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PREFACE .

The Woterwoye Experiment Stotion wac ocuthorized to conduct lat-
oratory teasts to invectiscte the pocsibilitiees of increcsing the
fluildity of asphalt mixtures and thus reducc the quantity of asphelt
used in revetrmentc by letter from the Missicosippi River Cormission dated
3 November 1947, subject: "Experimcnts with Asphalt Revetment.”' A
comprchensive progrem covering all phascs of the use of asphalt for
river bank protcction, prepared as = "Plan of Test," was approved in
part by the Misciscippi River Cormiscion in November 1948, The ctudy of
"Mase Placcment of Sand Asphalt" under the "Underwater Protection” phase
of the Plan of Tcst was an approved item.,

Preliminary results of o few of the laborctory tects and the recults
of o limited program of dumping hot cand asphelt through o metel chute into
o cump werc presentcd in "Interim Report on Investipgation of Sand-Acphalt
Revetnment" dated 1 July 1948. This report presents the resulte of 21l
l-boratory tests and therefore supersedec the interinm report ac far oo
laboratory testing ic concerned. The recults of the progrem of dumping
hot sand-nsphnalt mixturces in the sump werc inconclucive and ore not re-
peated in thic report.

The investigation wes conducted by the Flexible Povement Braonch,
Soils Division, Woterways Experiment Statién. Expcrimental field work on
the Micricsippi River woe cccompliched ty perconnel of the flozting oopholt
plont of the New Orlecnc District, The Office of the Fresident, Miccicsippd

River Commicelon provided generel over-nll guldonce ond aselsted in plan- 1

ning the teoctc cnd conducting ficld cxperimente on the Micoissippi River.
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IIVECTIGATION OF MASC FLACEIENT OF SAIID ACSPEALT

FOR UNDERWATER PROTECTION OF RIVER BAIKS

PART I: INTRODUCTION

The Problen

1. Mass underwvater placement of hot sand-asphalt mixturcs for
prcevention of scour of river banks has been in progresc in the Lower

Mississippi Valley since 1946, Mass sand-asphalt revetment had been

placed at Avondale, Reid Bedford, Hardscratble, Kempe, and Milliken
Bends on the Misgiccippl River prior to initiation of the investigation
described herein. The mixtures uscd contained from 10 to 16 per ccat
85-100 penetration asphalt cement ty weight, depending upon gradation of
the gand aggregate, and mix temperaturcs varied from 380° to L00° F,
Corcs teken at threc of the locations indlcated that the material con-
gecaled on the subaqucous bank as = homogencous, substantially weterproof
mase. Dumps made in challow woater and exomined during low stages

showed o tendency to pilc up and lenve uncovered areas,

2. Plecement wos accomplished by bottom-dump borges caopable of
hendling 150 tons of meterial in cach of two 36- by L-ft hoppers. About
20 1n, of weter stood in the hottom of the barges when empty, =g ney be
seen in photograph 1. Consequently 30 to 40 tonc of sond were first
piaced in cach hopper to avold pouring the kot mixture into thiso water.

Dumps werce ucsually cpotted with the aid of 2 string-out of light pontons

K

but in gome casec o distence wire and sextant were used., The spocing

between durnipe wae varied to provide coverage of 5 to € tons per squore.
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the revetnent where zcour action had been scvere,

oy

icuclly clong the toe, woo roinforced by doudble dumps. FPhotogroph 2

iz o typicel vicw of o horge looded with zspholt zond In position for
dunping. It moy be noted thot the sond-oopholt mix pilled up ot one sldc
of crch hopper co it woo dicchorged by the hot clevntor. Photogroph 3
chowe the cone borge immedictely ~fter cmptying both hoppers. It should
be vointed out thrt the initincl underwotcer pleocementc were node princrily
on cxicting nattrecces for reinforcing their tocs.

3. The carly experiments (dcscribed above) were somewhat random in
nature cince use of mess sand acphelt ac an underwatcr revetment was
rclotively ncew., Many conferences were held among the officcs concerned
to discucs the methods and proccdurcs uccd. It was considered thot o
comprchensive cxperimentol program colong planned lince wac desirable in
order to dcvelop the most feasible and cconomical methods and proccdures
of dccigning and plocing moss acpholt revetmentc. Thercefore, a comprehen-
sive program of experimentation wego prepared, ond vorious studies under-
taken., Thic report cumnerizec the invectigetionol work sccompliched to
dete on underwoter plocement of meoss cond ocpholt, Some of the tests
performed were of little veolue in the light of further studies; however,

they arce prescented herein oo o matter of record.

Ot jectivee of the Invectigotion

4. The generol objective was to determine those propertics of the
cophnlt nixture dropped in a mace under wetcr which will give the best

coverege, conosidering sprecod, thicknecs, strength or resistance to dic-

integrotion, deformobility in conforming a~nd reforming as the river bed
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scours, to river-bved irregulsritics, velocity of the weter, depth of

placement,

wvere:

and cconomy of plocement. Specific objectives were o

Iso

The

Determine the effect of vorylng the quantity of zophali
ccment on propertics of the mix.

Dectermine the effects of mixing and placing temperzturce
on proncrticc of the mix,

Determine the effect of different penetration pgrades of
asphalt on properties of the mix,

Investigete means of reducing the asphalt content by
admixtures,

Determine the effects of agprepgste gradation on mix
properties,

Determine the effectes of dropping mixtures en masse throupgh
water,

Develop methods to simplify underwater placement.
Investigate the feasibility of the use of asphaltic

products other than asphalt cement.

General Procedure for the Investlpgation

three main steps folloved in accomplishing the objectives

Laboratory and simple =small-scele tests were used to study
several possible methods of improving the desirable
properties of the mixture. Methods that were infeasible
vere eliminated and those offering possibility of success
were investigated further,

Investigations were made on the more promisiny developmentso
of the laboratory and smzll-scale tests by means of field
tests on ao large a scale ag Experiment Station facilities
would permit., Scale model ctudies were not used cince the
asphalt mixture iteelf could not he scaled down., Mixturec
were produced in s centrsl mixing plant in sufficient
volume to be dumped in ditches, pits with sloped sides, =
nydraulic model, and & creek channel co that sprezd,thick-
ness, conformity to irregular clopes, and effcct of
velocity of water on larger massces of asphalt mixtures




1o

could be determined,

Final experiments were conducted in the prototype. The
results of Shesc experiments are incomplete duc to the

length of time requirced for adequate obscrvatlon of
performance. It ig expected thet these tezts will
eventuzlly bring to light those influencing factors which
were not determined in mmall-cczle toste such as the
c¢ffcct of large msoses of acphzlt mixturce, velocity of
water, depth of plzcement, conformity to highly irremulsr
clopes and z2bility to reform ond continue tc protect
slope aftcr current scours the bed to grester depths, and
duratility of the mixture in water., A limited amount of
plzcement has been accemplished during high water on
banks that arc cxposcd during low water. Theoe nlace-
mentg will be observed during lowewater stages.
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PART II: PRELIMINARY STUDIES

€. It was recommended by the Mississippi River Commisszion in the
early stages of the study that an Investigation be made of the uze of
edmixturec to n2ifect the propertiez of aaphelt mixtures In 2 mznner
similar to the use of sir-entraining sgents with pourtland cement. A
search weas made of available pertinent literature and inquires were
directed to various governmental and commerclal agenclies and to indi-
viduals. The inquirles briefly stated the problem and requested in-
formation on any products that might prove suitsable. The search for
avallable literaturc proved unfruitful, and only a few of the lettcr
inquircs offered feasible suggestions. These suggestions have been
tested and arc included in this report in a later part.

7. Onc of the consultants rctained by the Waterways Experiment
Station recommended the study of a patented process, in which steam is
injected into the asphalt just prior to mixing, causing the asphalt to
foam. Fuel oil and beef tallow are uscd as additives. An agrecement was
made whereby the holders of the patent would conduct experimental tests
on the underwater placement of mixtures prepared by thcir process. It

was their opinion that the process would " ...produce a satisfactory

material and eliminate troubles with standard hot mixes 1In cold water ...
Information recelved on their initial experiments in pits filled with
water 1indicated that mixtures prepared by the patented process had more
fluidity than standard mixes in the lower range of asphalt contents.
Laboratory tests were attempted but they were not satisfactory. Also the

producer offered the use of a dispersion chamber for fleld tests and such

PR p— e
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*ts were conducted as discussed later in this report.
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uggestlons reculting from other ingquires included: (a) the
ule of verious types of admixtures ranging from ecetic a2cld to Vel soap;
{t} the u3e of crecked asphalts; and (c) the use of high penctration
gredes of uaphalt cement. These ond many othor auggastions axnd ldeua

wore trled in the leborstory.




PART III: LABORATORY SLUMP TESTS

9. The rclative consistencies of the vorious mixtures werc con-
pored by means of = concrete slump cone. The cone was scated on 2 metol
plate, filled with the mixture, ond then corefully rcoised. The slump of
the nixture from the originnl height wos mecsured in inches. It was rec-
ognizéd that no correlotion between inches of slump and satisfectoriness
of the nixture wos available, but it wes considered that the nixture
with the lorgest slump would be the most desirsble because of its spreading
properties. The ncjority of the comperisone were made in eir. A few of
the nore promising methods of improving the nixtures were studied with
clump tests node under woter. The equipment, neoterials, cnd procedures
for the tests ore described first, followed by the tects in 2ir ond the

tests under woter.

Equipnent, Materials, ond Procedures

Equipment

10. A linited mumber of initisl tricl tests were nnde with o
stondord concrete slump cone. After these triasl tests, the standord 12-in.
cone was nodified to o 9.5-in. height in order to reduce the quantities of
ingredients used in prepering the mixtures by approxinctely 50 per cent
ond thus expedite the loboratory progrom. The generel shope of the stendord
concrete slunp cone was neinteined. Loter the cone wes insulated in order
that the desired nix tenmpercture might be neintained during plocenment, ond
2 bose plote wes ottoched so thet the filled cone could be pleced in o tud

of woter, the base plote released, ond the cone roised. Borge dunping wos
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cimulsted Uy cquinping the mamnller orifice of the cone with o watertight
trap door o thnt the mixture could be dumped through water with the cone
inverted. The standord concrcte slump cone, the first 9.5-in.-high conc,
the insulatcd cone (9.5 in. high) cquipped with bnse plnate, and the in-
sulzted cone cquipped with o trop door on a smnller orifice are shown in
photograph 4. In ~ddition, on inculnted cone about the size of the
stondord concrctc cone equipped vith a trop door on the smnller orifice
wno used to investigoate the effect of doubling the size of the mecs., This
conc heo nbout twice the volume (350 cu in.) of the 9.5-in.-high cones.
The clope and helight of the smeller ccne were mointained, but the cone

di~mcter wno increnced.
M-terinle

11. Aggregetes. Two cggregete types, coarsce ond fine river bar cond,
were cclected for use in thesc tests becouse these oggregrntes were normolly
uced in {icld plocement. Sands roenging from coarsc to veey fine nay be
preoent ot ~ny opecific locotion on the river, but generzlly the sando
rlong the Lower Micsissippl River bors are within the linits of medium to
very Tine, Grodotion curvecs for the two cggregrtes usced in this investi-
gotlon ~rc shown on pl-te 1,

12, Aspholts, A foirly wide ronge of types ond grades of n~spholt
wrs usced in the laborcotory tests. The licteriols used cre listed in toble
1 with teot results vhere nveilnoble., The majority of the ficld tests were
conducted with ~apholt cement, penctrotion 91.

13. Adnixturces., A wide ngoortument of materinls were tried in the

lrborntory ctudy to improve the fluidity of the nmixtures, Meny of the




nateriales such as sodiunm chloride werc common products but some werce

natented products whose exact ingredicents were unknown. Table 2 lists
the admixturcs that werce gtudicd together with oveilable informeotion re-

garding then.

Proccdurcs

14, Aspholt mixturcs were prepared in a commercinl bread-dough type
of mixer. The conc was placed on n flat surface and the nixture corefully
pleced in the conc, when the slump tests were nade in alr, A spatule was
inserted along the walls of the cone to insure that the nixture completely
fi1lled the cone. Any cxcess nmaterial wes screcded off the top and the
conc was raiscd corcefully ond removed, The resulting slump from the
originzl height wos determined. The underwater test was ncde by filling
the insuleted conc with the totton bose plate as before, and placing it in
a tub of watcr. The basc plate was relecsed and the cone raised corcfully
ond rcrnoved, Slump voalucs were determined by direct meosurement in the
woter, The tests to sirwmlate borge duwiping were node with the inverted
conc cquipped with trap door on the smaller orifice filled with the
nixturc, and thc conc held in o shnllow vet with the analler orifice cbout
2 in. under the surface of the woter. The trap door wes opened allowing
the nase to pass through cbout 8 in. of water onto o horizontol surface
covered with sand. The woter wos removed when the nixture had cooled ond
neeosurencnts, oboservations, ond photogrophs were made. Somples were ob-
toined where necessory. It wos found that neacsurcricnts and observotions
hed to be nade 1rmedintely after removel of the woter because the shape

of the nmixcs ot high ospholt content changed considerably after the water
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wno renmoved,

15. Sone of the mixturco produced specimens of loosge texture when
dunped under water. It was recognized thnt such loosc-textured mixturcs
would probnbly be subject to excesclve eroslon when placed on the river
bonk, Hence, an erocion test woo deviced to furnich comporative deto on
gorie of the nmixes. / portion of the materinl was dunmped under water ond
allowed to cool for approxinmntely five minutes. A 3/16-1n.-diamcter gtreon
of woter ot city pressurc (opproximately 40 psi) wno dirccted ogainst the
surfoce of the matericl., The end of the nozzle was held 1/2 in, from the
surface of the specimen for o period of five minutes., Dimencionc of the

croded hole were then neasured,

Slump Testc in Alr

Bffcct of heat ond asphalt content

16, A basls for comporing the effects of vorious cdrixturcs wes
provided by 2 serics of bascc testc made with coorse river bar send ond
116 penctrotion aspholt cement which cre stondard for underwater place-
rient, Mixtures were prepared ot cspheolt contents ranging from 4 to 16
per cent at 300° F (mix tempernture) ond ot 8, 10, 12, ond 14 per cent
asphalt ot mix temperctures ronging from 250° to 450° F.  Photogroph 5
shows the oprend of mixes contnining 6, 12, and 16 per cent nspholt ot
rix tempercturc of 300° F, Crocking occurred ot 6 per cent agphelt ond
free ~ophrlt sppears on the curfoce rt 16 per cent ngpholt. The reocults
of thc cntirc brac serics cre shown on plate 2. The results indicnte
thrt no inerenents of aophnlt ore added, the slunp decrecses to ¢

ninimun ot on nophalt content of 8 to 10 per cent (right-hond plot) ~fter




T W ——

et L g

11

which the cluip incrcascd rapidly with incrcmentc of asphalt. The rlot
of mix tempcrature versus slunp (left-hand plot) indicatcec a2 decreasc in
clwp with an increace in temperature for acphalt content of 10, 12, and
1k per cent. The dccresse at the hipgher asphalt contents was cignificant,
A glipht increoce in clump occurred with on Incrcasc in mix taaperature

ot 4 ner cent zophalt, but the clunp was low even ot the high temperature.,
The coffects of high temperatures on the mixes are chown in photogreph €,
The nixcs ot 450° F show conaiderably norc cracking than mixes prepared
at 300° F at the scxme asphalt contents, The general appearance of the
nixes at the high tcenperaturcs indicoted thet the asphalt was offected

detrirentzolly by the high temperatures, rcsulting in 2 less fluid neaterial,

Effcct of penectration grode of asphelt

17. A oinilar ceries of testc was nade to study the effect of dif-
ferent penctration grodec of aspholt. Coarse river bar scnd and ospholt
cecmients of 31, 116, ~nd 193 pcnetration were used. Mixcc were preparcd
ot 8, 10, 12, ond 14 per cent rophalt ~t 250° and 300° F nix tenmperaturcs
excent thot no uixes were prepored ot 2500 with the 31 penctrotion grade
ncphalt., The recults of the teots arce chown on plnte 3. It con be ceen
thet the genercl trend 1s toword increcsced fluldity with increcsing pene-
trotion grode of acpholt cement ot nspholt contento obove 10 per cent.,

At 8 per cent o slight deerccoc occurred with incressing penctration grode

cf cophalt,

Effect of cracked asphelts

18, Cracked =sphelts having penetration of 90, 133, and 190 were

tested in lieu of normal asphalt cement. Mixec were prepared with coarse
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sond ond &, 10, and 12 per cent azspholt in order thet comporison of slump
volues with siniler mixes containing aophnlt cement nmight be node. Indi-
cotions werce thot slump did not increcse w!th inerecse in acgphalt ¢ ntent
but rather decreaced somewhat within the range of cophclt contents tested.,
The avercge valucs obteined, clong with comporoble voluec on two mixec

contoining ogpholt cement, were as follows:

Sluzp, In.

