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Introduction

A set of laboratory experiments were conducted to study the effect of
using a Strip Guide Flow Panel device to reduce scour process effects
around a bridge pier. Three cylindrical piers of different diameter values
and three different Strip Guide Flow Panel devices were used. Every Strip
Guide Flow Panel device is simulated by two arms connected together at
one of their edges at a right angle. The length of every arm is selected in
a way to cover the pier diameter. Every Strip Guide Flow Panel was
mounted on the upstream face of the corresponding cylindrical pier diame-
ter at elevation adjacent to the flume bed. A uniform sized sediment were
used as a bed material. Based on the experimental data, an acceptable range
of scour reduction efficiency (35.71-66.67%) and high hydraulic safety
factors were obtained when using Strip Guide Flow Panel. Also it is found
that the scour depth when using Strip Guide Flow Panel is small comparing
with corresponding potential and maximum scour depth values. So it can be
concluded that the Strip Guide Flow Panel device can work like a turbu-
lence kinetic energy dissipater to reduce the risk of scour around the pier
during the serviceability life of bridge structure.

suitable scour reduction measures. The main purpose

Local scouring around bridge piers is conside-
red the most risky problem that affects the bridge
safety. In order to decrease the effect of this prob-
lem, extensive efforts have been spent to develop
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for developing these scour reduction measures is to
increase the resistance against the scour phenomena
and modifying the flow. Reference [1] has classified
the scour reduction measures into two types; the first
type is flow altering reduction measure, whereas
the second is bed armoring reduction measure.
The study has focused on an application of the flow
altering scour reduction measure.

To reduce the scour depth around bridge pier,
several scour reduction measure devises have been
proposed such as, collar, bed sill, and pier slot. A lot
of studies have been conducted to investigate the ef-
ficiency of collar such as in [2—6]. The collar effi-
ciency is slightly related to its thickness (¢c), and for
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large value of (#c¢/Dp) the effective pier diameter (Dp)
increases which causes an increase in scour depth.
Bed sill scour reduction measure can be considering
as an example of the passive control technique of
flow altering reduction measure. There are two types
of bed sill scour reduction measures: upstream and
downstream. Several research studies were carried
out in order to investigate the bed sill efficiency such
as in [7-10]. Many studies were carried out in order
to investigate the efficiency of slot such as in [11],
[3], [8], and [10].

In this study, a Strip Guide Flow Panel (SGFP)
device which located at a specified location at the bridge
pier has been used to reduce the local scour process
effect. The SGFP device is one of the altering scour
reduction measure that used adequately to prevent
and/or deflect the local scour mechanisms in order
to reduce the local scour adjacent to the pier. So this
study has been investigated the effect and efficiency
of SGFP device in reducing the local scour depth
that formed around bridge pier. This study is based
on several experimental runs that using a physical
hydraulic model. The study is limited to clear water
scour condition and a uniform cohesion less material.

1. Experimental work

A set of 18 experimental runs were conducted
in an open channel flume at the hydraulic laborato-
ry, Department of Civil Engineering, University of
Basrah. The flume is 5.72 m long, 0.61 m width and
0.97 m height and is made of fiber glass reinforced
plastic with steel reinforcement. The inlet tank 0.2 m
long which located at the downstream side of the flume
and the working section is 4.37 m long and 0.2 m
depth. The working section is filled with sand as
bed materials of 8 cm depth. A pump of maximum
capacity 5.4 l/sec was used to provide water to
the flume and the flow rate was controlled by a con-
trol valve installed at the inlet pipe. A sharp crested
suppressed rectangular weir located at the beginning
of the flume was used to measure flow rate (Q).

All experimental runs were conducted with a sin-
gle cylindrical pier. The cylindrical pier has 22 cm
height and three different diameter (Dp) values of 2.5,
5, 7.5 cm and placed at the midpoint of the working
section. All three cylindrical piers were made of wood
with smooth surface and painted to prevent any rough-
ness or/and swelling when submerged in water for
a long time. The ratio of the flume width to the pier
diameter is more than 8, so that blockage effects were
minimized for clear water scour conditions [12].
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For all experiments, the SGFP was mounted on
the upstream face of cylindrical pier at elevation ad-
jacent to the bed as shown in Figure 1, 4 and 1, C.
Three SGFPs were used with one SGFP for every
cylindrical pier diameter. All three SGFPs were made
of iron arms connected at one of their edged with
a constant angle (asg) of 90°. The length of each
side (Lsg) is selected in a way to cover the diameter
of the pier as shown in Figure 1, B.

