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I e INTRODUCTION 

A number of formulas presently available to predict scour depth at bridge 

piers were developed either empirically or senii=empirically based mostly 

on small=scale laboratory data. Their validi1~ has been acclaimed as 

certain within the range of the data used for deriving the formulas. How­

ever~ when thiese formulas are compared with ec ch other, a broad scatter 

can be observed. Because of this and also because of general feelings 

among practicing engineers that the verification of these formulas wi'th 

field data has not been adequate~ there exists considerable doubt and re= 

luctance in applying -them in practiceo Therefore, this study undertook to 

collect field data and to compare these with the conventional formulas in 

order to provide a basis for judgment and confidence in their application. 

IL DATA 

Scour data for this study were collected from ,~xisting files rather than 

directly from field measurements. Files from ·:he Mississippi Department 

of Highways and from the Louisiana Department of Transportation were 

scanned in search of usable scour datao The Louisiana files were found to 

contain adequate details to make a meaningful ,malysis of the datao Bed 

material samples were then collected and hydro·ogic data was assembled for 

those sites that had adequate scour data on file. 

The Louisiana Department of Transportation deploys a hydrologic survey 

team which routinely conducts riverbed surveys at approximately 90 bridges 
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as part of the bridge inspection program. The survey team attaches a 

fathometer to a boat to make continuous records of bed elevations at several 

cross sections up to 60 m upstream and downstream from the bridge. From 

these measurements, the riverbed contour can be mapped. To ensure the 

safety of the survey crew, however, the surveys are generally conducted 

after the high water has receded, and thus the scour data obtainable from 

these surveys, unfortunately, cover only low-flow ranges. 

Seven bridges where the channel approaches are fairly straight and uniform 

for about one kilometer or more were selected for this study. The location 

of these bridges are shown in Figure 1. 

Study Sites 

Site 1: This 230-m, 2-span bridge is on the Red River at Bossier City, 

Louisiana, on the extension of 70th Street. The bridge is supported with 

three rounded-nose rectangular piers with spread footings founded on piles. 

The bridge is in a uniform and very slightly curved channel. 

Site 2: This bridge is on the Red River at Highway LA-6 at Grand Ecore, 

Louisiana. Although the bridge is located downstream of a 60-deqree bend, 

the reach of 1.6 km from the bend to the bridge is fairly straight and uni­

fonn. The bridge measures about 220 m and is supported with two rounded­

nose rectangular piers of which only one pier (Pier 2) is generally in the 

flow. 

Site 3: This bridge located near Boyce, Louisiana, on the Red River at 
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Highway LA-8 is supported with three piers, of which the center pier has 

a cylindrical shape with a diameter of 8 meters. The other two piers 

are composed of a set of smaller circular piers with a 3-m diameter. 

Scour was observed only at the center pier. The bridge is about 1.2 km 

downstream of a 150-degree bend and in a uniform reach. Althou~h the 

bridge is about 20 degrees skew with the channel, it was chosen for this 

study because the piers are cylindrical and the scour around the piers 

is not affected by the flow direction. 

Site 4: This bridge is on the Red River at Highway LA-3026, Alexandria, 

Louisiana. The channel is uniform and very straight, 1.3 km upstream and 

2.7 km downstream from the bridge. Two rounded-nose rectangular piers 

support the bridge; one of these is at the edge of the main flow and no 

measurable scour was observed. 

Site 5: This 450-m bridge is on the Atchafalaya River, Highway U.S. 190 

at Krotz Springs, Louisiana. The river is fairly straight and uniform 

from 2 km upstream to 1 km downstream of the bridge. Three equal bridge 

spans rest on two lenticular piers at midstream and on two abutments at 

the end of the bridge. The piers are built on large caissons with a dia­

meter of 18 m and a depth of 26 m. 

Site 6: This 1120-m bridge is located near Natchez, Louisiana, on the 

Mississippi River at Highway U.S. 65. Four rectangular piers are set very 

deep to reach solid blue sand clay. The bridge is on a straight reach 

approximately 1.5 km downstream of a 45-degree bend. 
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Site 7: This bridge is located at Baton RougE!, Louisiana, on the 

Mississippi River at Highway UcS. 1900 It is about l km long and is 

supported by six rounded-nose rectangular pi e1·s, of which only two piers· 

(Noo 3 and No. 4) are normally in the water. Due to a rather short 

straight reach of less than l km between a shnrp bend of about 110 degrees 

and the bridge, the flow at the bridge is sli!Jhtly skewedo Stillj this 

site was chosen because the data are clear ancl the pier size is relatively 

large. 

