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Li.me_ Tre:atmemt 

Lime is milH!!d with clayey soils to increase 

strength and satability characteristics. This is 

i «•portant in streambank protec:ti on si nc::e these 

characteristics may prevent underwater softening, 

reduce leakage, and resist erosion from flowi.ng water. 

In short 1 the product may impart enough strength to 

mc;\ke the soil i1on-su1msi ti ve to water C:Z). 

·rhe soil types associated with this technique are 

el"q;:-iansi ve and di spere.i ve clays. A study is necessary 

to determine the percentages o+ lime needed to achieve 

to most ef.fec:tive finished product. Cement and 

moisture may also be mixed in if added strength is 

required. Typically., the soil is removed, mixed 

offsite with the lime, .a.nd then replaced in compl'!\c::ted 

lifts.- The treated layer shc:ruld be at leaest 12 inches 

thi c:k, bL1t may range to several feet. Wi nc:hing 

equipment up and down the slope may be required to 

c:ompac:t thw soil on s:teep slopes. Once completrad, the 

i\Stabi l iz~d slope is; lsft e>:posed to promote vegetative 

growth. 

RIVER TRA'INlNG STRUCTURES 

River training strLtc:tures are c:cmmcml y referred to as 

dikes., spurs, .and jetties. The1»e struc:ture!l!. all r.efer to 

systems whose basic: p.urpose is to divert water .fl ow away 
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from an eroding bank. They have been used successfully on 

many river applications. Other training stn.\cturas are 

kelne:r jacks, used tire breakwaters.,, stone hardpoints, .i\nd 

retards. Dike s.tructures are the more commonly used method 

and is the one pre5.ented (2) .. 

Dikes structures have a wide vari~ty of 

applications and no one approach in design is U!:Hr.~,d. 

However, ~here are certain underlying principal& which 

should be followed to insure a reason.able result is 

achieved <2>. 

L The l E;ngth and spac:i ng of the dike should be 

such that the flow passing around and 

downss:tream from the riverward and of the 

1c>tf~ucture, in•tersects ·the next dike prior to 

reaching the e.rQding bi/An.I<. The dike should not 

unduly restrict navigation, however. The 

s~l ection of length and spacing is t.usual l y 

derived from experience of the designer. 

2~ Very short dike stn.u::b.1reis, less than 25 feet, 

may accelerate erosion in the vicinity of the 

dike due to scour· the develops around the 

riverwarcl end. To compensate for this, the 

design shot.1ld include, strengthening by making 

the base e>ttra wide, protection of the bankline 

71 



cl!.-_11.,snstream a short di stance, trtnd ti ei ng the 

structure into the bank a su-fficient distance 

to protect against flan~ing. The dike located 

furthest upstream is more prone to high stress 

and wave attad, and may require adcH·t:ional 

stability. 

3. Selection of the dike height is 1..tsual 1 y 

determined through an evalt.ta\tion of risk and 

cc:ist a5soc.i ated with con$truct i ng them at 

various heights. A stage-c:h.tration ~urve will 

assi!iit in this evaluation. The dike height 

also has .an in·fluenc~ of the depositional 

characteristics that will take place. 

4 .. The orienti'altion of the dike may be 

perpendicular or angled upstream or downstreaim 

to the flow. Perpendicular dikes are less 

costly and provide a greater length of bankline 

protection. However, they are subJec:tect to 

higher stress. Angled dikes are generally used 

where changes:. in c:hannel shape are foreseen or 

required. 

5. Dikes may be constructed· of a variety .of 

different materials including timber piles, 

gabions, marth of scandfill,, etc:. The selection 

is generally one of cost, availability of 

materials, cand risk of bank failure. Stone iii 
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the most widely U$ed material due to its 

durability and availability. 

6. The dike will require periodic maintenance to 

insure stuctural integrity. The two areas most 

critical are the landward end and the riverward 

end of the dike. 

