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PREFACE 

The Wr.tervayc Expc-rincnt Station van authorized to conduct lat- 

oratory tcnte to irweetlßQte the pocriblliticc of Increacinc the 

fluidity of asphalt nixturec and thus reduce the quantity of asphelt 

used in revetmentc by letter fron the Mississippi River Cowmisalon dated 

3 November 19^7,   subject:    "Experiments vith Asphalt Revetment,"    A 

comprehensive program covering all phases of the use of asphalt for 

river bank protection,  prepared as & "Plan of Test," vas approved in 

part by the Mississippi River Commiscion in November 19^8,    The  study of 

"Mass Placement of Sand Asphalt" under the "Underwater Protection" phase 

of the Plan of Test was an approved item. 

Preliminary results of a few of the laborctory tests and the results 

of a limited program of dumping hot  sand asphalt through a metal chute into 

a sump were presented in "Interim Report on Investigation of Sand-Asphalt 

Revetment" dated 1 July 19^8,    This report presents the results of all 

laboratory tests and therefore  supersedes the Interim report  as far as 

laboratory testing 1c concerned.    The results of the program of dunpinf 

hot  Band-asphalt mixtures in the  rump were inconclusive and are not re- 

peated in this report. 

The investigation was conducted by the Flexible Pavement Branch. 

Soils Division, Waterways Experiment Station.    Experimental field work on 

the- Mississippi River vas accomplished by personnel of the floating asphalt 

plant of the New Orleans District.    The Office of the President, Mississippi 

River Commission provided general ovei--ll guidance and assisted in plan- 

ning  the tests and conducting field experiments on the Mississippi River. 
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Mr. B. M. McCronc of the Miccircippi River tesüsdos deroteä. oam&derciäjz 

tiEse to snd «as of ncterirl ^czizttzsce in tlie inTerti^ctlon.   Mr, S. K. 

Boyd,  fozner chief of the Flexible P^Terent 3r:T--Ch.  was active both in 

the plrnnlng rnd conclact of the invectioation.    Engineerr of the- Meter- 

vcjc Experiment Str.tion notively oonneoted with the- ctudj vere:    Merzrs. 

W. J. Turnb-all, C. E, Foster, J. -1. Griffith,  0. B, Eaj,  end E. C. 

Meredith.    Thlc report vac prepared by I-Jr. Meredith. 
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Iir.'E'ZTlGf-.TJ.Ori OF HASE rI>-'^^.E!r OF SAIIB PSmOJS 

FOR -JIILERV.'ATES PROTECTIOr; OF KTgEg B.--.IIKS 

PA5T I:    HflEODUCTIOlI 

The Frpblc- 

1. Mass underwater placement of hot aand-asphalt mixtures for 

prevention of scour of river banks has been in progress in the Lover 

Mississippi Valley since 19^-6.    Mass  sand-asphalt revetment had been 

placed at Avondale, Reid Bedford,  Hardscrabble, Kempe,   and Milliken 

Bends on the Mississippi River prior to initiation of the investigation 

described herein.    The mixtures used contained from 10 to 16 per cent 

85-100 penetration asphalt cement by weight,  depending upon gradation of 

the  sand aggregate,   and mix temperatures varied from 380J to ^00° F, 

Cores taken at three of the locations indicated that the material con- 

gealed on the  subaqueous bank as a homogeneous,   substantially waterproof 

mass.    Dumps made in shallow water and examined during low stages 

showed a tendency to pile up and leave uncovered areas. 

2. Placement was accomplished by bottom-dump barges capable of 

handling 150 tons of material in each of two 36- by k-tt hoppers.    About 

20 in. of water stood in the bottom of the barges when empty,   as may be 

seen in photograph 1.    Consequently 30 to kO tons of sand were first 

placed in each hopper to avoid pouring the Lot mixture into this water. 

Dumps were usually spotted with the aid of a string-out of light pontons, 

but In some cases a distance wire and sextant were used.    The  spacing 

between dumps was varied to provide coverage of 5 to 6 tons per square. 

i     i    m* 
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The channel end of the revctrxnt vhcro rcour txctlon hed been cevere, 

ucucHy zlouß  the too, vü.c  reinforced hy  double dunpe. Fhoto^rnph 2 

ic z. typical viev of r berge loaded vith lophnlt end in position for 

dumpir^j. It nay be noted that the sand-asphalt nix piled up at one side 

of each hopper no it was dlKJhcrged by the hot elevator. Photograph 3 

nhovG the zvno  brrfjc imcdintcly after enptjänc both hopperE. It should 

bo pointed out that the inltinl underwater plr.cononto vero made prlncrily 

on existing nattrecsca for reinforcing their toon. 

3. The early experiments (described above) were somewhat random in 

nature since use of mass sand asphalt as on underwater revetment was 

relatively now. Many conferences -were hold among the offices concerned 

to discuss the methods and procedures used. It vac considered that a 

comprehensive- experimental program along planned linos was desirable in 

order to develop the most feasible and economical methods and procedures 

of designing and placing macs asphalt revetmentc. Thoroforc-, a comprehen- 

sive program of experimentation was prepared, and various studios under- 

taken. This report summarizes the invostigational work accomplished to 

date on underwater placement of macs sand asphalt. Some of the tests 

performed were of little value in the light of further studios; however, 

they are presented heroin a.c a matter of record. 

