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INTRODUCTION 

The existing Tuthill Road Bridge carries vehicular traffic over the Gila River in Maricopa County, 

Arizona. Construction plans for the Tuthill Road Bridge over the Gila River were prepared by 

- 
Sverdrup & Parcel and Associates, Inc. and are datl he plans show the as-built 

4 

date =@p- The total length of the bridge i kt. The plans are for 2 

bridge &th span lengths nf 1 ' The abutments and piers are supported on driven H-piles 

1 for 2C 

with a pile cap. lted riprap spur dike 

d . I c -  
-- 

-he bridge carries G o  lir. 

is oriented in a north-south direction and the profile i s e j  

approaches. The north and south approach r r- 

b. The roadway 

ccept for the bridge 
w' 

Evaluating scour potential of the existing bridge is the primary goal of the project. This report 

provides data on Gila River hydrology and hydraulics in the bridge vicinity. Using the hydraulic 

data, a complete scour analysis is performed for the Tuthill Road Bridge. 

estimated to be 

Total scour depths for s estimated to be - at the north abutment- - 
feet at the south abutment, ar for all piers. Total scour for thc 

~ e t  at the north abutment d e t  at the south abutment. and 
1 - 

P 
!et for 

"&-a 
all piers. Scour countermeasures are currently u n d ~ & a l . t h e ~ ~ o ' t f ~ a E i I ~ ~ d u e  to scour at 

h e  reason for scou- 
. . 

. This does not mean that future lateral migration may someday 

extena ro the ~ o r t h  causing similar problems to other piles. However, the as-built plans were not 

completed at the time of this report. These scour calculations were performed for conditions 

observed during the field v i s i d u r e s .  
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Section 2.0 describes data collection followed by the site description in section 3.0. Section 4.0 

summarizes the results of the hydraulic HEC-2 modeling. Section 5.0 explains scour processes 

and procedures for calculating bridge scour. Section 6.0 provides the results of the scour 

calculations. Section 7.0 provides an initial evaluation of the bridge and lists any deficiencies. No 

recommendations are provided in this report, they will be deferred to the final report. 

2.0 DATA COLLECTION 

Data was supplied by the Maricopa County Department of Transportation in the form final plans 

for the Tuthill Road Bridge over the Gila River, project number 68019 dated 1980. US Army 

Corps of Engineers HEC-2 output data files for the 100-year flood were supplied by the Maricopa 

County Flood Control District. Floodplain maps prepared by the Corps of Engineers for the Flood 

Control District were obtained along with USGS topographic maps for the bridge site. 

Parsons Brinckerhoff conducted a site visit on April 19, 1995. Extensive photographs of the site 

were taken and a visual survey of the bridge and surrounding area was made. A simple survey of 

the channel cross section was performed on May 31, 1995. 

The scour screening procedure for the National Bridge Inventory System is completed for the 

Tuthill Road Bridge. The screening forms are included in the Appendix. The Tuthill Road Bridge 

is rated as a scour-critical bridge with a recommended Item 113 rating of 3C. Scour 

countermeasures are recommended as a result of the screening. Monitoring is to be utilized until 

scour countermeasures are in place. In order to verify the screening results and demonstrate the 

validity of the screening procedures a scour analysis was performed for the Tuthill Road Bridge. 

This information may be used in a structural stability analysis to verify if the bridge has an 

adequate foundation. 
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SITE DESCRIPTION 

As shown in Figure 1, the site lies southwest of Phoenix in Maricopa County. The bridge lies west 

of Goodyear approximately eight miles downstream of the convergence of the New River with the 

Gila River. The terrain in the immediate area is rough with moderate vegetation. The south side 

of the floodplain is well-defined by the erosion of the river into the south overbank. Spur dikes are 

present at the bridge. As seen in the pictures, the south abutment has been exposed to 

significant erosion because of the river thalweg continually migrating south, cutting into the south 

abutment and south overbank. There is significant debris accumulation present on several piers 

near both the north and south abutments. routed riprap protection 

has 
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Figure 1 
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Geotechnical Evaluation 

The geotechnical investigation was performed by Thomas-Hartig & Associates, Inc. in 1 
T 

soils underlying the site lsist 
' 

the surface to - - 

elevations of abc Clayey sands underlain the surface stratum and extended to 

the full depths of the borings. Th s o ~ a r e m  The estimated Dm particle size, Q 
based on plan review and field reconnaissancP-ir-8- ---m . 

Due to bank erosion, the approach waterway is wide in the vicinity of the bridge. There 

1 k s  and some parts of the river channel. In general, the river bottom is 

even, except close to the south abutment. At this location the river has channeled itself to a width 

of about 200 feet. The river load co 

river banks are generally high 4 
reconnaissance on April 19, 1995, it appeared tha - 

gravel vgi+km 

a t e  b a W  Abut 

sout! le bridge had been 

during the fie~u - rnprap 

oweve1 Mimated that the pic 
- 

The bed elevation has been lowered about 7 to 14 feet between Pier Numbers 3 and 

13. - ing to the soul itream from the bridg 
I-- 

-- L 
brush has accumulated on the upstream side of some of the piers. Vegetation in the river b,lanr,=l 

is limited to a sparse growth of trees. The overbank vegetation consists of a light growth of grass 

and brush. Local erosion of abutment fills and overbank soils was noted near Abutment Number 

1. These soils consist of silty sands that are highly erodible. Erosion in this area was caused by 

runoff from the roadway. 
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3.2 Structural Evaluation 

The Tuthill Road Bridge over the Gila River is located on Tuthill Road between stations 14+54 to 

32+24. This structure is a 15-span precast, prestressed AASHTO girder bridge. The total length 

of the bridge is 1,770 feet and the width is 39'-2". The piers and abutments are supported on 

steel H-piles. The abutments are protected by spur dikes and grouted riprap. The slope of the 

riprap protection is 2:l and there is a toe down pit of riprap at the base of the slope for a depth of 

about 10 feet. The length of the spur dikes are 200 feet and 250 feet at the south abutment and 

north abutment, respectively. 

The steel H-piles (HP 12x53) at the abutments were driven to a minimum tip elevation of 788 feet 

or until a capacity of 90 tons was achieved. Six vertical piles and 14 battered piles were driven at 

the abutments and 16 vertical piles and 12 battered piles were driven at the pier locations. The 

top of the pile or bottom of the pile cap elevation for the abutments is 844.5 feet and varied from 

840.13 to 843.38 feet at the pier locations. Based on the plans, the proposed bed elevation is 

approximately 860 feet. At the time of the survey the channel bed elevation was approximately 

850' at the south abutment and 860' to 865' elsewhere. Bank protection is present at the 

abutments and consists of grouted riprap with dumped riprap at the base of the grouted riprap. 

The grouted riprap extends to about elevation 860 feet. 

There are indications of erosion and undermining of the south abutment riprap protection. There 

is soil erosion and evidence of scouring of the south bank upstream of the bridge. There is 

indication of erosion at the toe down pit at the south abutment. Due to local drainage there is soil 

erosion behind the south abutment downstream of the bridge. 

On the upstream side of the piers, organic debris have collected to a width of about 12 feet. 

There is an indication of minor local scour around the piers. There is some vegetation growth 

such as bushes and trees at the north abutment and adjacent piers in the river bed. There is no 

indication of exposed pilecap at this structure. The piers seem to be in good condition. 
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Looking upstream; South end of bridge. 

TUTHILL ROAD 
Looking downstream; South end of bridge. 
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Looking upstream; towards middle from South end of bridge. 

TUTHILL ROAD 
Looking downstream near middle of bridge. 
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Looking upstream; North end of bridge. 

TUTHILL ROAD 
Looking downstream; North end of bridge. 
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Grouted riprap on South abutment. 

TUTHILL ROAD 
Top edge of grouted riprap on South abutment. 
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Erosion behind South abutment; upstream side. 

Pier on South end of bridge; notice elevations and water marks. 
TUTHILL ROAD 
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Debris on South end of bridge; looking North. 

Debris on piers; North end of bridge. 
TUTHILL ROAD 
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HYDRAULIC ANALYSIS 

The Gila River is subject to heavy flood flows during the spring, fall, and winter seasons. As 

shown in Table 1, the 100-year design flood flow for the existing conditions @45,ij(f~fs= 

500-year flood flow i discharges were obtained from the FEMA Flood 

Insurance Study for Maricopa County dated September 1991, and supplied to PB through the 

Flood Control District of Maricopa County. Design flows for post Roosevelt Dam modifications 

and operations were not supplied at this time. 

