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Abstract: Bridge pier as a crucial part of a bridge is used for 

various marine and transportation purposes. Local scouring 

around the bridge pier is a prominent cause which leads to the 

failure of the bridge system. scouring around the bridge pier is 

caused due to the effect of vortices created by water current. To 

prevent scouring we have to design the countermeasures and also 

maintain the sediments which are erodible. This review examines 

both type of countermeasure devices. Measures such as to divert 

the flow or to strengthen the river bed. Use of slot can reduce the 

scouring to 20% and with combination of collar and slot the 

reduction efficiency increases. Use of rip rap strengthens the 

river bed and reduces the scouring. Both the measures are 

different in their aspects and can be used to reduce scouring. 

Various countermeasures used together can reduce the scouring 

effectively. 

Keywords: Bridge Pier, Collar, Countermeasures, Geo bags, 

Rip rap, Scouring, Slot. 

I. INTRODUCTION 

Bridge is widely used structure as a hydraulics structure    in 

river[1][2]As the water passes in the river, the pier becomes 

an obstruction to the current. The current velocity will reach 

stagnation point at pier surface and the following water will 

push down the stagnant water fig-2[3][4]. As an effect of that 

horse shoe vortex will generate at the base of pier and 

scouring will occur fig-1[5]. Scouring around the bridge pier 

is considered to be the major cause of failure of the pier. 

Many researches have been done on estimating the scour 

depth, but very little research is done on countermeasures to 

be taken to reduce scouring. Countermeasures that we can 

take depends on the site condition. We can take 

countermeasures which either strengthens the bed 

surrounding the pier or which diverts the flow of current or 

both[1][6][7][8][9]. use of rip-rap, geo bags will strengthen 

the river bed. Use of guiding vane, collar, slot, different 

shape of pier will alter the course of current [1][6][4][10]. 

II. USE OF RIVER BED STRENGTHENING 

MEASURES 

 

A. ARTIFICIAL RIPRAP 

Artificial ripraps as shown in fig-3[1] can be placed around 

the bridge pier. Ripraps strengthens the river bed to a certain 

degree and also slows the water current velocity thus 

reducing the scouring around the pier. Different shapes can 

be used for ripraps and can be used.  
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Fig.  1.   Local Scouring[5] 

Geo bags are also a countermeasure which strengthens the 

river bed and reduces the scouring around the pier. 

 
Fig. 2. Representation Of. Horseshoe Vortex And 

Downflow[3] 

 

 

 

mailto:190303209017@paruluniversity.ac.in
mailto:snehansu.nath270125@paruluniversity.ac.in


 

Review on Counter Measures for Scouring Around the Bridge Pier 

80 

Published By: 

Blue Eyes Intelligence Engineering 
and Sciences Publication  

Retrieval Number: 100.1/ijrte.D4774119420 
DOI:10.35940/ijrte.D4774.119420 

 
Fig. 3. Artificial Riprap[1] 

III. USE OF FLOW ALTERING MEASURES 

 

A. COLLAR 

When the collar fig-4[1] is placed around bridge pier, the 

scour reduction is found to be efficient. Reduction of 

scouring varies according to the change in shape and 

position of collar[11][12]. Use of rectangular collar reduces 

the scouring up to 79% and weakens the horse shoe vortex 

and down flow as compare to the use of circular collar 

which reduces the scouring up to 71%[13].Rectangular 

collar having the same diameter as circular collar have more 

surface area than circular collar, so it covers 

moreareaandreducesscouringmoreeffectively[13][6][14]. 

 
Fig. 4. Provision Of Collar In Bridge Pier [1] 

B. SLOT 

Slot(fig-5[15]) proves to be most effective when the shape 

of the slot is rectangular and makes no more than 20° angle 

with the current[10][16][17]. If the skew angle between a 

slot and the current increases over 35-40° the slot has no 

effect and the system behaves the same as of simple pier 

without a slot. as for the slot dimension, if we provide the 

slot width as one fourth of the diameter of pier near bed 

 
Fig. 5. Provision of slot in bridge pier [15] 

level, the scouring reduces up to 20 percentage and if the 

width is one half of the diameter of pier, the scouring 

reduces up to 30%[18][19].As the shape of the slot changes 

the reduction of scouring changes. If we use Y and T shaped 

slot as a countermeasure to reduce the scouring, results are 

found to be as Y shaped slots were found more effective 

than T shaped slots.Maximum scour reductionefficiency was 

shown by two particular slots, one having decreased down 

flow angle of y shaped slot and one straight slot respectively 

33% and 38 [20][21]. Increase in the exit angle of y shaped 

slot decreases the performance as it increases the energy loss 

and scouring. For volume of scour hole reduction, Y shaped 

slot with small angle between exit found to be more efficient 

as 59% reduction in volume and for straight slot reduction in 

volume of scouring is found to be 53%. scour reduction 

varies according to the change of position of the slot.   

The scour reduction is found to be in the range 45-85% if 

the slot is provided from water surface and extending 

towards bed, and reduction of 60- 88% is found if the slot is 

provided starting from river bed and extending towards 

water surface [22]. 