Laphelt Cracked Aspholt Normal Aspheolt Cenent
Content 90 Pen, 133 Pen. 120 Per, 100 Pen. 193 Pen.
. 4.9 4.2 5.0 L,z L.

10 L.L L.8 L6 5.2 5.9
12 L.2 3.6 3.9 6.6 Mol

Tests with cdnixtures

19, The tests with cdmixturces were conducted in the some norner
25 the two series described previously. Vorious cdmixtures were in-
corporated into the scnd-ogphalt mixturec to detertilne thelr respective
effccts on fluidity of the mixture. The percenteges of eanch cdmixture
were broscd on producers' recormendations, opplicebility to ficld use.
or werc determined by trial and crror. Mixcs werc prepared ot 8, 10, ~nd
12 per cent ocphrlt ond at nmix temperatures of 200, 250, or 300° F.
Coarce river bar sand wos used throughout. Asplelt of 116 penctration
groede wos uced except in 2 few cnses. Normeoly clunp meosurencents were
ncde irmedistely ofter the nmixturc wos prepared. However, deloyed tests
were conducted when a2 nixture offered prormice of inproved fluidity over
the bosic mixture. In these dcloyed tests, quantitico of the nixture

were placed in o constont temperaturc oven for specified time intervels
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Bince it wos anticipated thot Ticld practice would reguire fillimg boracs
seversl hours before petucd plocement. The “deloyed” teste serc conducted
to detcermine vhether or not the initicl bemelicial effecis could be ncin-
toined over « reassncoble period of tine, The following cdditiwrece oro-
duccd no consistent slwrp grezter thon occurred inm the bose dcsis cad do-
toiled results are not shown for these zdditives: glow curing liguid

agphclt (90-2) ond threc compoundes with fatty bduser produced b

Mopco Chendczl Compony. The reoulte of slunp tests on mixes with cdditives
that produccd sore Tluldity thon obtaincd in the bose tests ore showm im
toble 3, The toble showe the ospholt content, the nmix temperczture, the
type ond percentage of zdmixture, the slump, =nd remor¥s chout the teste,
For comparison, the resulis of bzee teste vith mo edmixture ore shown., Thc
increcse in fluidity geined with most of the additives wos not aporecistle,
end the tendencies townrd cracking observed in bosic mixtures continucd 4o
be prominent. Therefore, o deteiled ddccussion of the performance of ench
of the oony cdnmixtures tested is not presented. The slump dz2tc indicate

g generol trend towerd improvement in fluidity from zdditives up to o
equivclent of cbout 2 per cent aspheolt. It ie considered thot such - minor
improvenment doce not worrant the use of other motericls ot low cgpholt
contents since, in most coses, the odnixture is more expencive thzn on
zdditioncl 2 per cent of oophrlt, Tuact ic, the introduction of 14 per
ccnt osphelt without on cdditive will produce slump voluec comporchble to
thooe obtoined with 12 per cent cgpholt with o cdditive. Mony of the
~dditives included in 4cble 3 coused the mixture to cwell excessiwvely
during zreporotion, but the mnss usuclly subsided so guickly Auring the

durping procecs thot improvement in fluidity woc negligisle.
PiTE T % J &




2%, A gerics of tegts wos nirde to determine the cffect of penctra-
tion grode of cspholi on sand-asphalt miwcs contalning Tuffklay, Vel soop,

ZuPornt Product BC, ond sodium chlorlide since these ~doixturcs showed merit.,

Two r.sph-lt cczents were used, one having ~ penetrztion of 100 2nd the

(R}

renetration of 193. Cozrse river bor sond was used -z the
~goregete «nd 21l mixtures were prep-red ot 3009 F. Slump test datz ore
chowm in totle b, The tests on stroight csphclt cement indicote increzsing
fluidity with increcsing penetration, but this trend wms not obtained in

nixes contelning odmixtures., In foct, slightly higher slump velues were

sti-~incd with the lower penctration osphelt cenment where azdaixtures were

Slunp Tegtg Under Water

-l e o e

21, Underwnter zlumy tects were conducted with ~ few of the more
rroniging ~dditives aclected fror the results of the tests In air. Tesis
were c1zo node with additives which were suggested ofter the progron of
tcots In oir hod been conpleted. The resulis of tests ncde with Tuffkloy,
codium ziliccte, Vel co-~p, DuPont Froduct BC -nd sodiun chloride ore shown
in toble 5. The codium chloride wog zixed with woter to form o thick
nocte before 1t wo ndded to the rixes. The other ocdditives were intro-
duced into the nix in their normel ztote. The slizpe immedintely ofter
nizing tnd ~fter o l-hour delay cre chown. For comporison the slumpe in
~ir irmcdictely o~fer nixing cre clsc shown. The tzhle clso shows the
rc-ction to the croczion test -nd the demree of stripring (dicplocement of

rnmlt) th-t occurred. Im generzl, the mixturcs reported in taoble S
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chowed poor surface texture and sonie cracking. Additionsl nlxes were tricd
containing ctean and water, Laykold, crwlsions and slow-curing cutbock
rcpholt. The recultc of thegse tests are describved below.

2. OStean or woter nmaterlally increased the fluidity but the
beneficisl effects losted 2 very short period of tine,

b. Lzykold, product of the American Biturmls Company, was uced
to revleoce up to S5O per cent of the asphalt-cenent content.
Decrease in slurp recsulted, large cracks developed under
water, ond stripping occurred.

c. Mixturcs contoining HV ond HCM bitumuls, rapid-curing end

slow-curlng crnulecions, recpectively, fell aport after poor
alunp under water. The addition of anll cnounts of port-
lond cenent to the HCM bitunuls developed a linmited amount
of cohecion but the slurp wog very poor. The noterinl
sloughced instend of flowing.

d. It woo found with SC-2 that mixtures containing 8 to 10 per
cent liquid ropholt did not herden but rencined crumbly. The
nixture contnining SC-5 wzg plostic ~t roon tcempercture but
wos stiffer ~nd hed nore cohesion than the SC-2.

Diccuscion

22. The reoultc of the underwater clunp tests show thot for o given
nixture thc clwip in woter ic consictently less thon the slwip in elr.
For example, with no n~dditive (first line in table 5) the slump in rir wes
5.2 in. wherenc the clunp in water wos only 2.2 in., o difference of 3 in.
In generzl, the nixec reported in teble 5 nzintzined thelr fluldity through
the l-hour del~y neriod. An cxception woo DuPont Product BC. A vigorouc
rcoction, which occurrcd when the slunp test wos nede irmedictely ofter
nixing, »roduced consideroble fluidity. The rezetion woo conciderably
leoc after = l-hour delry zond the deloyed clunmp test chowed o recultant
lower fluldity. The Vel coop produced - nix which otripped excessively.

The other nixes reported in tnble 5 were reacsonebly scoticfectory fron the
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ctrndpoint of croglon resistance cnd stripping. Admixturcs of oteam znd
vater produccd fomming of the csphnlt but the fooming period was very
chiort. The nmixes preparcd using Laykold werce much lesg satiafactory thon
thocc preporced with straight asphrlt cement., The mixec incorporating
criulzions and slow-curing cutbncks did rot develop satlcfactory cohccion
and hardness under water,

23, From an over-all standpolnt, the results indicate that none of
the additives produced a significant increase in the fluldity of the mix-
tures 1n the l-hour delay test. More significant changes in flow character-
istics could be cbtained by increasing the asphalt cement content. In
general, any Increase in fluldlty obtained by the use of additives could
be equalled or exceeded by increasing the asphalt content by 1 or 2 per
ccnt.  There were alco indications that an asphalt content of more than
10 per cent would be required to obtein the desired texture cince cracking

and poor texturc occurred at 10 per cent and less asphalt,

Simulated Barge Dumping Tests

2L, A review of the results of the slump tests in air and water
revealed that tecots vere needed covering o much wider range of asphalt
contents, It wzs 2lso considered thot the method of placing the material
in thc conc and reising the cone, allowing the material to slump, was not
realistic. The procedurc described in paragraph 14 was uced to simulate
borge dumping.

Effcct of agphzlt content, heat ond ogaregate grodation

25. The rzdicel change in slump test procedure and the need for

covering o wider range of cophclt contents nececsitated re-detcrmination
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of the bagslc clump curves. Thic was donc by the simuloted barge dump pro-
ccdurcs. The surface zren of the vet was sufflclently lorge to allow
nlacement of mixturcs coverlng the cntirc range of asphalt contento from
gbout 10 to 90 per cent beforce rcmoving the water for obscrvations ~nd
rhotographs. Mixturco werce preparcd with coarce and fine river bar gsand
ond 39 penctration agphalt cement. Mix temperaturcs were 2009, 300°, and
1&250 F. The rcoultc of theoc tecote arc shown in table 6. The date in-
cludc slump meosurcrnent (from the originel conc height), measurcrment of

thc sprecd, density of the mixture in plece and pertinent obccrvations,
Ploto showlng the cffcet of heot, ospholt content and aggregate grodation
on slump undcr woter orce presentced on plate 4. The effect of osphalt f
contcnt cond cggregote gradction ot o normal mix tamperzture cre shown on

the figurce to the right ond the cffect of mix tempercturc on the finc

cnd mixes appecrs on the figure to the lceft.

26. Effcct of zcpholt content. It may be noted in table € that

vhcn the csphalt content was 15 to 20 per cent, depending on ogrregate
gradotion, the macc tended to vile up rather thon to gpread and form o
nat. Uniform soprcad wac obtoined between 20 and 40 per cent nophalt,
Plote 4 chows that o shorp increcse in slump occurred with incrcasing
~rphalt content up to 20 to 25 per cent asphelt. The slump incrensed
slowly bcyond thie point. Spccimene with an acphalt content above 4O
pcr ccent concliscted of omeller ond cmaller inner rings of fairly uniform
not cncircled by lerger cnd lorger outer rings of weter filled blisters.
Denoity zond otobility decrecsed cherply. Mixturcs placed ot the normol

nix temperaturc tcended to float when the zspholt content reached 60 to

80 pcr cent., Photographs 7 ond 8 ore vicws of thcoe opecimens just after e
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veter woo removed from the vot, Recultc of these bacle teste, incofnr oo
they con be evoilurnted without considerntion for volume, clope, z=nd depth

~nd vclocity of wnter, indicnte thnt the criticol -gphalt content 1o be-

tween 20 ~ad 4O per cent.,

27. Effcct of hect. Table 6 ond plate 4 (plot on lcft) nlso chow

the c1fect of hent on cond-nspholt nixturcers pleced under water, The clunp
v-lucec of nixturcc contoining cophalt contentc within the critical range

of 25 to 30 ~re rcaconcbly the srme nt the normrl nix tcupernture of 3000 F
~nd i thc very high tenperaturc of 4259 F., Slunap decrences clightly ot
200° F, The two striking diffcerencec thot developed by verying fron the
nornnl nix tcupersturce were (2) the chorp decrence in density ot 200° F, -~nd
(b) thc rough not with blicters ot rclotively low nsph~lt contats rcoulting
fror. cxcecccive hent nt 425° F, Specimens placed ot 200° F r~re chown in
photogrophs 9 ~nd 10 and thoce plnced ot 425° F appecr in photogroph 11.

28. Effect of ~gapregote grodetion. The grzin size of sond cggreg-te

~ffcets the underwnter slunp characteristics of a sand-cspholt nixture
within thc criticcl ronpe of z2cphalt contents, The figure on thke right
cidc of platc 4 chows that the fine scnd requires about 5 per cent nore
~cphnlt thon the coarsc cznd to produce the came oriount of slurp until the
=cphrlt content cpproczches 25 per cent, That ic. the sone slunp value
(8.1 in.) ic obtoinecd ot 25 per cent ospholt with fine cond cnd 20 per
ccnt agpholt with coorse sand. The difference becones considercbly lcsso
tt higher ccphalt contents. Practiccl applicction of these date 1o that
gredation of the sand to be used must be deternined before the nininun

~.cphelt content required to provide adequate sprecad and coverage can be

oclected.,

P U —— - 1
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Effcet of penctration prede of nophalt

29, Slump curveg werce llkewlece developed by simuloted borge dunping
for mixturcs contoining asphalt ccuient wilth peretratlions ranging from 50
tu 300, The clunp mensurcnients, denclty determinntions and observations
r¢ shewn in toble 7; clunp curves for nixtures contoining fine sond ap-

pear on plate 5. It nay be noted on plate 5 that slunp curves »re sub-

stentinlly the same for 21l penetration grndes tested. However, table 7
rcvenle that the reculting mot had broken coversge at releotively low
cgpholt contents when tic penctration excecded 100 to 150, Routine tects
on the vorious grades chowed thnt for penetration of 50 to 150 the
ductility cxcceded 150, vwherecs for penctration of 150 to 300 the
ductility dropped to 112 to 123. The testes indicate that the csphelts

of the cofter agrodes werce less ductile ond rore brittle than the n~spholtcs
of lowecr penetrction. Fhotograph 12 1s o view of the specinens conteining
200-300 penctraotion acphalt cenent showlng poor coversge above 30 per cent
ngphelt, On the other hond, no broken coverage wns obcerved when the
peretrotion wos between 50 nnd 100, Specinmens containing 50-60 penetration
nephelt cement are 1llucstrated in photogroph 13. Only 2 limited onount of
broken covercge recsulted when using the 100-150 penctration pgrode nnd
thoce brecke were 1In specinmenes having ncphelt contente of 50 per cent or
riore, Theece dnta indicrte thot 50 to 100 penetration asphnalts ore nore
catisfactory for undcrwater ploccrient then higher penetration grades of
~cphalt. However, ncphnltc fran other crude sources nzy not be in
cgreerment with theee dnte,

Effcet of clze »f nnos

30, A linited loborotory study of the effect of the size of the noce
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woo node by opproximcotcly doubling the volume of the inverted cone fron
172 to 350 cu in, A glump curve wao developed at nix temperaturc of

3OCo F with o nixturc of finc sand and 95-100 penctration acpholt. Values
vcre olrost identiczl with thoesc obtaincd with the emeller nicgs and the
rcoulting ret was of cbout the same texture for o given agsphalt content.
Tt woo decided to perform the rancinder of the loboratory tests with the
cmeller slunp conc becouse of the similer results and the cdditional

duniping arca ond matericl recquircd with the larger conc.

