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Abst r act
A cost-effective optimzed robust three-dinensional convex-
concave hydrodynamic fairing with attached vortex generators was
tested further for hydraulic structures such as bridge piers and
abutnments during a National Co-operative H ghway Research
Program (NCHRP-IDEA) project. Its shape prevents creation of
scouring vortices that cause the local scour problem for any
river level, speed, and angles of attack up to 20 degrees. This
devi ce exceeds requirenents for HEC 23. Cost-effective versions
are of stainless-steel or conventionally cast concrete that are
attached to an existing or cast as part of the base of a new
hydraulic structure above the footing, respectively. The vortex
generators energi ze the decelerating near-wall flow wth higher-
momentum flow, resulting in a nore steady, conpact downstream
separation and wake and substantially mtigated scour inducing

vortical flow

While previously proven by conputations and nodel-scale flune
tests, new experinental test results from the NCHRP-IDEA project
confirm that scAUR™ scouring-vortex-preventing fairings prevent
foundation local scour for snmaller sedinents, wng-wall and
spill-through abutnments, and full-scale piers, as well as

alleviating the effects of open-bed scour on foundations.
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O her advantages of this robust device over other current
approaches are: (1) nuch lower costs for scour prevention and
bridge maintenance; (2) much Ilower probability of bridge
failure;(3) lower river levels due to |ower drag and |ower flow
bl ockage around the pier or abutnent; (4) nmuch |lower possibility
for debris and ice buildup; and (5) greater protection of piers

and abut nments agai nst inpact | oads.

| nt roducti on- Background of Bridge Pier and Abut nent Scour

Renoval of river bed substrate around bridge pier and abut nment
footings, also known as scour, presents a significant cost and
risk in the mai ntenance of many bridges throughout the world and
is one of the nbost common causes of highway bridge failures (1).
It has been estimated that 60% of all bridge failures result
from scour and other hydraulic-related causes (2). This has

noti vated research on the causes of scour at bridge piers and
abutnments (3) and | ed bridge engineers to devel op numnerous
counternmeasures that attenpt to reduce the risk of catastrophe.
Unfortunately, all currently used counterneasures are tenporary
responses that require many recurring costs and do not prevent
the formati on of scouring vortices, which is the root cause of
the I ocal scour (4,5). Consequently, sedinent such as sand and
rocks around the foundations of bridge abutnents and piers is

| oosened and carried away by the flow during floods, which may
3
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conprom se the integrity of the structure. Even designing bridge
piers or abutnments with the expectation of some scour is highly
uncertain, since a recently released study (4) showed huge
uncertainties in scour data from hundreds of experinents. None
of the conservative current bridge pier and abutnment footing or
f oundati on desi gns prevent scouring vortices, which are created
when the flow interacts with underwater structures, so the
probability of scour during high water or floods is present in

all current designs.

The bridge foundations in a water current, such as piers and
abutnments, change the local hydraulics drastically because of
the appearance of |arge-scale unsteadiness and shedding of
coherent vortices, such as horseshoe vortices. Figure 1 is a
sketch of the horseshoe vortex formed around the base of a pier
by a separating boundary |ayer. The horseshoe vortex produces
hi gh bed shear stress, triggers the onset of sedinent scour, and

forms a scour hol e.
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Figure 1. The formation of a horseshoe vortex around the bottom
of a bridge pier with no scouring-vortex prevention.

The flowield around an abutnent is also highly three-
di mrensional and involves strong separated vortex flow (6). A
separation bubble is forned at the wupstream corner of the
abutment. Unsteady shed wake vortices are created due to the
separation of the flow at the abutnment corners. These wake
vortices are very unsteady, are oriented approxinmately parallel
to the abutnent edge and have |ow pressure at the vortex cores.
These vortices act like small tornadoes, lifting up sedi nent and
creating a large scour hole behind the abutnment. The downfl ow at
the front of the abutnment is produced by the |arge stagnation

pressure gradient of the approaching flow. The down flow rolls

5
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up and forns the primary vortex, which is simlar to the

formati on of the horseshoe vortex around a single bridge pier.

It should be noted that rip rap counterneasures are not

acceptable design elenments for new bridges (1). To avoid
liability risk to engineers and bridge owners, new bridges nust

be over-designed to wthstand 500-year superfloods, assum ng
that all sediment is removed from the “scour prism” at that flow
rate (1). Unl i ke t enpor ary scour count er neasur es, t he
streanlined control Against Underwater Ranpage fairing scAUR™
(pronounced like “scour”’) designs avoid liability risk by
preventing or drastically dimnishing the scour prism and
reducing the cost of new bridge engineering and construction.

