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ABSTRACT 

The uses of spur dIkes made of rockfII I and stone rlprap and of gablon 

groIns and gablon weIrs for streambank erosIon protectIon and streambed 

scour control are examIned through lIterature revIew, laboratory model 

studIes and fIeld InvestIgatIons. 

The results of the lIterature revIew are summarIzed, IncludIng general 

desIgn features, recommended spur dike and groin orientation angles, 

spacIng/length ratIos and local scour predIction equations. 

Model studies are used to evaluate several spur dIke and groIn desIgn 

parameters. The streamflow patterns and bed scour patterns associated wIth 

various arrangements of spur dIkes and groIns are used to determIne whIch 

orIentations for single structures and arrangements of multIple structures 

are best for protecting eroding banks and to manipulate scour patterns. A 

model study Is also used to evaluate the flow and scour patterns caused by 

low V-shaped gablon weIrs and to determIne the relatIon between weIr apex 

angle and the sIze and shape of the resultIng scour hole. A model study Is 

also used to examIne a prototype spur dIke arrangement, predIct scour 

patterns, and evaluate several alternative arrangements of dIkes for that 

same prototype rIver reach. 

The princIpal conclusions from the model studIes Include: (0 the degree 

of bank protection provided by spur dikes and groins Is a functIon of' the 

structure length, orIentatIon angle and spacIng; (2) as structure length 

Increases, the protected dIstance downstream Increases, but not 

proportionately wIth the Increasing structure length; the model dIkes could 

protect a bank from two to five tImes theIr own length; (3) upstream­

orIented structures are more effectIve than downstream-oriented structures, 
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with structures perpendicular to the flow Intermediate In effectiveness, In 

deflecting the river current away from the bank and thus providing bank 

protection farther downstream from the structure tip; (4) upstream-oriented 

structures and normally-oriented structures cause more extensive scour holes 

than d~ downstream-oriented structures and may thus provide larger low-flow 

scour holes; (5) the V-shaped weir with Its apex pointing upstream causes a 

large scour hole at the center of the channel bed and does not threaten the 

channel banks, a weir apex angle within the range of 90 to 120 degrees 

resulting In the maximum scour depth and scour volume; (6) the straight weir 

produces only a limited scour hole; and (7) the V-shaped weir with Its apex 

pointing downstream causes two scour holes, one near each bank, the holes 

being smaller than for a weir with the apex pointing upstream but 

potentially threatening the channel banks. 

Field studies are made for comparison with the laboratory studies and 

with the results of other researchers. In particular, local scour and 

streambed and streambank adjustments to a groin on a smal I creek and to a· 

new spur dike field on the WII lamette River, Oregon are documented. Flow 

patterns, current velocities and water depths In the dike field are 

reported. 
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FOREWORD 

The Water Resources Research Institute, located on the Oregon State 

UnIversIty campus, serves the State of Oregon. The InstItute fosters, 

encourages and facIlItates water resources research and educatIon InvolvIng 

all aspects of the quality and quantity of water available for beneficial 

use. The Institute administers and coordInates statewide and regional 

programs of multidisciplinary research In water and related land resources. 

The Institute provides a necessary communications and coordInation I Ink 

between the agencies of local, state and federal government; as well as the 

private sector, and the broad research communIty at universities In the state 

on matters of water-related research. The InstItute also coordInates the 

InterdIscIplInary program of graduate education In water resources at Oregon 

State University. 

It Is Institute policy to make avaIlable the results of signifIcant 

water-related research conducted In Oregon's unIversitIes and col leges. The 

InstItute neIther endorses nor rejects the findings of the authors of such 

research. It does recommend careful consideration of the accumulated facts 

by those concerned wIth the solutIon of water-related problems. 
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I. INTRODUCTION 

Problem Addressed 

Scour (·Iocal Ized erosl6n) In rivers and streams Is a contributing factor 

to streambank erosion throughout the cou~try. Streambank erosion causes 

annual losses of valuable land along thousands of miles of rivers. A study 

conducted at the direction of the 1971 Oregon Legislative Assembly disclosed 

that a minimum of 3,800 miles of stream bank In the state were experiencing 

erosion, creating more than 14 mil I Ion square yards of visibly eroding banks 

(5011 and Water Conservation Commission, 1973). These problems occur In al I 

parts of the United States. In many Instances, only low-cost techniques, 

rather than costly rlprap protection, can be afforded by local landowers. 

Scour In channels Is an effective natural means for providing variable 

flow conditions and habitat for fish. Particularly In seasons of low 

streamflows, scoured zones provide resting and hiding opp0rtunltles for 

fish. Many simple scour-causing structures and gravel-trapping structures 

have been placed In streams by trlal-and-error methods to enhance fishery 

habitat. Many more wll I be Installed through ongoing programs by agencies 

and sports groups. 

In both situations (bank erosion control and fish habitat Improvement), 

there Is need for the hydraulic evaluation of a variety of low-cost, simple 

channel devices that can be used to control scour, protect streambanks, and 

provide fishery enhancement. In each situation, the hydraul rcs of local 

flow often are not well-understood nor adequately considered when such bank 

protection or stream enhancement Is undertaken. Users of such channel 
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structures need to know In advance the Impact on bank protection and fishery 

enhancement. A better hydraulic basis Is needed for activItIes that 

cumulatIvely cost many thousands of dol lars each year. 

Purpose. Scope and ObJectlyes 

The broad purpose of thIs research has been to determIne the effects of 

engIneered channel structures on local sedIment scour and deposition and the 

potentIal application of these structures for concurrent streambank 

protection and fIshery habItat enhancement. 

The structures InvestIgated Include spur dIkes, groIns, and wel.rs. Spur 

dIkes and groins are structures extendIng outward from the streambank Into 

the channel. The terms "rock Jetty" and "deflector" are commonly used among 

bIologIsts to refer to such structures. The terms are used Interchangeably, 

alth·ough spur dikes are often consIdered to be larger (higher and longer) 

than groIns, rock Jetties, and deflectors. Spur dIkes may be "spurs" 

extendIng outward from continuous dIkes or revetments along the bank. 

SometImes the word spur Is dropped. WeIrs are low sIlls that extend f.rom 

bank to bank across the channel. Spur dikes and groins are partIally 

exposed at most water levels. WeIrs, In contrast, are submerged at most 

water levels. 

Two structural types of spur dIkes and groins were InvestIgated: 

rlprapped rockflll .and rockfllied gablons.· One structural type of weir was 

considered: rockfll I gablons. This emphasIs on rockfll I structures reflects 

the general ready availabIlIty of rock materIal for constructIon In much of 

western North America, the less-complex constructl'on Involved, compared wIth 

concrete structures, and the greater likely durability compared with timber 

structures. 
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The specIfIc objectIves of the research have been:' 

1. to InvestIgate the sedIment scour and deposItIon characterIstIcs 

for sIngle spur dIkes and groIns; 

2. to InvestIgate the sedIment scour and deposItIon characterIstIcs 

for multlp1e spur dIkes and groIns; 

3. to determIne the desIrable orIentatIon ang'les and spacIng of 

multIple spur dIkes and groIns to provIde streambank protectIon; 

4. to IdentIfy the opportunItIes for concurrent fIshery habItat 

enhancement when spur dIkes and groIns are used for bank 

protectIon; 

5. to InvestIgate the scour and deposItIon characterIstIcs for 

varIous orIentatIons of sIngle gablon weIrs; and 

6. to IdentIfy the opportunItIes for fIshery habItat enhancement 

by use of gablon weIrs, as wei I as the concurrent needs for 

streambank protectIon. 

Research Approach 

The research was organIzed Into two roughly paral lei studIes, one 

Involving rlprappedrockflll structures and the other InvolvIng gablons. 

Each study emphasized laboratory experImentatIon, based on preparatory 

literature reviews and evaluations. Each study also Involved fIeld 

observations and measurements. Scott Kehe was responsible for the study of 

rlprapped rockfll I structures and Yaw Owusu was responsible for the study of 

rockfll led gablon structures. 
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This report Integrates the results of the two respective studies. The 

studies are also separately reported In greater detail as technical reports 

In partial fulfillment of the requirements for the M.S. Degree In Civil 

Engineering (see Kehe, 1984 and Owusu, 1984). Additional field Information 

has been added to extend some of the field observations at a group of new 

spur dIkes. 
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I I. GENERAL CONCEPTS 

ErosIon and Scour 

ErosIon Is the removal of soIl partIcles by flowIng water. It embraces 

the begInnIng of motIon of soli partIcles InItIally at rest and theIr 

dIsplacement from the area under consIderatIon (Vanonl, 1975). 

ErosIon may be dIvIded Into two maIn catagorles on the basIs of areal 

extent and erosIonal IntensIty: (a) general erosIon and (b) local scour. 

General erosIon Involves the removal of exposed partIcles from extensIve 

areas of the land, streambank, or streambed surface. Local scour descrIbes 

erosIon InvolvIng a sIngle unIfIed flow pattern, as In the case of local 

scour at the base ,of a rIver structure. Surface erosIon can be consIdered 

to be the combInatIon of effects of many local scours of varyIng IntensItIes 

and patterns coverIng a wIde, area of land or streambed. 

5011 materIals may be classIfIed as cohesIve or non-cohesIve from the 

poInt of vIew of theIr abIlIty to erode. Non-cohesIve sedIment consIsts of 

dIscrete partIcles. The movement of such partIcles, for gIven erosIve 

forces caused by movIng water, Is affected by partIcle propertIes such as 

shape, sIze, densIty and the relatIve posItIon of the partIcle wIth respect 

to other nearby partIcles. For cohesIve sedIment, erosIon depends on these 

dIscrete partIcle propertIes and on the breakIng of cohesIve bonds between 

groups of bonded partIcles. Thus, for the same flow, the resIstance to 

erosIon Is greater for cohesIve partIcles than for IndIvIdual non-cohesive 

partIcles because of the strong bonds. 
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Streambank Erosion 

The United States has nearly 3.5 mil I Ion miles of streams and rivers. 

The U.S. Army Corps of Engineers reports that streambank erosion Is 

occurring on approximately 575,000 miles of these streams (USACE, 1981). 

Severe erosion Is reported on two percent of the seven mil I Ion bank--rnlles; 

these are In need of erosion protection. The total damage resulting from 

th I.s eros I on amounts to about $250 m II I Ion annua I I y, based on 1981, va lues 

In losses of private and public lands, brIdges, etc. The annual cost of 

conventional bank protection required to prevent the damage from occurring 

Is estimated to be $1.1 bll I Ion. 

The removal of streambank soil particles by flowing water Is one of the 

major mechanisms causing streambank erosIon. Bank seepage Is a second 

Important mechanIsm for erosion. The mechanics of streambank erosion and 

the erosIon rate are related to the geometry and hydraulic characteristics 

of the stream and to the type of soIl materIal present. 

The bends of meanderIng rIvers are generally the locatIons for the 

severest form of bank erosIon, the erosIon takIng place mainly at the 

concave banks of the bends. Figure 1 shows the flow distribution In a 

meander, wIth IsometrIc vIews of the longItudInal and lateral components of 

velocIty at various posItions In the bend. FIgure 2 shows the defInItIon of 

terms used wIth regard to the geometry of meanders. 

FIgure 3 shows that the largest water velocitIes and deepest parts of 

the channel (I.e., the thalweg) In a bend shIft close to the concave bank 

(the bank at the outside of the bend). Measured velocity dIstrIbutIons show 

that the maxImum poInt velocity In a bend occurs somewhat below the water 

surface. Maximum velocitIes along the concave banks of bends In several 
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Figure 1. 

Generalized velocity 
distribution 

3 

Generalized surface 
streamlines 

.Isometric Views of Flow Distribution in a Meander 
(Source: Adapted from Leopold, et al., 1964) 

Axis or 
bend 
/' 

t----- L ----t----I 

o~ '~ossove~ 

Convex bonk 

L: Meander length (wove length) 
A: Amplitude 

r",'Mean radius of curvature 

Figure 2. Definition Sketch for Meanders 
(Source: Leopold, et al., 1964) 
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Figure 3. Velocity and Turbulence in a River Bend 
(Source: USACE, 1981) 
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Figure 4. Paths of Maximum Surface Velocity During Moderate and Flood Flows 
(Source: Adapted from USACE, ~98l) 
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Gal Ifornla rIvers are reported to be as hIgh as 1.8 tImes the average 

channel velocIty (USAGE, 1981). 

The lateral components of velocIty result from the centrIfugal force of 

flow In a bend. The hIgh-velocIty masses of water near the surface readIly 

move toward the outsIde of the bend, tending to cause a "pIlIng up" of water 

there. ThIs superelevatlon effect creates a counterflow near the bed, where 

centrIfugal forces are weaker due to smaller water velocItIes. Hence, an 

apparent "secondary current" occurs In the plane normal to the longItudInal 

flow direction. 

The combined effect of longitudInal and secondary flow components In a 

river bend Is to gIve rIse to a spIraling flow. This Is a major factor In 

streambank erosion. As the flow erodes the outside of a bed, bank partIcles 

fal I toward the bed and become entrained In the counterflow across the bed 

toward the Inside of the bend, moving downstream durIng the process. 

DependIng upon the specIfIc features of the bend, the coarse eroded material 

may deposIt on the poInt bar near the convex bank wIthIn the same bend (see 

Figure 2) or may be carrIed farther downstream to deposIt. If the bend 

leads to a straIght reach, deposItIon may occur at a rIffle, dIagonal bar, 

or alternate bar near the transItion zone. If the bend leads to another 

bend (as shown In Figures 1 and 2), deposition may occur at a rIffle or 

shoal area at the crossover between bends or at the upstream edge of the 

next poInt bar. 

DurIng periods of very hIgh water, such as during floods, the bar at the 

InsIde of the bend Is more deeply covered. Hence, the largest water 

velocitIes shIft closer to the convex bank. ThIs Is shown In FIgure 4. 
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The locations where bank scour may be particularly severe along a bend or 

straIght reach depend upon the local detailed flow pattern and the local soIl 

characterIstIcs. In general, the place where bank erosIon Is most frequent and 

where protectIve revetments most commonly fall Is Just downstream from the axIs 

of the bend (Parsons, 1960). If this erosIon Is severe, the vIgorous 

cross-currents near the bed can resu I tIn I.arge q uant I tIes of bed mater I a I be I ng 

transported to the convex bank. New poInt-bar deposItIon forces the flow more 

str.ongly against the concave bank, thus sustaInIng the erosIve force there. 

Meanders In alluvIal rIvers Increase In sIze due to progressIve erosIon of 

concave banks of rIver bends. Non-uniform velocIty dIstributIons, secondary 

currents, sediment scour, and sedIment redeposItIon also al low meanders to 

mIgrate downstream. Where general bank erosion occurs, the velocities may be 

fairly wei I distributed. However, where the riverbank resistance to erosion 

Increases or Is variable, the flow tends to concentrate and develop locally 

greater velocItIes and depths. 

Streambank Erosion Control 

.The types of methods and structures used to stabIlize streams vary wldelye 

Some of the streambank stabilization techniques developed Include: 

1 • Stone rlprap revetments; 8. Rail Jacks; 

2. Stone spur dikes; 9. Gablons and rock sausages; 

3. Concrete pavement; 10. Vegetation; 

4. Articulated concrete mattresses; 11. Automobll e frames and bodies; 

5. Asphalt-mix pavements; 12. Car tires; 

6. Wal Is pnd bulkheads; 13. SynthetIc revetments and matting. 

7. Timber jettl es; 
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The choice of a particular technique depends to a large extent on the 

experience and Judgement of the engineer. Hydraulic conditions and 

streambank erosion vary widely from one location to another. This may be 

due to differences In the various stream characteristics, Including flow 

conditions, bed and bank material, and channel geometry. Even under simIlar 

erosive and hydraulic conditions, there Is no single universally appl-Icable 

method. For Instance, differing economic and logIstic constral.nts such as 

the availability of construction material and equipment can also affect 

decisions. Hence, It has been the engineering practice to solve each bank 

erosion problem Independently. 

According to the U.S. Army Corps of Engineers, the state-of-the-art of 

streambank protection has not advanced signIfIcantly since 1950 (USACE, 

1981). What has developed Is the use of a group of favored methods, the 

most wIdely used beIng stone rlprap, rockfll I spur dikes, and gablons. The 

engIneer uses basic hydraulic prInciples to design streambank protection 

structures. But because of the Interrelated complex factors Involved, many 

methods have evolved through a process of "trial and error" experience. 

Thus, theoretical and empirical techniques are available to determine the 

necessary particle size and weight to resist erosion caused by the shear or 

drag forces of flowing water. However, less Is known about how to position 

various structures In the stream to achieve the most effective Interaction 

with the flow to produce desired results. Here, past experience Is an 

Important determinant of design methodology. 
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Fish Habitat Modification 
, 

Fish tend to congregate In areas of a stream where food, shelter, 

temperature range, oxygen content, and other factors combine to create a 

favorable habitat (Bel I, 1973; Hal I and Baker, 1982). A varied stream, such 

as one with a succession of riffles and pools, Is usually more conduslve to 

an abundance of game fish than Is a monotonous stream, such as one limited 

to only runs or only wide flat water. 

Various structural devices can be used for fish habitat enhancement 

(see, for example, Bradt and Wieland, 1978; Federal Highway Administration, 

1979; Hal I and Baker, 1982; Maughan, et al., 1978; Reeves and Roelofs, 1982; 

and U.S. Fish and Wildlife Service, 1978). Dikes, Jetties, deflectors, and 

groins placed at strategic positions along a streambank can be used to cause 

scour holes and pools or to deepen the local channel. Weirs across the 

stream can be used to create pools and plunging flow. The various channel 

structures ,can also be used to aerate the water, reduce the water 

temperature, preserve existing pools, cause sediment deposition, and provide 

gravel beds suitable for fish spawning. Most Importantly, the structures 

can be designed to serve the habitat function while sImultaneously providing 

bank protection. 

Manipulation ot Local Scour 

Several general principles have been advanced on the nature of ·Iocal 

scour In rlv~r channels (Laursen, 1952; Vanonl, 1975). These principles can 

be stated as follows: 

1. the rate of local scour equals the difference between the capacity 

for bed material transport out of the scoured area and the rate 

of supply of bed material to that area; 
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2. the rate of local scour decreases as the flow sectIon Is enlarged 

due to erosIon; 

3. for gIven InItIal conditIons, there Is a lImiting extent of 

scour; and 

4. thIs limIt Is approached asymptotIcally wIth respect to tIme. 

The prIncIples apply for al I types of structures or natural obstacles In a 

channel, whether attached to a bank or located In mId-channel. The general 

prIncIples are usually applIed for the purpose of estImatIng-scour condItIons In 

order to protect a structure. They can also be used to evaluate structural 

possibilities for manipulating local scour. Such manipulations may be 

undertaken for streambank protection and for habitat enhancement. 

Scour at Spur DIkes and Groins 

Spur dikes and groins directly Influence flow velocities and patterns In a 

river. ThIs has a signIfIcant effect upon sediment transport, general and local 

scour, and sedIment deposItIon near the structure. If the structure Is buIlt at 

the concave bank of an erodIng rIver bend or along a straIght bank where flow 

velocities are high, the main current Is shifted away from the bank toward the 

center of the channel. Channel depths adjust to the new velocIty and shear 

stress condItIons; thIs happens by means of local sedIment scour and deposItIon. 

The effects sometImes carry downstream for some dIstance because of the new flow 

alIgnment caused by the structure. 

The obstructIon caused by a spur dIke or groIn generates an Intense and 

complIcated system of vortIces. The prImary vortex ImpInges on the bed 

ImmedIately In front of the spur dIke, erodes bed materIal, entrains the eroded 

materIal In the flow, and al lows It to be carried away downstream by the maIn 

flow (Ahmad, 1953). IntermIttent vortIces of lesser strength occur along both 

the upstream and downstream faces of the dIke, as shown In FIgures 5 and 6. 
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Figure 6. Front Profile of Scour Hole Along a Spur Dike or Exposed Groin 
(Source: Copeland, 1983) 
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The deepest point of the main scour hole Is located close to the tip of 

the structure, where the local flow acceleration Is most pronounced. If the 

structure Is oriented downstream, the primary vortex Is deflected downstream 

and the main scour hole may be positioned some distance downstream of the 

tip (Samlde and Beckstead, 1975). An upstream-oriented structure may cause 

greater scour than a downstream-oriented structure (Ahmad, 1951; Garde, et 

al., 1961; Mukhamedov, et al., 1971; Tison, 1962). 

The anticipated scour depth adjacent to the structure Is of concern for 

design, so that the structure's base elevation Is set below that of the 

scour hole. The size, depth, and extent of the scour hole generated by the 

structure and the angle of repose for material forming the sides of the 

scour hole are also of concern with respect to possible nearby bank erosion. 

Much research has been done on scour depth at a dike. This Is also 

applicable to exposed (unsubmerged) groins. Several parameters have been 

Identified that must be considered In order to determine the depth of scour 

(e.g., Samlde and BeCkstead, 1975). These Include water parameters, channel 

flow parameters, structure parameters, and sediment parameters. These can 

be given In the following equation: 

d = f( p , II , g, h, V, T, B, L, e , S , 0 , (J , C, P ). 
5 W 50 D 5 

(1) 

In which d
s 

= limiting depth of scour below original bed level; Pw = density 

of water; II = absolute viscosity of water; g = acceleration due to gravity; 

h = average depth of flow In approach channel; V = average flow velocity In 

approach channel; T = time of scour ~fter Initiation of flow; B = average 

width of approach channel; L = length of the structure; e = orientation 

angl.e of structure with the downstream bank; S = side-slope angle of the 

structure with the vertical plane; 050 = median grain size of bed sediment; 
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00 = term describing the size gradation of bed sediment; C = sediment 

concentration by weight; and Ps = density of bed sediment. (AI I symbols 

used are listed In the Appendix). 

