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ABSTRACT

A comprehensive method for estimating local scour depths at bridge foundations is presented.
The method, which is presented in detail in Melville and Coleman (2000), was developed in
New Zealand on the basis of an extensive series of laboratory investigations. Application of
the method ensures that the various influences on local scour depths are systematically
addressed. These are the characteristics of the flow approaching the bridge crossing, the
shape of the river channel in the vicinity of the bridge, the characteristics of the bed sediments
in the vicinity of the bridge, the geometry of the bridge foundations (piers and abutments),
and the peak value and duration of the design flood. Application of the method is highlighted
in two examples.

INTRODUCTION

The major damage to bridges at river crossings occurs during floods. Damage is caused for
various reasons, the main reason being riverbed scour at bridge foundations, namely piers and
abutments. In New Zealand, at least one serious bridge failure each year (on average) can be
attributed to scour of the bridge foundations. The damage can range from minor erosion at an
adjacent river bank or bridge approach, to complete failure of the bridge structure or its road
approach. Complete failure results in severe disruption to local traffic flows. The frequency
of bridge failures due to scour has spurred many research projects of this vexing problem.

In spite of the significant investment in bridge scour research, bridges still fail due to scour.
This has been a consequence of both inadequacies in design criteria adopted for older bridges
and the lack of convenient and appropriate availability of the results of the past scour research
to practitioners. A comprehensive treatment of the present state of knowledge on bridge scour
is now available in Melville and Coleman (2000). The monograph, which makes use of New
Zealand’s extensive experience with scour problems, addresses all aspects of bridge scour,
including general scour, contraction scour, local scour, scour countermeasures and 31 case
histories of scour failures. The methodology for local scour is summarised in this paper.
Examples of application of the local scour method are included.

ESTIMATION OF LOCAL SCOUR DEPTHS

The method for estimation of local scour depths at bridge piers and abutments by Melville and
Coleman (2000) is presented. The basic data required to apply the method are:
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e Approach flow, characterised by the mean velocity (V), depth (y) and Manning’s
coefficient (n) of the main channel. For bridge piers, the appropriate values of V and y are
those, which best represent the flow approaching the particular pier.

e Bed sediment, characterised by the median size (dsp), maximum size (dy.x) and geometric
standard deviation (o) of the particle size distribution. In practice, dgo (or a similar size)
can be used in place of dmax, Which is unlikely to be known.

o Foundation geometry, characterised by the pier width (b) and pier length (1) for piers,
abutment length (L) for abutments, shape (Sk) and alignment (6). Circular piers are
characterised by pier diameter (D). For nonuniform piers, additional parameters are
required, as described below.

e Channel geometry (for abutments only), characterised by V, y, n and the depth (y*),
Manning’s coefficient (n*) and width (L*) of the flood channel.

The design method is based on the following relation for the depth of local scour:

ds = KyBKIKszKHKGKt (1)

where the K factors are empirical expressions accounting for the various influences on scour
depth: Kyg = depth-size = Ky;, for piers and Ky for abutments; K; = flow intensity; Ky =
sediment size; K = pier or abutment shape; Ko = pier or abutment alignment; Kg = channel
geometry (Kg = 1 for piers); and K; = time. K;j is formulated to include sediment gradation
effects as well as flow velocity effects. Kyg = {(y, B) and d, have the dimension of length,
while the other K factors are dimensionless.

The K factors are derived from envelope curves fitted to laboratory data. Expressions for the
various K factors are summarised in Tables 1 and 2 and illustrated in Figures 1 and 2 for piers
and abutments, respectively. For nonuniform piers, the pier width (b) is replaced by the
equivalent pier width (b.), as illustrated in Figure 3.

K is a function of the threshold velocity (V,), the armour velocity (V,) and the velocity
parameter [V-(V,-V.)]/V.. The procedure for estimating these velocities is explained below
and summarised in Tables 1 and 2.