Effcct of other gradcs of oophalt

31. Roofing and weterproofing aspholts were tested ac possible sub-
ctitutcc for the avercge cspholt corment because of the advantages conten-
pleoted iIn the ficld from thelr high softcning pointc. The roofing
agpholt had o softening point of 195 and penctrotion of 25 and the woter-
proofing aephalt had o softening point of 160 and penctration of 32.
Dcternination of underwoter slump valucc was difficult in both cases be-
cousce the nmaterial had poor slump chercceteristics, practically no ficexi-
hility, and yct the masg would collapse upon rerovel of water from the
vet. However, it was determined thot slump values werce sonevhoet lcoe
with waterproofing csphelt than with the overage asphalt ccment and
conciderably leos with roofing acphalt, A view of specinmens contalning
reor'ing oophalt 1o shown in photograph 1k,

32, Tvo products of the Anerican Bitumuls Company werce tested for
uce in mixturcs for nusc underwater plocement. The recormendcd proportilon
of £5 per cent hot ~cphnlt cement ond 35 per cent Loykold (cold tcupering

fluid), when nixed with finc cend, produced o nix tcnperaturc of only 190°F
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and slump mcrourcments were quitce lov. Cold HV bitumuls (r-pid bre-king
emuloion) wro mixed with hot a=nd ~nd the reculting mix tempersture w-o
nbout 170° F. Stripping occurrcd when mixturco containing 19 to 30 per
ccnt of thic emulslon were dumped under water, ~nd tcoting w o ~bondoened,
The producer was notificd of this condition and rceferrcd the prodblem t
its physical rcscarch lnborntory. The laboratory concludced that rocmulod -
Ticotion took place o~nd that 1t mi~ht o2lso tnke place in ~ less scvere
monner with Laykold., The introduction of n2bout 1 per cent ~luminum
sulphate (concentrated solution), based on the weight of asplinlt ccment,
wod recormiended. Tests were then repented with Loykold and cluminum
sulphote. The slump woo greatly inerccsced over proevious tests but
continucd to be considerably less thon with ~gphalt cenent ond the
rcsulting undervater ot renmoined coft ond unstoble. Tests with HV
bitwiuls and cluninum culphnte cdditlive indicated thot the ctripping
conditlon could be corrccted but thoet slump necgurcments were quite low,
These low slump veluca have been found for 211 mixtures tested when the
fin~1l nix temperaturce wno below 200° F,

33. A product of the Berry Asphalt Company known as "Boro-Mix" .o
nlgo congsidered for underwater placerment. Thio product hnoo o nelting
point of cbout 150° F, penetration of 40 to 50, and specific mr-vity of
1.24. Sctisfoctory cprend and coverage were obtained ot 30 per cent
agphalt ~nd ot o mix temperaturce of 300o F. Densoitics werce concwhnt
higher then those obtoined with reguler eccpholt ccment., However, the
speeinmens were ruch less flexible (eracking wns obaerved) ~nd the ronge
of ccceptable cephelt contents for -~ desircble mat whe uuch more lindted

then with agphnlt cenent.,
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Erfcct of wet send in nix

34, A slump curve was developed for an average asphalt ccment and
wct, finc sand at 150O F. The intcnded uses of this mixture, 1f proved
cucccasful, are for underwatcr mats with high asphalt contents cnd dike,
levee, and dam construction with low asphalt contents. The main intent
is to climinate the heeting of the sand ogpregate. Mixturcs containing
up to 40 per cent asphalt had to be forced through the slump conc and
clump values were extremely low, Fooming occurrcd when richer mixes were
prepared, The slunmp wag inadequate for an underwater mat 1n o2ll caces
and about 40 per cent asphelt was required to dcvelop any apprecianble
fluidity irn alr or under watcr. &mall-sceole field tests on wet sand mixes

arc subscquently described.,

Teocts with admixtures

35. Teots vith eodium chloridc as an cdmixturce were linmited to nmix-
turce in the range of 15 to 30 ner cent asphzlt cince previouc recults
hnd indiccted that the modercte improvement in slunp couced by thic od-
nixturc could 21so be obtzined by o omell additi.nel omount of aspholt
cement.  Previous loboratory tcsto at low asphalt contents (10-12) hed
indicated that the introduction of cbout 3 to 5 per cent sodiun chleride,
bosed on the asphalt content, moderately increceed fluidity. The cddl-
tional tecots with codiunm chloride indiccted negligible flulcdlty benefite
in the ronge of 15 to 30 per cent csphclt cenment,

36. A linited number of underwnter clump tecote with fucl oil
cdditive indicoted thaot the fiuidity of the bosic mixturc could be

grently imrroved. Viscocity tecte had chowed thot cbout 10 ver cent fuel
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01l appreciably incrensed the fluldity of the asphalt cerment itself ot
reasonnble mix temperaturcs. Adequote curing was obtoined with rich nixes
when as much oo 5 per cent of the fluld portion woas fuel oll and with lean
mixes when up to 10 per cent .fucl oil was uscd. Fuel oll content cexcceding
theoe amounts ccoused the mixturce to remain unstoble end to continue to
spread over the bottonm of the vat for more then o week. The introduction
of fuel oil produccs o cutback acphalt; therefore it woo decided to con-
duct o few glump tects wlth cormerclally produced RC-2 and SC-3 cutback
~sphelt for compurison. Soric of the asphclt and mixing oil sepeorated
fron the ncos ond appeared on the surfoce of the water as globules, This
cction continued until coverage wos unsatiefoctory. Deterioration wes
rore ccevere with the SC-3 than with the RC-2, No detelled loboratory
teoting progrom utilizing fuel oll o5 on additive weos entercd into since
the uge of this meterinl in amell-scrle field tests in connectlon with
inveotigation of the patented process wes plomcd.. The recoults cre

described 1loter,

Surnary of simulated borge durip testo

37. Laboratory underwater slump tests simulating barge dumping and
covering a wlde range of asphalt contents indicate the trends listed below.
The trends are based principally on results of tests with fine river bar
sand since it is more generally avallable for river-bank paving. Coarse
sand was used for ( omparison in only a portion of the tests. All data
arec based on hot mixes using dry sand except as otherwise noted.

a. Mixtures contalning over 30 per cent asphalt cement with

an average river bar sand produce Ilrregular mats having
water- and/or air-filled blisters; the density decreases
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sharply with increasing asphalt content.

Mixtures contalning less than 20 to 25 per cent asphalt
cement (depending upon the gradation of the sand) do not
provide adequate spread and coverage.

The minimum asphalt content required to provide adecquate
sprecd ond coverage is directly dependent on the gradction
of the aggrcgatc in the mix. For the two agaregate typeo
tested, about 5 per cent more asgphalt is required with fine
sand than with coarse sand.

Asphalt cements with penetration from SO to 300 produce
gubstantially the same slump for o given acsphalt content
(above 15 per cent) at average mix temperaturc of 300° F,

Adequacy of covercge varled with the penetration grade of
aspholt cement in the mix, although the spread (slump) was
cbout the same. Coverage was complete and uniform ot the
critical asphalt content of 25-30 per cent when penetration
was 50-150, but breazks were detccted in the mat when pene-
tration grade excceded 150.

Increase in mix temperature from 300° F to above 400° F
does not improve the fluldlty end ie detrimentol to the
texture of the resulting mat. Decrease in mix temperaturcs
from 300° F to 200° F lowers fluidity ond density of the
mess, The 300° F mix temperature oppears best for under-
water plecement but remains to be confirmed in the ficld.

The usc of cold wet sond in lleu of hot dry sond (mix
temperature 150° F) greatly deercases the fluidity and
necessitates increasing the asphalt content to ocpproxi-
mately 50 per cent to obtaln gprecd and coverage.

The use of waterproofing ond roofing n~cpholte in licu of
straight cophelt cement is not satisfactory becnuse of the
lowver slump volucs obtalned ot o given ocsgphelt content.

The uce of crmlsificd ~gphclt in licu of stroight cspielt
ccrment 1s not desiroble becouse of the lower slump volucs
obt~ined ot thc lower mix tcmperoturce and because of the
susceptibility of emulsifiecd ~sphalt to reemulsificcotion
~nd stripping.

No ndditives were found thot snticfoctorily improved the
fluidity of o sond-~cpholt mixture vithin the roange of
rcpholt contento required to develop o relrtively thin
net, with the pocsible exception of fuel oil, (Curing
chorocteristics of fuel oll were invectignted in the ficld
~c cubsequently described.)
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PART IV: FIELD TESTS

Small-scale Field Tests

38. Field tests on as large a scale as the Vaterways Experiment
Station facilities permitted were conducted for the purposes of proving
the valldlty of laboratory tests and of extending the scope of the study
to Include larger masses and ac many variables as possible., It wac not
consldered feasible to construct model facilities which in any way ap-
proached river conditions nor wac it consldered practical to use model
gcales and transference equations to estimate from amall-scale tests
vhat might happen in the river. Many influencing factors cannot be
fully investigated by wmall-scale tests. Among these arc method of
placement, depth of placement, velocity of the water, slze of macsc, re-
quircd thickness of mat, and coverage difficultics due to irregular
slopeca., OSuch factors will require investigation under actual river
condftions. However, 1t was cxpected that certain tests would indicate
probable bchavior in the river, and it was considered that 1f an idea
werc shown 1o be unworkoble in small-ccale tects 1t could be assumed to
be inmpracticable for use under the more severe conditions which occur

in the river.

Testo in ditches

3¢, Teots., Inttial omall-scale fileld cxperimentc on mosc under-
watcer plocenent were made in shellow ditches. Tac mein objJective wac to

observe the performance of plant-produccd nixturcs covering o wide range

¢? acphaelt contcntc prior to large-scole placcment ot Notchez Iclond
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Chute, wherce the protection of about 700 £t of subaqueous bank with o
cond acphait mot was contemplated., Excavation of the ditch was ceccomnliched
by o ditching machine, Ditches with o width of 2 ft, a dcpth of from 2
ft ot onc cnd to 4 ft at the other, z2nd ¢ grede of cbout 0.5 per cent were
conctructed. Ceveral methodc of placement were considercd but dunping
from o truck into o dry ditch appecarcd to be the nmost practiccl for this
sericc of tests. The shallow (2 £+ deep) cnd of coch ditch was preparcd
for dry dumping by placing o steel plate, to serve ac o gete, 8 Tt fron
the end thus providing cbout 32 cu ft of dumping spcce. Woter wos then
ploced to various heightco in the lower cnds of the ditches. Thus 2 head
was avellable to occelerate flow of the mass when the nmetal plate weo
roised.

4O. Mixcs for tests in the ditches werc prepored ot asphalt con-
tents of 20, 50, and 80 per cent. Mixes were produced in o centrecl
asphalt plont at temperctures of 3000 F or below. The ogphalt cenent
uced hod penetration of 85 to 100. The mejority of the nmixcc were nade
with finc scnd of the scme grodation as thot used in loborztory tests.
Tests were mode ot 80 per ceont osphalt with limestone dust, the sone oo
thot used for minerzl filler in ogpheltic concrete nmixtures, cnd with
boroid clay. This cloy has o specific gravity greater thon b cnd wee
uccd in on effort to incrcase the cpecific gravity of the nmix cnd ovold
flototion, if possible.,

L1, Resultc. Recults of the ditch tectc ore surmorized in tzble
6, It mcy be noted from the taoble thot test dumps prepored with 20 per

cent nopholt were node without coucling ony flotntlon vhercos mixcc con-

trining 50 cnd 80 per cent csphalt segregoted in the truck bed, fooxed,
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and produccd cxcessive to complete floiztion when plzoecé ot renconcble
nix tenmperctures. In certein coses, the mixing time ot the pleont wceo
cxtended tc lower the tcmpercturc well below 3COC F. Thic nixing cction
produced o nmase which, though normclly much hecvier thon weter, contrined
enough cntropped cir toc foree it back to the surfocee of the woler zs soon
~c it pessed under the cteel gote. Thotogroph 15 is o view of the 20 per
cent ogphcodt nix cofter repoval of weier from the ditck. The rough texture
cnd monuniforn covercge oy be noted. A wicw of the 50 per cent ccpholt
nix, showing {locting motericl os 1t cools end zinks, iz chown on photo-
groph 1€, The 80 per cent ccrhelt mix, chowing Initicl flow on top of
the weter, ic illustroted in photogreoph 17. Mixtures contzining 20 per
cent cophelt -nd either lincctonce duct or brreoid sceted in the crme pmon-

Hg

ner.

Le. 1Indiccted trendec. Recults of thlc limited number of tccts In

ditchcs, cdnittedly conducted by procedurcc not couporcobdle to borge
dunping on the river, do, however, ghcw the followlng trends:
~. A nixturc contcining 20 per cont aophclt cement cnd fine

" cond con be durped ccoticfoctorily but iz not sufficicntly
fluid to devclop o relotively thin ond unifornm nnt.

o

Mixturcc containing 50 per cent or more ccpholt ccrment
coannot be ploced crticzfoctorily under nornrl ficld condi-
tions (ndx tenmpernture of 300° F) beccuce of the flot-ticn
difficulticc.

nixture contzining 80 per cent ~sph~lt cenent, cven when
specizl agpregote heavier thon the overcge sond 1o uced,
c-rnot be cxpected to cink when dumped throursk weter.,

e
0N 3

d. Concidersdle cegregztion tokes ploce in zixturee cont-ining
50 per ccnt or more oopholt between the time of mixing -4
the plnt oné Awwping. This wee evidenced by the l-rgoe
coount of sond left In the truck bed ofter dumping, crd woc
cubstonticted by extroction tests,
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c¢. Mix tcuperatures become more critical as the acphalt con-
tent ic Inecrcaced, and extended mixing o lower mix tempera-
ture prior to dumping is unsatisfactory in that air voids
ir the moos are increaced.

Tests In sloped pits

L3, Tests. The most extensive amall-scale ficld testing was con-

ductcd in pits prepared with 2 bulldozer vhere dunpsc were nade fron o
truck onto 1 on 3 slopec. All nlxturcs were preparcd in the central

sphalt plont ond the size of the masgs wag held constant at one ton.

