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Non-Linear Scour Calculator of Skewed Piers

M. A. Nassar

Abstract: This paper investigates the impact of skewed piers
and their geometrical shape on the scouring. A non-linear
equation estimating scour depths around skewed piers (i.e. Piers
Scour Calculator PSC) is established experimentally. The
rectangular, semicircle and curvilinear piers are investigated.
PSC Eq. gives reasonable values compared to formulas of
Froechlich (1988), Chitale (1962), Ahmad (1962) and
Inglis-Poona (1949). RSQ values equal 92.5%, 83.5% of the
training and validating data, respectively. PSC results are
convenient with measurements compared to eguations of
(Richardson & Davis, 2001) and (Melville & Sutherland, 1988).
The experimental results showed that values of the scouring
parameter d/y3 increase by 200%, 270% and 238% for the
rectangular, the semicircle, and the curvilinear piers, respectively
as the skewed angle increases from 0° to 16.7°. Two empirical
equations presenting flow angles and shape factors are devel oped.

Keywords: skewed, scour, erosion, equation and piers.

I. INTRODUCTION

Numerous formulas were presented to approximate

scouring around piers. Richardson & Davis [16] identified
(CSU) equation of erosions. Arneson et al., [1] presented an
equation for the skewed angle factor. Shen, et a., (1969) and
Inglis (1949) as written by Mueller & Wagner [12] identified
two formulas of scouring. Melville and Sutherland [10] gave
a detailed design equation of piers’ scouring. Mueller et a.,
[13] evaluated 13- scouring equations. Gaudio et a. [7]
accomplished a sensitivity analysis for 6- equations. Beg [2]
discovered that Jain & Fischer and Laursen & Toch yield a
more realistic guess of erosion depth.

Sheppard, et a. [19] assessed 23-equations of scouring.
Padmini, et a. [15] investigated scouring under different
flow conditions. Beg and Beg [3] gave a comprehensive
revision of reduction methods of scouring. Koustuv and
Susanta [8] reported experiments on erosion processes at
three piers. Ettema, et al. [5] discussed parameters that
affected the skewed factor. Sanousss and Habib [17]
discussed the upstream pier slope and skewed angles.

Mashahir et a., [9] discussed the impact of riprap and the
combination between riprap and collar on scouring. Shatirah
Akib, et a. [18] investigated the impacts of many parameters
in cases of skewed piers.
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Deshmukh and Rakar [4] indicated that, scouring
expanded by the time to the equilibrium value.

Tabarestani and Zarrati [20] proposed a technique to
define the riprap dimensions. Nasser [14] applied ANN
technique to estimate piers’ scour. Fahmy and Nassar [6]
showed that existing of specified piles upstream the abutment
yielded minimum velocities near piers. Melville and Chiew
[11] determined that 50:80% of the equilibrium downward
distance of scour was attended a 10% of the time of the
equilibrium depth.

This work investigates the impact of skewed piers and the
geometrical shape on scouring. Design rules are indicated.

II. THEORETICAL WORK

The scour depends on parameters related to soil, flow &
geometric parameters, see Fig. (1). Factors are correlated in
Eqg. (2). Itismodified to Eq. (2). Finally, itissimplified to Eq.
3.

f(dsi }’3' a, L, Cn; ,D' ", g; v, a, d50 ) = 0 (1)
ds/y3 :f(l/Rn'FSIdSO/ySla!a/yB'L/y3!Cn) (2)
ds/y3 = f(F3' Cy, Cy, Ca/L' Cn) (3)

Where: dsisadownward distance of the scouring; y;isDS
depth of the flow; a is an angle of skewness and L is the
pier’s extent; C, isthe parameter of the nose type; p & u are
the density and viscosity of water, respectively, g is the
gravity, d,/y5 is the scouring parameter, R, is Reynolds's
number, F;=v/\/gy; is the downstream Froude
parameter, v is the velocity;ds,/y; is the parameter of mean
size of particles; a/y; and L/y; are the width and length
parameters, respectively. C, is a correction coefficient
(C4=1.0 for dgq < 2mm, Richardson & Davis [16]), C, iS a
coefficient of skewed angle, C,,;, is a coefficient of the
geometric relation.