Maximum Possible Local Scour Depths at Piers and Abutments
The local scour depth is given by (1), in which K, K4, K and K; are always less than or equal
to unity. Thus the maximum possible equilibrium local scour depth is

d =K KK, (2)

se) max

A simple equation for the maximum local scour depth at piers is obtained by substitution of
the expression for Ky for narrow piers in (2), giving

d, .. =24KK,b 3)

se) max

For design purposes, (3) is adequate for estimation of local scour depth at piers in many
situations.
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PHYSICAL BASIS OF SCOUR DEPTH METHODOLOGY

The K-factors in (1) represent the various physical influences on local scour depth, as
determined from systematic laboratory-based tests. In the following sections, each parameter
is discussed briefly.

Flow Depth - Foundation Size (Depth - Size) Factor, K,g

Data, which demonstrate the influence of Kyg = f(y, B) on local scour depth, are given in
Figure 4. The plot includes the reliable pier and abutment local scour depth data that are
unaffected by flow intensity, sediment size, sediment gradation, foundation shape and
alignment, channel geometry and time. The data plotted are from Chabert and Engeldinger
(1956), Laursen and Toch (1956), Hancu (1971), Bonasoundas (1973), Basak (1975), Jain and
Fischer (1979), Chee (1982), Chiew (1984), and Ettema (1980), for piers; and Gill (1972),
Wong (1982), Tey (1984), Kwan (1984, 1988), Kandasamy (1989), and Dongol (1994), for
abutments.

The solid lines in Figure 4 are envelopes to the data and apply, from left to right respectively,
to wide (long), intermediate width (length) and narrow (short) piers (abutments) at threshold
conditions. For clear-water scour at reduced flow velocities, lesser scour depths are
developed. The equations of the upper-limit lines define the depth-size factors for piers, and
are given in Tables 1 and 2.

Flow Intensity Factor, K;

K| represents the effects of flow intensity on local scour depth. It is defined, for each set of
data, as the scour depth at a particular flow intensity divided by the maximum scour depth for
the data set, where V is systematically varied for each data set and all other dependent
parameters are held constant. The scour maxima used occur at the threshold peak for uniform
sediments and the live-bed peak for nonuniform sediments.

Figure 5 (uniform sediments) and Figure 6 (nonuniform sediments) are plots of laboratory
data from many sources for local scour at piers and abutments in terms of K;. The nonuniform
sediment data are plotted in terms of a transformed velocity parameter, as shown. The
transformed velocity parameter aligns the armour peaks (that is V=V,) for nonuniform
sediments with varying 6, with the threshold peak (that is V=V, for uniform sediments. For
uniform sediments, V,= V, and [V-(V,-V.)]/V. = V/V.. The transformed velocity parameter
incorporating V, largely accounts for the effects of sediment nonuniformity as well as those of
flow velocity, although the smaller values of scour depth at [V-(V,-V.)]/V~1, as 6, increases,
remain. Thus, the effects of sediment nonuniformity are mostly accounted for in the flow
intensity factor. It is apparent that all of the data are enveloped by a value of K; increasing
linearly from zero to unity at the threshold condition and thereafter remaining unchanged.

The velocities V. and V, can be determined using the logarithmic velocity distribution
equation:

Us, 50

%
< =575 log[s.ssdlj (4)

where us is critical shear velocity determined from the Shields’ diagram, and dsy and u«. are
replaced by dso, (median size of the armour layer = dmay/1.8) and us, (critical shear velocity of
the armour layer), respectively, for determination of the armour peak velocity, V..
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Figure 7 is a comparison of U.S. field data with the laboratory-based envelope curves for K.
Because many of these data were collected at sites where the bed material is nonuniform, the
transformed velocity parameter is used in Figure 7. The field scour depths are normalised
using the projected pier width, by, to compensate for pier skewness effects inherent in the
data. The armour peak velocity was determined assuming dgs to be representative of the
maximum grain size in the bed material. The laboratory-derived K; function also envelops the
field data.