Since river flows are highly turbulent when scour occurs, the effects of 

fl uld viscosity can be negle,cted compared to Inertial forces. If the flow 

Is sustained for a long time, the depth of scour wll I approach a maxImum, 

allowIng tIme to be dropped from further consIderatIon •. AssumIng h, V and Pw 

as the repeating variables, a dlmenslonaJ analysis of the remaIning 

varIables yields, after some rearragement: 

ds V B L 050 Ps 
h = f(/gh' 11' 1" e, 8, -h-' ,aD, C, pw')' ....•..•.•.•. (2) 

The first term In parenthesIs Is the Froude Number. The second and 

third terms can be combIned to form a flow contractIon ratIo. 

The general concepts and prIncIples have been appl led by several 

researchers to develop mathematical relationships for the predIctIon of 

scour. Several of the resulting equatIons proposed for predIctIng scour 

depths at spur dIkes or groins are presented In Table 1. Some of the 

orIgInally-gIven symbols have been changed here to facilitate comparIson. 

Investigators disagree as to which parameters are most Important In 

determIning scour depths at spur ·dlkes. Early InvestIgators considered the 

stream velocIty and waterway contractIon ratIo to be the most slgnlf Icant 

factors. Laursen (1960) maIntained that the scour depth Is prImarIly a 

function of the dIke length and the upstream depth and Is Independent of the 

contraction ratio If sedIment movement occurs upstream of the dIke. Llu, et 

al. (1961) and Cunha (1973) also determIned that the contraction ratIo was 

not Important once sedIment motion was established. Garde, et al. (1961) 

and GI.II (1972) determined that the contraction ratIo was an Important 
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Table 1. Summary of PublIshed Scour Depth PredIctIon EquatIons ApplIcable 
to Spur DIkes and GroIns 

1 • 

2. 

3. 

4. 

5. 

6. 

7. 

Ys = k (~)0.33 

k varIes between 0.8 and 1.8 

== (~)0.33 
Ys k F 

bo 
k varIes between 2.0 and 2.75 

8 

Ys = 1.616 - 0.908(j)l5 
q2/3 

= YK(~) (F)n Ys 8
2 

Ingl Is (Copeland, 1983) 

Blench (1969; Samlde 
and Beckstead, 1975) 

Ahmad (1951) 

Garde, et al. (1961) 

L I u,. et a I. (196 I ) 

GIll (1972) 

Laursen (1960) 

8. 
k k k 

Ys = 10.4 (Sln8)4 (CosS) 2 Vm(hm) 2 Mukhamedov,et al. (1971> 

(l-M) (E;85%)1/6(l+0. 0ge) q~(l+135F)3/2 

9. 
T N 

5!s.h =.0.30 + 1.60 L0910 ( ns/ns ) Awazu (1967) 
Tns~/Nns* 

Tns*_ 82.6Tc 
where N

ns
*- (3.69M + 0.84)2 

See Appendix for DefInitions of Symbols 

Note: y. = h +d In all cases 
s s 
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parameter. Llu, et al. consIdered velocIty to be an Important factor wIth 

or wIthout sedIment movement. Garde, et al. also stated that It was. GIl I 

reported that velocIty was not an Important factor. There Is also 

controversy regardIng the Importance of bed materIal size. Garde,et al. 

and GIl I found graIn size to be Important while Laursen, Llu, et al. and 

Ahmad dId not belIeve It to be a major determInant of scour depth. 

The equatIons developed are prImarIly based on laboratory testIng of a 

single structure In a straight flume, with limited prototype verification. 

More prototype data are needed to resolve disagreements as to the maIn 

predictIon parameters and regarding the conflIctIng predIctIons gIven by the 

equatIons. Furthermore, more InformatIon Is needed to determIne the 

potentIal appl Icabll Ity of these equatIons for predIctIng scour at multIple 

structures. 

Scour at Weirs 

WeIrs Influence the local flow patterns and velocItIes In a stream. The 

prImary effect upstream of the structure Is to cause a backwater zone where 

water depth Is greater and velocIty Is smaller than In the absence of the 

weir. As the flow passes over the weIr, It accelerates and plunges toward 

the streambed Just downstream. Hence, the prImary effect downstream of the 

structure Is to cause local scour and the development of a scour hole near 

the base of the weIr. 

The process Involved In scour downstream of a weIr Is roughly analogous 

to the scour below an outfal I pipe due to a free Jet or to the scour at the 

base of a free overfal I. The overfall can be consIdered to be a 

two-dImensIonal versIon of the cIrcular Jet from the outfal I pIpe. Some 

weIr confIguratIons fIt the two-dImensIonal flow concept whereas other weIrs 

18 



are lower near the center and cause the flow to be I Ike a flattened oval 

jet. An added complicatIon Is that often the tal I water level Is high enough 

to partly submerge the jet or overfal I. 

Numerous studies have been done on the subject of jet scour. These 

Include the work of Rouse (1939), Schoklltsch (1935), Doddlah (1950), Thanas 

(1953), and more recently, Rajaratnam and Beltaos (1977). The several 

factors affecting the streambed scour fran a circular jet Include water 

parameters, jet parameters, and sediment parameters. These can be expressed 

In the followIng relatIonshIp (Ooddlah, et al., 1953); 

d = f(y.~ V , A , T,p ,p , w'o) ••••••••••••••••• (3) 
T 1 j j ws w 

where dT = depth of scour below the orIgInal bed level at a partIcular tIme, 

T; y; = tal I water depth at pool over scour hole, measured fran orIgInal bed 

level; V. = the velocIty of efflux of the jet; A. = cross-sectional area of 
J. J 

the jet; T = tIme; p = densIty of water; p = densIty of sedIment; w = 
W S . 

settl I ng ve·1 ocl ty of the sedIment bel ng scoured; and Ow = standard dev I atl on 

of the sediment settlIng velocIty. 

A dImensIonal analysIs of the varIables can be made and the resultIng 

expressIon can be sImplIfIed by assumIng that the density ratIo and the 

standard deviatIon of the sedIment settlIng velocIty are constant. ThIs 

gives: 

£r. = F(Y; , V~, wT) 
Yi ./if:: w Y; ..••.. · •..• ··•····· 

J 
• • • • • (4) 

To evaluate the jet scour In a systematIc fashion, the fol lowing 
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equations were developed by Doddlah, et al. (1953), using a simple process 

of curve fitting for their experimental data: 

a) for a solid jet 

- V· 

y. 
1 

0.023/Aj l09tT](-;- - 1) -0.0022 Yi 
Yi Yi ~ 

+ 0.4 .......... (5) 

J 

b) for a hoi low jet 

+ 0.5 .. . . . . . . . (6) 

These equations show considerable similarity for scour from a solid jet and 

scour from a hollow jet. Of particular Significance, the scour Is directly 

proportional to a geometric progression of time; that Is, a state of 

equilibrium In the scour process Is not reached, even for constant 

discharge. Moreover, the magnitude of scour decreases with a decrease In 

. the ratio of jet velocity to settling velocity, approaching zero as this 

ratio approaches unity. Thus, for example, jet flow over a low weir on a 

coarse streambed Is not likely to cause much scour. 

For the analysis of scour at the base of a free overfal I, Doddlah, et 

al .• (1953) assumed the existence of a relationship of the following type: 

••• e •••••••••••• • (7) 

where H = height of drop of bed level from upstream to downsteam; and qw = 
discharge per unit of crest of the weIr on drop structure. 
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Dimensional analysis of the variables gives the fol lowing expression: 

~ = f(J:L qw qwT 
Y i Y i' Hw ' If" ' (J w) • . • • • • . .' . . . . . . . . . • . (8) 

Two empirical equations were developed by Doddlah, et al. to represent 

this expression: 

a) for sediment with a narrow size-range 

~ = ( qW
2 
T ] ( qw ) ~ H 3 (qw) 

1 
/
3 

• • • • . • • • • • (9) 
y. [0.29 + 0.070 log Hw (y) Hw 

1 H 1 

b) for sediment with a wider size-range 

y. 
1 

• • • • • • • • (10) 

These equations show the continuing scour over time and the reduced scour If 

the sediment Is large. 

Schoklltsch (1935) developed a more simplified equation for predicting 

the scour at a drop structure. This can be given as: 

3.15 H10.2 q 0.57 
Ys = 0.32 w .( 11 ) 

(09J 

where Ys = depth of scour In feet from the water surface over the scour hole 

to the bottom of the scour hole (Ys = Yi + ds); D90 = the diameter of the 

bed material In millimeters such that 90 percent Is smaller; and HI = height 

of drop In feet'of water surface from upstream to downstream. 
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Schokl Itsch's equation does not consider the time variable. The Influence of 

structure height and bed material size are evldent~ 

In research conducted by Doddlah, et al. (1953), the work of Schoklltsch 

was compared with that of Doddlah (1950) and Thomas (1953), and the tIme 

varIable was demonstrated to be significant. For small scour depths, 

Schokl Itsch's equation compared favorably with data for which time was 

considered as a variable. However, for big scour depths and more active 

scourIng conditions, the equation of Schoklltsch predicted a scour depth only 

half as great as that whIch actually occurred. 

The tIme dependency of scour remaIns wei I supported In the lIterature 

(e.g., BlaIsdell, et al., 1981; Raudklvl and Ettema, 1983). A more complex 

aspect Is the tIme-varIabIlity of rIver dIscharge. Whereas the design flood 

can be used to predict maxImum scour depth for structural protectIon, this 

approach Is not as useful regarding habItat. Bed load transport during the 

rising and fal ling limbs of hydrographs causes scour holes to enlarge and 

then to be partIally refll led. This results In varIable amounts of habitat 

space available during dIfferent low-flow perIods. 

Some Illustrations 

Spur dIkes, grOins, rock Jetties, and deflectors may be classIfIed 

accordIng to theIr structural appearance as seen In plan vIew. The most 

common types are Illustrated In FIgure 7. These types Include straIght, 

hammer-head or T-head, bayonet or hockey stick, J-head, and L-head 

structures. 

The use of various spur dikes and groins for bank protection and channel 
I 

reallnement Is Illustrated In Figure 8 •. The dash lines show the definitIon 
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A) Straight Type 1. At Right Angles to Stream 
2. Slanted Upstream 
3. Slanted Downstream 

B) Hammer-Head or T-Head Type 

C) Bayonet or Hockey Stick Type 
1. Slanted Upstream 
2. Slanted Downstream 

D) J-Head 

E) L-Head 

Figure 7. Conventional Types of Spur Dikes and Groins 
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a) 

b) 

Figure 8. Uses of Various Types of Spur Dikes and Groins for Bank Protection and 
Channel Realinement. Dash Lines Define Intended Future Channel Banks 

(Source: Maccaferti Gabions of America; undated-b) 
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new channel banks that wll I develop over time as scour occurs In the new 

main channels and sediment deposition occurs In slackwaterareas, fol lowed 

by vegetation growth. 

Figure 9 shows further applications of spur dikes and groins, In this 

case with emphasis on habitat enhancement. Two arrangements are shown for V 

deflectors for narrowing and acceleratIng the current to create a scour 

hole. Gravel deposits may occur on the downstream side of deflectors and be 

suitable for spawning. Also shown Is a Y deflector arrangement which 

enhances current acceleratIon and extends the length of the scoured area. 

Figure 10 shows someappl Icatlons of weirs for habitat enhancement. 

Flow over the weir causes downstream scour. The backwater effect upstream 

of the weir Increases the stream surface area and water depth there, thus 

Increasing the avaIlable fIsh habItat. PlacIng a sIll structure downstream 

of the weIr gives a means of deepening and control lIng the limIts of the. 

scour hole below the weir. Gravel trappIng usually occurs upstream of a 

weIr and may Improve spawning opportunItIes. 
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Figure 9. Use of V and V Deflectors to Concentrate Currents, Scour, and 
Deposition. 9a and 9b show V-Deflectors and 9c shows V-Deflectors 
(Source: Adapted from Maccaferri Gabions of Canada, undated) 
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Figure 10. Weir Applications to Enhance Fish Habitat 
(Source: Maccaferri Gabions of America, undated-a) 
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I I I. USE OF RIPRAPPED ROCKFILL SPUR DIKES AND GROINS 

Overview 

This part of the report describes the use of semi-Impermeable rlprapped 

rockfll I structures as a bank protection technique. These structures are 

cal led spur dikes or groins. They extend outward from the bank Into the 

river In order to prevent bank erosion and to manipulate river currents. 

The purpose of this part of the research Is to characterize the sediment 

scour and deposition characteristics based on a comparison of available 

literature on spur dike design, a model study, and a prototype 

Investigation. 

First, the general features and effects of spur dikes are described. 

Second, the principles of spur dike use and design are presented, Including 

the effectiveness of.spur dikes, based upon a review of available 

literature. Third, the procedures and results are discussed for model 

studies conducted to evaluate several parameters relating to spur dike 

design and layout, Including length and orientation angle. Fourth, the 

methods and results are discussed for a field Investigation of prototype 

spur dikes. This was carried out during and after completion of the dike 

field construction to determine the hydraulic effects of the spur dikes on 

river flow patterns and bed topography and for comparison with model 

studies. Finally, some general conclusions are made. 
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General features of Rlprapped Rockfll I Spur pikes and Groins 

AI I forms of streambank structures extending out from the bank and used 

for bank protection or channel current manipulation purposes, Including 

dikes, grOins and Jetties, are commonly cal led spur dikes and are referred 

to as spur dikes In this part of the report. The term "spur dike field" 

refers to the use of more than one dike, Intermittently-spaced, at a site. 

Spur dikes Influence flow velocities and current patterns In a river. 

Spur dikes are an Indirect method of bank protection, by means of whIch 

potentially eroding currents are deflected away from the bank or are reduced 

In velocity. In contrast, direct protection methods physically Isolate the 

bank from the eroding currents, such as by the use of a rlprap revetment to 

blanket the bank with rock. 

Spur dikes extend outward from the bank Into the channel at an angle 

which need not be normal to the flow (see Figure 7). Some dikes are 

straIght (as seen In a plan view), whereas others are bent, such as "L" 

heads for which the outer tip turns downstream paral lei to the streamflow or 

"J" heads for which the outer tip turns upstream or "T" heads for which 

outer tips turn both upstream and downstream. 

Spur dikes may be constructed of various materials, such as masonry, 

concrete, tImber, earth or stone. As a result, spur dikes may be either 

permeable or Impermeable. Impermeable dikes block and deflect the current 

away from a bank. Permeable dikes also deflect the flow; but In addition 

they slow the current passing through the dike, thereby Inducing deposition 

of sediment In the lee of the dike near the bank. The accumUlation of 

sediment behind a dike or between successive dikes and the retardation of 
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flow both cause the maIn channel to carry a larger proportIon of the total 

dlschar'ge, wIth Increased current strength and sedIment transport capacIty. 

As a result, a greater depth Is maIntaIned In the maIn channel. The 

permeable dIke Is most effectIve In a swIft-flowIng rIver carryIng a 

substantIal load of coarse sedIment that can settle upon reachIng a zone of 

reduced velocIty. TImber pIles are the baslG component of most permeable 

dIkes. Such dIkes ~ay also be rock-fll led below some predetermIned water 

level (e.g., low-flow level). 

Because rlprapped rockfll I spur dIkes have a central zone of 

heterogeneous rock sIzes and a coarse outer coverIng, they tend to be 

semi-permeable. Thus, there may be flow through the dIke but It Is 

relatIvely InsIgnIfIcant wIth respect to InfluencIng sedIment deposItIon. 

Design of Rlprapped Rpckfll I Spur Dikes and Groins 

General Considerations 

Although spur dIkes are used extensIvely, there are no defInItive 

hydraulIc desIgn crIterIa to fol low. DesIgn Is based prImarIly on 

experIence and Judgement, due to the wIde range of varIables affectIng the 

performance of the spur dIkes. Parameters affectIng spur dIke .deslgn 

Include channel wIdth, water depth, water velocity, channel sInuosIty, bed 

materIal sIze, sedIment transport rate, bank cohesIveness, spur dIke length, 

dIke wIdth, dIke profIle, dIke orIentatIon angle, and dIke spacIng If more 

than one dIke Is present (LIndner, 1969). 

Spur dIkes must redIrect the flow away from an erosIon-prone bank. ThIs 

affects flow patterns and sedIment movement. Permeable dIkes Induce 
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sediment deposition which helps redirect the flow. Impermeable dlkes.do not 

depend on sediment deposition to redirect the flows; they rely upon the 

reduced width of the river to alter flow conditions. 

Where the river Is contracted by a new dike, the water slope and energy 

gradient Initially become steeper and the velocity becomes greater, 

Increasing the scour potential of the flow. The river may attempt to regain 

Its original cross-sectional area through bank and bed erosion. But, If the 

dl'ke and the opposite bank are stable, the main flow may only be able to 

scour out the river bed In order to Increase the cross-sectional area and' 

reduce the velocity and scour potential. The size and stability of the bed 

material wll I determine the extent to which this can occur. For flow 

contraction to continue along the entire length of a dike field, either the 

dikes must be closely spaced or sediment deposition must occur between the 

dikes. The possible depth of main-channel scour caused by dikes and dike 

fields must be considered In spur dike design. 

Spur dikes affect sediment deposition patterns (Lindner, 1969). While 

most depositIon occurs In the lee of permeable dikes, deposItion In the 

vicinIty of Impermeable dikes and dike fields can also occur upstream of the 

dike because of greater flow retardation and decreased velocity. When 

Impermeable dikes In a spur dike fIeld are built to an elevation above the 

high water level, deposition between dikes can only occur If sediment Is 

brought In by eddy action of currents from the main channel. When 

Impermeable dikes are overtopped by water carrying coarse sediment, 

deposition can occur on and between the spur dikes, especially with L-head 

dikes. Unless the stream carries a large amount of coarse material In 

suspension when the water overtops Impermeable dikes, the rate of such 
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deposition wll I be slow •. To Increase this tate, It may be necessary to 

divert the bed load Into the dike field. One way to accompl Ish this Is by 

stepping-down the top elevation of successive dikes In a dike fIeld, from 

upstream to downstream dIke (LIndner, 1969). 

As an a"lternatlve to Inducing depositIon, It may be desIred to prevent 

the area between dikes from accumulating sedIment. For example, this might 

be desIred so as to maintain a fish habitat there. In such cases, the spur 

dIke elevatIons and tip features may be designed to prevent overtopping and 

to al low eddy currents to keep the area scoured out. 

Angle of Spur Pike to Bank 

The orientation of a spur dike describes the directIon the dike poInts 

Into the flow from the bank where It Is rooted. The orientatIon angle Is 

defIned as the angle between the downstream bank and the axIs of the dIke. 

Table 2 summarIzes some of the spur dIke orIentatIons that have been used In 

dIfferent geographIc areas or have been recommended In different references. 

There Is considerable controversy as to whether spur dikes should be 

or,l ented upstream, perpend I cu I ar to the bank, or downstream (Ahmad, 1953; 

Copeland, 1983: Das, 1972; Garde, et al., 1961: Haas and Weller, 1953; 

Lindner, 1969; Mukhamedov, et al., 1971; Tison, 1962; United Nations, 1953). 

Proponents of upstream orientatIon claim that flow Is repel led from dikes 

oriented upsteam while flow Is attracted to the bank by dikes oriented 

downstream. They also claim that sedimentation Is more likely to occur 

behind spur dikes oriented upstream, so that less protection Is required on 

the banks and on the upstream face of the dike. Proponents of 

downstream-orIented spur dikes claIm that turbulence and scour depths are 

less at the end of a spur dike oriented downstream and that the smaller the 
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Table 2. Recommended OrIentatIon Angles tor Spur DIkes and GroIns 

Recommended or Generally 
Used Angle of DIke to Bank,* 

In degrees 

100-120 

100-120 

100-110 

100-110 (convex bank) 

100 or less (concave bank) 

Upstream 

90 

90 

90 

90 or downstream 

90 or downstream 

75-:.90 

70-90 (30 for sharp curves) 

75 

Downstream 

Downstream 

Reference 

UnIted NatIons, 1953 

Central Board of IrrIgatIon and 
Power, 1971 

Mamak, 1964 

SamJde and Beckstead, 1975 

Samlde and Beckstead, 1975 

NeIll, 1973 (In Copeland, 1983) 

u.S. Army Corps of EngIneers, 1983 
(In Copeland, 1983) 

RIchardson and SImons, 1973 
(In Copeland, 1983) 

U.S. Army Corps of EngIneers, 
MemphIs and VIcksburg DIstrIcts 
(In Copeland, 1983) 

u. S. Corps of Engl neers, 1970 
(In Copeland, 1983) 

MIssourI RIver (LIndner, 1969) 

Red RIver, Arkansas RIver 
(L I ndner, 1 969) 

Alvarez, MexIco 
(In Copeland, 1983) 

u.S. Army Corps of EngIneers, 
Los Angeles DIstrIct, 1980 
(In Copeland, 1983) 

Franco, 1967 

LIndner, 1969 

*Measured from downstream bank II ne to major ax I s of spur dIke. 