The performance of dike stn.u::tures in streambank 

protection has been proven ef-fective through the years 

of its use.. Thee.e str\..tCtureS& .are usn.lal l y underdesi gned 

slightly to be more cost effective when the goal is 

!Simply to control bank erosion .. 
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Of all the mitigation techniques available to prevent 

st.reambank erosion, fabrics will generally offer the most 

cost effective method. Fabrics have had a good service 

reccrrd since their inception eitpproximately 20 years ago. 

Further, as the technology continues to advance, it seems 

likely that fabric applications in thi~ arei!i\ will only 

increli\se. However., there are some concerns that need to be 

addressed. These include, asse$sunent of geotexti le 

performance in long term use under the di fferemt forces it 

will be •ubJec:ted to, clogging potential of fabrics for 

variOU$ soil di$tributions, and the type of fabrics, woven 

or nonwoven, usetl in these applications.. These ·factors 

sho1.,ld bec:chTte more c:lf!arly defined as. long ;term case study 

data becomes available. 
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RELATIONSHIP.USED.TO OF$TAIN FASRlCOPENING SIZE 
TO PREJ:)lCT EXQiilIVji.&rQfli,QF FINiS DlJR{NG FlbTRATION 

lntarmetU ate 
<507. < D,.. > 80¾) 

Dense <D .... > .807.) 

Source: After Giroud (Raf,. 19) 
Relative dJtnsfties. mcu:tifi•d by t<QWru1r <Ref. 

o •• 
a.. 

o •• 

16) 

cu > 3 

< (9deo>ICU 

< < 13. 5dao> /CU 

< (18de,,:,)/CU 

deo,. Soi 1 part i c 1 e size cOl""rtt$J3Qnding to 50¾ f i nar- J · 
CU, c:oeffic:ient of uniformi'ty (~d•'?>'<ho>; 
d 1 o, soi l p a1r ti cl e si. %& c:Of'r •spqrrding to l ox f i ner J 
d.,o, soi 1 pilrticlet er.i%e ec,~p••PQf'tt:f0i.ttg tQ tt.O¾ f i n,er; 
o .. , apparent opening ,1~~ <?;f ~O~lt~t!ht Hf data are not given 
by the manufacturer,. tt)is v~lue is apprci»>imatety the AOS sieve 
value in mi.1 timater•>., 
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RECOMMENDED MINlMUM F•ROP£RTIES FOR GEO.REXTILES 
USEll IN NONCRlTit:AL!NONS£VERE QRAINAGE, 

FlLTRATION,.ANDERQE!lIONCQN'rROL APPLICATIONS 
<Repl"'int·of Table :S-4 Ref. 17> 

1. Minimum Survivability Properties 

A. Fibers used in the manufi1cture of geot.extiles shall 
c: onsi st of long c:hai ft s.ynth•t i t: p<;3l ymer s , composed of at 
least SSZ by wei9ht of polylaphi.n.s., polyesters, or 
pol yami d•-

a. Seote>ttiles with low resistance to ultraviolet 
degl"'adation . <more th•n Z.Q~ strength loss at soo hours 
tl!}(p0$Ure ASTM D-4:!SSl should not be el4posed to sunlight 
for more than 7 days. · 

Geote>Ctiles.with higher r•isti\\n~e to ultraviolet degradation 
should not be e>tp.osecl, for .fflC.'Jll"'e·<tth·tn .:so days. 

Note, Geotextiles c:an be -,n~J4u;tu.,.•cl finished to resist 
d.egradattmn du• tc;, prqlon91e, -.~posure to ul travi ol et 
,-ad.iatit:ffl, i .. •• , ,f•~r.f..t;1!i l"' .. $ist,fi\ntt to e>tposure for 
multi .... yeiu•" periods <fr~m 5 to 25 year•> are not 
uncommon·., 

Eros i on Control 
I Class A Class a 

Sr ab Strength < TF 025 method 1 > 
<min. in etither principle direction> 

Elongation <TF #25 met.ht:lt:;J 1> 
<min .. in either principle direc:tion> 

Puncture Strength <TF 025·1ft.ethod 4> 

Burst Strength (TF #25 method 3) 

Trapezoid Teuu•· <TF #25 method 2) 
<min. in either principle dirac:tionl 

200 lbs. 

