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ABSTRACT 

The use of nearly-lmpermeable spur dikes made of rockflll and stone 

riprap as a bank protection technique Is examined with a literature review, 

model study and field Investigation. 

The results of the literature review are summarized. Including general 

design features, recommended spur dike orientation angles, spacing/length 

ratios and local scour prediction equations. 

Local scour and streambed and streambank adjustments to a new spur dike 

field on the Wlllanette River, Oregon are documented. Flow patterns, current 

velocities and water depths In the dike field are reported. A scale-model 

study Is used to evaluate several spur dike design parameters and to examine 

the prototype spur dike arrangement and several alternative arrangements. 

The principal conclusions of the model study Include: (1) the degree of 

bank protection provided by spur dikes Is a function of the spur dike length, 

orientation angle and spacing; (2) as spur dike length Increases, the 

protected distance downstream Increases, but not proportionately with the 

Increasing dike length; the model dikes could protect a bank from 2.5 to 4.5 

times their own length; (3) upstream-oriented spur dikes are more efficient 

than downstream-oriented dikes In deflecting the river current away from the 

bank and thus provide bank protection farther downstream from the dike tip; 

and (4) upstream-oriented spur dikes cause more extensive scour holes than do 

downstream-oriented spur dikes. yvr 
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I. introduction 

., ... +he use of spur dikes as a bank protection 
This report describes the use or sy 

rechnlque coqcv. ^ of — ln9 rWers. The spUr — -p.s.eq 

„re involve neerly-lmpermeeble rockflll structurée. These extend outxer 

fron the hank Into the.order to prevent hank erosion and to 

manipulate river currents. The purpose ot the report Is to revle. spur d ke 

design based on a comparison of available literature, a model study, an 

prototype Investigation. 

The report Is organized Into six main sections. First, s^e Important 

g.spects of bank erosion and erosion control are discussed. Second, 

The genera, features and effects of spur dikes are described. Third, the 

principles of spur dike use and design are presented. Including the 

review of available literature. ..he procedures and results are 

discussed for a mode, study conducted to evaluate sever., parameters re a 

to spur dike design and layout. Including length and orientation angle. e 

J . » Willamette River reach upstream of 
model study Involved a scale model of a Wlllame 

. «laia of eight spur dikes .as constructed during 
Corvallis, Oregon, where a field of g 

the summer ot ,003. F.. -est,gat,on of the spur dike field 

was carried out during and after coup,et,on of the construction to determ ne 

The ... affects ot the spur dikes on river flo. patterns and bed 

topography and f^ -parlson with the mode,. Finally. . genera, caparison 

,s made of the literature, mode, study and field study, together with 

conclusions. 
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II. GENERAL ASPECTS OF BANK EROSION AND EROSION CONTROL 

Bank Erosion 

The United States has nearly 3.5 million 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 (24). Severe erosion Is 

reported on two percent of the seven million bank-miles; these are In need of 

erosion protection. The total damage resulting from this erosion amounts to 

about $250 million annually (based on 1981 figures) 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 billion 

(24). 

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

major mechanisms causing streambank erosion. Bank seepage provides a second 

Important mechanism for erosion. The mechanics of streambank erosion are 

related to the geometry and hydraulic characteristics of the stream and to 

the types of sediment present. 

The bends of meandering rivers are particularly significant locations for 

bank erosion. Figure 1 shows that the largest water velocities and deepest 

parts of the channel (l.e., the thalweg) In a bend shift close to the concave 

bank (the bank at the outside of the bend). During periods of extreme high 

water, the bar at the Inside of the bend Is more deeply covered and the 

largest water velocities shift closer to the convex bank, as shown In Figure 

2. The most extensive streambank erosion generally occurs near the 

downstream end of a bend. Maximum velocities along the banks In several 

California rivers are reported to be as high as 1.8 times the average channel 

velocity (24). 
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CONVEX BANK 
CONCAVE BANK 

o Thread of Maximum Turbulent» 

ÇTf Area of Interne Turbulence 

Figure 1. Velocity and Turbulence in a River Bend 
Knurre: Reference 24) 

Convex bank at- 
flood flow 

Figure 2. Paths of Maximum Surface Velocity During Normal and Flood Flows 
a (Source: Adapted from Reference 24) 



Meanders In alluvial rivers Increase In size due to progressive erosion 

ot concave banks ot river bends. Non-unlfom velocity distributions, 

secondary currents (cross.lse to the a.In direction of the floe), sediment 

scour, and sediment r.deposltlon also alio, meanders to migrate do«nstream. 

Where general bank erosion occurs, the velocities may be .ell distributed. 

However, .here the rlverbank resistance to erosion Increases or Is variable, 

the flow tends to concentrate and develop locally greater velocities and 

depths. 

Fro«;Inn Control 

Tt. types of methods and structures used to stabilize streams vary widely 

and depend to a considerable extent on general experience and Judgement. The 

state-of-the-art ot streasbank protection has not advanced significantly 

since 1950 (24). What has developed Is the use of a group of methods that 

ere favored by engineers, the most widely used being stone riprap, concrete 

pavement, articulated concrete mattresses, asphalt mix. Jacks, vegetation, 

gabions, erosion control matting, bulkheads, and spur dikes. 

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 progress 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 for most effective Interaction 

with the flow to produce desired results; here, past experience Is an 

Important determinant of design methodology. 

Streambank erosion and hydraulic conditions vary widely from on. location 

to another. Engineering practice has been to solve «ch bank protection 
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problem Ipdepebdently. The development of generelly eppllceble conclusions 

Is difficult beceuse of the differences In the verlous stream 

characteristics. Including flo. conditions, bed and bank material, and 

channel geometry. Even under similar erosive and hydraulic ccdltlons, there 

Is no single universally applicable method because of differing economic and 

logistic constraints, such as the availability of construction material and 

equipment. 



Ml. GENERAL FEATURES AND EFFECTS OF SPUR DIKES 

fienaraI Features 

All 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 called spur dikes and are referred to 

as spur dikes In this 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 reduced In 

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

from the eroding currents, such as by the use of a riprap 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. 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 parallel 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 permanent 

materials, such as masonry, concrete, timber, earth or stone. 

Spur dikes are of two principal types, permeable and Impermeable. 

