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SRICOS: computer program for bridge pier scour 
SRICOS: logiciel pour calculer l'affouillement des piles de pont

K.Kwak, J.L.Briaud & H.C.Chen — Texas ASM University, College Station, TX, USA

ABSTRACT: There are approximately 600,000 bridges in the United States, 500,000 o f  them are over water. An evaluation o f  those
500,000 bridges has lead to the conclusion that 20,000 are scour critical. One thousand bridges have collapsed over the last 30 years 

with associated deaths and 60% o f  the collapses are due to scour. The SRICOS method was developed to predict the evolution o f  the 

local scour depth at a bridge pier founded in soil or soft rock. It consists o f  obtaining samples at the site, testing them in a new  

apparatus called the EFA, using the results o f  the EFA tests to predict the scour depth versus time curve for a bridge pier subjected to 

a given hydrograph. In this article, the SRICOS method is briefly described, the details o f  the computer program are presented, a 

parametric analysis is performed to evaluate the influence o f  each parameter, and predicted and measured scour depths at 8 bridges in 

Texas are compared.

RÉSUMÉ: Il y  a a peu pres 600,000 ponts aux Etats Unis, dont 500,000 passent sur un cours od'eau. Une evaluation de ces 500,000  

ponts a conduit a conclure que 20,000 d'entre eux sont en condition critique pour l'affouillement. M ille ponts se sont écroulés pendant 
les 30 demieres annees et 60% de ces catastrophes sont dues a l'affouillement. La methode SRICOS permet de prévoir [evolution de 

la profondeur d'affouillement près d'une pile de pont fonde sur du sol ou du rocher tendre. Elle consiste a obtenir des échantillons du 

site, de faire des essais EFA, et d”utiliser les résultats pour calculer la courbe affouillement-temps pour une pile de pont soumise a un 

courant cfeau variable. Dans cet article, la methode SRICOS est decrite brièvement, les détails du logiciel sont donnes, une analyse 

paramétrique est faite pour evaluer 1‘influence de chaque paramètre, et on compare les profoundeurs daffouillement mesurees et 

calculées pour 8 ponts au Texas.

1 BACKGROUND

The development o f  the scour depth in fine-grained soils is 

generally much slower than in coarse-grained soils. Applying the 

equations for coarse-grained soils to fine-grained soils regardless 

of time appears to be overly conservative. Therefore, a scour 

analysis method for fine-grained soils needs to consider the time 

effect as w ell as soil properties and hydraulic parameters.

The SRICOS method was developed to predict the scour 

depth z versus time t curve around a cylindrical bridge pier 

(Briaud et al, 1999 (a) and (b) and Briaud et al., 2001 (a) and 

(b)). This method has already been described in details in the 

four references cited and is briefly summarized here as 

background. The SRICOS method recognizes that the scour 

process is highly dependent on the shear stress r imposed by the 

flowing water at the soil-water interface. Through tests 

performed on soil samples from the bridge site using the EFA 

(Erosion Function Apparatus), the scour rate z  versus the shear 

stress r  is obtained; this z vs. r curve is the erosion function. 

The critical shear stress z c is the shear stress imposed by the 

water on the soil when scour is initiated.

The equation for the maximum shear stress occurring around 

a cylindrical pier was developed by performing three- 
dimensional numerical simulations. The results o f  a series o f  

analyses lead to the follow ing equation:

1 1 '
= 0 .094p  ■

log Re 10
(1)

where r is the maximum shear stress around a pier for a flat
m a \ “

river bottom condition (N/m2), p  is the density o f  water (kg/m3)

, v is the mean flow  velocity (m/s), Re =  v D /v  is the pier

Reynolds number, D  is pier diameter, and v is the kinematic 

viscosity o f  water ( 10“6 m /s at 20°C).
If is larger than the critical shear stress for the soil r ,

scour will be initiated in regions where t  > T . The initial

scour rate z, is then read on the z  versus t  curve, obtained

from the EFA tests on the soil sample, at the value o f  rm„ .