Objectives of the Investigation 

k.    The general objective was to determine those properties of the 

asphalt mixture dropped in a nass under water which will give the best 

coverage, considering spread, thickness, strength or resistance to dis- 

integration, dcfomability in conforming and reforming as the river bod 
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scours, to river-bed irrcguloritiez, velocity of the voter, depth of 

plscesent,  '-nd cconony of placement.    Specific objectlvea w-rc to: 

e.    Detenalne the effect of varying the qucntity of asphalt 
cement on properties of the nix. 

t.    Dcteminc the effects of nlxinr? nnd placii^ tenperaturec 
on properties of the nix, 

c. Detemine the effect of different penetration grades of 
asphalt on properties of the nix. 

d. Investigate means of reducing the asphalt content hy 
admixtures. 

e. Determine the effects of aggregate gradation on mix 
properties. 

f. Determine the effects of dropping mixtures en masse through 
water. 

g. Develop methods to simplify underwater placement. 

h.    Investigate the feasibility of the use of asphaltic 
products other than asphalt cement. 

General Procedure for the Investigation 

5.    'The three main steps folloved in accomplishing the objectives 

were: 

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

b. Investigations were made on the more promising developments 
of the laboratory and small-scale tests by means of field 
tests on as large a scale as Experiment Station facilities 
would permi-c.    Scale model studies were not used since the 
asphalt mixture itself could not be scaled down.    Mixtures 
were produced in a central mixing plant in sufficient 
volume to be dumped in ditches,  pits with sloped sides,  a 
hydraulic model,  and a creek channel so that spread,thick- 
ness,  conformity to irregular  slopes,  and effect of 
velocity of water on larger masses of asphalt mixtures 

/ 
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co'ild be detcmined. 

Final expertoests -were conductc-d in the prototype.    The 
results of these cxperinc-nta are incomplete due to the 
length of time required for adequate obcervation of 
pcrfonLance.    It in expected that these teats vlll 
eventually bring to light those influencing factors vhich 
vcro not determined in aaall-ccalc- tests such as the 
effect of large maosc-E of asphalt mixture,  velocity of 
water, depth of placement, conformity to highly irregular 
slopes and ability to reform and continue to protect 
slope after current scours the bod to greater depths,  and 
durability of the mixture in voter.    A limited amount of 
placement has been accomplished during high water on 
banks that are exposed during lov voter.    These place- 
ments will be observed during low-water stages. 



PART II:    PEELIHIHAFY 3TUDIE3 

6. It waa rsconsaended by the Miaaisaippi Elver Cosniaalon in the 

early stageo of the study that an Investigation be sade of the use of 

admixtureE to affect the properties of asphalt nsixturea  in a mannor 

similar to the use of air-entraining agents with Portland cement.      A 

search waa made of available pertinent literature and inqulreo were 

directed to various governmental and commercial agencies and to indi- 

viduals.    Tike inquiries briefly stated the problem and roquostod in- 

formation on any products that might prove suitable.    The search for 

available literature proved unfruitful, and only a few of the letter 

inquires offered feasible suggestions.    These suggestions have boon 

tested and are  included in this report in a later part. 

7. One of the consultants retained by the Waterways Experiment 

Station recommended the study of a patented process,  in which stoam la 

injected into the asphalt just prior to mixing,  causing the asphalt to 

foam.    Fuel oil and beef tallow are used as additives.    An agrcomont was 

made whereby the holders of the patent would conduct experimental tests 

on the underwater placement of mixtures prepared    by their process.    It 

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

material and eliminate troubles with standard hot mixes in cold water ..." 

Information received on their initial experiments in pita filled with 

water indicated 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 field tests and such 

i^tfi 



tests wero conducted 3.3 diaeuasad later In this report. 

8.    Suggestions reaultlnc froa other inquires  Included:    (a)  the 

U3© of various type.3 of adslxturos ronginf fros acetic acid to Vel soapj 

(b] the use of cracked ajphalt,?; and  (c)  the use of high penötration 

grades of asphalt ceaont.    Thoao sad nany other au^estlona nr.i Ideua 

wore tried In tho laboratory. 

-«     - ■ i^^Brii mm 



PAST III: LABORATORY SUMP TESTS 

9. The relative consistencies of the vcrious nixtures were coo-

pered by means of a concrete slunp cone. The cone vas seated on a netal 

plate, filled with the nixture, and then carefully raised. The 3lunp of 

the nixture from the original height vas neasured in inches. It was rec-

ognized that no correlation between inches of slunp and satisfactorlness 

of the nixture was available, but it was considered that the nixture 

with the largest slunp would be the most desirable because of its spreading 

properties. The najority of the conpcrisonc were nade in air. A few of 

the nore promising nethods of inpro^ng the nixtures were studied with 

slunp teste nade under water. Hie equipment, materials, and procedures 

for the tests are described first, followed by the tests in air and the 

tests under water. 

