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The Magdeburg Water Bridge as seen from the shores of the

Crosses
Location
Longest span
Total length
Width
Water depth
Clearance below
Begin date

Completion date

River

106 m

918 m (690 m over land and 228 m over water)
34 m

4.25m

90.00 m x 6.25 m

1997

2003

52°13'52"N 11°42'07"E

Constructed with about 68,000 cubic meters of concrete and 24,000 metric

tons of steel
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Diagram A - Poor Qbality River
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Diagram B - Restored River Hgbita
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= You can follow the progress of the river
restoration with monthly videos made from time-
lapse photography. Periodically we’ll update the
video to show the progress of construction at the
Mill Pond site. The current video shows the
installation of the sheet piling that will create a
bypass channel to hold the river against the east
wall of the pond while the new river channel is
constructed to the west of the steel pilings. The
pilings will be removed after the river is finally
diverted into the newly constructed permanent
channel.



http://www.youtube.com/watch?v=CnXUTn8cipk
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http://en.wikipedia.org/wiki/File:Connecticut_River_restoration_Farilee_VT1.jpg
http://en.wikipedia.org/wiki/File:Connecticut_River_restoration_Farilee_VT1.jpg
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Figure 8.2 Formulae for dimensions relating to trapezoidal. triangular and parabolic cross-sections
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Cross - Sectional Wefted Hydraulic
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Maximum Permissible Velocity

Mean Channel
Velocity (ft/sec)

Fine Sand 2.0
Coarse Sand 4.0
Fine Gravel 6.0
Earth
Sandy Silt 2.0
Silt clay 3.5
Clay 6.0

Channel Material

Minimum velocity should be 2 to 3 ft/sec.
Also check Froude number (< 0.8, to ensure subcritical flow)
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Grass-lined Earth (Slopes less than
5%)

Sandy Silt
Silt Clay

Kentucky Blue Grass -

Good Rock (usually igneous or hard
metamorphic)
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Characteristics Minimuma Normaln Maximum n

neat surface 0.010 0.011 0.013
mortar 0.011 0,013 0.015

trowel finish 0.011 0.013* 0.015 Roug hness

float finish 0.013 0.015 0.016 . X
finished, with gravel 0.015 0.017 oo Coefficients in

Wt oo oo oow Lined Open

ite, ti 0.016 0.019 0.023
fmicomyecion oos  om oo Channels
on good excavated rock 0.017 0.020 - (T ab Ie 4 1 4
» ’

on irregular excavated rock 0.022 0.027 o
Concrete bottom float 1
finished with sides of:  dressed stone in mortar 0.015 0.017 Chln 2000)
random stone in mortar 0.017 0,020

cement rubble masonry, 0.016 0.020
plastered

cement rubble masonry 0.020 0.025

dry rubble or riprap 0.020 0.030

Gravel bottom with
sides of: formed concrete 0.017 0.020

random stone in mortar 0.020 0.023
dry rubble or riprap 0.023 0.033

Brick glazed 0.011 0.013*
in cement mortar 0.012 0.015*

Masonry cemented rubble 0.017 0.025
dry rubble 0.023 0.032

Dressed ashlar 0.013 0.015

Asphalt smooth 0.013 0.013

Vegetal lining 0.030 -

Soarce: Chow (1959).

*Chow (1959) recommended this value for use in design.
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Rock & Hard Linings
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Table 9-1. Suggested Freeboard”
Discharge (m”/s) < 0.75 0.75 to 1.5 1.5 to 85 > 85

Freeboard (m) 0.45 0.60 0.75

* After Ranga Raju [1983]
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Recommended freeboard and height of lining (Figure 7-6, Prasuhn 1987),
from U.S. Bureau of Reclamation

Height of bank above
water surface

// Height of lining above ]
/ water surface //

=

__T_/

4 6 8102 2 4 6 803

Capacity, cfs
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Example 6.1

Design a Non-Erodible Channel to convey 10
m?3/s flow, the slope is 0.00015 and the mean
particle diameter of the soil iIs 5 mm. The side
slopeis 2 : 1.

Solution: Q =1/n AR?3 Sv2 .. (1)

With particle diameter, d being 5 mm, Using
Strickler Equation, n = 0.038 d V¢

=0.038 x 0.005 Y6 = 0.016




Solution of Example Contd.

Z = 2. Choose a value of 1.5 m for 'b’
For a trapezoidal channel, A = bd + Zd? = 15d+ 2d?
B baad o Wy S a2l s L i

Try different values of d to contain the design flow of 10 m3/s




Soln of Example 6.1 Contd.

dim) Am?) P(m) R(m) R28 Q(m?3/s) Comment
2.0 11.0 10.5 (015 1.03 8.74 Small flow
2.5 16.25 WS 1.27 1.18 14.71 Too big
22 1298 11.40 1.14 1.09 10.90 slightly big
Y 11.97 10.95 1.09 1.06 9.78 slightly small
2.13 12.27 11.09 1.11 1.07 10.11 O.K.

The design parameters arethen d = 2.13mand b = 1.5m

Check Velocity : Velocity = Q/A = 10/12.27 = 0.81 m/s

Note: For earth channels, it is advisable that Velocity should be above 0.8 m/s

to inhibit weed growth but this may be impracticable for small channels.

Assuming freeboard of 0.2 d ie. 0.43 m, Final design parameters are:
D=25mandb=151m




Final Design Diagram

T=ns5m
o D=25m
SR
b=15m

T=b+27Zd = 1.5+2x2x2.5=11.5m




Design of Erodible Channels Carrying Clean
Water

The problem here is to find the velocity at which
scour is initiated and to keep safely below it.
Different procedures and thresholds are involved
iIncluding maximum permissible velocity and
tractive force criteria.