Sediment Size Factor, Ky

The pier data by Ettema (1980), Chiew (1984) and Baker (1986) and the abutment data by
Dongol (1994) are plotted in Figure 8 in terms of the sediment size multiplying factor, Ky,
which is defined generally as the ratio of the scour depth for a particular B/dsy to that for
B/dso>50. The data for uniform and nonuniform sediments are plotted separately. The plots
show that the influence of relative sediment size on scour depth is the same for both piers and
abutments, although few data are shown for abutments. Because the condition L/dsy<50 is
unlikely in practice, it is considered that the few abutment data shown in Figure 8 are
adequate for definition of K4 for abutments.

Nonuniform sediments are characterised by channel bed armouring as discussed earlier. The
nonuniform sediment data in Figure 8 are plotted for different values of the velocity
parameter [V-(V,-Vo)]/V. = 1.0, 2.0, 3.0 and 4.0. The data are plotted in terms of b/dsg, or
L/dsp, because the median size of the armour layer is considered to be the characteristic
sediment size. The envelope curves in Figure 8 define the sediment size factor for design
purposes.

Foundation Shape Factor, K,
The shape factor K is defined as the ratio of the scour depth for a particular foundation shape
to that for the standard shapes, namely circular piers and vertical-wall abutments.

Recommended shape factors for uniform piers, i.e. piers having constant cross-sectional
shape, are given in Table 1. These factors, taken from Melville (1997), show that shape is
relatively insignificant for uniform piers. The shape factors should only be used where the
pier is aligned with the flow, that is, K=1 for a skewed pier.

The four cases of local scour at nonuniform piers, where the pier is founded on a wider
element (caissons, slab footings and pile caps), are shown in Figure 3. For Case I, the local
scour is estimated using the pier width b. For Case II, a procedure given by Melville and
Raudkivi (1996) to estimate the size of an equivalent uniform pier can be applied. The
equivalent uniform pier induces (at least) the same scour as the nonuniform pier. The
procedure is therefore conservative. Melville and Raudkivi (1996), who measured scour
depths at a circular pier founded on a larger concentric, circular caisson, give the following

relation:
k
b8=b(y+yj+b*(b Y)
y+b* b*+y

where b, = width of an equivalent uniform pier; b* = caisson width; and the equation is
restricted to the range defined by Y<b* and -Y<y, where Y represents the elevation of the top
surface of the caisson (Figure 3). The relation for b can be used for Case II nonuniform piers
that are geometrically similar to the caisson foundation shown in Figure 3, including piers
founded on slab footings and piled foundations, unless the footing or the pile cap is
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undermined by the scour. Equation 5 also applies to Case I1I caisson foundations and may be
used to give conservative scour estimates for Case III piled foundations. For Case IV caisson
foundations, the local scour is estimated using the caisson width b*. This approach would
also give a conservative estimate of Case I'V local scour at a piled foundation.

Also given in Figure 3 and Table 1 is a method to determine the effective size of a bridge pier
having a raft of floating debris material attached.

Shape factors, based on data by Hannah (1978), for piled pier foundations where the pile cap
is clear of the water surface (Case V) are given in Table 1 and illustrated in Figure 3 (Case V).
The pile-group shape factor values are shown in Table 1 for a single row and a double row of
piles in terms of approach flow angle, 0, pile diameter, D, and pile spacing (measured centre-
to-centre), S,. The single-row values apply also to a pier comprising a row of cylinders. The
values shown include pier alignment effects and shape effects, that is, they represent KKe.

Recommended shape factors for shorter abutments are given in Table 2. For longer
abutments, shape effects are less significant, and an adjusted shape factor K is applied. Kg*
is given in Table 2.

Foundation Alignment Factor, Kg

The alignment factor Ky is defined as the ratio of the local scour depth at a skewed bridge
foundation to that at an aligned foundation. Bridge piers are aligned if 6 = 0°, while
abutments are considered to be aligned where 6 = 90°. An equation for K¢ for non-cylindrical
piers is given in Table 1.