Equlpnent, Materials, and Procedures 

Equipment 

10. A United number of initial trial tests were made with a 

standard concrete slunp cone. After these trial tests, the standard 12-in. 

cone wa3 modified to a 9.5-in. height in order to reduce the quantities of 

ingredients used in preparing the nixtures by approximately 50 per cent 

and thus expedite the laboratory progran. The general shape of the standard 

concrete clump cone was naintalned. Later the cone was insulated in order 

that the desired mix temperature night be maintained during placement, and 

a base plate wr.s attached so that the filled cone could be placed in a tub 

of water, the base plate released, rnd the cone rai3ed. Barge dumping wr.s 



riuul'tcd by cquipplnc the aanllcr orifice of the cone with p. watertight 

trnp door ao th^t the nixturc could be dunped throuch w^.tcr with the cone 

inverted.    The  ctemd^rd concrete  clunp cone,   the first 9.5-in.-high cone, 

the insulated cone  (9.5 in. hißh)  equipped with bnnc plr.te,   and the in- 

oulr.ted cone equipped with n trap door on r. Rm-.llcr orifice nrc shovm in 

photo^rcph h.    In addition,  rn    inculr.ted cone about the aize of the 

Btnodard concrete cone equipped \Fith Q trap door on the smaller orifice 

was uov.d to InTCBtlgat« the effect of doubling the  size of the nr.cs.    Thio 

cone hrn ".bout twice the volume  (350 cu in.)  of the 9.5-in.-hlch coneo. 

The elope and height of the mal3or cene were maintained, but the cone 

dloBCtcr wra incrcared. 

MatcrtalB 

11. -'wXQcr-tcz.    Two eggregate types,  coarse rjid fine river brr cajid, 

were selected for use in these tests because these aggregates were normally 

used in field placcnent.    Sands rancinß fron coarse to very fine nay be 

present at any specific location on the river,  but generally the  sands 

along the Lower Missircippi River brrs are within the Units of nediun to 

very fine.    Gradation curves for the two aggregates used in this investi- 

gation arc shown on plate 1. 

12. Asphalts.    A fairly wide ranee of types end grades of asphalt 

was used In the laboratory tests.    The   latcrlals used ere listed in table 

1 with test results where available.    The najority of the field tests were 

conducted with asphalt cenent,  penetration 91. 

13. Adnixturcs.    A wide -.csortnent of naterials were tried in the 

laboratory study to inprove the fluidity of the- nixturcs.    Many of the 

^—^ «Mil 



materials ouch as sodiun chloride vrcrc connon productc but seine were 

patented products whose exact ingredients were unknovn.    Table 2 lists 

the cdnixturcs that were studied toccthcr with available information rc- 

garding then. 

Procedures 

ih.    Asphalt nixtures were prepared in a counercial bread-dough type 

of nixer.    Tlio cone was placed on a flat surface and the mixture carefully 

placed in the cone,   when the slunp tests were made in air.    A spatula was 

inserted along the walls of the cone to insure that the nixture conpletcly 

filled the cone.    Any excess material was scrccded off the top and the 

cone was raised carefully and removed.    The resulting slump from the 

original height was determined.    The underwater test was made by filling 

the insulated cone with the bottom base plate as before,   and placing it in 

a tub of water.    The base plate was released and the cone raised carefully 

and removed.    Slump values were determined by direct measurement in the 

water.    The tests to  simulate berge dumping were made with the inverted 

cone equipped with trap door on the smaller orifice filled with the 

mixture,  and the cone held in a shallow vat with the  smeller orifice about 

?. in. under the  surface of the water.    The trap door was opened allowing 

the mass to pass through about 8 in. of water onto a horizontal surface 

covered with sand.    The water was removed when the mixture had cooled and 

measurements,  observations, and photographs were made.    Ssmples were ob- 

tained where necessary.    It was found that measurements and observations 

had to be made immediately after removal of the water because the shape 

of the nixes at high asphalt content changed considerably after the water 
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wr.Q removed. 

15. Some of the nlxturcc produced opcclncnG of loose texture when 

dumped under water.    It was recognized that ouch looGC--textured mixtures 

would probr.bly be  tmbjoct to exceeslve erooion when placed on the river 

bank.    Hence,  an eroclon test was devleed to furniah conparativc data on 

aone of the mixes,    A portion of the material was dunped under water nnd 

allowed to cool for approxinatcly five ninutcc.    A 3/16-in.-diameter utrerxi 

of water at city prenaure  (approximately 1+0 pai)   WQB directed against the 

surface of the material.    The end of the nozzle waa held l/2 in. from the 

surface of the cpecinen for a period of five minute a.    Dlnencionc of the 

eroded hole were then mcaoured. 