This greatly reduces the probability of failure, by the tenets

of catastrophic risk theory (7).

Feat ures of scAUR™ that Prevent Scouring Vortices

Usi ng the know edge of how to prevent the formation of discrete
vortices and separation for junction flows (8,9,10), prior to
this NCHRP-1DEA project, AUR devel oped, proved using nodel -scal e
tests, and patented new | ocal -scouring-vortex-prevention scAUR™
products. The scAUR™ design fundanmentally alters the way the
river flows around a pier or abutnent. The scAUR™ scouring-

vortex preventing fairing, US Patent No. 8,348,553, and Vor GAUR™
6



130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

tetrahedral vortex generators, US Patent No. 8,434,723, are
practical |ong-term permanent solutions. A hydraulically optinum
pier or abutnent fairing prevents the formation of highly
coherent vortices around the bridge pier or abutnment and reduces
3D separation downstream of the bridge pier or abutnment with the
help of the VorGAUR™ vortical flow separation control (Figure

2) .

Recently NCHRP research using hundreds of sets of scour data (4)
shows that nodel-scale bridge scour experinments produce nmnuch
nore severe scour depth to pier size ratios than the scour depth
to pier size ratios observed for full-scale cases due to scale
or size effects. Thus, the scAUR™ fairing will work just as well
in preventing the scouring vortices and any scour at full scale

as at the proven nodel scale.
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Low Reynolds Number Case - Near wall streamlines pass through
Xft=7.24and ¥/t=0.013

Figure 2 Low Reynol ds nunmber case CFD cal cul ated flow streanline
patterns around a ScAUR™ stream ined bridge pier fairing. Flow

i ndi cates no discrete vortex formati on on nose and si des.

Current NCHRP-I| DEA Proj ect

This project focused on providing nore evidence that the scAUR™
and Vor GAUR™ concepts and products work at full scale in
preventing scour-producing vortices and for a wder range of
geonetries and conditions. Task |, which is not dicussed further
here, dealt with selecting a scour-critical bridge in Virginia
for prototype installation (7). Further conputational work on
the effect of pier size or scale (Task Il) and nodel flune tests
for other sedinments (Task 111), other abutnent designs (Task
IV.A), and for open bed scour conditions (Task 1V.B) were done

to expand confidence in these concepts and designs. Constructed
8
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full-scale prototypes (Task V, not discussed here) were tested
(Task WVI). Cost-effective manufacturing and installation of

scAUR™ and Vor GAUR™ products were further devel oped (Task VII).

TASK Il — Conputational Fluid Dynamic (CFD) Cal culations for a

Ful | -scal e Pier conpared to | ow Reynol ds Nunber WMbdel -scal e CFD

While nmuch previous AUR conputational and experinental work at
model size (Re; = 1.34x10°% pier width t = 0.076nm) was done to
prove these designs, Reynolds nunber and bridge pier size
effects were examned wusing conputations to confirm the
applicability of these products at full scale (Re; = 2.19x10° t
= 0.624m) . Since the V2F Reynol ds-averaged Navi er- St okes (RANS)
nodel in the Open Foam code is proven to accurately conpute 3D
flows and the presence of any separation or discrete vortices
(7,8,9,10,11,12), then the behavior of nean streamines, the
I ocal non-dinensional surface pressure coefficient G, and the
| ocal surface skin friction coefficient G are sufficient to

determine if any separation or discrete vortices are present (7).

Figure 2 shows a perspective view from downstream of near-wall
streanlines that pass through X/t = 7.24 at Y/t = 0.013, where t
is the pier width. No vortices or separation are observed
upstream of the stern or tail of the pier and there are simlar

streanline features for both Reynolds nunbers. An inportant
9
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feature in the G and the G results is the lack of any abrupt
changes in the slope of G, or G over a short distance, which
nmeans that there is no discrete vortex formati on and separation.
The non-dinensional drag on the pier is clearly lower for the
hi gher Reynol ds nunber case because G is always |ower and the
overall drag is an integral of the surface shearing stress over
the pier surface area. In addition, these results show | ower
flow blockage than without the scAUR™ and Vor GAUR™ products
because low velocity swirling high flow bl ockage vortices are
absent. As a result, water nobves around a pier or abutnent
faster near the river surface, producing a |ower water |evel at
the bridge and |ower over-topping frequencies on bridges during
flood conditions for any water |evel when no discrete vortices

are present.

