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STUDY ON THE ESTIMATION OF SCOUR DEPTH
AROUND BRIDGE PIERS

By Hiraji NAKAGAWA, Koichi SUZUKI

Synopsis

In this paper dominant characteristics of the local scour near a cylindrical pier are investigated
on the basis of wide ranged experimental data. And an attempt is performed to explain its char-
acteristics by making use of a simple model which is constructed in consideration of only the vortex
of the stagnation plane and the continuity of the sediment in the same plane. Secondary, by dis-
cussing the existing experimental results and proposals together with their applicability, another
method of estimation of the equibilium scour depth is proposed.
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1) Qsw0o=Qst=0: no scour

2) Q50> (05 =0: clear water scour

3) (@s0>Qs>0: scour with continuous sediment motion
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Fig. 3 Particle-size accumulation curves of aggregate.
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Table 1 Extent of experiment

No Q(1/sec) D(cm) dso(cm) ko(cm) | Up(cm/sec)
1 42.94 5.9 0.193 9.72 45.08
2 42,94 ” ” 11.87 36.91
3 42.27 ” ” 13.97 30.88
4 32.22 ” ” 8.25 39.85
5 32.22 ” ” 10.10 32.55
6 32.22 ” ” 12.00 27.40
7 15.63 ” ” 6.45 24.72
8 43.09 8.9 ” 9.81 44.82
9 42.54 ” ” 12.27 35.38

10 42.69 ” ” 13.65 31.91

11 32.60 ” ” 8.72 40.22

12 35.48 ” ” 9.58 37.04

13 32.60 ” ” 12.00 27.72

14 35.08 ” ” 13.62 26.05

15 15.92 ” ” 5.75 28.25

16 42.72 14.0 ” 9.90 44.04

17 41.88 ” ” 11.68 36.59

18 41.69 ” ” 13.85 30.72

19 31.88 ” ” 8.35 38.96

20 35.48 ” ” 9.58 37.04

21 32.15 ” ” 11.59 28.30

22 35.48 ” ” 13.62 26.05

23 15.51 ” ” 5.55 28.52

24 35.48 8.9 0.083 13.62 26.05

25 35.48 ” ” 17.06 20.80
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Fig. 4 Time variation of scour hole shape.
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Fig. 5 Scour hole profile.
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Fig. 6 Time variation of scour depth at point (A), (B) and (C).
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Fig. 7 Variation of dimensionles scour depth z,/D with dimensionless time %gz/.D.
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Fig. 8 Variation of time of transitional scour depth %o/ D with sediment number V.
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Fig. 9 Variation of dimensionless scour depth 2;/D with sediment number M.
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Fig. 10 Schematic figure of experimental flume.
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Fig. 11 Particle-size accumulation curves of aggregate.
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Table 2 Extent of experiment

!

No. |Q(cm3/s)| %g(cm) |Uo(cm/fs)| D(cm) | d(cm) | No. O(cm3fs)| ko(cm) |Up(cm/s) D(cm) | d(cm)
1 6,510 6.40 | 30.83 4.0 0.026 | 39 9,780 6.40 | 46.31 ” ”
2 7,450 5.85| 38.59 ” ” 40 9,630 | 11.60 | 25.17 ” ”
3 6, 600 8.90 | 22.47 ” ” 41 | 11,040 | 12.25 | 27.31 ” ”
4 | 10,020 6.80 | 44.65 ” ” 42 | 11,160 8.00 | 42.27 3.0 0. 050
5 3,490 7.40 | 34.77 ” ” 43 ” 5.70 | 59.33 ” ”
6 6, 200 7.25 | 25.91 ” ” 44 4,190 7.70 | 16.49 1.5 ”
7 6,060 | 11.40 | 16.11 ” ” 45 8, 800 5.60 | 47.62 ” ”
8 7,900 | 10.50 | 22.80 3.0 ” 46 7,020 7.80 | 27.27 ” ”
9 6, 900 7.60 | 27.53 ” ” 47 110,920 | 13.45 | 24.60 ” ”