Simp Teat a in Air 

Effect of heat and aaphalt content 

16. A basic for comparing the effects of varioua adnixturea was 

provided by a scries of base testa made with coarse river bar aand and 

ll6 penetration asphalt cenent which ore otandard for underwater place- 

ment.   Mixtures were prepared at asphalt contents ranging from k to 16 

per cent at 300° F (nix temperature)  and at 8.  10,  12.  and 1^ per cent 

asphalt at nix tenperaturco ranging fron 250° to 450° F.    Photograph 5 

chows the spread of nixes containing 6,  12.   and 16 per cent asphalt at 

nix temperature of 300° F.    Cracking occurred at 6 per cent aaphrlt and 

free aaphalt appears on the  surface at 16 per cent aaphalt.    The re suite 

of the entire b-ac  aeriea arc  ahown on plate 2.    The reaulta indicate 

that aa increncnta of asphalt are added,  the sluup decreaaes to a 

niniuun at an asphalt content of 8 to 10 per cent  (right-hand plot)   after 

'I 
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which the clunp increaccd rapidly with incrcnc-ntc of asphalt.    The plot 

of nix tenperature vercuo aluiip (left-hand plot)   indicatec a decrease in 

slunp with an increase In tenperature for asphalt content of 10, 12, and 

ih per cent.   The decrease at the higher asphalt contents wau significant. 

A alight increase in clunp occurred with an increase in nix tenperature 

at 8 per cent asphalt,  but the  slunp wan low even at the high tenperature. 

The effects of high tenperatures on the nixes are  shown in photopraph 6. 

The nixes at h^O0 F  show considerably norc cracking than nixes prepared 

at 300° F at the sane asphalt contents.    The general appearance of the 

nixes at the high tenperatures indicated that the asphalt was affected 

dctrincntally by the high tenperatures,  rer.ultlng in a Iocs fluid naterial. 

Effect of penetration grade of asphalt 

17. A sinllar series of tests was nade to study the effect of dif- 

ferent penetration grades of asphalt.    Coarse river bar sand and asphalt 

ccnents of 31,  H^,   ond ±93 penetration were used.    Mixes were prepared 

at 8,  10,  12,  and ih per cent asphalt at 2^0° and 300° F nix tenperatures 

except that no nixes were    prepared at 250° with the 31 penetration grade 

asphalt.    The results of the tests arc shown on plate 3.    It can be seen 

that the general trend is toward increased fluidity with increasing pene- 

tration grade of aopholt cenent at asphalt contents above 10 per cent. 

At 8 per cent a slight decrease occurred with increasing penetration grade 

of asphalt. 

Effect of cracked asphalts 

18. Cracked asphalts having penetration of 90,  133,   and 190 were 

tested in lieu of nomal asphalt cenent.    Mixes were prepared with coarse 

1    r-   • ^^^mm 
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send raid 8,  10,  end 12 per cent asphnlt In order that conpcrlson of olunp 

values vdth Qlnllcr nlxec containing asphalt cenent night be nade.    Indi- 

cations were that slunp did not Increase with Increase in acphalt c ntont 

but rather decreaced aonewhat within the range of asphalt contents tested. 

The average values obtained,   along with conparable values on tvo nixec 

containing acphalt cenent,  were ac follows; 

1^r'.   La 
Asphalt Cn .eked Asphalt IJomal A 

100 Pen. 
apholt Cenent 

Content 90 Pen. 133 ?c-n. 190 Pen. 193 Pen. 

8 M U.3 5.0 4.8 k.e 

:. h,k U.8 k.e 5.2 5.9 

11 k.2 3.6 3.9 6.6 7.1 

Tests with adnixturec 

19.    The tests with adnixturec were conducted in the ctme nanner 

ac the two cerics described previously.    Various adnixtures were in- 

corporated into the sand-asphalt nixtures to detemine their respective 

effects on fluidity of the nixture.    The percentages of each adnlxture 

were based on producers' recomendationc,  applicability to field use. 

or vere detemlied by trial and error.    Mixes were prepared at 8,  10,  and 

12 per cent asphalt and at nix tenperatures of 200,  250,   or 300° F. 

Coarse river bar sand vas used throughout.    Asphclt of 116 penetration 

Grade was uced except in o few cases.    Norca. ly slunp neacurencnto vero 

nade imediately after the nixture vac prepared.    Hovever,   delayed tests 

were conducted when a nixture offered pronise of inproved fluidity over 

the basic nixture.    In these delayed tests,   quantities of the nixture 

were placed in a constant tenperature oven for specified tine intervals 

.1^»*«^ 
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cincc  it vrc anticipated thr.t field practice TO^jld require fillir*c l^r-.z 

severrl hovata before cctuol placement.   The "delajed" teste «ere conducted 

to detemine »Aether or not the initicl berieficiJ. effects coold be noizi- 

tclned over c reasonable period of tin;-.    The follovinc cjdditivc-c pro- 

duced no conalstent slutqi cTc-ter than occ-orrcd In the boce testa rnd de- 

tailed results ere not chovr. for these additives:    slov csrirs liquid 

asphalt (9J-2)  rjid three cor:poiundc vlth fatty bases produced by the 

Sopco Cheoical CaopaBj,    The recultc of rlij^p teste on nixes vith additives 

that produced Lore fluidity then ott'.ined in the lice teste cxe  chovn in 

tr.tle 3.    The teile shove the asphalt content,  the- rJx liPjii l ml ill i ,  the 

type and percentage of adnixtare, the Blvnp,  and renarks about the tests. 