15 X 

80 lbs. 

320 lbs. 

50 lbs. 

90 lbs. 

15 X 

40 lbs. 

145 lbs. 

30 lbs. 

Test met.hods .are in accorac1mce with procedures of FHWA Geotextile 
Engineerin;M•nual. 



(Tailt l, cont'dl 
1. Critical tppUc:atiQDS involve the ris). ef}J$l >of lift, pqtenttal ftt 1ig1\ifiUnt structural daaage, 

or lllere repair tO$tt ttOUlfVUtly •<W itstailatitn cui.., 
2. Sivert appJicati•s intl\ldt drainitlJ pp. trafll: or Jlipalfle scul, higfl Jtydraulic 1radients, or nvtr1iB9 

or cyclic fl• tlltliti••· 

l, All····nar .. ·· i .. Cl·t·•··•l.11·11·· ... ·. ·.'. •· ·· .......... · .. ·.t· .. · ... •.·· .. ·.·.•.·i.·.•.···•.••· .. ·.••w• .... ll .... • .. •. r.·•··.•.·.1 ... ·.1.· .. ·Yl·.··lun·•··.·.· .... · .. · .. ·•·.'.· .... ··.·.···i ... ··· ... !.•. ''.• .. ·.".·.•l·.•.··· .... ·.·•i• •.·········.·.•.•.· .. ·. ··.·•· ·i·.·.f·or. •·.'.up.· .. l.• (average 
•.f au'" .. '. '*.·.t·•··.•· .. ·· .. l·t·.··.•.l •• ... 1, ... •t·or····.•x· ' .. • .. fl .. •.·.jp. ··ttt··· ·f .. i .. ·." .. ' .. · .... ' .. ·'.·.·1lt$. ·.··· .. •·it .. l.in ... ·.•. f .. liffa ... conU4.tne level. Thell nlvu are c1ntt•ably 1owr tk& tflosf ~lJJt1001d .in anfactur.ws Uteralure. 

4 • . C.l•u.·A Et . . •i· •··.··.·.•Cu.it. r. • .. ·.•··. tpp···. J1 .. l1<. '. ·.•t .. ···i·OM·.·.· .··•·.if'.• .. ·. ·.•.t··••.·.·. •.··· ....... · .. ·.· ' .. ··.·.·.(·•··.···.·.·.·.••• .. ' .. •. ' ..... ·.•.· ... ·.· .. · .. • .. ···•· .... ·· .. ·.·.•.··· tm .. ··.·.••··· ' .. ··••.·.··. it.iQIJ ar ... e iMb. Uation strusu .. lft: w, Sfltrt tua QIU a, i.t.1 st.,_ .Jlttflat . ·· ·. ~• u lt11 tun l feet amt stone 
11ilit1 _,.ll ut at.« .m p~ •. fitl• truts art rt•ited ••• st•• Jlateltft't lteiJnt ncttis 3 
fut., ···•t••uqftt .. ft~ -~-- . . 

s. Clast t Erotfo,t C.ttol ae,Ucati~. are thOle •• ••rte is ,-, it tb'J;tttvttl or UBder or lffld.er 
condi.tios ...,, the flirt~ Js pratectlll tly •. •• cuttillfl• or by •;ero drop heiijlt• platmnt of stone. 

li~i• Jfyjrwlit ,,..,tie 
A. PiJifflJ Rtsistlntt <toU rttenUOAl 

t. Soil ttitlt 501 or 11.11 particles by wtitflt p:assiat t$ 1%00 sievt 
• .101 tun o,._, ttt11ter tttu Pt us siJYel 

2.. Sail ttith ., th• SGl p1ttido ay gi4ht ,-1il{J US IRO ft.IQ 
AU9 len tb:n 0;.3Ja tgteater tun 100 US sitvtJ 

a. Pere .. i U ty 
t of. ffflit ttnter tbu t of tu wt 

2. IAlfA p,Gt«tert unl cabi11 fattic:l, sitJt. QttJttr lhin 14 US sitve, ue only that ljr&iati on of 
Mil PHlifflJ tM t4 US tieve in atlfdiltt tli f fflit. 