A uniform sized sediment with the mean size
(dso) of 0.385 mm was used as a bed material.
The geometric standard deviation of the sediment size

(04 = +/dgsa/d16 ) is equal to (1.296), which is in-
dicate that the sand is of a uniform size distribution.
According to [13], sediment mixture with the value
of o, less than 1.4 can be considered as uniformed.

The Dp values indicated earlier were carefully
chosen so that the effect of sediment size on the local
scour can be negligible. The minimum ratio between
pier diameter and dso is more than 25 in the present
study which satisfy the criteria of Melville and Suther-
land as in [14].

Several preliminary experiments were conducted
in order to find the discharge calibration curve and
the limiting time at which the scour hole will reach
the equilibrium state. These experiments reveal that
there is a reduction in scour at the upstream nose of
the pier at specific time intervals during runs. It is ob-
served that the depth of scour hole increases clearly
at the first one-third time period of the experiments'
time duration and then becomes approximately con-
stant (or develops at a constant rate). It is concluded
that the approximately 95% of the local scour depth
has achieved in 2-hours and this matches the con-
clusion that reached by Melville and Chiew [15].
For more accuracy of the equilibrium time, 3-hours'
time duration is adopted for all experimental runs.

Nine experiments were conducted for case with-
out SGFP device and the other nine ones were con-
ducted for case with SGFP device as shown in Ta-
ble 1. Same flow characteristics, flow velocity (V) and
flow depth (H), were used for every two experiments,
with and without SGFP, to study the effect of SGFP
on scour process around the pier. All measurements
of V and H values, shown in Table 1, were taken after
the flow has reached the steady state. The maximum
scour depths for cases without and with SGFP, d;
and d;,, respectively, were measured when the expe-
riments reach the equilibrium time. Hereafter any
variable with subscript (w) means that this variable
is measured at the case with using SGFP device.
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Figure 1. Pier and SGFP configuration
Table 1 Reference [16] proposed the following equation
Experimental runs data to calculate the maximum possible value of local scour
Runnumber d;, Dp v H d. d., depth (dsmax) at piers:
(without& (mm) (cm) (m/sec) (m) (cm) (cm)
with SGFP) dsmax = 2.4 K * Ko * D), 2)
1&2 0.385 25 0.1965 0.028 170 0.65 . .
3&4 0.385 2.5 02276 0032 250 1.60 where K; and Ko are the pier shape and alignment
5&6  0.385 25 02531 0036 280 1.80 factors and they are equal to 1 for piers of circular
7&8 0.385 5.0 0.11965 0.028 1.80 0.60 cross-section
9&10 0.385 5.0 02276 0.032 2.60 1.00 . .
11&12 0385 50 02562 0036 3.00 1.50 To find the potential maximum scour depth (dpor)
13&14 038 7.5 02001 0.028 2.65 1.00 value, the following equation is proposed as in [17];
15&16 0.385 7.5 02327 0.033 3.90 1.90
17 & 18 0.385 7.5 0.2465 0.036 4.55 2.70

2. Finding the SGFP performance
and critical velocity

To find the performance of the SGFP, the maxi-
mum efficiency, maximum possible and potential maxi-
mum scour depths, and safety factor were computed.

The efficiency of the SGFP protection in terms
of the maximum reduction in scour depth is com-
puted using the following equation:

E (%) = “=22 4100,

S

6]
where, E is the efficiency of scour reduction.
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0.4
ot _ 5 5 tanh [(i) ] 3)
Dp Dp

The Safety Factor (SF) against scouring is cal-
culated using the following equation;

SF =72, 4)

where /s represents total penetrating length of pier in
soil media and it is equal to 8 cm in this study.

Reference [18] proposed the following equation
to calculate the critical flow velocity:

Ve

= 5.7510g(5.53 * —), (5)
dso

*C
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where V. is the critical flow velocity (m/sec); Vs is
the critical shear velocity (m/sec) for sediment par-
ticles.