Based on the past published work on scour and experience of AUR
(8, 9, 10), nore physical evidence and insights support the idea
that these scour vortex preventing devices will work better at
full scale than nodel scale. Scouring forces on river bed

mat eri al s are produced by pressure gradi ents and turbul ent
shearing stresses, which are instantaneously unsteady. At higher
Reynol ds nunbers and sizes, pressure gradients and turbul ent
fluctuation stresses are | ower than at nodel scale, so scour at

the same flow speed is |ower. Wrk by others (3,4,13) supports
10
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t he concl usion that scour predictive equations, devel oped
|argely fromlaboratory data, overpredict scour on full-scale
underwat er structures. Thus, the scAUR™ and Vor GAUR™ wor k as
wel | or better in preventing the scouring vortices and any scour
at full scale as at the proven nodel scale. O her CFD by AUR,
not reported here, shows that scAUR™ and Vor GAUR™ products al so
prevent scouring vortices around bridge piers downstream of

bendi ng rivers.

TASK |11 Flune Tests with Several Snaller Size Sedinents at

Model Scal e

Data on the performance of the scAUR™ fairing and Vor GAUR™ VGs
were obtained using several smaller size sedinents at node

scale in the AUR flunme to prove the applicability of the designs
for fine sedinments (7). Al tests were at a flow speed of
0. 66nmps when incipient open bed scour of the pea gravel (3.2mm
to 6.3mm was first observed. Melville (14) states that the
greatest equilibrium scour depth occurs around a circular pier

(width =1t) when it is surrounded by uniform sedinment at tines

when the flow velocity wequals the <critical value, i.e.

i ncipient conditions for open bed scour. Also, |ive bed scour
depth is never larger than incipient scour depth. Melville
st at es: "Recent dat a by Sheppard et al . (13)

denonstrate significant scour depth reductions for increasing
11
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t/d50 when t/d50 > 50. Thus, l|ocal scour depths at field scale

may be significantly reduced from those observed in the
| aboratory."” The "t/d50" term is the ratio of pier wdth to

median grain dianmeter. A value of t/d50=50 was used, with a

range of sedinents from38.1 to 64.6.

Three sieved sand or gravel sizes were used to enconpass this
range for previously reported flow conditions where scour wll
be the greatest for the AURt = 76.2mm w de nodel pier: Gavel
A 1.18 to 1.4 nm Gavel B. 1.4 to 1.7nm _Gavel C 1.7 to
2mm Usually smaller sedinent scours before |arger pea gravel.
No scour around the scAUR™ nodel occurred for any of these black
slag gravel at speeds when the open bed pea gravel began to

scour (7) within the y/t = +/- 0.004 neasurenent uncertainty.

Task IV.A — Flume Tests of SCAUR™ and Vor GAUR™ Concepts for a

Larger C ass of Abutnents

The performance of scAUR™ and Vor GAUR™ concepts for wing-wall
and spill-through abutnents was exam ned by nodel scale flune
tests at incipient open bed scour flow speeds of 0.66nps (7) and
show t hat scAUR™ and Vor GAUR™ prevent the formation of scouring

vorti ces and scour.

Figure 3 shows surface oilflow results for a scAUR™ nodified
12
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wi ng-wal | abutnment with Vor GAUR™ vortex generators (VG)(7). The
m xture of yellow artist oil paint and mneral oil flows wth
the skin friction lines. Yellow streaks are first painted about
perpendicular to the flow direction on a black painted surface.

The flow causes sone oil to be carried downstream in a |oca

flow direction, which can be observed against the black painted
surface. Figure 3 clearly shows that the effects of the scAUR™
with Vor GAUR™ are to bring lower velocity flow up fromthe flume

bott om and prevent the scour around the bottom of the abutnent.

Figure 4 shows the deep scour holes for the untreated w ng-wall
abut nent wi t hout scAUR™ and Vor GAUR™ Wth a scAUR™ nodifi ed
w ng-wal | abutnment with VGs, there is not only no scour around
t he nodel base (Figure 5), but there is no open bed scour hole
farther downstream of the nodel around x/L = 2. This is because
the VGs generate counter-rotating vortices which diffuse and
reduce the strength of the free-surface generated vortex, which
caused the scour hole farther downstream of the nodel for the

unt reat ed case.

