Mansoura Engineering Journal

Volume 31 | Issue 2 Article 3

6-1-2021

Water Rise Upstream Bridge Crossings.

Kassem EI-Alfy
Associate Professor, Irrigation & Hydraulics Engineering Department, Faculty of Engineering, Mansoura
University

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

El-Alfy, Kassem (2021) "Water Rise Upstream Bridge Crossings.," Mansoura Engineering Journal: Vol. 31 :
Iss. 2, Article 3.

Available at: https://doi.org/10.21608/bfemu.2021.206041

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol31
https://mej.researchcommons.org/home/vol31/iss2
https://mej.researchcommons.org/home/vol31/iss2/3
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol31%2Fiss2%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.2021.206041
mailto:mej@mans.edu.eg

Mansoura Engineering Journal, (MEJ), Vol. 31, No. 2, June 2006. C. 28

WATER RISE UPSTREAM BRIDGE CROSSINGS
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ABSTRACT

The present study deals with the backwater rise upstream contracted and obstructed
cross-sections due to construction of abutments and piers of bridges through the stream
from the experimental point of view. The study was carried out for three different
shapes of abutments and piers under different flow conditions. Also, the effect of
abutment and pier length on upstream backwater rise was studied. The collected data
from the different series of experiments were used to formulate a general relationship
for computing the maximum backwater rise as a function of normal flow condition,
geometrical boundaries of the bridge cross-section, and geometrical shape of bridge
supports. Analysis of experimental results of different factors affecting backwater rise
upstream bridges showed that it depended mainly on the ratio of stream width to vents
width (B/b) and normal flow conditions away from the bridge zone effect (Fr,). While
both the shape and the length of abutments and piers had a small effect on backwater
rise compared with the aforementioned parameters. Also, the experimental results
showed that the value of backwater rise was more sensitive to the value of B/b
compared with the other parameters under study. The comparison between the values

of backwater rise from the proposed formula and those resulted from Gauthy
formula [3] was carried out.

KEY WORDS: Backwater- Contracted cross-section- Obstructed - Abutment.

INTRODUCTION abutments of the bridge through the

stream, which called obstructed and

This study characterizes the backwater contracted stream as shown in Fig. 1.

behavior due to setting of piers and
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Theoretical and experimental analyscs Bradley, J. N. developed an energy
were presented to determine the values method of bridge backwater analysis
of backwater rise and the factors published in Hydraulic Design Series.
affecting these values. The energy The energy cquation is applied between
principle is employed to estimate the sec.l upstream the bridge and sec.3
backwater due to constructing the piers downstream the bridge, Fig. 1, as
and the abutments through the stream. follows:
In 1998 U.S. Army Crops of a,V;} o
Engineering [5] studied numerically the S,Lyy+ Y+ 22 =r+ 29 +h (1)
contraction and expansion reach lengths i :
g A y : in which
using  two-dimensional  numerical
method.  They concluded that the e bed slope;
contraction length upstream the bridge L,3 distance between secs. 1 and 3;
ranged between 1-2 the bridge length, Y, flow depth upstream the bridge,
while the cxpansion reach equals to V, flow velocity upstream the
1-2.5 bridge length for reasonable bridge,
heading-up.  Sturm, Terry W. [4],
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Fig. 1 Obstructed and contracted stream.
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Y; flow depth downstream the
bridge = Y,,

Y, normal flow depth before bridge
construction,

V,. normal flow velocity before
bridge construction,

V;  flow velocity downstream the
bridge,

hy  total energy loss between sec.l
and sec.3 = h; + hy (friction loss
and minor losses), and

o, o3 energy coefficients at sections 1
and 3, respectively.

Sturm, Terry W. [4] stated that with
respect to the normal water surface, the
uniform-flow resistance portion of hy is
just balanced by the vertical fall in the
channel bottom so that Eq. 1 could be
in the following form

2 2
aVy aV,

g 2%
h, is the additional head loss due to
stream constriction, which is referred as
a minor losses coefficient.