Maximum Permissible Velocities: The
maximum permissible velocities for different
earth materials can be found in text books e.g.
Hudson's Field Engineering, Table 8.2.




Procedure For Design

1) Determine the maximum permissible velocity
from tables.

i) With the permissible velocity equal to Q/A,
determine A.

i) With permissible velocity = 1/n S12 R23
Slope, s and n are normally given.
Iv) R = A/P, sodetermine P as A/R
v) ThenA =bd + Zd and
P=b+2d(Z2+ 1),
Solve and obtain values of b and d




Example 6.2

From previous example, design
the channel using the maximum
permissible velocity method.




Example 6.2:

From previous example, design the channel using the maximum permissible
velocity method.

Solution: Given: Q = 10m3 /s , Slope = 0.00015 , n =0.016
AN

1) From permissible velocity table, velocity = 0.75 m/s

A= QN = 10/0.75 = 13.33m (i

(iii
v) P = AIR = 13.33/0.97 = 13.74 m
A e P e e

FEab b adile v 1 D P28 o Eas 0
le. bd+ 2d? = 1333m2 ... (1)

b + 45d = 13.74m .. (2)




N/

A
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Solution of Equation 6.2 Contd.

From (2),b = 13.74 -45d ..... (3)

Substitute (3) into (1), (13.74 -45d)d + 2d? =13.33
Icdth by eSS
A U e T il e

ie. 25 d? - 13.74d + 13.33 = 0O

Recall the quadratic equation formula:

d =1.26 m is more practicable
From (3), b = 13.74 - (45x1.26) = 8.07m
Adding 20% freeboard, Final Dimensions are depth = 1.5 m and width = 8.07 m
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Final Design Diagram

T=141m
o D=15m
d=1.26 =

b=8.07m

T=b+27Zd = 805+2x2Xx1.5=14.1m
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Angles of Repose of Noncohesive Material (Figure 3.48,
Chin 2006)

Particle size in inches
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Permissible Unit Tractive Force for Channels in
Noncohesive Material (Figure 3.49a, Chin 2006)
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Example for the tractive force

Design a trapezoidal channel to carry 20 m’/sec
Slightly sinuous channel on a slope of 0.0015.
The channel is to be excavated in coarse
alluvium with a 75-percentile diameter of 2 cm
(gravel),

Particle is moderately rounded

From the table n=0.025

0 =32Td75= 2 cm.= 0.8 inc

Since the channel is slightly sinuous, the
correction factor, Cs, for the maximum tractive

Taal o pa A gz A )2

Source : Lane, E.W. Desing of stable channel

iirgli;o



N/

A

The channel slope is selected to be 2:1 R s
)@ H:V). The corresponding angle that the side
slope makes with the horizontal, «, is given by:

The tractive force ratio, K, (the fraction of the
bottom tractive force applied to the channel
side) is:

- 2 o
1 SIn (26.6°) 053

sin?(32°)

The permissible tractive force on the bottom of the
channel is estimated from the USBR plots as 0.33 1b/ft2,
or 15.9 N/m2 for a median particle size of 20 mm.
Correcting this permissible force for the sinuousness
leads to an allowable shear stress on the bottom of the
channel of:
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The permissible tractive force on the side of the
channel is therefore:

The normal depth of flow can be estimated by assuming
that particle motion is incipient (side shear stress equal
to the permissible tractive force) on the side of the
channel:

Determine channel bottom width using the Manning’s
equation:
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b results in a minimum real value of 24.2 m

The actual tractive force on the channel bottom is:

This is less than the maximum permissible tractive force
on the channel bottom (14.2 N/m?), and is therefore
acceptable from an tractive force aspect.
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Check for subcritical flow

which indicates desirable subcritical flow (Fr < 1)
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2. Unfold the gabions

bundles.

4. Fill the gabions with stone and lace lid closed.

R a 7
;b)}/u’ﬂu’/’aﬁj.—fdﬁ 3. Lace sides and diaphragms

to form open box.
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2. Connect comers together using
lacing wire or clips.

1. Unfold the unit.
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c':'=09-
LA

%

4. Place vegetation
on the top of the
installed unit and
place next unit above.

3. Line the unit with coir mat.
Connect adjacent units
together using lacing wire or
clips.
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INGREDIENTS FOR A MEANDERING RIVER










i

A
. &
eyt ol

400
gale d dmS Cum podigs 5o 5 Gl oSle b s s seses gl o
CAsls 5 ol ol gl by o ol sk @yl b sl g ok
Ser il S5 b ot 6(9) 1) @l s pdlas Lo sz
39 8sd (o eslital fuled Llas jo o aal I 6 olS chlis s
Jolo cBlis ey BLE G g el 51 pudigesy sl s
sl osbe (boy 95 B S 3 5l ajlee mha 55 35,8 (oo eslized lasy,
ssSda gy 55 p 388 e esliad iy e M Cgm edige s
IS s Shoy Msh (0 Qpese S ol b By g3
sl Ods A3l e Ols Seelysssds @%ﬁ alS o il
b s gy 9 o aus sye 4o wl Sl | e 45 gases
sysn b aal gl (g 6 kS 5 @@?@%@ﬁmgwu@&%

L8 S5 by g

. s,
s §ud (5 3097 —Q” Sar



W

& e
Jmlui/:wol‘;b

@ ol S 5 0l Sl S

G i el S S ol b ) cwl Oyle Gl i
5 Pl o 58 0e slag,s Ol CBIS b g sk (ol slag
X 4 ol aal gl S 3540 55 L35S o b LSl g 4w
38 g el Sn G

a3 g0 5o s a4 Bdes (65,088 L2l 5o b wall e
s b aalyl Jhs 51 S et 6 b Sl e s alpl Bb s
L o,lS (64, 5 0L o OAS 5 ) e