As displayed in Table 1, the HEC-2 output for the existing conditions calculates the maximum 

velocity at the bridge to be 17.9 fps for the 100-year flood event. Water surface elevation at the 

bridge is 873.6 feet for the 100-year flood conditions. The maximum velocity at the bridge is 

calculated as 20.5 fps for the 500-year flood. The corresponding depth of flows are 22 feet and 

24.3 feet respectively. The computed water surface elevation at the bridge is 875.9 feet for the 

500-year flood. The minimum freeboard requirement of 3 feet for the 100-year flood event is met 

at the Tuthill Road Bridge. 

Table 1 

*Maximum velocity at South Abutment. 
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5.0 SCOUR ANALYSIS 

A scour analysis is performed for the proposed conditions for both the 100-year flood and 500- 

year flood scenarios. The potential for scour damage to the bridge piers and abutments is 

evaluated using the guidelines and procedures presented in Hydraulic Engineering Circular 

Number 18 (HEC-18). Total scour is comprised of four components: long-term trends, 

contraction scour, bend scour, and local abutment and pier scour. 

5.1 Long-Term Trends 

Long-term trends in channel aggradation, degradation, and lateral migration are predicted 

qualitatively based on available sources of information including mapping, field observations, 

history of flooding and erosion, previous inspection reports, geomorphology, soil characteristics, 

land uses, flow patterns, control works, and any other factors which may have an influence on the 

river. The observations for long-term degradation and aggradation for this bridge can be found in 

section 6.1. 

5.2 Contraction Scour 

Contraction scour is caused by the channel width decreasing at the bridge crossing. Contraction 

scour occurs when the area of flow is decreased, resulting in increases in both velocity and bed 

shear stress in the contracted area. There are two basic forms of contraction scour, live-bed and 

clear-water, both of which are based on the principle of conservation of sediment transport. Live- 

bed is the condition where bed material upstream of the crossing is being transported. For live- 

bed scour, material is removed until equilibrium is reached between sediment transported into and 

out of the contracted section. Clear-water is the condition where there is no transportation of 

upstream bed material. 

PARSONS 
BRINCKERHOFF 



Live bed conditions exist at the site because the critical velocity for beginning sediment motion is 

less than the average channel velocity. For this bridge critical velocities for the flood conditions 

are well below the average flow velocities calculated in the hydraulic analysis. 

FHWA recommends the modified version of Laursen's 1960 equation for estimating live-bed 

contraction scour. Input parameters for the equation include average depth, discharge, bottom 

width, and D50 of the bed material. It should be noted that Laursen's equation will overestimate 

scour if the contraction is the result of bridge piers and abutments. Using the median grain size, 

kl conservatively assumes transported sediment is mostly suspended bed material discharge. 

The equation is 

where: 

Y1 = average depth in the upstream main channel 

Y2 = average depth in the contracted section 

W1 = bottom width of the upstream main channel 

W2 = bottom width of the contracted section 

Q, = flow in the upstream channel transporting sediment 

Q, = flow in the contracted channel 

k, = relates to the mode of bed material transport (contact bed material vs. 

suspended bed load. 

Y, = Y, - Y, = average scour depth. 

5.3 Local Scour 

Local scour is the result of water flowing around a pier, abutment, or other obstruction. These 

obstructions induce the formation of vortex systems caused by the acceleration of the flow around 

the obstruction. A horseshoe vortex is formed by water hitting the upstream surface of the 

obstruction and then traveling down the pier. In addition, piers have horizontal vortices, referred 

to as wake vortices, acting transverse to the pier downstream of the obstruction. Both vortices 
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remove material from the base of the obstruction. However, the intensity of the vortices 

diminishes downstream from the obstruction. 

The Colorado State University (CSU) equation is recommended for both live-bed and clear water 

pier scour. The basic input parameters are flow depth, pier shape, Froude number, pier width, 

and angle of attack. The bridge is skewed to the channel, however, the angle of attack of the 

water on the piers at the Tuthill Road Bridge over the Gila River is 0 degrees, i.e. the flow is 

normal to the bridge. Maps of the area show the Gila River meandering significantly both 

upstream and downstream of the bridge; however, at the piers the flow is normal to the bridge. 

Since the angle of attack is 0 degrees and a single column is used, the pier width is the width of a 

single column plus any debris accumulation. The pier width used for scour calculations is 8.0 feet 

(actual pier width = 4 ft.). Debris accumulation was estimated at twice the pier width for all piers. 

The CSU equation estimates equilibrium scour depths. Depending on the bed configuration, 

adding a recommended correction factor to the equilibrium scour yields the estimated maximum 

scour. The CSU equation is 

where: 

Ys = scour depth 

Y1 = flow depth just upstream of the pier 

Kl = correction for pier nose shape 

K, = correction for angle of attack 

K, = correction for bed configuration 

a = pier width 

Frl = Froude number; F~~=V~I(~Y~)'" 

V1 = Maximum Ave. Velocity of flow directly upstream of the pier (worst case). 

Froehlich's live-bed equation, shown below, is used for estimating live-bed and clear-water scour 

at abutments. The equation is based entirely on laboratory data and provides very conservative 

estimates of scour. The basic input parameters are Froude number, shape, and projection of 
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abutment, skew, and depth of flow. The use of engineering judgment is recommended in using 

these estimates of abutment scour depth, because cost will be the deciding factor between 

greater foundation depth or protection of the abutment area. 

Where: 

K, = coefficient for abutment shape 

K2 = coefficient for angle of embankment to flow 

a' = Aery, = length of abutment projected normal to flow 

Ae = flow area of the approach cross section obstructed by the embankment 

Fre = Ve/(gYa) = Froude number of approach flow upstream of the abutment 

Ve = QJAe = local velocity at abutment 

Qe = flow obstructed by the abutment and approach embankment 

Y, = average depth of flow on the floodplain 

Ys = scour depth. 

The Gila River turns significantly at the Tuthill Road Bridge. This bend in the channel allows for 

the possibility of bend scour to occur at and downstream of the bridge (or outside edge of the 

bend). The bend will induce secondary currents which will scour from the outside of a bend and 

cause material to be deposited along the inside of the bend. Based on the assumption of 

constant stream power through the channel bend, Zeller developed the following relationship for 

estimating the maximum scour component resulting from channel curvature in sand bed 

channels: 

Where: 

Azbs = bend scour component of total scour depth (feet) 

V = mean velocity of upstream flow (fps) 

Y = Maximum depth of upstream flow (feet) 
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Yh = hydraulic depth of upstream flow (feet) 

S, = upstream energy slope (bed slope for uniform conditions, feetlfeet) 

a = angle formed by the projection of the channel centerline from the point of 

curvature to a point which meets a line tangent to the outer bank of the 

channel (degrees) 

5.4 Total Scour 

Total scour at any location is estimated as the sum of any long term trends, contraction scour, 

bend scour, and local scour. The total scour is then plotted on a cross section view of the bridge. 

For this bridge the degradation of the channel was taken into account when the existing ground 

line was plotted. The estimated scour depth due to contraction~scour and bend scour is then 

plotted a computed distance below the revised channel bottom. Local scour is finally plotted for 

each pier and abutment in the shape of a scour hole. The top width of a scour hole is estimated 

to be 2.8 times the predicted scour depth. Debris blockage will add to the effective width of the 

piers and thus increase the scour depth. This increase in the scour depth has a direct result on 

the width of the scour hole as noted above. If the estimated limits of scour holes overlap, the 

resulting scour may be deeper than originally estimated. 
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RESULTS 

The scour calculations were performed based on -sent at tt 

inspection and the survey. The scour countermeasures sch 

the field 

These countermeasures will be taken into account for the final report. 

6.1 Long-Term Trends 

Based on survey data taken during the site visit on May 31, 1995 ?gradat 

' There are two 

scour depths shown in figure 2 for total scour. The black lines show the scour depths applied to 

the channel at the time of the field survey and the gray lines show maximum scour depths across 

the whole channel because the thalweg may migrate to the north. +-- 
"I z- 
Lateral migrati e rivt ' 2nd~ io fro\ 9 

he wide, flat floodplain, combine with the silty-sandy soil to create a 

condition where extensive lateral migrati~ --use the 

thalweg could shift to different points in the floodway, a c c . a  - 0 
:our calculations for the -ass se 

6.2 Contraction Scour 

Significant contraction scour occurs at the bridge site. As shown in Tz' ' -  - - ' " 

estid F a r  f100t  

event. This is due to the large amount of flow being contracted into the bridge section. Significant 

scour will occur at the llostream spur dikes and at the bridge. The upstream width is 

approximal 0- mhich represents the distance across the floodplain upstream of the 

PARSONS 
BRINCKERHOFF -1 9- 



bridge, whereas the width at the bridge is approxirr- 

section is sig 1 
6.3 Local Scour 

P w through the bridge 

Bend scour was estimated at the Tuthill Road Bridge because the Gila River cuts across the 

floodplain from north to south and then turn rn in 

the river cre with the ben- s shown 

in table 2, bend scour was estimated at approx 

l he  north abutment sh( 

the angle used in bend sc existing cOL 
Local pier scour is predicted to occur at th L 
width used in the scour 

r, From 

The effective 

twice the idth account for ( 

accumulation. The maximum pie. -:our is --..mated to be appr 
1 

flood i W n a r i o .  The maximum estimated pier scour may occur 

at any of the ,,~rs. Calculations for pier scour are included in the Appendix. 