The equation for the maximum scour depth r m„ was devel

oped from a number o f  flume tests. The results o f  the experi
ments lead to the following equation which was also found to be 

valid for sand (Briaud et al., 1999 (a) and (b)).

: „ (m m )  =  0.18 R e0 (2)

The follow ing hyperbolic equation was selected as the best 
fitting model to describe the scour depth z versus time t curve 

obtained in the flume tests:

(3)

where z, is the initial slope o f  the scour depth z versus time t 

curve, z, is obtained at t„,„ from the z  versus t  curve gener

ated with the EFA on samples from the site, and z n,„ is the ordi

nate o f  the asymptote. The parameter z !3J, represents the 

maximum depth o f  scour at ( =  ~ .

Using equation (3) with the parameters, i  and z „ „ , the 

scour depth z  versus time t curve can be developed. Therefore, 

SRICOS requires the knowledge o f  the mean flow  velocity o f  the 

stream v, the diameter o f  the pier D , and the erosion function z 

versus r from the EFA.

This method was based on the assumption that the soil is 

uniform and the velocity is constant. The primary objective o f  

this study was to improve the SRICOS method and develop the 

SRICOS program so that it could handle multi-flood and multi
layer systems, verify this method against full-scale scour 

measurements, and propose it as a safe and economic method for 

foundation design and maintenance against scour.

2 SRICOS PROGRAM

The SRICOS program was developed to predict the scour depth z 

versus time t curve around a bridge pier (Briaud et al., 1999 (b)
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Fig. 1 Basic Procedures o f  SRICOS Program

and K.wak, 2000). This program automates all the procedures o f  

the SRICOS method including calculations o f  the maximum  

shear stress, the initial scour rate, and the maximum scour depth, 

as w ell as transformation o f  discharges into velocities. The tech

niques to handle multi-flood and multi-layer systems are also 

automated in the SRICOS program.
The input to the SRICOS program is as follows: geometry o f  

the pier, soil stratigraphy around the pier, erosion function o f  the 

soil layers, scour rate z  versus hydraulic shear stress r curve 

for each layer, discharge or velocity hydrograph, and the rela
tionship between discharge and velocity i f  discharge hydrograph 

is known but the velocity hydrograph is unknown as is often the 

case. In this study, the computer program entitled Hydrologic 

Engineering Center’s River Analysis System (HF.C-RAS, 1997) 

developed by the United States .Army Corps o f  Engineers is used 

for flood analysis to get the relationship. The output format is a 

table with the velocity, maximum shear stress, maximum scour 

depth, and scour depth corresponding to each time step. This 

table is a file, which can be saved as a data file for plotting 

purposes.
The basic procedure o f  the SRICOS program is shown in 

Figure 1 and explained in detail in the follow ing sections.

3 BRIDGE PIER PARAMETERS

The bridge parameters affecting local pier scour are pier width, 
pier shape, attack angle o f  the flow, and the water depth to pier 

width ratio also called the wide pier effect. The correction fac

tors for pier shape and attack angle o f  the flow  exist in HEC-18 

(1995). In the SRICOS program, these effects are incorporated 

by multiplying the maximum scour depth at each time step 

by the HEC-18 factors.
Various studies have shown that the scour depth at wide piers 

is somewhat less than that predicted from pier scour equations. 
M elville and Coleman (1999) determined the follow ing equation 

for wide piers based on laboratory experiments.

K ,  = 1 .0  for v /h >  1.43
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Fig. 2 Scour Due to a Sequence 

o f  Two Flood Events

A.; =  1.875 y /h  for v /h  < 0.2

where K is the correction factor for wide piers, v is the wnlcr 

depth, and /> is the pier width.

In this program, the Melv ille and Coleman’s equation (4) was 

chosen for the wide pier effect. The M elville-Coleman correction 

factor for wide pier effect is also applied as a multiplier to the 

maximum scour depth r for each time step.

