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An Experimental Study to Evaluate the Subsidence Stability

of Riprap Protection without Filters

A /042" /o ¢ ™
Ji, Un / Yeo, Woon Kwang / Lee, Won Min

Abstract

Many countermeasures for local scour at bridge piers constructed on the river and sea have been
developed and researched to protect piers against local scour. The most commonly employed method
is riprap protection, which is sometimes required the filter installation between riprap and base layers.
However, the construction of stone filters are really hard to perform in the field, require the high cost,
or sometimes are impossible. The experimental modeling is conducted to analyze the riprap failure
modes and the stability of riprap protection without filters based on the different approach velocity
and riprap layer thickness conditions. Also, the stability index to evaluate the performance of riprap
protection is developed using the experimental results. The cover and thickness of the riprap layer
play a very important role in the stability and thicker riprap layers can prevent a total disintegration
of the riprap layer effectively, especially due to winnowing failure.

keywords : pier scour, riprap protection, winnowing failure, riprap subsidence
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Table 1. Experimental Cases
289 g Q Ay vV sl ot SPIEUDA, dso | ARITUEHE, Dso | EAFA, T
e [m%/s] [m/s] [m] [mm] [mm] [mm]
CI-1 0.068 0.22 0.39 0.36 39 30
CI-2 0.068 0.22 0.39 0.36 39 56
CI-3 0.068 0.22 0.39 0.36 39 90
C II-1 0.068 0.264 0.33 0.36 39 30
C II-2 0.068 0.264 0.33 0.36 39 56
C II-3 0.068 0.264 0.33 0.36 39 90
C II-1 0.068 0.286 0.30 0.36 39 30
C 1I1-2 0.068 0.286 0.30 0.36 39 56
C 1I-3 0.068 0.286 0.30 0.36 39 90
C Iv-1 0.068 0.31 0.28 0.36 39 30
C1Iv-2 0.068 0.31 0.28 0.36 39 56
C V-3 0.068 0.31 0.28 0.36 39 90
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Table 2. Summary of Riprap Failure for 12 Cases
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Table 2. Summary of Riprap Failure for 12 Cases(Continued)

EER EEES

Az

33 ) A9 A%

FAfoler)

7P g M I IPARE IS IR K B

AR AR AR FAL ole kel

syl ojg

SRER

apgagel wslelel AR EFol e

fjole o)

7P 33

7o) e Baea fAlole] thas
e

AR ST Tpge e wed
Aoz Qs g Bavh waE
(131 : 14em)

A3
fAjol LT}
A3

PRt g

AHREE QA AAA fake] ol
2yt

Qo] Dk Al Qls) 7FdAte] )
Aol il

(3dsk : 0.6cm)

Winnowing
| Limited winnowing . Winnowing \ and bed form changes |
Il L LA |
o
0.35 a3s
= 3
w35
0.3 3 a2
433
3
0.25
b=
—_ El
0.2 %
= =
- @
> 0.15 * =
Stable Cl-2e CI3- 3
0.1 ocTn-s- a
Cr2 ¥ S tin s £
005 G5 *® 3
=3
=1
0 L @
0.001 0.01 0.1 1
SR"Y:\
Fig. 14. Subsidence Stability Graph of Riprap Protection
5 4 = eslr] 98 AEHES C Dok 20% S7HA7)
= —
A C IMolA 25 w2 Az el o) HYg3st
AT AERE S sk A A9t 5t 2ol watel )
A M) A} A7) 2po] & QIS A o)e FAto] A}
e o S 9) A&t AR EE TAEAS W7l 127}
AR 5F 5o sl Aug JTFS F=AE FHUe)
] _ A AzAdAY A olgste] AMHEY
7] A8A 27 b8 &5 2 AR RS Y] EAT
i o A HAAARE MLt dnh 1 A3 7gRE
A 205 7= 127H] Fee] FE|RPdAds A _ o }
o o ho Ao oo Bl ApREe] Aol 2 JFE 1AA
ey, t3i 2e 2ES =E539Y o o - -, .
orgron], falele Aapo] AMmE Tl Mok
D Aol 022m/sell sdshs A9k C I & & Z/AE o 2 9GS A= Row B4
FRAE Apolel @ 42 A A5 S8 A ANEEFY TAFAL G 2ASL

414 ZEAYE 20084F 4]

453



=
om, AEEEe] FAFAE & 24
T owE A SO s sk Savte] w
e
-

BT FAtol gl @ Wk F

W
2

oo Ao
o it wo rl

o
|
10
re

ud 2006). 7|1 ER=E 2 AE
HTEDM, fFELTS] FAl - 73EA 3

Brice, J.C., and Blodgett, J.D. (1978). Countermeasures
for hydraulic problems at bridge. Vol. 1&2, FHWA
Report No. FHWA-RD-78-162 & FHWA Report
No. FHWA-RD-78-163,  Federal
Administration, Washington, D.C.

Brown, S.A., and Clyde, E.S. (1989). Design o riprap
revetment. Hydraulic Engineering Circular No.11,
FHWA Report No. FHWA-IP-016, McLean, VA.

Chiew, Y.M. (1995). “Mechanics of riprap failure at
bridge piers.” Journal of Hydraulic Engineering.
ASCE, Vol. 121, No. 9, pp. 635-643.

Chiew, Y.M,, and Lim, F.H. (2000). “Failure behavior

jo

_(ID_I

e}
tE

o
5
i
o
o

-

>

Highway

454

of riprap layer at bridge piers under live-bed
conditions.” _Journal of Hydraulic Engineering.
ASCE, Vol. 126, No. 1, pp. 43-55.

Coastal Engineering Research Center (1934). Shore
protection manual, Vol. 1&2.

Julien, PY. (2002). River mechanics. Cambridge
University Press, Cambridge, U.K.

Lagasse, P.F., Zevenbergen, LW., Schall, J.D., and
Clopper, PE. (2001). Bridge scour and stream
instability countermeasures. Hydraulic Engineering
Circluar NO.23, Second Edition, FHWA NHI 01-003,
Federal Highway Administration, Washington, D.C.

Lauchlan, C.S., and Melville, BW. (2001). “Riprap
protection at bridge piers.” Journal of Hydraulic
Engineering, ASCE, Vol. 127, No. 5, pp. 412-418.

Melville, B.W., and Coleman, S.E. (2000). Bridge

publications, LLC,
Highlands Ranch, Colorado, U.S.A.

Parker, G., Toro-Escobar, C., and Voigt, R.L.Jr. (1998).
Countermeasures to protect bridge pier from sour.
Draft Final Report (project NCHRP 24-7) prepared
for National Co-operative Highway Research

scour. Water resources

Program, University of Minnesota, Minnesota,
US.A. pp. 402.

Richardson, E.V., Simons, DB., and Lagasse, P.F.
(2001). Engineering  for  Highway
Encroachments - Highway in the River
Envirement. US. Department of Transportation,
Federal Highway Administration, Washington D.C.

Worman, A. (1989). "Riprap protection without filter
layers.” Journal of Hydraulic Engineering, ASCE,
Vol. 115, No. 12, pp. 1615-1630.

River

(=29 5:08-08/%157:2008.01.14/ A AF£+5:2008.03.07)

BEKEREERHNE