13



Figure 3. Surface oilflow results for the nodified w ng-wall
abutnment nodel with VGs. Flow from right to left. The upward
streaks show that scAUR™ and Vor GAUR™ products cause the flow to
nmove up the abutnment. The gray region is produced by a mxture
of the oilflow material and waterborne substances at the free

surf ace.

14
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Flow and scour depth results are given for flunme tests wthout
and with scAUR™ nodified spill-through abutnent wth Vor GAUR™
VGs under the sanme 0.66nps flow (7). The surface oilflow (Figure
6) clearly shows that the scAUR™ and Vor GAUR™ products bring
| ower velocity flow up from the flune bottom and prevent scour
around the bottom of the abutnent. Figure 7 shows the deep scour
holes for the untreated spill-through abutnment (7). Figure 8
shows no scour around the upstream contraction and near the base

of the nodified spill-through abutnent due to the fairing.

Al though there is still a very mnor scour at the downstream of
the nodel, its max depth (-0.02L) is much [ower than that for an
untreat ed abut nment. The open bed scour due to the free surface

vortex has been prevented.

16



Figure 6. Surface oilflowresults for nodified sharp-edge spill-
t hrough abut ment nodel with 8 VGs. Note that scAUR™ and Vor GAUR™
cause the flow to nove up the abutnent as it noves downstream
bringing | ow speed fluid fromthe bottomof the river and
preventing scour. The gray region is produced by a m xture of

the oilflow material and waterborne substances at the free

surface (7).

17
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TASK IV.B — Flune Tests of Foundations Exposed by Open Bed

Scour
Aspects of the scAUR™ and Vor GAUR™ design features have been
expanded for use around the foundation (AUR Provisional Patent)
in order to further protect the foundation from the effects of
contraction scour, long term degradation scour, settlenent and
differential settlenent of footers, undermning of the concrete
scAUR™ segnents, and effects of variable surrounding bed |evels.

As all AUR flume studies have shown (7), under these conditions
scour of the open bed nmaterial occurs at a lower river speed
before scour of the material around the base of the scAUR™

fairing occurs.

This means is that scour of the river bed away from the scAUR™
protected pier or abutnment occurs first and that the river bed
level will be Iower away fromthe pier or abutnent. If a pier or
abutment foundation is exposed, it wll still have a higher
i mredi ate surrounding river bed level than farther away. Even
so, one would like to further arrest scour around the foundation
to prevent high speed open bed scour from encroaching on the

river bed material next to the foundati on.

Second, if the front of the foundation of a pier or abutnent is
19
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exposed to approach flows, then a foundation horseshoe or
scouring vortex is fornmed at the front which will cause |ocal
scour around the pier or abutnent. This suggests that a curved-
top ranp be nmounted in front of the foundation that prevents the

formation of this foundati on horseshoe vortex.

Based on these facts, flunme tests were conducted wth 3
foundation |eading edge ranp configurations: (1) an exposed

rectangul ar foundation with no front ranp protection, (2) an

upstream curved-top foundation ranp with trapezoidal span-w se
edges to produce a streamw se vortex to bring open bed
materials toward the foundation, and (3) a curved-top upstream
foundation ranp with straight span-w se edges. G avel A was
used around the foundation since it was the smallest gravel

tested in this project in Task II1.

Flume tests for scour depth were nade for these 3 cases with a
12. 7mm hi gh foundation elevation with or without a |eading edge
ranp (7). These tests were done under the sane conditions and
flume geonetry as the cases for Task IlIl with a flow speed of
0. 66nmps at which the open bed pea gravel begins to be carried
downstream As shown in Figure 9, the nodel foundation is 12.7nmm

above the surrounding gravel A bed |evel.

20
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Wthout a ranp, as expected, the scour occurred at the front
corners of the nodel due to the front foundation horseshoe
vortex. There is gravel accumulation along the pier side near
the location of VG on the scAUR™ fairing on the pier, which is
caused by the horseshoe vortices and downstream upfl ow generated

by the VGs.

Al though the second case is for the 12. 7nm high foundation wth
a curved-top ranp with trapezoidal sides, scour occurs at the
front corner of the ranp and nore gravel accunulates along the
pier side around the VGs (7). There is a gravel nound at the
downstream nodel edge. Therefore, this trapezoidal-sided front

ranp is not effective to reduce or prevent the scour.