Reference [19] proposed the following equation
to calculate the Vx:

Ve = 0.0115 + 0.0125 * (dso)* 0.1 mm <dso<1mm (6)

After calculating the V. value, flow intensity
(V/V.) is determined. If ((V/V.) < 0.5) there is no
scour, whereas if (0.5 < (V/V.) < 1) the local scour
happens and it is in the type of clear water scour.
If (V/V:) > 1) the local scour happens and it is
in the type of live bed scour as in [20]. Also,
if (V< V.) the clear water scour happens, whereas
if (V> V.) the live bed scour happens [21].

3. Results and discussion

Any structural elements that have direct contact
with water and soil media can suffer from the action
of scour processes as a result of flow in porous media,
fluid interaction with soil and structure. The purpose
of this study is to reduce the scour processes around
any constructed pier without damaging it. This can
be achieved by using the SGFP to dissipate the flow
energy and modifying the flow.

Figure 2 shows the variation of scour depth with
time for different pier diameter values with and with-
out using SGFP for constant values of /" and H. It is
shown from this figure that the scour depth increas-
es with increasing in pier diameter for both cases
with and without SGFP. For constant H, as the pier
diameter increases, the pier wetted area increase and
this led to increasing in eroding forces that exerted
on the sand material close to pier and then increas-
ing the scour depth. For every pier diameter and at
every time step, the scour depth for case with SGFP
is less than that for the case without SGFP. This
means that there is a reduction in turbulence energy
and eddies effects at the pier face when using SGFP
and it works as an energy dissipater.

Figure 3 expresses the variation of scour depth
with time for Dp value of 7.5 cm at different water
depth values for cases with and without SGFP. It can
be shown from this figure that the scour depth in-
creases with increasing in water depth for both cases
with and without SGFP. For constant pier diameter
and with increasing in water depth, the wetted area
of the pier is increased and this in turn causes an in-
creasing in eroding force at the pier face which causes
an increase in scour depth as indicated earlier. Also for
every water depth and at every time step, the scour

232

depth for case with SGFP is less than that for the case
without SGFP and this means that there is dissipation
in turbulence energy due to using the SGFP device.
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Figure 2. Variation of scour depth with time for different values
of pier diameter with (Dpw) and without (Dp) using SGFP
(V=0.196 m/sec, H=0.028 m)

6,0
—4— H=0.028m —f—H=0.0327m ==& H=0.0355m
ee e HW=0.028m = 3% = Hw=0.0327m = @ = Hw=0.0355m

&
=]

-

Depth of scour (cm)
w
[S)

g
=]

AR R
1,0 N S > CERR R JoooooosoDesssanns > a
Keoor ]
0,0
0,0 0,5 1,0 1,5 2,0 2,5 3,0 35

Time (hrs.)

Figure 3. Variation of scour depth with time for different
H values with (Hw) and without (H) SGFP (Dp = 0.075m)

Figure 4 shows the time variation of scour depth
for Dp value of 5 cm with various flow intensity
(V/V.) values for cases with and without SGFP.
The V. value is computed using equations 5 and 6.
The flow intensity values of (V /V. = 0.88), (V/V.= 1),
and (V/V. = 1.11) represent clear water scour, criti-
cal, and live bed scour conditions as indicated earli-
er. Figure 4 clarifies that the scour depth increases
with increasing in flow intensity for cases with and
without SGFP. For case without SGFP, there is
a high variation in scour depths during the first two
hours especially for intensity values of (V/V. = 1),
and (V/V. = 1.11) and after that the scour depth be-
comes approximately constant. Whereas for case with
SGFP, the scour depth has less variation for all in-
tensity values during the first two hours and then be-
comes constant. At all time periods and for the same
flow intensity, the scour depth for case with SGFP

MECHANICAL ENGINEERING AND MACHINE SCIENCE
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is less than that for case without SGFP. It is very im-
portant to take into consideration that the flow ve-
locity and particle size have major effect on flow
intensity.
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Figure 4. Variation of scour depth with time for different values
of flow intensity with ((V/V.)w) and without (V/V,) SGFP
(Dp=0.05m)