1. INSTALLATION OF LABMODELS

Wooded models are built-in hydraulics |ab at the faculty of
Eng., Zagazig Univ., Egypt. a flume of 400cm length, 20cm
depth and 40cm width is used, see figure (1). Discharges are
measured by an orifice meter. Soil and flow depths are
measured by a scaled pointer. A 6cm thickness of sandy soil
is used [ds;=1.8mm]. The adopted time for the test = 60
minutes.

Two series of measurements were applied. The first
discovered the impact of a= 0.0°, 5.75°, 11.35° and 16.7° for
three piers on scouring; seetable (1) and figures (2 & 3). The
second series discovered the impact of geometrical ratio
a/L =0.1,.0175 and 0.25, seefigure (3).
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Fig. 1. a photo of the model

IV. FIRST SERIESRESULTS

Figures 4A, 5A and 6A present correlation between ddys
and F; for cases of a rectangular, semicircle and curvilinear
piers, respectively. ddys values increased by 200, 270 and
238% as {a} increased from a= 0°to 16.7°, for rectangular,
semicircle, and curvilinear piers, respectively. Figs. 4B, 5B
and 6B present relevance between dJys; and{a}. Values of
dJys become deeper as {a} increases for different piers.
Figure (7) shows scouring patterns for semicircle piersfor o=
0° 5.75° 11.35° and 16.7°. F; = 0.172. It clears that, boosting
of skewed angle magnifies scouring and decreases symmetry
of hole.

Figures 8A and 8B present a correlation between d4y; and
Fs for a/L =0.175 and 0.25, respectively. The rectangular
gives deepest scour depths. Figure (9) shows scour patterns
for different noses. The rectangle magnifies values
comparing others, while curvilinear reduces the area.

Table- |: Geometric parametersof piers

Rectangle Pier Noses Semicircle Pier Noses Curvilinear Pier Noses
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Fig. 2. Scouring photosfor rectangular piers[A] a=16.7°
[B] a=0°

Fig. 3.Selected photosfor different geometric ratios of
semicircle piers[A] a/L =0.10 [B] a/L =0.175[C]
a/L=0.25
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Fig. 4. Cases of rectangular piersof a/L =0.175[A] ddy;
against F3 [B] ddys againgt o for F3=0.172
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Fig. 5.Cases of semicirclenosesof a/L =0.175[A] ddy3
against F3[B] d4ys against o for F3=0.12
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Fig. 6.Cases of curvilinear nose of a/L =0.175 [A] ddy;
against F3 [B] d4ys against a for Fs= 0.151

Fig. 7. Scouring patternsfor the semicircle nose for
different skew anglesand a/L =0.175 [A] a=16.7° and F
=0.172[B] 0= 11.35and F; = 0.178 [C] a=5.75°and F3 =

0.172[D] a=0°and F5 = 0.185
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Fig. 8.Relationships of d4ys againgt Fs for different noses
[A] e=16.7°and a/L =0.175 [B] o= 16.7° and a/L =0.25

V. SECOND SERIESRESULTS

Figures 10A, 11A and 12A present the correlation between
d4ys and F; for a/L =0.1, 0.175, and 0.25 and o= 16.7° for
the rectangle, semicircle and curvilinear noses. d4ys; values
increases by 168%, 177% and 174% as {a/L} increases
froma/L = 0.1to 0.25, for the rectangular, semicircle, and
curvilinear noses, respectively. Figures 10B, 11B and 12B
present the relevance between d4ys; and {a/L } for different
noses. The nose of {a/L } =0.25gives largest d4ysvalues for

VI. PROPOSED PARAMETERS

C, and C,;, are adopted as Egs. (4 and 5), respectively.
Constants of equations are given as table (2). Figures 13A
and 14A are comparing between measures of C, and
Cq/, Versus the gdtatistical ones. Figures 13B and 14B are
comparing statistical values using Egs. 4 and 5) and
residuals. RSQ for the Egs. (4 and 5) extend within (66.66%:
90.7%). C, and C,values aredisplayed in Fig. 15.