34 



orientation angle, the more the scour hole 15 angled away from the dike. 

They also claim that an upstream alignment promotes flow towards the base of 

the dike which endangers the Integrity of the dike root and may cause a 

channel to form along the bank In the dike field. They state th~t debris 

and Ice are less likely to accumulate on downstream-oriented dikes. 

Franco (1967) tested dikes angled normal to the flow, 30 degrees 

. upstream of normal, and 30 degrees downstream of normal. He rated the 

30-degree downstream alignment best In performance (based on scour, 

deposition, channet depth and alignment). The upstream-angled dikes 

produced the least amount of scour but the scour area was greater, extending 

along the upstream face of the dike. Upsteam dikes produced more 

disturbance to flow. 

Copeland (1983) recently determined that larger eddies are present on 

the upstream sIde of upstream-orIented spur dIkes than for 

downstream-oriented spur dikes. ThIs may afford some protection by 

dIsplacIng the currents away from the spur-dIke root. However, since scour 

depths are also greater for upstream-orIented spur dIkes, the potential 

benefIts of the upstream eddy may be cancelled out by the Increased sIze of 

the scour hole. Copeland claIms that the effectIve length of a dIke (Its 

projected length perpendicular to the bank) Is a more signifIcant factor 

than the spur dIke angle, and dikes should therefore be orIented 

perpendIcular to the bank. Spur dIkes placed at an orIentatIon angle other 

than 90 degrees would cost more than dIkes placed normal to the flow because 

of the greater required length, but they would also produce less 

dIsturbance. 

It Is often recommended to alIne spur dIkes perpendicular to the flow 

directIon rather than at any other angle because test results have been 
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Inconclusive to settle the dispute between upstream and downstream 

orientations. 

The United Nations (1953) several years ago recommended an orientation 

angle of between 100 and 120 degrees. More recently, the U.S. Army Corps of 

Engineers has generally oriented Its spur dikes perpendicular to the bank or 

slightly downstream (Lindner, 1969). Another practice has been to angle the 

first dike downstream and the remaining dikes normal to the flow. The trend 

among designers In selectIng dike orientation appears to be shifting from . 

upstream-orIented to downstream-orIented spur dikes. 

Length and Spacfng of Spur DIkes 

The length of a spur dike Is selected so that It Is sufficient to shift 

the eroding current away from the bank. However, the dike length must not 

unduly restrict the channel and must not cause unacceptably large 

velocitIes. 

The spacIng of spur dikes In a spur dIke fIeld has generally been based 

on the length of the spur dIke. As the spacing/length ratio Increases, the 

effectIveness of the dike fIeld to prevent bank erosIon decreases. If the 

dikes are spaced too far apart, the current may return to the' bank before 

reaching the zone of Influence of the next dike; as a result, bank erosion 

may occur between the dIkes and, If unchecked, may cause the loss of the 

downstream dIke. Conversely, If the dikes are too close, the dike field 

wll I be less effIcient and more expensive than a correctly designed system 

In preventing bank erosion (Samlde and Beckstead, 1975). 

The spacing/length ratios recommended by several different sources are 

presented In Table 3. The type of bank mentioned Is Indicative of the 

severity of flow, which would be greatest for concave banks. The 
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Table 3. Recommended Spacing/Length Ratios for Spur Dikes and Groins 

Spacing/Length Type of 
Ratlo* Bank 

1 
2 to 2.5 

1 
2 to 2.5 

1 .5 

1.5 
2.0 
2.5 

2 

2 to 2.5 

2 
4 

2.5 to 4 
5.1 to 6 

3 

3 to 4 

3 to 5 

4.29 
5 

4 to 6 

Concave 
Convex 

Concave 
Convex· 

Concave 
Straight 
Convex 

Curves 
StraIght 

Concave 

Straight 
Curved 

Concave 

Reference 

UnIted NatIons, 1953 
UnIted Nations, 1953 

Comment 

General practIce 
General practice 

Bendegom (Samlde and Beckstead, 1975) 
Bendegom (Samlde and Beckstead, 1975) 

Mathes, 1 956 

Los Angeles, District, 1980** 
Los Angeles, District, 1980** 
Los Angeles, DistrIct, 1980** 

U.S. Army (Samlde and 
Beckstead, 1975) 

Levee protection 
with rlprap 

Typical for 
Mississippi River 

Central Bd. of Irrlg. & Power', 1971 

Ne II I, 1 973** 
Neill, 1973** 

Alvarez** 
Alvarez** 

Grant, 1948** 

Acheson, 1968 

Stran, 1962 

Ahmad, 1951 
Ahmad, 1951 

If two or more dikes 

Variation depends on 
curvature and river 
gradient 

RIchardson and SImons, 1973** Bank may need rlprap 

*Ratlo of spacing distance between adjacent dIkes to groin length component 
perpendicular to bank. 

**In Copeland, 1983 
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spacing/length ratio of a spur dike field Is also a function of the river's 

discharge and approach velocity. 

In the fol lowing discussion, the dike length Is taken to mean the 

effective length (component of true dike length perpendicular to the bank). 

Spacing/length ratios have been developed largely from experience. The 

United Nations (1953) states that It Is general practice for spur dikes at 

convex banks to be spaced at 2 to 2.5 .tImes the length and for spur dikes at 

concave banks to be spaced at a distance equal to the length of the dIke. 
v 

The United Nations also states that a larger ratio Is used for a wide river 

than for a narrow one If both have similar discharges. According to 

Tlefenbrum (1963), dikes on the middle Mlss"lsslppl River were origInally 

spaced at two times the dike length and are now designed to be about 1.5 

times the length. Ahmad (1951), based on model studies, gIves 

spacing/length ratIos of 4.29 for straight reaches and 5 for curved 

channels. A design manual used by the Central Board of IrrIgation and Power 

In India (1971> recommends a spacIng of 2 to 2.5 times the dike length. 

Mathes (1956) states that a spacing ratio of 1.5 should be used and that 

values of 0.75 to 2 are generally used on European rivers. For rIvers In 

New Zealand and Austral la, Strom (1962) gives spacing ratios rangIng from 3 

to 5. Acheson (1968) gives ratios ranging from 3 to 4, depending on the 

degree of curvature. Some authors recommend that the spacing should not 

exceed the width of the open channel remaining between the dike tip and the 

opposite bank. Van Ornum (1914) states the older European practIce of 

fixing the spacing between half the width of the contracted channel and the 

ful I width; within this range, typical spacing Is about half the channel 

width at concave sections, seven-tenths of the width In straight sections, 

and approximately equal to the width at convex sections. 
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Copeland (1983) descrIbes sIx current and eddy patterns that develop 

between spur dIkes as the spacIng/length ratIo between them Increases. 

These are presented In FIgure I I, where for graphIcal convenIence the dIke 

length Is varIed and.the dIke root spacIng Is kept constant. The.type 1 and 

type 2 dIkes have a small ratIo (I.e., close spacIng), types 3 and 4 have an 

IntermedIate ratIo, and types 5 and 6 have the largest ratIo (the greatest 

spacIng). 

In the type 1 fIeld, the maIn current Is deflected outsIde the spur dIke 

fIeld and maIntaIns a continuous deep channel there. In the type 2 field a 

second eddy appears but the main current Is stll I deflected outsIde the spur 

dike fIeld. In the type 3 field the main current Is dIrected at the spur 

dIke Itself, creating a stronger eddy behind the dike and greater turbulence 

along the upstream face and lower tip. In the type 4 field, a single strong 

reverse current develops and the stability afforded to the upstream dIke Is 

washed out. In the type 5 field the flow diverted by the upstream spur dIke 

Is dIrected to the bank between the dikes and eddIes form on both sIdes of 

the flow, providIng some protectIon to the bank. In the type 6 fIeld, the 

current attacks the bank dIrectly, as the downstream eddy no longer provIdes 

protectIon to the bank. 

Spur Dike Configuration 

Spur dikes often Include segments buIlt at dIfferent al Inements than Is 

the maIn portIon of the dike. Such confIguratIons Include L-head dIkes, 

J-head dIkes, hammer-head and T-head dIkes, and bayonet dIkes, as 

Illustrated In Figure 7. 
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. . 

TYPE 1 TYPE 2 

MAIN CURRENT DEFLECTED OUTSIDE SPUR DIKE FIELD 

.. ~.---:'" .. . 
TYPE 3 TYPE 4 

MAIN CURRENT DIRECTED AT DIKE 

\ 

TYPE 5 . . TYPE 6 . :.: '.:. ':' .: .. 

MAIN CURRENT DIRECTED AT BANK 

Figure lln Effect of Spur Dike Spacing/Length 
Ratio on Current and Eddy Patterns 

(Source: Copeland, 1983) 
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The L-head structure Is particularly popular. It was developed on the 

Missouri River to Improve protection of the concave banks of curves over 

that provided by straight spur dikes (Lindner, 1969). The L-head has a 

downstream-angled segment added to the end of a straight spur dike. This 

segment Is usually paral lei to the channel. 

Franco (1967) performed tests with the length of the L-head equal to 

half the distance between the ends of adjacent dikes. He found that the 

L-head tended fo prevent sediment-carrying bottom currents from moving Into 

the areas between the dikes. It was also found that flow over the top of an 

L-head segment built lower than the main spur dike tended to produce scour 

along the landward face of that section of the dike. Maximum scour at the 

ends of the dikes was reduced appreciably, as was the elevation of 

deposition between the spur dikes. L-heads were reported to reduce scour at 

the end of the dike, reduce eddy disturbances and cause the flow contraction 

to persist continuously along the dike system, thus producing a more uniform 

bed configuratIon and consistent depths. 

In a series of tests by Lindner (1969) It was determined that the L-head 

should close 45 to 65 percent of the gap between dikes In a spur dike field. 

He also showed that little benefit was gained from building the L-head above 

the water surface. His results Indicate that the L-heads provided 

protection to the bank, Increased deposition between the dikes, and 

decreased the scour around the ends of the spur dike. Variations In the 

river curvature and spacing of the spur dikes would cal I for corresponding 

variations of the percentage of closure of the gaps for optimum results. 

Any degree of closure was found to give added protection to the concave 

bank, when compared with no closure at al I. 
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The L-head dike thus appears to possess advantages over straight dikes 

when Instal led to protect a bank that Is caving as a result of the 

Impingement of the current. At such locations, It has been recommended that 

spur dikes should either be angled downstream or be built with L-heads. 

Dikes having the head segment pointing upstream are cal led J-head dikes. 

T-head dikes have segments pointing both upstream and downstream. J-head 

dikes and the upstream leg of T-head dikes are reported to have the same 

disadvantages as a dike angled upstream (Lindner, 1969). Shapes such as 

bayonet and hockey-stick shapes are simply variations of the L-head or 

J-head. There has not been sufficient Investigation of these various shapes 

to ascertain whether they offer any advantages over the L-head. The J.;.head 

and T-head apparently possess disadvantages over the L-head such that their 

use Is not recommended; but If used, the upstream leg should not be as high 

as the straight section of the spur dikes. 

Elevation of Spur Pike Crest 

The general practice In design of spur dikes In a dike field has been to 

place al I dike crests at about the same height with respect to low water 

level. The height of the spur dike crest with respect to the water surface 

depends upon wha~ effect of dike upon flow Is sought~ The crest or crown of . 

a dike need not be horizontal. There are often situations where a 

variable-height crown Is advantageous. Furthermore, the angle of the dikes 

Is related to the elevation of the dikes. 

The sloping-crown or stepped-down crown, In which the dike crown slopes· 

downward or Is stepped downward from the bank toward mid-channel, appears to 

have an advantage where mid-channel shoal erosion Is needed over a wide 

range of stages but where a gradually dimInishIng channel contraction with 
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Increasing stage wll I suffice. Such a crown design may be required where a 

spur dike with a level crown would produce objectionable velocities as the 

stage rises. Even If high velocities are not a concern, If the sloping or 

stepped down spur dike can produce the shoal erosion desired, It often wll I 

be less costly to build than a level crown dike (Lindner, 1969). The flow 

pattern associated with stepped-down dikes Is shown In Figure 12. 

Spur dikes with stepped-down crowns are used on the middle Mississippi 

River and on portions of the lower Mississippi to control meander patterns 

and to provide the varying degrees of contraction required. The dikes are 

-designed to control and contract stages at mid-bank discharge. They are 

stepped down for an additional length to confine the low-water channel. 

Where deposition of sediment In a dike field Is required, stepping-down 

the crOwns progressively from one dike to the next may be advantageous to 

cause a continuous and comparatively uniform contractional effect along the 

entire dike field (Lindner, 1969). By the stepped-down arrangement, bed load 

material moving In the channel beyond the spur dikes Is diverted Into the 

spur dike field during stages which progressively overtop each of the dikes 

from the downstream to" upstream spur dike. Flow from the channel moves 

around the end of the high dike Into the area behind It and towards the next 

lower dike. The faster-moving surface currents contInue In a relatively 

straight I In~ while the slower sediment-carrying "bottom currents move Into 

the dIke field. For thIs arrangement to be the most effective, the 

downstream dike of any two successive dIkes should be overtopped for a 

suffIcIent length of time before the next upstream dike Is overtopped so that 

there wll I be enough time for bed load to be diverted to the area between the 

two dikes. 
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Figure 12. 

-" .. ...,--

DIKES STEPPED UP . 

- W.,acl CU .... ,"'-
--_ eDTT_ CUjlItI~. 

DIICES STIPPlD DOWN 

Currents Through Dike Field Having Variable Crest Heights 
(Source: Franco, 1967) 
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In a stepped-up spur dike field, where each successive downstream dike Is 

hIgher, at least some of the flow over the top of the lower dike must move 

towards the channel, producing disturbances because of Its direction. The 

flow also tends to prevent sedIment-carrying bottom currents from moving Into 

the area between the dikes. 

Franco (1967) conc I uded that stepped-down spur dIke fie I ds at"~ more 
~) 

effectIve than fields with al I dikes level and that level dike fIelds are more 

effective than stepped-up fields (see FIgure 12). He also noted that 

level-crested dIkes should be placed normal to the flow or oriented downstream 

and slopIng crested dIkes should be normal to the flow or orIented upstream. 

The reduction In shoaling Is almost dIrectly proportIonal to the elevatIon of 

the dIkes. The area downstream of the dIkes covered by depositIon generally 

Increases In sIze wIth a decrease In dIke elevatIon. Franco found that dIkes 

placed normal to the flow were the most effectIve In reducIng the amount of 

shoalIng. 

Spur Dike SIde Slopes and Root 

The sIde slope of the spur dIke at Its head end affects the nearby scour 

pattern. WIth a flatter head, the base of the dIke tIp extends farther away 

from the exposed crown. Hence, the scour hole wll I be more distant from the 

head and will be longer and shal lower (Samlde and Beckstead, 1975). Tison 

(1962) tested trapezoIdal-shaped dIkes and found that a sloped head reduced 

the divIng motion of the water near the up~tream face and reduced the scour 

depth. Mamak (1964) suggests usIng a head slope of 3:1 or flatter, perhaps up 

to 5:1. Mukhamedov, et al., (1971), In calculating scour, use a factor KS = 
. !.: 

(CosS) 2 to take Into account the effects of vary.lng dike head slope, where S 

Is the angle between the sloping side of the dIke and the vertIcal plane. 
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For the main body of the dike, It has been recommended that the upstream 

face be Inclined at a slope of 1.5:1 to 3:1, and that the downstream face have 

a slope of 2:1 to 4:1 (Samlde and Beckstead, 1975). 

The root of a spur dike must be protected against the risk of flood waters 

cuttIng Into the bank around the main body of the dike. Mamak (1964) 

recommends that the root be embedded Into the bank 4 to 10 meters. He also 

recommends that short bank revetments be constructed on each sIde of the root. 

Spur Dike Location In Rlyer Reach 

The locations wIthIn a rIver reach at which spur dikes should be placed Is 

ultimately determined by the location of the erosion area and by appropriate 

dIke spacIng ratios. Water velocIty and shear stress dIstributions wJthln the 

stream should also be considered when placing dIkes (Samlde and Beckstead, 

1975). For the positIonIng of dIkes along the outsIde of a meander loop, 

Varshney (1972) recommends that sIngle dIkes be placed at 0.55 of the loop 

length. that If two dIkes are used they be placed at 0.5 and 0.6 of the loop 

length, and that the 0~4, 0.5 and 0.65 posItions be used for a fIeld of three 

dikes. 

When a dike fIeld Is to be placed upstream of a bridge crOSSing, Blench 

(196-:9) recommends that the first dIke upstream of the bridge be placed at 0.4 

of the loop length. 

Model StudIes 

Purpose 

Model studIes were conducted "to give qualitative InformatIon on scour 

patterns and the degree of bank protectIon resultIng from varIous spur dIke 

confIguratIons and arrangements. Several design parameters were tested and 
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evaluated, such as spur dIke length, shape, orIentatIon angle and spacIng 

between dIkes. The model tests Included study of a prototype spur dIke fIeld. 

ExperImental Apparatus 

The model tests were conducted In a sand-fll led tank wIth a test sectIon 7 

feet long and 4 feet wIde. A WII lamette River reach havIng a new spur dIke 

field was molded In the sand. The Froude number formed the basis for open 

channel modeling and for scaling varIous parameters between the prototype and 

model. A horIzontal scaling ratio of 600:1 was selected, based_upon the space 

available. A vertIcal scalIng ratIo of 200:1 was used~ ThIs vertIcal 

dIstortIon al lowed prototype turbulence to be approxImately sImulated In the 

model. The molded sand was covered wIth a layer of cement approxImately 1/4" 

thIck and sprInkled with a fIne layer of plaster of ParIs. A varIety of spur 

dIke models were formed from modelIng clay, usIng the same scalIng ratIos as 

for the rIver model. Water was suppl led from a recIrculatIng pump and was· 

passed through an entrance box and a baffle to distrIbute the flow uniformly 

over the wIdth of the model rIver bed. 

Expec" I menta I Procedures 

To conduct each experimental test, spur dIkes were fIrst placed In the 

model In the desIred arrangement and at the desired locatIons. Dry sand fIner 

than 0.59 mm was then sprInkled over the model bed and banks untIl a uniform 

depth of approximately 1/8" was obtaIned. ThIs sand was used to detect scour 

patterns due to the flow. Water was then al lowed to flow In the channel for 

about five minutes •. ThIs was suffIcIent tIme for bank erosIon and scour to 

occur and scour patterns around the spur dIkes to become relatIvely stable. A 

dIscharge of about 0.03 cfs was used for each test, equIvalent to a prototype 

dIscharge of 50,000 cfs. At the end of each experImental' run, the scour and 

bank erosIon patterns were recorded. DurIng several runs, red dye was 
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Introduced at the extrance box so that eddy currents around the spur dikes 

could be recorded. Scour patterns and bank protection patterns were 

obta I·ned and recorded for each of the runs. 

Table 4 summarizes the test cqndltlons used for each experimental run. 

The effective dike length Is used. This Is the component of total dike 

length measured perpendicular to the bank from the base to the tip of the 

dike and Is equal to the true dike length along Its axis times the sine of 

the dike orientation angle between the downstream bank line and the axis of 

the dike. For L-head, J-head, and T-head dikes, the length of the main body 

of the dike, from base to point of. dike axis alignment change, Is used In 

this calculation. Scour patterns and bank protection patterns were obtained 

and recorded for each of the runs. 

Experimental runs 1 through 12 were conducted In the straight section of 

the river reach upstream from the prototype spur dike field. The tests were 

made to determine the relative ability of single dikes of varying length and 

orIentatIon angle to deflect the main rIver current away from the bank and 

to protect It from erosion. After each run, the distances downstream from 

the spur dike to the points where the main current returned to the bank and 

where bank erosIon began were measured and recorded. 

ExperImental runs 13 through 33 were conducted In the concave section of 

the rIver reach. VarIous combinatIons of spur dIke shapes, lengths, 

orIentatIon angles and conflguatlons were tested. The resulting scour and 

bank erosion patterns were recorded. 

ExperImental runs 34 through 37 were conducted using the entIre rIver 

reach. The prototype spur dIke fIeld arrangement was tested In run 34 In 

order to obtaIn scour patterns for comparIson with those obtaIned from the 
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Table 4. Summary of Spur Dike Model Test Conditions 

A. Experiments Using Straight Section of River Reach: 

Run Le/W _8 Run Le/W 8 Run Le/W 8 

1 1/6 90 5 1/6 45 9 1/6 135 
2 1/4 90 6 1/4 45 10 1/4 135 
3 1/3 90 7 1/3 45 11 1/3 135 
4 1/2 90 8 1/2 45 12 1/2 135 

B. Experiments Using Concave Section of River Reach: 

Number of Dike Dike 
Run Le/W 8 Dikes Spacing Shape 

13 1/2 90 1 Straight 
14 1/2 120 1 Straight 
15 -1/2 60 1 Straight 
16 1/4 30 1 Straight 
17 1/4 60 1 Straight 
18 1/4 90 1 Straight 
19 1/4 120 1 Straight 
20 1/4 150 1 Straight 
21 1/6 90 1 Straight 
22 1/4 90 2 Le Straight 
23 1/4 90 2 2Le Straight 

~ 24 1/4 90 3 2Le Straight 
25 1/4 90 1 L-head 
26 1/4 90 1 J-head 
27 1/4 90 1 T-head 
28 1/2 90 1 L-head 
29 1/2 90 1 J-head 
30 1/4 90 2 2Le L-head 
31 1/4 90 1 Straight (submerged) 
32 1/4 90 1 Straight (sloping) 
33 1/3 8, = 45 2 2Le Straight 

8 2 = 90 

C. Experiments Using Entire River Reach: 

Run Description 

34 Prototype arrangement (8 dikes) 
35 Prototype arrangement with dikes 2, 3, & 6 removed 

(5 dikes remaining) 
36 Prototype arrangement with dikes 2, 3, 4, 6, 7 removed 

(3 dikes remaining) 
37 Control test - no dikes 
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field study. Several modifications of the prototype arrangement were also 

tested. Run 37 was a control run conducted with no dikes. 