£

Plzcenment was acconplished by quickly releasing the noss from a dunp
trucz and 21lowing it to fzll on a dry upper benk and flow under waoter
into plzoee. Asphalt contents ranging from 10 to 30 per cent were se-
lected on the basis of results of laboratory and Indtizl ficld tests.
Hegulzr hot cond-zsphalt mixes and mixes produccd by o patented procesc
were tected., The regulor hot nmix consisted of 85 to 100 penetration
zcpholt cement and river bar scnd. No minersl filler or additives were
Introduccdéd. The pztented process wog included to determine if the
resulting mix was more fluid than the regular hot nix 2t an cqusl or
lower cozhodt centent. The fluld portion of the opeeicl mix consisted
of 25 to 100 nenetrzation oophalt cenent with moll zuounts of fucel oil
ond niclted beoel tollow, Thesce liquids werc placed in o dispersion chomber
into which stcom could be injected before the liquid portion wos intro-
duccd Iinto the pug riill with the hot sond., Plont clterctions required
£o produce theoe nixes were linited, the rmein change belng to conncet
the esphalt ond stesm lines to the spcrsion chomber.,

<&, Recoults., Tucnty-six l-ton botchec were ploced under vater in

= of tests., Thirteen botches were regulor hot nixes nnéd thirtceen

e oS ]
t}.&... TLric
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batchea were produced by the patented process. Results and observations

are shown in table 9. It may be noted from this table that considerable
difficulty was had in regard to mix temperature but that valuable informa-
tion was thus gained. Mixtures placed at 1750 F would not flov and were
diccarded. Mixturces placed at a temperature of more than 300° F causcd
excessive temporary flotation, and when the material did sink, the resulting
mat wag irregular and rough. It was almost Impossible to distinguish the
various asphalt contents vhen the water was removed from one pit where
very hot mixec had becn placed. However, flotation was negligible when
nix temperaturecs vere between 230° and 295o F, and the diffcrent aspholt
contents were easily detected. Typlczl views of mats produced by hot
mixec and the special mixec ot variour asphalt contents are shown by

photographs 18 znd 19, respectively. The mixes appearing on photograph 18

frem left to right are numbered "hot mix" 11, 10, 9, and 8, respectively, {
ﬁ in table 9. The mixco in photograph 19 from left to right are numbered
"rpecial mix" G, 10, and 11, respectively, in the same table. A

L5, Diccussion and rcnalysic of results. The principzl phasc of

thic serics of testo was concerned with cvaluation of the rcgulor hot mix.
For thc average fine river bor cand, the results indicated that o minimum
of about 29 per cent ccphalt 1s required to obtain satisfactory spread ~nd
coverage when placed under water. The minimum percentege of acphalt might
be reduced to about 20 per cent 1f o coorser sand is used. The fluldity
Ircreascs csharply when 30 per cent asphalt 1s introduced into the mix, but
ander certain conditionc the moss tends to float temporarily. Furthermore,
the density of the mass beging to decrease rather ropidly. Also, the

. mat 15 soft and continucd flow with a resulting reduction in thickncss of
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the mat can be expected to take place if the mat is exposed during low

water, [jo additional flow was detected in these field tests &as long as L

tne mat remained submerged.

L6. A second phase of this series of field tests was concerned
with evaluation of the patented process in relation to the hot mix.
Analysis is based on personal observations of engineers from the Missis-
sippl River Commission and the Waterways Experiment Station as well as
the data in table 9 and photographs 1€ and 19. First, it may be noted
that very little flow took place with any of the mixes containing 20 per
cent or less asphalt.: Steam alone was used in special mixes 2 and &4,
and there is nc indication that the incorporation of steam produced either
gr-atcr linear flow or coverage than was obtained with the regular hot
mizes.,

L7. Varying percentages of fuel oil and tallow were included in the
mixes containing 25 and 30 per cent asphalt in addition to steam. These
mixes were materially improved over the mixes with lower asphalt contents
with respect to their capacity to flow; however, the special mixtures were
no better than regular hot mixes in this respect. For this reason it was
concluded that there was no appreciable merit in the process f{or mass
underwater placement. Large-scale placement of such mixtures in the

river therefore was not recommended.

Tests in moving water

48, Tests in creek. A limited number of trial dumps were made

irom a creek bank to observe tne effect of current on underwater place-

ment. The results of the tests in sloped pits vere used as & basis for
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these tests. Three l-ton batcnes of regular hot mix (25, 30, and 40 per
cent asphalt with fine sand at about 240° F) were dumped from a truck

onto the bank of Durden Creek. The drain pipe from the Waterways Experi-

ment Station lake was opened temporarily to produce a current and a
reasonable depth of water. The bank was coated with sand asp'.alt, prior
to placement, to eliminate the need for a chute or tremie. The appearance
of these mixes in place after the water level had been lowered is shown

by photograph 20. Photographs 21, 22, and 23 are close-ups of the 25,

30, and 40 per cent asphalt mixes, respectively.

49. Results of tests in creek. Placement of the three mixes was

quite satisfactory. There was no tendency for the material to float at

a mix temperature of 240° F even when the mass contained 40 per cent
asphalt. The 25 per cert mix was not appreciably affect=d by the cur-
rent, and the mass produced a dense mat approximately 3 in. thick extend-
ing across the creek channel. The 30 and L0 per cent mixes were affected
somewhat by the current in the creek during dumping. A neavy rain caused
a sudden rise in the creek about seven months after placement, and that
portion of the 25 per cent asphalt mat extending across the chennel was
rolled off to the side by the current. The exposed bottom ¢l thé mat
showed that it had seated itself in the gravel in the channel. However,
this high velocity within a confined area was sufficient to move the
relatively stable and dense mass, indicating that additional thickness

is needed. Results of these tests indicate that, from the standpoint of
thickness, stability, density, and ability to resist displacement by
moving water, the least possible amount of asphalt in the mix that will

provide adequate spread and coverage 15 the most desirable in moving water.




50. Test in model. One half-ton batch of the 25 per cent mix at

2L4Q° F was dumped directly from a truck into a small model of a Mississippi
River bend (Reid Bedford) with the model in operation at bankfull stage.
Placement was quite satisfactory. Photograph 24 shows the resulting mat.
The point of dumping and the water level at the time of placement are in-
dicated by the arrow. The formation of the mat in the model could be ob-
served readily during placement. The mass flowed across the bed of the
stream, with only a slight tendency to flow downstream from effect of the
current, to a flual average thickness of about 3 in. The mat was quite
stable and yet flexible upon examination under moving water. No eddy
action or turbulence resulted from placement of the mat. Upon removal of
th. water and exposure to sunshine the material softened and continued to

flow.

Summary of cmall-scale fiecld zests

51. 1In general, results from small-scale field tests were in
reasonable agreement with laboratory test results. Results relative to
comparable influencing factors were as follows:

Fine river bar sand containing about 25 per cent of 85 to
100 penetration asvhalt cement, which was the most prom-

ising mixture developed in the laboratory, proved to be
the most satisfactory in the field.

| &

Increasing the size of the mass from Li 1b in the labora-
tory to 2,000 lb in the field had no appreciable effect on
tserved trends.

1o

Mix temperature of the mass in field tests was more criti-
cal than in laboratory tests. Laboratory mixes were sat-
isfectory from 212° F to more than s0C° F, whereas field
mixes could be placed most satisfactorily between 212° and
250% F, witn reasonable success from 250° to about 300° F,
but witn little success abtove 30C° F.

10
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Thicknesses of urderwater mats placed in the field were
somewhat greater than those placed in the laboratory for
a given asphalt content. For the 25 per cent mix an
average thickness of 1.5 in. was determined in the labora-
tory while in field placement the thickness varied from

2 to 3 in,

| @

[lo suitable admixtures were developed to improve the fluid-
ity of a sand-asphalt mixtur: within the range of asphalt
contents required to produce a mat having satisfactory
spread and coverage. Most of the additives were given
consideration only in the laboratory because of negative
results., Steam and fuel oil were utilized in the plant-
produced special mixes but did not improve the fluidity
over basic sand-asphalt mixtures.

Tests with Wet Sand Mixes

Tests in air

52. As mentioned in paragraph 34, consideration was given to the
possibilities of preparing and placing plant-prcduced asphalt mixtures
wvhere the sand was not dried or heated. Plant mixes were first prepared
und dumped on the ground for observation. An aggregale bin was filled vith
fine sand that had been run through the dryer as ccol as possible, coming
out at 225° F. A trial batch with this dry sand containing 5 per cent
acsphalt cement had a temperature of 255° F. Batches containing 5, 10, 15,
20, 30, and 4O per cent asphalt and having mix temperatures between 165°
and 195° F were then produced by introducing hot, dry sand into the pug
mill and cooling it back with water before introducing the asphalt. The
moisturc content of the cand averaged about 5 per cent. The mixtures
appeared to be quite uniform with the asphalt ccement dispersed throughout;
however, close examination revealed that the sand particles were sur-
rounded by films of water and left uncoated. The water dried out after

being subjected to cunsnine, and the particles appeared to be coated. "
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Batches containing €0 to 80 per cent asphalt were produced by placing cold,
vet cand {rom the sctockpile into the pug mill and slowly introducing the
asphalt in mmall increments. Foaming was unavoldable, but the materials
appeared to mix satisfactorily. The mixtures were dumped from a dump

truck and the resulting slopes and coverage are shown in table 10, After
geveral heavy rains there was no evidence of stripping. The lezner nixes
had become quite hard, whereas mixes containing 40 per cent or more asphalt

remained flexible,

Test under watecr

53. £ mix of 50 per cent hot asphalt and 50 per cent cool, wet
gard (1,000 1b) was produced in two 500-1b batches and placed under water
‘n a sloped pit (observations included in table 10)., The mix temperature
vas 200° F and the initial volume, because of foaming, was eqial to the
volume of the truck bed of a 1-1/2-ton dump truck. However, the mass
gubsided to half that volume in the course of transporting the load fron
the plant to the pit. Dumping on the dry bank in the came manrer as with
regular hot mixes was satisfactory, with no appreciable flotation. The
plt was dewatercd a few dayes later, and thc coverage was found to be
uniform, mcasuring 78 sq ft or the cquivalent of the 40 per cent asphalt
mix dumped in air. This spread is considerably greater than was obtained
with the 30 per cent hot mix. The mat was very flexible and only 1 in.
thick. The density, dctcrmined from a sample obtained on the slope, was
87 1b per cu f't as compared to about 105 1b per cu ft on the 30 per cent
hot mix. Refilling of the pit with water was begun but before it could

be completed continued flow near the top of the slopc produced an
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overlapping on the lower portlon of the mat. Thig overlapping extcended n

few inches into the water wherc it chillcd and stopred.

Indicated trcnds

54, Results of tests with mixturcs containing wet sand indicate the
following:

a. Th: usc of wet sand in sand-asphalt nixturcs for levee, dike
and dam constructlion is unsatisfactory.

jo

The use of wet sand in sand-asphalt nixturcs for underwater
nats 1g likewise unsatisfactory. Tht amount of asphalt
cerient required 1s excessive and the reculting nat is low
in density and subjJect to cxcessive flow when not sub-
nerged.,

Lariinated Dike Experinents

In nodel

55. Speclal procedure, An cxperiment was conductcd to deternine

the feaslibility of using a bottou-dump barge to discharpe o load of
saturated sand covercd with a thin layer of sand asphalt into water in
succegsive lifts, thuc constructing a laninated dlke. A wedge-chaped
botton-dunp metal box, 36 in., long and ncasuring 15 in. across the top

and 8 in, across the botton, was used for placement. The box was cquipped

| with a metal partitlon to provide separatc conmpartments for wet sund and

| for sand asphalt, Trial dumps were nade with scveral proportions of sand

asphalt to cznrd. The sand asphalt consisted of 50 per cent acphalt ce-
) rent (85-100 penctration) and 50 per cent dry cand znd was dunped at nix
tenperature of aprroxinctely 240° T, A cand-sand asphalt ratioc of £5-15

was celected for uce in conctruction of a small dike by naking successive

dumips in moving weter. The netal tox in dunining position is shown in
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photosraph 25. The sand compartment is on the upgtreom side ond the

ngphalt compartment 1o on the downstrcan olde, cimulating the proposed
ncethod of barge dunping,

56. Placcment and obgervations., Dumpe with the metul box were

nade from onc position ncar the outolde bank of a model bend., The model
w3 in operotion ot bankfull stage and at avercge velocity of 1.5 £t per
ccc, Succcosiv~ dumps were made until the dike extended zbove the water
linc. The majority of thc sand asphalt cettled on the crovn and down-
atrcan opron of the dike, The materisl that did flow toward the upe-
strcan side tended to roll up cnd double dbagk over the top from the
effect of the current. The entire surface area (above and below water),
upon completion of the final dump, was sealed with a relatively heavy
and thick treatment of sand asphalt. The area between the crown of the
dike and the bank was built up with the same mix to prevent further
ecour and the model was kept in operation for about cne hour. Portions
of the sand asphalt on the upstream and rivereide aprons of the dike
rolied up and the sand underneath began to wash away. This indicates
that a thicker and more stable seal is required to -eep the dike intact,
agosuming that successive lifts of sand and sand asphalt would stay in
place until the sealing could be accomplished. Photograph 26 is a viev
of the dike after removal of the water, The sizec and final slopes of
the dike, as well as the change in bank line, cen rcadily be seen,
Threc tube samples taken from different sections of the dike indicate
relative thicknesses of sand and sand-asphalt strata. Viewe of the threc
sliced tubc samples are shown in photograph 27. The top of the sample

is on the left alde in ecaoch ccee. The clean sand that appears on the i
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risht in cach sample is from the bed of the stream beneath the dike,

57. Discussion of results. The sandesand asphalt dike experiment

showed that it was possible to place & laminated mass under water, but the
difficulties involved in such & placement cannot be overemphasized.
Furthermore, the durability of such a mass, apsuming that 1t can be piop-
erly sealed, has not been determined. Large-scale placement in the river,
vhere obgervations cun be made under actusl field conditions over a
period of time, will be nccessary to develop construction techniques and
to study influencing factors that could not be considered in a eamall
model. An actual experiment in the river wac made in cooperation with

the New Orleans District and engineers of the Miosissippi River Commission

and is diecussed bricfly in the following paragraph.
In river

58. The full-scale experiment in laminated dike construction was
made in the Misoiseippl River dwring December 1949 near the upper end of
the existing revetment at Falge Point., The experiment w.s similar to the
onc conducted in o model at the Waterways Experiment Station, The main
differences vere: (a) dumping in the river was accomplished with a 2-1/2-
ton truck equipped with a baffle platc to separate send and sand asphalt;
and (b) the sand acphalt was replaced by pure asphelt cement conteining
about 15 per cent powdercd sulphur (specific gravity of 2_4_») to add welght
ond inoure sinking. Berd teste in the laboratory had indicested that this
amount of sulphur did not seriously reduce flexibility, and penetration

tests indicated that as much as 40 per cent sulphur could be incorporated

vithout causing the membranc to be too brittle. Successive dumps of wet

T S b
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cand and 5-10 per cent agphalt and sulphur were made from onc position ct
the cnd of a barge until the dike extended approximately 2 ft above water,
Ho attcmpt wac made to ceal the smell mass cince 1t wnc not large cnough
to scrve any practical purposc. The plant cet-up and = vicw of that port
of the dikc which 1g zbove water urc shown in photogrophs 28 ond 29,
reopectively. The top layer of asphalt that may be secen in rrotogroph 29,
as well as the layers bencath, is only a fraction of an inch thick. It has
not as yct been determined If such thin layers of asphalt can hold large
voluncos of sand in place for any length of time. A somple of the asphalt
and sulphur blend was obtained during the cxperiment, and the specific
gravity was found to be 1,14, It wec noted during *he finzl dumpc cbove
woter that the acphalt tended to float tenmpororily before floving into
place under woter. It 1o belicved that the ngphalt layers of the mass
should bc thicker znd heavicr if o stoble macs of thic type ic to be

cxpeeted.