The north and south abutment scour estimates for each of the floods are shown in Table 2. 

Please note that the abutment scour equation recommended by HEC-18 is inherently 

conservative and includes a large factor of safety. The grouted riprap should help protect the 

abutments and should reduce the predicted maximum scour depth. However, the grouted riprap 

on the south abutment has been undermined and its effectiveness has been greatly reduced. 

This condition should be corrected quickly before significant scour occurs. 

HEC-18 recommends placing abutment footings at lei 

term - m b u t m e n t  piles are well below the recommended 

depth. Abutment scour is not expected to be problematic at the Tuthill Road Bridge. 
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Degradation d e t *  1 feet* 1 feet* 

Bend Scour 3.3 feet 0 feet 

Local Scour 21 feet 9.6 feet 

Contraction 15 feet 15 feet 

Total Scour 40.3 feet 25.6 feet 

I Degradation I 4 feet* I 1 feet* I 1 feet* I 

Remaining Pile Depth 1 1.4 feet** 

Bend Scour 

Local Scour 

Contraction 

I Remaining Pile Depth ( -4.32 feet** 1 6.5 feet* 1 19.8 feet** I 
Total Scour 

- - -  - pp - -- 

* ~ h e  natural ground elevation shown on the scour plot is the ground line suweyed from the field inspection which already 

19.7 feet** 

3.52 feet 

30.8 feet 

26 feet 

takes the degradation into account. 
T h i s  depth assumes a minimum pile tip elevation of 788' as shown in the bridge plans and a plan bed elevation of 848'. 

34.4 feet** 

64.3 feet 

6.4 Total Scour 

3.52 feet 

23 feet 

26 feet 

Table 2 summarizes the total scour predicted at each pier and abutment for the 100-year and 

0 feet 

13.2 feet 

26 feet 

53.5 feet 

500-year flood event, thif includes an - It is possible for the 

- c  therefore only one representative pier is 

40.2 feet 

displayed in the table. Figure 2 shows the plotted scour holes associated with the 100-year flood. 

Degradation is not shown specifically on the scour plot because the ground line is plotted to the 

elevation of the degradation, therefore no addition depth was subtracted. Degradation is shown in 
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table 2 because the channel elevation from the bridge plans was used to calculate remaining pile 

depths. Debris accumulation is not shown in the scour plot, however, accumulation of twice the 

pier width was used to calculate the scour depths. Scour computations are included in the 

appendix. 
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INITIAL EVALUATION 

7 Tuthill Roa I i e  calculated scour depths extend below the pile caps; 

however, there IS snll some remaining embedded pile depth. The- n t 

-C.L 
T a b l e  2 shows remaining pile depth for both the 100-year and 500-year floods. Even 

though the pile tins are not exposed, the shallow embedded pile dept - 
b I S .  The scour calculations did not consider the scour 

uilt plans were not available. For the final 

report the countermeasures will be considered and the scour calculatiq[ls refined he 

impact of the improvements. 

piers. This debris blockage should be 

removed from around the piers because it creates a larg-to the flow and may cause 

deeper 1 le ths There is damage- r i p r a w  This ---D 
damage should b e e o t e c t  the a b u h  Riprap at the 

abutments should be inspected after each major flood event and replaced or repaired if 

necessary. 

T- is cut vertically bot 

south 

them. 

The Tuthill Road Bridge is rated c- leal - - :our countermeasure! 

utilized until scour countermeasures are in place. 

result of the screening. Mo 
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\ TUTHILL ROAD BRIDGE OVER THE GILA RIVER 

CONTRACTION SCOUR 

1. Y1 IS AVE. DEPTH IN MAlN CHANNEL. 

I 
I 

8 

I 

I 
I 
I 

2. W2= (BOTTOM WIDTH)-(SUM OF EFFECTIVE PIER WIDTHS). 1767'-(14x8') = 1655' 

3. ENERGY GRADE LINE (USED TO OBTAIN KI).TAKEN FROM HEC-2. 

CASE 1 - LIVE BED 

Y1 - AVE. DEPTH IN UPSTREAM 

MAlN CHANNELIFTI 

W1 - WIDTH OF UPSTREAM 

MAIN CHANNEL(FT) 

W2 - WIDTH OF CONTRACTED 

SECTION(FT) 

N1 - AT MAIN CHANNEL 

N2 - AT CONTRACTED SECTION 

0.1 - FLOW IN UPSTREAM MAIN 

CHANNEL (CFS) 

Q2 - FLOW IN CONTRACTED 

SECTION (CFS) 

(Q21Q1 IA617 

SI - SLOPE OF ENERGY GRADE 

LINE IN US CHANNEL (FTIFT) 

V*c - SHEAR VELOCITY(FPS) 

= [32.2(Y I )(Sl  )IA0.5 

K I 

(W1 lW2)^KI 

Y2N1  = Q2/Q1A(6/7)(W1/W2)AK1 

YS = Y2-Y1 = SCOUR (FT) 
NOTES: 

4. K1 VALUE ASSUMES MOSTLY SUSPENDED BED MATERIAL DISCHARGE. 

5. EQ. ASSUMES SEDIMENT TRANSPORT IN CHANNEL UPSTRM = SEDIM. TRANSP. 
AT CONTRACTED SECTION. 

SEE 

NOTE 

1 

2 

3 

4 

5,6 

6. ASSUMES LlVE BED CONTRACTION SCOUR BECAUSE VceVmean. 
Vc=10.95Y 1 A(1/6)(D50)A(1/3) 

100-YEAR 

17.3 

500-YEAR 

21.47 
a 

3200 
L 

0.065 

0.032 

fz 
24 ,000 d 

1.31 

n, 
0.52 

0.59 

1.42 

1.85 

1770 

0.065 

0.032 

207,900 

350,000 

1.56 

0.00031 

0.46 

0.59 

1.42 

2.22 

26 



TUTHILL ROAD BRIDGE OVER THE GILA RIVER 

BEND SCOUR 

BEND SCOUR 

Y - MAX DEPTH OF UPSTREAM 

FLOW (FT) 

Yh - HYDRAULIC DEPTH OF 

UPSTREAM FLOW (FT) 

V - MEAN VELOCITY OF 

UPSTREAM FLOW (FPS) 

Se - UPSTREAM ENERGY SLOPE 0.c %92 0.000311 
(FTIFT) 6 

[(0.0685)(Y)(V)"0.81 I 13 14 
[(YhA0.4)(SeA0.3)1 

ALPHA ( a 1 - ANGLE FORMED BY 1 
L 

30 
CHANNEL CENTERLINE 

AND A TANGENT POINT 

ON OUTER BANK 

SINA2(a12) 0.066987 0.066987 
COS a 0.866025 0.866025 

2.1 {[(sin*2)(a/2)/~osa)]~0.2}-1 0.258669 0.258669 

Zbs = [(0.0685)(1111 0.81 1 
I(YhA0.4)(SeA0.3)1 x 

2.1 {I(sin*2)(a12)1~osa)1~0.2}-1 i 
'-" 

- 
Zbs = BEND SCOUR (FT) 3 3.52 

NOTES: 
1. ALPHA (a) IS THE ANGLE FORMED BY THE PROJECTION OF THE CHANNEL CENTERLINE 

FROM THE POINT OF CURVATURE TO A POINT WHICH MEETS A LINE TANGENT TO 
THE OUTER BANK OF THE CHANNEL (DEGREES). 



TUTHILL ROAD BRIDGE OVER THE GILA RIVER 

PlER SCOUR - EXISTING CONDITIONS 

NOTES: 
1. TWICE THE PlER WIDTH IS USED FOR THE EFFECTIVE PlER WIDTH TO ACCOUNT FOR 

DEBRIS ACCUMULATION. 45 4 3  
!k: % O # , , \ ~ ( $ > ] C , L ? )  

2. K1=1.0 SINCE PIERS HAVE A ROUNDED NOSE. 3 I 
I \ 

K2=1.0 SINCE ANGLE OF ATTACK IS 0. 
K3=1 .I FOR PLANE BED ; (t.5. * 0-6 ,  # @ f3)$z2 7 2 P 2  

3. THE MAXIMUM VELOCITY IS USED BECAUSE THE THALWEG MAY MOVE TO ANY PIER IN THE W/ +vp7x Tainelb 
CHANNEL. VELOCITY OBTAINED FROM HEC-2 OUTPUT. 