For coEpüriBcn,  the- results of base tests vith no adnixture are shovn.    Ihe 

increase in fluidity gained vith nost of the additives vas not apprec^alle, 

and the tendencies tovrd Bracking observed in br.sic nixt-ure-s continued to 

be proninent.    Therefore,   a detailed discussion of the perfomance of each 

of the nany adnixtures tested is not presented.    Ihc- sl-unp data indicate 

a generd trend tovcrd inprovenent in fluidity free additives up to en 

equivalent of about 2 per cent asphalt.    It is considered that such a ninor 

inprovenent does not varrant the use of other naterials at lov -orhalt 

contents since,  in nost cases,  the adnixture is nore expensive thrn en 

additional 2 per cent of asphalt.    That is, the introduction of Ik per 

cent asphalt vithout en additive vill jroduce elicp values conpartible to 

those obtained vith 12 per cent esphalt vith zx. 'dditive.    Many of the 

additives included in table  3 caused the nixture to svell excesslvely 

iurlng prepcration, tut the nass usually subsided so quickly    during the 

dumping process that Injrovenent in fluidity vs negligible. 

tmtM 
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20,   A cerlcc of tecta vie rir,dc to ictemine the effect of penetra- 

tion grcde of acphalt or. scnd-cepholt nlxce contdnlne Tuffklay,  Vcl oocp, 

DuPont Product BC,  rjid sodlic chJ.oride since these '.drJ.xtures showed ntrit. 

rwo csphrlt cenents were used, one having a penetration of 100 and the 

other having -- r"-rxjtratior. of 193.    Cooree river tar sand waa used ae the 

'C^regr.te and zll Dlztures were prepared at 3'^° F.   Clunp test dato, .rre 

.::■.:•-  in t'.ble h.   The tests on strolcht osphrlt cenent  indlcte increosln^ 

fluidity with Increosing penetrotion, but this trend vt.s not obtr.inod in 

rlzeo cont'lnlng -dzlxturec.    In fact,  Bligbtly higher olunp values were 

ott'ined with the lover penetration asphalt cenent vhere edDdxtures were 

uced. 

Slurro Tests Under Water 

21,   Underwater slunp tests were conducted with a fev of the more 

prcalslng additives selected fror: the results of the tests in air.    Tests 

•-•ere --Loo node with additives which were succested öfter the proßrcD of 

tests in air had been coupleted.    The results of tests node with Tuffhloy, 

.-;odiun silicote, Yei soap,  DuPont Product 5C ond sodiun chloride are ohoT.m 

in table 5.    The sodiun chloride was r_ixed with water to fom a thick 

post: before it was odded to the nixes.    The other additives were intro- 

duced into the nix in their nomal state.    The slunps innediately after 

nixLng snd rfter a l-hcwr delay ore shown.    For conparison the slunps in 

air irnedlatcly rfter nlxlnß -re dso shown,    rhe table also shows the 

reaction to the erosion test and the de^Tree of stripping (displacenent of 

asphalt]  that occurred.    In general,  the nixturcs reported in table 5 

^MM^ 
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Bboved poor surface texture and eone crackinc.    Additional ulxec were tried 

containing  eteen and water,  Laykold,  cnulalonc ?nd clow-curing cutback 

r.cphalt.    The recultc of these tectc arc described below. 

a. Gtecn or water naterlaUy increaced the fluidity but the 
bencflcl-l effects lasted a very short period of tine. 

b. Laykold,  product of the Anerlcan Bitunulc Conpany,  was used 
to replace up to % per cent of the asphalt-cenent content. 
Decrease in slutip resulted,  large cracks developed under 
water,  and stripping occurred. 

c. Mixtures containing HV and HCM bituniilc. rapid-curing end 
clow-curing cnulsions, respectively,  fell apart after poor 
slunp under water.    The addition of suall mounta of port- 
Irjid cenent to the HCM bitunuls developed a United Btxyunt 
of cohesion but the slunp was very poor.    The naterial 
sloughed instead of flowing. 

d. It was found with SC-2 that nixturec containing h to 10 per 
cent liquid asphalt did not hcrden but renained crunbly.    The- 
nixture cont'inlng SC-5 was plrstic r.t roon tcnperatiire but 
was staffer -nd had riore cohesion than the SC-2. 

Si.-cussion 

22.    The results of the underwater slunp tests show that for a ^iven 

nixture the  slunp In water is consistently less than the slunp in air. 

For exnnple,  with no cddltlve  (first line in table 5)  the slunp in air was 

5.2 in. where-.s the slunp in water was only 2.2 in.,  c difference of 3 in. 

In general,  the nixes reported in table 5 nalntaincd their fluidity through 

the 1-hour delay period.    An exception was DuPont Product BC.    A vigorous 

reaction,   which occurred when the slunp test was nrdc irnedlatcly after 

nixing,  produced considcrr.blc fluidity.    The reaction was considerably 

less after "• 1-hour delay and the delayed .-lunp test showed a resultant 

lower fluidity.    The Vel soap produced a nix which stripped excessively. 

The other nixes reported in t^ble 5 were reasonably satisfactory fron the 

riatatf 
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ct.-ndpoint of croalon reelotoncc r.nd stripping, Adzolxturcs of steoin and 

'.."■.tor produced foanlnc of the aspht It but the forninc period VüG very 

chort. The mixed prepared uolnc L^ykold were nuch leso catiafactory than 

those prepared with atr-il^ht asphalt cement. The mixec incorporating 

enulclonfl r.nd slov-curlng cutbacks did not develop aatlcfactory cohesion 

and hardness under water. 