Figure 5 shows the relationship between scour
depth and Froude number (Fr = \/%) for pier for

cases with and without SGFP. All Fr values are less
than 1, which means that the flow is subcritical.
For case without SGFP, it is obvious that the scour
depth around pier increases and decreases with a low
variation rate when Fr changes from 0.375 to 0.41,
whereas it increases and decreases with a high varia-
tion rate when Fr changes from 0.41 to 0.43. Whereas
for case with SGFP, the scour depth increases when
Fr varies from 0.375 to 0.409 and then decreases
rapidly when Fr is 0.41. And after that the scour
depth takes the same trend as in the case without
SGFP but with less values. The same trend of scour
depth. The reason for the above relations is related
to the complex interaction among the factors the af-
fecting the scour depth and these factors are: geo-
metrical dimensions of pier (pier diameter), bed mate-
rial (particle size), and flow velocity and water depth.

5,00

—p— s
|| =R

P
=)
S

A\
e

0,350 0,375 0,400 0,425 0,450

w
(=]
(=]

Depth of Scour (cm)

Figure 5. Variation of scour depth with Froud number
for cases with and without SGFP
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Figure 6 shows the relationship between scour
depth and Reynolds number ((Re = %) where v is

the water kinematic viscosity) for pier with and
without SGFP. Generally Re value describes the flow
turbulence and represents the capability of water
recirculation zone (eddies) to erode bed material.
As in Figure 5, Figure 6 expresses a complex non-
linear relationship. It is evident as Reynolds number
increases the scour depth will increase take incon-
sideration the major effect of flow velocity.
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Figure 6. Variation of scour depth with Reynolds number
for cases with and without SGFP

Table 2 shows the efficiency (£) of using SGFP
and possible maximum (dsmax) and potential (dpor)
scour depth values. The above values were compu-
ted using equations (1), (2), and (3), respectively.
It is clear from Table 2 that the range of £ values
is between (35.71-66.67%) which considers a good
indicator for adopting the SGFP device to reduce
the risk of scour around the pier during the service-
ability life of bridge structure. Also it can be shown
from this table that the scour depth for case with
SGFP (dsw) gives a good result comparing with
the corresponding dsmax and dpor values.

Table 2
SGFP efficiency, maximum and potential scour depths

Run Dp H d, d., E max deot
number (cm) (m) (cm) (cm) (%) (cm) (cm)

(without

& with

SGFP)

1&2 25 0.028 1.70 0.65 61.76 6 4.88
3&4 2.5 0.082 2,50 1.60 36.00 6 5.00
58&6 25 0.086 2.80 1.80 35.71 6 5.11
7&8 5.0 0.028 1.80 0.60 66.67 12 8.25
9&10 5.0 0.032 260 1.00 61.54 12 8.51
11&12 5.0 0.036 3.00 1.50 50.00 12 8.81
13&14 7.5 0.028 2.65 1.00 62.26 18 10.96
15&16 7.5 0.033 3.90 1.90 51.28 18 11.54
17&18 7.5 0.036 4.55 2.70 40.66 18 11.81
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Table 3
Safety factor of whole system
Run number
(without (3 :‘) ( c‘:;) (g;) (SF)  (SF).
& with SGFP)
1&2 2.5 1.70 0.65 4.71 12.31
3&4 2.5 2.50 1.60 3.20 5.00
5&6 2.5 2.80 1.80 2.86 4.44
7&8 5.0 1.80 0.60 4.44 13.33
9&10 5.0 2.60 1.00 3.08 8.00
11&12 5.0 3.00 1.50 2.67 5.33
13& 14 7.5 2.65 1.00 3.02 8.00
15 & 16 7.5 3.90 1.90 2.05 4.21
17 & 18 7.5 4.55 2.70 1.76 2.96

Table 3 shows the values of safety factor (SF)
against scouring for cases with and without SGFP.
The SF values were estimated using equation (4).
Safety factor with SGFP gives excellent response of
pier under turbulent flow regime. Also, as the pier
diameter, flow velocity, and depth of water increase
the safety factor decreases.