Recommended alignment factors for longer abutments are given in Table 2. For shorter
abutments, alignment effects are less significant. The adjusted alignment factor Ko for
shorter abutments is given in Table 2.

Approach Channel Geometry Factor, K¢

The approach channel geometry factor Kg is the ratio of the local scour depth at a bridge
foundation to that at the same foundation sited in the equivalent rectangular channel. The
local scour at bridge piers is considered to be unaffected by approach channel geometry as
long as appropriate values of y and V are used to estimate the scour depth. If values of y and
V are selected to be representative of the flow approaching the particular pier, Kg=1.0.

For bridge abutments in rectangular channels (Case A of Figure 2), K=1.0 by definition. For
abutments in compound channels, Ks depends on the position of the abutment in the
compound channel (Figure 2). At Case B abutments, the equation given in Table 2 is
recommended, where L and L* = total projected length of the abutment (including the bridge
approach) and projected length of the abutment (including the bridge approach) spanning the
flood channel, respectively; y and y* = flow depths in the main and flood channels,
respectively; and n and n* = Manning roughness coefficients for the main and flood channels,
respectively. The equation is derived from a simple theoretical analysis based on the ratio of
flows deflected by the abutment, including the bridge approach, in a compound channel to
such flows in the corresponding rectangular channel. The equation is plotted in Figure 9 for
ranges of values of the ratios (L*/L), (y/y*) and (n/n*). Case C can be considered to be a
special condition of Case A if the flow in the main channel is ignored; thus Kg=1.0. For Case
D abutments where the abutment is sited at about the edge of the main channel, Kg can be
estimated from the equation for Case B, with L*/L=1.0. No specific information is available
to aid estimation of Kg for other Case D abutments; such situations could be treated by
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interpolating conservatively between scour depth estimates for longer (Case B) and shorter
(Case C) abutments sited in the same channel.

Time Factor, K,

The time factor is defined as the ratio of local scour depth ds at a particular time t to the
equilibrium scour depth dg, which occurs at time t.. The value of K, at a site depends on
whether conditions are clear-water or live-bed. Under live-bed conditions, the equilibrium
depth of local scour is attained rapidly and K; = 1.0 can be assumed.

Functions for the time factor at piers and abutments are given in Tables 1 and 2, respectively.
The latter is derived from recent research and represents an updating of the recommendations
in Melville and Coleman (2000). K; depends on t., the time to equilibrium scour depth.
Equations for estimation of t. are also given in Tables 1 and 2.

EXAMPLES OF APPLICATION OF METHODOLOGY

Local scour at piers

A bridge pier, comprising a piled foundation, is situated in the 310 m wide flood channel of a
river crossing, as illustrated in Figure 10. The peak flow rate in the flood channel is 500 m*/s
and this persists for 1 day. The calculations are presented in Table 3, showing a local scour
depth of 1.71 m.

Local scour at abutments (including contraction scour)

A bridge is situated at a channel bend, as illustrated in Figure 11. The sediment is a medium
sand with dsp = 0.5 mm. The peak flow rate is 440 m’/s and this lasts for 2 days. The
calculations are presented in Table 4, showing local scour depth of 3.83 m.

Contraction scour would occur due to the bridge narrowing the channel. Mobile-bed
conditions would exist (Table 4). Laursen’s (1960) equation for contraction scour is used to
estimate the contraction scour depth. The equation is

6/7 K
2 _ [&) (Kj 5)
34 O w,
where y; = average depth in the approach main channel; y, = average depth in the main
channel of the contracted section; W; = bottom width of the approach main channel; W, =
bottom width of the main channel in the contracted section; Qi = discharge in the approach

main channel transporting sediment; Q, = total discharge through the bridge; and k; = a
coefficient depending on the mode of sediment transport. For the given example Q= Qo.
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Table 1