CONTlNUOUS PIER 

PlER NUMBER(S) 

SKEW ANGLE (DEGREES) 

a - PIER WIDTH (FTI 

K 1 

K2 

K3 

V1 - VELOCITY, UPSTREAM 

FACE OF PlER (FT) 

Y1 - DEPTH OF FLOW UPSTRM. 

FACE OF PlER (FT) 

F r l  - FROUDE NUMBER 

= V11(32.2*Y1)*112 

[alYI lA0.65 

Y s N l =  

2K1 K2K3(alY1 IA.65(Fr1 IA.43 

Ys SCOUR DEPTH (FT) 

4. DEPTH VARIES AT DIFF. PIERS. MAX VALUE IS OBTAINED FROM HEC-2 OUTPUT TO. 
ACCOUNT FOR POSSIBLE THALWEG MOVEMENT. 

SEE 

NOTE 

1 

2 
2 
2 

3 

4 

5 

LEFT 

OVERBANK 

5. THE C.S.U. EQ. ESTIMATES EQUILIBRIUM SCOUR. 

1 00-Y EAR 500-Y EAR 
MAIN RIGHT LEFT MAIN RIGHT 

CHA 

0 

1 lmo1 .o 

1 

4- 

e 
0.52 

0.96 

21 

1-14 

0 

8 

1 .o 
1 .o 
1 . I  

20.5 

24.3 

0.73 

0.49 

0.93 

23 



NOTES: 
1. Ve TAKEN FROM HEC-2 VELOCITY IN MAIN CHANNEL. 

2. THETA < 90 IF POINTED DOWNSTREAM, > 90 IF POINTED UPSTREAM. 
THETA = 90 FOR NORTH ABUTMENT, 90  FOR SOUTH ABUTMENT. 

3. K1 = 0.55 FOR SPILLTHROUGH ABUTMENT. 
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THIS RUN EXECUTED 28MAR96 18:15:56 

**f*********+ttl*****ttt***ttt******~ 

HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 

*t+*********************************L 

TUTHILL ROAD BRIDGE OVER THE GILA RIVER 

FILE NAME TUTHILL 

PARSONS BRINCKERHOFF - TEMPE, ARIZONA 
AN EXISTING HEC-2 RUN (12/20/94) PROVIDED BY THE MARICOPA 

COUNTY FLOOD CONTROL DISTRICT WAS EDITED TO REFLECT RECENT 

SURVEY DATA AT THE BRIDGE. 

THE 100-YEAR DISCHARGE OF 245,000 CFS WAS OBTAINED FROM THE 

FEMA FLOOD INSURANCE STUDY. 

DEBRIS BLOCKAGE WAS ESTIMATED USING TWICE THE PIER WIDTH FOR 

ALL PIERS. 

T1 MCDOT HYDRAULIC ANALYSIS 

2 100-yr SUB-CRITICAL RUN FOR TUTHILL ROAD BRIDGE 

3 GILA RIVER 

J1 ICHECK INQ NINV IDIR STRT METRIC WINS Q 

2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW 

WSEL FQ 

873.47 

CHNIM ITRACE 



4 0.065 

EXIT SECTION 

187.91 9 6 

19105.1 0.03 20615.2 0.032 

- 780' FROM DOWNSTREAM FACE OF BRIDGE 
19105.1 21671.2 0 0 

19105.1 25000 

877.8 18217.8 878.6 18433.4 

868.7 19049.7 869.8 19105.1 

859.2 19608 860.6 19815.6 

865.6 20081.6 861.6 20095.6 

866.6 20492.7 868.4 20615.2 

869.2 21608.1 868.2 21635.5 

870 22007.1 870 22113.4 

870.7 23024.5 867.5 23040.3 

869.3 23505.4 869.3 23813.2 

870.9 24457.2 871.6 24605.1 

878.4 24696.7 874.1 24770.5 

873.6 25855.6 873.2 25946.5 

876.7 26695.5 876.6 26935.7 

877.5 28014.6 878 28227.1 

878.5 28463.1 874.1 28497.2 

877.3 29394.7 876.8 29675.7 

877.2 29740 870.8 29751.4 

877.7 30488.1 878.1 30717.4 
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Downstream face of Tuthill bridge section 

Code out vertical ineffective flow area below elevation 855 

PAGE 3 

under the bridge 

Ground profile at Tuthill Road bridge was modified according to field - -=- - ,  
dths were doubleh a from May 1995 by PEC sur 

4 0.065 19098 

DOWNSTREAM FACE OF BRIDGE 



Upstream face of bridge Tuthill Bridge section 

NH 4 0.065 19098 0.032 20472 - 7  0.032 20865.3 

UPSTREAM FACE OF BRIDGE - NORMAL BRIDGE METHOD 
XI 188.06 3 3 33 3 3 

X2 1 

X3 21833.8 

PAGE 4 
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5 0.15 18355.9 0.15 19223.3 0.026 

32101 

APPROACH SECTION - 1211' FROM UPSTREAM FACE OF BRIDGE 
188.29 96 18355.9 21871.2 505 310 
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SECNO DEPTH CWSEL CRIWS WSELK EG W HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

'PROF 1 

ZRITICAL DEPTH TO BE CALCULATED AT ALL CROSS SECTIONS 

ULOWABLE ERROR FOR CRITICAL DEPTH DETERMINATION (ALLDC) = 6.000 PERCENT OF THE DEPTH 

0 

XHv= .3 0 0 CEW= .500 

1490 NH CARD USED 

'SECNO 187.910 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 19105.1 25000.0 TYPE= 1 TARGET= 5894.900 

EXIT SECTION - 780' FROM DOWNSTREAM FACE OF BRIDGE 
187.910 16.97 873.47 870.96 873.47 874.26 .79 .OO .OO 869.80 

245000.0 .O 189805.4 55194.6 .O 24636.9 11568.2 .O .O 873.10 

.OO .OO 7.70 4.77 ,000 .028 .025 .OOO 856.50 19105.10 

.001019 0. 0. 0. 0 8 0 .OO 5541.41 24683.19 

14 90 NH CARD USED 

*SECNO 188.000 

1265 DIVIDED FLOW 

,470 ENCROACHMENT STATIONS= 19009.2 26200.0 TYPE= 1 TARGET= 7190.801 

188.000 15.89 874.19 871.45 .OO 874.81 .62 .50 .05 876.10 

245000.0 .O 176180.8 68819.2 .O 25448.6 15216.0 470.2 75.3 872.30 

.02 .OO 6.92 4.52 .OOO ,029 .025 .OOO 858.30 19072.93 

,000864 505. 526. 545. 2 14 0 .OO 6667.52 25789.53 

490 NH CARD USED 

'SECNO 188.040 

265 DIVIDED FLOW 

470 ENCROACHMENT STATIONS= .O 25851.0 TYPE= 1 TARGET= 25851.000 

188.040 24.35 874.35 868.65 .OO 875.06 .71 .20 .04 886.50 

245000 .O .O 183066.5 61933.6 .O 24542.2 15151.1 706.5 114.0 888.10 

.03 .OO 7.46 4.09 .OOO .032 .025 .OOO 850.00 19117.93 

.000736 250. 251. 265. 2 11 0 .OO 6291.10 25842.67 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

14 90 NH CARD USED 

*SECNO 188.050 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .42 

3370 NORMAL BRIDGE, NRD= 14 MIN ELTRD= 886.15 MAX ELLC= 885.71 

3470 ENCROACHMENT STATIONS= .O 21833.8 TYPE= 1 TARGET= 21833.800 

DOWNSTREAM FACE OF BRIDGE 

188.050 25.24 873.24 871.35 .OO 876.18 2.94 .01 1.11 881.18 

245000.0 .O 245000.0 .O .O 17811.7 .O 710.5 114.5 878.48 

.03 .OO 13.75 .OO .OOO .030 .OOO .OOO 848.00 19112.65 

,004151 6. 6. 6. 3 19 0 .OO 1633.47 20854.18 

'LOW DISTRIBUTION FOR SECNO= 188.05 CWSEL= 873.24 

STA= 20522. 20639. 20753. 20865 

PER Q= 3.2 4.0 2.2 

AREA= 764.1 896.1 582.5 

VEL= 10.2 11.0 9.1 

DEPTH= 7.0 8.2 5.8 

490 NH CARD USED 

*SECNO 188.060 

265 DIVIDED FLOW 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 



3370 NORMAL BRIDGE, NRD= 14 MIN ELTRD= 886.15 MAX ELLC= 885.71 

1470 ENCROACHMENT STATIONS= .O 21833.8 TYPE= 1 TARGET= 21833.800 

UPSTREAM FACE OF BRIDGE - NORMAL BRIDGE METHOD 
188.060 25.64 873.64 871.35 .OO 876.37 2.73 .I3 .06 881.18 

245000.0 .O 245000.0 .O .O 18478.5 .O 724.2 115.8 878.48 

.04 .OO 13.26 .OO .OOO .031 .OOO .OOO 848.00 19111.68 

.003736 33. 33. 33. 2 19 0 .OO 1635.32 20855.04 

FLOW DISTRIBUTION FOR SECNO= 188.06 CWSEL= 873.64 

>TA= 19112. 19225. 19342. 19460. 19578. 19695. 19814. 19931. 20167. 20286. 20404. 20473. 20522. 