Fl ow Conditions 

Flow conditions at the study sites were estim,:ted directly or indirectly 

from stage and discharge records taken at the U.So Corps of Engineers gaging 

stations located nearby. These stations include: 

(a) Red River at Shreveport, Louisiana - Sta~1e and discharge 

(b) Red River at Alexandria, Louisiana-Stage and discharge 

(c) Atchafalaya River at Krotz Springs, Louisiana - Stage 

(d) Atchafalaya River at Simmesport, Louisian, -Stage and discharge 

(e) Mississippi River at Natchez, Louisiana-· Stage and discharge 

(f) Mississippi River at Tarbert Landing, Mississippi (125 km upstream of 

Baton Rouge, Louisiana) - Stage and disctarge 

(g) Mississippi River at Baton Rouge~ Louisiara - Stage 

For the Hed R·iver Bridge (Site l) at Bossier City, the discharge was 

estimated from the data at Shreveport 2 miles west of Bossier City. No 

gaging stations are located near the Red River Bridge (Site 2) at Grand 

Ecore; thus the flow conditions are unknown fer this site. The gage in the 
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Red River at Boyce (Site 3) was inoperative during the period when the 

riverbed survey was made, so the discharge data at Alexandria (about 

16 km downstream of Boyce) was used for this site. For the Red River 

Bridge at Alexandria (Site 4), the discharge records of the U.S. Army 

Corps, Alexandria gaging station, were used. Because the gaging station 

in the Atchafalaya River at Krotz Springs (Site 5) recorded only the 

stages, the discharges at this site were determined from the discharge 

taken at Simmesport about 50 km upstream of Krotz Springs. Between 

these stations, no confluence contributes an appreciable amount of flow 

to the river. The discharge of the Mississippi River at Natchez 

(Site 6) was read directly from the records at the Natchez gaging 

station. For the Mississippi River Bridge at Baton Rouge (Site 7), the 

discharge was assumed to be the same as at Tarbert Landing 125 km up­

stream. During the period under consideration, the flow in the river 

was quite steady; thus the estimated discharge at this site is considered 

reasonable. 

River Cross Sections 

The original records of the riverbed surveys at the seven selected sit~s 

are replotted for a clearer presentation. These figures are given in 

the Appendix. Contour lines for the riverbed elevation were inserted in 

the figures to show the shape of the scour hole and to determine the direc­

tion of local flow at the piers. Also included in the figures are the 

pier dimensions, the structure of the subsurface soil layers at the piers, 

and the water surface elevation when the survey was made. 
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Bed Matelr'ials 

Three or more bed material samples were taken at each of six points for 

each siteo Sampling points were at the water edge on both sides of the 

river directly under the bridge and 60 m upst,·eam and downstream. Samples 

were taken with a core samp 1 er to a depth of 'i 5 cm G Mechani ca 1 ana 1 yses 

were made by soil engineers of the Louisiana Office of Highways. The 

results of the analyses are plotted in Figure 2. Samples were taken 

during very low wa-tPx perioo.s so that they do represent bed materials 

during :higher water when the scour measurerreni::s -were taken. 
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Illo ANALYSIS OF RESULTS 

A summary of the basic data is compiled in Table 1. In Column 1, the 

first numeral represents the site number and 1:he second numeral the sequence 

of the data taken at that site. The mean velc1city of flow was obtained by 

dividing the discharge by the cross=sectional area of the flow at 60 m 

upstream of the bridge. Mean :depth was calculated by dividing the cross­

sectiona'l area by the channel width at the water surface o 

The local flow velocity was estimated in accordance with Manning's formula 

by assuming the ratio of local velocity to the mean velocity equal to the 

two-thirdth power of the ratio of the local flow depth to the mean depth. 

The local depth used in this estimation is the approach depth directly up­

stream of the pier as measured at the cross section approximately at or less 

than 30 m upstream. The approach angles of the local flow toward the piers 

were determined from a study of the contour lines of the riverbed elevation 

presented in the figures in the Appendix. 