2
a,V;

2g
in which V, is the velocity under
normal flow depth inclusive the area
occupied by bridge piers.
then ;

Yn_Y1= +hb (2)

h, =k

a.V; A Vs

A
dhi=Y —Y.=k () -
1 . 2g t+a [(A) e |

3 4, 2g

3)
in which A, is the gross flow area in the
contracted section measured at normal
stage.

To calculate backwater, Bradley [I1]
assumed that o, =1 and a; = a3. He
determined the minor head loss from
laboratory and field as follows:-

K =k, +Ak, + Ak, + Akg

in which:

Kp contraction coefficient,
Ak, pier coefficient,

Ak, eccentricity coeficient, and
Aks,  skewness coefficient.

Also, He stated that Ak, and Ak can be
neglected then;

K = ky, +Ak,

The value of k;, can be calculated from
Fig. 2 according to the value of M, [4].

in which

Mo aw:uts/ Aslrcam s
net width of vents = B-t,

B approach channel width, and

t sum of thickness of abutments
projection in stream and piers
thickness.

The value of Ak, is calculated from
Figs. 3-a and 3-b [4] as follows:
1- determine J= t/b
2- from type of pier get Ak
3- from M, get ¢
4- Ak, = Ak * o
then K =k, + Ak, , and
b

1V1 . .
dh =k 2 =, while the second term in
g

Eq. 3 is very small, which could be
neglected.

As stated by El-Gawhary et al. [2] the
following formula which is known as
Gauthy [3] formula could be
successfully used in computing the
maximum backwater rise upstream
contracted and obstructed cross-
sections.  Also, they stated that the
backwater rise calculated from this
formula was more than they were
calculated.

Vz A
= Al 4
dh 2g [(Ca) I} “)
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in which :

A arca of the approach cross-
section,

a total area of vents,

& a factor depends on the front

shape of pier and abutment,
C=0.85 +0.014 VS for tapered iront
C=0.78 +0.021 VS for semicircular

front,

C = 0.70 + 0.029 VS for square front,
and

S span of vents.

In most literatures, the backwater rise
was studied separately due to cither
flow contraction by abutments only or
flow obstruction by piers only for some
limited control parameters without
considering mutual interaction between
two cases. Also, the effect of abutment
and pier length on backwater risc was
not considered in most literatures. In
the present study, the backwater rise
was studied for the contracted and
obstructed {low for different values of
contraction at bridges under a wide
range of flow properties. Also, a
general cquation was proposed to
compute the maximum backwater rise
upstream bridges in terms of flow
propertics and geomeltrical
characteristics of bridge site and
supports.

EXPERIMENTAL WORK

The experimental work was carried out
in a re-circulating flume in the
Hydraulics laboratory of Al-Tahady
University, Libya, photo 1. The models
of piers and abutments were
manufactured from timber sealing with
a non permeable material to have a
smooth surface. The experiments were
carried out for normal Froude number
(Fr,) ranged from 0.53 to 0.83. In the

present study, six models of abutments
with different thickness were used with
constant picr thickness at the centerline
of the bridge to have six values of
opening ratio (b/B) at bridge site (0.32,
0.42, 0.42, 0.52, 0.62, 0.71), for the
first and second ratios, there were no.
pier at the centerline of the bridge,
while for the other four ratios a pier
was installed at the centerline of the
bridge. TFor ecach value of b/B, five
values of discharge (15, 18, 24, 36, and
45 liter/min) werc used. The cffect of
picr and abutment length on backwater
risc was studied through six different
lengths of rectangular abutments and
pier (L.~ 5,4,35,i3,25, 2 cm). Also,
the cffect of endnoses shape of both
abutment and pier on backwater rise
was  studied  through threc  shapes
(rectangular, triangular, and
semicircular). The downstream f{low
depth accompanied cach discharge at
normal  flow without bridge was
constant through the experiments. The
discharge was measured by using
flowmeter fitted behind the pump of the
flume and a calibrated V-notch fixed at
the end of the flume. Water depths
were measured by using a point gauge
supplied  with  verniers allowing
measurements accuracy of +0.1 mm.
The flow velocity was measured by
using pitot-tube. The study was carried
out through 360 runs through the
following steps:

I-The pump speed was adjusted
according to the required flow
discharge.