On crcck bank

59. Placcrient of cuccessive loyers of wet gond ~nd caphalt-sulphur
we.o underioken durlng the £211 of 1950 on o creck bank at the Voterways
Expcrinent Station for the purposce of obscrving the behovior of the
materinls. Ploecment was accomplished on o dry upper benk and the
matericls were z2llowed to flow into 2 sheallow pool of water, A 2-1/2-
ton truck was cquipped with on ccphelt contalner sucpended chove the toll
sate ond 21) gond wag dunped prior to rcleasing the acphelt to incure

lominction rather than mixing. The cophelt-eulphur mixturce containced

18 per cent sulphur by weight, which produced ¢ mixture only slightly




heevier than woter, The criount of asphnlt-sulphur relccsed with each
lord of wect cand ranged fron £ to 8 per cent by weight. FPhotogreph 30
11lustratec the nethod of ploeccrnient. The oxren of plocenent and the cquip-
ricnt used noy ~lso be oboerved.

€0, The desired lmnination wag effccted in the carlicr dwipe, However,
difficulties were experienced in placing the thin membrane over the larger
surface arca ags the slze of the mass increased. Each load of sand dumped
from onc location tended to disrupt the previous leminations. The eand
plled up at the top of the bank and most of the asphalt Tlowed to the
lover part of the dike. Photograph 31 is a view of the partially completed
dike. The entire surface area was scaled with asphalt after the finel
truckload -vas placed. The average slope of the dike wos 1 on 1.5 %0 1 on
2. The mass continued to slough during the next twelve hours, and the
scal woe breken on the upper porticn, as illustrated in photograph 32.
The asphalt that did not sink during placement (5 per cent of total amount
placed) can be scen in thc foreground. This flotation was =ttributed to
cntrained air from continuous circulation at 3500 F in the asphalt
trailer tank as well aog to the fact that the asphalt-sulphur waec only
slightly heavier than weter. The pool of water was recleascd to expcsc
the lower extreritiec of the dike. The rapid drawdown had very little
cffect on this well-scaled area, as may be noted in photograph 33.

61, Much of the asphalt flowed ccross the creek channel within
five days after placement and formed an apron 3-4 in. thick, as shown in
photograph 34, It may olso be notcd that the seal on the lover half of
the dike broke cnd the mass flattencd out and assumed the approximote clope

of the notural bank, The lower half of the dike was resealed, covered
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vith sznd to minimize flow, cnd left in this condition for obscrvstion,
The dike was sudbJected to conslderchble cttock within thirty deye

by water thot came over the spillwey from the Woterwoys Experiment Stotion
lnke folloving u heavy rain. The csphalt-sulphur apron ccrosc the cereck
channel was moved by the overflow currcnt and 205t of the sand in the
lower part of the dike leoched out. The condition of the dike ofter the
nttack may be obscrved in photograph 35.

3, The matericle and proccdures used in these tests did not producc
n grsicfactory leminoted dike beeccuce (z) as coch layer of sand was dumped,
it disrupted the asphalt scel on the preccding leyer, ond (b) the e2nd ac-
rumed an aong” 2 of reposc when dunped vhich wos too stecp for permanent
stobllity, and sloughing occurrcd for c period of seversl dzys vhich die-
ruptcd the asphalt membrancs,

€4, The two moin difficultics cxperienced with the -—sphalt-sulphur
were that the membrane was not bonded to the underlying sand loyer, ond
the moterlisl wos not heavy cnough for placcment through woter., Exorfiction
of the met cofter cooling showed that where the cond was includced within
the cgphelt 1t was not cocted with aspholt indiczting that no bond wes
obtoined., The csphoalt-culphur mixture had o specific grovity of about
1.3 which would give a density of only 80 1b per cu ft If it were 2
complete s0lld. The in-place density averaged 70-75 1b per cu ft because
of entrained air, The density was about the sare in vsome cases ac that
of water, as evidenced by the flotation that occurred. The ohservations
rade durlng sinilar placement in the river (parsgraph 58) in regard to
the need for a heavier membrane were substantiated in this test where

the behavior of the materizl cculd be more reedlly observed.
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5. Only o lizmited zmount ¢f experlimentation In connection with
lzrge-scele nmass placement in the river has been cccczplished ¢o d:zte,
Therefore, many intlucricing fectore remzin to be investigated. However,
severzl improvezments in underwcter construction end in zspholt nmixturees
have veen accenpliched since the beginning of this investigation which
are considered worthy of mention in this report. This office did not
necessarily participate in the actual rlzcement but did meke obeserveiions.

26, One mcjor change in the type of plecement equipment described
in porasroph 2 1s appliceble ¢o the conctruction iteme suvsequently sct
forth. The bottor-dunp ccow targe having two hoppers wos replaced with
o bottem-dunp torge having six bins. The doors ot the bottom of cach
bin cre £ f¢ by 17 It =2nd =rc designed so thot the bottom will be dry
vhen the barge is empty. The dumps are mede by bins rather than by
borge and no cand cuchion 1s required since cach bin 1s dry. However,
the binec are not leakproof and when rother rich rmixes were uscd 14 wns
necessory to plece layers of lean cond csphelt eevercl inches thick cver

the doors befeore introducing 2 fluiad nix,

Dike Construction

€7. An aspholt groin or dikxe woo constructed in 1548 on the cast
boank of the Missicsippl River =zt the lower cnd of the existing revet-
nent ot Fitler Bend (river stction 4£8.3). Construction wus ccccupliched

during high woter and the dike consisted of two ticrc., It ic understood

thct the lower tler weos tlaoced under wmter fronm o bottom-dump berse cond
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thet the upper tier wes placed with c clensghell above witer. The dike

corce conslste ot loczl river hor scnd and cbout 5 per cent csphelt cenent,
~nd the core ig secled with o raother thin trectment of o richer nix
(crproxin-tely 15 per cent ~sphalt cement). A protective cpron waog -1so
ploced sround the dike with this richer nix. Fhotogrzph 36 shows the dike
during low water in 1949, Photograph 37 ic a closc-up view showing =
vortion of the geal on the lower tier displaced. Sone cracks con be ccen
In thc core, but it 15 understood that these have exicted cince construction
ond ore not getting any worse. The dixe wos gpparcently effective in shifs-

Ing the current 2wuy from the bank,

Placement of Experinments] Scnd-agpholt Mixes

£%. Exrerirental dumps of sand asphalt covering a wide range of
asphalt contents were nade durinz high water (46.0C ft on Natchez page)
in llatchez Island Chute in February 1949, Approxinately 700 tons of
rix (meinly in 25-ton batches) were placed for the purpose of deternining
flow pattern for ucze in revetrnents. Asvhalt contents ranged from 10 to
(0 per cent, with the majority of the batches containing 20 per cent.
The sverage nix teuperature was 250° F, Dunping was satisfactory with
up to 20 per cent asphalt in the nix. Leaking occurred at the bin doors
when the nix contained 30 per cent or nore asphalt, csnd there was consider-
able {lotation when the nass was dunped,

£%, An Inspection trip was nade to the site during the low water in
Noverber 15L9. There was a considerable height of dry bank to observe but

only scattered snzll areas covered with sznd asphalt could be seen, Bank

slorez were very irregular, being vertical in many places. A close-up
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view of 2 section of the bank where plocenicnt of the 20 per cent nix wae
sinde ls shown in photograrh 38, indicating quite clecrly the steepness and
lrregulerity of the slope ond condition of the bank, The nost apporent
cboervation i that the bank was too steep for plocenent of any type of
ngphzlt nat, £ large arount of the asphalt that was placed probobly
scttled furthcr down the slope. MNevertheless, poor covernage of the 20 per
ccent agphalt nat found ctove water was noted. A econhiple taken fron the

ank had o thickness of atout 3 Inches, was rether brittle, and had the
typlcelly rough curfoce of o mat thot d1d not conteln cnough asphalt te
provide uniforn spread, At another point along the bank where the 4O per
cent rdx was pleced, only o few onoll creas were found where the not wag
in plece. Thlc fact nay ngain be stiributed prinarily to the stccp slope
on which the naterinl wag duwiped. The nat woe one inch thick, quite
flexible, ond had ¢ falrly amooth surface. It appenrs, on the basig of
the conctruction datc and these linited obeservations, that ¢ rmore uniforn
cnd flatter clope in required for placcnient of o cond-cephalt nix and
that the nix (with locnl river bar cond) should contain nore then 20 per
cent 2cphclt., If 1t 1s determined that morce thickness 1s required, which

ccerie probable, thic can be sccoriplished by addition-l dunps.,

Underwoter Pleocenent ot Folee Point

70, In Deccmber 1949 underwoter plocement woc accoupiished during
low watcr zt four criticel pointc upctrecn fron the exioting revetiient
~t Frlzoe Point on the Micsiscippi River. A genersl view of the crez, with
the ccpholt plant in the boekxgrourd, is shown in photogreph 39. The

~rrowc indicatc the four naturczl cpure which werc covercd with z €- to

S
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) 12-1inch thicknese of zand -gphelt in 10k, Bank rccession that has token 1

ploce between the spurs con be rerdily tecen, indicating thet attack wes

acverc at the in-chore ends. Surveys indicatc that considercoble scour also

too¥% rlnace out from the bank tetween the spurs., The cond asphalt wes
slaccd on the spurs to arrcst bank recezcion and prevent flanking action
or. the upstrenm end of the revetment. The ecand asphalt thet can be ecen
nhove water on cech of the four points was placed by clanchell to minimize
* asloughing of the bank curing underweter placement. Information rclotive
o the cand-nsphalt mix placed under water 1s prcacnted in the next

paragrzph. The performance of the rehablliteted spurs after onother

period of high water (1950) was not cncouraging. Loco of bonk ond asphalt
nt the In-shore ends continued. A general view of the crea after the 1950
hich wnter 1o shown in photograph 4C., The plcturc wao taoken from approxi-
nately the scme position as photopreph 39 (upstreom cdge of revetment) in
order that general comparisons could be mode. A amnll arce of the cxisting
revetment at the upstreom cnd was lost in 1950, A vicw of thisc feailed
arcc 1o chown in photograph 41. Maintenance engincers have concluded that
nc benefits can be expected from underwater mass asphelt plecement of the
type enployed ot thic location in 1949. Articulated concrete mattress heo
been pleoced at the friled upper cnd of the revetnent in an ceffort to

ﬁ ctabllize the bank at that point.

71. The Woterways Experiment Statlon, upon request, recormended

that « minimum of 20 per cent caphelt cement (85-100 pernctration) be used
with loc~l river ber sand for the spur reinforcement ploced in 1949,
Prcevious placcrients, with the exception of experiments described in pore-

graphs €8 ~nd 69, hed been confincd to mixtures containing not rore than
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16 to 18 per cent nsphnlt., A nilx contcoining 20 per cent vephrlt wee op-
proved with n rcquest that the rmount of cegrepation in such ~ mix he
dcterniined during plrcencnt. Scnplcea were taken nt veriouc depths in

thc binc of the brrpe cbout two hourc cfter nixing and Juet prior to plnce-
nent. Reoults of extroction tests indicate that segregetion docs teke
place but thnt it 1s not cxceosive. Acphzlt contento of naoterinl pleced
in o bin to a dcpth of chout 30 in. were found to be about 21 per cent

ct 6 in., 20 per cent at 12 in, 18.5 per cent at 18 in., and 17 per

cent ot 30 in., A linited number of in-plcoce conples were recovered with
a vire basket in from 25 to 85 ft of water and from 12 to 25 ft from t'=
center of the dump. The average density of the mass wen 112 1b per cu ft
and the asphalt content was in reasonable eagreement with the 20 per cent
introduced at the plant. Accurate determinations of thickness and surface
appearance werc not possible because of the distorted shape of this
plastic material upon recovery by wire basket. The extent of cpread and
coverage recoulting from placement of this mix is aloo undetermined, It

1s believed that pattern sampling, rather than a surface elevation survey,
vill be required to determire these factors, but such sampling has not as
yet been attempted. The nearcst approoch to date has been o diving in-

vestigation conducted at another site and discussed In parograph T73.

Undervater Plocement at Natchez Island i

T72. The asphalt plunt, accesoory equipment, and forces used in the
placcment work at Faulse Point, werc ordered to Notchez Islend late in

Decemtor 1949 beczuse of « break in the revetment. The original revetment,

the placcment of which wac completed during the f2ll of 1949, was
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conctructed with conventionnl concrete mattress on both the underwvater bank
nnd proded upper bank. An attempt to repalr the falled area of about 500
't woo rade by placing under woter more than 6,077 cons of sund ocphalt
contalning 20 per ccent agphalt cement along 1,000 £t of bank in a pottern

dczicned to provide a continuous mat. The spacing of the underwoter dumps

(ucuzlly SO tons from cach of six bins on barge) was such that, thcoreti-

¢ally, 3 tons of sand asphalt werce placed per cquare. This volume would

produce an average thicknecsc of about 6 in. for an cstimated density of

112 1b per cu ft. In addition about 600 tons of a leaner sand asphalt

(10 per cent asphalt cement) were placed by clameshell along the upper bank

to provide shore connections. Placement was at a rate of 4 tons per square

for an average thickness of about 8 in. ,
73. Placement at Natchez Islard was essentially the same as at |

¥rlse Polnt from a mechanical standpoint. The river was rising sharply

at Natchez Islend rather than being at a stand as at False Point. After

placement a diving investigation was conducted at Natchez Island to

determine the extent and the condition of the new asthalt blanket. The

divers, equipped with probing bar and amall drill, begon their observa-

tions in shallow water and proceeded toward the thalweg of the river.

They operated from o tag line cnd made observations at 10-ft intervals,

Corments differed greatly and observations were limited in many cases but

% rether definite pcttern can be discerned at 211 of the points investi-

soted, The following analysls waes made from the observations.

a. Spread and coverage. Coverase over the theoreticel area

thnot averaged 200 £t in width (shorc to tholwep) wos very
irregulor. Thickness in the shore conncction aversged 8
in. Thickness in the next 50 ft wos in excess of the
cctinated 6 in., but probings werc not cxtensive cnough to
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deternine noxinunm thickness. It was noted that the stcep
slopcs within this 50-ft distance were not completely
covered. Thickness in the next 115 ft, vhere the slope
wag flatter and more uniform, averaged 2-3 in., and no
breaks in coverage werc observed. Obscrvations over this
distance were difficult to make since a layer of sand had
been deposited over the asphalt. lo asphalt was found in
the next 35 £t (ncar thalweg of river) of the arca that
woe supposed to be covered. It 1s o notter of conjecturce
as to vhat happened to the asphalt which was dumped to
cover this area, also to the 3-4 in. of aophalt which is
lacking in the mat irmediatcly up the clope.

Surface condition., The diver referred throughout his con-
nents to "rough" asphalt, thin in places and in large chunks
in othecrs. He was seldom ablc to drill through the asphalt
but could locate "crevices" and probe through. Thus, the
material was apparently too brittle to form o solid nmat,
indicating that rmore asphult was neceded in the nmix to

obtain the necessary plasticity. The brittleness or lack
of adequate flow properties scems to account, in part, for
the broken coverage.

Irregular slopes., The average slope from the landside to
riverside 1limits of the osphalt was 1 on 4.5, However,
the main drop in clevation is within 2 limited arca ncar
londside. The slope is also very irregular in this

arca. The dlver stated several times that he went down
a2 slope of 1 onl to 1 on 2 and then had to go uphill be-
fore continuing on to norec unifornm and flatter slopes. The
broken coverage was rore pronounced in thesc irrecgulor
creas and can be ottributed to steep ond irregular slopes
as well as to the poor flow propertice of the asphalt as
deseribed in the preceding paragroph,

Overlying sond deposit, A layer of sand from 6 in, to %

ft thick fornmed over the asphalt nat on the flatter slopes
between the time of placement and observation (2 or 3 days).
Also, it was found that a laoyer of sand existed in many
cases, between the asphalt and the concrete mattress, Thus,
it is apparent thot unstable river-bed conditions nust be
reckoned with regardless of the type of nmat used.

