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ARMOURING EFFECT ON LOCAL SCOUR
AROUND BRIDGE PIERS

By Hiroji NAKAGAWA, anp Koichi Suzuki

Synopsis
In this paper, effects of sand mixture on local scour around a circular cylindrical pier
are investigated. By making up a simple model for calculating the bed shear stress on the
side of the pier and by using the critical shear stress of mixture given by Gessler, the
final scour depth and grain size distribution curve on the armour coat formed on a stabi-
lized bed are calculated. And it is shown that its results are in good agreement with the
experimental results.
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Fig. 1 Schematic figure of experimental flume.
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Table 1. Extent of experiment (mixture).

/Run No. D(em) i iho(cm) ‘ wo(em/s) — dﬁofsc%Wj
1 20 171000 12.0  40.1 A 010 | 143 |
2 B 012 1.54
3 ¢ o1z 27
4 ‘ 0.0 ' 333 | A 010 143
| 5 ‘ | ' "B 0‘12”_71‘.54 )
L6 | C | 012 2.77
7 i 80 | 267 | A ‘ 0.10 | __11;
8 | ! B . 0.12 i__1.54
e e em e
10 100 3.3 D 010 . Ll
1 80 267 | D . 010 | L6l

Table 2. Extent of experiment (uniform sand).

' Run No. ' D(em) | ho(em) | uoCem/s) | d50(cm) |

\ 1 14.0 9.6 . 37.0 ' 0.193 |
2 | 116 28.3
3 8.9 | 87 0.2 |

e " 58 283

‘ 5 59 1.1 | 325
6 6.5 24.7 !
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Fig. 3 Particle-size accumulation curves of bed material.
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Fig. 5 Variation of particle-size accumulation
curves of bed material (Run 5, Run 6).
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Schematic figure of sorting of bed material around a circular



694

100
(&)

@
-

Percent Finer

o
%)

g

Percent Finer

a

Fig. 7 Particle-size accumulation curves of
eroded material at the regions (B)

100
(%

Percent Finer
P

Fig. 8

SOKBSEBIEITHR185 B (1850 4)

) . l ¥
IO
@ 30 min. Caldulat
B /
4
)—
B 4duiiimmuan
0.01 ol 4 (em) 1
Run 6
— Region (C})
| @® 90 min.
: ) 95‘1’
R R

0.01 0.

and (C) (Run 6).

d (cm)

)
Run 5

Region ()

— 0 min.
© 5 min.
O 30 min.
O 90 min.

o

B thT L L L]

0.01 0.

(Run 5).

d (cm)

T

Particle-size accumulation curves of
eroded material at the region (C)

6

N5, 3bb, HiEB), © DWiThiE A >0
RILWTH B8, HERBTRIEFICHED» <, HRC
TEHIBEAM L85 XD IcERA» S o B & thic
sorting ST 3, Fig. 7 (a) X b)) 3,
NEN Run 6 TOFHKB)S LBCTORKO
FERHZRUIcbDTH B, BB ~DHERERITIE
HEICHD <, HBRODHBHEROOKREI D 5
PN SDEFHTKRE VB ENLL T 5 kD15
HemLT3, LivL, HRCDOWOHESHD
B (LA A5 &, ERERS LML
T&TWB, ZDXDH sorting HEDFRE LT
i MERIRICE 3 “IRENEZL SN b, 378
HH, MENEMEOHENE, FIKEDS < EETi
MG S HEICHN TV 25, B HMIC L2
1FEFEDRE CBLNMKRE 183 5NN
&I ->TW B —F, GEERDSDOFMIICD
WTHE, JERICE» O ERMERECOK S BRK
K >THENE BV LEBE:HZOMETD
Sim & DN & - THEBBOF~EET N5, i
BHIK & 125 L B TR 2458 T 2 7o O FRIGH S
DFND A ENCEE UFIRCICHERET 3, LoL,
SR SHEETT LI BRERE CORFEHAINE <53 &3
BHE L0 DI {123 - HERICOICEII NS &
NEEZS5N5, 185, Fig. 8 12, Run 5 pigs
DB~ DF MWD RE D TH 208 Sl
BETLTVIHIE, FHDONEEROIZEALY
LT Epbin b,

3. BEEBRCHTIEE

3.1 BARAOEFINE

FIRE LI EBIC B 1 B BRI SEiIc b ~7- & S,
T DRAIERIC BT B335 e & - T Fig. 9
DFBCTRIWATETHEL 3, TORBEHOEM
&, WhOEP, HBERSEONHAICLEHDOTHS
2%, CORBBOFIKIE T D 12652 DM A
WoKPLREA ¢ TREINS L5 LR LT
b, ERBEOMELS Fig. 9 © kD EMAEIC
B->T—ETHY, Ld b BHEhOKECK -
TRIZEALEELINITNT Epb D - 72o clear
water scour T3 Z DD INGED S DD AL
VERBTLICK LML, F 72, GHEILY S OF L E
FHBEMNETHI SN0, CORBILOKEV
DRFERZELIL OSHETORDE ¢s DAL



duil - 8K B iiic ki3 3 RABBO DR T 695
3, ¥4hb, Fig. 9 oL5E2M0T,

v _ S(nﬂlz)w Z,/tans

dt " dope i

THBEDMS, dVidt=0 L5 &ML 5 EREBENRE S

T Eicisd, LD L, gs DFFMICE 5T, (B+1/2) D]y <

(ki +1/2)D +zs/tang D F ) HH:QIE TORMEIEICTHO L
BAICKESNTEYD, THaORKIICHIE L /FET
HBERECENL, FAFITORKIDOFMIRETH

b0 L7thtnT, ZZTIRBRRNBEBESRDZ EVIE

WT, EHMTH 2R D/2<y<(k+1/2)D TOFEH

WK, CORNICKH LU TWOBEI LT 2 &0 &M:

Do RKHBEERD B, F8bb, OS Wi LoE kD D 'V’m ?ﬂnn
VISRE N ETHET BICH - T, ZOMD CORBMREF

Ve MREDDHED S RHOENBE bDEL, L biki )
DBETLUTHZORBREMLLEVODENET S, Fig. 9 R
OWTE T, NRTHBOWHAE/T 5 &, 2:=0 D& & TS
i,

I Zs

Fig. 9 Definition sketch of scour
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380, LinL, AHoPicka s, Hilndh 2FEHET LR T, ¢o=8~10TH2LBFEShT
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HEbDDHEFEDHTHB L,

Kramer D Te=pUsct=(100/6)dm(c —plg/ M
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Table 3. Critical shear stress of sand mixture.

RPN T easais | 7(dyne/cm?) o
Sand }d50(cm)\ dm (cm) : 71}/[7 ‘ ds4/d16 | Kramer | Sakai | Tsuchiya | Egiazaroff| Gessler
. 0120 0.117 | 0.502 | 1.54 6.28 | 8.12 6.86 | 7.78 9.00

6.05 |  6.86 8.42 |

0.100 | 0.106 | 0.456 | 1.61

6.26 | 7.42 |

B
Cc |
o 1

D

| |
0.120 | 0.147 | 0.242| 2.77 16.37 | 12.93 ‘ 1095 | 19.07 |
. | .
|
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RN % e L LcDICK L, Gessler XM OBENILH 228, LK oD LWHEAMSSGF NITRIEINE E A EE
TULRROTHNAL)HE F 2ORMNE ©c DBEL LB TH B,
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Fig. 11 Relation between observed and calculated
values of final scour depth
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Fig. 12 Schematic figure of bed surface profile of uniform sand and mixture
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Fig. 13 Particle-size accumulation curves of
armour coat.
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