For the 12.7mm high elevation foundation with a curved-top
straight-sided ranp, the front scour and the scour hole and
mound next to the foundation along the side are negligible
within scour depth mnmeasurenent wuncertainties. The scour hole
along the pier side is away from the pier foundation several
pi ers foundation heights and the gravel accumulate on the pier
side downstream of the VG Results for a 19mm high foundation
produced very simlar results (7). In sunmary, all of these
foundation tests show that a |eading edge straight-sided curved

top ranp prevents scour around a foundation when there is open
21



89

90
91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

bed scour.

-

Figure 9. Gavel level after flume test for 12.7mm high

el evation with a 12. 7mm high straight-sided curved |eading edge

r anp.

TASK VI. Tests of Full-Scale scAUR™ and Vor GAUR™ Prototype in

the University O lowa Institute of Hydraulic Research (IIHR

Fl une.

Ful | -scal e pier nodel scour tests were conducted during 2013 in
the University of lowa Institute of Hydraulic Research (IIHR)
3.05m wide Environnental Flow Facility, which is described at

the website: http://ww.iihr.uiowa.edu/research/instrunentation-

and-technol ogy/ environnental -flowfacility/. Previously measured

inflow velocity profiles by IIHR validated the high quality of
flowin this flume, which increased confidence that high quality
and unquestionable scour data would be obtained. The full-scale

nmodel was attached to the flune fl oor.
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Two test gravel sedinent sizes (specific gravity = 3) were used
during each test. Wth only a trace anount below 3.2nm by
wei ght about 63% of the snmaller sedinment gravel was between
3.2mm and 6.3mm and 37% was between 6.3nm and 9.5mm The | arger
test gravel, which filled nost of the flunme bed, was between
9.5mMmm and 16mm A 88.9nm outside dianeter vertical circular
cylinder nodel was |ocated downstream of the scAUR™ nodel about
0.46m from a flume side wall and 0.46m from the end of the
gravel bed and tested with the larger gravel at the same tinme as
each of the several configurations of the scAUR™ full-scale
nodel to show that the flow conditions cause scour with the
cylinder. Test runs continued until after the cylinder scour
reached equilibrium conditions with no further observed scour.
Wth the larger gravel, the equilibrium scour hole was 76mm deep
in front of the cylinder and extended 89mm upstream with a span-

wi se width of 0.28m

Measurenments were obtained for the scour depth around the base
of the nodel after the flume was drained using photos of |aser
sheet surface l|locations (5), surface oilflows over the nodel to
determ ne the local surface flow direction, and sone pitot tube
flow velocity data in front of and around the nodel. Five full-
scale nodel configurations were tested with the larger and

smal |l er gravel on opposite sides of the nodel: Configuration A,
23
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full-scale 10.16m long 1.42m wi de scAUR™ nodel with 6 Vor GAUR™
vortex generators with three 2.44m side sections on each side,

as shown in Figure 10, flush wth the gravel bed top;

Configuration B, same as Configuration A but with 8 Vor GAUR™
vortex generators; Configuration C, sane as B, but with the
straight-sided |eading edge curved-top ranp like in Figure 9
above and the nodel 76mm above the surrounding gravel bed;

Configuration D, full-scale scAUR™M with 8 VorGAUR™ vortex
generators with only one side section on each side and flush
with the gravel bed; Configuration E, full-scale scAUR™ nose and
tail sections with 4 nose section VorGAUR™ vortex generators

with no side sections.

Configuration A was tested to examne the full-scale flow and
scour behavior for a pier wdth to length ratio simlar to
candi date scour-critical bridges. Another vortex generator was
added for Configuration B to try to nove nore flow upward near
the nodel end. Because the curved-top |eading edge ranp was
useful in preventing scour around foundations exposed by open-
bed scour in the AUR small nodel flume studies (Task 1V.B
above), Configuration C was tested. Configuration D was sel ected
to examne the effect of pier wwdth to Iength ratio on scour for
cases where nultiple circular piers in a row could be surrounded

by one scAUR™ fairing. Configuration E exam nes scour for the
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case where a scAUR™ fairing is around one nearly circular pier.

The small and |arge gravel bed sections are flush with the edge
of the nodel for all configurations, except Configuration C when
the nodel is elevated 76nmm above the bed to sinulate a
foundati on exposed by open bed scour. The flunme test section
water |evel was 0.91m above the test bed and the near-free-
surface flow speed was about O0.76nps for all Configurations,
since ‘open-bed” scour of the smaller gravel was observed at

this speed.
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Figure 10. Photo from upstream of the AUR full-scale 10.16m | ong
1.42m wi de scAUR™ with Vor GAUR™ vortex generators nodel in the
1 HR Environnental Flune Facility with three 2.44m side sections
on each side for Configurations A and B. Small and |arge gravel

on opposite sides are flush with the edge of the nodel.