Conclusion

A series of laboratory experiments were conduct-
ed in an open channel flume to study the effect of
the SGFP device in reducing the scour effects around
a bridge pier. Regardless of using SGFP device, it is
found that the scour depth increases with time until
it reach the equilibrium value. Also the scour depth
increases with increasing in pier diameter, water depth,
and flow intensity. Complex non-linear relations were
obtained for scour depth versus Froude number and
scour depth versus Reynolds number for both cases
with and without SGFP device. For the same flow
characteristics, flow velocity and depth, the scour depth
for case with SGFP was reduced clearly compared
with that for case without SGFP. An acceptable range
of scour reduction efficiency (35.71-66.67%) was
obtained when using SGFP. Also high safety factors
were obtained with adopting SGFP. Also it is found
that the scour depth for case with SGFP is small
comparing with corresponding potential and maxi-
mum scour depth values. This means that the SGFP
device has great effect in dissipating the turbulence
kinetic energy of vertices and eddies that generated
around the pier and in turns reducing the risk of scour.
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HayyHag ctatbsa

YMeHbLUeHne BAUSHUS npouecca O4UCcTKM nupca
npv ucnosib3oBaHum yctponcrtea Strip Guide Flow Panel

Hxcan A. Adpyaxyceiin, Pagpu M. Kacum
HOxHbIi TexHMYecKuil yHUBEpCUTET, Pecnybauxa Upax, bBacpa, ya. Anv-3yoaiip

Xaaua Aab-Acaau

Vuusepcurer bacpsl, Pecnyonuxa Hpax, bacpa, wiocce Kapmam Anu

Hcmopusa cmamou: C nenbio uzyuenus 3¢¢dexra ucrnonp3oBanus ycrpoiicta Strip Guide
Iloctynuna B penakuuto: 01 utons 2019 Flow Panel (SGFP) myis yMeHbIIeHHS BIMSHUS MPOIIECCa OYUCTKH BOKPYT
Jopabotana: 27 urons 2019 nupca OblI IPOBEJEH P 1a00PaTOPHBIX 3KCIIEPUMEHTOB. IIpuMensanuch
Tpunsrta k myonmukanuuy: 06 centsiops 2019 TPH IIIMHAPUIECKUX MHUPCa Pa3HOTO JUAMETPa U TPU Pa3NUIHBIX yCTPOU-

crea SGFP. Kaxnoe ycrpoiictBo SGFP mozmenupoanock ¢ 2 pbluaramu,
COEZIMHEHHBIMM Ha OJJHOM M3 MX KpaeB MOJ MPSAMbBIM yrioM. JiIuHa Kax0-
ro pbruara Obula BbIOpaHa TaKUM 00pa3oM, YTOObI IOKPBITh JUAMETD IHp-
ca. Kaxxnoe ycrpoiictBo SGFP ycranaBnmmBanoch Ha BOCXOJSIIEH MOBEPX-
HOCTH COOTBETCTBYIOLIETO AMaMeTpa LMJIMHIPUYECKOTO MUpPCa HA YPOBHE
xeno0a. B kauecTBe OCHOBHOTO MaTepHaia BBICTYIAl 0CaJ0K OIHOPOIHO-
ro pazmepa. Ha ocCHOBaHUM SKCIIEPUMEHTAIbHBIX JAHHBIX MOTYyUYEH MIPUEM-
JIeMBI{ TMana30H CHIDKEHUS BIMSHUA 04uCTKH (35,71-66,67 %) u BeIcOKHe
k03¢ GULHEHTH THAPABIMYECKOH 0€30MaCHOCTH NPU UCHOJIb30BAaHUU
ycrpoiictBa SGFP. Takxke ycTaHOBICHO, YTO TJIyOMHA OYMCTKH TPU HC-
nons3oBaHud SGFP Mana 1o cpaBHEHHUIO ¢ COOTBETCTBYIOMIUMH IOTEHIIU-
QIBHBIMM U MaKCHUMAJbHBIMM 3HAUYCHHUAMH ITyOMHbI ouncTku. Cienosa-
TenbHO, ycTpoiicTBo SGFP moxer paboTaTh Kak pacceuBaTelb KUHETHUE-
CKOM 3HEepruu TypOyJIEeHTHOCTH, yMEHbIAs PUCK pa3MbIBa BOKPYT IHpca B
TEUEHUE CPOKA CILYKObl MOCTOBON KOHCTPYKIIUHU

Kniouesvie cnosa:
YMEHBIIEHUE Pa3MbIBa, OIIOPBI MOCTA,
TUJIPOTEXHUYECKUE COOPYKEHUSA
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