Experimental Results 

Figure 13 presents model test results from runs 1-12 showing the distance 

downstream that the main current Is deflected by a dike before again Impinging 

against the bank, based on various d·lke lengths and orientation angles. This 

dIstance Is X2 when measured from the dike base and Is X4 when measured from 

the dike tIp. For dIkes wIth 90-degree orIentatIon angles, X2 = X4• Figure 

13 also shows the dIstance downstream that the bank Is protected from erosIon, 

bel ng Xl as measured from the dIke base and X 3 as measured from the dike tl p. 

(For 90-degree dikes, Xl = X3.) The effective dike length Le (perpendIcular 

distance from bank to dike tip) Is shown as a fractIon of the uncontracted 

channel wIdth W. Table 5 summarizes the observed dIstances. 

Both In model studies and Infield work It was observed that the deflected 

flow, upon approaching the bank, would divide Into a main flow continuing 

downstream and an eddy flow moving upstream. Hence, erosion would occur for 

some distance upstream from the point of flow trajectory Impingement on the 

bank. 

Figure 14 presents model test results from runs 13-21, showing the,scour 

patt~rns associated with single dikes at varIous Le/W ratIos and orIentatIon 

angles. The dImensions of the scour area are shown lengthwise and crosswise 

at prototype scale and the scour area Is given In units of square Inches as 

measured In the model. To convert scour area to prototype square teet, the 

model measurements should be multlpl led by 2500. The distance X, shown as a 

mUltiple of Le, repesents the X4 distance defined above. Table 6 summarizes 

the observed scour areas .and dl stances. 
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Definition Sketch for Runs 1-12 
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Figure 13. Model Test Results Showing Current Deflection and Bank Protection 
Distances for Single Spur Dikes (Runs 1-12) 
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Figure 13. Continued 
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Table 5. Effect of Spur Dike Length and Orientation Angle on Bank 
Protection and Current Deflection Distances (From Runs 1-12) 

Le/W X,/Le X/Le X3/Le . X~/Le 

45 90 135 45 90 135 45 90 135 45 90 135 

1/6 4.5 4.5 4.5 9.7 9.0 9.0 3.5 4.5 5.5 8.7 9.0 10.0 

1/4 4.0 3.5 3.5 8.0 7.5 8.0 3.0 3.5 4.5 7.0 7.5 9.0 

1/3 3.8 3.0 3.0 7.1 6.4 6.8 2.8 3.0 4.0 6.1 6.4 7.8 

1/2 2.9 2.8 2.5 5.5 6.0 5.0 1.9 2.8 3.5 4.5 6.0 6.0 

Le/W X,/W X2/W X/W XiW 

45 90 135 45 90 135 45 90 135 45 90 

1/6 0.75 0.75 0.75 1.62 1.50 1.50 0.58 0.75 0.92 1.45 1.50 

1/4 1.00 0.88 0.88 2.00 1.88 2.00 0.75 0.88 1.13 1.75 1.88 

"/3 1.27 1.00 1.00 2.37 2.13 2.27 0.93 1.00 1.33 2.03 2.13 

1/2 1.45 1.40 1.25· 2.75 3.00 2.50 0.95 1.40 1.75 2.25 3.00 

Table 6. Effect of Spur Dike Length and Orientation Angle on 
Scour Area and Current Deflection Distance (Runs 13-21) 

Le/W Scour Area* X4/Le 

30° 60° 90° 1200 1500 300 600 900 1200 1500 

1/4 2.41 2.70 2.80 2.95 3.62 2.3 3.4 5.5 6.6 7.7 

1/2 16.0 17 .21 18.4 3.7 4.5 5.3 

1/6 0.43 8.25 

135 

1.67 

2.25 

2.60 

3.00 

*Scour area measured In square Inches In the model. For prototype scour area 
In square feet, multiply by 2500 •. 
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Figure 14. Model Test Results Showing Scour Patterns Associated with Single Dikes (Runs 13-21) 



Figure 15 presents model test results showing scour patterns associated 

with two or three dikes In a dike field, based on runs 22-24 and 33. Dike 

spacing and orientation angle are varied. 

Figure 16 presents test results from runs 25-30 showing the scour patterns 

associated with various dike shapes, Including L-head, J-head and T-head. 

Results for a pair of L-head dikes are also shown. 

Figure 17 shows the scour pattern results of model tests with a fully 

submerged dike (run 31) and a sloping, partly submerged dike (run 32). 

Figure 18 shows the bank and bed scour that occurred In the model of the 

prototype reach with no structures present to give bank protection. In Figure 

18b the dike field Is superimposed on the scour results to give a reference 

for the locatIons at whIch dikes were Instal led. It should be pointed out 

that the model scour closely Identified the actual prototype scour zone 

observed In the field prior to construction of the dike field. 

Figure 19 presents model test results from runs 34-36 showing the scour 

patterns at the prototype dikes. In run 34, al I eight dikes were used. For 

run 35 the three dikes thought to be least essential were removed. For run 

36, two additional dikes were removed. 

Effect- of Spyr Dike Length on Bank Protection and Flow Deflection 

Figure 13 and Table 5 show the effect of spur dike length on length of 

bank protection and on current deflection distances. The length of bank 

protection (X,) Increases as the effectIve length of the spur dike Increases. 

However, It does not Increase a linear manner. For example, a dIke with a 

90-degree orientation angle and an effective length of 1/6 the uncontracted 

channel width wll I protect a bank 4.5 times Its own length (see X,/Le), 

whereas a dIke three times larger (1/2 the channel width) will protect a bank 

2.8 tImes Its own length. The ratio decreases but the absolute length 
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protected Increases. Thus, using a prototype channel width W of 400 feet and 

an effective dike length of W/6, the distance downstream from the dike which 

wll I be protected would be 4.5 x (400/6) = 300 ft. A dike three times longer 

wll I protect the bank for 2.8 x (400/2) = 560 ft. 

The distance that the main current Is deflected (X 2) behaves In a simIlar 

non-lInear manner. Thus, for a dike wIth an effective length of W/6 In a 400 

foot wIde channel, the deflectIon dIstance Is 9.0 x (400/6) = 600 ft.; for a 

dIke three tImes larger (L = W/2), the deflectIon dIstance Is 6.0 x (400/2) = 

1,200 ft. 

FIgure 20 summarIzes the relatIonshIps of spur dIke length wIth length of 

bank protectIon and wIth dIstance of flow deflectIon. Although there Is some 

scatter of data poInts, the relatIonshIps of relatIve change are nearly lInear 

and parallel to each other. The trend of dImInIshIng Increase of protectIon 

distance wIth IncreasIng dIke length occurs for all constant orIentation 

angles. 

Effect of OrientatIon Angle on Bank Protection and flow Deflection 

FIgure 13 and Table.5 also show the effect of orIentatIon angle on length 

of bank protectIon and on flow deflectIon dIstances. If the dIstance Xl from 

the spur dIke base to the poInt of bank erosion Is used, the effect of 

orIentation angle on this distance Is not entirely clear. However, If the 

distance X3 from the spur dIke tIp to the point of bank erosion Is used, It Is 

apparent that IncreasIng the orIentatIon angle Increases the degree of bank 

protection. FIgure 20 summarizes these relatIons. 

The upstream-oriented dIke Is more effective In deflectIng the current 

away from the bank than the downstream-orIented dIke. The river current Is 

deflected at nearly a 90-degree angle to the major axis of the spur dike and 

Is directed toward the opposIte bank. Therefore, a longer distance downstream 
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Is required before the current deflected from a bank returns to that bank. 

For downstream-oriented dikes, the deflected current may be somewhat attracted 

towards the bank, resulting In bank erosion at a shorter distance than for the 

upstream-oriented dike. From Table 5 and Figure 20, the X
3

/Le data show that 

a dike with Le/W of 1/6 and an orientation of 45 degrees wll I protect a bank 

3.5 times Its length but If the dike Is oriented at 135 degrees It wll I 

protect a bank 5.5 times Its length; for Le/W of 1/2, the X
3

/Le ratios are 1.9 

and 3.5, respectively. 

For upstream-oriented dikes, bank erosion may occur upstream of the dike 

(see Figure 14, runs 14 and 20). Part of the Impinging flow moves along the 

upstream side of the dike towards the bank. For long dikes (runs 13-15), an 

upstream orientation may cause more erosion at the opposite bank than would a 

downstream orientation. 

Effect of Spur pike Length and OrientatIon Angle on Scour 

The length and orientation of the spur dike apparently have two effects on 

the scour pattern and size, as can be seen In Figure 14. First, as the dike 

length Increases, the flow section contracts. Because of this, general bed 

erosion can occur In the contracted section and at the opposite bank. Second, 

varying vortices develop, depending on the angle and length of the spur dike. 

These cause local scour around the spur dike. 

Table 6 shows the effect of dike length and orientation angle on scour 

area and flow deflection dIstance. As the effective spur dike length 

Increases, the scour area also Increases. This Is shown In Figure 21. 

With e = 90 degrees and Le/W of 1/6, the scour area Is 0.43 In2; for Le/W of 

1/4, the scour ar.ea Is 2.80 In 2; and for a ratio of 1/2, the area Is 17 .21 In 2. 

As the orientation angle Increases, the size of the scour hole also 

Increases. Figure 21 shows that for Le/W of 1/2, the scour area Increases 
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linearly as the angle Increases from 60 to 120 degrees. For Le/W of 1/4, the 

scour area Increases linearly from 30 to 120 degrees but more rapidly from 120 

to 150 degrees. The scour dimension perpendicular to the bank Is greatest for 

a dike oriented at 90 degrees (see Figure 14). The scour dimension paral lei 

to the bank Is greatest for a dike oriented at 30 degrees or 150 degrees (runs 

16-20 In Figure 14). 

The amount of scour upstream of the spur dike tip Increases as the spur 

dike becomes more upstream-oriented. This trend Is evident In Figure 14. 

Effect of Spur pIke Shape on Scour Area and Bank ProtectIon 

Figure 16 shows the scour patterns that are caused by spur dikes of 

various shapes. Two degrees of channel contractIon were tested: Le/W of 1/4 

and 1/2. Table 7 summarizes the effect of spur dike shape on scour area. 

Data on current deflectIon are also given. FIgure 16 and Table 7 show that 

. the T-head dike causes a slightly larger scour area and deflection distance 

than the other shapes for a given Le/W ratio. The L-head dike produced the 

smal lest scour area but was also the least effectIve In deflectIng the 

current. The J-head and T-h~ad dikes caused bank erosIon to occur upstream of 

the dike. The T-head caused a double scour area to develop (see FIgure 16, 

run 17). 

Effect of Spur pike Submergence 

Figure 17 shows that a totally submerged spur dike experiences bank 

erosion near Its root. Some of thIs eroded bank material was deposIted just 

downstream of the dike. 

For a sloping dike, the scour area and current deflection distance were 

similar to those to be expected from an un submerged dike havIng a length equal 

to the exposed portion of the sloping dike. 
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Table 7. Effect of Sp~r Dike Shape on Scour Area and 
Current Deflection Distance (Runs 25-29) 

i 

Shape 

LlW = 1/4 

L-Head 

J-Head 

T-Head 

LlW = 1/2 

L-Head 

J-Head· 

Scour Area* 

2.94 

3.05 

3.14 

15.24 

14.92 

6.5 

7.0 

4.0 

4.25 

*Scour area measured In square Inches In 
the m~deil. For prototype scour area In 
square flet, multiply by 2500. 

I 
i 

I , 
! 
; 

Tab·1 e 8. Scour Areas ~or Mode I· Tests of Prototype Dike Arrangement 
and EffefT of Removing Various Dikes (Runs 34-36-) 

I 
I 

Dike and Scour Area, sq uare J nches* 

2 3 4 5 6 7 8 Total 

.73 .05 .01 .1-8 .32 .53 .87 1.29 3.98 

.66 .24 .37 .90 1.35 3.52 

.98 .48 1.45 2.91 

*For prototype scour area In square feet, multiply by 2500. 
I 

I 
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Effect of Multiple Dikes on Scour Area and Bank Protection 

Figures 15, 16, and 19 show the scour patterns that result from multiple 

dikes In a dike field. The Individual scour patterns tend to merge when the 

dikes are closely spaced. Bank protection between adjacent dikes Is very 

good. Multiple spur dikes appear to afford some mutual protection from 

scour-producing currents. 

A comparison run 18 In-Figure 14 (single dike at 90 degree orientation) 

and runs 23 and 24 In Figure 15 shows that as the number of dikes Increases 

(from one to three dikes), the total scour area Increases less rapidly. The 

current deflection distance beyond the downstream dike also Increases (from 

5 .5 L to 7.5 U • 

Modeled prototype Dike Arrangement and Comparison" With Field Study 

Figure 19 and Table 8 show the scour areas that were determined In model 

tests of the prototype dike arrangement. The effects on local scour at each 

remaining dike and on total scour at the dike field due to removing some 

dikes from the dike field are also shown • 
. -

The scour patterns,that developed from the model test of the Willamette 

River Reach without dikes (Figure 18, run 37) and with the prototype 

arrangement of dikes (Figure 19, run 34) compare reasonably with the actual 

patterns observed before dike construction and after dike construction, 

respectively. The amount of scour measured near dikes 2, 3 and 4 In run 34 

was very smal I (see Figure 19 and Table 8). During run 36, In which dikes 2, 

3, 4, 6, and 7 were removed, bank erosion occurred between dikes 5 and 8 but 

I I tt I e bank eros I on was observed between d I k.es 1 and 5. 0 I kes 2, 3, and 4 

apparently contrIbuted little protection to the bank In that part of the 

reach. During the field InvestIgation It was observed that dIke 1 deflected 
\ 

the river current sufficiently that dikes 2, 3, and 4 provided little 
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additional benefit. Bas~d on the model study, at least one of those dikes 
i 

could have been omitted from the dike field with little effect on bank 

protection • The model test also showed that bank erosion occurred 
.. 

downstream of dike 8. T~e field Investigation also, revealed that bank 
I 

erosion was occurring downstream of dike 8 and that perhaps an additional 
I 

dike was required there. 

Data summarized In T~ble 8 show that the total scour area for the dike 
- I . • I 

field d'lmlnlshed when so~e dikes were removed from the dike field but scour 
" , 

at.the Individual remainIng dikes Increased (see also Figure 19). However, 
" 

more than three dikes appear to be required to adequately protect the' 
I 

riverbank In that reach. ! 

Field Study 

Background 

During the summer of 1983, a spur dike field (cal led a groin field by the 

designers) was constructed along 18C>0 feet of bankl Ine of the WII lamette 

River near River Mile 136 approximately two miles southeast of Corvallis, 
I 

Or~gon. Streambank prot~ctlon was mandated because erosion at the location, 
.' I 

esllmated at 10 to 30 feet per year, was affecting cultivated farmland and 

because of the potential 'formation of a new channel away from the city's 

principal water Intake. !A spur dike system was chosen over conventional 

rlprap bank revetment for environmental reasons, to diversify fish habitat 

through the creation of deepwater zones at scour holes and slackwater areas 
, 

between the dikes. Figure 22 shows an aerial view of the dikes, from an 
! 

Infrared color photograph taken on October 1, 1983. The river discharge Is 

approximately 7,700 cts. 
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Figure 22. Willamette River Spur Dike Field Upstream of Corvallis 
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I 

A model study was con~ucted for design purposes by the U.S. t-rmy Corps of 

Engineers at the U.S. Army Engineer Waterways Experiment Station In 

Vicksburg, Mississippi. The design solution consists of eight spur dikes 

spaced 250 to 350 feet apart, extending 50 to 115 feet Into the river (at 

crest elevation) and consisting of rockfll I and rlprap. Dike 1, the extreme 

upstream dike, Is oriented 40 degrees from the bank In a downstream 

direction. Dikes 2-4 are oriented normal to the bank. The four downstream 

dikes (dikes 5-8) are L-shaped with extensions approximately 60 feet long and 

parallel to the bank. A 3-foot layer of class V rlprap was placed on the 

upstream side of each dike and a 2-foot layer of class III rlprap was placed 

on the downstream side to protect the dikes from scour and debris. 

Research Procedures. EQuipment and Data 

One purpose of our field Investigation was to gather the necessary data 

to determine the hydraulic effects of spur dikes on river flow and bed 

topography. Another purpose was to compare observations with our laboratory 

findings. 

In mid-September 1983, soon after dike construction was completed, a 

detailed site survey was conducted. This Included ~urrent velocity 

measurements, surface current patterns, river cross-sections, and streambed 

bathmetry. Current velocities were measured with a Price current meter at 

depths equal to 20 and 80 percent of the total depth. Fran these, the 

depth-averaged velocity was calculated. The depth-averaged velocities are 

shown In Figure 23. Surface current patterns around the spur dikes were 

sketched at the time of velOcity measurements. These are shown In Figure 24. 

A fathometer with strip-chart output was used to record water depths. 

Cross-sections were taken at stations upstream of the spur dike field, at and 

between each dike, and downstream of the dike field. Cross-sections were 
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also taken paral lei to the current flow along the river center line, 20 feet 

from the dike tips, 10 feet from the dike tips, and 20 feet from the bank line 

In between the dikes. For dikes 1, 3 and 7, cross-sections were also taken 

radially around the dikes approximately 10 feet and 20 feet from the dike 

edge. A contour map of the river bed was constructed using the data obtained 

from the fathometer recordings. This Is shown In Figure 25. 

To determine the evolution of scour patterns around the spur dikes, 

subsequent site surveys were conducted In mid-winter 1983-84, after a few 

months of high water al lowed scour to rearrange the river bed and flow 

patterns. Surveys were repeated In summer 1984 to observe the effects of a 

'ful I season of high-water conditions. Figure 26 snows the effects on scour 

and deposition aft~r a year of dike performance. 

DiscussIon of Field Investigation 

The Initial field Investigation was conducted during late-summer low-flow 

conditions. The river discharge was approximately 7,000 cfs. High-flow 

winter conditions are much greater, with a two-year flood hydrograph discharge 

of about 50,000 cfs. At the time of the Initial field Investigation, local 

scour around the spur dikes and general streambed erosion had not yet had an 

opportunity to adjust to Initial high water discharge. The scour was 

therefore expected to Increase during the fol lowing winter season. 

Table 9 contains the prototype spur dike lengths In terms of the river 

width, spacing ratios In terms of both the spur dike length and river width, 

and Initial scour hole depths. The spacing ratios are greater than the 

typically recommended values of 2L to 4L given In Table 3. However, there was 

no observed bank erosion between the dikes. 

The current velocities were greatly accelerated as they passed the spur 

dikes, due to the converging flow. The trailing eddy currents from one dike 
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Table 9. Spur Dike Lengths, Spacing Ratios and Initial Scour Hole 
Depths In Prototype Spur Dike Field 

Spur Length/Width Spacing/Length Spacing/Width Initial 
Dike L/W X/L X/W Scour Hole 
Number Depth (tt) 

1/9.1 4 
6.0 0.65 

2 1/9.1 5 
4.4 0.52 

3 1/7.7 4 
5.6 0.72 

4 1/7.7 8 
8.0 0.81 

5 1/12.0 6 
6.3 0.64 

6 1/7.7 5 
3.7 0.60 

7 1/4.7 10 
4.0 0.88 

8 ·1/4.3 13 
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tended to· Imprlnge near the tip of the next downstream dike, causing dIvided 

flow, with strong currents going around the dike and moderate currents flowing 

toward the base of the dike long Its upstream side. In the compartments 

between the dikes, the velocitIes were greatly reduced. An upstream current 

formed due to eddy effects from the downstream dike and from spreading of the 

strong current leaving the upstream dike. 

Large discharges during winter and spring Increased the ability of the 

flow to scour the bed near the dikes along flow trajectories past the dike 

tips. The dikes thus became more effective In altering flow patterns. The 

flow trajectory past dike 8 extended toward mid-channel, where a shallow bar 

had prevIously been, and then spread out so that a weaker current ImpInged on 

the eroding bank downstream of the dike than had been the case before the dike 

was built. Some deposition occurred just downstream at dlke .. 8 along the edge 

of the wake zone. AI I banks between dikes were wei I protected and much debris 

(trees, logs and branches) was carrIed Into the zones between dIkes, where It 

became stranded. Figure 26 shows the streambed contours near the dIkes after 

one year of interaction with the river. 

Summary and ConclusIons 

Local scour around spur dikes and sImilar structures and the degree of 

bank protection provided are affected by many factors, IncludIng structure 

characteristics and streamflow characterIstics. While the general qual itatlve 

effects of these factors have been researched and documented, few quantItative 

relationships are available for use as design aids. Recommended spur dIke 

orientation angles and spacing ratIos vary greatly, depending on the 
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researcher and source. Equations for predIctIng scour hole depths around spur 

dIkes are questionable, as the results deviate greatly. Model testing may be 

the most Important and effective means to predict results and aid In the 

design process. 