Impermeable dikes block and deflect the current away from a bank. Permeable 

dikes also deflect the flow but In addition 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 
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dikes end the ret.rd.tlon of tlo. both cuse the ».In ch.nnel to crry a 

larger proportion of the tot.l dlsch.rge, .Ith mere.sed current strength ,nd 

sediment tr.nsport cp.clty. As . result, . greeter depth Is rn.lnt.lned In 

the main channel. The permeable dike Is most effective In a s.lft-f.owing 

river carrying a substantial led of coarse sediment that can settle upon 

reaching a aone of reduced velocity. Timber piles are the basic component of 

most permeable dikes. Such dikes may also be rock-filled below seme 

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

Srr,;ir at Spur Dikes 

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

This has a significant effect upon sediment transport, general and local 

scour, and sediment deposition In the vicinity of the dike. The main current 

,s shifted from near the bank to the center of a channel when spur dikes are 

built In a river bend. Channel depths must adjust to these new conditions. 

The effects sometimes carry downstream for some distance because of the new 

flow alignment due to the dike. 

The obstruction caused by a spur dike generates an Intense and 

comp11catad 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 allows It to be carried away downstream by 

th. main flow (3). Intermittent vortices of lesser strength occur along both 

the upstream and downstream faces of the dike, as shown In Figuras 3 and 4. 

The deepest point of the main scour hole Is located close to th. tip of the 

spur dike. If the spur dike Is oriented downstream, the primary vortex Is 

deflected downstream and th. main scour hole may be positioned some distance 

downstream of the dike tip (20). An upstream-oriented dike may cause greater 

scour than a downstream-oriented dike (2, It, 19, 23). 
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CUHKtNT OfFLtCTtO 
*y OOHNSTKtAM OIKt 

• INTCKMITTINT 
VO ATI CCS 

Figure 3. Plan View of Flow Patterns at a Spur Dike 
(Source: Reference 7) 

Figure 4. Front Profile of Scour Hole Alona a Spur Dike 
(Source: Reference 71 
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The size, depth, and extent of the scour hole generated by a spur dike 

and the angle of repose for bed material forming the sides of the scour hole 

are all of concern with respect to possible bank erosion In the vicinity of 

the dike. The anticipated scour adjacent to the spur dike Is also of concern 

In dike design, so that the base elevation of the spur dike is set below that 

of the scour hole. 

Much research has been done on scour depth at a dike. Sam I de (20), 

Identifies several parameters that must be considered In order to determine 

the depth of scour. These Include water parameters, channel flow parameters, 

dike parameters, and sediment parameters. These are shown In the following 

equation: 

ds = t(Pw.P . 9. h, V. B, b. 9 , S , 050 ,agd. <=. »s>.U) 

In which ds = limiting depth of scour below original bed level; pw= specific 

density of water; v = absolute viscosity of water; g = acceleration due to 

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

In approach channel; B * average width of approach channel; b = average width 

of contracted channel; 0 » dike orientation angle, ß = dike side-slope angle; 

D50 = median grain size of bed sediment; agd = term describing the size 

gradation of bed sediment; C = sediment concentration by weight; and ps * 

specific density of bed sediment. (All symbols used are listed In Appendix 

2.) 

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

fluid viscosity can be neglected compared to Inertial forces. Assuming h, V 

and Pw as the repeating variables, a dimensional analysis yields: 

ds -, gh B b . R „ c .(2a) 
TT “ v^’ fî ' ïï ’ 9 ’ 6 ’ HT ’ °gd ’ L ’ Pw ’ 

or, rearranging slightly, 

f(J- 
v§h 

B-b 
T 

b 
ïï 0 , ß 

u50 
T • °gd pw 

(2b) 

9 



■ilupiMI 

This Illustrates that the scour depth Is related to the Froude number 

(F . JL), „„traction ratio (--¾¾. sediment and sediment transport 

^ ,n c oecmetry of main channel floe at the 
characteristics (D^ ogd- c- 9ea”CTry 

dike and the spur dike Itself («,61 

Sarde et al. (11) also using dimensional analysis obtained! 

0 *¡¡>S— 1 fIF„» o, e, c0). 
(3) 

which U - average flow depth and the drag coefficient. 

Investigators disagree as to which parameters are most Important In 

determining scour depths at spur dikes. Early Investigators considered the 

stream velocity and waterway contraction ratio to be the most significant 

factors. Laursen (14) maintained that the scour depth Is primarily a function 

of the dike length and the upstream depth and Is Independent or the contraction 

rat,o If sediment movement occurs upstream of the dike. Uu et al. (16) and 

Cunh. (8) also determined that the contraction ratio was not Important once 

sediment motion was established. However, Uu et al. considered velocity to be 

an important factor with or without sediment movement. Garde et al. (ID and 

GUI (12) determined that the contraction ratio was an Important parameter. 

GUI reported that velocity was not an Important factor, but Garde et al. 

stated that It was. There Is also controversy regarding the Importance of bed 

material size. Garde et al (11) and Gill (12) found grain size to be Important 

while Laursen (14), Uu et al. (16) and Ahmad (3) did not believe It to be a 

major determinant of scour depth. 

Several equations proposed for predicting scour depths at spur dikes are 

presented In Table 1. The squat,..primarily based on laboratory testing 

of a single spur dike In a straight flmne. with limited prototype verification. 

More prototype data are needed to resolve disagreements as to main prediction 

parameters and conflicting predictions given by the equations. 

10 
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Some Environmental Effects 

Spur dikes Impact the local environment encompassing the stream banks, 

streambed, and flow zone. These effects extend from a short distance 

upstream to several river widths downstream. Some Impacts have already been 

described as part of the general behavior of spur dikes. 

Spur dikes have local aesthetic Impacts which vary with river level. 

Spur dikes have limited Impact on upper bank vegetation; only minor land 

clearing Is required for construction work and to anchor the dike root In the 

bank. The disturbed bank and the structure surface may be revegetated above 

the normal water level so as to blend Into the natural surroundings. A short 

low-elevation overflow section can be Included In the structure to allow some 

water to flow behind the structure and Improve the riverine environment In 

the backwater area behind the structure. For some rivers, such areas have 

been Identified by fish and wildlife biologists as a critical and scarce type 

of riverine aquatic habitat; the water warms up faster and submerged aquatic 

plants have a chance to become established. 

rngt Effectiveness 

Recent (1981) costs of spur dikes are about S26-S65 per linear foot (24). 

This Is greater than the unit cost for many other types of erosion control 

structures. However, spur dikes protect a downstream bankllne length that Is 

several times the length of the structure Itself. Therefore, on the basis of 

cost per linear foot of protected bankllne the overall cost Is relatively 

favorable for spur dikes compared to other techniques. 