2-Both the normal flow depth (Y,) and
the velocity (V,) were measured.

3- The pump was turned off.

4-The required models of rectangular
abutments and pier were installing in
the {lume.
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5-The pump was turned on with the
discharge value in step 1.

6-The upstream flow depth (Y,), flow
velocity (V,), flow depth in
downstream (Y5), velocity in
downstream (V;) and flow depth
through vents (Y;,) were measured.

7- Steps 2 to 6 were repeated for the
other four values of the discharge.

8- steps 4 to 7 were repeated for both
triangular and semicircular endnoses
piers and abutments.

A sample of the experimental runs is
shown in photo 2.

ANALYSIS AND DISCUSSION
OF THE RESULTS

Effect of normal Froude number
(Fr,)

Figures 4-A, 4-B, and 4-C illustrate the
relationship between the dimensionless
backwater rise (dh/Y,) and the normal
Froude number (Fr,) for rectangular,
triangular endnoses, and semicircular
cndnoscs abutments and  pier,
respectively. The figures show that the
values of the backwater risc were
directly proportional to the values of
normal Froude number for all types of
abutments and pier at different values
of b/B. This could be explained due to
the increase of normal Froude number
was resulted from the increase of flow
discharge. = The increase of flow
discharge at a constant value of
blockage resulted an increase of
backwater rise (dh). Also, the figures
show that at small values of blockage
(b/B=0.62, 0.71), the rate of increase of
backwater rise due to increase in Fr,
was less that in big values of blockage
(b/B=0.32, 0.42, 0.52).

Effect of stream width /vents width
(B/b)

Figure 5 shows the effect of the ratio of
stream bed width to total vents width
(B/b) on the backwater rise (dh) for
rectangular, triangular, and semicircular
endnoses abutments and pier. From
Fig. 5, it was found that the values of
dh/Y, were directly proportional to the
values of B/b for three shapes of
abutments and pier. This could be
explained due to the increase of the
ratio B/b resulted from the decrease of
vents width (b), in which approach
channel width (B) was constant. The
decrease of vents width with respect to
stream width (B/b) increased the
blockage effect, which increased the
backwater rise. It was found that the
incrcase of B/b form 1.7 to 2.7 (i.c.
59%) for rectangular abutment resulted
an incrcasc of the dimensionless
backwater rise from 0.65 to 1.55 (i.e.
138%), which rcflects the significance
cfTect of the value of B/b on backwater
risc upstream bridges. Also, Iig. 6
shows that the installing of pier with
the abutments for the same ratio of b/B
increased the backwater risc by 8%.
This could be explained due to the fact
that the backwater rise in case of
abutments only was occurred due to
flow contraction, while at existence of
pier and abutments it was occurred due
to both flow contraction and flow
obstruction by pier, which increased
the backwater risc.

Effect of abutment and pier length
(L/b)

Figure 7 illustrates the effect of
dimensionless length of abutments and
piers on the dimensionless backwater
risc. Fig. 7 shows that the
dimensionless  backwater rise was
dircctly proportional (o the
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dimensionless length of the abutment
and picr. The cffect of abutment and
picr length on backwater rise could be
rcferred to the increase of friction
losses duc to the incrcase in length,
which incrcased the backwater risc.
Also, as the length was increasced the
blockage cffect increased, which
increased the backwater rise upstrcam
the bridge.

Effect of abutment and pier shape

Figurc 8 shows a comparison between
the cffect of three shapes of abutments
and  picr  endnoscs  (rectangular,
triangular, and  scmicircular)  en
backwater risc upstrcam bridge. TFig. 8
shows that the values of backwalter risc
for the triangular endnoses abutments
were less than those for rectangular
abutments by almost 12.5%. While the
backwater risc due to semicircular
endnoses abutments was smaller than
that occurred for both rectangular and
triangular  cndnoscs  abutments by
19.5% and 7.1%, rcspectively.  The
decrcasc of backwater risc for both
triangular and semicircular cndnoses
abutments could be referred to their
cflect in redirceting flow velocities and
decreasing  blockage effect, which
resulted a decrease of backwater rise.
Also, the semicircular endnoses of the
abutments and pier improved the
streamlines characteristics than that in
both  rectangular and triangular
endnoscs abutments, which resulted in
decreasing the blockage cffect of the
flow upstrcam the bridge, hence the
backwater rise was decreased.