In sunmary of these tests, the full-scale nodel tests confirnmed
that there was no scour around the front and sides for each
Configuration with either the smaller or l|arger gravel, as was
al so observed at nodel scale. Only a small anmount of scour of
the smaller gravel was observed downstream which was due to

full-scale nmodel wdth to flume wdth (0.15 to 1/3) flow
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bl ockage effects, which were conparable to flow bl ockage results

for the 1/7 size nodels in the AUR flune (7).

TASK VII. Cost-effective Mnufacturing and Installation of

scAUR™ and Vor GAUR™ Pr oduct s

Before this project, AUR perfornmed a cost benefit analysis of
SsCAURM  with  VorGAURM as conpared to current scour
counternmeasures (7). Published information shows that current
expenses are required for scour nonitoring, evaluation, and
anti-scour mtigation design and construction, usually with rip-
rap. For a bridge closed due to scour, the cost to notorists
due to traffic detours is estimated to be as great as all other

costs conbi ned, but were not included in the analysis (7).

There is no situation where scAUR™ and Vor GAUR™ products cost
nore than current counterneasures. There is no situation where
any type of scour is worse with the use of the scAUR™ and
Vor GAUR™ products than wthout them The nore frequent that
scouring floods occur, the nore cost effective are scAUR™ and
Vor GAUR™ Clearly, scAUR™ and Vor GAUR™ products are practical

and cost-effective for US highway bridges (7).

In order to further reduce costs and increase the versatility of
27
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the scAUR™ and Vor GAUR™ products, nultiple manufacturing
alternatives were considered. The required I|abor, materials,
time, logistics, and practical issues were exam ned and used to

eval uate manufacturing alternatives (7).

Retrofit to an Existing Bridge

An installed welded stainless steel (SS) scAURMretrofit bridge
fairing is cost-effective, being about half of all costs for
precast or cast-in-place concrete nmanufacturing and installation
(7). Its corrosion resistance gives it a lifetime of 100 years
even in seawater environnents, using a proper thickness,
construction nmethods, and type of SS. It is an effective way to
reduce weight and the cost associated wth casting custom
reinforced concrete structures. Another benefit is that the SS
Vor GAUR™ vortex generators can be welded directly onto the side
sections instead of having to be integrated into the rebar cage

of the reinforced concrete structure. Even for bridges wth

little life left, current tenporary counterneasures are nuch

nore expensive when the present value of future expenses is

consi dered (7).

New constructi on

In the case with new construction, essentially the difference

between the way cast-in-place bridge piers and abutnments are
28
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constructed currently without the scAUR™ products and in the
future with the scAUR™ products is that scAUR™ steel forms for
the concrete are used (7). Al standard currently used concrete
construction nethods and tools can be used. During the bridge
desi gn phases, the bridge pier or abutnment foundation or footer
top surface width and length would need to be |arge enough to
accommmodate the location of the scAUR™ concrete fairing on top

Rebar needed for the scAUR™ would be included in the foundation
during its construction. Stainless steel rebar for welding to
the stainless steel vortex generators nounting plates on the
surface need to be used for specific locations. Cearly, since
the new construction cost is about 1/3 of retrofit costs, the
best tinme to include the scAUR™ fairing on piers is during new

construction (7).

CONCLUSI ONS

Local scour of bridge piers and abutnments is a common cause of
hi ghway bridge failures. Al currently used counterneasures are
tenporary and do not prevent the root cause of |ocal scour -—
discrete large-scaled vortices formed by separations on
underwat er structures. Using the know edge of how to prevent the
formation of discrete vortices, prior to this NCHRP-IDEA
project, AUR developed, proved using nodel-scale tests, and

pat ented new | ocal -scouring-vortex-prevention products that are
29



251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272
273
274

practical cost-effective long-term permanent solutions to the
bridge pier and abutnent |ocal scour problem 1In this current
NCHRP Project, further conputational work on the effect of pier
size or scale and nodel flume tests for other sedinents, other
abut nent designs, and for open bed scour conditions showed that
the products prevent scouring vortices and scour. Full-scale
prototypes were successfully tested and cost-effective
manufacturing and installation plans were devel oped. The present
val ue cost of these products over the life of a bridge are an
order of magnitude cheaper than current scour counterneasures.
Plans for installation of a prototype version on a scour-

critical bridge in Virginia are underway.
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