12 



IV. DESIGN OF SPUR DIKES 

Funeral Considerations 

Although spur dikes are used extensively, there are no definitive 

hydraulic design criteria to follow. Design Is based primarily on experience 

and Judgement, due to the wide range of variables affecting the performance 

of the spur dikes. Paraneters affecting spur dike design 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 (15). 

Spur dikes must redirect the flow away from an erosion-prone bank. This 

affects flow patterns and sediment movement. Permeable dikes Induce sediment 

deposition which helps redirect the flow. Impermeable dikes 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 I', 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 dike 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 will determine the extent to which 

this can occur. For flow contraction to continue along the entire length of 

a dike field, 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. 

13 
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Spur dikes affect sediment deposition patterns (15). 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 anount of coarse material In suspension when the water 

overtops Impermeable dikes, the rate of such deposition will be slow. To 

increase this rate. It may be necessary to divert the bed load Into the dike 

field. One way to accomplish this Is by stepping-down the top elevation of 

successive dikes In a dike field, from upstream to downstream dike (15). 

As an alternative 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 L-heads may be designed to prevent overtopping and to 

allow eddy currents to keep the area scoured out. 

Annie of Spiir nit<fl 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. 

There Is considerable controversy as to whether spur dikes should be oriented 

upstream, perpendicular to the bank, or downstream (3, 7, 9, II, 13, 15- '9- 
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23. 25). Proponents of opstree. orientation c,„» that fio. is repeiied fro. 

ai ices oriented upsteam .hile fio. Is attracted to the hank by dikes oriented 

downstrean. They also ciai» that sedimentation Is more likely to occur 

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

the banks and on the upstree™ face of the dike. Proponents of 

dounstream-orIented spur dikes claim that turbulence and scour depths are 

less at the end of a spur dike Rented dounstream and that the smaller the 

or I entât I on angle, the more the scour hole Is angled a„ay fron the dike. 

They also claim that an upstream alignment promotes flo. touards the base of 

the dike „hlch endangers the Integrity of the root of the dike and may cause 

a channel to .cm along the bank In the dike field and that debris and Ice 

are less likely to accumulate on dovmst,earn oriented dikes. 

Franco (10) tested dikes angled normal to the flo,. 30 degrees upstream 

of normal, and 30 degrees do.nstream of normal. He rated the 30-degree 

downstream alignment b, t In performance (based on scour, deposition, channel 

depth and alignment,. The upstre^-ang,ed dikes produced the least amount of 

scour but the scour area, .as greater, extending along the upstream face of 

the dike, upsteam dikes produced more disturbance to flow. 

Copeland (7) recently determined that larger eddies are present on the 

upstream side of upstream-oriented spur dikes than of downstream-oriented 

spur dikes. This may afford some protection by displacing the currents a.ay 

from the spur dike root. However, since scour depths are also greater for 

„pstream-orIented spur dikes, the potential benefits of the upstream eddy may 

be cancelled out by the Increased size of the scour hole. Copeland Calms 

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 

15 



should therefore he ciehteh perpehh.cu,=r to the hehh. Spur h.Kes p,eceh et 

a„ orientation angle other then 90 degrees .ould cost .ore than dIKes placed 

normal to the flo. because of the greater regulred length, hut they .ould 

also produce less disturbance. 

It Is often recommended to align spur dikes perpendicular to the flo. 

direction rather than at any other angle because test results haye been 

Inconclusive to settle the dispute betveen upstream and downstream 

or Ien+atlons. 

The United Nations (25) several years ago recommended an orientation 

angle of between ,00 and ,20 degrees, ^re recently, the U.S. Armv Corps o, 

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

slightly downstream (15). Another practice has been to angle the first dike 

downstream and the gaining dikes norma, to the flow. The trend among 

designers In selecting dike orientation appears to be shifting from 

upstream-oriented to downstream-oriented spur dikes. 

Tame 2 summarises spur dike orientations that have been used In severa, 

geographic areas or recommended by different references. 

I nngth find nf ^ur 
The length of a spur dike Is selected so that It Is sufficient to shift 

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

unduly restrict the channel and must not cause unacceptable velocities. 

The spacing of spur dikes ,h a spur dike field has generally been 

based on the length o, the spur dike. If the dikes are spaced too far apart 

the current may return to the bank bef^e reaching the zone of Influence of 

the next dike, as a result, bank erosion may occur between the dikes and. I. 

unchecked, may cause and the loss of the downstream dike. If the dikes are 
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Table 2. Recommended Spur Dike OrientâtIon Angles 

Recommenocd or General I y 
Used Angle of Dike to Bank*, 

In degrees Reference 

100-120 

100-120 

100-110 

Downstream 

Upstream 

90 

70-90 (30 for sharp curves) 

90 or downstream 

75 

90 

90 or downstream 

75-90 

Downstream 

90 

United Nations, 1953 (25) 

Indian Central Board of Irrigation 
eid Power, 1956 (6) 

Mamak, Poland, 1964 (17) 

Lindner, 1969 (15) 

Neill, 1973 (7) 

Richardson and Simons, 1973 (7) 

Alvarez, Mexico (7) 

U.S. Army Corps of Engineers, 1970 (7) 

U.S. Army Corps of Engineers, 
Los Angles District, 1980 (7) 

U.S. Army Corps of Engineers, 
Memphis and V'cksburg Districts (7) 

Missouri River (15) 

Red River, Arkansas River (15) 

Franco (10) 

Copel and,U.S. Army Corps of Engineers, 
1983 (7) 

♦Measured from downstream bank line to major axis of spur dike 
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spaced too close together, the dike field »odd be less efficient and more 

expensive In preventing bank erosion than a correctly designed system (20). 

The spacing/length ratio of a spur dike field Is a function of the 

rlver-s approach velocity and discharge. As the spacing/length ratio 

increases, the effectiveness of the dike field to prevent bank erosion 

decreases. In the folIcing discussion, length Is taken to mean effective 

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

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

united Nations (25) states that It Is general practice for spur dikes at 

convex banks to be spaced at 2 to 2 1/2 times the length and for spur dikes 

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

The United Nations also states that a larger ratio Is used for a »¡de river 

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

Tlefenbrum (22). dikes on the middle Mississippi River »ere originally spaced 

at two times the dike length and are nc designed to be about 1 1/2 times. 

