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A Study on the River-Bed Scouring by the Pier

Abstract

Presented is the results of a model study about scouring around a bridge pier.
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24 different

types of piers were .inestigated for the depth and width of scouring. The grain size of sand

used in the experiment ranges from 0.149 to 2,380mm, The time required to reach the

stable bed formation was about 30min, with the range of Froud number from 0, 58to 0. 69.

It has been found that the scouring is most severe at the frontal side of the pier and decreases

with decreasing a contact angle (between the center line of the pier and tangent to the frontal

face). For design purposes, it is recomanded that the contact angle at the frontal face is 25

degrees for a triangular type and 40 deyrees for a circular type respectively.
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Fig. 1. Flowing condition
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Table 1. The view of the pier front head & dimension
BERA | muEw | 4 | 4 wd | v | 6 | 6 O | 6 | W m B
[l 1 80cm 2. 0cm 0.25 ” 75°-57/)  75°-57']  14°-0% ”

7 2 ” 4.0 0. 50| ’” €3-26 63-26 26-34 ”

” 3 ” 6.0 0. 75[ ” 53-07 53-07 36-53 ”

” 4 ” 8.0 1.00 ” - 45-00 45-00 45-00 1”

” 5 ” 10.0 1. 25 ” 38-40 38-40! 51-20 "

” 6 ” 12.0 1.50 ” 35-42 33-42 56-18) ”

” 7 ” 14. 0 1.75 ” 26-42 29-43 60-17 14

’” 8 ” 16.0: 2.00 ” 26-34 26-34 63-26 ”

’ 9 " 18. 0! 2.25 ” ! 23-56 23-56 66-04 ”

” 10 " 20,0 2.50 n 1 21-30 21-39 68-21 "

" 11 ” 22.0 2.75 ” !l 20-00 20-00; 70-00 ”

" 12 " 24,0 5.00 | as-2sl 1828 71-35 "
—EmE 13 r 2.0 0.25 17.00, 9000 61-5 “ 28-03 28-03

” 14 ” 0.50 10. oo\ 90-00 ss«m‘ 53-07] 53-07

” 15 1% 6.0 0.75 8.3()‘ 90-00) 21~ 58| 68~02] 68-02]

” 16 " 8.0 1.00 8. 00| 90-00 00-00] 90-00 90-00,
ZTEmA 7 ” 10. 0 1.25 10. 25“ 77-26 00- 00‘, 90-00 77-26)

” 18 ” 12.0 1.50 13. 00! 67-22 00-00 90-00 67-22

” 12 ” 14. 0 1.75 16. 25I 59-32 00-00 90-00 59-32

” 20 | 16. 01 2.00 20. 00! 53-08) 00-00! 90-00 53-08

" 21 I 18.0 .25 24. 25| 43-00 00-00 90-00 48-00)

" 22 ” 20.0 2.50 29. 00| 43-33 00-00; 90-00 43-33

” 23 ” 22.0 2.78 34, 2" 40~00 00-00 90-00 40~00

I 24 v 24,0 5. 00 40.00] 36-53 00-00/ 90-00 36-53
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WKEER A=BH m? 0.0492 0. 0693
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3-3 X KB
1. BHERY 43S HEsy] S33d R I,

T (F—4 B2R)E fratgleh. /=30cm o GRS §]
ol MTHEHIBE L BHBES KEPLAA WA

B6E FE1Y 19734 67 23

et BB EHEAE ZHAE 158 weld
Fo] B59 B FTasA ¢EH I n FEEAK
ol A JEfrdk Jrke 2 Kiguttel FES] EHCE HE
SxIE2 BHS e v NddE k-3¢
<+ MEFA 717 Bstel RIEEBNA 30 504
#% AR RS HENEBE MEsl .

2. BHEHEETY BES W
ol Al WIS

&

o

A

Bl {=30cm

ol ksl ok (R

—N
3, EEmEERT deldsl BiE Y wmFER o
gol #hgE WelA g, 2eluez B Zolst

Rkl o3 BES FerlE HES 55 1§
el K5 (2d=16cm) & —gsha o, @i 2
el & =10, 20, 30, 40, 50, 60cm<l 6M2E g
o, B MEESRPCE = BAEHR 162 2o
o EHS A (EB— V).

Table 4, Classification of experimentation
s T B stz sl 2 5 bk
® & B M (ﬁ o]
%%) =i (ﬁ%ﬁﬁ\ ) .dﬁl{ﬁ#ﬁaﬁ
WA B 1] 16 16 30cm| A (304
EHETEREAR B8 1 | 1~12 16 v | rwin
” H (13724 16 ” "o
¥ 4 2,4,16,2
BREEATR) B8 V| 2,4,16,28 v {nin
EHRY B8 Vi 16 16 n \nl oy
4 ABRBER ¥ Ex

4-1 IMATRARIRE K il (RS —1, 1)

FERBAA = BHEES FUk TRl FTehA Kk
thfiel REsHY ST E RS i Y HEE o

—4 Fpgo] EAEEOR Hodm, AEHEES BTG
fEmel Wyl A Lw] PRHEIE Ay, ks Beac B DEHDER

by by b3 F F—5 9 2et,

BIBGHHTel A o iD=t ShiiEE #mfd 20,9

fikske] 24 gMEstEd o) BAfRE 29564 MR
st =t
BIEEERl A RUBERE BT E BG)AA TTHE

mets BHT ML IEE o) FEfe e,
0, s8¢ ZR¥ETE, UhEMEY FARE = —7,8 EREA
o 2%—7,8 ZRE FIEMA A EHRAES S BT
dE Bi5) ¢ HESA S e BEAA gon
2O L HAITS %alul

RIEREBS 2ol Lot EHIES °7 %9 i, &



24 WBKCBELL

to

ey

Fig. 4. A model symbol drawing.