Cy = CO; + CO, X sin(e) (4)
Cayr = CO3 + CO, X E (5)
Table- I1: Parametersof Egs. (4 and 5)
Eq. (4) Eq. (5)
co, | €0, | RSQ S co; | co, | RSQ St

error error
Rectangle | 0.92 | 3.11 | 0.82 | 0.16 | 035 | 419 | 0.90 | 0.12
Semicircle | 097 | 571 | 093 | 0.17 | 0.19 | 5.07 | 0.85 | 0.20
Curvilinear | 095 | 491 | 0.66 | 0.38 | 0.42 | 3.59 | 0.78 | 0.11
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Fig. 9.Scouring patternsfor pier noses of a=16.7°, F3 =
0.172and a/L =0.175 [A] therectangle[B] the semicircle
[C] the curvilinear
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Fig. 10. [A] Relationshipsof d4ys; against F3for a=16.7°
[B] Relationships of d4y; against a/L for F;= 0.159 and
a=16.7°
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Fig. 11. [A]Reationshipsof dJy; against F;for 0=16.7°
[B] Relationshipsof d4y; against a/L for F;= 0.12 and
a=16.7°
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Fig. 12. [A] Relationships between d4ys; against Fsin
case of a=16.7° and [B] against between ddy; against
a/L for F3=0.15 and 0=16.7°

VIl. PIERSSCOUR CALCULATOR (PSC)

The non-linear regression is applied to establish the
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equation. Measurements are divided into two main
categories, the first is 77.2% used to establish the form, see
Eqg. (6). 22.8% is applied to confirm the equation. The
constants are tabulated in the table (3). The minimal values of
RSQ = 92%, 83% for the training and confirmation,
respectively. Figure 16B is comparing between collected and
the detected d4ys by Eq. (6). Figure 16A presents a
comparing between calculations by Eq. (6) and residuals.
Thereisaclear random allocation. Eq. (6) isapplied for { a}
=0% 16.7°, F3=0.085: 0.185 and a/L =0.1: 0.25.
ds/y3 =X Ca/Lx1 Cocxz F3x3 (6)

VIIl. CALIBRATION OF PSC

PSC Eq. is reformulated in comparable format to the other
known equations as {d,/y,}. Figures 17 and 18 shows a
comparing between d/y,, (i.e. [y;/y; X outputs of PSC
Eq.]), Froechlich (1988), Chitale (1962), Ahmad (1962) and
Inglis-Poona (1949) using the confirmation data. Figures
17A and 17B presents dJy; via F, for (o= 16.7°
& a/L =0.175) and (o= 16.7° & a/L =0.25), respectively.
Figures 18A and 18B presents dJy; via F, for (o= 16.7°
& a/L =0.175) and (0= 16.7° & a/L =0.25), respectively.

PSC Eq. gives the most fitted line with experiments.
Figures 19 and 20 compare between RMSE for different
equations in cases of the rectangle and semicircle noses,
respectively. PSC Eq. gives the minimal values of RMSE.
PSC Eq. is compared to Richardson & Davis (2001) and
Melville & Sutherland (1988) equations, see figures 21 and
22 for the rectangle and semicircle cases, respectively. PSC
Eqg. Vaues are very close to the confirmation data. The other
equations exceed results of PSC Eq. by about 850%.
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Fig. 13. [A] Eqg. 4 against lab values[B] Eq. 4 against Table- 111: Parametersof Eq. (12)
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IX. CONCLUSIONS

The next conclusions can be listed.

ddys values increase by 200%, 270% and 238% as the
skewed angle {a} increases from a= 0°to 16.7° for the
rectangular, the semicircle, and the curvilinear,
respectively.

The rectangular nose gives deepest ddys.

dJys values increase by 168%, 177% and 174% as
{a/L} increasesfrom0.1to 0.25, for therectangular, the
semicircle, and the curvilinear piers, respectively.

Two equations of C, and C,,, are generated. RSQ for
the equations extend within (66.66% to 90.7%).

PSC Eg. has a minimal RSQ of 92% and 83% for the
training and confirmation data, respectively.

PSC Eg. is evaluated compared to Chitale (1962),
Froechlich (1988), Ahmad (1962) and Inglis-Poona
(1949). PSC Eq. gives the minimal values of RMSE.
PSC Eg. is evaluated compared to equations of
(Richardson & Davis, 2001) and Melville & Sutherland
(1988). The results of the two equations exceed the
results of PSC Eq. by 850%.
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