Ahmad (2). based on model studies, gives spacing/length ratios of 4.29 for 

straight reaches and 5 for curved channels. A design manual used In India 

(6) recommends ü spacing of 2 to 2 1/2 times the dike length. Mathes (18) 

states that a spacing ratio of 1 1/2 should be used and that values of 3/4 to 

2 are generally used on European rivers. For rivers In Ne» Zealand and 

Australia, Strcm (21) gives spacing ratios ranging from 3 to 5. Acheson (1) 

gives ratios ranging from 3 to 4, depending on the degree of curvature. Seme 

authors recormend that the spacing should not exceed the width of the open 

channel remaining betwaan the dike tip and the opposite bank. Van Ornum (26) 

states that the European practice Is to fix the spacing bet.een half the 

width of the contracted channel and the full widths within this range. 

18 



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. 

The recommended spacing/length ratios from different sources are 

presented In Table 3. 

Copeland (7) describes six current and eddy patterns that develop between 

spur dikes as the spacing/Iength ratio between them Increases. These are 

presented In Figure 5, where for 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, types 3 and 4 have an Intermediate ratio, and types 5 and 6 have 

the largest ratio. 

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 still 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 stablity 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 alignments than Is 

the main portion of the dike. Such configurations Include L-head dikes, 

J-head dikes, and T-head dikes. 

19 
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Table 3. Reccaeaded Spur Dike Spaclng/Leagth Ratios 

Spacing/Length 
Ratio 

1 
2 to 2.5 
4 to 6 
3 
5.1 to 6 
2.5 to 4 
2 to 2.5 
1.5 

0 
5 

to 5 
to 2 

1 1/2 
3 to 4 
2 to 2 
1.0 
4.29 
5 

1/2 

1/2 

Type of 
Bank 

Concave 
Convex 
Concave 
Concave 
Straight 
Curves 

Concave 
Straight 
Convex 

Convex 
Concave 
Straight 
Curved 

Reference 

United Nations, 1953 (25) 
United Nations, 1953 (25) 
Richardson and Simons, 1973 
Grant, 1948 (7) 
Alvarez (7) 
Alvarez (7) 
CBIP, 1956 (6) 
Los Angeles, District, 
Los Angeles, District, 
Los Angeles, District, 
Nelli, 1973 (7) 
Neill, 1973 (7) 
Strom, 1941 (21) 
Indian Design Manual (6) 
U.S. Army (20) 
Mathes, 1956 (18) 
Acheson, 1968 (1) 
Bendegom (20) 
Bandegom (20) 
Ahmad, 1951 (2) 
Ahmad, 1951 (2) 

(7) 

1980 (7) 
1980 (7) 
1980 (7) 

Comment 

General practice 
General practice 

Bank may need riprap 

Levee protection 
with riprap 

If two or more dikes 

20 



main current deflected 

TYPE 2 

OUTSIDE SPUR DIKE FIELD 

TYPE 3 

MAIN CURRENT 

TYPE 5 
TYPE 6 V Y 

MAIN CURRENT DIRECTED AT BANK 

F1gure 5. 

(Source: Reference 7) 
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The L-head structure ees developed on the Missouri River to Improve 

protection of the concave banks of curves over that provided by straight spur 

dikes (15). The L-head has a downstream-angled segment added to the end of a 

straight spur dike. This segment Is usually parallel to the channel. 

Franco (10) 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 to prevent sediment-carrying bottom currents from moving Into the 

areas between the dikes. Also, flow over the top of an L-head segment which 

Is 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 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 (15) 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 deceased the scour 

around the ends of the spur dike. Variations In the river curvature and 

spacing of the spur dikes would call for corresponding variations of the 

percentage of closure of the gaps for optimum results. Any degree of closure 

will give added protection to the concave bank, when compared with no closure 

at all» 

The L-heod dike possesses advantages over straight dikes when Installed 

to protect a bank that Is caving as a result of the Impingement of the 

current. At such locutions, spur dikes should either be angled downstream or 

be built with L-heads. 
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Dikes having the heed segment pointing upstremn are called J-head dikes. 

T-head dikes have segments pointing both epstream and downstream. J-he.d 

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

disadvantages as a dike angled upstremn <15». Other shapes such as 

hockey-stick shapes are simply variations of the L or J-head. There has not 

peen sufficient Investigation of these various shapes to ascertain whether 

they offer any advantages over the L-head. 1+ Is believed that the J-head 

end T-head would possess disadvantages over the L-he,d and that their use 

.ould be unwise, but If used, the upstream leg should not be as high as the 

straight section of the spur dikes. 

Flftvatlon of Spur Crea^ 

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

place al, dike crests at about the sM< height with respect to low water 

level. However, the crest or crown or a dike need not be horizontal. There 

are often situations where a variable-height crown Is advantageous. 

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

depends upon the effect desired of the dike upon the flow. The sloping-crown 

or stepped-down crown. In which the dike crown slopes downward or Is stepped 

downward fron the bank towards the channel, appears to have an advantage 

where mid-channe, shoal erosion Is needed over a wide range of stages but 

where a gradually diminishing channel contraction with Increasing stage will 

suffice. Such a crown design may be regulred where a leve,-crown spur dike 

.ould produce objectionable velocities as the stage rises. Even If high 

. i« +ha eion Ina or stepped down spur dike can 
velocities were not a concern. If the slopl g P 

. i+ often will be less costly to build than 
produce the shoal erosion desired. It often win 

a level crown dike (15). 
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Stepped-down cro.n spur dikes ere used on the middle Mississippi River 

aed oh portions of the lower Mississippi to control meander patterns and to 

provide the verylng 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, the stepping 

down of the crowns progressively from one dike to the next may be 

advantageous to cause a continuous and comparatively uniform contractlonal 

effect along the entire dike field (15). 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 overtop progressively each of 

the dikes from the downstream to upstream spur dike. The flow pattern 

associated with stepped-down dikes Is shown In Figure 6. 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 line 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 will be enough time for bed load to be diverted to the area beween the 

two dikes. 

Franco (10) concluded that stepped-down spur dike fields are more 

effective than fields with all dikes level and that level dike fields are 

more effective than stepped-up fields (see Figure 6). He also says 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 
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Figure 6. Currents Through Dike Field 
(Source: Reference 10) 



elevation of the hikes. The area downstream of the dikes covered by 

• cito Mi+h a decrease In dike elevation, 
deposition generally Increases In size with a 

, «d „urinal +n the fIow were the most effective In 
Franco found that dikes placed normal to the now 

reducing the mount of shoaling. The angle of the dikes Is therefore related 

to the elevation of the dikes. 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 

pecause of Its direction. The flow also tends to prevent sediment-carrying 

bottom currents from moving Into the area between the dikes. 