PER Q= 11.5 17.6 10.8 8.3 5.8 4.1 2.8 11.9 5.9 5.3 3.9 2.3 

AREA= 1780.8 2417.6 1748.0 1464.8 1167.0 935.6 727.3 2368.6 1184.5 1101.6 754.3 454.4 

VEL= 15.9 17.9 15.2 13.8 12.2 10.7 9.3 12.4 12.2 11.8 12.7 12.2 

DEPTH= 17.0 22.0 16.0 13.3 10.7 8.5 6.6 10.8 10.7 10.1 10.9 11.1 

:TA= 20522. 20639. 20753. 20865. 

PER Q= 3.3 4.1 2.3 

AREA= 809.0 940.8 624.0 

VEL= 10.0 10.7 9.0 

DEPTH= 7.4 8.6 6.1 

14 90 NH CARD USED 

SECNO 188.070 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.80 

470 ENCROACHMENT STATIONS= .O 25993.2 TYPE= 1 TARGET= 25993.200 

188.070 26.71 876.71 869.96 .OO 877.09 .37 .01 .71 885.90 

245000.0 .O 148991.6 96008.4 .O 27757.7 23349.4 729.1 116.3 886.30 

.04 .OO 5.37 4.11 .OOO .038 .025 .OOO 850.00 19102.19 

.000477 6. 6. 6. 4 12 0 .OO 6310.96 25969.02 

SECNO DEPTH CWSEL CRIWS WSELK EG W HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT C O W  TOPWID ENDST 
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a90 NH CARD USED 

'SECNO 188.100 

265 DIVIDED FLOW 



3470 ENCROACHMENT STATIONS= .O 26000.0 TYPE= 1 TARGET= 26000.000 

188.100 21.05 876.85 869.45 .OO 877.19 .33 .09 .01 878.00 

245000.0 .5 174150.9 70848.6 4.1 34595.0 20846.3 985.2 150.3 879.50 

.05 . I1 5.03 3.40 .065 .033 .025 .OOO 855.80 18773.69 

.000383 190. 188. 240. 2 8 0 .OO 6942.76 25981.34 

s490 NH CARD USED 

'SECNO 188.200 

,265 DIVIDED FLOW 

,470 ENCROACHMENT STATIONS= .O 25950.0 TYPE= 1 TARGET= 25950.000 

188.200 17.82 877.12 869.18 .OO 877.41 .28 .2 0 .02 880.30 

245000.0 .O 179538.9 65461.1 .O 40126.9 18259.2 1588.2 218.3 880.40 

.08 .OO 4.47 3.59 .DO0 .040 .025 .OOO 859.30 18492.50 

.000492 620. 525. 340. 2 I1 0 .OO 7386.32 25950.00 

490 NH CARD USED 

'SECNO 188.290 

265 DIVIDED FLOW 

470 ENCROACHMENT STATIONS= .O 26200.0 TYPE= 1 TARGET= 26200.000 

APPROACH SECTION - 1211' FROM UPSTREAM FACE OF BRIDGE 
188.290 17.70 877.30 869.59 .OO 877.57 .27 .16 .OO 880.30 

245000.0 .O 193381.5 51618.5 .O 43321.3 18703.9 2191.5 286.1 880.20 

.11 .OO 4.46 2.76 .OOO .030 .025 .OOO 859.60 18369.56 

.000278 505. 493. 310. 1 11 0 .OO 7777.04 26200.00 

LOW DISTRIBUTION FOR SECNO= 188.29 

28MAR96 18:15:56 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

-"A= 18370. 19223. 21587. 21871. 22601. 23435. 23999. 24558. 25217. 26200. 

PER Q= 3.0 75.7 .2 3.8 4.3 3.6 3.7 3.1 2.6 

AREA= 9209.1 33368.7 743.5 3313.4 3842.3 2926.8 2978.0 2883.2 2760.3 

VEL= .8 5.6 .8 2.8 2.7 3.0 3.0 2.7 2.3 

DEPTH= 10.8 14.1 3.0 4.5 4.6 5.2 5.3 4.4 2.8 

PAGE 10 

PAGE 11 

MCDOT HYDRAULIC ANALYSIS 

500-yr SUB-CRITICAL RUN FOR TUTHILL ROAD BRIDGE 

GILA RIVER 



METRIC HVINS Q J1 ICHECK INQ NINV IDIR STRT WSEL FQ 

3 .0008 875 

52 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

2 -1 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK E L N  

Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

'PROF 2 

:CHV= -3 00 CEHV= .500 

1490 NH CARD USED 

'SECNO 187.910 

3265 DIVIDED FLOW 

1470 ENCROACHMENT STATIONS= 19105.1 25000.0 TYPE= 1 TARGET= 5894.900 

EXIT SECTION - 780' FROM DOWNSTREAM FACE OF BRIDGE 
187.910 19.42 875.92 .OO 875.00 876.72 .80 .OO .OO 869.80 

350000.0 .O 239077.8 110922.2 .O 30929.8 19267.3 .O .O 873.10 

.OO .OO 7.73 5.76 .OOO .029 .025 .OOO 856.50 19105.10 

.000812 0. 0. 0. 0 0 3 .OO 5829.68 25000.00 

1490 NH CARD USED 

SECNO 188.000 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= 19009.2 26200.0 TYPE= 1 TARGET= 7190 .801 

188.000 18.25 876.55 .OO .OO 877.17 .62 .40 .05 876.10 

350000.0 .O 216447.3 133552.7 .O 31631.8 25204.8 656.2 79.2 872.30 

.02 .OO 6.84 5.30 .OOO .03 0 .025 .OOO 858.30 19009.20 

.000687 505. 526. 545. 2 0 0 .OO 7013.75 26077.68 

1490 NH CARD USED 

'SECNO 188.040 

.,265 DIVIDED FLOW 

PAGE 12 

170 ENCROACHMENT STATIONS= .O 25851.0 TYPE= 1 TARGET= 25851.000 

188.040 26.67 876.67 .OO .OO 877.40 .73 .17 .06 886.50 

350000.0 .O 220376.3 129623.7 .O 28590.8 25764.9 984.7 119.1 888.10 

.03 .OO 7.71 5.03 .OOO .032 .025 .OOO 850.00 19110.97 

.000652 250. 251. 265. 2 0 0 .OO 6327.54 25846.91 
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SECNO DEPTH CWSEL CRIWS WSELK EG W HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

14 9 0 NH CARD USED 

'.SECNO 188.050 

3265 DIVIDED FLOW 

-301 HV CHANGED MORE THAN WINS 

302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .33 

370 NORMAL BRIDGE, NRD= 14 MINELTRD= 886.15 MAX ELLC- 885.71 

470 ENCROACHMENT STATIONS= .O 21833.8 TYPE= 1 TARGET= 21833.800 

DOWNSTREAM FACE OF BRIDGE 

188.050 26.72 874.72 .OO .OO 879.36 4.64 .01 1.96 881.18 

350000.0 .O 350000.0 .O .O 20239.9 .O 989.9 119.7 878.48 

.03 .OO 17.29 .OO .OOO .031 .OOO .OOO 848.00 19109.11 

.005865 6. 6. 6. 3 0 0 .OO 1640.17 20857.33 

LOW DISTRIBUTION FOR SECNO= 188.05 CWSEL= 874.72 

STA= 20522. 20639. 20753. 20865. 

PER Q= 3.6 4.3 2.6 

AREA= 927.2 1058.8 734.8 

VEL= 13.6 14.4 12.3 

DEPTH= 8.4 9.7 7.1 

1490 NH CARD USED 

*SECNO 188.060 

265 DIVIDED FLOW 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 



SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3301 HV CHANGED MORE THAN HVINS 

3370 NORMAL BRIDGE, NRD= 14 MIN ELTRD= 886.15 MAX ELLC= 885.71 

>470 ENCROACHMENT STATIONS= .O 21833.8 TYPE= 1 TARGET= 21833.800 

UPSTREAM FACE OF BRIDGE - NORMAL BRIDGE METHOD 
188.060 27.89 875.89 .OO .OO 879.76 3.88 .17 .23 881.18 

350000.0 .O 350000.0 .O .O 22155.2 .O 1005.9 120.9 878.48 

.03 .OO 15.80 .OO .OOO .031 .OOO .OOO 848.00 19106.32 

.004514 33. 33. 33. 5 0 0 .OO 1645.44 20859.80 

FLOW DISTRIBUTION FOR SECNO= 188.06 CWSEL= 875.8 9 

TA= 20522. 20639. 20753. 20865. 