C. GUIDING VANES (SUBMERGED) 

 
Fig. 6. Provision Of Guiding Vanes(Submerged)[23] 
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Fig. 7. Provision Of Ring Column Before Bridge Pier[24] 

Submerged guiding vanes can be used to alter the flow 

direction and reduce the scouring[25]. As shown in Fig-

6[23] the vanes placed before the bridge pier alters the flow 

direction, also it reduces the strength of the horseshoe vortex 

and creates resistance for the downflow[1][26]. Guiding 

vanes are proved more effective when submerged fully and 

it can reduce the scouring up to 60-70%[23]. Alternative 

methods are also being used to reduce the scouring around 

the bridge pier. Methods such as use of tetrahedron 

plates[4][1], use of skewed piers[19], and use of ring 

columns before the bridge pier. Ring column as shown in 

Fig-7[24] reduces the effect of horseshoe vortex and 

downflow and reduces the turbulence of the water current 

thus reduces the scouring around the bridge pier[24]. 

IV. CONCLUSION 

Reduction of scouring is possible by different approaches, 

using different countermeasures. Ripraps and geo bags 

reduce the scouring up to 40-50%. Collars reduces the 

scouring at great extent if it is placed at or below river 

bedlevel. Rectangular collar reduces the scouring to 79% 

Collar having dimension 1.5 to 2 times the pier dimension 

reduces the scouring in the range 55% to 96% Slot is most 

efficient if the angle between slot and the current is in the 

range 20°. If the 

slotwidthisonefourthofthepierdiameterthescourreduction is 

20% and if the width is one half of the pier diameter, the 

scourreductionis30%.Iftheslotisplacedatriverbedlevel,it 

reduces the scouring to 60-88%. Scouring reduction of 

100% ispossiblebyusingbothcollarandslotincombination. 

REFERENCES 

1. A. Saha and H. L. Tiwari, “A critical review of counter measure of 

scour around a bridge pier,” Int. J. Civ. Eng. Technol., vol. 9, no. 5, 
pp. 402–407, 2018. 

2. M. Khalid and M. Danish, “A REVIEW OF THE SCOUR 

MANAGEMENT FOR,” no. Civil. 
3. W. Zhang, M. Uh Zapata, X. Bai, D. Pham-Van-Bang, and K. D. 

Nguyen, “Three-dimensional simulation of horseshoe vortex and local 

scour around a vertical cylinder using an unstructured finite-volume 
technique,” Int. J. Sediment Res., vol. 35, no. 3, pp. 295–306, 2020, 

doi: 10.1016/j.ijsrc.2019.09.001. 

4. H. W. TANG, B. DING, Y. M. CHIEW, and S. L. FANG, “Protection 
of bridge piers against scouring with tetrahedral frames,” Int. J. 

Sediment Res., vol. 24, no. 4, pp. 385–399, 2009, doi: 10.1016/S1001-
6279(10)60012-1. 

5. M. Zaid, Z. Yazdanfar, H. Chowdhury, and F. Alam, “A review on 

the methods used to reduce the scouring effect of bridge pier,” Energy 
Procedia, vol. 160, no. 2018, pp. 45–50, 2019, doi: 

10.1016/j.egypro.2019.02.117. 

6. Y. M. Chiew, “Scour protection at bridge piers,” J. Hydraul. Eng., 
vol. 118, no. 9, pp. 1260–1269, 1992, doi: 10.1061/(ASCE)0733-

9429(1992)118:9(1260). 

7. M. Heidarpour, H. Afzalimehr, and E. Izadinia, “Reduction of local 
scour around bridge pier groups using collars,” Int. J. Sediment Res., 

vol. 25, no. 4, pp. 411–422, 2010, doi: 10.1016/S1001-

6279(11)60008-5. 
8. M. Pandey, H. M. Azamathulla, S. Chaudhuri, J. H. Pu, and H. 

Pourshahbaz, “Reduction of time-dependent scour around piers using 

collars,” Ocean Eng., vol. 213, no. July, p. 107692, 2020, doi: 
10.1016/j.oceaneng.2020.107692. 

9. L. Deng and C. S. Cai, “and Countermeasures — Review,” no. May, 

pp. 125–134, 2010. 
10. A. Ismael, M. Gunal, and H. Hussein, “Effect of Bridge Pier Position 

on Scour Reduction According to Flow Direction,” Arab. J. Sci. Eng., 

vol. 40, no. 6, pp. 1579–1590, 2015, doi: 10.1007/s13369-015-1625-
x. 

11. S. Wang, K. Wei, Z. Shen, and Q. Xiang, “Experimental investigation 

of local scour protection for cylindrical bridge piers using anti-scour 
collars,” Water (Switzerland), vol. 11, no. 7, 2019, doi: 

10.3390/w11071515. 
12. E. Izadinia and M. Heidarpour, “Simultaneous use of cable and collar 

to prevent local scouring around bridge pier,” Int. J. Sediment Res., 

vol. 27, no. 3, pp. 394–401, 2012, doi: 10.1016/S1001-
6279(12)60044-4. 