The over-2ll piecture regarding the underwater sand-asphalt not

at Natchez Islond is not too encouraging. The mot nmay provide better ond
longer protection thon is evident at this time. Surveys ofter one year

Indicate that the nmass has rencined intact and 1s serving its intended

1

aee e el I
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purposc., However, the ohscr "ations indicate that consideration should be

civen to the following:

Q.

o

The asphalt content should be increased to about 25 per cent
(depending upon gradotion of the send) to improve the flow
properties of the mixture and thus obtaln more complete and
uniform coverage. An increose in the amount of segregation
in the barge will result, but 1t is believed that some de-
crecase in uniformity of the mix is warranted to goin the
advantages of a richer mix. The actual degree of segrenation
should be detcrmined in the field.

The use of a richer mix should result in decreased thickness.
The dumps should bc overlapped to obtain desired thickness.
It is rccommended that overlapping and/or successive dumps
be made as soon as possible after the original dump in order
to climinate. as nearly as possible, the formation of o sand
layer betweca the dumps.

Methods must be devised to prevent loss of asphalt in deep
water near the thalweg of the river.
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PART VI: GENERAL REVIEY AND ANALYSIS

Accomplishments

T5. The scheme chosen for presenting data on such a brosd cubject
makco advisable a general revicw to cum up the knowlelze gained from
various sourccs., The results of the lahoratory tests and cmall-gscalce and
large-scale field teste concerncd with cach specific objective of the
investigation arc analyzed collectively in the following poregraphs, with
a vicw toward arriving at logical conclusions., Bricfly, the knowledge
gained regerding thosc specific objectives sct forth in paragraph 4 followa
plus the results of tests of two proposed innovations in construction
procedure -- use of wet sand mixes and construction of laminated onrnd-
asphalt dikca,

Effect of varying the quantity
of asphalt cement

76. The cntire ranpge of asphalt contents was given consideration in
this study with an average asphalt cement (85-100 penctration) and without
consideration of the cconomic aspects us regards the cmount of asphalt,
Initicl testing was concerncd with rather lcon mixtures (8-12 per cent
bitumen), but it was soon determined that none of these mixtures wvere
adequate for the purpose or final objective, It also was quickly deter-
mined that tests would have to be made under water rather than in air if
they vere to be indicative, Thus, tests of asphalt contentc from admit-
tedly low to 100 per cent made possible the detection of dissdvantgges of

mixes of either extreme as well as determlnation of the most satisfactory

quantity. All tests conducted were considered, from =mall amounts of
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aaterial in the lstoratory to large masses in the river, cnd it appears ‘
that morc then 20 per cent and less than 30 per cent asphalt cement is
required to provide the most satisfactory mattress obtaineble in a hot
sand-asphalt mixture for underwater protection of river banks. The

exact amount 1s dependent upon the gradation of the sand aggregate. The
limiting values are based on numerous observations of the poor performance
of (a) the leaner mixtures owing to poor flow characteristics, and (b)
richer mixtures owing to insufficient thickness, flotation difficulties
and low strength or resistance to Alsintegration,

Effects of mixing and
placing temperatures

T7. Data collected in regard to mix temperature are consistent,
conclusive, and contrary to earlier concepts that very hot mixtures have
better flow characteristics than mixtures at normal hot-mix temperatures

of 250° to 300° F, Teots conducted in air on very lean mixtures and under

vater on cuccessively richer mixtures indicate that temperatures of 400°-

L50° F not only fail to improve fluidity but in many cases lower it. In

addition, the surface of the resulting mat decomes rough, there is clways
the danger of burning the bitumen, and there is a strong tendency for

the noss to float temporarily when the mix contains the recquired amount
of agphalt, Decrease in mix terperature to below the boiling point of
water or about 200° F gsubstantially lowers the fluidity and density of
the nnss as compared to 300° F, The mix temperaturc of large masses in
ficld tests was nore critical than that of amall nasses in the laboratory,
Laboratory nixes performed satisfactorily from 212° to more than 300° s,

whereas fleld nixes had to be in the order of 211»0° F to function properly
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nt the eriticrl nophnlt content., A mix temperature of 250° F, plus or
minug 2‘0, 15 recormended on the basis of observations of placement of
one-ton batches since no extensive study of this factor has yet been made
with larger massec. However, limited observatiors of river placerent in-
dicate production of the mixture at 300O - 3250 F to be satlsfactory as
the materlal then will not become too cool for dumping about an hour or
20 later.

Etfect of penetration
grade of asphalt

76. Penctration grades of asphalt cement ranging from 40 to 300 and
other types of acphalt having penetration of less than 40 were used in the
lahoratory but not in the fleld. Results of slump tests were corsidered
conclusive cnough to limit field testing to the use of an average asphalt
cerent (85-100 penetration). The conclusive results are, briefly, as
follows: (a) penctration rrades of less than about 50 substantially re-
duccd the fluldity of a sand-asrhalt mixture and causcd 1t to be brittle;
(b) penctration grades between 50 and 150 provided optimum fluidity of
the mixes (plate 4); and (c) penctration grades above 150 produced mixce
wvhich gave poor coverage. The penctration grade is not as criticsl as
the asphalt content. The £5-100 penetration prade that has been most
uscd In river work to date appcars to be quite satisfactory. It is be-
licved that, for generel usc, this grade should be ¢onoidored as the

minimum since asphalt has a tendency to become morc brittle with age.

Adnixturcs

79. The improvcment in rluldity gained by incorporating ancll
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anounts of an admixture was negliglble in most cases, being equivalent

to the addition of about 2 per cent asphelt. Steam and fuel oil as
admixtures were investigated in plant-produced mixtures that were placed
under water in sloved pits and again the results were negative. Less
fluidity resulted at rather low asphalt contents than with the basic
mixture, whereac some lmprovement was noted vhen about 30 per cent
asyhalt plug the additives was used. However, th2 over-all analysils
indicated that a special process of injecting steam into the mixture and
including a amall amount of fuel oil was not warranted. It was concluded,

on the basic of tests conducted, that the increased materlal and plant

costs required to incorporate additives into a sand-asphalt mixture are

not Justified by the results obtained.

Effects of aggregate gradation

8), Only two aggregate types (plate 1) were utilized in thisz study.
Most ocand aggregates available on river bars arc simllar to or grade be-
tvcen the two sandc used in the study. The aggregate grnilation controls
the cmount of asphalt necded to produce a satisfactory mix. The varia-
tion in asphalt content was only about 5 per cent for the range of grada-
tions shovn on plate 1, so 1t can be scen that the gradation is not
critical,

Effcct of dropping mixtures
¢n masee through water

81, Thie item is a rather broad objective, end it has not been in-

vestigated fully because of limited observations of larpe-scale placement

in the river to date. It was quickly determined in the laboratory that
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difference in slurp charccteristics between placement in oir ond through
water wos of conslderable magnitude, This was assumed to be caused
partly by the rapid cooling of -~ esmall mass; subsequent placemernt of nmuch
larger masses proved that the amount of asphalt in the mix controlled its
bchavior and thet differences in cooling effects were negligible. The
effects of plocement through relotively deep water and in currents having
high vclocity have not been acdequately determined.

Sinplification of
underwvater placenent

82. It is not considercd that o complete invescigotion of this factor
has been mede beccuse of the 1limlted amount of placement in the river to
date. The final nethods cmployed for placement in the loborotory (insulated
slunp cone with snaller orifice equipped with trap door and placed just be-
low water level) ond in amall-scalc ficld tests with facilities available
to the Waterways Experiment Station (placement by dump truck into sloped
pits, model, and on creck bank) are consldered adequate for the purposc
they were to scrve, Large-scale placement 1in the river was acceleroted
and apparently improved by chcnglng from the old-type, bottom-dunp barge
hoving two portially subnerged hoppers to the new-type borge having six
bins that are free of woter.

Feaslbility of the use of asphaltic products
other than asphelt cenent

83. Asphaltic naterials other than standard asphalt cementc were
tested in the laboratory. None of these materials were triced in the ficld

becausc of the negative results obtalned in the laboretory. Results of

tcsts with typical products developed by the asphalt industry may be surned
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vp s follows: (a) hard asphalts specially prepared for waterproofing
znd roofing work decreased the fluldity of the sand-asphalt mixture ccn-
siderably; (b) slov-curing liguid asphalt and rapid- and medium-curing

cutback asphalts of verious grades are not accertable because of their

susceptibility to stripping when placed under water and because of
separation of the asphelt and mixing oil; (¢) =11 emulsified asphalts
tested, including slow-curing, rapid-curing, and speciclly prepored mixec
vith azdmixtures, were inadequate because of stripping or poor flow
characteristics, Thus, none of the types of asphzlt other than acphalt

cement are recormended.
Vet sand mixes

al

The expense of heating and drylng sand for a cand-acphalt nix-
turc hac been a matter of concern where large masses are involved and
this prompted a limited amount of testing on mixtures made witn wet cand.
It wao determined that mixtures of cool, wet send and hot asphalt cement
could be produced in the laboratory wlthout too much difficulty and in
the field by considerably altering the plant set-up. However, it wac
found in both cases upon experimentation that the sand was not coated
thoroughly with asphalt. The temperatures of the leaner nixes were low
and the rcsulting nix was not sufficiently fluild for placement. An excesc
of acphalt (40 to 50 per cent as compared to 25 per cent with the regular
hot mix) wes required to obtain fluidity. The mat produced by these rich
nixes dumped lrom a truck was thin, low in density, ond vulnerable to ot-
tack by heat from the sun when not submergecd., Therefore, nmixtures prepered

with wet sand arc not rccorriended.
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Llamincted dike
85, ttenpts were rzde o construct 2 lsxinated structure consisting

ol successive layers of wet sand and thin asphelt membrznes., The structure
J

would te used for the caome purrosc as any other type of dike such as the
nass sand-asphalt dike =t Fitler Bend, discussed in paragraph 67 znd 1l-
lustrated in photograrh 26. The primary objective was to develop = rore
econonical structure then wes possitle with sand asphalt by elirminating
heating the sand znd by reducing tae totzl amount of asphalt In the mess.
Trial dumps of sand and "heavy" acphalt (sulphurated) wvere made fron
double-compartment, bottonm-durp boxes into 2 hydraulic rmodel, fron

divided truck bteds into the river, and from trucks equipped with ceonhclt
contoiners onto 2 creek bank., Satisfactory resulte were not ottzined in
the tests. The limited orount of testing to dete precludecs the projection

ol the relative merits as coupared to nzss sand 2cnhelt.,

Unrezclized Objective

86. The linited zmount of field work accomplishcd to date heos
assisted greatly in determination of those properties of the asphzlt uix-
ture that willl give the best covercge when dropped in o mass urder wicter.,
It is believed thot these properties have been adequately deterrilned and
that the best possiblc asphzlt nixture for developing an underwater nat
hes been ctteined. However, it should te pointed out that determination
of the best mixturc for such o purpose doec rot insure that this tyve of
revetrment will function properly., Additicnecl large-scele plocement,
deteilced survey and/or sempling thercof, =nd observation of nst perfornance

over & pericd of time are necessary before factors such coc thicknesc, #
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; strength or resistance to disintegration, and deformability in conforming
to river bed Iirregularities can be determined. Economy of placement of the

asphalt mixes depends primarily on the volume (thickness) of material

required and further simplification of placement procedures. No saving
can be expected by reducing the asphalt content below the recormended

ninimm becsuse the desirable properties of the mixture will be forfeited,

A - e —
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PART VII: CONCLUSIONS AND RECOMMENDATIONS

Conclusions !

87. Data collected during tests on sand-asphalt mixtures, in combina-
tion with observations made durinz the test perlod by the various englneers
connected with the study, warrant the following conclusions:

a. Mass sand-asphalt mixtures for underwater protection of
river banks should contain approximately 25 per cent
asphalt cement with the average clean fine river bar sand
for proper sprecading and coverage characteristics. Usec of
coarser sand will permit this percentage to be lowcred two

l to five points, but when the sand contains a considerable
amount of silt, the percentage must be raised two or three
points. ;
T b. The mix temperature of a sand-asphalt mixture at time ol .
placement 1s rather critical. It should in ng case be less

than obout 225° F, and a maximum of sbout 275° F is recom-
mended. Higher temperatures do not improve fluldity but

* rather encourage flotation and cause the resulting mot sur-
face to be rough.

c. The asphalt cement should be of penetratlon grade between

50 and 150, with preference for the average 85-100 penetra- f
tion grade. This grade 1s not too soft to allow broken
coverage because of poor ductility and yet is soft enough
to withstand considerable hardening with age.

d. DNo admixtures proved satlisfactory for improving the fluidity
of the mixes,

e, Agnsresates coverlng the range of gradations that can be
expected from Mississippi River sand bar material are ade- &
quate for use in producing sand-asphalt mixtures, the m.in
requirement belng to adjust the asphalt content for a siven
gradation,

I+

A sand-asphalt nixture can be dropped in a large masc through
a considerable depth of water and develop a mat having

[ satisfactory coverage, within certaln limitations. Place-
ment chould be on rather smooth slopes that are not too
steep. The mixture must contain cnoush asphalt to provide
adequate spread, Placement should be accomplished in
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rolatively low current velocities with low turbulence. Tho
effoct of cooling on the size of the mass normally used is
negliglole. The effects of placement in currents having
high velocity were not fully determined.

The prescnt method of underwator placement by bottom-dump
bargo, though not the ultimatc, appears to have promisec.

None of the types of asphalt tosted in licu of asphalt co-
mont wore satisfactory.

The use of cool, wet sand in lieu of hot, dry sand in
asphalt mixtures for underwater placement 18 not considered
satisfactory.

Adequate procedures have not been fully developad for
laminated dlkes composed of successive layers of wet sand
and asphalt but small-scale tests conducted to date show
little promise. The asphalt membrane was not heavy cnough
for placement through water. The weight of this membrane
should be increased so as to have a minimum specific gravity
of 1.5.

Observation of the performance of a mass sand-asphalt dike
(Fitler Bend) indicates the practicability of such a
material for underwater groins provided it is poesible to
place the mixture on a firm foundation.

The adequacy of sand asphalt for underwater revetments with
properties as rocommended on the basis of this investigation
cannot be fully ascortalned until large-scale placements
covering a wider range of conditions are made and obscorved
over a perlod of yecars.

Recommendations

It 1s recommended that future underwater placsment of sand

atudied and that carcful evaluation of the effectiveness be

placoment by survey, sampling and observation of performance.

It 1s rocommended that the possibilities of utilizing a heavier

asphalt, such as asphalt-baroid, in the mix be investigated, on the basis

of the difficulties experienced with sand-asphalt mats having low density.
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Mix design could be accomplished in the laboratory but evaluation of
performance would have to be determined under actual field conditions.

i
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Table 2

LIST OF ADMIXTURES TESTED

Name

Producer

Remarks

Acetic Acid
Alum
Calcium chloride

Cutback asphalt (RC-2)

Fuel oil

Fuel oil, beef tallow and
ateam

Laykold

Nopcogen 12-0
Nopcogen 20-0
Nopcogen 20-T

Product BC
Product QB
Retarder LA
Resin, Abalyn
Resin, Hercolyn
Resin, Flexalyn
SC-2

5C-3

SC-5

Steam or water
Sodium chloride
Sodium phosphate
Sodium silicate
Stearic acid

Tall oil, crude

Tar (RT-6)
Tar (RT-10)

Tuf'fklay

Vel soap

Drawn from stock

American Bitumuls Co.,

Baton Rouge, Ia.