PER Q= 3.9 4.6 2.9 

AREA= 1055.3 1186.7 857.8 

VEL= 12.8 13.4 11.7 

DEPTH= 9.6 10.8 8.0 

1490 NH CARD USED 

SECNO 188.070 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 3.90 

470 ENCROACHMENT STATIONS= .O 25993.2 TYPE= 1 TARGET= 25993.200 

1 

28MAR96 18:15:56 

SECNO 

Q 
TIME 

SLOPE 

188.070 

350000.0 

.04 

.000297 

DEPTH 

QLOB 

VLOB 

XLOBL 

30.49 

.o 

.oo 

6. 

CWSEL 

QCH 

VCH 

XLCH 

880.49 

167366.7 

4.86 

6. 

CRIWS 

QROB 

VROB 

XLOBR 

.oo 

182633.4 

4.48 

6. 

WSELK 

ALOE 

XNL 

ITRIAL 

.oo 
.o 

.ooo 

4 

EG 

ACH 

XNCH 

IDC 

880.83 

34460.3 

.038 

0 

HV 

AROB 

XNR 

ICONT 

.34 

40741.4 

.025 

0 

HL 

VOL 

WTN 

CORAR 

.OD 

1012.7 

.ooo 

.oo 

OLOSS 

TWA 

ELMIN 

TOPWID 

1.06 

121.5 

850.00 

6400.88 
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L-BANK ELEV 

R-BANK ELEV 

SSTA 

ENDST 



1490 NH CARD USED 

*SECNO 188.100 

3265 DIVIDED FLOW 

3470 ENCROACHMENT STATIONS= .O 26000.0 TYPE= 1 TARGET= 26000.000 

188.100 24.81 880.61 .OO .OO 880.90 .29 .06 .01 878.00 

350000.0 694.3 203295.7 146010.0 1048.5 44198.1 37415.1 1399.8 156.9 879.50 

.05 .66 4.60 3.90 .065 .034 .025 .OOO 855.80 18459.26 

.000244 190. 188. 240. 2 0 0 .OO 7521.44 26000.00 

1490 NH CARD USED 

+SECNO 188.200 

3470 ENCROACHMENT STATIONS= .O 25950.0 TYPE= 1 TARGET= 25950.000 

188.200 21.47 880.77 .OO .OO 881.03 .26 .12 .01 880.30 

350000.0 .7 207899.9 142099.5 2.8 51644.5 33823.0 2262.9 229.2 880.40 

.08 .23 4.03 4.20 .043 .042 .025 .OOO 859.30 18469.23 

.000311 620. 525. 340. 2 0 0 .OO 7480.77 25950.00 

1490 NH CARD USED 

'SECNO 188.290 

,470 ENCROACHMENT STATIONS= .O 26200.0 TYPE= 1 TARGET= 26200.000 

APPROACH SECTION - 1211' FROM UPSTREAM FACE OF BRIDGE 
188.290 21.30 880.90 .OO .OO 881.14 .24 .10 .01 880.30 

350000.0 .8 236617.1 113382.1 13.1 55855.1 34174.5 3112.7 298.1 880.20 

.11 .06 4.24 3.32 .I50 .031 .025 .OOO 859.60 18311.62 

.000192 505. 493. 310. 0 0 0 .OO 7888.38 26200.00 

FLOW DISTRIBUTION FOR SECNO= 188.29 CWSEL= 880.90 

PAGE 16 

SECNO DEPTH CWSEL CRIWS WSELK EG W HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

rA= 18312. 18356. 19223. 21587. 21871. 22321. 22962. 23435. 23999. 24558. 25217. 25818. 26200. 

PER Q= .O 2.8 64.3 .5 3.4 5.1 3.7 5.0 5.0 4.9 4.1 1.1 

AREA= 13.1 12297.8 41842.3 1715.0 3534.0 5308.2 3873.2 4949.5 4979.9 5247.1 4527.2 1755.5 

VEL= .1 .8 5.4 1.1 3.3 3.4 3.4 3.5 3.5 3.3 3.2 2.3 

DEPTH= . 3  14.2 17.7 6.0 7.9 8.3 8.2 8.8 8.9 8.0 7.5 4.6 

28MAR96 18:15:56 PAGE 17 

THIS RUN EXECUTED 28MAR96 18:15:59 
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HEC-2 WATER SURFACE PROFILES 

Version 4.6.2; May 1991 

t * * t * t t * t+ * * t * * t t * * * t t t t * * t t * * * * * t t t t  

NOTE- ASTERISK ( * )  AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST 

GILA RIVER 

TJMMARY PRINTOUT TABLE 150 

SECNO XLCH ELTRD ELLC ELM.IN Q CWSEL CRIWS VCH AREA .01K 

PAGE 18 

GILA RIVER 

UMMARY PRINTOUT TABLE 150 

SECNO Q CWSEL DIFWSP DIFWSX DIFKWS TOPWID XLCH 
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SUMMARY OF ERRORS AND SPECIAL NOTES 

WARNING SECNO= 188.050 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 188.050 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

JARNING SECNO= 188.070 PROFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

WARNING SECNO= 188.070 PROFILE= 2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 



- 
MARYLAND SHA COOING GUIDE FOR ITEM 1 13 

f. 

I 
I 

.r 

i 
I 
I. 
I 

i 
I 

SCOUR CRITICAL BRIDGES 

c3c: I OESCFllPTlON I 
1 ST I 
OIGiT 1 SET / i 
N 1 - I BRIDGE NOT OVER WATERWAY i 
9 I aRlDGE FOUNDATIONS (INCLUDING PlLESi WELL ABOVE 

I 

FLOOD WATER ELEVATIONS (SEE NOTE i 1 i 
8 I P I  BRIDGE IS A STRUCTURE WITH A FULL LE?IGT% PAVE3 1 

BOTTOM j 
9 

7 

L BRlOGE HAS aEiN FIALUATEDIASSESSED IN THE RELD I 
A N 0  OFFICE AS A LOW RISK STRUCTURE; NO FURTHER 
STUDY IS  PLANNED I 
COUNTERMEASURES HAVE 8EEN INSTALLED SINCE THE 
ORlGiNAL CONSTRUC3ON TO CORRECT A ?ROeLEbA W I T 3  a 

SC3UR; 9RIDGE IS NO LONGEP. SCOUR CRITICAL I 

6 1 - I 8RlOGE HAS NOT BEEN E\/ALUATEJ FOR SCOUR 1 
5 R BRlOGE IS SCHEDULED FOR IMAJOR R E ~ A B I L I T A T ~ O N  OR 

RE?LACSMENT WITHIN THE NEXT 5 Y U R S ;  THE SCOUR 

THE 3RIOGE PROJECT 

i 
STUDY IS DEFERRED TO THE LOC;\TIONIOESlGi4 PHASE OF 1 

I 
I 

TIOAL FLOW PREDOMINATES FOR 'NORST SC3UR I I 

C3NOITlONS; THE ITEM 11 3 RATING IS 3E.?ESRE9 WHERE ! 

IS NO INOICATION OF S E V E ~ E  ZCOUR CONOIT~ONS 1 
THE 3RIOGE tOUNOATlONS ARE UNKNOWN. THE 3RIOGE I 
SiTE CONOITIONS HAVE ¶ € E N  E'!Ai.UATE!3IASSESSED INITH ' 
C'JRSGRY STUDY IN THE FIELD A N 0  OFFiCE A N 0  THE RISK 
OF POTENTIAL OAMAGE FROM SC3UR IS  JUDGED TO 8E 
NIODE3ATE OR MILD. STRUCTURE HAS NO HISTORY OF 
SC3UR PROBLEMS. FURTHER E'/ALUATION IS OEFERREO. 

I 
(SSf NOTE i )  

d T 

1 5  I I U 

- - 
4 A OETAILED SCWR STUOY I P N A L Y S ~ S I  HAS MAOE I - I A N 0  THE STRUCTURE IS RATED AS STABLS. 