In thIs part of the research, various spur dIke shapes, orientatIon angles 

and arrangements were InvestIgated, both experimentally and with a prototype 

field study. Under the limItations Imposed by the model, the fol lowing main 

conclusions can be made: 

(1) The degree of bank protection provided by spur dikes Is a functIon 

of the spur dike length, orientation angle and spacing. 

(2) As the length of the spur dike Increases, the protected distance 

downstream of the dike to where bank erosion begins to occur 

Increases, but not proportionately with the IncreasIng spur dike 

length. In the model tests, a spur dike could protect a bank from 

2.5 to 4.5 times Its own length. depending upon the spur dike 

length. 

(3) Upstream-oriented spur dIkes are more efficient than other 

orIentations In deflecting the river current away from the bank. 

Therefore, upstream-oriented spur dIkes provIde bank protectIon 

farther downstream from the dIke tIp. 

(4) Upstream-orIented spur dIkes cause more extensive scour holes 

than do downstream-orIented spur dIkes. ThIs Is because of the 

Increased flow disruptIon resultIng from the upstream orIentation. 

From our smal I-scale tests It Is not known whether the scour hole 

depth also Increases as the area Increases, due to upstream-orIented 

dIkes. 

These conclusions are consIstent with the past studIes and literature 

cited earlIer. 
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IV. USE OF GABIONS 

General Features of Gablons 

Gablons are wire baskets fll led with rocks. The baskets are usually 

rectangular In shape. They are made of steel wire that Is machine-woven In 

a uniform hexagonal triple-twist pattern. The steel wire may be galvanized 

with a zinc coating as a rust control measure (Maccaferrl Gablons of 

America, undated-b; Bekaert, 1977). 

Gabtons are available In different sizes to suit conditions of terrain 

and application. Typical gablon lengths are 2, 3 and 4 meters. Typical 

widths are 1 meter. Typical heights are 1 foot, one-half meter, and one 

meter. Gablons are suppl led flat, packed In bundles. Assemblylng the 

gablon Involves folding It up to form a rectangular box and wiring It at the 

edges and at al I connections except for the lid. The gablon Is then fll led. 

The fll ling materIal usually consists of hard, durable stones larger than 

the wire mesh openIng of 3 In. x 4 In. Once fll led, the gablon lId Is wIred 

closed. 

Gablons may be fll led by hand or mechanically. A wIde varIety of 

earth-hand I Ing equIpment may be used, such as payloader, grade-al I, crane, 

conveyor, or modI fed concrete bucket. Some manual adjustments of the stones 

are requIred during the mechanical fll ling operatIon !n order to eliminate 

undue voIds. 

History of Gablon Use 

The history of gablons dates back to antiquity. The Egyptians used 

gablon-I Ike structures to build dikes along the Nile about 5000 B.C. 
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(Bekaert, 1977). The Chinese are said to have used similar ?tructures along 

the Yel low River about 1000 B.C. In his ten books of Architecture written In 

about 20 B.C., the Roman Archltectus Vltruvlus described the use of gablons 

as cofferdams. The early gablons were woven from plant fiber; as such they 

were not very durable. 

In their modern form, gablons have been used In Europe quite extensively 

since the late 1800's. In American construction, gablons are relatively new. 

However, today they are used more and more frequently to control erosion and 

to J Ine channels. 

>Gablons have been used In many situations. These Include: river training 

and flood control; channel linings; retalnlnQ wal Is; bridge abutments and 

wlngwal Is; marinas and boat ramps; culvert headwal Is and outlet aprons; and 

shore or beach protection. 

Advantages and Disadvantages of Gablons 

Gablon structures are considered to be useful structures due to their low 

cost, ease of Installation, flexibility, durability, permeability, and 

natural appearance. One of the main advantages often cited for gablons over 

oth.er types of engineering structures relates to their use for Installations 

on unstable foundations (Maccaferrl Gablons of Canada, undated). Burroughs 

(1979) discusses the IncreasIng use of gablons In the U.S. and their 

economical and environmental advantages. The fol lowing Is a summary of the 

reported advantages of using gablons. 

Flexibility. The gablon structure Is flexible. Its triple-twist 

hexagonal mesh al lows It to tolerate differential settlement without being 

damaged. This feature Is essential when the lnstal latlon Is on unstable 
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ground or In areas where scour from waves or stream currents can undermine 

the structure. 

Strength. The strength and flexibility of the steel wire hexagonal mesh 

enables the gablon to withstand forces generated by water and earth masses. 

The pervious nature of the gablon al lows It to absorb and dissipate much of 

the energy developed. This Is particularly so on coastal protection 

Instal lations where gablons are known to have remained effective long after 

massive rIgid structures have failed. 

Durability. Plant growth over the gablons, after the voids between the 

Individual stones are filled with 5011, becomes a living coating for the 

wire mesh and stones. The soil, silt, and plant roots become bonding agents 

for the stones. Moreover, the triple-twisted hexagonal mesh wll I not 

unravel If cut. AI I this enhances the durability of the gablon structure. 

Permeability. The gablon wal I al lows water to drain and stabilizes a 

slope by the combined action of draining and retaining. Drainage Is 

achieved by gravity and evaporation, as the porous structure al lows air 

circulation through It. Furthermore, as vegetation grows over the 

structure, transpiration further assists In removing moisture from the 

backfll I. Thus, hydrostatic heads ar:e unlikely to develop behind a gablon 

wal I. This system Is more efficient than weep holes In standard masonry 

wall s. 

Landscaping. By permitting the growth of natural vegetation and 

maintaining the natural environment of an area, gablons provide attractive 

and natural building blocks for decorative landscaping. They can be used 

effectively and economically In parks, along highways, to beautify the banks 

of lakes, ponds, and streams. 
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Economy. Compared to rigid or semi-rigid structures, gablons are more 

economical. The reasons are as fol lows: construction Is simple and does not 

require skIlled labor; stone fll I Is usually available on sIte or from 

nearby quarries; prelImInary foundatIon preparation Is not needed beyond 

having the surface reasonably level and smooth; no costly drainage provision 

Is required, as gablons are porous; and little maintenance Is needed. 

There are also reported dIsadvantages In the use of gablons. A major 

crIticism Is that If underdeslgned, they wll I ravel up due to scour and be 

carried away or become a potentIal hazard. Their use Is sometimes 

discouraged for aesthetIc reasons; the appearance of wIre baskets fIlled 

wIth rocks may be considered undesIrable. The use of gablons may be 

dIscouraged for fear that the wIre basket may endanger fIsh through 

abrasIon. If coarse bed load Is transported In a stream, abrasion may cause 

the wIres to break and the gablon to fall. 
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v. USE OF GABION GROINS 

Oyerylew 

This part of the report describes the use of gablons for groins. The 

general concepts Involved In their use are similar to those already 

discussed for rlprapped rockfll I spur dikes and groins. The gablon grOin 

structures tend to be smaller than rlprapped rockfll I groins and to differ 

In their applications. 

With regard to gablon groins, the objective of work discussed here Is to 

determine what arrangement (In terms of groin length, spacing between 

groins, and groin orientation to the flow) wll I provide optimum streambank 

protection while Improving fish habitat at the same time. 

General Features of Gablon Groins 

A groin may be defined as an elongated structure protruding Into a 

flowing stream or river from the bank. The root of this structure Is 

embedded Into the bank while the head projects Into the stream. Several 

types of groins are Illustrated In Figure 7, presented earlier. 

A primary function of groins Is to manipulate the stream current or flow 

direction. By diverting erosive flow away from sensitive areas along a 

streambank, groins provide bank protection. Other functions Include 

training the ~tream along a desired course by changing the flow directIon In 

the channel and Inducing scour along defined lines to create a deeper 

channel, such as for navigation purposes. Scour holes Induced at the head 

of a groin can provide a habitat for fish rearing. 
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There are two major types of groins, permeable and Impermeable. 

Permeable groins slow down the' local current and, In doing so, Induce 

sedIment deposition. They are often made from timber pIles and are most 

effectIve In alluvial channels having appreciable bed load and coarse 

suspended load. Impermeable groins deflect the curre~t wIthout necessarily 

slowIng It down. Groins made from rock boulders or gablons tend to be 

semi-permeable, prImarIly deflectIng the current rather than retarding It. 

The main Interest, In this part of the report, Is In the use of gablons 

as groins. Gablon groins have the capacity for deformation wIthout damage. 

Once silt has accumulated around and within the stonework, vegetation growth 

can consolidate the structure Into a new permanent bank. These 

circumstances are benefIcIal for erosion control and also may be useful for 

habitat development or modificatIon. 

Groins may be placed pointing upstream, normal to the flow, or 

downstream. Each orIentatIon has a ·dlfferent Impact on the stream current, 

wIth a consequential effect on the scour and deposItIon patterns around the 

groin. Figure 27 Illustrates some Impacts of groIn orIentatIon on sedIment 

deposItIon. Samlde and Beckstead (1975) observed that a groIn pointIng 

upstream repels the approachIng flow away from Itself while one pointing 

downstream attracts the approachIng flow towards Itself and does not repel 

It towards the opposIte bank. ,The groIn at right angles to the flow only 

changes the directIon of the flow without repel I Ing It. In each case, 

however, the flow leavIng the groIn has been observed to fol Iowa trajectory 

InItIally dIrected toward the opposite bank. A more detaIled dIscussion has 

already been presented on the Inteactlon of the flow wIth bank structures 

such as spur dIkes. The dIscussion Is equally applIcable to gablon groIns. 
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Design Considerations for G~blon Groins 

The major factors that must be taken Into consideration for the design 

of groins Include flood depths and discharges, amount of suspended load and 

bed load, channel slope and width, high and low water depths, and flow 

velocities. The ty~e and size of bed material (I.e., clay, silt, sand, 

gravel, cobbles) must also be known. Other factors to be considered Include 

the debris load of the stream during floods, possible damage due to Ice, 

available construction materials, and available funds. 

With the above factors In mind, decisions must be made on the fol lowing 
I 

design parameters: (a) groin foundations; (b) height and width of the groin; 

(c) depth of groin root embedment Into bank; (d) structural configuration; 

(e) number of groins and spacing between them; (f) length of groin 

projection Into the stream; (g) orientation of groin to the flow; and (h) 

extent and depth of scour to be expected. 

Groin Foundation 

Gablon groins do not require excavated foundations (Maccaferrl Gablons 

of America, undated-b). It Is enough to level off the stream bed at a depth 

approaching that of the lowest point of the nearby bed. If much local scour 

Is anticipated, some foundation excavation may be helpful !o minimize the 

amount of differential settlement. 

The gablon groin Itself may be sited either directly on the stream bed 

or on a gablon mattress. Figure. 28 shows a gablon groin placed on a gablon 

mattress foundation with an apron. Except where the stream bed consists of 

bedrock and boulders and as such Is not erodible, a mattress apron Is needed 

to protect large groin superstructures from being undermined by scour. 

Figure 29 shows the behavior of a gablon apron If It Is undermined. The 
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mattress apron may be elImInated where the groIn Is smal I (I.e., 1 to 2 

meters hIgh and'up to 5 meters long) (Maccaferrl Gablons of AmerIca, 

undated-b). The mattress apron Is flexIble and consists of gablons laId 

flat on the streambed and wIred together. The flexIbIlIty of the apron 

ensures that the apron settles fol lowIng scour at the head of the groIn. 

The mattress must be thIn (e.g., one-half meter or less), but with 

suffIcIent weight to keep It on the bed, resistant to drag by the current 

and. any tendency to 11ft or curl. The projection of the apron depends on 

the extent of scour expected. ExperIence has shown that this should be 

between 6 and 20 feet (Maccaferrl Gablons of AmerIca, undated-b). 

GroIn HeIght 

The heIght of the groin Is generally designed In such a way as to 

prevent flood water from cutting behind the Inshore root of the groin. 

Therefore, the height Is generally set by a design crIterion based on 

provIdIng protection for a specific return frequency of dIscharge. The 

maximum heIght should be equal to the level of the flood plaIn. 

Geo I n W I.dth 

The lIterature gIves some general guIdelines for determIning groin 

wl·dth. It. has been found In practIce that a one-meter width Is adequate for 

small streams and where the water velocity Is small enough to cause no 

scouring actIon (Maccaferrl Gablons of AmerIca, undated-b). The largest 

gablon groIn structures need not be wider than 3 meters. As a general rule, 

the width should not be less than the heIght of the submerged part of· the 

groin. 

GroIn Root Bank Embedment 

Mamak (1964) recommends that the groin root penetrate 4 to 10 meters 

Into the bank. ThIs distance Is too long for the smal I streams where 
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'gablons are often used. The root distance must be adequate to give good 

structural anchorage and to prevent end scour. Where anticipated flow 

conditions appear to threaten the groin near the bank, short revetments be 

used along the bank on each side of the root. 

Type of Structure (ConfiguratIon In Plan VIew) 

The simple straight type of gablon groin Is suitable on gradual bends 

and straight reaches If the groins are short (Maccaferrl Gablons of America, 

undated-b). If groins are long, the bayonet type pointing diagonally 

against the current Is said to be preferable because It favors deposItIon 

(see Figure 7). Hammer-head groins have been found to be quite effective on 

narrow bends. Alternating the bayonet and straight types of groins, the 

latter being shorter and smaller In section, has been found to work equally 

as effectively as using the bayonet type throughout the channel reach to be 

protected and to be less expensive. 

Generally, a properly designed system using the straight type of groins 

should provide adequate bank protection and Induce sedimentation between the 

grOins (Samlde and Beckstead, 1975). 

Number of GroIns and GroIn SpacIng 

The number of groins used to alter the flow wll I primarIly depend upon 

the length of the project zone, the stream width, and the structure length. 

Th~ number of groins Is also dependent upon the spacing used. ' 

It Is Important that the groins are not spaced too far apart. 

Ofherwlse, the stream current may return to the bank being protected before 

the next groIn In the system begins to Influence the flow directIon. Where 

the groIns are spaced too closely, they work less effiCIently and cost more 

than a system of groIns that Is properly deSigned. 
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Table 3, presented earlIer, shows a summary of lIterature on recommended 

groin spacIng. The tabulated ratIos represent the dIstance between two 

consecutIve groIns dl~lded by the effective groIn length normal to the bank. 

For gablon groins, Maccaferrl Gablons of America (undated-b) recommends 

a groln-spaclng-to-groln-Iength ratIo rangIng from 4 to 6, dependIng on the 

curvature of the stream. The mInImum ratIo Is used for concave banks and 

the maxImum ratIo Is used fOr convex banks. 

Distance of Groin Extension Into Stream 

The projectIon of groins Into a stream should be such that the heads of 

the groIns are al Ined to defIne a smooth curve ora straIght lIne 

representIng a new channel bank, as was Illustrated In FIgure 8 (SamJde and 

Beckstead, 1975) •. The length must enable the groins to shIft the eroding 

current away from the bank •. However, the groins must not create any 

I nstab I I I ty by over-constr I ctl ng the f I ow~ Therefore, the grol ns must be 

. positioned so as to provIde adequate channel cross-sectIonal area fP.r fJow. 

Groin Orientation to Flow 

It has already been IndIcated that groins may be oriented upstream, 

downstream or norma I to the f I ow. In choos I,ng a part I cu I ar or I entat Ion, the 

pd mary f nterest, as far as bank pr.otect I on I s concerned, I s to sh 1ft the 

scourIng flow away from the bank and .encourage deposition between ±t/;le 

grol ns. Researchers vary .In thel r recommendations for grol n orl ent.atlon. 

This has already been shown In Table 2. 

Samlde and Beckstead H 975) observed that grol ns facl ng upstream caused 

more deposItIon adjacent to the downstream bank than grOins InclIned at 90 

degrees to the flow. The groIns placed normal to the flow protected a 

smaller area, whIle the groins facing upstream sustaIned the bulk of the 

,eros I.ve power of the f I ow .and were abl e to protect bank areas upstream and 
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downstream of the groins. Groins facing downstream attracted flow towards 

themselves and to the root of the next downstream groin. This threatened 

the downstream groin and the surrounding area. For this reason, Samlde and 

Beckstead do not recommend downstream-oriented groins for bank protection 

purposes. 

In contrast, Franco (1967) rated the groin facing downstream as best In 

performance on the basis of scour, deposition, channel depth and alignment. 

The groin facing upstream produced more disturbance to the flow. 

As further contrast, Copeland (1983) Indicated that the effective length 

of the groin Is a more significant factor than the angle of orientation. 

Therefore, he recommended groins perpendicular to the flow. 

Extent and Depth of Expected Scour 

The scour depth at a gablon groin can be predicted from various 

formulas, such as those presented In Table 1. The flexibility of gablons 

al lows them to maintain structural Integrity If actual scour Is somewhat 

more severe than predicted scour. Rlprapped rockfll I structures do not have 

this margin of safety. It Is probably because of the flexibility of gablon 

structures that no major foundation excavation Is recommended by the 

manufacturer (see earl fer discussIon). However, If bank anchorage Is 

Inadequate, the deformed structure may pul I away from the bank Into the 

scour hole. 

Model Studies 

Scope of Studies 

The laboratory Investigations undertaken with gablon groins Involved 

single and paired gablon groins at various orientations to the flow, at 
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various groin spacings, and for differing lengths. The objective In this 

part of the work was to observe and compare the performance of the groins, 

Including the resulting flow patterns and scour patterns. The groin 

arrangement that best served the co-purposes of bank protection and habitat· 

modification was also to be determined. 

Laboratory Apparatus 

The laboratory studies were conducted In a flume with a test section 16 

feet long and 3.5 feet wide. A sand bed 6 Inches deep and Initially flat 

for each test was used to study scour and deposition. The median diameter 

of the sand was 1.5 mm. Bed elevations and scour depths were measured with 

a point gage. 

The flume hydraulic system consisted of a storage sump, supply pump, 

head tank, stll ling basin, flume, tailgate, and volumetric weighing tank. 

The water discharge was 'control led by varying the pump discharge valve 

and/or the pump speed. The discharge was selected such that the streambed 

was stable at slightly below the critical. conditions for Incipient motion. 

Gablon baskets were modelled with copper window screen having a mesh 

opening of 0.04 In x 0.04 In (1 mm x 1 mm) and fll led with gravel with a 

'mean size of 0.5 Inches (1.7 cm). Straight-type gablon groins were model led 

In two dIfferent lengths: 21.0 In (53.3 em) and 10.5 In (26.7 cm). These 

lengths corresponded to one-half (21.0 In) and one-quarter (10.5 In) of the 

channel width. The dimensIon of the groin cross-section was 3.9 In x 3.9 In 

(10.0 cm x 10.0 cm). This was chosen to represent a realistic size In 

relation to the channel width. This dimension of the model groin represents 

a scaling ratio of 1:10 when compared with a commercial gablon basket wIth a 

cross-section of 1.0 m x 1.0 m. 
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Laboratory Procedures 

The gablon groin experiments were conducted by means of thirty test 

runs. Table 10 summarizes the test conditions for each test run. The terms 

and symbols used In this table are explained by the definition sketch shown 

In Figure 30. 

For each test run, the sequential procedures were as fol lows: 

1. The channel bed was leveled and the Initial bed elevation was 

measured. 

2. One or two gablon groins with the predetermined length, spacing, 

and orientation angle were placed In the flume. 

3. The root of each groin was nailed to the channel wal I to represent 

prototype bank anchorage conditions. 

4. The elevation of each groin was measured. 

5. The pump was turned on with the discharge, Q, set at 0.51 cfs. 

6. Flow patterns around each. groin were traced by means of smal I drops 

of red dye poured Into the upstream end of the channel. The 

observed patterns were sketched. 

7. The average upstream water depth, y, was measured after the flow 

had reached steady-state conditions. The average channel velocity 

V, was calculated from the measured water depth and discharge 

and the channel width. 

8. Progressive channel changes due to scour and depOSition, and the 

corresponding gablon behavior, were noted. 

9. The flow was maintained for 20 hours to al Iowa definite scour 

pattern to form. 

10. The pump was stopped at the end of the 20 hours and the water was 

allowed to drain. 
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Table 10. Summary of Gablon Groin Laboratory Test Conditions 

A. Tests With Single Gablon Groins 

Run Llw a 

1/2 135 

2 1/2 90 

3 1/2 45 

B. Test With Double Gablon Groins 

Run UW a X Run L!W a x 

4 1/2 135 ·L 18 1/4 135 3L 

5 1/2 135 2L 19 1/4 135 4L 

6 1/2 135 3L 20 1/4 135 5L 

7 1/2 135 4L 21 1/4 90 L 

8 1/2 90 L 22 1/4 90 2L 

9 1/2 90 2L 23 1/4 90 3L 

10 1/2 90 3L 24 1/4 90 4L 

11 1/2 90 4L 25 1/4 90 5L 

12 1/2 45 L 26 1/4 45 L 

13 1/2 45 2L 27 1/4 45 2L 

14 1/2 45 3L 28 1/4 45 3L 

15 1/2 45 4L 29 1/4 45 4L 

16 1/4 135 L 30 1/4 45 5L 

17 1/4 135 2L 

98 



x 

. Undi stuY-'bed . 
Le .' Lp Zon~ 
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W 

L = Actual Groin Length 
Le = Effective Groin Length 
Lp = Average Width of Undisturbed (Protected) Zone Between Groins 
X = Spacing Between Groins 
o = Groin Orientation Angle with Downstream Bank 
W = Channel Width 
Q = Discharge 

Figure 30. Definition Sketch for Terms Used 
in Gabion Groin Experiments 
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11. The new groIn elevation was measured to determIne the amount of 

groin settlement caused by scour. 