. Y
}buzu”ﬂu”l)u{—b/dﬁ



i

It

@l o 5 05 itk B

S 298 (o0 okisl B (glag 0 il G 0L Co s g Gee W5
a2 93 o b o S Gl S Old alule g Dl G g
23,8 (oo ol 51 (S e oy 98 9 (SeeS ez se 34l
P13 g (AR5 5o gt s Dbz Sl Sl gla Dbz 2959
aaly o b wleagy 6 oS pled SRl 5o Lilg e 58 o
‘)lefjww_;mwulﬁlﬁ45._@)@,564@\5
s 390 (aas wi) Y eb Obe) e sl 5 5,90 anlul asgli>
C)&h@l,:«f:ygo.ulﬁ.aulﬁl e 33 S glwle 3,8 18
2ad o0 S Sl o alge 0 4

. Y
}Iru:u’,&a'u”l)u/'—ujdﬁ



i

& Ao
IS ar oy

— R
K |

Bl Sl g Sl 00 8 Jelew ohbe i gladul ol b
3 el Jlad lag,s S0 (6 amed 335 o Bl sl aal
ot 4l sl oylams g ey 51 (BU DLz 4 palie glag s g 2 0L
4 sl o b b dlbag, o o (Selusgide glag,s Sk
3 Sam Jole S 4 1y b Ob o bkt S L0 s 2smy
22 il o0 O w3l el G 4 1) s SG0 5 0L b s
Sib 4 Fam Jle gl Ol bl (@56 sl 5 0L o slate
Aot 3 ke YU Ok 4 A3y 58 pete wly Ol bk g ol
Glagy e g 005 2 @2 & O Jele (ees 5 b Gulal
I5 g ehd 03938l 053 (Golll 4 A5l ol jglome 53 g 348 o0 368

)G)}/Q’,&Iu’l)u'{—(}:dﬂf !E&"Lﬂ ‘5. ﬁ‘?' M



/-

s e
]mlglfv‘wpﬁgh

Wl oS

,._,4‘..../
—

s b o5 s ol b o [ el bt el St O

sl p LSl ok 8 5 () 4l 0,LS sasy LSS 5l 5 S bl

U
Wl S g0y

\

(®

\

ot gy oS ol B d5a e 1y (sl als slpe ol ol s 3
o,LS sy LSE5 ol 4 Slogs o i dlse oliwl sl 31 4w
Sl S5 jsam 5 Wl e Bl i CenSE Y pane L3l sk
J=lsw 538 s L Jebe ele s asl 3 (Tension cracks)  ois
53 &S > 4 L (Stratified deposits) (| Y s, sl aiyp 31 Ko

j"j)d“u.ﬁ'fj‘ 3 o.l;.% 4.3.51<=K.>d.~u‘ ‘U‘iﬁJ oMﬂQQYQMT

(J&l)ﬂ\wélﬁﬂé\o}aﬁ@@bo\ﬂﬁé@&}

. Y
Jﬂnuu”ﬂu’,}u{—fo’w



. Y
)(euzu”ﬁu’,)u/‘:—(f’dﬁ

/-

}lﬂlgi/.”f:né.h
(a) Noncohesive bank
v
(b) Cohesive bank
\| VYR Y

=3

o L f

A

More stable Less stable

(c) Stratified bank

= H s,

Piping Block failure



i

& Ao
IS ar oy

S e s S Hlaztle g cdb s gl a5 8 e anl
Lbd gl G ¢ 43y 55 (AL 9 338 (0 O st il G 400 ]

Al (o i Jole
3288 o ooyl 5o il oy plaile el aalnl

Mol 53 g dis 8 (o0 b s e ed L smme 4 gutme (U8 e
WS oo Ik O (g ke ) Glows 4 hled aalyl

. Y
}Iru:u’,&a'u”l)u/'—ujdﬁ



/-

s Ao
Il o)

il B J 55 b S ol N

TP o 3 I gl JAS F b S e b, mls Jgas ) 4
13,8 4 am g 5,00 L 5 OIS
0 Sl pdy Ol Bl SlldSl b e aalpl g 0,bS il b J S LT
A3 S le b galS Coge 5 Sbladl b wlg s 2l Ok s,

A3 (e YV B YY) Oogb A B VO 51 %S anlpl g o,LS U asy g dholl S
Lilows 9 S Sy g 4 ool AL ide U8 o 1) 4alnl B as e o Jobus
3,5 sbw! (buffer strip)

Jlo o ad 31 (e Sl 80) 515 g ol j5 SLal gla,b Osls I3 5
S b5 Ol Clll Gl o LU 580 g asl pd gl 5 aal

il g5 9l NI e 5 (B p s sl p

. Y
osss (5 ht (9097 - (6 (Sar




/-

s N
Il o)

il B J 55 b S ol N

33 8 Bl aal pl e ezl (5l sl 5 a5

S gl 48 w338 o0l 5y anlpl 6 o,)lS 31 Sl sl OL > 5 Sligl 5 aseilis
Cf"g;:*‘wu?““"‘ﬁ}u‘m}W%‘e‘”;u‘uwwuijwﬁw%“‘r'.*“
(52 5505 6550 oo 15 Wl canlpl @ (2o 25 slo OL 2 Oy 51 3 6 25 8

2l Ol gl 1y ISKe 5 Pl s, Bl 5 IS Sl LT
L &S ooabml bboslr 5 b |y a8 o508 OMged o b g e ol b cnsYL
a3 blim Sl 3550 53 53,8 S5 5 de Ll 5 4en AL o ol s s 54
2T SN BE DI 538 1 a5 5,0 4L e G Ol 4 b aal ]