The fall velocities of the bed materials were calculated by using Stokes' 

law for 15o6°C water temperature. For this tenperature, the fall velocity, 

w, can be expressed by w ~ 8020 d2 cm/s, where d is the diameter of 

the particle in cm. 

The parameters used in the analysis and comparison with the conventi ona 1 

scour formulas are computed and summarized in Table 2. The projected (or 

effective) width, b5 of the pier was estimated graphically. First, a plan 

view of the pier was drawn to proper scale and two tangential lines having 
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I--' 
0 

Description of Pier 
Data Width Length 

Number Type B L 
in m in m 

1 -1 Rounded 3.7 18.3 
Nose } i 1 -2 Rectan-
gular 

2 -1 4.9 12.8 

2 -2 ! ! 

3 -1 Circula "" 7. 3 7.3 
Cylinde j i 3 -2 

4 -1 Rounded 13.0 38.0 
Nose 

j 
4 -2 Rectan- l gular 
4 -3 

5 -1 Len ti cu 9.8 12.5 
lar 

5 -2 

5 -3 

5 -4 

5 -5 

5 -6 

1 Event No. 1 Site No. 

TABLE 1 

SUMMARY OF SCOUR DATA 

Flow Condition (Mean) Local Flow Condition 
Discharge Velocity Depth Velocity Depth Approach 

Q vm Ym Vo Yo Angle 
in ems in m/s in m in m/s in m in deg. 

850 0.81 2.18 0.69 1.7 0 

t ! i 1.09 3.4 0 

- - 1.67 - 1.8 0 

- - 3.29 - 4.6 0 

218 0.37 3.48 0.46 4.9 0 

306 0.52 3.41 0.61 4.3 0 

295 0.53 3.92 0.55 4.1 5 

227 0.53 2. 92 0.66 3.4 15 

912 1.12 5.14 1.16 5.4 20 

3740 0.80 12.6 0.73 11.0 5 

i i i 0.81 12.8 30 

6940 1.16 15.1 1.17 15.2 15 

i t } i i 25 

4390 0.89 13.0 0.82 11.6 15 

i t } 0.91 13.4 25 

Scour Bed Material 
Depth Class- Median Fall Name of 

ds ifica- Diameter Velocity River and 
in m tion d 50 , mm in cm/s Location 

3.4 Loam 0.043 0.148 Red River 

i i near 
7.3 Bossier 

City * 
4.0 Sandy 0.053 0.225 Red River 

Loam 
J t at 

4.6 Grand 
Ecore 

3.7 Sandy 0.06 0.28~ Red River 
Loam ! i at Boyce 

4.3 

7.3 Silty 0.027 0.058 Red River 
Loam 

j j 
at 

6.8 Alexandria 

8.5 

4.3 Silty 0.008 0.005 Atchafalaya 
Clay River 

8.2 at Krotz 
Spring 

4.6 
** 

7.9 

4.0 

7.6 
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TABLE 1 

SUMMARY OF SCOUR DATA ( continued ) 

Description of Pier Flow Condition (Mean) Local Flow Condition IC',.,_.,~ Bed Material dLUUL 

Data IWi~th Length Discharge Velocity Depth Velocity Depth Approach Depth Class- Median Fall 
Number Type L Q vm Ym vn Yo Angle ds j_fica- Diameter Velocity 

in m in m in ems in m/s in m in ~/s in m in dego in m tion a50 , mm in cm/s 

6 -1 I Rectan-1 9o4 l9o5 9150 Ll4 9o9 L80 19o5 0 6ol Silty 00036 Ool04 
gular Loam 

7 -1 I Rounded 19.5 38.0 5890 Oo70 12.2 o. 66- 11.3 15 10.4 Silty 0.036 
Nose Loam 
Rectan-
gular 

* Friction Slopes for Red River range from 0.98 - 1.0 X 10-4 ( use l.OXl0- 4) 
** Friction Slopes for Atchafalaya River range from 2o23 - 3o76 X 10-5 ( use 2.23 X 10-5) 
*** Friction Slope for Mississippi River was 2.5 X 10-5 

1-wLe; :2"riccion 5:iopes were ctecerminect rrom gage readings at two successive 
gaging stations in the vicinity of the sites. 