3. A8S dltll'•i· .fir t11ttxtiln &«Grtifll ta Tf ti$ ethofl 6. 
4. t>ereaU1ty cJet.t,tiftld ·for· IJffltitUn ~,orfliag to TF t25 llthod 5 .• 



C0APS OF DDI, PlN .. IN& R&QIJlll&NENTS FOR 
.. ·.···.· < . . .·, J;N , . . . .• CON118. ~ICAT IONS 

<...,..,.,-i .. -, . T-.1.e "'!to Aaf. 17> 

SI.ape 
ShW::ilPDlll lYJW::lit.111 · , 

311 to 411 

411 

Pin Spacing Per Row 
illtllttr ta s,mtac> 

2 ft 

3 ft 

5 ft 

6 ft ll>et..._n 
--•11411 rGMa of pins 



@EfitlD.tl ... e 
Eumple: Evaluate dw filtration adequacy oft ~idafe ptxlitefnr ptacemcnc. beMath a 
rock .riplap ·erosiotl c~hyst.-, a e~. ~• witb J.ft tidesJi.t .• tCVffl\QI now eon• 
ditiomlaJ-.m1befo1~$\--- n..-•Jite~•k • O,OlS in./SJC, 
, • 35 milJ. aad A.OS • No. 70, Th« .i.:-$itv sotl it a beae.«t tand ( SPl: . wilb d 10 • 

0.1?-.CU • 3.Stina•~~D~ •Matapot0$ilyof0AO. 

Solution:. As wid\. alt fit~ de,sips dis a•~.~. one. for..,_ now 
aaddltodlett«suil~. ,.~~-.•·~-.-~. 

<•) ~-•·~.··.ltow·••••·--;~•)Jfdtl• If w »st.lfflC a""' ,.,,. . ~; 

w.idu.,_ dde ,_., at a ma,x.itnum • dwint • __. l·heur period as shown, thca 
JIJ.x 3 X l 0.4 ..... ·.····. 1· · .• ,.. 

- .., lt'/bt/ft .,. 
• ll.75 t.'/-./ft .. t!Ope 

(b)~dle·~~. 
f. l:iA 
•l~A 

I 

k . f _... ........ 
' AM 

0.1' -----(,]))(9.48 X l) 
._. • o.oa,, •·•1r,, .,,e 

(C) Since. -~~Jta.sa~.~of.0,0\$ m./stc apd 
is 3S mils tftlck. dlt alUl --~- . 

l ... afi.f ••-;·tL~ 
+.•0:'1\1_.; •• 
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(d) The f.-.ctor of safety is then 

FS • •• • 0.43 
... 0.026 

= 16 which is baftly~ COB$klering tlWalarae.portioll oft.he fabric will be 
coveted by rock riptllp'; in dli$ case die mmimuJn FS value should be 10 

The gootextile is now.·cvaluated with mpectto its: adtqu~y to retain the soil 
~it. 

(a) Since these· .-c~.~· • ~dle .. ~ontaincd soil J)aSSfi 
thtoup ct. f~ ~(~Jirt.~adlo$$of.staPi;Jit)toftbe ~p), die criti• 
cal design willbe--'~.U~•3:4). 

where dtit • (CU) (dn,) 
• (l.$)(0,ll) 
•0.4?lnm 

d50 • 0.37 • (est.) 
,... ... Ol.S)((U7) 
v.,< 3.$ 

< 1.43mm 

O . 13.Uto 
,s< cu 

This is .,:.Uvalat to a No. l6 sieve. which bas o( t.19 mm. 
(b) this at• d'tc AO$ of t.bt' <:_._ .-i\ift. 

AOS111 • f\kJ. 10 (• Q.?.t:6 .-) 
which is sutr~ierttly tight • • lo$$ « soil will flOf ocwt. tb85 Ille gcotcXtite is proper o 
fare ftlntion is~. 
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