Nopco Chemical Co.,

Harrison, N. Y.

DuPont Company,
Wilmington, Del.

Hercules Powder Co.,

Wilmington, Del.

Lion 01l Company,
El Dorado, Ark.

Arizona Chemical Co.,

Panama City, Fla,

Drawvn from atock
Drawvn from stock

Tuffalt Inc.,
Pittsburgh, Pa.

Suggested by Miss. River Commission

Considered for comparison with fuel
oll admixture

Considered for its ability to in-
crease viscosity

Recommended by A. H. Benedict,
consultant, in connection with a
patented process

Cold tempering fluid added to hot
asphalt cement; recommended by
producer

Fats or compounds with fatty bases,
recommended by producer
following inquiry suggested by
Miss. River Commiseion

Cationic active agents suggested
by the producer in reply to
inquiry

Resin modifiers suggested by the
Lion 011 Company

Considered primarily because of the
possible desirability of slower
curing

Suggested by Miss, River Commiassion
Suggested by Miss. River Commission
Suggested by Miss. River Commission

Use in combination with sodium
hydroxide and water. Recommended
by producer in reply to inquiry

So1l grout used in paste form

Detergent suggested by Miss. River
Commiseion
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Mis
Asphalt Aggregate Tonp . Adaizture .
. r Npe_ r fesaris
8 Coarse sand 300 Rone a-e Base test for 8 per cemt mines
8 Coarse sand 300 Sodium chloride 0.% fanll crechs on edges
] Coarse sand 300 laykold ] 9.0 large crecks oa tcp and sides
8 Coarse sand 300 :"‘:r‘- eloride ; 5.0 Soms creckiag
8 Conrse sand 300 laykold b 5.0 lovse, crably aad crached
8 Coarse sand 300 Tar, Fr-€ 25 5.0 Material cnumbly, sides sloughwd
8 Coarse sand 300 Tar, RT-10 29 5.0 Mateclal crutly, siden eloughed
-] Coarse send 300 1aykold 35 5.1 large cracks, little sctesica
8 Coarse sand 300 Sodium chloride i 9.1 Camll cracks on edges
8 Coarse sand 300 Yol scep 5 3.1 Crache oa stdes to }/N-1n. depth, escessive ewl)®
8 Coarse sand 300 Vel soap 1 8.2 Cracks on sldes to 3/h-1n, Gepth, emeseive swmil’
8 Coarss sand 300 DuPont retarder 1A 3 9.3 Crache 0 1/C-1n. depth on top amd sides, epcessive ewell®
8 Coarse sand 300 DuPont retarder LA 9 5.3 Cracks to 1/2-1n, depth an top aad sides, escessive swll®
8 Coarse sand 300 DuPont product BC ) 5.3 Crachs to )/s-1n. Gopth, eacessive et]
8 Coarse sand 300 DuPont product ¢ 9 5.3 Cracks to 1/2-1n, depth, eavesaive swl1i®
8 Coarse sand 300 DuPoat product @ 1 9.3 Crechs to 1/2-in, depth, sacessive swl1®
Tell o1l 2
8 Coarse sand 300 Sodfum hydroxide 2 9.3 Soms cresling
Water 3
8 Coarse sand 300 Sodium chloride 1 5.4 Tumli crachs on edgee
8 Coarse sand 300 Yol 2cap 10 5.4 Craching on sides to 1/0-1n, depth, emressive swll®
8 Coarse sand 300 Water 10 bR Only tewporsry increase ta fluldity
8 Coarse sand 300 Duront product Q8 3 5.8 Crecks to 3/h-1n. depth an top and oidee, enceselve swell®
8 Coarse sand 300 Alum 10 LY ‘»me shearing and encesaive swell®
8 (193) Coarse sand 300 Tuffklay 10 5.4 Cracking on sides, eycessive swell®
8 Coarse sand 250 Sodium silicate e 5.5 recking on sides to l-in. depth, escessive owe’l®
8 Coarse sand 300 DuPont product @ 5 9.9 Cracha to 1/2-1a. depth an top ead sldes, sycessive swll®
8 Coarse sand 300 T™r, KT-6 50 5.6 Matertal crubly, sides aloughed
8 Coarse sand 300 Water 5 9.6 ‘mly temporsry incresse in Pluldity
all ol 1Y
8 Coarse sand 300 Sodium hydrostde 2 5.6 Come crecking
Vater 3
8 Coarse sand 300 DuPant retarder LA 1 5.6 Cracke to 1/2-1n. depth, encessive r@ll®
8 Coarse sand 300 Ter, RT-10 50 5.7 Material cruskly, slies slnughed
8 Coarse sand 300 Sodium silicate 5 5.8 Cracks on 51des to 1-1/hein. depth, emcnvsive swm, 1
8 Coarse sand 2950 Acetic acid 2 5.9 Contideradle creching to 1/ ein. depth, epcwsstive Lwell®
8 (193) Coarse sand 200 Tuffklay 10 6.9 Cracking o8 top and sides to l-in, dapth, escessive swell®
8 oarse sapd 300 Tuffilay 10 €.1 Cracking on top and sides to l-1n. dejth, escesalve m11®
10 Coarse sand 300 None oen 9e2 Base teet for 10 per cent miges
10 Coarse sand 300 DuPont product @ 9 PR Cracks to 3/4-in, depth on top and sides, sacessive swell®
10 Coarse sand 300 Codium phosphate 1 9.9 Tracking ot eldes, sacessive swell®
10 Coarse sand 300 Tar, RT-€ %0 5.6 Material crumbly, sides sloughes
10 Coarse sand 300 Twr, RT-10 50 5.6 Matertal crably, sldes sloughed
10 Coarse sand 300 -Calcium chloride 0.5 5.8 Soms creching
10 (193) Coarse sand 300 None e 5.9 Somn creching
10 Coarse sand 300 Calcium chloride 1 6.0 Some erecking
10 Coarse sand 300 Bercolyn 10 6.0 Some craching
10 Coarse sand 100 Flemalym 10 ¢.1 Some crecking
10 Coarse sand 300 Godius phosphate 0.5 €.1 Cracling o sided, eacessive swell®
10 (193) Coarse sand 250 None .ee 6.2 Coms crecking
10 Coarse sand 300 Codlum chloride 10 6.2 Coms oreching
10 Coarse sand 300 Acetic actd ) 6.3 Some creching, sscessive mml1¢
10 Coaree sand 300 Sodlum chloride 0.9 6.3 Saml] crechs on sdges
10 Coarse sand 300 Vel soap 1 6.3 Cracks to )/s-in. depth, spocessive swell®
10 Coarse sand 300 DuFant product BC 3 6.4 Crachs to 3/b-1n. depth, escesaive swli®
10 Coarse sand 300 InPoat product BC 1 €. Crachs to 3/k-ia, depth, emcescive mmll®
10 Coarse sand 300 Codium chloride Gy €. Camll crecks on edges
10 {193) Coarse oand 200 Tuffulay 10 6.6 Creching oa sides to }/s-in. deptn, escennir: swmll®
10 Coarse sand 300 Sodjum chloride 1 6.6 “anll crucks on edges
10 Coarse sand 300 Stearic acid 10 €.8 Increased acidity from Fh of (.a to .9
10 Coarse sand 300 Abalyn 10 6.8 Come crecking
10 Coarse sand 300 Sodium chla:ite 3 7.0 lome orecking
10 Coarse sand 300 Acotic actd 2 7.0 Crachs to 1/2-1a. depth, emessive swil®
10 Coarse sand 300 DuPont product B 9 7.3 Crecha to 1/2-1 » tve swl1®
10 Coarse sand 250 Sodium silicate L] T largs crachs on sides to l-in. depth
10 (193) Coarse sand 300 Tuffhlay 10 7.3 Craching on eides, escesnive »well®
X Coarse sand 300 Vel soap 9 T.1 Some creching, sscesnive mwell®
10 Coarse sand 300 Tuffilay 10 T.% Craching on top and aldes to 3/h-in. depth, sacecsive swell
Coarse sand 300 None ves 6.6 Dase test for L’ per cent mlmss
12 (193) Coarse sand 200 Tuffklay 10 €.8 Cracks oo otdee to 1-in. depth, eacesaive swll®
Coarse sand 300 8C-% L[] 1.0 &light cracking
r (193) Coarse sand 300 None woe 7.0 No creching
12 Coarse sand 300 Sodlus phosphate 0.9 7.1 Zaall cracks oo sldes, escesstive swll®
1 Coarse sand 300 Sodius phosphate 1 7.1 o cracking, sxcessive swll¢
12 Coarse sand 300 Calcium chloride 0.9 7.1 No crecking
12 Coarse sand 300 None oo 7.1 Samp 88 base tast except for ome hour delay
pF Coarse sand 300 Water 10 7. (nly temporary increass in fluldity
v Coarsns sand 300 Celctum chloride 1 7.2 flo creching
12 Coarse sapd 300 Vel smaap 1 73 Wo crecking, sscessive swmll®
12 Coarse sand 300 DuPont prodact BC 1 7.3 Cracks to 1/A-in. dspth, encessive ~wll
12 Coarse sand 300 Sodium chloride 1.3 Camll crechs on outside
v Coarse sand 300 Flexalyn 17 7.k No crecking
v Coarse sand 300 Sodium chlortde 0.5 T.h No crecking
2 Coarve rand 300 Abalyn 10 7. %o crecking
12 Coarse sand 300 DuPont prodact BC 3 7.h No crecking, excessive swll®
12 Comrse sand 250 Acetic acld 2 7.5 Come crecking to 1/2-in. dept), ezcessive rwll®
12 Coarse sand 300 ‘odlum ehloride 10 T.% No crecking
r Coarse sand 300 Hercolyn 10 7.9 N cracking
v (193) Coarse sand 2% None -.- 7.5 No cracking
12 Coarse sand 300 Sodium chloride 1 7.9 No creciing
12 (5C+5) Coarse sand 300 ac-5 % 7.6 Mase remmined plastic but d1d mot hardes
12 Coarse sand 300 Sodlum silicate ) 7.6 Cracks on top and sldes to 1/--1a. depth
¥4 Coarse sand 300 tearic acid 2 T.7 Increasel acidity
12 Coarse saad 300 Sodium chloride 3 7.7 No creckisg
H] Coarse sand 300 Dulont prodact BC % Tl %o crecking, escesnive swll®
12 (193) Coarse sand 300 T rklay 10 7.8 Crecking on sides, ecesslrs swell®
1 Coarse sand 300 Sodlum #1licate 5 7.8 Cracking on sides to 1/b-1n. depth
© Coarse sand 300 TeTRiny 10 8.0 %o crecking, escessive swll®
1 nand 8.1 No_crecking, emcessive swil®

2 Coarse 00 Vel som G)
Wotes: ® Penetration of as) t cemant approximstely 10C eacept vhere poted in parentheses.

€ Pzcensive swell during wmising; usually diminisbing during slugp test

Percentage based an weight of asphalt in mix.
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6% asphalt cement,
300 F,
5.3-in. slump

-
S wra

A 2

12% asphalt cement,
300 F,
6.6-in. slump

16% asphelt cement,
300 F,
7.9-in, slump

Photograph 5. Appearance of typical slumped sand-asphalt mixtures dumped
in air from slump conc 9.5 in. high

175; Photograph %
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Photograph 7. Mixes of coarsc sand aggregate and 85-100
phalt cement in percentages noted, slumpcd under watcr.

penotration as
Placed at 300 F

Photograph 8. Mixes of fine sand aggregete and 85100 penetration as-

phalt cement in percertages noted, slumped under waier.

T S U ————

Placed at 300 F
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Table 4

. SLUMP TESTS IN AIR
COMPARISQN (OF SELECTED ADMIXTURES WITH PENETRATION GRADES OF ASPHALT CEMENT

Slump
from
I Asphalt Cement 9.5-1n.
Mix8 Admixture Cone
‘ _$ Ponetration Type § Ht/in. Romarks
10 100 None - 5.2 Base test
10 193 None -- 5.9 Base test; improved fluldity
12 100 None -- 6.6 Base test
12 193 None - 7.0 Base test; improved fluidity
10 100 Tuffklay 10 T.5
10 193 Tuftklay 10 T.1 No improvement
| 12 100 Tuffklay 10 8.0
) 12 193 Turfklay 10 7.8 No improvement
10 100 Vel soap 5 T.3
10 193 Vel soap 5 7.3 No improvement
10 100 DuPont Product BC 5 7.1
10 193 DuPont Product BC 5 5.1 Decreased fluildity
10 100 Sodium Chloride 3 7.0
10 1R Sodium Chloride 3 5.3 Decreased fluidity

Notes: Coarse sand aggregate used in all tests, mix temperature wns 300 F ‘
for all testa, | |
8 percentage based on weight of asphalt in mix.

Table

SUMMARY OF UNDERWATER SLUMP
ERGSION AND STRIPPING TESTS WITH SELECTED ADMIXTURES !

Slump Underwvater slump from
m Mr 9| 5-1!!. cone
From Bt/in.
9.5-1n. Teated
Admixture Cone  Tested immediate- after l-hr '
Type € Bt/in. 1y after mixing  oven curing Erosion Stri .
None - 5.2 2.2 4.9 Slight Trace ‘
Tuffklay 10 7.5 3.4 4.3 Slight Trace
| Sodium silicate 5 ThS 5.1 5.9 Slight Trace
Vel soap 5 7.3 5.3 5.5 Slight Ezcessive
DuPont Product BC 5 7.1 6.8° kb Slight Trace
Sodium chloride 3 7.0 6.3 5.8 Slight Trace

Notes: 10 per cent of 90-penetration asphalt, coarse sand aggregate and mix
bexperature 300 F used for all tests.

; Peroentage based on woight of asphalt in mix,

' b Vigorous reaction when placed underwater immediately after mixing but

oonsidersbly less after one hour delay, resulting in sharp decrease 4

in fluidity.