0.104 

Name of 
River and 
Location 

Mississippi 
River at 
Natchez*** 

Mississippi 
River at 
Baton Rouge 



I-' 
N 

Data 
Number 

1 -1 

2 -1 
-2 

3 -1 
-2 

4 -1 
-2 
-3 

5 -1 
-2 
-3 
-4 
-5 
-6 

6 -1 

7 -1 

TABLE 2 PARAMETERS USED IN COMPARATIVE ANALYSIS 

B :f b Yo ds y
0

/b ds/b Froude Slope
5 

S Ym 
in in degree in in in Number X 10 in m m m m 

3.7 0 3.7 1.7 3.4 0.459 0.919 0.168 10 2.18 
t {, 3.4 7.3 0.919 1. 973 0.189 i 

4.9 4.9 1.8 4.0 0.367 0.816 - 1.67 
'f v 4.6 4.6 0.939 0.939 - 3.29 

7.3 7.3 4.9 3.7 0.671 0.507 0.067 3.48 
~ ,t, t 4.3 4.3 0.589 0.589 0.094 3.41 

13.0 5 15.0 4.1 7.3 0.273 0.487 0.086 3.92 

! 15 19.5 3.4 6.8 0.174 0.349 0.105 ,. 2.92 
20 21. 5 5.4 8.5 0.251 0.395 0.159 5.14 

9.8 5 9.8 11.0 4.3 1.122 0.439 0.070 2.23 12.6 

j 
30 10.0 12.8 8.2 1.280 0.820 0.072 

j 
-1, 

15 9.8 15.2 4.6 1.550 0.469 0.095 15.1 
25 10.0 15.2 7.9 1.520 0.790 0.095 i 
15 9.8 11.6 4.0 1.184 0.408 0.077 13.0 
25 10.0 13.4 7.6 1.340 0.760 0.079 } 

9.4 0 9.4 19.5 6.1 2.074 0.649 0.130 2.5 9.9 

19.5 15 24.2 11.3 10.4 0.467 0.430 0.063 2.5 12.2 

* Critical shear stresses range from 0.0015 to 0.0016 gr/cm2( use 0.0015 gr/cm2). 
The values were determined from Shields Curve. 
7 = o YmS 

? I 7, * 
C m 

14.5 
} 

11.1 
21.9 

23.2 
22.7 

26.1 
19.5 
34.3 

18.7 
{, 

22.4 
i 

19.3 
i 

16.5 

20.3 



the approach angle,¢, were drawn from the furthest corners of the pierG 

The projected width of the pier was then determined by measuring the 

perpendicular distance between the tangential lines. The Froude numbers 

given in this table were based on the local flow conditions and not on 

the mean flow condition. The relative flow depth and the relative scour 

depth are expressed in terms of the projected pier width. Relative scour 

depth, d5/b, is plotted against relative flow depth, y0/b, in Figure 3, 

with the Froude number, Fr, as the third variablee The relative scour 

depths are smaller than unity except for one data point at the Red River 

Bridge near Bossier City (Data No. 1=2) where the Froude number of the 

flow was relatively high. For the two data points at the Red River Bridge 

at Grand Ecore, the Froude number could not be determined due to the lack 

of discharge data. Because of the relatively narrow range of the Froude 

numbers (from Oo067 to 0.197), the effect of Froude number on scour depth 

did not stand out clearlyo However, a general increase of scour depth is 

shown as the Froude number increases. 

For y0/b < 0,5~ scour tends to increase with flow depthe The rate of in­

crease becomes milder for 0.5 < y0 /b < 1.0 and finally approaches a constant 

maximum before showing a slightly decreasing trend for very large y0/b. 

The data with Froude numbers between 0.067 and 0.13 were grouped and re­

plotted in Figure 4 to demonstrate this point clearly. The relative depth 

of scour increases rapidly for y0/b < 0.5 and approaches a maximum value of 

about 0.8 when y0/b is 1.3 or larger. A decr~asing trend may be indicated 

when y0/b is about 2. 

The presently available and popular scour formulas selected by Anderson [l] 

have been plotted in Figures 4 and 5 for compirison with the data and are 
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listed in Table 3 for convenienceo Shen's formula 11(2) follows the 

upper limit of the data scatter quite closelyo Both Laursen's and 

Shen 1 s formula I give even higher values, wit~ Laursen 1 s formula becoming 

more divergent for increasing y0 /b. Relative scour depth calculated from 

Neill's formula is about double the actual value below y0/b = 1.5. 