4 MECHANISM OF INTERNAL CALCULATION

The SRICOS method was developed initially to predict the local 
scour depth versus time curve around a bridge pier subjected to a 
flow o f  constant velocity. The SRICOS program models the flow 

velocity vs. time curve as a series o f  small steps where the flow 

velocity is constant.
First the unit system for the input and output is selected. 

Then, the input data is entered including the discharge 

hydrograph read from a gage station (www. usgs.gov). Then, the 

discharge hydrograph is transformed into the velocity 

hydrograph and water depth history for the analysis duration by 

using the relationship obtained from HEC-RAS (1997). Then, 

the maximum shear stress and the maximum scour depth 

r r,„ are calculated at each time step by using equations (1) and 

(2), respectively. In calculating z m„ ,  the correction factors for 

pier shape, attack zigle o f  the flow, and wide pier effect are 

included as previously described.

N ow, the scour depth z, at each time step needs to be calcu

lated by using equation (3). An example o f  the scour depth 

calculation for 2 velocity steps is shown in Figure 2. First, the 

scour depth versus time curves for the two velocities v, and v, 

can be obtained respectively (Figure 2 (a) and (b)). In the case 

o f  multi-floods, flood 1 has a velocity r, and lasts / ,,  while 

flood 2 occurs after flood 1, has a velocity v, and lasts I - . - 1, or 

At (Figure 2 (c)). After flood 1, a scour depth r, is reached at 

time t, (point A on Figure 2 (a)). This depth r, would have 

been reached in an equivalent time tt (point B on Figure 2 (b)) 

if  v, had been the velocity instead o f  v, . Therefore when flood

2 starts, it is as i f  flood 1 had not taken place but instead flood 2 

had been flow ing for a time it . Then the time At o f  flood 2 is 

added to and the scour depth after the two floods is r, 

corresponding to point C on Figure 2 (b). The z  versus t curve for 

the two floods can be assembled as shown in Figure 2 (c).

In the opposite case, where v, is less than v, , the equivalent 

time tc corresponding to r, may not be found in the scour depth 

versus time curve for flood 2 if  the maximum scour depth , 

o f  flood 2 is less than z , .  In this case, flood 2 cannot contribute 

to the scour depth increase and the scour depth after flood 2 is 

the same as z , . Therefore the scour depth r, o f  flood 1 should 

be compared with the maximum scour depth - m„ ,  o f  flood 2. If

2 , is less than z m„ , , the procedures o f  Fig. 2 would be

K, = 0 .8 3 ^ y / b  fo r  0 .2  <  y /h  < l . 43 (4)

Measured Local Scour Depth (m)
Fig.3 Comparison o f  Measured 

and Predicted Local Scour 

Depth Using SRICOS
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Table 1: Selected cases for parametric study by flow  

characteristics

Bridge Velocity Flow

Period of 

Investigation

Navasota River Bridge at 

SH7 (Bent 3)
High

Only big 

floods
41

Brazos River Bridge as 

US 90A (Bent 3)
High Always 33

Sims Bayou Bridge at SH 

35 ( Bent 3)
Low Always 3

A

-~ o --

N ava so ta /SH 7 , Ben t 3 

B ra z o s /U S 9 0 A , Ben t 3 

S im s /S H 3 5 , Ben t 3

0.1 1 10 

Critical Shear Stress Ratio, Fxc 

Fig. 4 Comparison o f  Norm alized Scour Depths According 

to Critical Shear Stress Ratio

Scour Rale Ratio, Fz 

Fig. 5 Comparison o f  Normalized Scour Depths According 

to Scour Rate Ratio
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Fig. 6 Effect o f  scour Rate on Local Scour Depth

followed, on the other hand, if  z , is higher than z m„ , ,  z , 

would be the same as z , .

In addition, the calculated scour depth is also compared with 

the thickness o f  the layers at each time step. I f  the scour depth z  

exceeds the thickness o f  the first layer, the scour rate Z versus 

shear stress T  curve is automatically switched to the curve o f  

the second layer in the SRICOS program. This procedure is 
extended to n layers.