- SEIOGZ 53UNOATIONS DGE3MIFJE.3 TO a E  SfAeLE ON THE 
3ASIS OF A FIELD A N 0  OFfiCZ SC3UR f \ l A L ' d ~ T l 0 N  OR 

1 
1 
I 

ANALYSIS. 9RIOGE INSPECTION RE'JEALS THAT ACTION IS 

AGDITIONAL E=OSION ANO C~RRCEIC:J 
=E-2UIRE.3 TO PFIOTECT E:'.PQS?'c.Z PILES FSC:.1 EtFECTS C)F 



NOTE 1:  IF THE RISK OF DAMAGE FROM POTENTIAL OR ACTUAL SCOUR DAMAGE 
IS JUDGED TO BE SEVERE, ADDITIONAL SCOUR STUDIES WILL BE 
UNDE3TAKEN INCLUDING BORINGS OR OTHER MEANS OF SUBSURFACE 
EXPLORATION TO ASCEiiTAlN FOUNDATION AND SUPPORTING SOIL 
CONDITIONS. 

- 
3 

3 

3 

2 

1 

0 BRIDGE IS SCOUR CRITICAL; BRIDGE HAS FAILED AND IS 
CLOSED TO TRAFFIC. 

A 

B 

C 

BRIDGE IS RATED'AS SCOUR CRITICAL ON THE BASIS OF A 
FIELD AND OFFICE EVALUATION OR A N  ANALYSIS; THE 
POTENTIAL RlSK IS JUDGED TO BE MILD, AND NO ACTIONS 
ARE PLANNED OTHER T H A N  MONITORING. 

BRIDGE IS RATED A S  SCOUR CRITICAL ON THE BASIS OF A 
FIELD AND OFFICE EVALUATION OR A N  ANALYSIS; THE 
POTENTIAL RISK IS JUDGED TO BE MODERATE AND NO 
ACTIONS ARE PLANNED OTHER T H A N  MONITORING. 

BRIDGE IS RATED A S  SCOUR CRITICAL ON THE BASIS OF A I 
FIELD AND OFFICE EVALUATION OR A N  ANALYSIS; THE 
POTENTIAL RlSK IS JUDGED TO BE SEVERE AND SCOUR 
COUNTERMEASURES ARE PLANNED. MONITORING !S  TO 
BE UTILIZED UNTIL SCOUR COUNTERMEASURES ARE IN 
PLACE. 

BRIDGE IS SCOUR CRITICAL; FIELD REVIE'N INDICATES 
THAT EXTENSIVE SCOUR H A S  OCCURRED AT A BRIDGE 
FOUNDATION. IMMEDIATE ACTION IS REQUIRED TO 
PROVIDE SCOUR COUNTERMEASURES. 

BRIDGE IS SCOUR CRITICAL; FIELD REVIEW INDICATES 
THAT FAILURE OF PIERS/ABUTMENTS IS IMMINENT. 
BRIDGE IS CLOSED TO TRAFFIC. 



STRUCTURES INVENTORY AND APPRAISAL 
(NATIONAL BRIDGE INVENTORY SYSTEM) 

SCREENING PROCEDURE FOR 
RATING BRIDGES FOR ITEM 113, SCOUR CRITICAL BRIDGE 

AGENCY: P A R s o n r s F  BRIDGE NO. : 8584 
ROUTE: zLmLtLL ROAD STREAM: GILA RIVER 

SCREEN 1 - BRIDGE INSPECTOR'S SCREEN 
I 
EVALUATOR'S NAME: DATE : 4 /19 /95 

RECOMMENDATION: RATE BRIDGE: 3C GO TO SCREEN 2 

1-1. BRIDGE OVER WATERWAY? 

CRITERIA 

YES 

I CONTINUE [ R A T  
BRIDGE 

NO 

1-2. BRIDGE INSPECTION REPORTS 
INDICATE : 

RESPONSE ITEM 113 
RATING 

8 BRIDGE FAILED/CLOSED DUE 
TO SCOUR 

IMMINENT DUE TO SCOUR IBRIDGE 1 I 

I I I 

RATE 
BRIDGE 

8 BRIDGE CLOSED; FAILURE 

FOOTING EXPOSED; PROMPT 
ACTION REQUIRED TO 
PROTECT BRIDGE FROM SCOUR 

EXPOSED PILES REQUIRE 
PROTECTION 

CONTINCTE 

RATE 

SCOUR HOLES HAVE FORMED 
TO DEPTHS NEAR BOTTOM OF 
SPREAD FOOTINGS 

0 

NOTIFY 
OWNER ; 
RATE BR. 

CONTINUE 

NOTIFY 
OWNER ; 
RATE BR. 

NOTIFY 
OWNER ; 
RATE BR. 

1 

CONTINUE 

1-3. BRIDGE IS A CULVERT WITH A CONTINUE 
PAVED INVERT 

2 

CONTINUE 

CONTINUE 

8C 

1-4. TIDAL FLOWS GOVERN BRIDGE 
HYDRAULICS FOR WORST SCOUR 
CONDITIONS 

-- 

2 

4 

RATE 
BRIDGE 
( INTERIM 
RATING) 

coNTINUr 



L 

1-5. BRIDGE IS ON THE 5 YEAR 
CAPITAL REPLACE. PROGRAM 

1-6 BRIDGE IS ON THE 2 YEAR 
PROGRAM FOR REMEDIAL WORK 

i 

RATE 
BRIDGE 

RATE 
BRIDGE 

I 

CONTINUE 

CONTINUE 
SCREEN 2 

6R 

6R 



SCOUR EVALUATION FORM FOR 
RATING BRIDGES FOR ITEM 113 

SCREEN 2 - BRIDGE ENGINEER'S SCREEN 
Agency : PARSONS BRINCKERHOFF 

~at~/~laceof Meeting : APRIL  19, 1995; TUTHILL ROAD BRIDGE 

Attendees: 
Bridge No. : 8584 Date Built on Bridge Plans: 7/81 

Description of Bridge/Bridge Type: 15 SPAN BRIDGE ON DRIVEN H-PILES WITH 

A PILE  C9P. SUPERSTRUCTLRE: AASHTO TYPE I V  GIRDER 

Route : TUTHILL ROAD Water Course : G I L A  RIVER 

Underclearance at thalweg (ft) : +-40 

Elevation of stream thalweg (ft) : +-848 

Normal water elevation (ft) : N/A  

Reported high water elevation: 883 

Description of flood: 200000 cfs 

Description of approach and "getaway" conditions: WIDE APPROACH. HIGH 

BANKS ON LEFT UPSTREAM. RIVER CUTS INTO LEFT OVERBANK AREA BOTH UPSTREAM AND 
POWnrSTREAM OF THE BRIDGE. 

Description of bed load: ,SAND AND GRAVEL. 

Condition of banks; evidence of lateral movement, degradation or 
aggradation: LEFT OVERBANK SHOWS SIGNIFICANT EROSION, LATERAL MOVEMENT VERY 

V I S I B L E  A S  RIVER CUTS FROM NORTH TO SOUTH JUST UPSTREAM OF BRIDGE. DEGRADATION 
APPARENT ON SOUTH END OF BRIDGE. 

Overtopping Q (cf s) /Recurrence interval : > Q500 cfs/ 

Stage rise to overtopping: 

~epth/velocity through bridge at overtopping: > 0500 

Confluences: N / A  



BRIDGE NUMBER 8584 

Description of f l00d plain : WIDE FLAT FLOODPLAIN WITH S P A R S E  VEGETATION 

Item 321 rating: 3 

Item 71 rating: 8 

Item 61 rating: 3 

ABUTMENTS 

TYPE 

SPREAD/PILES 

EXPOSED FOOTINGS 

FOOTING ELEVATION 

ROCK ELEVATION AND 
DESCRIPTION 

SOIL ELEVATION AND 
DESCRIPTION 

ANGLE OF ATTACK OF 
FLOOD FLOWS ON 
ABUTMENT 

DESCRIPTION OF 
RIPRAP OR OTHER 
SCOUR PROTECTION 

ITEM 113 RATING 

GENERAL COMMENTS: 

1.) LEFT OVERBANK: UNDERMINING OF GROUTED R I P R A P  HAS OCCURED. 

2 . )  RIGHT ABUTMENT: GOOD CONDITION. 

LEFT 

S P I L L  THROUGH 

H-  PILES 

NO 

843.5 

N / A  

--- 
848' 

SAND- GRAVEL 

0 

GROUTED R I P R A P  OVERLAYED 
W/LARGE COBBLES 

9 

RIGHT 

S P I L L  THROUGH 

H-  PILES 

NO 

843.5 

N / A  

848' 

SAND - GRAVEL 

o 

GROUTED R I P R A P  OVERLAYED 

W/LARGE COBBLES 

9 



BRIDGE NUMBER 8584 

PIERS 

General ~omments/~ssessment: 
1.) 1 

2 . )  SOME V I S I B L E  DEGRADATION I N  ChYNNEL AROUND PIERS .  