23. Fron an over-all standpoint, the results indicate that none of 

the additives produced a significant increase in the fluidity of the mix- 

tures in the 1-hour delay test. More significant changes in flow character- 

istics could be obtained by increasing the asphalt cement content. In 

general, any increase in fluidity obtained by the use of additives could 

be equalled or exceeded by increasing the asphalt content by 1 or 2 per 

cent. There were also indications that an aspholt content of more than 

10 per cent would be required to obtain the desired texture since cracking 

and poor texture occurred at 10 per cent and less asphalt. 

simulated Bogge Dumping Tests 

2h.    A review of the results of the slump tests in air and water 

revealed that tests vere needed covering a much wider range of asphalt 

contents. It was also considered that the method of placing the material 

in the cone and raising the cone, allowing the material to slump, was not 

realistic. The procedure described In paragraph 1^ was used to simulate 

b'.rge dumping. 

Effect of asphalt content, heat and eggregate gradation 

25. The radiccl change in clump test procedure and the need for 

covering c wider range of asphalt contents necessitated re-determination 
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of the bade  Blump curves.    This vac done by the oinulctcd barge dunp pro- 

cedure c.    The surface area of the vat vac eufflclently Irrge to allow 

placement of nlxturea covcrlne the entire range of acphalt contenta from 

about 10 to 90 per cent be-fore renoving the water for obaervatione '.nd 

rhotocraphe.    Mlxturec were prepared with coarce and fine river bar oand 

and 89 penetration acphalt cement.    Mix tenperature0 veire 200°,   300°,  and 

^25° F,    The reoultt; of these teste are  chown In table- 6.    The data In- 

clude  clunp neacurenent (fron the original cone height),ne-aaurenent of 

the  cpread,   density of the nlxture  In place- and pertinent observations. 

Plots  showing the effect of heat,   asphalt content and aggregate gradation 

on slump under water are presented on plate h.    The effect of asphalt 

content and Aggregat«- gradation at a normal mix temperature are shown on 

the- figure to the right and the effect of mix temperature on the fine 

send nixes appears on the figure to the left. 

26.    Effect of asphalt content.    It may be noted in table 6 that 

when the asphalt content was 15 to 20 per cent, depending on aggregate 

gradation,  the- macs tended to pile up rather than to spread and form a 

mat.    Unifom spread was obtained between 20 and ho per cent asphalt. 

Plate h shows that a sharp increace in slunp occirred with increasing 

asphalt content up to 20 to 25 per cent asphalt.    The slump increased 

slowly beyond this point,    opecinens with an asphalt content above hO 

per cent consisted of smaller and smaller inner rings of fairly uniform 

mat encircled by larger and larger outer rings of water filled blisters. 

Density and stability decreased sharply.    Mixtures placed at the norn"! 

nix temperature- tended to float when the- asphalt content reached 60 to 

80 per cent.    Photographs 7 and 8 are views of these jpecine-nc just after 

: 
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wr.tcr wcc rcnovcd fron the vat.   Rcoultc of theoe b^cic tcoto,  Ineofor co 

they crjx be cvrJu^.tcd without concldcrr.tion for volunc, ulopc, and depth 

end velocity of water, Indicate that the critical. n.Bphalt content ic be- 

tween 20  -.id kO per cent. 

27. Effect of heat.    Table 6 and plate h  (plot on left)  also ehow 

the effect of heat on cand-acphalt nixturer plrced under water«    The  clunp 

vduco of Ulxturea containinc asphalt contentc within the   critical r-sißL 

of 25 to 30 -re reaconably the erne at the nomrl nix tenperatui'c of 300° F 

and at the very high teaperaturc of 1+25° F.    Clunp decrcaoea nli^htly at 

200° F.    The two .:triklnr differences that developed by vcryinc fron the 

nonicl nix tenperature were (a)  the (dicrp decrcace in denoity at 200° F,   and 

(b) the rough nat with blictorc at relatively low acphalt contaitn resulting 

fror, excessive heat at 425° F.    Specincns placed at 200° F rrc shown In 

photocrapha 9 cod 10 and those placed at ^25° F appear in photocraph 11. 

28. Effect of aggregate gradation.    The grain size of aand n.ggreg-te 

effects the underwater clunp chnracteriotlca of a oand-acphalt nlxture 

within the critical range of asphalt contents.    The ficure on the right 

side of plate k chowe that the fine sand requires about 5 per cent nore 

asphalt than the corroe send to produce the cane mount of clunp until the 

rsphalt content appro ache o 25 per cent.    That 1c.  the ornc clunp value 

(8.1 in.)   is obtained at 25 per cent acphalt with fine cand and 20 per 

cent acphalt with coarae cand.    The difference beconee conaidcrably lees 

at hlßher asphalt contentc.    Practical application of theoe data la that 

gradation of the oand to be uced nuct be dctcmincd before the ninlnun 

asphalt content required to provide adequate opread and coverage can be 

cclcctcd. 