12. The maximum scour depth near each groin was measured and Its 

position with respect to the groin was noted. 

13. The scour pattern around each gablon was photographed. 

Laboratory Results ~nd Observations 

The general flow patterns associated with single and double groins are 

shown In Figures 31 and 32, respectively. In each case, the groIns are 

oriented upstream, normal to flow, and downstream. 

The leadIng upstream-orIented groIn repelled the flow from Itself wIth a 

stll I-water pocket (or reverse eddy) formIng upstream of the groIn. The 

normally-orIented groIn sImply changed the dIrectIon of the flow away from 

the bank· beIng protected; The groin poIntIng downstream dIrected the flow 

downstream without repel I Ing It. AI I the groin orIentatIons resulted In 

flow being deflected away from part of that bank being protected by groIns. 

FIgures 33 and 34 show the scour patterns for these sIngle and double 

groIns after 20 hours of flow. The test .condltlons Involved a dIscharge of 

0.51 cfs, an upstream approach velocIty of 0.48 fps, a boundary shear stress 

of 0.03 p.sf and a Froude number of 0.15. 

Bed scour caused by groIns poIntIng upstream and downstream tended to 

extend from the tip of the groIn to the opposite bank. For groIns pointing 

normal to the flow, scour at the tlp,of the groin was more localized and 

extended more downstream than toward the opposite bank. 

The scourIng eddies were most pronounced at the upstream sides of the 

groIns. ThIs caused the gablons to twIst In most cases, rotating upstream 

and downward. The upstream groins showed more twisting than the downstream 

groins. Also, the longer groins (L/W = 1/2) showed more twIsting than the 
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b) Oriented Normal to Flow 
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c) Downstream Orientation 
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Figure 31. Flow Patterns for a Single Gabion Groin 
at Three Orientations 
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b) Oriented Normal to Flow 
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c) Downstream Orientation 
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Figure 32. Flow Patterns for Double Gabion Groins 
at Three Orientations 
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a) Upstream Orientation b) Oriented Normal to Flow c) Downstream Orientation 

Figure 33. Scour Patterns Around Single Gabion Groins at Three Orientations 



a) Upstream Orientation b) Oriented Normal to Flow 

_ c) Downstream Orientation 

Figure 34. Scour Patterns Around Double Gabion Groins at Three Orientations 
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shorter groins (L/W = 1/4). During the runs, the flexible gablon groins 

settled Into the developing scour zones. Because the groin root was 

anchored to the channel bank, the groin sloped; Its tip and about one-third 

of Its length were submerged In the flowing water. More scour occurred 

beneath and around the upstream groins than near the downstream groins, as 

the upstream groins sustained the bulk of the erosive power of the flow. 

Maximum scour depth generally occurred at the outer tip of the groin, where 

local acceleration of the flow was most pronounced. 

Groins oriented upstream caused more bed scour than groins oriented 

downstream. Compared to the other two orientations, the downstream-oriented 

groins caused the least bed scour. 

Tables 11 and 12 show the measured groin settlements and the maximum 

scour depths for double groins having L!W ratios of 1/2 and 1/4, 

respectively. The data are plotted In Figures 35 and 36. Except for a few 

Inconsistencies, possibly due to experimental errors, the tabulated data 

confirm the above general observations regarding the effect of orientation 

',' angle and local scour. Figures 35 and 36 show that, for a given orientation 

angle, the upstream groin experienced essentially the same amount of scour 

and settlement, regardless of groin spacing. (The variation might be a 

measure of experimental error.) The downstream groin experienced less scour 

and settlement than the upstream groin, but the amount experienced depended 

upon the groin spacing. When the spacing exceeded twice the structure 

length, the amount of scour and settlement Increased. The amount of scour 

at the downstream groin approached that at the upstream groin for X/L 

spacings of three or more If the flow constriction was severe (I.e., L/W = 

1/2). The amount of settlement was much less when the flow constriction was 

smal I (at L/W = 1/4) than at larger flow constrictions (at L/W =1/2). 
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Table 11. Gabion Groin Settlement and Maximum Scour Depth at Groin Head for Double Groins with L/W Ratio of 1/2 

Groin a = 450 a = 90 0 a = 1350 

Spacing Downstream Orientation Normal to Flow Upstream Orientation 
* ** **:Jr. **J;* .. X/L Zl,ft Z2,ft dl,rt d2,rt Zl,ft Z2,ft d1,ft d2,ft Zl,ft Z2,ft d1,ft d2,ft 

0.019 0.019 0.136 0.042 0.240 0.035 0.239 0.079 0.241 0 0.309 0.223 

2 0.008 0 0.159 0.015 0.235 0.174 0.289 0.080 0.247 0.017 0.302 0.228 

3 0.009 0.003 0.266 0.153 0.234 0.230 0.280 0.249 0.142 0.165 0.288 0.259 

4 0.021 0.212 0.065 0.174 0.231 0.275 0.224 0.190 0 0.284 0.268 

*Z settlement at tip of upstream groin ***d1 = maximum scour depth at tip of upstream groin 
**Zl settlement at tip of downstream groin ****d2 = maxmium scour depth at tip of downstream groin 2 

Table 12. Gabion Groin Settlement and Maximum Scour Depth at Groin Head for D?uble Groins with L/W Ratio of 1/4 

Groin a = 450 a = 900 e' = 1350 

Spacing Downstream Orientation Norma 1 to Fl ow Upstream Orientation 
X/L * Zl,ft ** Z2,ft dl~n d2~n* Zl ' ft Z2' ft d1, ft d2, ft Zl ' ft Z2' ft d1 ' ft d2, ft 

1 0.183 0.001 0.184 0.003 0.156 0 0.239 0.026 0.175 0.003 0.245 0.082 

2 0.028 0.002 0.166 0.028 0.177 0 0.224 0.041 0.192 0.002 0.233 0.125 

3 0.001 0 0 .. 124 0.070 0.174 0 0.235 0.074 .0.197 0.003 0.245 0.120 

4 0.008 0.005 0.145 0.103 0.175 0 0.214 0.118 0.220 0.261 0.259 

5 0.007 0.047 0.167 0.018 0.127 0.034 0.222 0.073 0.155 0.006 0.231 0.128 

*Z = settlement at tip of upstream groin ***d1 = maximum scour depth at tip of upstream groin' 
**Z1 = settlement at tip of downstream groin ****d2 = maximum scour depth at tip of downstream groin 
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The zone between the double groins experienced little or no current and 

was characterized by an undisturbed and generally smooth bed. The average 

width of this protected zone, Lp, varied as the groin spacing, X, was 

changed. The width, Lp, was measured and used as an index for determining 

bank protection; the larger Lp was, the more protection the bank received. 

To standardize this Index of bank protection, Lp was divided by the 

effective groin length, Le, which Is the projected length of the groin 

measured from the groin tip perpendicular to the bank along which the groin 

Is placed. Tables 13 and 14 show the variation of the effective bank 

protection per unit effective groin length, Lp/Le, with the relative groin 

spacing, X/L. Figure 37 shows the plot of Lp/Le versus X/L for various 

orientation angles and channel contractions. 

Field Study 

A I imited field study was conducted to observe the performance of a 

gabion groin. The ability of such a structure to cause scour and deposition 

In a gravel-cobble stream was of particular Interest, to al low comparison 

with the more easily eroded sand bed In the laboratory. 

Field Site and Procedures 

The fIeld work Involved a 2 m x 1 m x 0.5 m prototype gablon groIn 

Instal led in Oak Creek along a bank experiencIng hIgher currents and some 

erosion. Oak Creek draIns the western slope of the Oregon Coast Range near 

Corvallis. Its bed material near the study site Is predominantly gravel and 

cobbles. The average sIze of armor layer material Is about 60 mm; that of 

the sub-armor materIal Is about 20 mm. The test site chosen was In a 

straight reach with an average channel width of 14.0 ft (4.3 m) and a 
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Table 13. Effect of Gabion Groin Spacing and Orientation Angle on Bank Protection for 
Double Groins with L/W Ratio of 1/2 

Groin e = 450 e = 900 e = 1350 

Spacing Downstream Orientation Normal to Flow Upstream Orientation 

L Le* Lp/Le L Le* Lp/Le (~~) Le* Lp/Le 
XL (i~) (i n) (iR) (in) (i n) 

1 15.2 14.85 1.02 22.2 21.0 1.06 16.5 14.85 loll 

2 11.0 14.85 0.74 18.0 21.0 '0.86 14.3 14.85 0.96 

3 10.0 14.85 0.67 16.1 21. 0 0.77 11.95 14.85 0.80 

4 7.30 14.85 0.49 13.0 21.0 0.62 9.76 14.85 0.66 

*Le = L Sine, where L = 21 inches 

Table 14. Effect of Gabion Groin Spacing and Orientation Angle on Bank Protection for 
Double Groins with L/W Ratio of 1/4 

Groin e = 450 e = 900 e = 1350 

Spacing Downstream Orientation Normal to Flow Upstream Orientation 

Lp Le* Lp/Le (~~) Le* Lp/Le Lp Le* Lp/Le 
XL (in) (in) (i n) (in) (i n) 

1 2.25 7.42 0.30 4.25 10.5 0.40 5.65 7.42 0.76 

2 5.83 7.42 0.79 8.75 10.5 0.83 7.00 7.42 0.94 

3 5.98 7.42 0.81 9.55 10.5 0.91 8.48 7.42 1.14 

4 6.53 7.42 0.85 10.9 10.5 1.04 9.33 7.42 1.26 

5 5.34 7.42 0.77 10.3 10.5 0.98 9.67 7.42 . 1.30 
--- - ------- - ---------~ 

*Le = L Sine, where L = 10.5 inches 
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gradIent of about 1 percent. The gablon extended out from the rIght bank to 

mid channel. A staff gage was Instal led and a nearby stream gagIng station 

provided a continuous record of the stream hydrograph during the 4.5-month 

test period. 

Cross sections were established and marked at 5-foot Intervals for 10 

feet upstream and 40 feet downstream of the gab Ion. The bed slope and 

cross-sectional shapes were determined on several occasions from'the date of 

Installation until winter storms ceased four and one-half months later. The 

position and settlement of the groin, caused by scour, were checked 

per I od I ca I I y. 

FIeld Results and Obseryatlons 

The flow pattern around the gablon was essentIally IdentIcal to the flow 

pattern around the model gablon Instal led normal to the flow In the 

laboratory. The performance of the prototype gablon and the resultIng bed 

scour and depositIon were also comparable to those for the model gablon. 

Figure 38 shows the stream cross sections Immediately after gab Ion 

Installation and four and one-half months later. Four major storms occurred 

during this period, with peaks ranging from 170 cfs to 220 cfs. The 

smal,lest discharge during the period was 3 cfs. 

,Local scour occurred around the tip of the groin. A maximum scour depth 

of 3.0 feet occurred at the gablon tip. This caused to the gablon to 

settle. About two-thirds of the gablon length was submerged during the 

larger discharges, yet the gablon stll I performed wei I. The prototype grOin 

did not twist, as was the case for the laboratory model. Reinforcing steel 

bars I nsta I I ed through the gab I on Into th'e stream bed as anchors prevented 

the twisting from taking place. 
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Sediment deposition downstream of the gablon resulted In a bar 29 feet 

long and 3 feet wide along the bank being protected. This bar caused the 

stronger currents to shift from the bank being protected and to scour the 

bed near the opposite bank. 

Discussion of Studies 

The flow pattern that developed for each groin orientation was 

d'lstlnctlve and showed a definite relationship with the corresponding scour 

pattern. The Influence of the groins on the flow velocities thus 

significantly affected sediment transport and general and local scour. 

The nature of the flow and scour patterns around the groins Indicates 

that the obstruction to flow caused by groins created an Intense system of 

vortices. The primary vortex Impinged on the stream bed at the grOin tip, 

eroded the bed material there, entrained the eroded material In the flow, 

and allowed It to be transported downstream by the main flow. Intermittent 

vortices of lesser strength occurred along the upstream and downstream faces 

of the groin and added to the scouring action. Because of the location of 

the primary vortex at the groin tip, the maximum scour occurred there. 

The observation that groins oriented upstream caused more scour than 

those oriented downstream Is In agreement with work done by Samlde and 

Beckstead (1978) and Tison (1962). The general trends observed In this 

experiment were shown quantitatively by Ahmad (1953) and Garde, et al. 

(1961>. 

It Is seen from Tables 13 and 14 and from Figure 37 that for grOin 

length to channel ratio of L/W = 1/2, the effective bank protection, Lp/Le, 

decreased as the groin spacing, X, was Increased. A different trend Is 
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shown for L/W = 1/4. In this case, Lp/Le Increased with X up to X = 4L. 

The shorter groins (L/W = 1/4) showed more Interaction between the eddies 

around the upstream and downstream groins at smal I spacings. The 

Interaction of the eddies resulted In a narrower width, Lp, for the 

undisturbed zone between the groins. Scour developing around the upstream 

groin easily extended to joIn scour developing around the downstream groin 

when the groin spacing was smal I. As X Increased, the Interaction of the 

eddies around the upstream and downstream groins diminished, leading to 

higher Lp values. For L/W = 1/2, the upsteam groin was able to deflect the 

flow beyond the downstream groin and thus minimized or prevented the kind of 

eddy Interaction experienced by the shorter groins. Beyond X/L = 4, the 

,groins with L/W = 1/4 began to show the same trend as groins with L/W = 1/2; 

the effective bank protection, Lp/Le, began to decrease with Increasing X. 

It can be Inferred from the above discussion that shorter groins should not 

be spaced too close together, to prevent eddies around the upsteam and 

, downstream groins from Interacting. 

~I' The higher Lp/Le ratios were shown for groins oriented upstream, 

fol lowed by groins pointing normal to the flow. Thus, groins pointing 

upstream gave the most bank protection, fol lowed by groins pointing normal 

to the flow. Groins pointing downstream gave the least bank protection, 

based on their Lp/Le ratios. However, the amount of protection offered by 

the downstream-oriented groins was adequate, for al I the groin spacings 

tested. 

The observation that downstream-oriented groins provided adequate bank 

protection (for groin spacings up to 4L at L/W= 1/2 and 5L at L/w = 1/4) Is 

supported by much of the reviewed literature and Is In contrast to other 

findings. For example, Samlde and Beckstead (1975) observed that for 
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downstream-oriented groins, the current flows toward the root of the next 

downstream groin. However,- It Is the finding of this project that this 

problem can be eliminated by proper spacing of the groins; If the current Is 

flowing to the root of the next downsteam groin, It Is generally because the 

groin spacing Is too large. 

Figure 37 also shows that for a relative groin spacIng of about 2, the 

groins with length-to-channel-wldth ratio of 1/2 and 1/4 provided 

approximately the sa~e effective bank protection per unit effective groin 

length. Beyond X/L = 3, groins with L/W = 1/4 offered better bank 

protection per unit effective groin length than did groins with L/W = 1/2. 

Summary and ConclusIons 

Based on the results and discussion presented for the gablon groin 

experiments, the fol lowing conclusions and recommendations can be made with 

regard to gablon groins: 

I. Upstream gablon groins sustain the bulk of the erosive power 

of the stream flow, compared to downsteam groins. This resulted 

In deeper local scour and greater settlement of the gablon tip 

Into the scour hole. Therefore, careful deSign attention must 

be given to upstream groins In a groin field to assure their 

stab III ty. 

2. Greater scour occurs for upstream-oriented and normally-oriented 

groins than for downstream-oriented groins. Therefore, special 

design attention should be given to gablon groin stability 

for upstream-oriented and perpendicular structures. 
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3. In using gabion groins oriented upstream or downstream in smal I 

streams, ratios of groin length to stream width, L/W, greater than 

or equal to 1/2 should not be used because of the threat of eroding 

the opposite bank. Even the 1/2 ratio may pose a serious threat for 

weak banks. 

4. If fish habitat modification Is of Interest In addition to bank 

protection, g~blon groins oriented upstream or normal to the 

flow may be preferred over groins oriented downstream because 

of greater opportunities for bigger scour holes to be created. 

5. Groins oriented upstream give the greatest bank protection, 

fol lowed by groins oriented normal to the flow. Groins oriented 

downstream offer adequate bank protection for groin spacings up 

to 4L and 5L, at the tested ratios of L/W = 1/2 and L/W = 1/4, 

respectively. However, downstream-oriented groins give the least 

protection, compared to upstream and normally-oriented groins. 

6. At a relative groin spacing of about 2, groins with length-to­

channel-width ratios of 1/2 and 1/4 offer about the same effective 

bank protection per unit effective groin length. 

117 



VI. USE OF GAB ION WEIRS 

Overview 

This part of the report describes the use of gablons for weirs. One 

emerging use for such structures has been to modify fish habitat by altering 

water depths and velocities and by Inducing local bed scour and sediment 

deposition. 

The objective of work discussed here Is to determine the effect of 

V-shaped gablons on the stream flow and bed scour patterns and the Influence 

of weir apex angle on channel scour and deposition characteristics. 

A desirable scour hole for fish habitat modification Is considered to be 

one that Is deep and large, provides enough room for fish rearing and 

maintains favorable temperatures during periods of low flow. Also, Its 

location must not pose a threat to the structure and the streambanks. 

General Features of Gablon Weirs 

Weirs are built across channels for diverse purposes. These Include use 

for soil erosion control, to reduce flood damage, to trap sediment and to 

prevent It from going downstream, as flow measuring devices, to recharge 

ground water from the stream, and as a means of raising the upstream water 

level. Raising the upstream water level may be Important to form smal I 

reservoirs, for canal off-takes, for pumping station Intakes, and to make a 

given channel reach suitable for navigation. Weirs flatten the local 

channel gradient, which can reduce channel scour and cause bed deposition. 
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This can help protect upstream structures such as bridges against scour and 

protect the base of eroded banks. Weirs have also been used to trap gravel 

for fish spawning and to create scour holes downstream for fish rearing 

purposes. 

Gablon weirs can be used In al I of the above situations. They are used 

particularly where loose or fine-grained soils having high permeability are 

found (Agostini, et al., 1981). They have two distinct advantages over 

other types of weirs: flexibility and permeability. Their flexibility 

allows gablon weirs to fol low shifts of ground level beneath the structure 

with little damage. Thus, If material under the weir Is scoured away, the 

weir simply settles. Raising the weir to Its original height can be done by 

adding a new layer of gablons on top of the existing structure. The 

permeability ofa gablon weir al lows a portion of the flow to pass through 

the gablons, If the upstream face of the weir Is not sealed. This reduces 

the volume of water fal ling over the crest. Therefore, somewhat less 

downstream toe protection Is required against scour. 

Gablon weirs are classified Into three types, according to the shape of 

their downstream face at the center of flow (Agostini, et al., 1981). These 

types are shown In Figure 39 and Include: vertical weirs, sloped weirs and 

stepped weirs. The vertical gablon weir produces a nappe which Is separated 

f rom the downstream f ace of the we I. r. On I y the crest mesh I s exposed to 

abrasion and must be protected. A larger scour hole can develop than for 

the other types of weirs. The sloped gablon weir has been recommended for 

large weirs, when the height of the structure ranges up to 10 or 15 meters 

and the weir requires greater stabll tty and Improved hydraulic behavior. 

Stepped gablon weirs offer better stabll tty and the dissipation of some 

energy on each step, which may be of advantage If a scour hole Is not 
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a) Vertical 

b') Sloped 

c) Stepped with Inclined Steps 

d) Stepped with Pooled Steps· 

Figure 39. Types of Gabion Weirs 
(Source: Agostini, et al., 1981) 
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sought. The stepped type Is not recommended If a heavy bed load Is carrIed, 

because of potentIal damage to the mesh on the steps • 

. Des I gn Cons I derat Ions for Gab Ion WeI rs 

The desIgn considerations for weirs Involve hydraulic and structural 

stability criteria. In this section, the design criteria are discussed In a 

general manner, based on a summary of the procedures given by Agostini, et 

a I. (1981>. 

Hydraulic design must Include: (1) design of the crest to maintaIn the 

maximum discharge at the center of the rIver; (2) design of the stll ling 

pool for energy dissIpation and scour control downstream of the weir 

structure; and (3) control of seepage under and around the weir to prevent 

fine soil material from washing away. 

Structural design must Include considerations of: (1) the stability of 

the weir against overturning and sliding; (2) the stability of the bed of 

the stll ling pool against uplift; and (3) the bearing pressures on the weir 

structure and on the foundation soil. 

Crest DesIgn 

The crest of the gablon weir may have the shape of a rectangle, a 

trapezoid, or an arc. It Is usually deSigned to maintain the design 

discharge at the center of the river and to prevent overtopping of the wings 

and scouring of the adjacent banks. On smaller streams the weir crest may 

extend almost fran bank to bank or be a long arc that Is sl Ightlyhlgher at 

the anchor points on the banks than In mId-stream. 

The gablon mesh on the crest must be protected from abrasion and the 

Impact of heavy bed load material transported by the river during severe 
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runoff conditions. This may be done by use of timber, angle Iron or 

concrete. Each wll I cause a greater amount of structural rigidity. The 

concrete can be damaged If weir settlement takes place. 