Factors influencing local scour depth at bridge piers

Factor K Method of Estimation
K, =2.4b LYY
y
b
Depth-size | Ky, | K= 2y/yb 0.7<—<5
factor b g
K,=45y —>5
Yy
For uniform sediments: dsg, = dsp and V, =V,
For nonuniform sediments:
Flow Ky ds0a = dmax/1.8 = dg4/1.8 = ngso/l.g; and
intensity Va= 0.8V, where V., is V. calculated for dsp,
factor V-, -V) V-w,-V.)
K=—o ¢ L Ve g
v, v,
K 1 [ AAN
VC
K, =057 10g[2.24 b] b <25
: dSO dSO
Sediment K4
size factor K, =10 b >25
ds
Shape K,
Shape Ks | Circular 1.0
factor Round Nosed 1.0
Square Nosed 1.1
Sharp Nosed 0.9
Skewed piers 1.0
Equivalent b,=b Case |
size for be
nonuniform LY h*_Y Case 11
piers b= [yyw*} b*(b*wJ Fsbi=Ysy Case III
b,=b* Case IV
Multiplying | KKg Type Sy/Dp KKg
factors for 6<5° 0=5°—45° 0=90°
pile groups Single 2 1.12 1.40 1.20
Row 4 1.12 1.20 1.10
6 1.07 1.16 1.08
8 1.04 1.12 1.02
10 1.00 1.00 1.00
Double 2 1.50 1.80 -
Row 4 1.35 1.50 -
Alignment / 065
factor Ko | Ko = (; sin @ + cos GJ non - circular piers
K,=10

circular piers
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1.6
K, = expl - 0.03 ﬂln[iJ AP
Time factor | K Voot V.
K, =10 v >1
VC
Equilibrium (. (days) = 48.26 2 (V - 0.4] Y6 504
. 14 b V
time te ¢ oas ¢
¢ (days) = 3089 2| L _ 0.4 (yj Yoo 504
viv. b b~V
Equivalent _0.527,b, +(y—0.52T,)b
size - pier be b, = y
with debris
Table 2 Factors influencing local scour depth at bridge abutments
Factor K Method of Estimation
_ Y
Flow depth- K, =10y i <0.04
abutment Ky y
SiZe KyL = 2'\} yL 0.04 < Z <1
y
K, =2L o>l
For uniform sediments: dso, = dsp and V, =V,
For nonuniform sediments:
Flow d5()a = dmax/l.g ~ d84/1.8 = ng5o/1.8; and
intensity Ki | V.=0.8V,, where V., is V. calculated for dsq,
K, = V‘(‘\’[‘V) for [V-(Va-V)/Ve < 1
K,=1.0 for [V-(V.-Vo)]/V. > 1
S'edlment K, =10 L > 60
size K4 s0n
Shape K,
Vertical-wall 1.0
Ks | Wing-wall 0.75
Foundation Spill-through 0.5:1 (H:V) 0.6
shape Spill-through 1:1 0.5
Spill-through 1.5:1 0.45
K, =K, L0
Y
# . L L
K K, =K, +0.667(1—KS)(0.1—1J 10<=<25
Y Y
K =10 Lsos
y
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Ko | 6(°) 30 45 60 90 120 135 150
Foundation Ko 090 | 095 | 098 1.0 1.05 | 1.07 | 1.08
alignment . I
K,=10 —<I1
y
Ko’ K;:K9+(1—K9)[1.5—0.5Lj 1<fs
y y
K,=10 Ly
y
Case A (Fig. 2): [Simple rectangular river channel]
Approach- K, =1.0
channel Case C (Fig. 2): [Abutment well back from the flood-channel
geometry edge]
Consider only the flood channel flows of y* and set K =1.0
Case B (Fig. 2): [Abutment in the main channel]
Kg . NE
BT
L y n*
Case D (Fig. 2): [Abutment near the flood channel edge]
Abutment at about the flood-channel edge: Case B with L*/L=1.0.
3 0.8
t.(days) = 20.83L(Vj (yj fory/L <1
VAV, L
. 3
Time ¢ (days)=20.83 % (VJ for y/L > 1
¢ Vv,
Kt v -1 ¢ 1.5
K, =exp| - 0.07{ J ln(J for V/V,. <1
VC te
K=1.0 for V/V. > 1
Table 3 Pier Scour Example