5 VERIFICATION

In order to verify the SRICOS method, 8 bridges were selected  

in Texas. Figure 3 shows the comparison between the SRICOS 

predicted scour depths and the measured scour depths at the 

eight bridge piers. In most cases except for the Trinity River 

case, the SRICOS method predicts the scour depths veiy  closely. 

For the Trinity River Bridge at FM 787, the prediction is very 

conservative. In this case, the attack angle between the flow  

direction and the main axis o f  the rectangular pier was unusually 

large (25°). It seems that the correction factor for attack angle o f  

flow, which was developed for scour in sand and is used at this 

time in SRICOS, is too high to be applied for scour in cohesive 

soils. Research continues to evaluate this factor in cohesive soils.

6 EFFECT OF CRITICAL SHEAR STRESS

Three cases are selected among the 8 bridges to perform a 

parametric analysis: Navasota River Bridge at SH 7, Brazos 

River Bridge at US 90A, and Sims Bayou Bridge at SH 35. The 

cases are selected because they cover o f  wide range o f  flow  

conditions (Table 1). In each case, the scour depth versus time 

curve is predicted with SRICOS as a response to the actual 
velocity hydrograph for the bridge.

First, the influence o f  the critical shear stresses r  is investi

gated by making runs for a critical shear stress equal to r ,„ , 

0.2r o , 0.5r „ , 2 r m , and 5 r „ ,. In each case, the change in r

forces the z versus v  curve to be translated in the horizontal 

direction. Note that when the curves translate horizontally, the 

scour rates also change slightly.
The normalized scour depth (scour depth over pier width, 

z/B) as a function o f  the critical shear stress ratio is presented in 

Fig. 4. In the cases o f  the Navasota River Bridge at SH 7 and the 

Brazos River Bridge at US 90A  in the final scour depths and the 

shapes o f  the scour depth z versus time / curves are almost the

Pier Width Ratio, FB 

Fig. 7 Comparison o f  Normalized Scour Depths According to 

Scour Rate Ratio

same (Fig. 4) even though the critical shear stresses t c are 

changed. The results for the Sims Bayou Bridge at SH 35, how

ever, show that the scour depth decreases as the critical shear 

stress increases. Only in the range o f  low  critical shear stresses is 

the trend o f  the results for this case the same as in the other two 

cases. The Sims Bayou Bridge at SH 35 has two distinct differ

ences compared to the other two cases. First, the Sims Bayou 

Bridge did not experience high velocity floods over the period 

investigated (1993 to 1995). Second, the critical shear stress o f  

the soil is relatively high and is not exceeded in the cases o f  high 

critical shear stress.
These results lead to the follow ing conclusion: A s long as the 

critical shear stress is either much higher or much lower than the 

range o f  shear stresses generated by the flow hydrograph, slight 

changes in critical shear stress do not affect the scour depth. If, 
on the other hand, the critical shear stress is within the range o f  

shear stresses generated by the flow  hydrograph, then slight 
changes in critical shear stress can change the scour depth 

significantly.

7 EFFECT OF SCOUR RATE

In order to isolate the effect o f  the scour rate on the local scour 

depth, the scour rate z versus shear stress r  curve is 

transformed by multiplying z  by factors equal to 0.01, 0.05, 0.2,

0.5, 2.0, and 5.0, while keeping the critical shear stress rc fixed.

The normalized scour depth (z/B) as a function o f  the scour 

rate ratio is presented in Fig. 5. All the results indicate that the 

scour depth increases as the scour rate increases regardless o f  the 

flow  characteristics. However, the increase is not proportional. 