*mM 



19 

Effect of Eenetratlon gr&de of asphalt 

29. Slunp curves were llkcvlcc developed by eltwlated barge dumplnß 

for i.ixturec containing asphalt oenent vith penetrations ranging fron 50 

to 300. The clur.ip neasurenents, denclty detennlnations end. observations 

are shewn in table 7; sluup curves for nixtures containinc fine sand ap- 

pear on plate 5. It nay be noted on plate 5 that clunp curves ore sub- 

stantially the sane for all penetration grades tested. Hovever, table 7 

reveals that the resulting nat had broken coverage at relatively lov 

asphalt contents vhen the penetration exceeded 100 to 150. Routine tests 

on the varioue grades shoved that for penetration of 50 to 150 the 

ductility exceeded 150, vhereas for penetration of 150 to 300 the 

ductility dropped to 112 to 123. The tests indicate that the asphalts 

of the softer grades vcre less ductile and nore brittle than the asph'lts 

of lover penetration. Photograph 12 is a view of the apecinens containing 

200-300 penetration asphalt cenent showing poor coverage above 30 per cent 

asphalt. On the other hand, no broken coverage was observed when the 

pcr.ctratlon was between 50 and 100. Spccinens containing 50-60 penetration 

asphalt cenent ore illustrated in photograph 13. Only a limited anount of 

broker, coverage resulted when using the 100-150 penetration grade and 

those breaks were in spccinens having asphalt contents of 50 per cent or 

:;ore. These data indicate th'-t 50 to 100 penetration asphalts are nore 

satisfactory for underwater placenent than higher penetration grades of 

•sphalt. However, asphalts fron other crude sources nay not be in 

"grcer.ent with these data. 

Effect of size of Pass 

30. A united laboratory study of the effect of the size of the nass 
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was nr.dc by approximately doubling the volume of the inverted cone fron 

172 to 35° cu in. A alunp curve was developed at nix temperature of 

300 F with a nixture oi fine sand and 35-100 penetration asphalt. Values 

were almost identical with those obtained with the snaller aass and the 

resulting nat was of about the ocne texture for a given aophalt content. 

It was decided to perform the remainder of the laboratory testa with the 

smaller clunp cone because of the cinilar re cults and the additional 

dumping area and material required with the larger cone. 

Effect of other grades 0f acphalt 

31. Roofing and waterproofing asphalts were tested as possible sub- 

stitute c for the average asphalt cement because of the advantages contem- 

plated in the field from their high softening points. The roofing 

asphalt had a softening point of 195 and penetration of 25 and the water- 

proofing asphalt had a softening point of l60 and penetration of 32. 

Determination of underwater slump values was difficult in both cases be- 

cause the material had poor slump characteristics, practically no flexi- 

bility, and yet the mass would collapse upon removal of water from the 

vat. However, it was determined that clump values were somewhat less 

with waterproofing asphalt than with the average asphalt cement and 

considerably less with roofing asphalt. A view of specimens containing 

roofing oophalt is shown in photograph Ik. 

32. Two products of the American Bitunuls Company were tested for 

use in mixtures for mass underwater placement. The recommended proportion 

of 65 per cent hot "spha.lt cement and 35 per cent La.ykold (cold tempering 

fluid), when nixed with fine sand, produced a nix temperature of only 190 F 
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and al'-imp mcr.taircncntc vcrc quite lor. Cold HV bltunulc (r-.r-ld brcklnf, 

cmulclon) w c mixed with hot o'r.d -nd tht. rccultln," nix tcopemture w-c 

.".bout 170° F. Strlpplnß occurred when nlxturcrs cont^lnlnG 1'j  to 30 per 

cent of thic enulslon wore dunped under vater,'nd tectln^ yr c  -b'-ndencd, 

Tlio producer was notified of this condition and referred the problen to 

its physical research in.boratory. The laboratory concluded that r.vnulol- 

flcation took place nnd that it ni^Jit rlso take place In 0 less severe 

manner with Laykold. The introduction of about 1 per cent 'lunlnun 

sulphate (concentrated solution), based on the weight of aephrlt cencnt, 

was recomended. Tests were then repeated with Laykold and alunlnur. 

sulphate. The slump MOB  QTcatly increased over previous tc ota but 

continued to be considerably less thnn with asphalt cenent and the 

rcsultinc undenmter mat renained soft and unstable. Tests with HV 

bltuuula and olisulmBS sulphcte additive indicated that the strippinc 

condition could be corrected but that slunp neasurenents wer», quite low. 

These low slunp values have been found for all nixtures tested when the 

final nix tenperature was below 200° F. 