°°}aﬁij‘-<?.ﬁw";JJJ;J‘J;@L.‘.J'J"J}‘J‘.’.L?WJs

. Y
osss (5 ht (9097 - (6 (Sar




. Y
Jﬂnuu”ﬂu’,}u{—fo’w

(a) Horizontal drain

v H

Impervious plug

Riprap

(b) Drain well

——
—-——
——

(c) Trench

Figure 8.3. Riverbank drainage methods.
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Table 1. Diagnosis of appropriate streambank stabilization methods

*Bank
erosion  Stream  Stream Bank Bank Constr. Maint.
Method Description problem velocity  depth  slope height cost cost
Seeding of Planting of grasses on a AR &
streambank  streambank to reinforce a bare 1.4 0-3 filsec Any =6:1 -4 fi Mediom Low
streambanlk.
Live Placement of woody plant and
stakes tree cuttings on a graded bank to 0-3 fi'sec A&
grow and stabilize the bank by the .2.4 & Any =6:1 A Medium Medium
formation of roots and above- =3 filsec
ground growth.
Joint planting Combination of covering a
streambank with rock and live 3.4 =3ftlsec  Any =6:1 =41ft High Low
stakes.
Live fascine  Placement of bundles of branches
n tr.enches to slou: over-bank 4 {):l{) Any 61 =4 High Low
erosion and establish structural ft/sec
soil stability.
Brush- Combination of riprap, live
mattress t:asci_tle, live stakes. and brush to 2.4 =3fisec Any <61 =4f High High
form a covering over the entire - = =
slope.
Live cribwall Combmation of tunbers, live
E‘l?;ﬁ'j;r;fd ;"Z‘;"m:ﬁf logs to 2.3 =3ftsec Any <61 =4f High  Low
establish a root network.
Branch- Layering of live branch cuttings
packing and compacted so1l to fill small 3 =3 fi'sec  Any =6:1 =41t High High
holes and slumps of a streambank.
Coconut Cylindrical structures made of 0-10
fiber rolls coconut husk fibers bound 2.4 , Any =6:1 <4 ft Medium Medium
: . fi/sec
together with coconut husk twine.
Log. Logs are placed in the stream and
rootwad, held 1 place by boulders. The
and boulder  rootwads are then placed around AR&
revetment the boulders to slow the flow of 3.4 =3filsec  Any “6:1 High Low
=4 ft
the stream, protect the bank, and
provide habitats for fish and
wildlife.
Tree Placement of trees along the 3.4 >3fisec Any <61 >4fi High Medium
revetment eroding streambank. - =
Dormant Placement of medmm-sized trees A&
post in the slope next to the stream. 2.4 =3ft'sec  Any =6:1 -4 fi Medivm  High
planting
Piling with Single or double row of pilings e
wire or with mesh, wire, or geotextile on oy =61 Medium .
geotextile the streamside of the fence. 3.4 >3fvsec  Any ?1 4 & & High Medwm
fencing o
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Table 1. (continued)

*Bank
erosion Stream  Stream Bank Bank Constr. Maint.
Method Description problem velocity depth  slope height cost cost
Riprap Laver of various-sized rocks used =h:1 AR &
to protect a streambank from 1.2.3.4 =3ftlsec Any & -4 f High Low
ETOS10M. =h1
Jettv svstem  Dike-like structure from the =6:1
streambank out into the 1,34 =3ftlsec Any & =4 fi High Low
streambed. =6:1
Towavanes  Vanes placed in the eroding
streambed that cause the flow to =6:1
be redirected and result in the 1.4 =3 fi'sec  Any & =4 ft Medum Low
recollection of sediment on the =6:1
bank.
\-’eget_ared (;ombi_tmti.o_n of geqtextiles. rock 1.3.4 =>3ftkec Any <61 =>4f High Low
geognds fills. and live materials.

*Bank Erosion Problem: 1 = Fast flowing streams with erodible soils
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2 = Extensive toe- and stream-level erosion

3 = Fill structure for holes in streambank
4 = Resistance to occasional heavy flows
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Figure 1. Streambank that has been graded and seeded using a natural fiber blanket
containing seed
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Materials

Seed mixture recommended by Iowa Department of Transportation:

Alsike clover 5 lbs/acre

Fawn fescue 30 Ibs/acre

Switchgrass 10 Ibs/acre

Birdsfoot trefoil 5 Ibs/acre
Installation

There are several ways to apply the seed to the bank:

e A liquid seed mixture can be sprayed on the bank.

e The seeds can be evenly thrown on the bank and then covered with one-half inch
of soil and lightly tamped to ensure contact with the soil. Straw or other suitable
mulching material can also be used to provide initial bank stabilization and speed
plant growth.

e Commercial seed mats can be used. giving more initial stabilization of the
streambank (see Figure 1) and faster establishment.

e Ifincreased vegetative growth is necessary. the slope can be treated with nitrogen
in a 30-1b/acre application during the next growing season.
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Figure 1. Streambank that has been graded and seeded using a natural fiber blanket
containing seed
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Stabilized banks and bed with
erosion blankets and seed
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Figure 6. Joint planting system installation
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Figure 10. Live fascine details
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Figure 16. Installation of stakes to secure a coconut roll
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Table 2. Recommended sizes for riprap

Velocity of stream during high flow Size range (diameter across longest part
of rock)

Slow (2-4 ft/sec) 3" - 6"; average 4"

Moderate (4-6 ft/'sec) 4" - 12"; average 8"

* Fast (6-12 fi/sec) 5" - 18": average 14"

*This velocity 1s the most commeon cause of streambank erosion in Iowa.
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Figure 21. Cross-sectional view of riprap placement on the graded slope of a streambank
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Figure 24. Installation of concrete lowa vanes at low flow
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Vane parameter
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Lateral spacing