10 7,370 5.80 | 38.51 ” ” 48 8,060 | 12.15 | 20.10 ” ”
1 7,370 7.85| 28.45 ” ” 49 | 11,240 6.70 | 50.84 ” ”
12 6, 890 9.30 15.45 ” ” 50 6, 080 4.75 | 38.79 ” ”
13 6, 580 9.65 | 20.66 1.5 ” 51 4,640 6.10 | 17.73 ” ”
14 6,080 | 11.55 15.95 ” ” 52 11,180 7.50 | 45.17 Vi ”
15 4,450 5.35 1 25.21 ” ” 53 | 10,920 11.20 | 29.54 ” ”
16 6, 240 5.95| 31.78 ” ” " b4 8,930 12.57 | 28.03 4.0 0.068
17 6, 950 5.35 | 39.37 ” ” 55 | 11,230 9.31 | 36.56 ” ”
18 | 11,120 | 10.35 | 32.56 4.0 0. 050 56 | 13,000 6.68 | 50.90 ” ”
19 8,710 9.75 | 27.07 ” ” ‘ 57 7,050 4.77 | 44.79 ” ”
20 8,710 9.15 | 28.85 ” ” 58 ” 6.47 | 33.02 ” ”
21 4,180 3.80 | 33.33 ” ” 59 | 12,740 11.17 | 34.51 ” ”
22 5,190 6.30 | 24.96 ” ” 60 ” 9.28 | 41.65 ” ”
23 | 4,580 | 6.70| 20.71| =~ ” 61 |12,640 | 6.45| 59.38 | # ”
24 4,110 8.50 | 14.65 ” ” 62 | 11,230 9.27 | 36.72 3.0 ”
25 | 10,050 6.70 | 45.45 ” ” 63 ” 6.70 | 50.77 ” ”
26 | 11,000 | 14.05| 23.72 ” ” 64 7,050 4.50 | 47.41 ” ”
27 6, 570 7.70 | 25.85 ” ” 65 | 12,750 | 11.23 | 34.40 ” ”
28 | 11,160 6.30 | 53.68 ” ” 66 ” 9.03 | 42.80 ” ”
29 {11,160 8.30 | 40.74 ” ” 67 v 7.67 | 50.35 ” ”
30 4,640 6.90 | 20.38 ” ” 68 | 11,210 | 12.13| 28.01 1.5 ”
31 | 11,420 7.80 | 44.37 3.0 ” 69 | 11,230 9.30 | 36.61 ” ”
32 9,720 | 13.70 | 21.50 ” » 70 V4 6.28 | 54.13 ” ”
33 7,480 6.40 | 35.42 ” ” 71 7,050 4.78 | 44.69 ” ”
34 7,280 | 11.50 | 19.19 ” ” 72 ” 8.45 | 25.28 ” ”
35 7,340 7.70 | 28.89 ” ” 73 ” 7.22 | 29.58 ” ”
36 | 11,420 | 12.05| 28.72 ” ” 74 | 12,740 | 13.83 | 27.90 ” ”
37 111,420 9.55 | 36.24 ” ” 75 ” 12.18 | 31.68 ” ”
38 | 11,240 6.00 | 56.77 ” ” 76 ” 9.92 | 38.92 ” ”

RS tco KB EKIBORE IKEARD /D IKDHRSEERHXZ LEVES) THE 2B LY T
&, RLICKBICOKER > THEDOHBEBKLIENS S — F ZFFEDRAICIE 2 T THRTXE, KOLER
KB EDEE ST, MEEDROFKEE > TOAMEOSWIRERD R 7e CORERIMEEE & L/
P, ERBERODBRAITORRLEOBBBE L T30S0 b0 IKETORKEFHNE LD,
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7z clear water scour D& - THIMETHEMTH 20T, WIBLRSIIEOMEZLEE £ 2 2
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DRBICL D 3 RITTHIFIRIE SR BE LTV B,