Breusers' formula yields a constant almost twice the maximum value of the 

data; thus it is most inaccurate at low value~: of y0 /b. Inglis-Poona's 

formula gives about one-half of the value of the data; however, the curve 

follows the general trend of the minimum poini:s of the data scatter. 

Blench's formula yields values even lower tha11 Inglis=Poona's9 though it 

follows the same trend. Ahmad's and Chitale 1
'.; formulas underestimate 

the scour by a large factor, especially at va·1ues of y0/b less than lDO 

and show practically no correlation with the ,iata. 
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1. Ahmad: 

2. Blench: 

3. Breusers: 

4. Chitale: 

5. Inglis-Poona: 

6. Laursen II: 

7. Neill: 

8. Shen I: 

9. Shen II (2): 

TABLE 3 sea~ FORMULAS 

~- 3 . 72 F 1 / 2 ( 2%) 3 / 4 -~ b -

d s 
1.4 

b -

ds y 
b ~ ( -5.49 F2 + 6.65 F - 0.51 ) 

d 
s 

-= 

b 

Yo 

b 
4 ( ~)3/4 Fl/2 _ !._u 

.05 b b 

5.5 ~ 1 ~ + 1 )1. 7 
(ll.5 Y0 Yo 

d y 
~ = 1.5 (_Q.) 0.3 

b b 

d 
'2/3 Yo 1/3 s 

4.43 F ( b) 
b 

d 
3.4 F

213 Y0 1/3 _s = (-) 
b b 
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IV. SUMMARY AND CONCLUSIONS 

The data utilized in this study were collected at seven bridge sites in 
the Red ~iver, the Achafalaya River and the Mississippi River in 
Louisiana. The ranges of the important parameters are: 

Effective pier width 

Flow depth 

Flow velocity 

Froude number 

ScoJr depth 

Bed material diameter 

3.4 - 10.4 m 

l.7 - 19.5 m 

0.46 - 1.8 m/s 

0.067 - O.l8S 

3.4 - 10.4 m 

0.008 - 0.06 mm 

The effect of Froude number on scour depth was not clearly indicated. 
However, scour depth showed an increasing trerd as the Froude number 
i ncrease:L 

For low flows with a Froude number between 0. (167 and 0. 13, the relative 
scour depth increased with an increase in relctive flow depth for a 
relative flow depth less than 0.5. The relative scour depth apprca.ched 
a constant value of about 0.8 maximum with a r·elative flow depth around 
l.3. Past this point, a very slight decreasing trend may be assumed 
from the sea tter of the limited data ,1 va i lab l E:. In this range, Shen I s 
formula II(2) shows the best fit with the date, especially along the 
line of maximum scour. Laursen's formula and Shen's formula I yield 
values that are much higher, with Neill's formula consistently about 
twice as high as the actual data. Breusers' formula (a constant) gives 
the relative scour depth equal to 1.4 which i~ extremely inaccurate at 
low values of relative flow depth. 

REFERENCE 

l . Ande·rson, A.G. 9 
11 Scour at Bridge ~Ja terway~; - A Review, 11 Report No. 

FHWA--RD-75-89, Federal Highway Administration~ Washington, 1974, 
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APPENDIX 

Profiles of Riverbeds and Contours of Scour Holes 
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The Office3 of 'ies;C;arch and Development of the 

Federal E :ghvlEi) Administration are responsible 

for a br::is :1 prn,sram of :research with resources 

includirg frs cnv:r s',afl, contract programs, and a 
Federal-Ai :I 1Hogrnm which is conducted by or 
through ch:·. Stai:e highway departments 1.rnd which 

afao finati'>~s i:hc: National Cooperative Highway 
Research F rogre·c:1 nanaged by the Transportation 

Research E:iar:L T:1e Federally Coordinated Pro­

grnm of 3ighv1J.y Research and Developmmt 

(FCP) is a Cc1r:foHy selected group of project:,. 