Angle to estimated bankfull flow pattern
Streamwise spacing of array
Vane-to-bank distance

Number of vane arrays

Total number of vanes
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Design specifications (Odgaard and Wang,
1991b)

0.2 to 0.4X average bankfull depth
2-3X vane height

2—-3X vane height

13-40°

10-30X vane height

Not to exceed 1-4X vane height

Enough to cover entire meander

About 20 vanes placed in arrays along entire
meander
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(a) Windrow

(b) Trench

Figure 8.8. Windrows and trenches.
Jﬂ;uzu”ﬂu’,}u}‘:—bp’o’w



e

s Ao
IS ar oy

(Sacks and Blocks) & gk 5 & dwud

(a)S<1V:2.5H

(b)S<1V:2H

(c)S<1V:1H

(d) Toe protection

Figure 8.9. Sacks and blocks.
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(a) Gabions (b) Mattresses

Figure 8.10. Gabions and mattresses.
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Figure 8.11. Articulated concrete mattresses.
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Figure 5.15. Sheet-piling walls.
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Such check dams provide channel grade
- a1 stability and help to trap sediment, but should be
e Used only in small upland drainages and gullies,
SR i Nt in streambeds.
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| Traffic on part of the Columbia River was shut down Friday
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after a barge hit a gate at the navigation lock of the John Day
Dam. Gate normally raises and lowers vertically.
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Figure 6.8. Local scour depth variation with flow shallowness.
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Table 6.2. Comparison of local scour depths at different pier shapes, Mostafa (1994). 4\ ’,,

. & N
Shape /b Projected width of unaresr) ik
: TAT
pler (mm) s(circular)

A 4 1.50
B 4 1.33
X 1 1.29
D 200 140 1.28
E 1 1.28
F 1 1.07
G 1 1.00

= || H\NO6H0 @
Az B € 1) SRR [ N ) | G

Upwards
Tapering

Uniform
Pier

Downwards
Tapering

Caisson Piled

\ Foundation Foundation

Figure 6.14. Examples of nonuniform piers.
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Figure 6.15. Local scour depth variation with nonuniform pier shape.
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b Jm@y;‘:ﬁé};
K,=24b —< 0.7 (6.4a)
) ¥
b
K, =2\yb 0.7<—<5 (6.4b)
' &
b
K, =45y —>35 (6.4¢)
| Y
Foundation Type Shape K
Circular 1.0
Uniform Pier Round Nosed 1.0
Square Nosed [
Sharp Nosed 0.9
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Table ITL. 1. Shape factors for uniform piers (for piers aligned with the flow).

a

. " Ao
Jfﬂlul/;‘:r.l‘gb
=) 2 = =% = = =) = = = = g =
= 2 % T2 = = s_ | = gz _|
2 s | ESE| S = =2 [ =8 | S z BER
Shape /b = B 2 =& o P 55 LR = = ==
2 R = 2| E £ 2 = g £ = £ =2
= = | Ca | S S 2 = = = & ¥
Circular 1 1.0 1.0 1.0 1. 1.0 1.0 1.0 1.0 1.0 1.0
Oblong 4 1.0 1.03
Round nosed 1.0 1. 1.0 1.0 1.0 0.85 1.0 1.0
1 1.22
Rectangular 3 1.08
4 1.24
S 0.99
Sqguare nosed 110 =1 1.11 1.24 1.33
Streamlined or 0.8
sharp nosed
2 0.89 0.91
Lenticular 3 0.78 0.76
b 0.59 0.73 0.76
7 0.8
Parabolic nosed 0.56 0.8
Triangular nosed 0.77 0.75 0.73 0.65
60°
Triangular nosed 1.25 1.0 0.76
90°
2 0.89 0.91 0.83 1.0
Elliptical 3 0.83 0.83 0.8
S 0.99
Ogival 4 0.92 0.92
Joukowski 4 0.86 0.86
Rectangular 1 1.01
chamfered
Aerofoil 3.5 0.8
Circular Oblong Rectangular Lenticular Triangular nose
Elliptical Ogival Joukowski Rect. chamfered Aerofoil

e & == [ ] K ==

}t}uzo’,wu’,m'/'_u'/’dﬂ, Figure IIl.1. Uniform pier shapes.
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Reference Equation Standard format Notes
(for comparison)
L7 0.5 lies to live-bed sc
d applies to ed scour
Laursen L 55 d, ( d, + ) -1 =+ =11 l(z) (6.26)
(1958) |7 y [\115y | 2 b
(6.25)
d 76 ] | At the threshold condition, applies to clear-water
( . ) scour
Laursen |2 _55% 115y DA v y 0.5 1, = grain roughness
(1963) | y 5 — = 1.34(—) (6.28) | component of bed shear
7, b b 7. = critical shear stress at
(6.27) threshold of motion
Larras | 4 =105K,K,b"" (629)] 9% 025
e Ko {622 & =10SKKpb (6.30)
Breusers | d =14b 6.31) | d, derived from data for tidal
(1965) Ay 1.4 (6.32) | flows
0.25 0.75 . yr=regime depﬂ]~
Blench | %t 1 2| (e33|L=1g 2| L 639 | -lasqm”
b b b where Fz=1.9(d)"°, d in mm
(1969) Yy Yy
and q in m%/s
Shen g B d, T v T A Equation 6.36 is given for
et al. d, = 0-000223(7) [ e 2-34(3) L kinematic viscosity of
5 -6 2
(1969) (6.35) (6.36) water, v=1x10" m/s
4 14 - d, y s 119 .0.41
Coleman \/—— = 0.6(—) (637) | == 0.54(—) Fr'y*
2gd. b b b
(1971) (6.38)
1/3 1/3 = 1
2 d (2V/V-1) =1 for live-bed
Hancu 4 = 2.42(z - II Ve ) —= 2’42(2) P scour
(1971) b V. gb b b Equation 6.40 given at
(6.39) (6.40) | threshold condition
d = Kb 6.41) | d, K=1.5 for round-nosed
Neill 7 = Ks (6.42) | and circular piers; K=2.0
(1973) for rectangular piers
d 4 y d y AVN=0 VIVL0.5
Brensers | 2= —)[Z.Otanh(—)]K:Kg % -20 tanh(—)Ks K, LQVIVe1) 05<VN]
ot b 7 b b b =] V1
a 977') (6.43) (6.44) | Equation 6.44 given at the
threshold condition
d, y e 02| d e Fr=V/(gy)"
Jainand | 5= 1-86(;) (Fr-F) |t 1.86(1) (6.46) | Fr=V/(gy)**
Fischer 6.45 b b Equation 6.46 given at the
| (1980) (6.45) threshold condition
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Table 6.6. (cont.) A selection of pier scour equations.