The cases o f  the Navasota River Bridge at SH 7 and the Sims 

Bayou Bridge at SH 35 show a high rate o f  scour depth increase 

with the scour rate ratio, while the Brazos River Bridge at US
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90A  shows a relatively low rate o f  increase o f  scour depth. The 

reason is as follows:
As shown in Fig. 6, i f  the scour rate is doubled, the initial 

slope o f  the scour depth versus time curve is doubled, the shape 

o f  the curve changes, but the maximum scour depth is not 
changed. Therefore, the effect o f  changing the initial scour rate is 

large at the beginning o f  the scour depth versus time curve (A on 

Fig. 6) but small towards the end o f  the curve (B on Fig. 6). This 

is why the influence o f  changing the initial erosion rate has a 

more drastic influence on the Sims Bayou Bridge at SH 35 than 

on the other two bridges. Indeed the Sims Bayou hydrograph is 

only 3 years long while the other two hydrographs are 33 and

41 years long.

8 EFFECT OF PIER WIDTH

In order to see the effect o f  pier width on the scour depth, the 

original pier width is multiplied by factors equal to 0.2, 0.5, 2.0, 
and 5.0. All the parameters related to the soil and the water are 

kept equal to the original bridge cases. The results o f  the scour 

depth versus pier width ratio are shown in Fig. 7.
As expected, most o f  the results show that the final scour 

depth increases as the pier width increases. However, in the case 

o f  the Sims Bayou Bridge at SH 35, the scour depth increases 

with the pier width ratio at the beginning, and then decreases. 
The reason is as follows. For large water depth (z/D > 2), the 

maximum shear stress r„„ caused by the flowing water around 

a pier depends on the pier Reynolds number R e  according to 

equation (1) (Briaud et al., 1999 (a) and (b)). I f  v and p  are

constant, the maximum shear stress decreases as the pier 

width increases (eq. (1)). In the case o f  the Sims Bayou Bridge at 
SH 35, most o f  the velocities are very low and lie around the 

value which creates the critical shear stress r . A s the pier width 

increases, the shear stress becom es smaller than the critical shear 

stress and the overall scour depth decreases. In the other cases, 
the shear stresses are higher than critical and the overall result is 

an increase in scour depth.

Therefore, two factors affect the impact o f  an increase in pier 

width: first, the maximum shear stress around the pier decreases 

as the pier width increases, second, the maximum scour depth 

increases with the pier width. The combination o f  these two non
linear influences can lead to an increase or a decrease in the final 

scour depth.

9 CONCLUSIONS

1. The SRICOS program is presented to predict the local scour 

depth versus time curve around bridge piers. The SRICOS 

program can handle a real hydrograph and a multi-layer soil 
system. Correction factors for pier shape, attack angle o f  the 

flow , and wide pier effects are also included in the SRICOS 

program.
2. The SRICOS program was verified by comparing predicted 

final scour depths and measured final scour depths for 10 

pier cases at 8 full-scale bridges.

3. It seems that the correction factor K , for attack angle o f  

flow, which was developed for scour in sand, is too high to 

be applied for scour in cohesive soils. Research continues to 

develop such a factor for clays. In order to evaluate the

effects o f  parameters such as the critical shear stress T c ,

scour rate Z , and pier width B  on pier scour, a parametric 

study w as performed by using the SRICOS program for 3 

selected bridge cases
4. I f  the velocity hydrograph around a bridge pier is such that 

the velocities generate shear stresses much higher or much 

lower than the critical shear stress, slight changes in the 

critical shear stress i c do not affect the local scour depth. 

However, i f  the velocities generate shear stresses similar to 

the critical shear stress o f  the soil, increases in the critical 

shear stress will decrease the final scour depth significantly.

5. The final scour depth increases as the scour rate o f  the soil 
increases. The increase in scour depth due to an increase in 

scour rate depends on the time length o f  the hydrograph. The 

longer the time length o f  the hydrograph is, the smaller the 

influence o f  the scour rate.
6. Generally, the scour depth increases as the pier width 

increases if  other parameters affecting the scour depth remain 

constant. However, the scour depth also can decrease as the 

pier width increases since there are two opposite factors: 
first, the shear stress decreases as the pier width increases, 

second, the maximum scour depth increases with the pier 

width. The combination o f  these two non-linear influences 

can lead to an increase or a decrease o f  the scour depth as the 

pier width increases
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