3 . )  LOCAL SCOUR HOLES V I S I B L E  

4 . )  EXTENSIVE DEBRIS BUILDUP ON PIERS (UP TO 20 '  ON N .  END, 10 '  ON S ,  

JmL 

Recommended Item 113 and Risk Ratings: 
* FROM FIELD VISIT A RATING OF 8 WAS GIVEN, HOWEVER, USING THE 
SCOUR CALCULATIONS THE RATING BELOW IS GIVEN. 
x 



BRIDGE NUMBER 8584 

SCREEN 3 - HYDRAULIC ENGINEER'S SCREEN 1 
NAME : TUTHILL ROAD DATE: 4/19/95 

AGENCY : PARSONS BRINCKERHOFF 

THE RECOMMENDED ITEM 113 RATING FOR THIS STRUCTURE IS: 3c 

THIS RECOMMENDATION IS BASED ON: 

A SCOUR EVALUATION 
A FULL OR DETAILED SCOUR ANALYSIS 

THE RECOMMENDATION HAS BEEN APPROPRIATELY COORDINATED WITH THE 
BRIDGE/FOUNDATION/GEOTECHNICAL ENGINEERS WHO HAVE PREPARED 
SCREENS 1, 2 AND 4. 

H ON 

SCREEN 3 : I 
USE OF SCREEN 3 IS RECOMMENDED WHEN THERE ARE QUESTIONS 
OR ISSUES WHICH HAVE NOT BEEN FULLY ADDRESSED DURING THE 
ITEM 113 BRIDGE SCOUR EVALUATION UTILIZING SCREEN 2. 

AS A FIRST STEP, THE HYDRAULIC ENGINEER IS ENCOURAGED TO 

REVIEW APPROPRIATE AVAILABLE INFORMATION AND TO INSPECT 
THE BRIDGE SITE TO DETERMINE IF ADEQUATE INFORMATION CAN 
BE DEVELOPED TO RESPOND TO THE ISSUES ON SCOUR RAISED IN 
THE SCREEN 2 REVIEW WITHOUT CONDUCTING A FULL OR DETAILED 
SCOUR ANALYSIS. 

SINCE THE ITEM 113 RATING REQUIRES THE EVALUATION OF THE 1 STABILITY OF THE STRUCTURE UNDER WORST CASE SCOUR 
CONDITIONS, THE HYDRAULIC ENGINEER WILL GENERALLY NEED TO 
CONDUCT THE EVALUATION/ANALYSIS IN COOPERATION WITH A 
FoUNDATION/GEOTECHNICAL ENGINEER, AND SCREEN 4 SHOULD BE 
PREPARED AS APPROPRIATE. 

THE HYDRAULIC ENGINEER SHOULD DOCUMENT THE BASIS FOR HIS 
OR HER RECOMMENDATION OF THE ANTICIPATED EXTENT OF SCOUR 
TO BE EXPECTED AT THE BRIDGE. SCOUR ANALYSES SHOULD BE 
BASED ON THE PROCEDURES SET FORTH IN THE MARYLAND SHA PPM 
ON SCOUR EVALUATION OF BRIDGES DATED 6/17/91 AND IN THE 
FHWA HYDRAULIC ENGINEERING CIRCULARS 18 AND 20. 



BRIDGE NUMBER 8584 

11 NAME : TUTHILL ROAD Date : 4/19/95 11 
11 AGENCY : AGRA - EARTH AND ENVIRONMENTAL INC. 

IlTHIS RECOMMENDATION IS BASED ON: I1 

11 THE RECOMMENDED ITEM 113 RATING FOR THIS STRUCTURE IS : ~ B / C  

A SCOUR EVALUATION 
A FULL OR DETAILED SCOUR AND STRUCTURAL STABILITY ANALYSIS 

I 

THE RECOMMENDATION HAS BEEN APPROPRIATELY COORDINATED WITH THE 
BRIDGE AND HYDRAULIC ENGINEERS WHO HAVE PREPARED SCREENS 1, 2 
AND 3. 

COMMENTS ON SCREEN 4: 

USE OF SCREEN 4 IS RECOMMENDED WHEN THERE ARE QUESTIONS 
OR ISSUES WHICH HAVE NOT BEEN FULLY ADDRESSED DURING THE 
ITEM 113 BRIDGE SCOUR EVALUATION UTILIZING SCREEN 2. 

AS A FIRST STEP, THE FOUNDATION/GEOTECHNICAL ENGINEER IS 
ENCOURAGED TO REVIEW APPROPRIATE AVAILABLE INFORMATION 
AND TO INSPECT THE BRIDGE SITE TO DETERMINE IF ADEQUATE 
INFORMATION CAN BE DEVELOPED TO RESPOND TO THE ISSUES ON 
SCOUR RAISED IN THE SCREEN 2 REVIEW WITHOUT CONDUCTING A 
FULL OR DETAILED SCOUR ANALYSIS. 

SINCE THE ITEM 113 RATING REQUIRES THE EVALUATION OF THE 
STABILITY OF THE STRUCTURE IN ACCORDANCE WITH AASHTO 
STABILITY CRITERIA UNDER WORST CASE SCOUR CONDITIONS, THE 
FOUNDATION/GEOTECHNICAL ENGINEER WILL GENERALLY NEED TO 
CONDUCT THE EVALUATION/ANALYSIS IN COOPERATION WITH A 
HYDRAULICS ENGINEER TO ADDRESS PERTINENT SCREEN ISSUES. 

THE FOUNDATION/GEOTECHNICAL ENGINEER SHOULD DOCUMENT THE 
BASIS FOR HIS OR HER RECOMMENDATION REGARDING THE 
STABILITY OF THE BRIDGE FOR THE ANTICIPATED WORST CASE 
SCOUR CONDITIONS AND THE EXTENT OF SCOUR TO BE EXPECTED 
AT THE BRIDGE. PARTICULAR ATTENTION SHOULD BE GIVEN TO: 

FOUNDATIONS ON ROCK AND THE DEGREE TO WHICH THE ROCK IS 
SCOUR- RESISTANT. 

THE STABILITY OF FOUNDATIONS ON PILES, IF THE PILING 
CAN BE EXPECTED TO BE EXPOSED BY SCOUR. 

EVALUATION OF EXISTING INFORMATION TO DETERMINE OR 
ESTIMATE FOUNDATION CONDITIONS WHEN THE BRIDGE PLAN 
DETAILS ARE INCOMPLETE. 



BRIDGE NUMBER 8584 

REVIEW BY INTERDISCIPLINARY SCOUR EVALUATION TEAM 

DATE : ITEM 113 RATING: 

RISK RATING: 

PROPOSED ACTIONS: 
1.) 

Notes: 



BRIDGE NUMBER 8584 

SCREEN 5 - BRIDGE MANAGER'S SCREEN 

NAME / s 1 GNATURE PARSONS BRINCKERHOFF DATE: 4/19/95 

I HAVE REVIEWED SCREENS 1-4 AND CONCUR WITH THE FOLLOWING 
RATINGS : 

a ITEM 113 RATING: E DESCRIPTI0N:DEGRADATION AND SCOUR 
HOLES CAN BE SEEN AT THE BRIDGE, ESPECIALLY AT THE SOUTH 
ABUTMENT. LATERAL MOVEMENT MAY EVENTUALLY MOVE AROUND 
ABUTMENT. APPEARS LONG SPUR DIKES ARE NEEDED AT BOTH 
ABUTMENTS FOR THE APPROACHES AND DOWNSTREAM FOR THE SOUTH 
ABUTMENT. A STABILITY ANALYSIS SHOULD BE DONE USING 
REMAINING PILE DEPTHS. 

a RISK RATING (FOR ITEM 113 RATING CODES 3 AND 6 )  : HIGH 

COMMENTS ON SCREEN 5: 

1. THE CODES SET FORTH IN TABLE 1, ARE TO BE USED IN 
RATING BRIDGES FOR ITEM 113. 

2. EACH BRIDGE MANAGER/OWNER NEEDS TO DEVELOP AN ACTION PLAN 
FOR SCOUR CRITICAL BRIDGES (SEE FHWA HEC- 18, CHAPTER 7) 
THIS PLAN SHOULD ADDRESS MONITORING OF SCOUR CRITICAL 
BRIDGES DURING HIGH WATER AND SCHEDULING AND INSTALLATION 
OF SCOUR COUNTERMEASURES WHERE DETERMINED TO BE 
NECESSARY. IT IS RECOMMENDED THAT SCOUR CRITICAL BRIDGES 
BE PRIORITIZED (ACCORDING TO THE ENGINEER'S JUDGMENT AS 
TO THE RELATIVE RISK OF SUSTAINING DAMAGE DUE TO SCOUR IN 
A FUTURE FLOOD) AS SEVERE (3) , MODERATE (2) OR MILD (1) . 
BRIDGES CODED AS 6 U SHOULD ALSO BE GIVEN A RISK RATING 
AS DESCRIBED IN TABLE 1. 
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