Reference Equation Standard format Notes
(for comparison)
o 0:3 Equation 6.48 given at the
s y L2 ds q g
Jain (1981) [ 5 =1 84(2) " (045 : 1.84(%) (6.48) | threshold condition
Chitale |d =2.5b 6.49) | 9. _
P & 7_25 (6.50)
Melville ds ds For an aligned pier,
and |5 KK ,K,K.K, > 24K K,K K, o2 4K K b
Sutherland 6.51 6.52 Equation 6.52 given at the
(1988) (551 (6:52) | threshold condition
Breusers | d, d, For an aligned pier,
and |5 =23K,KKK K, %" 23K KKK Ky | g,,0=23KKKob
R(“‘lug‘;kll;‘ (6.53) (6.54)
d y 035 P 1 R K; = factor for mode of
Richardson b: =2K,K,K, K4(;) Fr*® f = 2KSK9K3K4(';) Fr® sediment transport
and Davis K, = factor for armouring by
(1995) (6.55) (6.56) | bed material
dgmp=2.4b  Fr<0.8
dma=3b Fr>0.8
) i [ YN o V/=incipient velocity for
d = 0.46K;b°-“°y°‘5d4’-"’[ﬁ} ¢ o 0.46K (3) (d) P ot sovor ot i fie
A 6.58) | Kc=shape and alignment
Gao et = (6.5 7)“ ( ) factor
1(1993) |%=5) | P2 b+ 0561075 n=1 for clear-water scour
al ) [d) [ 6( d }1 (d )] <1 for live-bed scour
9.35+2.23logd
e (A
V= 0‘645(;) v, Vv
; where d is in S.L units
yvh;rle st;itb’ 344.%. Ve Wy 20 Equation 6.58 is valid for the
NIy threshold condition
d =086b° b,<22m|4 _ 2
et p, 865 B<22M Ny = projected widh of
Ansari and | 4. =3.60b, b,>22m ! pier
Qadar 659)| 3= 3.606,°° b,>22m
(1994) »
(6.60)
d =K, KK, KK d =K, KKK, (6.62)]|Kp=24b b/y<0.7
PITICCL DLIE S e R s R . i Kp=2(yb)**  0.7<bly<5
(1997) (01 K,=4.5y bly>5
Equation 6.62 given at the
threshold condition
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Figure 9.23. Example of the wse of cable-tied blocks for scour protection. The
photograph (taken as part of an NCHRP project) is courtesy of R. Voigt of
I'he University of Minnesota, Minnesota, US.A.
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Figure 9.21. Recommendations for riprap placement at bridge piers.
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Figure 9.22. Alternative armouring devices for pier scour protection.
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Figure 9.25.  Summary plot of scour depths at cylindrical piers featuring a protective
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Table 9.13. Scour reductions at piers due fo lowa vanes.

VIV.| TID | e/D | XID | 2D | LH | a(°) Max. Scour Depth | Ave. Scour Depth
Reduction (%) Reduction (%)

148 25 | 15142530 (30 13 3.8 354
18420 | 1.5 [425] 30 30| 15 1.7 325
1481 20 | 15 [ 4250 3.0 [ L5 | 15 11.2 34.3
148 [ 25 [225] 60 | 1.8 )30 | 15 123 38.2
148120 [ 15 [ 45 |30 | LS| 13 9.8 34.7
148125 | 15 (27530 |30 18 5.1 33.0
148 | 25 [ 15 [425]30 | 3.0 ] 30 344 50.4
1841 25| 15 (425030 3.0 ] 30 4.9 36.9
148125 | 151425 3.0 [ 3.0 ] 20 8.7 43.
184125115 [425(30 30 ] 20 5.3 50.2

| 148 1 25120 (525030 1301 15 245 48.7
148 | 25 | 15 (425 3.0 [ 30 ] 15 16.] 315
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Dipper dredge

The dipper dredge is basically a barge-mounted power shovel. It is
equipped with a power-driven lagder structure and operated from a
barge-type hull. A bucket is firmly attached to the ladder structure and
is forcibly thrust into the materia¥to be removed. To increase digging
power, the dredge barge is moored on powered spuds that transfer the
weight of the forward section of the dredge to the bottom. Dipper
dredges normally have a bucket capacity of 8 to 12 cu yd and a working
deptE of up to 50 ft. There is a great variability in production rates, but
30 to 60 cycles per hour is routinely achieved.