+Y *_ —
b, = 2L Lpx| 222 :0.6(2'0 0'6}1.5[1'5*0'6) -1.14m
v, +b* b*+y, 20+15 15420

be _ 0.57,K , =2.4b, =2.74m
y ! ‘

K, =10, for skewed pier

l 0.65
K, = (b—sin6+ cos@) =193

e

o, 500

V: =
Wy, 310x2

=081m/s

130



From grading curve,d . =27 mm

max

d
dsy, = lmg‘ =15mm, u,, =0.067 m/s,u.,, =0.118m/s

V.=129m/s, V. =1.95m/s,V, =1.56 m/s, V=0.=v) _ 0.42,K, =0.42

> " ca
¢

0.25
y b (V y
—=1.75,¢ (days) =30.89—~<%| — - 04 | — = 11.4days
b () V(Vc ][ j g

e

b
1.6
v, (Lj 077
174 n t, '

K, = exp{— 0.03

b

b
¢ =228,—< =76,K,=1.0

d50 50a

d, =K,K ,K,KK,K =171m

Table 4 Abutment Scour Example

The threshold velocity is, V.= 1.3 m/s, for y =6 m and dso = 0.5 mm (using Neill’s
1987 competent velocity chart.

v, = Q —ﬂ:3.86m/s>>Vc

T w,y 19x6
and conditions are live-bed

Using (5) with k; = 0.69 to estimate contraction scour:

ky
ﬂ = (KJ - 1’ ds)contraction = 125 m
N w,
d =1.5m,RHS, d =1.0m,LHS

s)contraction s)contraction

It is assumed that the contraction scour is distributed as shown in Figure 11

Flow depth after contraction scour is:
y=6+d, =725m

L 042k, -6m
) y
o2 M m
= = = . m
Wy  25x725 °

u,, =0.016m/s,V, =0.45 m/s,VK =5.4,K, =1.0 and K, =1.0 for live - bed conditions

c

L>25,Kd =1.0

50

K, =0.75, for wing - wall abutment, K,” = K ,

L
—< 17K9)LHS = KH)RHS =1.0

K, =10

d =K, ,K ,K,KK,K;K, d =45m

131



] <
:
> [ 2[qeL Ur UdAIS ™)
& 7 01="y
_W_W Auv: 4 €00—)dxa="y
\_— 9l . _ ‘\\u c .
" |K|\l\ll ——mm— - H.,Ul
:ﬁ‘
Y 10308, Wi ],
.4 S e 9Q-0Al I12]eM-1BI[D
ACAA)A]e— <
Paq-2AY

Io1EM - 183]0

] ‘10308 AJIsudju] Mo[q

*s.191d je ypdap anods [BI0] JO U0 BWIN}S 0] POYIIJAl | 2InSL]

I

»_\1
Q% MO
5 ‘10308, JUAWUSI| Y

Jﬁwv o
Ammou+ puis—| = %y
€90

‘\
i
[an

60 posoN dreys  © D
'l pasoN arenbg _
01 PIsoON punoy )
01 1e[noar) O

(0 1= ‘siord pamays 10] «__ .
(Ajuo s1aid pausie 10j) 3 10308 oﬁmwﬁ—m

(*P “o)'A

SIS I =P

“D/q < JUQWIPAs dulj .. JUDUWIIPASs 3SIBOD

| -

h ¥4

("*p = *p yuowIpas wojiunuou 10j)
auy 01T="
osreoo  (*p/apTT)30ILS0 ="M

"y ‘10308, 9ZIS JUSWIPAS

JBIPIULIIUL . OpPIM

MoLeu
-l g
q/A< 701 T

molieu
QJeIpauLIAUI

apim

(w) ¥y 10308,y azis-ypda(g

132



ST<AI 0T=_M
STAT=01 (1-A/11°0)CM-1)L99°0+ 3 = M

01>4/1 ="M

Y ‘101081 odeyg parsnlpy

'sjudunge je ypdap Inods [8d0] JO UOHBWISI 10] POYIIJA] 7 9InSL]