Development of a general formula

By using the regression analysis of the
experimental data (360 run), the
following cquation was proposed with
the correlation cocfficient equal to 0.92.

'@:0.236 CI F:L.T‘](E)I.]? (é)ﬂ.lﬁ?
Y b b

(4]

(5)
in which C, is a constant depending on
abutments and piers endnoses shape =
1.0 for rcctangular, 0.88 for triangular,
and 0.81 for semicircular cndnoses
abutments and piers. . It is worth to
mention that the proposed formula
could be safely applied for predicting
backwater risc upstream contracted and
obstructed cross-scctions by bridge
abutments and piers at Fr,=0.53-0.83,
B/b=3.12 to 1.41, and L/b=0.5 to 3.0.

IFig. 9 illustrates a comparison between
the  calculated  values  of the
dimensionless  backwater risec by
Gauthy formula and the corresponding
values computed from the proposed
formula in this study. The figure shows
that the calculated values of backwater
risc from the proposed formula werc
Iess than the corresponding ones from
Gauthy  formula, which may be
rcferred to the dilference in conditions
of derivation of two formulas and to the
climination of the cffect of abutment
‘ength in Gauthy formula.

CONCLUSION

From the present experimental study
the following points could be
concluded:

I-For the different values of both
opening ratio and endnoses shapes of
abutments and piers of the bridge, the
backwater  rise  was  directly
proportional to the value of the
normal Froude number.

2-The value of backwater rise was very
sensitive to the ratio of stream width
to vents width (B/b), which reflects
the significance of the value of B/b
on backwater risc upstrcam bridges.
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3-The obstruction of flow by pier for
the same opening ratio at bridge
increased the backwater risc by a
small amount.

4-The backwater rise  upstream
triangular endnoses abutment was
smaller than that for rectangular one
and the backwater risc upstream
semicircular endnoses abutments was
smaller than the corresponding values
for both rectangular and triangular
endnoses abutments at the same flow
conditions.

5-Both the abutment length and
endnoses shape had a small effect on
the value of backwater rise compared
with the effect of the ratio B/b and
the value of normal Froude number
(Fro).

6-It was found that the calculated
values by the proposed formula were
smaller than those calculated by
Gauthy formula.

7-By using the regression analysis of
the experimental results the following
formula ~ was  proposed  with
correlation coefficient 0.92.

dh B y J
__:0236C Fl,'?‘) i LXT = 0167
Y 1 ro (b) (b)

0
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NOTATION

The following symbols were used in the
this study

a total area of vents,

A arca of the approach cross-
section,

b net width of vents,

B approach channel width,

® a factor depends on the front
shape of pier and abutment,

C, shape factor in proposed
formula,

dh  backwater  rise calculated

upstream bridge site,

F,;  upstream Froude number,

F,;  downstream Froude number,

Fr, normal Froude number away
from bridge zone effect,

hy, additional head loss due to
stream constriction,

hy friction loss,

hy  total energy loss between Secl
and sec3 = hy+ hy,

Ky, contraction coefficient,

L abutment and pier length,

M, aratioof a/A =bY./BY),

S span of vents,

S,  bed slope,

t total thickness of abutments and
piers,

Y, flow depth upstream bridge,

Y, flow depth through vents,

Y;  flow depth downstream bridge,

Yo  normal flow depth before bridge
construction,

V, flow velocity upstream bridge,
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V,  flow velocity through vents, and
V;  flow  vclocity  downstrcam
bridge.

Greek symbols

a;, a3 encrgy cocfficients at scctions 1
and 3, respectively,

Ah  backwalter risc calculated by El-
Gawhary ct al. [2],

Ak, pier cocfficient,

Ak, eccentricity coefficient, and

Ak,  skewness coefficient.
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Photo 2 Backwater rise upstream rectangular abutments and pier.
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