aimed at u,·genL, ;riajonal problems, which concen­

trates these reso1Fce3 on thC'se problems to obtain 
timely sofojorrn, 1Jiri.ual1y all of thP available 

fonds and st2sff '"'.'Sc1Jrces arr a part of the FCP. 
together '.vi :h ",r;,::h of the Federal-aid research 

fonds 0£ :h:: 5tEL:s 2nd the I,CHRP resources as 
;:he States E ~: \'c h d 2votc to thc-se projects.::-

lo !mp:r~:r-r,d Hi;gh,vay De§ign and Ope:ra­
tfon fm §a.2t,iY 

Safety R?.-D a:Hresses prnblems cmmected with 
the resvi:r;sfo:l,ties of the Fedf'ral Highway 
AdminisL·a1io,~ trndt'.r tbe Highway Safety Act 

and inch.,;,:1es i.::.1 ·es:.igation of appropriate design 
standan:15, r:::ia;::sid,, hardware, signing. and 

physical 2,nd scientific data for the formulation 

of impr:y :d safdy regulations. 

2o ]R(!:(hllcd::,J,1 G: Tirafifhr Crnr;gesifom 21.ITTd 

Imprnvr;-: d •J'p,':ir~Jfonal Efficiency 

Traffic E':J~; i2 concerned with increasing the 
operationd •+10··,oe,n,-" of exfr,i:ing highways by 

advanc1.ri.§: :::chw:..lqsY· by improving desigrn; for 
existing r:'3 ~t1;~jj as rvw facilii:ies, and by keep­

ing the :ic:·;:a1H.!•c2.pacily relationship in better 
balance L a:ffic management techniques 

such as b:}s a-:-!t carpool preferential treatment. 
and rerouting of traffic, 

l:mcial statement of the :~'Cf' is 
available frcm N'..tio:rnl T,,l'lrnical Information Service 
(NTISJ, Spr::,11,fi-J.C: ir;-.;jni,c :?'.!i61 (Order Xo. PB 212037, 
price $45 p::i,~.yo5d;. rnng1:• copies of Ow introductory 
volume are :"bi•1i1,:1t '? \Yitlwut d!,ug\e from p,,ogram 
Analysis (FI':".>'?), C\'1.c,0 :, oi' Rpsear~h and DeYelopment, 
Fe<lNal Hig,·,,,-ri}" A~,;-.:inL":rnrin1;, \Vasilinp;t:rn, n.C, 20!5!'JO. 

:t En.vi rnnmental Con§idc~rations in High­
way Desigli.11 9 Location~ Construdi1rrn, and 
Operntforil 

Envir mmental R&D is directed toward identify­
ing End evaluating highway elements which 

affect the quality· of the human Pnvironment. 

The u !tirnate goals are reduction of adYerse high­

way rnd traffic impacts, and protection and 

enhan ~ement of the environment. 

4L Imprwed Materials Utillizatfon and Dura­
bHit} 

Mater als R&D is concerned with expanding thC' 

knowJ,,dge of materials properties and tf'chnology 
to fu]ly utilize available naturally occurring 

materials. to develop extendC'r or suhstitutC' ma­

terials for materials in short supply. and to 

devisf' proc<:'dures for converting industrial and 

other ·wastes into useful higlnrny products. 

These acth·ities are all directed toward. the com­

mon :!oals of lowering the cost of highway 

constmction and extending the pPriod of main­

tenanc:'-free operation. 

:i Irnp:n1ved Design to Reduce Costs, Extend 
Lif(2: 3::xp0ctancy? and Insure Structural 
§afetv 

Structual H&D is concerned with furthning thP 

latest :<'chnological advances in structural de­
signs, fabrication processes, and construction 

technic ues, to provide safe., dncir-nt highways 
at reas Jnable cost. 

it Pmfo :ype Dev0lopment and Implementa­
fo:rni of R.em~airch 

This cdf'gory is concerned with dc,eloping and 
trnnsfe -ring rt>search and technolo~y into prac­
tice, o ·, as it has bepn commonly identifif'd. 
"techm logy transfer}' 

7, Irnp1ru ved Teclrnwfogy for Highway Mah:1° 
t211w.nc:e 

Maintnance R&D objectives include thc> deYelop­

ment a 1d application of new technology to im­
prove nanagement to augment the utilization 

of reso1 rces, and to increase operational efficif"ncy 
and safety in the maintenance of highway 
facilitie,. 
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