S uauaipas aul QUIIPAS 281
0 [:¢'] ySnomg-ids 0 mﬁ P Ip Y e JUOUHIPIS 381800
$0 [:1 ysnonp-qidg L
90  (A'H) 1:¢°0 ysnoxp-[jids "
SL0 [[em-BuIg o ¢
01 [[EM-[BOTIAA ("*p = "p Juowpas woyIUNUOU 10¥)
: ouy 01="4
Y ‘10308 adeys 981209 (“P/TPTT)B01LS 0 ="M

uvm v
"y 10108, 9ZIS JUWIPAS
P Jpoys - oelpauudul - Juo[
/A< = m - mmm
1oys Tg="u| |
aerpawdul  (TA)7 =" “
guoj Kor="| Jf---%0
("p “O)'A |
- o ; 0T
"PA
- (w) "y ‘10308 2z1s-ypdag

SO =P

133



ﬁv@q c;n.ov_wo;%._
cﬁmm_
mvxzvﬁSd.o,m.:q,v_-?iu._,m
ES fu.ﬁ

ﬁoM.._oaomeoEcw._?\_uBm:.@a\

Uumwoncam@mmu : j J
nuoEusEm_o&oEConm_ommo Dumao m , i \:ﬂ\l: oo -m
mmaubv:mc._nw_?qaow A1 S D

N[ ‘10308 W],

_o::mzovoom

.., Uumwo 1 3 ;
o&:maoch&oﬁng J" 5 a T3 At Paq-aAl] 191eM-183[0

Aakprmog AICA-"A)-A] < >ia >

o ) 0T

I

| I

*2 % q u Poq - 9A1] o1="y| ¢
|||ﬁ|I_HM mumao :

2 * mﬂ * \N h+ M\H I

m:“ #AT e > BEITTINER 5] 1o SN——

1 CA-"M -4 -
g A

-~ \\ - -_— b _._‘

. _u . - - N !
O—H M .dqomwu \n_. = .....\.\..\.\ i
= == NS0
_v— 41

uM“.Suomm\QBEomOﬁcmEU

.3:25:9.3“__Eu_u.:_com_auc_._c=c=aE_~mm..£_uc£oEﬁ.EeuVNo.Eu_m

cv_
Qomcm

mogo._wmdmo.comd
omH

omoo

u No_n_m(w:_moiw;
Suw

_Muouommbmmcuaﬁaoﬁ

134



CASE III

y+b* b*+y

(conservative for piled foundations)

Note: Y is negative for Case 111

CASE 1V

* __
b, =b y+Y)+b* dier
y+b* b*+y

CASE V (Pile cap above W.L.)

(conservative for piled foundations)

‘ Floating Debris
i « : :
Type S,/D, KK, | Idealised floating
. L | / "1 0< | 0-5°t045° | 0-90° A f debris raft
2 1.12 1.40 1.20 - - L4
- 4 112 1.20 1.10 A
Smgle| 6 107 | 115 | 108 Y
8 1.04 1.12 1.02
10 | 1.00 1.00 1.00 i
Double | 2 1.50 1.80 - =i
Row | 4 | 135 1.50 -

_0.52T,b, +(y—0.52T, )b|
}P

Figure 3 Method for estimation of local scour depth at nonuniform piers
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g 106 //,—
g 8 7
26
(5]
g 4
O
y
5 2 /
1 10 100
Particle size (mm)
Flood level
ﬂ =
2m it} N ‘l 75 1;1
p -..-.?(4.3:1._.‘&-'\"'5@13 N S Double row of
o R S Bedeyst :
7 Nogdseou! ) N K 7 Jogiéicha SO0 mmpiles

=1.71m

Figure 10 Diagram for pier scour example

I.5m ™Contraction
scour profile

Figure 11 Diagram for abutment scour example
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