3) EAUIEEDEM

Fig. 12 QREATHIC B 5 BAMIREOKMIELEHER Lz dDTH 208, Fig. 7 ichSh b clear
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HERTCHSTE wots/ D (Z, Fig. 8 DRATRINTV B XS, 13iF 1x103~2x103 D wots|D B4 LD,
Ns OEALICH LT —ETH B ERBHONG, BEKD clear water scour DIEAIT & - 7 FEdd £€ 1T
WEABICWD 5013 AH5R12 scour with continuous sediment motion D & & @;fj{i",%"&C/J\é ¢, Fig.8 oy
HEEARBERHICRALSDEERLTOBED TRV KIT, 2/D & Ny EDBRIE Fig. 9 © Ne>
Nse DEBFFCH SN BD3, clear water scour (Vs<Nse) DIFEHIC 25/ D HS N OB E IIT—RANTHEMLT
WEHERD -2t b b5 d, COBEAR N KBERICEIE—ETH 5. 7075, 2D i3 Ve=Ne
AR TE— 7 EZBELENLD N BREIBEEDPVNEL L >T—E LB, J78b B, scour with contin-
uous sediment motion DA, FHEDOAHICEE THEFEN O SAE { THPEHERERI —ETAX L
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Fig. 12 Variation of dimensionless scour depth z4/0 with dimensionless time wp#/D.
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Fig. 13 Variation of dimensionless scour depth z4/D with D/d
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Table 3 Analytical models of local scour around bridge piers

Investigator Model for flow Scour hole shape Medel for Sediment
- movement
Laursen Constriction ' reverse-cone ! Critical tracn}/e
J | orce
|
Saito i Constriction (front) reverse-cone i Kalinske-Brawn
| (back) trigonal-piramid formula
| E i 1
T 1o ! . xperimental
Carstens uoly (afo—1)gd ‘ reverse-cone formula
|
Shen Horse shoe Vortex ! reverse-cone
Velocity diffusion at ) ,
Tarapore the scour hole reverse-cone Du Boys’ formula

KEBEZBOTNS 720, HEMEOHREIZLD clear water scour & scour with continuous sediment motion
TORBEHOREEHRIC LTRIF L. SORRY S0, THb5, ROHRDE D€ FVIHIER
Bkt —oORPEROBRAGHE LTV A%, BHick koL, BORERLEEERELAE
HEHPERE S TOROEVI RGNS 5. COREEZL, KRETIE, MEFTOHREEIIC S IcXEH
TH 2 ERMBICER LT, 2hod TEREXEIN L@ T THPOERBEHEEL . T73bL, Ik
WA ROk LR IcERIN 3 E L, TAHENRERRER, poBshicl L TiIEROESEH
Wiz

3-1 FhICBETBIEFN

MRERTTE IC B0 2 EKEICER T 2 HIRBTE CTA U S TR, BHIck 2 b0 TH S, COERAINZEEKC
HETLCERRETHEH, BrOERNWERCE IO TERMICRITT 5. 9, MNERTEICRET 51
DRr—McB LTIt Fig. 14 0FSE2R0 2L, Yhhic k3 X EHTANORBBRORAS LBLTH 28
| R, L, A3 Fig. 15 (CORT &5 ICERBEAOKBERICH L TIZIREALCEAET, BIFHERDOA
Kk -~THERINTEYD, L=065D, H=060D L1t tBEVOLND, VT, THMICRDOR r—veE
LT, 4LHO icRIET 2R I OMAEEZ ZOAEATORBEE vmez LT 5L, COBDHOHER 1L,

Z
|, z
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= < B )
| Ups u - 1er
| ° A
| o I H
| /‘\ #
! %
' /
' 2
! 4
TITTTRT7777 /K/]/7777/0

vb max
X

Fig. 14 Stagnation plane.
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Fig. 24 Comparison of the theoretical curve with the experimental data about
the time variation of scour depth.
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Table 4 Proposed equations for estimating equilibrium scour depth

Name Desing Criteria Note
P. Andru
(1956) %=038
Z.S. Tarapore 2s=1.35 for 4o / D>1.15
(1962) 2s=1.17 for 0>4o¢/D<1.15
E. M. Laursen D_rrzs 1 2z L7 ’
(1962) w55 (s it 1]
H.W.C.
Breusere 25=1.40D
(1964)
AL & .
T Sanches o _ kK, 4 31004 £y=/ (Bierform, 6)
(1964) D gD D s=g (%o D)
3 K=1.0: cylindrical
J. Larras 23=3.33KD* =1.4: rectangular
(unit: cm)
M. R. Carstens Ze N-Ne? \§ _ ol
(1966) 5055 arve) =T
_ Dy
- Vioeo) " 20=0.0222R0-619 Be==
(unit: cm)
7/\)1) (1966) Zs L
=11 (1971) Al =gk
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