13. D. Guan, Y. M. Chiew, M. Wei, and S. C. Hsieh, “Characterization of 

horseshoe vortex in a developing scour hole at a cylindrical bridge 
pier,” Int. J. Sediment Res., vol. 34, no. 2, pp. 118–124, 2019, doi: 

10.1016/j.ijsrc.2018.07.001. 

14. A. Jahangirzadeh, H. Basser, S. Akib, H. Karami, S. Naji, and S. 
Shamshirband, “Experimental and numerical investigation of the 

effect of different shapes of collars on the reduction of scour around a 

single bridge pier,” PLoS One, vol. 9, no. 6, 2014, doi: 
10.1371/journal.pone.0098592. 

15. A. Tafarojnoruz, R. Gaudio, and F. Calomino, “Effects of a slotted 

bridge pier on the approach flow,” Proc. XXXIII Convegno Naz. di 
Idraul. e Costr. Idraul. IDRA 2012, no. March, 2012. 

16. A. K., “Experimental Study on Effect of Slot Level on Local Scour 

Around Bridge Pier,” Int. J. Res. Eng. Technol., vol. 03, no. 02, pp. 
103–108, 2014, doi: 10.15623/ijret.2014.0302019. 

17. B. Pier, “Comparative Study of Slot Shapes Effects on the Scour 

around,” vol. 6, no. 70, pp. 136–141, 2017. 
18. I. A. Habib, W. H. M. W. Mohtar, A. Elsaiad, and A. El-Shafie, 

“Nose-angle bridge piers as alternative countermeasures for local 

scour reduction,” Balt. J. Road Bridg. Eng., vol. 13, no. 2, pp. 110–
120, 2018, doi: 10.7250/bjrbe.2018-13.405. 

19. T. ESMAEILI, A. DEHGHANI, M. PIRESTANI, and T. SUMI, 

“Numerical simulation of skewed slot effect on local scour 
reduction,” J. water Sci. Res., vol. 3, no. 1, pp. 69–80, 2011, [Online]. 

Available: http://en.journals.sid.ir/ViewPaper.aspx?ID=257926. 

20. S. Das, R. Das, and A. Mazumdar, “Circulation characteristics of 
horseshoe vortex in scour region around circular piers,” Water Sci. 

Eng., vol. 6, no. 1, pp. 59–77, 2013, doi: 10.3882/j.issn.1674-

2370.2013.01.005. 
21. H. Hajikandi and M. Golnabi, “Y-shaped and T-shaped slots in river 

bridge piers as scour countermeasures,” Proc. Inst. Civ. Eng. Water 

Manag., vol. 171, no. 5, pp. 253–263, 2018, doi: 
10.1680/jwama.16.00063. 

22. A. T. Moncada-M, J. Aguirre-Pe, J. C. Bolívar, and E. J. Flores, 

“Scour protection of circular bridge piers with collars and slots,” J. 
Hydraul. Res., vol. 47, no. 1, pp. 119–126, 2009, doi: 

10.3826/jhr.2009.3244. 

23. S. I. Khassaf and N. A. Obied, “Experimental study: Bridge pier 
protection against local scour using guide panels,” IOP Conf. Ser. 

Mater. Sci. Eng., vol. 433, no. 1, 2018, doi: 10.1088/1757-

899X/433/1/012006. 
24. C. Y. Wang, J. H. Cheng, H. P. Shih, and J. W. Chang, “Ring 

columns as pier scour countermeasures,” Int. J. Sediment Res., vol. 

26, no. 3, pp. 353–363, 2011, doi: 10.1016/S1001-6279(11)60099-1. 
 

 
 

 

 



 

Review on Counter Measures for Scouring Around the Bridge Pier 

82 

Published By: 

Blue Eyes Intelligence Engineering 
and Sciences Publication  

Retrieval Number: 100.1/ijrte.D4774119420 
DOI:10.35940/ijrte.D4774.119420 

 

 

25. M. Shafai Bejestan, K. Khademi, and H. Kozeymehnezhad, 
“Submerged vane-attached to the abutment as scour countermeasure,” 

Ain Shams Eng. J., vol. 6, no. 3, pp. 775–783, 2015, doi: 

10.1016/j.asej.2015.02.006. 

26. B. M. Shambharkar, P. T. Nimbalkar, and P. Pawar, “Experimental 

work to estimate bridge pier scouring around round nosed rectangular 

pier and protection against scouring using ripraps,” Int. J. Civ. Eng. 
Technol., vol. 8, no. 5, pp. 1255–1262, 2017. 

 

 

AUTHOURS PROFILE 

Kuldeep Patel is a post graduate student at department 

of civil engineering, Parul university, Vadodara, India. 

His area of interest is structural engineering and design 

of bridge structures. 

 

Snehansu Nath is an associate professor in department 

of civil engineering, Parul university, Vadodara, India. 

He has completed his masters in structural engineering 

and currently pursuing his Ph.D.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