The dipper type of dredf.l;)e is not self-propelled but can move itself during
the dredging process by manipulation of the spuds and the dipper arm.
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Bucket dredge

The bucket type of dredge is so named because it utilizes a bucket to
excavate the material to be dredged. Different types of buckets can
fulfill various types of dredging requirements. The buckets used
include the clamshell, orangepeel, and dragline types and can be
quickly changed to suit the operational requirements. The vessel can be
ﬁositioned and moved within a limited area using only anchors;
owever, in most cases anchors and spuds are used to position and
move bucket dredges. The material excavated is placed in scows or
hopper barges that are towed to the disposal areas. Bucket dredges
range in capacity from 1 to 12 cu yd. The crane is mounted on a flat-
bottomed barge, on fixed-shore installations, or on a crawler mount.
Twenty to thirty cycles per hour is typical, but large variations exist in
Eroduction rates because of the variability in depths and materials
eing excavated. The effective working depth is limited to about 100 ft.

The bucket type of dredge is not self-propelled but can move itself over
a limited area during the dredging process by the manipulation of
spuds and anchors.
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Most people believe that gold mining in the Yukon and Alaska was primarily done with gold pans, or
possibly sluice boxes. In fact, those methods were only used for testing streams, and in the early
stages of mining in some areas such as the Klondike. Relatively little gold was recovered, and it wasn't
until the arrival of huge dredges that gold production soared.

With buckets that gouged out several cubic yards of gravel on each pass, enormous amounts of
material could be processed by a dredge, so even fairly poor ground could be profitably mined.

The bucket-line dredges that changed the character of gold mining in Alaska and the Yukon were
invented in New Zealand. Many changes and additions were made to make them suitable for working
frozen ground, but the technology changed little for the 8o years they were in use. Although they look
complex, the basic concept is very simple - the buckets scoop up the gravel and dump it into sluice
boxes inside the dredge, water is pumped in to separate the gold from the gravel, and the worthless
gravel is then dumpe§ out the back.
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Hopper Dredges

* A Hopper dredge is a propelled floating plant which is capable of dredging material, storing it
onboard, transporting it to the disposal area, and dumping it. Hopper dredges perform the largest
and most dangerous jobs - clearing channels and offshore sandbars from the mouths of major rivers.
Hopper dredges move like a ship. When dredging, they move very slowly. Normally, you can tell when
they are dredging by the signals on the main mast. During the day, a black ball over a black diamond
over another %lack all will be shown. At night, a red light over a white light over another red light
means the dredge is working. These signals also indicate that the dredge is restricted in its ability to
maneuver and you must stay clear of tﬁe vessel. When the dredge's hopper is loaded, the dredge
maneuvers both in and out of the channel to reach the relocation site. During this time, the dredge
may move much faster and may turn frequently. Direct pumpout is a common method of removing

dredged material from hopper dredges. A hopper dredge fills its hoppers as it dredges the bottom.

The §redge then moors to a structure, buoy, or multiple buoy berth. Hoses connected to a pipeline

extending to shore are attached to the hopper dredge discharge manifold. The dredge mixes the
dredged material with water to form a slurry and pumps the slurry from its discharge manifold
through the hoses and pipeline to a designated discharge location.
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Hopper Dredge

Hopper Dredge Working
at a Coastal Entrance
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Hydraulic Cutterhead Dredge

£y —L‘
Hydraulic - =
Culterhead - =

ydraulic Dredge in —
Corpus Christi Ship Channel Dredge Thompson (St. Paul District)

" N
Jlﬂlgifv’yﬂl‘/'h



e

&
&y

&4

fﬂ’d‘/:%!

N/

*
J

R &
b)}zu’ﬂu”l)u}‘:—u/dﬁ

.
-



(USACE, 1983) 4l b5 Ly (slaiss poo cg ¥ YA-4 JS

0 F .
)b)}:(_fﬁu’l)u'{—ujdﬁ



Ve

. s Ao
)migifv’yﬂ@h

. 4
}buzu”ﬂu”l)u}‘:—b/dﬁ



/-

s N
IS ar oy

LsCas Yo -0-ft (A-Vem) Jsb @ alg) lakad 51 jsbiss adss alo) Las
VLS| b L3l 0gs o 1SS joled sll lawgs olaS jo aS cunl o
4 0oy 4 B 2igd o Jog o0 4 (St ledin b 59,5 (2
D9t Sl (on Slga @33 algl Las e Jobo imay Sllasi] &S > plSia
S S,yp0 0 0w p Y miles (0km) b dg) Sl olaka 0,5 asls
b 3 00iiS Cooli sla ey 3,5 aslal sl 5 gk JL yee

L o) Lglas 0 Yeoms Vo=-Ye Y0 Sj9 cdale b Olegs .ol p3¥ adss
Dgd oo ooy VO-Y ft/S (O-AM/S ) Ceps g Yein. (R-Ccm ) b

. Y
Jﬁnuu”,&v‘u’,}u{—f";’ﬂ



Ve

s N
Jmigifv’yﬂ@h

VM Horizontal Mini-Dredges

. . ’ y
}buzu”ﬂu”l)u{—b/dﬁ



” . & Ao
/\/ﬂmu%ﬂ'¢b

. 4
}buzu”ﬂu”l)u}‘:—b/dﬁ


http://www.merrellbros.com/files_uploaded/3321999c51566ffb7dde5ebe6a85ee29.jpg
http://www.merrellbros.com/files_uploaded/3321999c51566ffb7dde5ebe6a85ee29.jpg

/-
VMI dredges use water as&ﬂjwé)lﬁt;ansfer material fromgmé/ st
~__lecation to another. The first step in this process is
to agitate and mix the material with water. This is achieved by using a
rotating agitating device usually referred to as
the cutter head or auger.