Table 5. Experimentation on a effect of the front head types (Exp-1-1)
ETRAE-5 N SR \ h/d \blccno beem) ‘bs(cm) haCem) | hsCerm) | RREX | g %
1 16 ssrsr| 75051 o.2s]  20.3  2r1l 2000 10.4)  lo.z 10.6) #EEASl el [=30cm
2 p ¢3-26] 63-26| o.s0| 19.8] 260/ 183  10.1 9.9  10.3
3 ” 53-070 53-07]  0.75 19.3] 24,5  16.2 8.8 9.5 9.7
4 ” 45-00, 45-00  1.00 185 2.3 126 7.8 9.0 9.2
5 p 3g-40| 38-40]  1.25  16.9  20.0 9.7 6.8 8.5 8.6
¢ ” 33-42| 33-42)  1.50| 15.4] 17.0 6.8 4.9 7.9 8.0
7 " 29-43] 20-43]  1.75]  14.6] 1.0 4.7 3.1 7.6 7.7
3 ” 26-84] 26-34]  2.00, 13.6 9.6 4.0 2.8 7.3 7.5
9 ” 23~ 56| 23-56|  2.25 12.5 6.0 3.4 2.2 6.9 6.9
10 v 21-3¢| 21-39]  2.50] 11.6 4.9 3.0 1.9 s.st 6.6,
11 " 20-00{ 20-00{  2.75  11.0 3.9 2.7, 1.8 63 6 3
12 ” 18-25| 18-25  3.00 10.8 3.2 2.6 1.6 6.2 6.2
13 " so-o0l 61-57]  o.25]  1e.4) 26.3  22.1]  10.9)  10.4)  10.9
14 o 00-00, 36-03  o0.s0] le.2| 25.7 210 10.7 10.0p  10.7
15 ” go-00l =21-58]  o.7s 1o.1] 251 20.0f  10.5 9.7 10.5
16 ” 90-00 0 t.oo] 182 246 17.7 10.5 8.5  10.5
17 1 77-26 0 125 181 23.2] 1620 10.3 8.3  10.3
18 ” 67-22 ) 1500 17.7] 211 T4.9 9.8 8.2 9.8
19 " 59-32 0 1750 17.1]  20.1] 13.6 9.3 8.1 9.3
20 ” 53-08 0 2,000 16.3  19.5 123 8.4 7.8 9.1
21 " 48-00 0 2,25 15.7  17.4) 111 6.7 7.3 7.8
22 ” 43-33 0 2.500 15.0, 16.4]  10.2 6.0 6.6 7.1
23 ” 40-00 0 2.75|  14.7]  15.8 9.6 5.6 5.8 6.7
24 ” 36-53 0 3.00f 14.3  14.6 8.1 5.2 5.4 6.2




121009 &

e e —
om <
250 —— e B . j
- B .
0.2 [ v
i : . b,
// ¥ N i
e . 5
| - !
15,01 ! -
7 ' :
WA ; ;
. o ! i
44 i /1 {
/ 4
£ /
/ y;
« . |
[ / / i
' LO" / /z ;
w
By - : "
&& % _14 23 22 21 T 18 17 16
o! g5 £ 3 6 £ X 3 w T !
4 W 26% T T I g T
E—
Fig. 5. The relation of a 6, to the scouring width.
o=
i S
’ .
| _
[ .
) R T Y
.
8.
? s
78 N
Vi
V4
! bt
N
o
. ¢
o E
2. <
o ye
{l {’ hy
a8 s
j
|
U

v 20" %

s,
Fig. 6. The relation of a 6, to the scouring depth.
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Table 6. Experimentation on a influence of the
rear head types (Exp—VN)

%’ ’% (em) | Cem) [ (em) { Cem) | (em) | (em) (1)
4 2 18.8] 22.4] 12.6| 7.8 7.9/ 9.530(cm)
” 4 18.7) 22,3 12.7] 7.8 7.8 9.4 #
” 16 18.6 22,3 12.6) 7.7] 7.9 9.3\ »
” 20 18.5/ 22.2| 12.6| 7.8 7.8 9.4 »
16 2 18.1] 24.4] 18.0! 10.5/ 8.3/ 10.3] #
” 4 18.3) 24.5) 1R.2] 10.6] 8.4) 10.4f »
” 16 18.2| 24.3 121 10.5 8.2/ 10.3f »
” 20 18.2] 24.6| 18.4] 1C.4] 8.3 10.4] »
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Table 7. Experimentation on a effect of the pier
length (Exp—V)

TEEEEE BB | & | b | b0 | b | b | ke

ﬁ@ﬁ%ﬁﬁ o (cm) (cm) (em) [ Cem) | (cm) | (em)
16 16 0 1720 24,0, 18.4] 11.5 9. 6 9.5
A ” 11 16,6 23.7] 18.3] "11.1 9.5 6.1
" ” 20 17. ¢/ 23.1| 18.5! 11.2 9.5 4,7
” /] 30 17.6] 24.1f 18.0{ 11.2 9.6 2.7
” ” 40 17.8| 23.9 18.1] 11.0 9.7 0.5
” ” 50 18.0| 23.7] 17.9/ 11.1 9.4 —0.2
” ” 60 18.3! 24.0/ 18.1] 11.1 9,5 —0.4
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