Table 6

UNDERWATER SLUMP TESTS ~-- EFFECT OF ASPHALT CONTENT AND EFFECT OF COARSE AND FINE SAND

Slump
from
Mix 9.5-1g. Avg.
Asphalt® Aggrogate  Temp. Cone Diam. Density
$ Type F Bt/In. In. Ibfcu £t Remarks
10 Coarse sand 300 4.0 ———- —e- Very poor spread
15 Coarse sand 300 7.6 11.0 112 Poor spread
20 Coarse sand 300 8.1 .2 114 Fair spread
25 Coarse sand 300 8.3 17.0 110 Satisfactory spread
30 Coarse sand 300 8.5 18.5 107 Satisfactory spread
Lo Coarse sand 300 8.9 22,5 88 Blisters formed
50 Coarse sand 300 8.9 2k .0 83 Increased blisters
60 Coarse sand 300 9.1 25.0 15 Increased blisters and flotation®
15 Coarse sand 200 6.6 9.2 117 Poor spread
20 Coarae sand 200 8.0 1.2 109 Fair apread
25 Coarse sand 200 8.1 12,7 106 Satisfactory spread
30 Coarse sand 200 8.4 13.6 9% Satisfactory spread
o Coarse sand 200 8.5 18.6 93 Mazimum spread
50 Coarse sand 200 8.8 16.2 87 Decreasing spread; mat too light
60 Coarse sand 200 8.4 15.2 a1 Decreasing apread; mat too 1light
70 Coarse sand 200 8.3 4.0 75 Decreasing spread; mat too light
80 Coarse sand 200 8.0 12.7 69 Decreasing spread; mat too light
90 Coarse sand 200 7.9 12.0 67 Decreteing spread; mat too light
15 Coarse sand 425 6.6 11.2 121 Poor spread
20 Coarse sand kes T.7 15.0 118 Fair spread but rough mat
25 Coarse sand 425 7.8 15.5 12 Fair spread hut rough mat
30 Coarse sand 425 8.0 15.6 --- Satisfactory epread but rough mat
4o Coarse sand ko5 8.2 16.0 -—- Rough mat and blisters form
50 Coarse sand 425 8.5 20.0 .- Increased blisters and flotation®
15 Fine sand 300 0.5 -m-e me- Practically no spread
17.5 Fine sand 300 4.2 comn --- Very poor spread
20 Fine sand 300 6.5 8.6 .- Poor spread
25 Fine sand 300 8.1 13.6 --- Satisfactory spread
30 Plne sand 300 8.3 15.1 - Satisfactory spread
Lo Fine sand 300 8.6 21.3 ae- Satisfactory spread
50 Fine sand 300 8.7 23.0 - Satisfactory aspread, blisters formed
60 Fine sand 300 9.2 26.7 aee Maximum spread, increased blisters
T0 Fine sand 300 9.2 25.0 LTS Increased blisters
80 Fine sand 300 9.2 21.7 .- Increased blisters and flotation®
20 Fine sand 200 6.9 7.5 106 Very poor spread
25 Fine sand 200 7.5 9.5 98 Poor spread
30 Fine sand 200 7.8 1.4 89 Fair spread
40 Fine sand 200 8.3 k.5 87 Satisfactory spread
50 Fine sand 200 8.6 17.2 83 Satisfactory spread
60 Fine sand 200 8.8 17.3 80 fatiafactory spread
70 Fine sand 200 8.8 20.5 76 Maximum spread; mat unstable
80 Fine cand 200 8.k 15.7 71 Decreasing spread; mat too light
90 Fine sand 200 8.1 4.8 66 Docreasing spread; mat too 1light
20 Fine sand Los 7.0 10.5 109 Pour spread
25 Fine sand L2s 8.0 13.5 113 Fair spread; rough mat
30 Fine sand k25 8.5 19.0 103 Satisfactory epread; rough mat
40 Fine sand yos 8.8 22.0 .- Very rough mat; blisters formed
50 Fine sand 4os 9.0 22.0 .- Increased blisters
60 Fine sand hoy 9,0 22.5 --- Increased blisters
70 Pine sand 4os 8.7 22.0 “ee Increased blisters and flotation®

Notes: ; 85-100 penetration.
Volume of cone, 172 cu 1in.
© Flotation indicates that a part or all of the mix rose to the surface of the water.
More pronounced than at 300 F.
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Table

UNDERWATER SLUMP TESTS - EFFECT OF PENETRATION GRADUES OF ASPHALT CEMENT

Slump™
Asphelt Cement from
Pene- Mix 9.5-in. Avg.
tration Aggregate Temp. Cone Diam. Density
5 arade Type F_ Bt/tn. _In. [Ibjouft Remarks
, 15 50-60 Coarse sand 300 7.8 10.5 115 Fair spread
] 20 50-60 Coarse sand 300 8.2 13.0 120 Satisfactory spread
' 25 50-60 Coarse sand 300 8.5 16.4 112 Satiefactory spread and uniform coverage
30 50-60 Coarse sand 300 8.6 16.5 108 Satisfactory spread and uniform coverage
4o 50-60 Coarse sand 300 8.8 21.0 98 Blisters formed
[ 50 5060 Coarse sand 300 8.8 21.0 88 Increased blisters
60 50-60  Coarue sand 300 9.0 22.7 19 Increased blisters and flotationb
f
20 5060 Fins sand 300 €3 10.0 107 Poor spread
L 25 5060 Fine sand 300 8.1 1.5 117 Satisfactory spread
30 50-60 Fine sand 300 8.5 16.k 106 Satisfactory spread and uniform coverage
40 50-60 Fine sand 300 8.7 20.8 95 Blisters formed
50 50=60 Fine sand 300 8.8 23.4 89 Increased blisters
60 50-60 Fine sand 300 9.0 2.1 82 Increased blisters
20 100-150  Fine sand 300 6.5 10.0 107 Poor spread
25 100-150 Pine sand 300 8.0 1.0 106 Satiefactory spread |
30 100-150 Fine sand 300 8.4 16.4 105 Satisfactory apread and uniform coverage |
Lo 100-150 Fine sand 300 8.7 20.0 95 Elisters formed but no break in coverage
50 100-150 Fine sand 300 9.0 23.4 - Increased blisters and smmll breaks in
coverage
60 100-150  Fine sand 300 9.2 27.6 - Increased blisters and more breaks in !
: coverage
20 150-200 Fine sand 300 7.1 Q.7 107 Poor spread
25 150-200  PFine sand 300 8.0 14,0 110 Satisfactory spread
30 150-200  Fine sand 300 8.3 16.5 103 Satisfactory spread and uniform coverage
‘ 4o 150-200 Fine sand 300 8.8 23.2 -- Blisters formed and small breaks in
! coverage
50 150-200  Fine sand 300 9.0 26.5 - Increased blisters and more breaks in
coverage
| 60 150-200  Fine sand 300 9.1 27.2 - Increased blisters and more breaks in
coverage
} 15 200-300 Coarse sand 300 7.8 12,7 117  Fair apread
U 20 200-300  Coarse sand 300 8.3 15.4 115 Satisfactory spread
25 200-300 Coarse sand 300 8.5 16.9 109 Satisfactory spread .
30 200-300 Coarse sand 300 9.0 20.7 104 Satisfactory spread but break in coverage
ko 200-300 Coarse sand 300 9.0 21.4 N Blisters formed and more breaks in
coverage
50 200-300 Coarse sand 300 9.1 24,5 -- Increased blisters, more breaks in
coverage, and flotationP
60 200300 Coarse send 300 9.1 24,9 - Increased blisters, more breaks in
coverage, and flotation®
20 200-300 Fine sand 300 7.1 10.5 107 Poor spread
25 200-300  Fine sand 300 8.0 1.9 110 Satisfactory spread
30 200-300 Fine sapnd 300 8.5 21.2 103 Small blisters formed and small breaks in
Gove
ko 200=300 Fine sand 300 9.0 23.2 - Inoreased blisters and more small breaks {
in ocoverage
50 200~300 Fine sand 300 9.1 25.5 -- Increased blisters and more small breaks
in coverage
60 200~-300 Fine sand 300 9.2 26.0 .- Increased blisters and more small breaks
in coverage
Notes: © 3lump data for averags asphalt cement (85-100 penmetration) i{s shown on Teble 6.
. b ylotation indicates that a part or all of the mixz rose to the surface of the water.
r
]
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Photograph 9. Mixes of coarse sand aggregate and 85-100 penetration as-
phalt cement in percentages noted, slumped under water. Placed at 200 F

Photograph 10, Mixes of fine sand aggregate and §5-100 penetration as-
phalt cement in percentages noted, slumped under water. Placed at 200 F
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Photograph 11. Mixes of fine sand aggregate and 85-.00 penetration as-
phalt cement in percentages noted, slumped under water. Placed at 425 F

Photograph 12. Mixes of fine sand aggregate and 200-300 penetration as-
phalt cement in percentages noted, slumped under water. Placed at 300 F
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Photograph 13. Mixes of coarse sand aggregatc and 50-60 penetration as-
phalt cement in percentages noted, slumped under water. Placed at 300 F

]

Photogreph li. Mixes of coarse sand aggregate and roofing asphalt (180-
200 softening point) in percentages noted, slumped under water. Placed
at. 300 F
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ruotograph 15. Sand-esphalt
mixture placed in ditch which
was partially filled with
water, Mixture contrnined 20
per cent of 89-100C penetration
asphalt cement and fine sand
aggregate

Photograph 16. Sand-asphalt
mixture being placed in ditch
partinlly filled with wnter:
mixture is released from the
reservoir at upper end of
ditch. This mixture contsins
50 per cent of 85-100 penetra-
tion asphalt cement and fine
sand aggregate. Note portial
flotation of mixture
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Photograph 20. Sand-asphalt mixtures dumped on creek benk and into

flowing water. Mixtures from left to right contein 25, 30, and 40O

per cent 85-100 penctration asphalt cement, respectively. The 25

per cent mixture is only partially visible at upper end of string
line which indicates water elcration during placement

Photograph 21. Close-up of 25 per cent mix noted in photograph 20
shortly after placement
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Photograph 22. Close-up of 30 per cent mix noted in photograph 20
shortly after placement. String line indicates water clevation
during plncement

Photograph 23. Close-up of 40 per cent mix noted in photograph 20
shortly after placement
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Photograph 25. Two-compertment metal box used for meking laminated dumps
of send and rich sand-asphalt in moving water. Water flowed from rear to
' front in making the dump. View shows upper portion of laminated dike

3~ “
Photograph 26. Completed laminated dike partially shown in photograph 25
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b. Downstreem apron

c. Riverside apron

Photograph 27. Split-core samples of dike 1llustrated in photograph 26.
Tops of samples on left. clean sand from ot.cam bed on right
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Photogreph Ll.
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Close-up of failed arcn at upstream end »f False Point
revetment in 1950




PLATES

103




T

- -

e

t
w
-
NOILVAVHO 31VOIHOOV <
[+
UOPIYSSRD) SHOS O nedung S N
pueg pueg pues [E5)
hej) s aury Koy pues auly o | ‘wieny ey [BARIE) WNIPIp |arest) 3Bie oy
Siaawiy U 81IS UKD Qo
1000 5000 100 $00 10 s0 S o1 05 001 i
n T M r _d T T (]
|| | “ H ]
| | '
o1 — + e —~+ “ / | — ct
w _ s + + \
02—ttt 1 // ” 1oz
e Y i vt
¢ “ h\,» 4o a .p | ~ It ] / M Mk - {1 HM oe
T + T TTT T 1 1 ' i _ T +—1—t
'S S 1 N A A YO W D W 0 S S R
s , H |
g or Tttt Tt / // } " t * 11 onW
3 | | { |
= —t B R RS et ;r.f+1+T“-|r— * : w %_ : -ttt m
3 | | . | | { 5
s — 1+t R e —a ” 4+ ; 05 §
| i |
.M — L S . ) S N 5.8 _.h \ o * 0 S MJL.; g
I { | |
g 09—ttt 1 A | HH 1 e §
g ] VT 1 1]
pee—— b — x / e f _w_: N B =
1 1 | {
2].||+|+|Tzr R S S e e S nt, _4 . IBRE IH T o
|||_I — +++|1 - Jr‘r»r|..|.lfrrt. W SENT. L] T
o P +++ VS mKum J@h).gwi L il | F L]
g Aan o ——+ "y T t 3
| [ T l LTI aNv's [dvB| H3A mwm«ow_
? -+ _ iy e e t A = i & + - L_ﬁ.-v?JIATT
| { |
06— 4+——+ 444+t e llx_]|4 Lyt “ / * + 4+ ~1+440s
- 'f + I E A + R BRI ~ : +4,.-+.TTT
gol e I e T T oot
sPWO0IDAN SIIQUINN 3ANIG PIPUNIS 28ihY soyu] Ul SBuued( S sapk]
o I S ol e S I e




-

TR —

dIV NI TVHASY GNVS 40 AlIQINT4 NO
ANILNOD LIVHJISY ANV 1V3H 30 123443

dANTS SA LN3ILNOD LYHASY
1IVHdSY LN3D ¥3d
4 2
|
|
1

| [o]} [~ ] v
\\ A
- ) - \14 “ n o
/s

9

— S

]
T — 11 ¢
” _
- |
i
A== W ﬁ o ..* — k.Oﬂ‘ —— -]
| 4,009 —-—x
| | 4,06€ U— —0 !
4062 O-————0
C3ISva) 3 00€
aQN3o3 — 7 1°¢
T
i e e e e ]

i I

ol

S3HONI NI dnNS

00§ oSy ooY osE

dWNS SA 3WNLVYY3IINIL XINW
4, JUNLVHIINIL XIN

00€ ose

L
N ——F
oV WOl N—— —X

ovOol,Z2l Or-——--0
OV Ols ¥I O—0O
aN3937

t
—
{

p— —
INOD NS SO LHDITN

| !

o]

SIHONI NI dNNTS

105

PLATE 2




- — e ——

SLUMP N INCHES

l

T |
- HEIGHT OF - SR . S
T

y Ta—

LEGEND

O——0 |14% AC

O0——0O 12% AC
—¥ |10%%AC
A% AC

| ——  300°F

—

(-]
T

100 125
PENETRATION

175

200

EFFECT OF PENETRATION GRADE
ON SLUMP IN AIR

COARSE SAND AGGREGATE

106

PLATE 3

‘_———M



Y

—

v

-~

e

(ONIINNQ 3DHVE QI1vINWIS)

HALVMYIANN dNNTIS NO
NOILYQYYD 3LVOIRUOOV ONYV
IN3INOD 1IVHJSY ‘1V3H 30 103413

31VO3HOIVY ONVS INLI

dNNMTS SA NOILVOVYHD 31VvO3YDOV ONV INIINOD 1IVHASY dWNTS SA S3UNIVH3IIWIL XInW
1TVHGSY INJD ¥3d de SIWNLVEIINIL XIN
oL 09 0§ o (13

00§ oSy o0ov (s 00€ o2 002 oS!

~

| [
t t

+ —
-

t
]
SO § 2 - - + + +

i
ENEEEEEE

_ dV 9402
® T 4=000 ONYE TINI4 B— =N |—+ SV 8EZ ¥ . R v
4000 QNYL IS0 Qe AV %0¢ O—O |
b BRITIT ' JV %0y O—0O - ﬂ
— - g
(O, SR S | L= I i - 4 m wll.ivl ' s
.
| | ;
L] S T O A
R J 11 | ™
5 S R W [ . » 2
o { | [ -
3 | I &
C = + P + + . —— W
o | | P~ w
— : — t t ¢
L] L\_\ !

l
(\ﬂ
\
\
]
107

PLATE 4




o TEE e AN

10 T
’ l
i
| | HEIGHT OF_SLUMP CONE| S S ) B
’ 4 % Ji
{ | /’-
[l
— —_— Com2
e + 1
| {
S—1 Jl S En
7 +
| i
"
W L SE——
S T T [
z | |
| Z s
2
a L i B S
b | [
S - (
i 4
|
- + ¥ |
|
4 i
LEGEND ;
o0 50- 80 '
] o———0 83-100
| ) e 4 100~ 150
3 o—-—4 200-300
1
I
2 {
10 20 23 30 as 40
PER CENT ASPHALT

EFFECT OF PENETRATION GRADE
ON SLUMP UNDERWATER

FINE SAND AGGREGATE

- ——— -

PLATE 5

a ._______‘____.__ﬂ