/

The next step is to capture this mixture of material and water, known as
slurry. This is done by using a vacuum

suction located just behind the cutter head. This suction is created by a
centrifugal dredge pump attached to the

suction pipe behind the cutter head. This dredge pump has a rotating
impeller which draws the slurry into the front

suction of the pump and uses centrifugal force to divert the slurry out of
the pump discll:arge. This process causes a

vacuum at the suction and a positive pressure at the discharge of the
pump. A pipeline is used to contain this

pressure which in turn forces the slurry along through the pipeline
towar
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Airlift Dredge
Airlift dredges are special-use dredges that raise material from the
bottom of the waterway by hydrostatic pressure. They have cylinders
that operate like pistons. Material is drawn through the bottom of the
cylinder. When it is full, the intake valve closes, trapping the material.
Then, compressed air forces the material out througE a discharge line
to a waiting dumpscow or directly to a disposal site. Airlift dredges
bring dredged material to the surface with a relatively small amount of
water, which is good when environmental contamination is an issue.

Airlift pumps have not been widely used in the United States. They do not
tylg)ically achieve high production rates, but are well-suited for projects
where either site conditions or sediment quality concerns make other
dredges inappropriate. They can be used in tigﬁt quarters around docks
and piers, in rough seas, and in deep water.
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Figure 7

Cartoons for sedimentary
style in transitional rivers.
See texe for discussion.

B9y J15 slgwsd

lavee
c silt
dune sand
BN erosion
=i coposition
uniform at all points
b
g Figure 8
JG”/U’*’”’U’J""}.-U’/UH Definition of the sediment bakince of 2 river channel reach, and specificztion for a regularly

meandered channel. V, is the volume of wash material.



/-

/ " ‘/::W;,:;.é;,
lo ailasg) ) awls g o axauo Cubslsy Oy

L:‘ ¢\JL>03) ;L«.>‘ )O w‘wl.ﬁd.:bds) )‘ ML@ﬁu.ww‘d)))d wugcﬁ?ww))&o JLO-C‘
owo)u|LQ)\dW¢:)Lo45Mbwlo Sloly® S

ub‘dwﬁwdé L:).>-u.Q>Jawwbabos)dbbu»9.9)|mLo5wwa
SO e Rl e B9l (6 S ol o ailes wed ol wid 5l g 0ud Lilets
bl malyS 1) s 5l Boles 5 ooy @L’“b pas g 48l

Gan cly by byl s wilBog) )0 boee a5 SreS a9my pliz Sl avle 5 0 2l 5l
o po SublS peus G5 plbas o jls Jloas |ty plis cul Bas colys jo widl o slast 3l il
bl mlym 1) Vs jaue Cod )b 0158l alade o (folial g (65

UMLSM\}L»J_,.} Sle oo pbml &g jo (Lol an (o8 sla asll 5,95 5 Jore ‘W‘O).:
3ylg0 alox 5l Lol ailas Lals g Loy cawsdVU 5l mdlae coiils 20,8 dales 6, Sol> e ,8 0,
Sy S0 (65970 Ledy 5l Sdadloe (sl a5 Cu]

UJ).«.JASW‘O)J L5i9i> w‘o Ja}?d.o).:t:»ﬂ){.c @L«A{Lw é]l..a.ao w‘&).: o e 'aLidb
s 1,8 18 e 5

. Y
Jﬂnuu”ﬂu’,}u{—fo’w



. A
gullies, ridges,
andd serape mncks

Figure 3.7: Oblique Aerial View of Freshly Scalped Point Bar in
California. Appx 1965 (Kondolf et al.. 2001
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Figure 3.8: Aggregate being “skimmed” off the surface of a bar (Langer, 2003)
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Figure 3.12: Wet-pit Mining at Sungai Kulim
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“Figure 3.14: Excavating Sand and Gravel Jrom Stream Channels Using Conventional Earth
Moving Equipment (Langer, 2003)

. Y
)(euzu”ﬁu’,)u/‘:—(f’dﬁ



/-
/ ;,,T,d;/;t},(zr,

?-\315.59) )| duw Lo 3 U'“’ o) ”’b).g ‘;O.a.o" )BT

gy y g Sablo p liie g oo A Al o Jlis 4]y Jlgls aie U agl ol
9 YL o ieglS oSl s cllilo g 2l il Joee 4y dgame Ol s plos 5 Ll
).Lw.g)o LS’LQ oJ.fL> ol?u‘ g0 6‘ 4.31.5&9) CJL«GA W‘Q)J QW JQLB QT )‘Jg L)"“’L’

4O ‘)abog)Jw@!BJJWWQBQ” Slgawy Jolas 40,95 vpe b g ool
s).u.:u L)"‘9“>)9‘ p—‘b‘ﬁ ‘) U‘ LS*SJUL“}y9°‘>;WJb9S Cawd u..ul.:

Gos a5 > o m{w&wwo l QQ,?-é&chwﬁzs@Lm):&!)Li
U MW Q‘i‘ & | Sg=>go Jb?f e 6)m| ubp asmaativiel 4\39.? =¥ C/.ﬁbbﬁ
Sea Gudad dwle g i Clilo g Cpiren (CBlAS %@\9} ailsog, 59,0 Sl sl al
Bgai bl oloul cuual e Gl ailBog, Gbipl g9, »aS o)l Jlow |y s g,

. Y
Jﬂnuu”ﬂu’,}u{—fo’w


http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%81%D8%B1%D8%B3%D8%A7%DB%8C%D8%B4

A N1

& N
).fﬂlu‘/:ﬂv¢f)

Nick point Sand-gravel extraction

Sand-gravel streambed

Figure 2. Diagram of a sand-gravel streambed showing (A) the nick point that develops when pit excavation
is used to mine sand and gravel from the channel during low flows, and (B) the upstream headcutting and
... +; am bed degration that develop during high flows. Inverted triangles denotes the water surface.
sbomninis omis” (s (Figure courtesy of the Missouri Department of Conservation)
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