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SRICOS

The scour depth created by a
river around a bridge pier is
currently calculated using the
HEC-18 equation. This equation
was devel oped for piers founded
in sand, and there is a sense that
in clay the depth of scour is not
aslarge. The purpose of this
study was to develop a method
for clays, silts, and dirty sands.

What We Did . . .

The SRICOS method was
developed on the basis of flume
tests, numerical simulations, and
erosion testing of the soil. A
new apparatus called the EFA
(Erosion Function Apparatus,
Figure 1) was built for
departments of transportation
(DQTYs) to test the soil for
erodibility. Thefollowingisa

Soil
Sample

Erosion Function Apparatus

Figure 1: EFA built to test the
soil for erodibility
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Prediction of Scour Rate
at Bridge Piers

Scour—erosion of the stream bed—causes serious damage to bridges

every year

summary of the recommended
method that is detailed in Briaud
et a. (1999[a], 1999[b], 2001[al,
2001[by).

What We Found . . .

In the case of cohesive soils,
the scour rate can be thousands
of times slower than in the case
of cohesionless soils. Cohesive
soilsinclude silts and clays.

According to the unified soil
classification system, siltsand
clays are soils which have more
than 50 percent by weight of
particles passing the 0.075 mm
sieve opening. Silt-size particles
are between 0.075 mm and
0.002 mm, and clay-size particles
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are smaller than 0.002mm.
Cohesive soils are not dassified
by grain size but instead by their
degree of plasticity, whichis
measured by the Atterberg limits.
Because cohesive soils scour so
much dower than cohesionless
soils, it is necessary to include the
scour ratein the calculations.
Indeed, while one flood may be
sufficient to create the maximum
scour depth z,,,,, in cohesionless
soils, the scour depth after many
years of floed history at a bridge
in cohesive soil may be only a
fraction of z,,,,,. The scour rate
effect in cohesive soilsis measured
by the erosion rate versus shear
stress curve (Figure 2) that can be
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used to calculate the reduction in
scour depth in the case of cohesive
soils. The erosion rate zis defined
as the vertical distance scoured per
unit of time and is conveniently
quoted in mm/hr. The shear stress t
is the shear stress imposed at the
water soil interface and is givenin
N/mz.

Erosion
Rate
z

(&%)

Shear Stress (N/m?2)

Figure 2: Erosion function

The zversust curveisameasure
of the erodibility of the soil.
Typically the erosion rate zis zero
until the critical shear stresst is
reached and then zincreases as t
increases. Thezversust curve can
be measured with the EFA (Briaud et
al., 1999[a], Briaud et a., 2001[&]).
Inthe EFA, a soil sampleis eroded
by water flowing over it. The
sample is collected from the site in
a standard thin-wall steel tube,
placed through the bottom of a
rectangular cross section pipe, and a
1 mm protrusion is eroded over time.

Oncethe zversust curveis
obtained, the method to predict the
pier scour depth as a function of
time proceeds as follows. First, the
maximum shear stresst ., around the
bridge pier is calculated (Briaud et
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al., 1999)(al, Briaud et al., 2001[h]):
where p isthe density of weter, v the
mean approach velocity, and Re the
pier Reynolds number. Second, the
initial scour rate z;j corresponding to
t max ISTEAM ON the zversust curve.

Third, the maximum depth of
SCOUr Z,,,, 1S calculated (Briaud et
al., 1999)[a)):

)
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where Re is the pier Reynolds
number. Note that equation (2)
gives avalue of z,,, that isvery
close to the one for cohesionless
soils. Indeed, it was found that the
maximum depths of scour in clays
and in sands were approximately
the same in flume experiments. In
those same experiments, however, it
was found that the scour hole in
clay developed to the side and in
the back of the pier and not in the
front of the pier. Thisindicates
that, for scour in clay, the front of
the pier may not be the best place to
install monitoring equipment.
Fourth, the equivalent timetg, is
defined as the time over which the
design velocity v gwould have to

A1 mm protrusion is eroded over
time in the EFA

be applied for the depth of scour z
to be equal to the depth of scour
reached after the hydrograph
spanning the design life of the
bridge t;;. has been applied. The
time t is calculated as (Briaud et
al., 1999[a)):

© 1 {hrs) =

T3 (years)) v Laws)) 1. T0GCE (i) ©=

Fifth, the scour depth z versus
timet curveisgiven by:

(4)

and the depth of scour at the end of
the design life of the bridge is
calculated by using equation (4)
withthety;, Z;, and z,, values
obtained from equation (2) and (3)
and from the erodibility curve. The
following example (Figure 3)
illustrates the procedure.