Stilling Pool Design 

The stll ling pool may be al lowed to form naturally or It may be designed 

using a counter weir placed at a suitable distance downstream of the main 

weir to form a stIlling basin. In one case, the river bed may be left 

unprotected upstream and downstream of the secondary weir, al lowing a deep 

scour hole to form for energy dIssipation. A second way Is to have the bed 

of the stll lIng pool protected agaInst scour by 'use of gablons and to 

control the hydraulIc Jump and form a pool using a broad-crested counter 

weir. The third way Is to have the gablon apron protect the stll ling pool 

below the orIginal bed level. The hydraulic Jump Is control led by the 

abrupt rise at the counter weIr. 

In most situatIons where gablon groIns are used, the energy head of 

water to be dissipated Is only a few meters and the river bed Is made up of 

coarse or very compacted materIal that does not scour deeply. When the 

river bed Is made up of loose material, the maximum depth of scour than can 

be caused by clear-water fal I must be evaluated. The foundation of the weir 

should be deeper than the maximum possIble scour depth, In order to avoid 

underm I n I ng of the structure .• 

Additional recommendations given with regard to the stll ling basin 

Include: (1) using a double layer of thin gablons to protect the bed of the 

st I I I I ng poo I I f severe floods carry heavy bed load th at cou I d cause damage; 

(2) fll ling the gablons In the apron with large stones (20 to 30 cm), 

preferably rounded; and (3) protecting the side slopes adjacent to the weir 

from scour with either sloping revetments or side wal Is, possibly extending 

123 



upstream and downstream of the weir and not connected with the downstream 

apron, as the apron must be left free to deflect downward. 

Seepage Control And the Prevention of UnderminIng 

Seepage through the foundation soil must be minimized to prevent the 

weir structure from being undermined or outflanked. The seepage velocity 

should be such that the smal lest particles of the foundation soil are not 

washed away. Undermining of the weir structure can be prevented by 

constructing an Impermeable cut-off under and at the sides of the structure. 

When:technlcal or economic reasons make the construction of the cut-off 

Impossible or Inconvenient, other methods for control ling seepage may be 

needed, such as placing gravel or synthetic filter cloth underneath the 

structure. Laying the synthetic filter cloth Is usually easier and faster 

than placing the stone filter. 

Structural StabIlIty 

The factors affecting structural stability are given In detail by 

Stephenson (1978). They Include consideration of the unIt weights of water 

and of the fll ling material for the gablon baskets and the soIl. The 

density of water can double when suspended sediment loads are large; this 

must:be considered In stabilIty analysis. For the gablon basket fll led with 

quarr.y stones, the mass of the wire mesh Is neglIgible when compared with 

'the mass of the fillIng material. The horizontal thrust on the structure 

Involves the hydrostatIc and soil pressures, so these too must be 

considered. Hydraulic uplift forces are exerted on the weir, the steps of 

the weir, and the stll ling pool apron and must be Included In analysis. 
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Model Studies 

Scope of Studies 

The laboratory Investigations undertake with gablon weirs Involved 

Individual V-shaped weirs at several apex angles, ranging from 30 degrees 

(I.e~, the V pointing upstream) to 300 degrees (I.e., the V pointing 

downstream). The objective of this part of the work was to determine the 

effect of weir apex angle on flow patterns and streambed scour and 

deposition patterns just downstream of the weir. The weir apex angle that 

provided the largest scour hole was also to be determined. One purpose of 

the model tests was to learn which weir shapes might be useful for fish 

habitat modification. 

Laboratory Apparatus 

The laboratory studies were conducted In the same flume as used for 

gablon groin experiments. The model weir cross sections had dimensions of 

5.3 In x 3.9 In (13.5 em x 10.0 cm). This corresponded. to a 1:10 scaling 

ratio compared to a prototype gablon, assuming the weir to be built with a 

partially burled 1.0 m x 1.0 m gablon stacked with a 0.3 m x 1.0 m gablon. 

Laboratory Procedures 

The gablon weir experiments were conducted by means of fifteen test 

runs. The test conditions for each run are summarized In Table 15. The 

terms and symbols used In this section of the report are explained by the 

definition sketch shown In Figure 40. 

For each test run, the sequential procedures were as fol lows: 

1. A V-shaped model gablon weir basket was constructed with 

the desired apex angle. 
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Table 15. Summary of Gablon WeIr Laboratory Test CondItIons 

Apex Apex Apex 
Discharge Angle, Discharge Angle, DIscharge Angle, 

Run Q, ex, Run 
cfs degrees I 

0.51 30 

2 0.87 30 

3 0.51 45 

4 0.87 45 

5 0.51 60 

Plan View 

Q = discharge 
W = channel width 
ex = weir apex angle 
a =. scour wi dth 
b = scour length 

6 

7 

8 

9 

\10 

m = location of point of maximum 
scour depth from downstream 
side of weir apex 

ds = maximum scour depth 

Q, ex, Run Q, ex, 
cfs degrees cfs degrees 

0.87 60 11 0.51 150 

0.51 90 12 0.87 150 

0.87 90 13 0.51 180 

0.51 120 14 0.87 180 

0.87 120 15 0.87 300 

Profile View 

LI = distance from downstream side of 
weir apex to V-weir base 

YI = water depth upstream of weir 
Y2 = water depth downstream of weir 
VI = water velocity upstream of weir 
V2 = water velocity downstream of weir 
hw = height of weir 

Figure 40. Definition Sketch for Terms Used in Gabion Weir Experiments 
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2. The empty V-shaped weir basket was Instal led over a stable 

foundation made of gablon blocks. The JoInts of adjacent 

foundatIon blocks were covered wIth thIn plastIc sheets 

to prevent concentrated flows there that might undermine 

the bed scour pattern. 

3. The weIr basket was fll led wIth gravel and wIred closed. 

4. The channel bed was level led and the InItIal average bed 

elevatIon was measured. 

5. The heIght of the weIr, hw, above the channel bed was measured. 

6. The dIstance, L" from the downstream apex of the weIr to the base 

of the V-weIr was measured. 

7. The pump was turned on wIth the dIscharge, Q, set at eIther 

0.51 cfs or 0.87 cfs. 

8. The flow was tImed, begInnIng at the tIme water reached the 

downstream end of the channel. 

9. Flow patterns near the weIr were traced by means of red dye. 

The observed patterns were sketched. 

10. The water depths upstream, y, , and downstream, Y2' of the 

weIr were measured when flow reached steady-state conditIons. 

The correspondIng channel velocItIes V, and V
2

, and Froude 

numbers, F, and F
2

, were calculated from the measured water 

depths and dIscharge and the known channel width. 

11. ProgressIve channel changes due to scour and depOSitIon, and 

the correspondIng gablon weIr behavIor, were noted. 

12. The pump was stopped after a flow tIme of twelve mInutes. 

13. The scour pattern around the weIr was photographed. 
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14. The maximum scour depth, d , and Its distance downstream from 
s 

Inside the weir apex, m, were measured. The length, b, and 

width, a, of the scour hole was measured. 

15. The experiment was repeated from step 4 and·the new measured 

values were averaged with those obtained the first time to 

Improve the accuracy of the measurements. 

The experiments were conducted with weir apex angles of 30, 45, 60, 90, 

120, and 150 degrees, as wei I as for the special case of 180 degrees (a 

straight weir across the channel). A less detailed experiment was performed 

for the case of the weir apex pointing downstream, using an apex angle of 

300 degrees and the larger test discharge. The primary Interest here was to 

contrast the difference In flow and bed scour patterns for weirs pointing 

upstream and downstream. 

Laboratory Results and Observations 

The general flow and scour/deposition patterns associated with V-shaped 

weirs are schematically Illustrated In Figure 41. Figure 42 shows actual 

test results. The patterns shown are typical of those observed for various 

ap~~ angles with the V-weir pointing upstream and downstream. 

···'''Wlth the weir apex pointed upstream (apex angle of less than 180 

degrees), the flow past the weir was focused toward mid-channel. The 

resulting converging flow formed eddies and vortices that scoured the 

channel bed to create an oval-shaped scour hole at the center of the 

channel. Sediment eroded from the scoured area was deposited In weakening 

currents at the edges of the scour hole or was transported downstream. 

Different flow and scour patterns occurred when the weir apex pointed 

downstream (apex angle greater than 180 degrees). In this case, the flow 

past the weir was spread away from mid-channel. The deflected flow tended 
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a) Upstream-Pointing Weir 

". 

I 

! 
" 

.' 

.. ,. i 
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Figure 41. Flow Patterns and Corresponding Scour Patterns for 
V-Shaped Gabion Weirs Pointing Upstream and Downstream 

(Dots represent deposition) 

129 



..... 
w 
o 

Figure 42. Typical Bed Scour Patterns for V-Shaped Gabion Weirs 
Pointing Upstream and Downstream 

, 

'j.: f i 
l ! 
~ 1 



to concentrate at the sides of the channel downstream of the weir. The 

resulting eddies and vortices scoured the channel bed to create two scour 

holes, one near each bank. (These could be thought of as symmetrical halves 

of the single scour hole created when the weir apex pointed upstream.) 

Sediment eroded from the scoured holes deposited Just downstream and at the 

middle of the channel bed. Some sediment was ai"so transported farther 

downstream. 

With the weir straight across the channel (weir apex angle equal to 180 

degrees), the turbulence and eddies downstream of the weir were quite 

uniformly spread across the channel, as shown In Figure 43. This flow 

pattern differed strongly from the flow patterns associated with the 

V-shaped weir, where flow either concentrated at the center or;; at the sides 
:.' 

of the channel. The bed scour pattern associated with the straight weir Is 

also shown In Figure 43. The whole cross-section of the channel was 

scoured, without anyone point on the bed subject to a distinctly greater 

scour depth. Eroded sediment was transported downstream, forming bed 

ripples along the way. 

The measurements for the several parameters are shown In Table 16. The 

computed hydraulic values associated with the test runs are shown In Table 

n. The critical velocity was found to be 1.0 fps,uslng the flume bed 

grain size of 1.5 mm (0.06 In) and Hjulstrom's curve for Incipient motion 

(Vanonl, 1975). 

The graphical relationships between the weir apex angle and the maximum 

scour depth, the I ocat Ion of the max I mum scour depth ·f rom the we I r apex, the 

scour hole length, the scour hole width, and the scour volume Index, SVI, 

are shown In Figures 44 to 48, respectively. SVI Is a contrived term to 

Indicate the relative scour volume associated with the various weir apex 
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Looking Upstream 

Figure 43. Flow Pattern and Corresponding Scour Pattern 
for Straigh Gabion Weir 
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Table 16. Gablon Weir Scour for Various Apex Angles and Discharges. 
Flow Time ·of 12 Minutes and Weir Height of 0.365 Feet. 

a Ll ds b a SVI =axbxds m 
(degrees) (ft) (ft) (ft) ( ft) ( ft 3) (ft) 

Q = 0.51 cfs 

30 6.50 0.000 

45 4.00 0.050 4.50 0.54 0.122 1.69 

60 3.25 0.240 1.83 0.71 0.312 0.85 

90 1.92 0.266 1.67 0.92 0.408 . 0.88 

120 1.17 0.256 1.96 1.04 0.522 2.00 

150 0.58 0.208 2.67 0.88 0.489 1.44 

180 0 0.053 1.02 3.50 0.203 

Q = 0.87 cfs 

30 6.50 0.118 7.50 0.83 0.735 2.04 

45 4.00 . 0.176 5.42 1.08 1.030 1.88 

60 3.25 0.420 3.71 1.33 2.072 1.17 

90 1.92 0.465 4.04 1.54 2.893 1.21 

120 1.17 0.407 4.25 1. 71 2.958 2.13 

150 0.58 0.359 4.42 1.42 2.253 1. 71 

180 0 0.089 1. 74 3.50 0.542 
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Table 17. Computed Hydraulic Values for Gabfon Weir Laboratory 
Test Runs 

Q (~t) (~~) V, V2 T F1 
(cfs) (fps) (fps) (psf) 

0.51 0.410 0.325 0.355 0.448 0.199 0.10 

0.87 0.476 0.389 0.533 0.639 0.204 0.14 

Note: Subscrfpts 1 and 2 represents the values upstream and 
downstream of the gabfon structure, respectively. 
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angles tested. It Is defined as the product of the width and length of the 

scour hole and the maximum scour depth (I.e., SVI = a x b x ds ). It should 

be remembered that al I test runs were for short times only. These gave good 

Indications of the relative effects due to different apex angles but did not 

give ultimate magnitudes for each parameter. 

DIscussion 

Flgure·44 shows that for the various weir apex angle values tested, a 

gO-degree weir apex resulted In the greatest depth of scour at the tested 

discharges. More generally, apex angles from 60 degrees to 120 degrees gave 

relatively deep scour. The point of maximum scour was closer to the 

structure for 60- and gO-degree apex angles than for the 120-degree angle, 

as shown In Figure 45. 

The location of the point of maximum scour was also the location where 

the width of the scour hole, a, was measured, since the two parameters 

generally coincided at this location. Thus, the location of maximum scour 

provides Information about the critical width of scour and the distance 

downstream from the weir at which streambank protection may be needed. 

The width of the scour hole created by the weir Is of Interest because 

of the possibility that It may extend to erode the streambanks. Figure 47 

shows that there was not much variation In scour width for differing weir 

apex angles until the straight weir condition was approached. Figures 43 

and 47 show that the whole width of the bed was scoured when a straight weir 

was used. Bank protection measures may be necessary In the vicinity of the 

straight weir, such as revetments on both sides of the channel. 

The length of the scour hole provides Information on how far downstream 

the scour hole could extend. Figure 46 provides a comparison for the 

expected scour lengths associated with the various weir apex angles •. The 
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straight weIr (apex angle of 180 degrees) gave the minimum scour length. 

The maximum scour length was obtained at the smallest apex angle tested (30 

degrees). 

From Figure 48, It Is seen that a 120-degree weir apex angle gave the 

largest scour volume Index, although the Index for a gO-degree apex was not 

much smaller. If pools are desired for fish rearing habitat, one might want 

a scour hole with a large scour volume and scour depth. A weir apex angle 

within the range of gO to 120 degrees would appear to provide these needs 

better than would other angles. 

Supporting FIeld Obseryatlons 

Field visits were made to several sites where gablon weirs have been 

Instal led for fishery enhancement purposes and have been In place ,for 

lengths of time ranging from a few months to a few years. Field 

observations at these sites generally confirmed the scour patterns 

associated with the weir shapes tested In the laboratory. Field scour was 

limited In depth and extent because of the coarse cobble streambeds at most 

sl tes. 

Trapping gravel for fish spawning has been done In the field by 

combining two or more V-weirs with their apex pointing downstream. The 

deposition of sediment In the middle of the channel, which was observed In 

the laboratory when the apex of the weir was pointed downstream, also was 

observed In the field. It appeared that when two or more such weirs are 

combined, gravel was easily trapped between the weirs. Diagonal weirs also 

appear to be effective In trapping gravel, causing scour, and Inducing bar 

deposits downstream of the weir. 

141 



More complex gablon structure configurations are also being used In 

Oregon's streams for fish habitat enhancement purposes, such as herringbone 

layouts and arrow layouts In mid-channel, W-shaped weirs, and F-shaped 

groins. More research needs to be done to determine the performance of 

these complex structures. 

Summary and Conclusions 

The results and dIscussion already presented for the gablon weir 

experiments lead to the fol lowing conclusions and recommendations wIth 

regard to gablon weirs: 

1. The V-shaped gablon weir with Its apex pointing upstream 

(weir apex angle less than 180 degrees) creates a scour hole 

at the center of the channel bed downstream of the weir. 

2. When the apex of the weIr Is pointed downstream (weIr apex 

angle greater than 180 degrees), two scour holes are created, 

'one at each side of the channel. In this case, bank protectIon 

measures at the sIdes of the ,channel are necessary to prevent 

erosion. Sediment deposItIon tends to occur In mid-channel 

downstream of the weir apex. 

3. The spread-out nature of the flow and bed scour patterns created 

by the straIght weIr suggests that bank protectIon measures may 

be necessary near the weIr at both sides of the channel. 

4. The biggest scour hole development (e.g., for fish rearing habitat) 

Is expected to occur for a weir apex angle within the range of 

90 to 120 degrees, as. these angles result In the maximum 

scour depth and scour volume. 
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5. The V-shaped weIr wIth Its apex poIntIng ups~ream provIdes a 

bIgger scour hole than does the straIght weIr. The V-weIr 

creates a deep scour hole at the center of the channel bed, 

whIle the straIght weIr creates a shal low scour hole that 

Is spread across the wIdth of the channel. 
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VI I. SUMMARY AND CONCLUSIONS 

Scope and Limitations 

The research reported here emphasizes the hydraulic evaluation of spur 

dikes, groins and low weirs used In streams to protect banks against erosion 

and to manipUlate the location and depth of bed scour. Of particular 

Interest Is the potential Joint application of these structures for 

streambank protection and fishery habitat modification. 

Two structural types of dikes and groins were Investigated: rlprapped 

rockfll I and rockfll led gablons. One structural type of weir was 

cons I dered: rockf III ed gab Ions. Rockf I II. structures were I nvestl gated 

because of their widespread use, the general ready availability of rock 

material In most locations, the relatively non-complex design and 

constructfon Involved, and the expected long life of wei I-designed 

structures. 

The research focused on the geometriC characteristics of structure 

design. These Included dike/groin orientation with respect to the bank, 

dike/groin extension Into the flow, dike/groin spacing when more than one 

structure Is used, and weir apex angle for V-shaped weirs. The sediment 

scour and deposition characteristics were also evaluated In the geometric 

sense of location, depth and extent. 

The research was based on a combination of literature review, laboratory 

experimentation with physical models, and field Investigations. The 

laboratory work was more extensive than the field work, although the time 

span for field work was up to one year in the case of a model-prototype 

compar i son of spur dikes on the Will CITlette River. 

145 



The laboratory work Involved physical models In artificial channels. 

The structures varied In size, ranging from 1:600 for study of WII lamette 

River spur dikes to 1:10 for study of gablon performance In smal I streams. 

The laboratory flow conditions In the approach channels upstream of the 

structures were such that near-critical conditions for Incipient motion of 

bed material prevailed. Many researchers consider this case to produce the 

"most severe scour at a structure, as larger flows cause general bed load 

transport to bring replacement material Into the scour hole. However, for 

smal I bed material, general transport can produce deeper scour, particularly 

If the structures greatly constrict the flow. The model tests were 

conducted for time Intervals ranging from several minutes to 20 hours. 

These did not give maximum scour, which Is approached asymptotically with 

time. The short tests were used to determine relative scour characteristics 

for various structure placements In the channel. The longer tests were used 

to verify that the shorter-term observations were consistent with 

longer-term trends and thus properly Indicative of scour differences due to 

structure placement differences. The longer tests were also used to 

estimate Impacts on structure stability. The movable bed material used for 

model studies was flne-te-coarse sand, which gave qualitative Information on 

scour. This size was chosen arbitrarily, rather than modeling any 

particular prototype sediment. 

Hydraulic Behaylor of Spur Dikes and Groins 

General Features 

Spur dikes and groins directly affect flow velocities and patterns. The 

flow Impinging on the structure produces strong vortices. Eddy currents 
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trail downstream from the structure. The vortices and eddies concentrate 

the flow strength and erosive capability. This has a direct effect on the 

location and amount of sediment scour and deposition. The structure also 

deflects the flow, which may then Impinge against the opposite bank or curve 

back to the original bank. In either case, the structure has a direct 

effect on the location of bank erosion and bank protection. 

The deepest scour occurs near the'tlp of the structure. The actual 

magn I tude of th I s I oca I, scour depends upon how the str ucture Interacts wIth 

the flow. Important factors Investigated In this study that affect the 

depth and size of scour Include the orientation of the structure, the amount 

of flow constriction caused due to the length of the structure, and the 

structure configuration. Other Important factors that must be considered 

for design but that were not specifically Investigated In this study Include 

the sediment size characteristics and cohesiveness and the effect of 

variations of discharge that produce short periods of general bed load 

tansport. Regarding these unlnvestlgated factors, a few words of comment 

must be added. If the bed Is relatively coarse (e.g., coarse gravel and 

cobbles), the depth and extent of scour are expected to be smaller than for 

a relatively fine bed (e.g., sand and fine gravel). A cohesive bed Is also 

expected to be less deeply scoured than a non-cohesive bed. A typIcal river -

exper.1ences variable large dIscharges rather than sustaIned large 

discharges. Consequently, the ultImate maximum depth of scour over time Is 

never attained. Furthermore, when the river discharges are most capable of 

producing deep scour they are also capable of transporting bed load Into the 

scour hole from upstream. It Is not yet clearly agreed In recent literature 

whether the upstream clearwater-flow case or the general-bed-Ioad-transport 

case produces the deepest scour. But the recession flows for a runoff 
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hydrograph are likely to transport bed material Into the scour hole to 

deposit while the streambed armor layer In redeveloping upstream and 

clearwater flow conditions are being reestablished. Hence, the residual 

scour hole Is likely to be smaller than the maximum high-water scour hole. 

This aspect Is of great Importance when the structure Is being used to 

create scour holes and Is different from the structural design aspect 

Involving determlnatlng the base elevation from the predicted maximum scour 

depth. 