<;p.ir nike fjiflfi Clones and Rofll 

The side slope of the spur dike at Its head end affects the scour near 

the head. With a flatter head, the base of the dike tip extends farther away 

from the exposed crown. Hence, the scour hole will be more distan 

head and will be longer and shallower (20). Tison (23) tested 

+rapezoida,-shaped dikes and found that a sloped head reduced the diving 

Mamak (17) suggests using a head slope of 3:1 or flatter, up to 5.1. 

Mukhamedov (19), In calculating scour, uses a factor Kß = (Cosß) 

into account the effects of varying dike head slope, where 6 is the ang e 

between the sloping side of the dike and the vertical plane. 

nf the dike It has been recommended that the ups ream 
For the main body of the dike, it na* 

. . e.i +o 3-1, and that the downstream face 
face be Inclined at a slope of 1.5.1 toO.i, 

have a slope of 2:1 to 4:1 (20). 

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. Hamak (17) 

recommends that short bank revetments be constructed on each side of the 

root. 26 
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Spur Dike i oration in River Reach 

The location within the river reach at which the 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 distributions 

within the stream should also be considered when placing dikes (20). For the 

positioning of dikes along the outside of a meander loop, Varshney (27) 

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 

(5) recommends that the first dike upstream of the bridge be placed at 0.4 of 

the loop length. 
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V. MODEL STUDY OF SPUR DIKES 

PurpQSfl 

Th. general porpes, o* the seal e-mop.I study ..s to qu.Mt.tlv.iy 

investigóte scour patterns and the degree of dank protection resulting fron 

various spur dike configurations and arrangements. Including that of the 

prototype spur dike field. Several design parameters »ere tested and 

evaluated, such as spur dike length, shape, orientation angle and spacing 

between dikes. 

PvperImqntnl Equipment 

The model tests ..re conducted In a.s,nd-f111ed steel tank 7 feet long, 4 

feet »Ide and 1.7 feet high. A Willamette River reach having a ne» spur dike 

field «as molded In th. sand. The Proud, number (ratio of Inertial to 

gravitational forces) formed the basis for open channel modeling and for 

scaling various parameters betveen the prototype and model. A horizontal 

scaling ratio of 600:1 »as selected, based upon the space available. A 

vertical scaling ratio of 200:1 ... This vertical distortion ,„o..d 

prototype turbulence to be simulated In the model. The molded sand «as 

covered «Ith a layer of cent approximately 1/4» thick and sprinkled »Ith a 

fin. layer of plaster of Paris. Spur dike models ».re formed from modeling 

clay using th. same scaling ratios as for th. river model. Water »as 

supplied from a recirculating pump and »as passed through an entrance box and 

, baffle to distribute th. flo. uniformly over th. width of th. model river 

bed. The model Is shown In Figure 7. 

Fïïfmrlmftntr1 Procedures 

To conduct each experimental test, spur dikes »er. first placed In th. 

model in th. desired arrangement and at th. desIr«! locetlons. Dry sand «as 
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A. Looking Downstream

I

: V'-' '■ ^

B. Looking Across the Channel (flow from left to right)

Figure 7. Scale Model of Willamette River Reach 
With Prototype Spur Dike Arrangement



then sprinkled ov«- th. model bed end benks using a sieve wltb a mesh spacing 

squat to 0.59 mm (l.e., sand finer than 0.59 ma vas used) until a uniform 

depth of approximately 1/8" was obtained. This sand .as used to detect scour 

patterns due to the flov. Water .as then alloved to flov In the channel for 

.bout five minutes. This .as sufficient time for bank erosion and scour to 

occur and scour patterns around the spur dikes to become relatively stable. 

A discharge of about 0.05 cfs .as used for each test, equivalent to a 

prototye discharge of 50,000 cfs. At the end of each experimental run, the 

scour and bank erosion patterns .ere recorded. During several runs, red dye 

«as introduced at the extrance box so that eddy currents around the spur 

dikes could be recorded. 

Experimental runs I through 12 »ere conducted In the straight section of 

the river reach upstream from the prototype spur dike field. The test .ere 

don. to determine the relative ability of single dikes of varying length and 

orientation angle to deflect the main river current ..ay from the bank and 

protect It from erosion. After each run. the distances do.nstr.am from the 

spur dike to the points .her. the main current returned to the bank and .her. 

bank erosion began to occur were measured and recorded. 

Experimental runs 13 through 33 «er. conducted In the concave section of 

the river reach. Various combinations of spur dike shapes, lengths, 

orientation angles and arrangements .ere tested. The resulting scour and 

bank erosion patterns were recorded. 

Experimental runs 34 through 37 .«-a conducted using the entire river 

reach. The prototype spur dike field arrangement «as tested In run 34 In 

order to obtain scour patterns for comparison .Ith those obtained from the 

field study. Several modifications of the prototype »-r.ng-.nt «.re also 

tested. Run 37 «as a control run conducted »Ith no dikes. 
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Pïïparlmantn! Results 
Table 4 summarizes the test conditions 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. 

Figure 8 shows the scour patterns obtained during the test of the 

prototype arrangement In run 34. Scour patterns and bank protection patterns 

were recorded for each of the runs. Results are presented In Figures 9-15. 

Figure 9 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 dike lengths and orientation 

angles. This distance Is Xg when measured from the dike base and Is when 

measured from the dike tip. For dikes with 90-degree orientation angles, 

X2 = X4* FI9ure 9 also shows the distance downstream that the bank Is 

protected from erosion, being X^ as measured from the dike base and X^ as 

measured from the dike tip. (For 90-degree dikes, X^ “ X3.) The effective 

dike length L (perpendicular distance from bank to dike tip) Is shown as a 

fraction of the uncontracted channel width W. 

Figure 10 presents model test results from runs 13-21 showing the scour 

patterns associated with single dikes at various L/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 square feet, the model 
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y 

1 
2 
3 
4 

1/6 
1/4 
1/3 
1/2 

90 
90 
90 
90 

5 
6 
7 
8 

1/6 
1/4 
1/3 
1/2 

45 
45 
45 
45 

9 
10 
11 
12 

1/6 
1/4 
1/3 
1/2 

135 
135 
135 
135 

B. Expertmonts Using Concave Section of River Reoclu 

Number of Dike Dike 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1/2 
1/2 
1/2 
1/4 
1/4 
1/4 
1/4 
1/4 
1/6 
1/4 
1/4 
1/4 
1/4 
1/4 
1/4 
1/2 
1/2 
1/4 
1/4 
1/4 
1/3 

90 
120 

60 
30 
60 
90 

120 
150 

90 
90 
90 
90 
90 
90 
90 

1 

2 
2 
3 
1 
1 

L 
2L 
2L 

Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
L-head 
J-head 
T-head 
L-head 
J-head 
L-head 
Straight (submerged) 
Straight (sloping) 
Straight 

34 
35 

36 

37 

Prototype arrangement <8 JIkes) 
Prototype arrangement with dikes /- 

(5 dikes remaining) 
Prototype arrangement with dikes l 

(3 dikes remaining) 
Control test - no dikes 
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Figure 8. Example of Scour Patterns Around Prototype 
Spur Dikes in Scale Model Tests (Experimental Run 34)
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Definition Sketch for Runs 1-12 

200 

Prototype Scale (ft) 

Run 1 L-M/6 0*90° 

Run 3 L-M/3 8*90° 

i - . 6.4L_*J 

L_LOL_U 

Run 4 T TJ-- 

2J1L. 