Example Calculation

2m

|

Figure 3: Example pier

A bridgeisto bebuiltina
cohesive soil. The bridge pieris2m
in diameter, the water depthis5m
deep, the design velocity is 3 mi/s,
and the design life of the bridge is
75 years.

The erodibility curve has been
measured by testing a soil sample
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Figure 4: Example erosion function
from EFA test

from the site in the EFA that gave
the curve shown in Figure 4. The
maximum shear stress around the
pier before scour beginsis calculated:

1
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Theinitia rate of scour z; isread on
the zversust curvefor thet ,,,, vaue.

L= 6 mmfin

Then the maximum depth of scour
is calculated:

;-}l\'.l.nl'\-
xmzu.mxf%_% = 3626 mm

h

The equivalent time te, is given by:

L=T73% 759 3™ 67"= 5727 hrs

= 239 days
The depth of scour after 75 years of
flow around that bridge pier is
estimated as:

In this case, the scour depth after 75
years (1759 mm) is approximately
50 percent of the maximum scour
depth (3626 mm).
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It is also possible to make
predictions by applying a detailed
velocity history over the design life
of the bridge if one is available.
This prediction requires the use of a
computer program that can also
consider the case of alayered soil
system (Briaud et al., 1999[4],
Briaud et a., 2001[b]). The
limitation of this method isthat it is
for circular bridge piers and for water
depth over pier diameter ratios larger
than 2. Research is continuing to
cover more complex cases.

The Researchers
Recommend . ..
DOTswhich have bridges over
water with piers founded in
cohesive soils (clays, silts, dirty
sands) can improve the accuracy of
pier scour predictions by using this
new method (SRICOS) instead of

Erosion Function Apparatus in use

the HEC-18 equation. As shown

for eight bridges in Texas, SRICOS
generally leads to smaller calculated
scour depths and compares much
better to measured scour depths
than HEC-18.

The following steps need to be
taken in order to implement the
results of this project:

e TxDOT purchases three EFAs
a cost from the Texas
Transportation Institute (TTI)
and places them in selected
district laboratories.

e TTI trainsthe district laboratory
engineers on how to use the
EFA, including data reduction.

* TTI transforms the SRICOS
program into a user-friendly
program (Windows® environmen).

» TTI teachesthedidrict leboratory
engineers how to use the SRICOS
program.
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Research Supervisor: Dr. Jean-Louis Briaud, TTI, Briaud@tamu.edu, (979) 845-3795
TxDOT Project Director: David Stolpa, PE., TXDOT-BGE, dstolpa@dot.state.tx.us, (512) 416-2271

To obtain copies of the reports, contact Dolores Hott, Texas Transportation Institute, Information &
Technology Exchange Center, (979) 845-4853, or email d-hott@tamu.edu. See our on-line catalog at
http://tti.tamu.edu.

TxDOT Implementation Status
January 2001

TXDOT believes the SRICOS Method which predicts the scour rate at bridge piers will be a useful hydraulic
design tool for TXDOT engineers.

Scour techniques currently focus on cohesionless soils and ultimate scour depth. The research demonstrated
that the ultimate scour depth of cohesive soils (clays) is the same as that for the scour rate of cohesionless soils
(sands and silt). However, the research also clearly demonstrated that the scour rate of cohesive soils can be
considerably longer than that of cohesionless material. Therefore, effective scour depth over the design life of a
structure in cohesive soils can be considered “negligibl€’ in many cases.

The researcher is pursuing a patent on a new apparatus called the Erosion Function A pparatus which was used
in the research to test the erodibility of both cohesionless and cohesive sails.

Contact: Bill Knowles, PE., RTI-RMC 3, Research Engineer at (512) 465-7648 or WK nowle@dot.state.tx.us

YOUR INVOLYEMENT IS WELCOME!

The contents of this report reflect the views of the authors, who are responsible for the facts and accuracy of the data
presented herein. The contents do not necessarily reflect the official views or policies of the Texas Department of
Transportation (TXDOT). Thisreport does not constitute a standard, specification, or regulation. In addition, the above
assumes no liability for its contents or use thereof. The engineer in charge of the project was Dr. Jean-L ouis Briaud,
P.E. # 48690. Texas Department of Transportation personnel Tony Schneider, Melinda Luna, Kim Culp, Peter Smith,
and Jay Vose were very helpful and supportive of the project.
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