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Scour around existing bridge piers due to the
construction of new bridge piers.
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Abstract

When an old bridge pier is accompanied by another new one |, it is of great
importance to study the interaction efTect between both new and old one on the scour
hole charactecisties around the old one. Experiments were carried out under steady
clear-water scour conditions The objective of this study is to investigate how the scour
hole characteristics around the old bridge pier are affected by the construction of the
new one, taking into consideraton different hydraulic and geometric parameters. These
parameters are Froude critena, piers sepdrator distance, new pier dimensions which are
taken as relative values from the old one. Also, the bridge pier position i1s considersd
with respect (o the old one. New dimensional relationships are obtained to predict the
scour hole characteristics around the old bridge pier with acceptable accuracy.
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1.Introduction

Scour 18 defined as the eromon
of streambed sediment mround an
obstruction in @ Now Field, There are
many empirical formulae developed due
to the experimental work and field study
to estimate local scour around bridge
pier , but there 15 anly one research who
discussed the effect of constzucting new
pier in upstream or downstream (he old
one, but this study was concentrated on
changing the shages of piers [6]. The

jon of piers from scour using
ripmp malerial is discussed by [2,3]
Results of pler scour equations were
compared by many researchers [4,10])
Also, the local scour i1s predicied at
complex pier geomelries [5]. They
investigated experimentally the effect of
foundation geometry OD pier sCOur
[79] in wansportation hghways of
countries of old continents, ofien it is
found that the bridges were constructed
over rectangular piers aligned or not
with the current of the flow The fast
evaluate of the transportabion ways
usually uses the same trajectory of the
ancient ways and it is possible that the
newest ones are placed near the ancient
ones. Also the new bodges are
constructed near the ancient ones with
the only difference that the geometry of
the piers are not the same [1]. The aim
of the study 15 to investigate the
influence of local scour when an old
bridge pier is accompanied by another
new bridge pier one, and how the scour
hole characteristics of the old pier are
affected in magnitude by the Froude
number, new pier dimensions, separate
distance between the Iwo picrs, and
position of the new pier with respect o
the old ane.

2.Experimental Setup

The experiments were carried
out in & 10 m long, 046 m wide, and
040 m deep fume The flume
provided with centrifugal pump
recirculate the water from under ground
tank 10 feed the flume with the required
flow discharge, Upstream the flume, a

weir is installed to measure
the flow discharge. Figure (1) shows the
schema of the experimental set up, The
bottom of the flume was covered with
0.12 m sand stratum with dy=047mm,
oy=2.19. The Now discharge was 8.27
it's, the range of the flow depths were
between (6.0 to §.0) em . The control of
water depth during experimental work
was nchieved by using a tail gate
located downalream the Mume. The
water depths upsiream the piers were
measured by the point gauge of the

" As shown in Figure (2), the
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Fig. (1) Schematic representation of the experimental flume.

1)- Centrifugal pomp
2)- First head 1ank
3)- Second head tank
4)- Flow measuring weir
5)- Approach basin
6)- Inlet screen

7)- Sand bed

8)- Wood bracing

The old pier model has a constant
size of 10 cm length, and 2 cm width.
The models of the new pier were divided
into two groups, first group; 1o study the
effect of changing the new pier width, the
length is 10 cm and the width was varied
as ( 0.50, 0.75, 1.0, 1.25, and 1.5 ) from
the old pier width, second group; (o study
the effect of the new pier length on the
scour hole of the old one, the length of
new pier is changed as 20, and 30cm
with constant width of (2cm). For the
runs performed with the existence of the
new and old pier, the separalor distance
(gap) between the old and new piers is
varied from (1.0 1o 4.0) times the old pier
length .

9- Pier model

10)- Sand trap

11)- Tal gate

12)- Collecting 1ank
13)- Graduated 1ank
14)- Laboratory sump
15)- Side walk

16)- Rails for point gague

The size of the models was such
that the total blockage area did not exceed
12% of the total flow section for most all
the tests in order to minimize contraction
scour. The duration of the experimental
runs was chosen based on the past
investigations on  local scour; the
experiment duration was kept 2 hours. The
present study regards a period of run up to
2 hours, as most of the scour depth occurs
through thus period.