Run 5 l*W/6 6*45° 

T 
r-u 2L_— 

^ 1 
----^ )l T 

Figure 9. Model Test Results Showing Current Deflection and 
Bank Protection Distances (Runs 1-12) 
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Figure 10. Model Test Results Showing Scour Patterns 
Associated with Single Dikes (Runs 13-21) 
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Run 16 L-W/4 0»3O 
Scour Area s 2.41 x=2.3L 

\ . 
Prototype Scale, Feet 

Figure 10. Continued 
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Run 24 l«!e-90° 3 dikes S-2L 

Scour Area *7.03 x*7.5l 
prototype bcale. Feet 

Figure 11. Model Test Results Showing Scour Patterns 
Associated with Multiple Dikes (Runs 22-24, 33) 
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Run 33 l4 9^45° 02=9O° 2 Dikes S=2l l_-L-—I 
3 » * co „-c ci Prototype Scale, Feet 

Scour Area = 2.42 +_. 

Figure 11. Continued 
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W 9-90° 

Scour Area * 3.14 x*7.5L 

Run 27 L«j 0*9OU T-Head Dike 

100 

Prototype Scale, Feet 

Figure 12. Model Test Results Showing Scour 
Associated with Various Dike Shapes (Runs 25-30) 
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V 
_ 1/2 Water Depth 

Side View of Submerged Dike 

Figure 13. Model Test Results for Portly and 
Totally Submerged Dikes (Runs 31-32) 
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Figure 14. Model Test Results for Prototype River Reach With No Dikes Installed 
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o TOO 
Run 34 
Prototype Arrangement 
SA » Scour Area 

Prototype Scale, Feet 

SA*.05 

.ZJ-Z 
SA*.01 SA*.18 

Figure 15. Model Test Results Showing s£?u!f p*^erns 
9 Associated with the Pr°t0£yP® J;10 a d 

With Modifications of the Dike Field 
(Runs 34-36) 
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Run 35 
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o Run 36 
Dikes 2, 3, 4, 6, 7 Removed I 

100 
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Prototype Scale, Feet 
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measurements should be multi pi led by 2500. The distance X, shoun as a 

multiple of l, repesents the distance defined above. 

Figure 11 presents model test results shoulng scour patterns associated 

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

spacing and orientâtI on angle are varied. 

Figure 12 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 13 shows the scour pattern results of model tests with a fully 

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

Figure 14a 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 14b the dike field Is superimposed over the Figure 14a scour results 

to give a reference for the locations at which dikes were Installed. 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 15 presents model test results from runs 34-36 showing the scour 

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

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

36, two additional dikes were removed. 

r^art n* Spur Hike j fíRflth OP R»nk Protection and Flow Deflection 

Figure 9 and Table 5 show the effect of spur dike length on bank 

protection and current deflection distances. The degree of bank protection 

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 



Table 5 

L/W 

. Effect of Spur Dike Length and Orientation Angle on Bank 
Protection and Current Deflection Distances (From Runs 1-12). 

xi/l x2/l x3/l yi 

as on 1¾¾ 45 90 13-5_¿5-an-125-45—2fl-125. 

1/6 4.5 4.5 4.5 

1/4 4.0 3.5 3.5 

1/3 3.8 3.0 3.0 

1/2 2.9 2.8 2.5 

9.7 9.0 9.0 

8.0 7.5 8.0 

7.1 6.4 6.8 

5.5 6.0 5.0 

3.5 4.5 5.5 

3.0 3.5 4.5 

2.8 3.0 4.0 

1.9 2.8 3.5 

8.7 9.0 10.0 

7.0 7.5 9.0 

6.1 6.4 7.8 

4.5 6.0 6.0 

l/w yw 

_45_an—125. 

1/6 0.75 0.75 0.75 

1/41.000.88 0.88 

1/3 1.27 1.00 1.00 

1/2 1.45 1.40 1.25 

yw 

45 9Q_125. 

1.62 1.50 1.50 

2.00 1.88 2.00 

2.37 2.13 2.27 

2.75 3.00 2.50 

yw 
45 90_125. 

0.58 0.75 0.92 

0.75 0.88 1.13 

0.93 1.00 1.33 

0.95 1.40 1.75 

x4/w 

45 90_122 

1.45 1.50 1.67 

1.75 1.88 2.25 

2.03 2.13 2.60 

2.25 3.00 3.00 

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

^ Scour Area* 

s<P fiO° on0 120° isÓ° 

1/4 2.41 <..70 2.80 2.95 3.62 

1/2 — 16.0 17.21 18.4 

1/6 — -- 0.43 — 

X /L 

30° 60° -_-9Q° 120° 150- 

2.3 3.4 5.5 6.6 7.7 

3.7 4.5 5.3 

8.25 — 

»Scour area measured In square Inches in the model. For prototype scour area 
In square feet, multiply by 2500. 



width, will protect a bank 4.5 times Its own length. Using the prototype 

width W * 400 feet and an effective dike length L * 400/6 * 67 feet, the 

distance downstream from the dike which wl 11 be protected would be 4.5 x 

(400/6) = 300 ft. A dike three times longer (l.e., L = W/2) will protect the 

bank only 2.8 x (400/2) = 560 ft. The distance that the main current Is 

deflected behaves In a similar non-1 Inear manner. For a dike with a length 

of W/6, the deflection distance Is 9 x (400/6) = 600 ft.; for a dike three 

times larger (L = W/2), the deflection distance Is 6 x (400/2) = 1,200 ft. 

This diminishing Increase of distance with Increasing dike length occurs for 

all constant orientation angles. Figure 16 summarizes these relationships. 

Although there Is some scatter of data points, the relationships of relative 

change are nearly linear and parallel to each other. 