The length of bank downstream of a dike that Is protected by that dike 

against erosion Is somewhat less than the distance to the point on the bank 

where the dike-deflected current Impinges against the bank. This Is because 

an eddy current moves along the bank upstream of the point of Impingement 

and can cause some erosion. 

Table 18 summarizes the hydraulic behavior observations made for spur 

dikes and .grolns during this Investigation. The effects are noted of 

structure orientation and relative length, as wei I as any differing effects 

due to use of single or multiple structures. Two categories of applications 

of the structures are considered: bank erosion control and channel scour 

control. The several conditions mentioned In this table are summarl.zed In 

the fol lowing paragraphs. 

Dike/Groin OrIentation to Bank 

The literature Indicates considerable controversy as to whether 

structures placed perpendicular to the flow, oriented upstream, or oriented 

downstream give the greatest amount of bank protection against erosion. 

Our model tests showed that dike orientation did make a difference In 

the flow deflection and length of bank protection provided downstream of the 

dike (see Figure "20). The upstream-oriented (135-degree) spur dike 
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Table 18. Summary of Hydraulic Behavior Observations for 
Spur Dikes and Groins 

Application 
of 

Structure 

For bank 
protection 

To cause or 
avoid scour 
in channel 

Relative 
Channe 1 

Constriction 
Le/W 

1/6 - 1/2 

1/6 

1/2 

<1/4 

1/4 - 1/2 

1/6 - 1/2 

1/4 - 1/2 

Single 
or 

Multiple 
Structures 

Single 

Multiple 
Prototype 

Multiple (2) 

Single 

Structure Orientation to Flow, Measured from Downstream Bank 

Upstream Oriented 
(135 degrees) 

Most Effective 

Norma 1 to F1 ow 
(90 degrees) 

Very Effective 

Downstream Oriented 
(45 degrees) 

Effective 

Strong flow deflection Limited flow Good flow deflection 
deflection 

Longest flow deflection (intermediate) Shortest flow 
and bank protection ...... If----------<~- deflection and 

bank protection 

Some bank erosion 
upstream of dike 

No bank erosion upstream of dike 

Downstream erosion protection extends for a distance of 3.5 - 5.5 Le 

5.5 Le .... I----------------... ~ 3.5 Le 

Downstream flow deflection extends for a distance of 8.7 - 10.0 Le 
10.0 Le • ~ 8.7 Le 

Downstream erosion protection extends for a distance of'l.9 - 3.5 Le 

.3.5 Le .. ~ 1.9 Le 

Downstream flow deflection extends for a distance of 1.9 - 3.5 Le 
6.0 Le <III .... 4.5 Le 

90 degrees 
Excellent bank protection for X/L range of 3.7 - 8.0 where bend 

curvature was moderate 

Part of the streambed between structures is also protected. 
Width of protection depends on structure spacing and flow constriction. 

~(increasing) 
protection 

Largest depth and 
surface area of scour 

.... (lncreaslng) 
depth and 
area 

Scour area includes 
zone upstream of tip 

Large depth and 
surface area of 
scour 

(decreaSing~ 
protection 

Large depth and 
surace area of 
scour 

(decreasing)~ 
depth and 
area 

Scour a~ea local­
ized near tip 

Scour tends to occur 
in deflection path 
downstream of tip 

Scour pronounced at upstream side and tip of groin, causing gabions 
to twist, rotating upstream and downward into the scour hole, with 
greater scour and structure twist for longer groins. 

Scour extends across 
channel to opposite 
bank 
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Scour tends to 
extend downstream 
rather than across 
channel to opposite 
bank 

Scour extends across 
channel to opposite 
bank 



Table 18. Continued 

Application 
of 

Structure 

Relative 
Channel 

Constriction 
Le/W 

1/61 
1/2 

Single 
or 

Multiple 
Structures 

Structure Orientation to Flow, Measured from Downstream Bank 

Upstream Oriented 
(135 degrees) 

Norma 1 to Flow 
(90 degrees) 

Scour I Area 
Increas i ng 

Decreasing 

Downstream Oriented 
(45 degrees) 

1/4 Multiple 90 degrees 
Individual scour patterns tend to overlap and merge 

1/4 - 1/2 Multiple (2) Upstream structure protects downstream structure, experiences greater 
maximum scour and greater structure settlement 

1/4 

1/4 - 1/2 

1 to 2 to 3 
X/L = 2 

Single 

'increasing) (decreasingt" 

90 degrees 
As number of structures increases, so does total scour area, 

but at a lesser rate 
As number of structures increases, so does the deflection distance 

past the last structure 

90 degrees 
T-head, L-Head, J-Head and straight structures cause similar 

scour areas 
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protected almost 50 percent more streambank against erosion than did the 

downstream-oriented (45-degree) spur dike at al I four conditions of channel 

contraction tested (1/6, 1/4, 1/3, 1/2). The perpendicular dike gave 

slightly more protection than the downstream-oriented dike. The 

upstream-orientation caused some bank erosion upstream of the dike. The 

flow deflection findings fol lowed.a pattern similar to that for erosion 

pattern, except that the Increase In deflection distance for 135-degree 

dikes over 45-degree dikes was only about 20 percent. 

The surface area of scour was found to be affected by the structure 

orientation. As orientation angle Increased, the scour area also Increased. 

The rate of Increase and the absolute area of scour were greater as the 

amount of channel contraction Increa~ed (see Figure 21). -The amount of 

scour upstream of the dike tip also Increased as the dike becomes more 

upstream oriented. 

The scale of model testing with spur dikes did not al low realistic 

measurements of scour depth to be made. Therefore, It Is not known If scour 

depth also Increased with scour area. For gablon groins, model-tested In 

larger sizes, scour depths and structure settlement were determined. Both 

Increased with orientation angle (see Tables 11 and 12 and. Figures 35 and 

36) • 

pike/GroIn Length and SpacIng 

The literature generally treats structure length In conjunction with the 

spacing of multiple structures. (The assumption appears to be made that 

Individual structures are unlikely to be used for bank erosion control. 

However, single or Isolated structures are likely to be used for habitat 

modification.) The effectiveness of bank protection diminishes as the 

structure spaCing/length ratio Increases, as would be expected. 
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Conservative recommendations In the literature are that the structure 

spacing should not exceed about twice the structure length; however, some 

recommendations are for ratios as large as 4 to 6 along concave banks, with 

a supplemental recommendation that the bank may need rlprap. 

Dike/Groin Length. 

Our model tests showed that dike effective length normal to the bank did 

make a difference In the length of bank protected and In the dIstance of 

-flow deflection, regardless of orIentation (see Figure 20). Relatively 

short dikes (Le/W = 1/5) gave downstream erosion protection for 3.5-to-5.5 

times the effective length, whereas long dikes (Le/W = 1/2) gave protection 

for 1 .9-to-3.5 times the effective length. Even though the latter ratios 

are smaller than those for short dikes, the absolute distances are greater 

due to the greater magnitude of the effective length. The correspondIng 

deflection distances were 8.7-to-l0.0 for short dikes and 4.5-to-6.0 for 

long dikes. AgaIn, even though the ratios decreased, the absolute distances 

Increased. 

The surface area of scour was affected by the structure length relative· 

to the channel width. As the degree of channel contraction Increased, at a 

. 'f I xed or I entat Ion (e. g., 90 degrees), the scour area Increased (see F f gure 

'21) • 

Multiple Dike/Groin Spacing 

Our model tests showed that when more than one structure was used to 

protect a bank, the Individual scour patterns tended to overlap and merge 

unless the dikes were far apart. For conditions of L/W = 1/4 and X/L = 2, 

It was observed that as the number of structures Increased from one to 

three, the total scour area also Increased, but less rapIdly. The current 
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deflection and bank erosion protection distances also Increased downstream 

of the last structure. 

Our model tests also showed that for paired structures, the upstream 

structure protected the downstream structure from experiencing as much scour 

and settlement as the upstream structure for spacings of up to about three 

times the structure length (see Figures 35 and 36). At spacings of three or 

more lengths, the downstream structure experienced almost as large a maximum 

scour depth as the upstream structure, particularly If the flow constriction 

was severe (an L/W ratio of 1/2) or the structure was oriented upstream for 

flow constrictions for L/W = 1/4 or more. However, this scour may not have 

been over as extensive an area, because the settlement of the downstream 

structure tended to remal n I ess· than that for the upstream structure. The 

width of the protected streambed between structures, measured away from the 

bank, varied with structure spacing. This width may.represent a margin zone 

for buffering eddy currents that leave the upstream structure. For 

structures that severely constricted the channel flow (I.e., L/W = 1/2), the 

width of protected bed decreased for Increasing spacing beyond an X/L ratio 

pf 1, the closest spacing tested (see Figure 37). If there was less channel 

flow constriction (I.e., L/W = 1/4), the protected zone was narrowest at 

close structure spacings and actually Increased until the spacing became 

X/L = 4, after which the protected zone again narrowed. This trend Indicated 

variable flow Interaction between adjacent structures. 

Our field observations showed that structures with variable X/L spacings 

of 3.7 to 8.0, as part of an 8-structure dike field, gave good bank 

protection. The approach flow to the dike field was fairly straight and the 

bend curvature at the dIke fIeld was moderate. A common condItion between 
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adjacent dikes was an eddy current similar to the type 1 pattern shown In 

Figure 11. The flow deflection past the last structure did not extend as 

far downstream as expected from our model tests. The difference Is 

attributable to the time-lag before prototype adjustments occur when the bed 

material Is very coarse and the length of time for large discharges Is 

short, even when the structure has been In place for one year. Hence, 

;res I dua I streambed features can pers I st and I nf I uence f I ow patterns and 

:.def I ectl on traJectorl es. 

DIke/GroIn COnfIguration 

The literature Indicates that the downstream-angled L-head structure Is 

preferred over other non-straight configurations. Apparently, scour Is not 

too severe nor too localized. Also bank protection Is reported to be better 

when such structures are closely spaced than for straight structures having 

the same spacing. 

Our limited model tests showed that the T-head structure caused a 

slightly larger scour area than the J-head and L-head. However, al i three 

were similar In scour area produced and flow deflection trajectory (see 

iiJiable 7). Furthermore, their performance was similar to that of a straight 

4structure ort ented at 90 degrees to the bank (see Tab I es 5 and 6). The 

scour areas were greater and the relative deflection distances were less at 

flow contractions of L/W= 1/2 than at L/W = 1/4. Sloping dikes that were 

partially submerged were found to behave I Ike shorter dikes, In terms of 

resulting scour area and flow deflection. The effective lengths of such 

structures was related to their unsubmerged lengths. 
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Hydraulic Behaylor of Weirs 

General Features 

Like spur dikes and groins, weirs directly affect the local flow 

velocities and patterns. The weir causes a backwater effect that extends 

upstream for some distance, flattening the local stream gradient, compared 

to the general stream gradient, with corresponding local decrease of flow 

velocity and Increase of flow depth. This can cause sediment deposition. 

If the entire space behind the weir becomes fll led with deposited sediment, 

the weir-Instead acts I Ike a sill across the channel. 

As the flow reaches the weir or stili, It accelerates and plunges toward 

the streambed Just downstream. This accelerating, plunging flow causes 

local scour; a scour hole forms near the base of the weir. The scoured 

material redeposits In the channel a short distance downstream, possibly 

helping to "pool" the water over the scour hole. The amount of scour 

depends upon the weir height relative to the upstream and downsteam flow 

depths. 

V-Weirs: Influence ·of Apex Angle 

The literature generally deals with straight weirs placed at right 

angles to the flow (I.e., a V-weir with an apex angie of 180 degrees). 

Scour evaluation Is typically based on concepts of Jet scour and 

free-overfall scour. Such eval uatlons usually emphasize the maximum depth 

of scour, rather than scour location, shape, and volume or resulting 

sediment redeposition. 

Our model tests showed that the low straight weir had quite different 

effects on flow patterns, bed scour, and sediment redeposition than dId low 

V-shaped weIrs. The straight weir represents a transition case between 
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V-shaped weirs that poInt upstream and those that point downstream. For the 

straight weir, the approaching flow tended to continue straight downstream 

across the weir, plunging as It passed the weir and causing some scour at 

the toe of the weir and for a short distance downstream. A shal low scour 

pool formed across the ful I width of the channel and extended for a short 

distance downstream. The scoured sediment redeposited downstream of the 

scour hole but was spread out over an extensive surface area of the bed. 

V-weirs with their apex pointing upstream had the effect of focusing the 

approach flow so that It moved toward mid-channel as It passed over the 

weir. This caused Intense local scour of considerable depth. The extent of 

the scour area was limited In part by the space available between the two 

arms of the weir extending from apex to bank. The scoured sediment was 

pushed toward the channel banks as well as downstream before. It redeposited. 

V-weirs with their apex poInting downstream had the effect of spreading 

the approach flow so that It divided over the apex and moved toward both 

banks as It passed over the weir. Approaching the banks, the flow was then 

turned strongly downstream. This situation caused Intense local scour near 

both banks. The scoured sediment was transported out of each scour hole, 

part of It moving to mId-channel, where It redeposited a short distance 

downstream of the weir apex and part of it redepositIng near the banks a 

short distance downsteam from the scour holes. 

Use of Rockfl I I Structures to Manipulate Scour 

Fayorable Situations Exist 

The general literature and the specific work conducted In thIs study 

make I·t clear that rockflll structures can be used to manipulate sediment 
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scour and deposition. In most existing applications, such manlpu1atlon has 

been undertaken for "defensive" or preventative reasons of protecting river 

banks or river structures. Scour manipulation In the "offensive" or 

positive sense of encouraging scour to occur has been an uncommon 

application. Yet there are many situations where the Intentional 

encouragement of scour may be desirable. For example, It may be 

advantageous to encourage bed scour In the vicinity of water supply Intakes 

so that clogging wll I not be a problem and so that pumps can operate at 

maximum capacity with adequate submergence of the Inlet. Many other 

examples exist that can be cited. An example of particular Interest In the 

Pacific Northwest (one which Illustrates how the findings of this study can 

be used--If the study limitations are recognized), Involves physlc,al 

modification of stream habitat. 

Example: Fish Habitat Modification 

The typical situations In the Pacific Northwest where structures have 

been used for physical habitat modification Involve coarse-bedded streams of 

small-to-moderate size that are subjected to strong seasonal variations of 

streamflow. During the summer low-flow season, warm temperatures combine 

with limited How to great:ly stress anadromous fish habitat. The coarse 

streambed often has extensive riffles and runs but relatively few pools to 

provide deeper water that may remain cool due to Intragravel seepage. 

Fishery management for such stream reaches often Includes efforts to modify 

. habitat to Increase the pool-to-rlffle ratio. 

One general concern regarding such management Is that stream habitat 

modification may be undertaken as a single-purpose activity that Ignores 

streambank stability and may accidently aggravate bank erOSion. An 

understanding of the ways In which channel structures can modify scour and 
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deposItIon should al low avoIdIng thIs sIde-effect. It mIght even al low the 

undertakIng of dual-purpose projects to protect exIstIng erodIng banks and 

sImultaneously provIde habItat modIfIcatIons. 

Another concern regardIng efforts to modIfy physIcal habItat In smal I 

streams Involves the potentIal rIsk of Inadequate desIgn. Because many 

structures may be placed on smal I streams, some of the desIgn guIdelInes may 

not apply that are applIcable to large rIvers. For example, our lIterature 

re'.;j I ew dId not revea I spec I f I c statements express I ng concern over eros I on ,of 

th~ bank opposIte to that at which the structure was placed. Yet our model 

studIes showed thIs to be a problem at flow constrIctIons of Le/W = 1/2 and 

a potentIal problem at Le/W = 1/4. Our fIeld work In a smal I stream showed 

that the local channel and the opposIte bank were severely affected by a 

groIn causIng a flow constrIctIon of 1/2. Our fIeld work In a major river 

showed that downstream effects could alter conditions at the opposite bank 

when structures caused a constrIctIon of less than 1/4. This Indicates that 

desIgn for large rivers Is not 100 percent rIsk-free and that structures In 

smal I streams may dominate the hydraulic conditIons and lead to unexpected 

or undesIred effects. Hence, large-river design methods must be used wIth 

considerable added caution In small streams. 

The hydrology of smal I streams Is often not known and must be estimated. 

Even for larger streams, Information may be sketchy. WhIle many hydrologIc 

technIques are avaIlable to estimate missing streamflow characteristics, the 

net effect Is that some rIsk and uncertaInty will exIst that wll I enter the 

desIgn process. Fortunately, some rockfll I structures are tolerant of 

moderately exceeded design condItIons and can adust. For example, a gablon 

structure or rockfll I wIth adequate rlprap can settle Into a scour hole that 
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somewhat exceeds the expected design depth. The deformed structure can then 

continue to serve a useful function. However, If design conditions are 

severely exceeded, or If little design was used to Instal I a structure, 

failure Is as likely with rockfll I structures as with other structural 

types. 

In summary. with regard to this Illustration, rockfll I structures can be 

used to sign I f I cant I y I ncrease the amount of .bed scour and the poo I-r I ff I e 

ratio In a stream without causing bank erosion, as long as proper attention 

Is given to design concerns. Such modifications usually reqUire a large 

number of structures along the length of reaches where such changes are 

sought. (Obviously, this can become quite costly.) The structu~es must be 

positioned based upon their effects upon flow patterns and the resulting 

locales for sediment scour and deposition. This study has examined some of 

those effects; the findings add to the usable knowledge available because of 

the types of structures and structural materials considered and because of 

the specific Interest In creating scour. 
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APPENDIX. LIST OF SYMBOLS 

a = width of scour hole created by V-shaped weir 

A. = cross-sectional area of Jet flow 
J 

b = length of scour hole created by V-shaped weir 

B = average width of approach channel 

B1 = original channel width (= B) 

B2 = constricted channel width or average width of contracted channel 

C = sediment concentration by weight 

C = 0 drag coefficient 

d1 = measured scour depth at tip of upstream groin 

d2 = measured scour depth at tip of downstream groin 

ds = 11m I tl ng depth of scour below original bed level 

dT = depth of scour below the original bed level at any 

D50 = median grain size of bed sediment 

D90 = sediment size such that 90 percent Is smaller 

f = Lacey silt factor 

F = Froude number = ~ 

F1 = Froude number upstream of weir 

F2 = Froude number downstream.of weir 

Fbo = Blench's "zero bed factor" = function of grain 

g = acceleration due to gravity 

size 

particular time, T 

h = average depth of flow In unconstrlcted approach channel 

hm = maximum depth of approach flow 

hw = height of weir above the original bed level 

H = height of drop of bed level from upstream to downstream 

HI = height of drop of water surface from upstream to downstream 
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k = function of approach conditions; k varies with InvestIgator 

K = function of Co and varies between 2.75 and 5.0 

KS = factor accounting for effects on scour of varying dike head slope 

L = actual I ength of spur dike or groin 

Le = effective length of spur dike or groin measured normal to the bank 
from the base to the tip of the structure 

Lp = width of undisturbed bed zone between two groIns 

L1 = dIstance from downstream side of V-weIr apex to V-weIr base 

m = locatIon of poInt of maxImum scour depth, measured from downstream 
sIde of weIr apex 

M = contractIon ratIo = (B1 - B2)/B, 

n = functIon of CD and varIes between 0.65 and 0.9 

N = dImensionless term for bed roughness 

Nns = term Nappi led to approach channel or dike sIte 

Nns*= term Nappi led to approach channel or dike site at begInning of 
scourIng motIon 

q = stream discharge per unIt wIdth at constrIcted sectIon 
(use flood condItions to fInd maxImum scour depth) 

qw = discharge per unIt wIdth of crest of weIr or drop structure 

Q = total stream discharge 

r = assumed multiple for scour at dIke compared wIth scour 
In a long contraction (taken to be 11.5 by Laursen) 

;SV I = scour vol ume Index = a·b.d s 

T = time 

V = average velocIty In unconstrlcted approach channel 

Vm = maxImum velocIty of approach flow 

V = water velOCity upstream of weIr 
1 

V = water velocity downstream of weir 
2 

V. = velocity of eff I ux of Jet flow 
J 
W - width of uncontracted channel (= B) 
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x = distance between two groins of spur dikes 

x, = distance from dike base to downstream bank point where 
erosion begins 

X
2 = distance from dike base to downstream bank point where 

main current Impinges 

X = like 
3 X, but measured from dike tip 

X4 = like X 2 but measured from dike tip 

y = average depth of flow In unconstrlcted section 

y. = tal I water depth at pool over scour hole, measured from original 
1 bed level 

Ys = equilibrium scour depth measured from the water surface 
to the bottom of scour hole 

y, = water depth upstream of wel'r 

Y2. = water depth downstream of weir 

Z, = settlement of tip of upstream gablon groin. 

Z = settlement at tip of downstream gablon groin 
2 
a. = apex angle of V-shaped weir 

(3 = angle between side slope of dike and vertical plane 

8 = dike or groin orientation angle between axis of structure and 
downstream bank (or channel thalweg) 

Ps = density of bed sediment (mass per unit vol ume) 

Pw = density of water (mass per unit volume) 

aD = term describing the size gradation of the bed material 

a = standard deviation of the sediment settling velocity 
w 

j..l = absolute viscosity of water 

w = settling velocity of sediment 

~85% = ratio of D85 to D50 f~r bed sed Iment 

'l"c = critical bed shear stress 

Lns = bed shear stress In approach channel or dike site 

Lns* = bed shear stress In approach channel or dike site at beginning 
of scouring motion 
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