The experiments were performed in
the clear-water scour. The critical flow
condition was predicted using a previous
method presented in [8]. After each
expenment the scour hole dimensions were
measured with a point gague with an
accuracy of £] mm.
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Fig. (2 ) Definition sketch of experimental works.

3.Results of Experiments and
Analysis

3.1 Effect of new pier position on
(So/y) of old pier

To study the effect of the new pier
position on the maximum relative scour
depth (Soly), for the old ome , two
positions were considered. In the first
position the new pier is laid upstream the
old one. In the second position , the

arangement 15 reversed. The
experimental procedure is v
for five values of the relative widih of the

new pier (Wy/W,) = 0.50, 0.75, 1.0, 1 25,
1.30, respectively, with (L/L, =1.0). For
the same (Wo/W.) ratio, the relative
scparator distance (G/L,) is changed from
lwd

Figure (3) illustrates the influence
of changing the separstor distance
between the two piers (Q/l,) for the
considered position on the relative depth
of maximum scour around the old pier,
For the considered values of Froude
cniena, the figure was drawn {or relative

length  (Lo/Lo=1.0) and relative width
Wo/W,=0,50,

From this figure it is clear that, for
I/F? 9.2, the presence of the new pler
upstresm the old one gives the bigger
values of relative maximum scour for
the case of G/L,=4.0. While, for 1/F* <92
the relative separate distance G/lg=1.0
causes the bigger values of relative depth of
maximum scour around the old pier,

-The presence of the new pier In
front of the old one with a separate distance

depth for values Lo/Ly=1.0, WyW,=0.5,
For all values of I/F' and LJ/Le~1.0,
Wo/Wg=0.5, the relative scour depth around
the old pier decreases where the new one
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lies upstream with scparator distance
(2-3) Lo and the minimum relative scour
depth is at G/L,=2.

Figures from (4) to (7) show the
relationship between S¢/y and 1/F2. From
these figures, it is clear that, at 1/F*>9.6,
the scour depth increases around the old
pier due to the consiruction of the new

LR

one with all values of separator distance G.
But when 1/F?<96, the scour depth
decreased specially at G/L,=2.0. Il means
that the scour depth decreases with
increasing Froude numbers.
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Fig.(3) Effect of new pier position on relative scour depth (Sy/y), (W,/W,=0.50) .
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Fig.(4) Effect of new pier position on relative scour depth (So/y), (W,/W,=0.75) .
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Fig.(5) Lffect of new pier position on relative scour depth (Sy/y), (W/W=1.0) .
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Fig.(6) EfTect of new pier position on relulive scour depth (Spfy), (W./W=1.25) .

(-2 1
LR
i
L]
LE ]
BB e oo b b B s —
- - 1] - s LT ] a Ll

Fig.(7) Effect of new pier position on relative scour depth (Soly), (W./W,=1.50)




Mansoura Enginecning Journal, (MEJ), Vol. 33, No. 4, December 2008, C.7

3.2 Effect of separalor distance
between the piers on scour depth

To study the effect of separator
dislance between the piers due o the
existence of ihe pew pier upstream the
old one. Four values ol relative distance
(G/L,) 5 taken from 1.0 to 40, This
procedure is accomplished for fowr
relative widths Wo/'W,=0.5, 0.75, 1.0,
and |25, respectively For the same
relative width (Wy/W,), the Froude
number was chanped from 0.254 o
0391

From figure (8) it is clarified
that the scour effect of new pier on the
old terminates at low Froude number
(F=0.254) with (G/L,=4.0). For smalley
values of Froude number, The
maximam scour depth 15 not
approximately affected by varied (G/L,)
ratios. Plate (1) and (2) present the
cffect of (Gy) ratio between the piers
on scour hole dimensions with Froude
number, (F=0.31)

Plate (2)
Eftect of separator distance

3.3 Effect of Froude number on
scour depth

Four different Froude numbers
was considered from (0.254 10 0.391).
This procedure is accomplished for five
relative wadths  (W,/W=0.5, 0.75, 1.0,
.25, and 1.50), respectively. For the
same relative width (W/W,), the relative
separate distance (G/1,) is changed from
10tod.0

From [igure (9), it was clear that
scour hole dimensions were increased by
the increasing of Froude criteria
Plate (3) and (4) show the effect of
Froude number on ihe scour haole
dimension.