Fffeet Of Orientation Anale on Bank. Protection an? Flow Deflection 

Figure 9 and Table 5 also show the effect of orientation angle on bank 

protection and flow deflection distances. If the distance X-j from the spur 

dike base to the point of bank erosion Is used, the effect of orientation 

angle on this distança Is not entirely clear. However, If +he 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 16 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 spur dike axis and Is 

directed toward the opposite bank. A longer distance downstream Is therefore 

required before the deflected current Is reunited with the trajectory of the 

main river current as unaffected by the dike. For downstream-oriented dikes, 

the deflected current may be somewhat attracted towards the bank, resulting 
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in bank erosion at a shorter distance than the upstream oriented dike. From 

Table 5 and Figure 16 it is seen that a dike with a length of W/6 and a dike 

orientation of 45 degrees will protect a bank 3.5 times its length but if the 

dike Is oriented at 135 degrees It will protect a bank 5.5 times Its length; 

for a length of W/2, the ratios are 1.9 and 3.5, respectively. 

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

(see Figure 10, runs 14 and 20) as part of the 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. 

Fffert P* Spur Dike Length and Orientât I QU. APflIe QH Scaur 

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

on the scour pattern and size (see Figure 10). First, as the dike length 

increases the flow section contracts and general bed erosion occurs in the 

contracted section. Second, varying vortices develop, depending on the angle 

and length of the spur dike, and 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 spur dike length Increases, the 

scour area Increases exponentially. This Is shown in Figure 17. With 0 = 90 

degrees and a length of W/6, the scour area is 0.43 In?; for a length of W/4, 

the scour area is 2.80 In2; and for a length of W/2, the area Is 17.21 in2. 

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

increases. Figure 17 shows that for a length of W/2, the scour area 

Increases linearly as the angle Increases from 60 to 120 degrees. For a 

length or W/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 and the scour 
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Figure 17. Effect of Spur Dike Length and Orientation Angle on Scour Area, 
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dimension parallel to the bank Is greatest for a dike oriented at 30 degrees 

or 150 degrees (runs 16-20 In Figure 10). 

Scour also increases upstream of the spur dike tip as the spur dike 

becomes more upstream-oriented. 

Pffort nf Mul-Hpi« Dikes on Scour Anea on'i Pfink Protecimn 

Figures 11 and 15 and the scour areas given in Table 8 show that as the 

number of dikes in a dike field Is reduced, the total scour area for the dike 

field decreases but the scour area at the individual dikes increases. 

Multiple spur dikes appear to afford some mutual protection from 

scoui—producing currents. 

Comparing ran 18 In Figure 10 and runs 23 and 24 In Figure II 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 5.51. to 7.5U. 

ro-rt n< knur nike ihane on Vour Area and Bank Protection 

Tablel 7 shows the effect of spur dike shape on scour area and current 

deflection. Figure 12 and Table 7 show that the T-head dike caused a 

slightly larger scour area than the other shapes for a particular L/W ratio. 

The J-head was the most effective In deflecting the current. The L-head dike 

produced the smallest scour area but was also the least effective In 

deflecting the current. The J-head and T-head dikes caused bank erosion to 

occur upstream of the dike. The T-head also caused scour areas to develop 

both upstream and downstream. 

nf Spur Dike Submergent 

Figure 13 shows that a totally submerged spur dike experienced bank 

erosion near Its root. Some of this eroded bank material was deposited Just 

downstream of the dike. 
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Table 7. Effect of Spur Dike Shape on Scour Area and Current 
Deflection Distance (Runs 25-29). 

Shape Scour Area* 

LÙL =-±lA 

L-Head 2.94 6.5 

J-Head 3.05 7.0 

T-Head 3.14 7.5 

L/W = 1/2 

L-Head 15.24 4.0 

J-Head 14.92 4.25 

»Scour area measured In square Inches In 
the model. For prototype scour area ¡n 
square feet, multiply by 2500. 

Table 8. Scour Areas for Prototype Dike Arrangement and Effect of 
Removing Various Dikes (Runs 34-36). 

Dike and Scour Area* 

1 ? 3_4 5 6 7 8 Total. - 

.73 .05 .01 .18 .32 .53 .87 1.29 3.98 

.66 — -- .24 .37 -- .90 1.35 3.52 

op __ — — .48 -- -- 1.45 2.91 

»Scour area measured in square inches In the model. For 
prototype scour area in square feet, multiply by 2500. 
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For a sloping Pike, the scour area and current deflection distance were 

similar to those expected from an unsubmerged dike with a length egual to the 

exposed portion of the sloping dike. 

pr^towune nika arrangement and Comparison—With Field Studï 

Figure 15 and Table 8 show the scour areas for the prototype dike 

arrangement. The effects of removing some dikes on local scour at each 

remaining dike and on total scour at the dike field are also shown. 

The scour patterns developed from the model test of the Willamette River 

Reach without dikes (Figure 14. run 37) and with the prototype arrangement of 

dikes (Figure 15, run 34) compare reasonably with the actual patterns 

observed before dike construction and obtained from the field Investigation 

after dike construction. The amount of scour measured near dikes 2, 3 and 4 

¡n run 34 was very small. During run 36 In which dikes 2, 3, 4, 6, and 7 

were removed, bank erosion occurred between dikes 5 and 8 but little bank 

erosion was observed between dikes 1 and 5. Dikes 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 additional 

benefit. Based on the model study, at least one of those dikes could have 

been emitted from the dike field with little effect on bank protection. The 

field Investigation also revealed that bank erosion was occurring downstream 

of dike 8 and that perhaps an additional dike was required there. The model 

test also showed that bank erosion occurred downstream of dike 8. 

At already noted, the total scour area diminished when dikes were removed 

from the dike field but scour at the Individual remaining dikes Increased 

(Figure 15 and Table 8). However, more than three dikes appear to be 

required to adequately protect the rlverbank. 
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VI. FIELD INVESTIGATION OF SPUR DIKES 

Background 

During the summer of 1983, a spur dike field (called a groin field by Ihe 

designers) was constructed by the U.S. Army Corps of Engineers along 1800 

feet of bank IIne of the Willamette River near River Mile 136 approximately 

two miles southeast of Corvallis, Oregon. Streambank protection was mandated 

because erosion at the location, estimated 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. Figure 18 shows an 

aerial view of the dikes, copied from an Infrared color photograph taken on 

October 1, 1983. The river discharge is approximately 7,700 cfs. 

The U.S. Army Corps of Engineers chose a spur dike system instead of a 

conventional revetment. This was done for environmental reasons, in order to 

diversify fish habitat through the creation of a series of large pools and 

slackwater areas between the dikes. 

