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II. HYDRAULIC STUDIES

Studies of bridge hydraulic effects covered both analyses of the changes in

flow levels and velocities, and analyses of scour effects. A total of six

different bridge configurations were investigated for both hydraulic and

scour effects, with the result that a 500-foot bridge was recommended as the

first-phase structure.

The results of the hydraulic analyses for the initial bridge configurati~n

indicated an adverse scour condition due to the proximity of piers to abut­

ments. Cumulative pier and abutment scour was indicated to be in the range

of 60-70 feet. In response to suggestions of the City Engineering staff,

relationships were investigated between relative bridge locations within the

channel and scour depths. The findings indicated that scour depths were not

significantly influenced by location and that scour problems were primarily

due to encroachment of bridge abutments into the channel. It was then re­

commended that the City consider construction of a longer first-phase bridge,

both to ameliorate scour problems and to improve long-term stability of the

river channel in the reaches above and below the bridge.

Following the recommendation to consider a longer bridge, four additional

configurations were analyzed. These included a bridge with three 125-foot

spans, with both vertical and sloping abutments, and a bridge with four

125-foot spans, again with both vertical and sloping abutments. The results

of those configuration studies showed that vertical abutments were both

costly and were susceptible to extreme scour depths. The four-span (500­

foot) bridge with sloping riprap abutments was then indicated to be the

most preferable alternative, and was subsequently endorsed by the City

Engineering staff. Analyses pertinent to the SOO-foot bridge follow.
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The condition which imposes the extreme hydraulic loading on the bridge is

defined as that which occurs immediately prior to failure of the approach.

That condition is reached at a discharge of approximately 100,000 cfs, when

the depth of flow is about 15 feet and the velocity (before enlargement of

the section by scour) is around 20 fps. The two primary design parameters

related to hydraulic conditions are depth of scour and hydrodynamic forces

on the structure.

Scour depths for the 500-foot bridge have been calculated by methods in the

DOT-FHWA manual on hydraulic design and by methods developed by Laursen for

the Arizona DOT, as shown in the following calculations.
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the calculated scour, a rather arbitrary allowance of 20 feet was made to

mining effects are largely unknown, an additional scour allowance of around

major event - after which some grade control measures could be installed if

While gravel

4.8'

11. 3 I

49.3'

54.1'

In addition to

Laursen

The depths calcu-

From this discussion,

Method of Analysis

2.4'/

DOT Manual

30.2.1
I

1t~·"17.51 16.1'

If the initial hydraulic approach conditions in the upstream

Abutment

Abutment

Caisson (61~)

Caisson (61~)

The results of the scour analyses are as follows:

Type of Scour

General

Local

Total Scour

Under initial conditions which would exist in the channel upstream and down-

lated by the DOT method would be appropriate in this case.

some allowance should be made for changes in alignment.

try to account for effects of gravel mining near the bridge.

20 feet would insure the integrity of the structure during passage of one

it is apparent that the occurrence of scour is conditional upon other changes

further scour during subsequent events were possible.
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I / dSetprtehams from the bridge, no abutment scour would develop. The abutment scour

which were calculated were based upon the possibility of upstream chan-

I I k nel migration.

I .~, :~~ channel were maintained, no abutment scour would develo~ since water woul~
\f ~ not hayeto flow around abutments. However, since the channel is braided,
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follows:

a riprap angle of repose of 42°, a depth of flow of 15 feet, a velocity of

Caisson

960

Abutment
Toe

Abutment
Foundation

and profile which would bring about a maximum scour depth

in the area of the abutments. Scour which would occur at

It is prudent, however, to allow for morphological changes

a vertical axis that forms in the separation zone on the downstream side of

the abutment foundations would be of a horizontal type, due to the eddy with

mended design elevations to reflect maximum expected scour are therefore as

the abutments. It is possible that abutment foundations could be exposed by

'2-~
to the streambed. A likely minimum depth of scour is around~feet - and

it is possible that such a depth would not be exceeded during the life of

bed elevation due to limitations in sediment transport capacity. The recom-

the downstream eddy, but depth of scour would generally be limited to stream-

Location:

Elevation:

20 fps, riprap specific gravity of 2.65, and a riprap maximum size of three

/0 10
't ~

..- -z,o

~.~~~\f,)JP
c1?JY ,
/- ,,\ }/' I)

Riprap'protection of abutments has been designed by consideration of criti- ~\ •

cal shear, as developed in the DOT manual. For abutment slopes of lv:3h, ~~

also have a uniform grain size distribution, with a median grain size of 18

feet, the factor of safety against riprap failure is 1.48. The riprap must

inches and a minimum grain size of four inches.

The riprap calculations follow.
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HYDRAULICS APPENDIX

Results of HEC-2

Analysis for Extreme

Design Conditions
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