Plate (3 ]

Plainn o ] |
[ LT

Plate (4)
Effect of Froude number
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Fig.(9) Scour profile along (C ) of the piers, (Ly/Lo=1), (W./W=0.5)
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3.4 Effect of new pier widih on

scour depth

A study of the effect of new pier width
on scour hole dimensions is made. For
the position of the new pier upstream
the old one, five relative widihs were
considered as (W/W,)= 0.50, 0.75, 1.0,
.25, and 1.50, respectively and
(L/Ls) =10 This procedure was
accomplished for four relative separate
lengths as (G/L, = 1.0, 2.0, 2.0 . and
4.0), respectively. For the same relative
separale distance (G/L,), the Froude
number was changed from 0.254 1o

g %n.
W

C¢

0.391. Plate (5) to (6) show the effect of
new pier width on scour hole profile for
F= 03], G1.y=4.0 From figure (10), 1t
15 concluded that, the maximum scour
hole depth decreases by increasing
relative width of the new pier.

A mathematical formulas have
been found to predict maximum scour
depth in the clear water scour condition.
The formulae i1s given below for each
position of the new pier. The values of
relative scour depth (So/y) of the old
pier are compared with the measured
data as shown in figure (11), and (12)

Plate (6), (Wo/W,=1.25)
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Fig.(10) Scour profile along (C ) of the piers, (La/Lo=1), (G/L;=4.0).
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1- Formula of two piers, ( new pier upstream the old one)

Sofy = 4173 ()™ (G /Lo) "™ (W / W) * R =0.913 (1.1)
0.7 — 2
a
- s -...........‘..".., S uq -
:3- 0:F = - ‘PE. e o
3 o4 24 ; o | T
-2 . I- d;ECI o 1
2 03 becesens . T et b P |
5 0.2+ ool
L .‘_.... P
,ﬂ i A A i £ i
o 0.l 02 01 04 0.5 L 07

Predicted volues of (5,F vh
Fig. (11) Relationship between observed values of (S./y) and predicted ones.

2- Formula of two piers, ( new pier downstream the old one)

Sofy = 6.594 (F3**7 (G /L))" ™ (W, 7 Wo)*™ |, R=0983

(1.2)
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Fig. (12) Reiationship between observed values of (So/y) and predicted ones.

4.Conclusions

From this research , it is concluded
that,:

1- To minimize the effect of

constructing new pier on the scour hole
depth around the old one , it is
recommended to :-

a. Put the new one upstream the old pier
with any separator distance  at
W /W,=1.0 to 1.50 for the studied
values of Froude number . But for
W,/W,=0.5 to 0.75 , and higher values
of Froude numbers, put the new pier
downstream the old one with separator
distance equal to (2-1)L, . While for
smaller values of F , put new pier
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downstream with smaller separator
distance.

b. The existence of new pier upsiream
the old one, reduces the scour depth
values compared with the corresponding
to the values in case of single old pier

2- For low values of F, it is found that
there 15 no interference bhetween the
effect of each pier on the other for
higher values of relative separalor

distance  (G/Ly=4.0). Also, the

maximum scowr depth values are not
affected by the separator distances.

3- The scour phenomenon depends on
the Froude number. It is clear that scour
hole dimensions are increased by
increasing the Froude number.

4- The scouring process is affected by
the new pier width. The present study
clarifies that; the maximum scour hole
depth decreases by increasing relative
width of the new pier.
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Notation

The following symbols are used in this
technical note:

dsp = mean particle size diameter,

F = Froude number,

G = separate distance length betwten
piers,

L, = length of the new pier,

L, = length of the old pier,

Su = old pier maximum scour depth,
W, = new pier width,

W= old pier width,

og = geometric standard deviation of
particles,

y = depth of approach flow.