A model study was conducted by the Corps of Engineers for design purposes 

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 rockflll and riprap. 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 riprap was placed on the upstream side of the dikes 

and a 2-foot layer of class III riprap was placed on the downstream side to 

protect the dikes from scour and debris. 
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Table 9 summarizes the spur dike dimensions and -'Igure 19 shows typical 

cross-sections of the spur dikes. Figure 20 Shows the placing of class V 

riprap on dike 7 during construction of the spur dikes. Figure 21 shows two 

views of the completed spur dikes. 

poQflarch prnr.Rdures. Foulpment and Data 

The purpose of the field Investigation was to gather the necessary data 

order to determine the hydraulic effects of the spur dikes on the river 

flow and bed topography. 

in mid-September 1983, approximately one week after construction was 

completed, a detailed site survey was conducted which Included obtaining 

current velocity measurements and river cross-sections. To determine the 

evolution of scour patterns around the spur dikes, subsequent site surveys 

will be conducted In mid-wtnter 1983-84, after a few months of high water 

have allowed scour to rearrange the river bed and flow patterns, and In late 

spring 1 )84, to observe the effects of a ful I season of high-water 

conditions. 

On September 14. 1983, current velocities were measured with a Price 

current meter. Velocity measurements were taken at depths equal to 20 and 80 

percent of the total depth to get the depth-averaged velocity. The 

depth-averaged velocities are shown in Figure 22. 

surface current patterns around the spur dikes were sketched at the time 

of velocity measurements. These are shown In Figure 23. Figure 24 Is a 

photograph of eddy currents being shed off dike 6. as seen from dike 7 

looking upstream. 

A Raytheon fathometer 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 also taken 

parallel to the current flow along the river center Une. 20 feet from the 
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Upstream of Corvallis (Dike No. 7 Shown)
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dJke 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. 

n I «truss I on n* Field Investigation 

The field Investigation was conducted during late-summer low-flow 

conditions. The river discharge was approximately 7,000 cfs. Hlgh-flow 

winter conditions are much greater, with a two-year flood hydrograph 

discharge of about 50,000 cfs. At the time of the 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 following winter season. 

Table 10 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 prototype spacing ratios In Table 10 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 are greatly 

accelerated In the vicinity of the spur dikes (see Figure 22) as separate 

dike currents are formed around the dikes and converge with the main channel 

flow. At dike 7, the dike current velocity was recorded to be approximately 

equal to the main channel current velocity. In the compartments between the 

dikes, the velocities were reduced to zero and an upstream current formed due 

to eddy effects. 
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VII. SUMMARY ANO CONCLUSIONS 

Local scour around spur dikes and the degree of bank protection provided 

by spur dikes are affected by a multitude of factors. Including 

characteristics of the spur dikes themselves and the flow kinematics of the 

stream. 

While the general qualitative effects of many factors have been 

researched and documented, few quantitative relationships exist to be of use 

as design aids. Recommended spur dike orientation angles and spacing ratios 

vary greatly, depending on the 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 report, various spur dike shapes, orientation angles and 

arrangements have been Investigated both experimentally and with a prototype 

field study. Under the limitations Imposed by the model, the following major 

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) Upstr«am oriented spur dikes are more efficient In deflecting the 

river current away from the bank. Downstream-oriented dikes seem to 

attract the current towards the bank. Upstream-oriented spur dikes 

thus provide bank protection farther downstream from the dike tip 

than downstream-oriented spur dikes. 

(4) Upstream-oriented spur dikes cause greater scour holes In terms of 

area than do downstream-oriented spur dikes. This Is because of the 

Increased flow turbulence resulting from the upstream orientation. 

If It may be Inferred that the scour hole depth also Increases as 

the area Increases, than upstream-oriented dikes also cause deeper 

scour holes. 

These conclusions are consistent with past studies and literature cited 

In Chapter IV of this report. 
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APPENDIX 2. LIST OF SYMBOLS 

B = average width of approach channel 

b = average width of contracted channel 

Bi = original channel width 

B2 - constricted channel width 

C = sediment concentration by weight 

„ AYc P5Q = i 33 (<VÎ>)JÆ 
Cq * drag coefficient = 1.33 ' uTPyr 

„ . limiting depth of scour belo. originel bed level 
s 

0 = average depth of flow 

0 = median grain size of bed sediment 
50 

F . Blench's “zero bed factor" - function of grain size 

h» V 
F = Froude number = —— 

tfjh 
Fn r 

f = Lacey silt factor = 1.59 

g = acceleration due to gravity 

h . average depth of flow In unconstricted approach channel 

hm * maximum depth of approach flow 

k . function of approach conditions, k varies »Ith Investigator 

K . function of C0 and varies between 2.5 and 5.0 

KS - factor accounting for effects of varying dike head slope on scour 

L . effective length of spur dike measured norm.l to the bank from 

the dike base to the dike tip 

m * contraction ratio * a 

n - function of C0 and varies between 0.65 and 0.9 

N - dimensionless term for bed roughness - (n2g)/(hP3 

N • term K appl led to approoch channel 

NnS - term N applied to approach channel at beginning of scouring motion 

ns* 
7* 

T 



Q ■ total stream discharge 

q = stream discharge per unit width at constricted section 

r * assumed multiple for scour at dike compared with scour 
In a long contraction (taken to be 11.5 by Laursen) 

Urn = maximum velocity of approach flow 

V = average velocity In unconstricted approach channel 

W = width of uncontracted channel 

X-| = distance from dike base to downstream bank point where 
erosion begins 

)<2 = distance from dike base to downstream bank point where 
main current Impinges 

Xj * like X-| but measured from dike tip 

X4 = like X2 but measured from dike tip 

y = average depth In unconstricted section 

y = equilibrium scour depth measured from the water surface 

p$ = specific density of bed sediment (mass per unit volume) 

Pw = specific density of water (mass per unit volume) 

B-b 
a * contraction ratio = -5” 

g = angle between the side slope of dike and vertical plane 

0 = dike orientation angle between axis of dike and downstream 
bank (or channel thalweg) 

u term describing the size gradation of the bed material 
Mgd 

y * absolute viscosity of water 

a * settling velocity of sediment 

AYS * difference In specific weight between sediment and water * (pg-P^Q 

Ç = ratio of Dq5 to Dgg for bed sediment 

t_ » critical bed shear stress 

T * bed shear stress In approach channel 
ns 

« bed shear stress In approach channel at beginning of scouring motion 
*ns* 




