckuii ynugeepcumem Apmenuu

IIpu Bo3BeA€HUH PEUHBIX COOPYKEHUH NIIAHOBOE OYepTaHUE pyciia Ha OMPEEeICHHOM Y4acTKe MEHSEeTCS.
B 3THX mepexogHBIX ydacTKaxX Ba)kKHa NMPaBHIIbHAS OLEHKA MapaMETPOB PYCIOBOTO pa3MbiBa. CyIIeCTBYIOIIUE
METOJBl II0 pacyeTy 3THX NapaMeTpOB HMMEIOT PsIJi CEPhE3HBIX HEAOCTaTKoB. Ha OCHOBE yHHBEpCalbHOM
MaTeMaTHYECKON MoOJenu pa3paboTaH METOJ €€ 4YacTHOro mpuMeHeHHs. OH maeT BO3MOXKHOCTH MOJIYyYHTh
3aKOHOMEPHOCTH TI0 OTPEEIICHNIO IIAPAMETPOB PYCIOBOTO Pa3MbIBa B IEPEXOAHBIX YUaCTKaX MPEATOPHBIX PEK.
Ha ux ocHOBE MOXKHO PacCUUTaTh THIPABINYECKHE XapaKTEPUCTUKH ITOTOKA U KOOPANHATHI HOBOTO JTHA pyclia B
MOCTOBOM TI€pexo/ie, 0Opa3oBaHHOIO IOCe CTaOMIM3allMK pa3MBIBHOTO mpoliecca. Pa3paboTaHHBIN MeTox
MOXeET OBITh HCIIOJNBb30BAaH CHELUHUATMCTAMU IPH MPOSKTHPOBAHUU PEYHBIX COOPY)KEHHH, a TarKke IpH

COCTaBJICHUH pEKOMEH,ZLaLLI/Iﬁ 10 6e301macHoMi OKCIITyaTallHu.

KaroueBble ciioBa: peka, pycio, IEpeXoAHbIH YIaCTOK, Pa3MbIB, pacyeT ITapaMeTpoB