33. A product of the Berry Asphalt Conpany known as "Baro-Mix ' v.o 

rlso considered for underwater placenent. Tills product has a neltinc 

point of about 150° F, penetration of ^0 to 50, and specific .«yvity of 

1.2k.    Satisfactory spread and coverage were obtained at 30 per cent 

asphalt and at a nix tenperature of 300° F. Densities were conewhat 

higher then those obtained with regular asphalt cenent. However, the 

specimens were nuch leca flexible (cracking was observed) --nd the r-ive 

cf acceptable asphalt contents for a desirable «at wa:: nuch nore Halted 

than with asphalt cenent. 
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Effect of vet srnd In nix 

3^ • A altanp curve wao developed for an average asphalt cement and 

vet, fine sand at 150 F. The Intended usca of this mixture, if proved 

cLCceooful, are for underwater mats with high asphalt contents and dike, 

levee, and dom conatruction with low aaphalt contenta. The main intent 

la to eliminate the heating of the aand agcrcgate. Mixturea containlnc 

up to UO per cent aaphalt had to be forced through the elump cone and 

clump value a were extremely low. Foaming occurred when richer mixec were 

prepared. The alump VQB inadequate for an underwater mat in all caaea 

r:nd about kO  per cent asphalt vis  required to develop any appreciable 

fluidity in air or under water. £inall-acalc field testa on vet aand mixea 

are aubacquently deacrlbed. 

Teata with admixturea 

35. Testa vlth sodium chloride ac an admixture were limited to mix- 

turea in the range of 15 to 30 per cent aaphalt since prcviouc reculta 

had indicated that the moderate improvement in slump cauacd by thia ad- 

mixture could also be obtained by a email addlti.nal mount of aaphalt 

cement. Previoua laboratory teats at low aaphalt contents (10-12) had 

indicated that the introduction of about 3 to 5 per cent aodium chloride, 

baaed on the aaphalt content, moderately increaced fluidity. The addi- 

tional teats with aodlun chloride indicated negligible fluidity benefits 

in the rriic^ of 15 to 30 per cent aaphrlt cement. 

36. A United number of underwater alump tcota with fuel oil 

additive indicated that the fluidity of the basic mixture could be 

greatly Improved. Vlacoalty toots had ahowed that about 10 per cent fuel 
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oil appreciably increased the fluidity of the asphalt cement itself at 

reasonable mix temperaturec.    Adequate curing wan obtained with rich mixes 

when as much as 5 per cent of the fluid portion was fuel oil and with lean 

mixes when up to 10 per cent   "uel oil was used.    Fue]  oil content exceeding; 

these nmountn caused the mix+ure to remain unstable and to continue to 

spread over the bottom of the vat for more then a week.    The introduction 

of fuel oil produces a cutback asphalt; therefore it was decided to con- 

duct a few slump tests with conmercially produced RC-2 and SC-3 cutback 

asphalt for comparison.    Some of the asphalt and mixing oil separated 

from the mass and appeared on the surface of the water as globules.    This 

action continued until coveraße was unsatiufactory.    Deterioration was 

more severe with the SC-3 than with the RC-2.    No detailed laboratory 

testing progrrn utilizing fuel oil as an additive was entered into since 

the use of this material in omall-scale field testa in connection with 

invcctlGntlon of the patented process was planned.    The results ere 

described later. 

Suixinry of simulated barge dump test: 

37-    Laboratory underwater slump tesLs simulating barge dumping and 

covering a wide range of asphalt contents indicate the trends listed below. 

The trends are based principally on results of teats with fine river bar 

sand since it is more generally available for river-bank paving.    Coarse 

sand was used for i omparison in only a portion of the testa.    All data 

are based on hot mixes using dry sand except as otherwise noted. 

a.    Mixtures containing over 30 per cent asphalt cement with 
an average river bar sand produce irregular mats having 
water- and/or air-filled blisters; the density decreases 

• 
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sharply with increaslnG asphalt content. 

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

c. The minimum asphalt content required to provide adequate 
spread and coverage is directly dependent on the gradation 
of the aggregate in the mix.    For the two aggregate types 
teyted,  about 5 per cent more asphalt Is required with fine 
sand than with coarse sand. 

d. Asphalt cements with penetration from 50 to 300 produce 
substantially the Game slump for a given asphalt content 
(above 15 per cent)   at average mix temperature of 300° F. 

e. Adequacy of coverage varied with the penetration grade of 
asphalt cement in the mix, although the spread (slump)  was 
about the same.    Coverace was complete and uniform at the 
critical asphalt content of 25-30 per cent when penetration 
was 50-150,  but breaks were detected in the mat when pene- 
tration grade exceeded 150. 

f. Increase in mix temperature from 300° F to above ^00° F 
does not improve the fluidity and is detrimental to the 
texture of the resulting mat.    Decrease in mix temperatures 
from 300° F to 200° F lowers fluidity and density of the 
mass.    The 300° F mix temperature appears best for under- 
water placement but remains to be confirmed in the field. 

LI' The use of cold wet  sand in lieu of hot dry sand (mix 
temperature 150° F)   greatly decreases the fluidity and 
necessitates increasing the asphalt content to approxi- 
mately 50 per cent to obtain spread and coverage. 

The use of waterproofing and roofing asphalts in lieu of 
straight asphalt cement is not satisfactory because of the 
lower slump values obtained at a given asphalt content. 

The use of emulsiflod asphalt in lieu of straight asphalt 
cement is not deslrr.ble because of the lower slump values 
obtained at the lower mix temperature and because of the 
jusccptibility of emulsified asphalt to reemulciflcation 
and stripping. 

No additives wrrc found that satisfactorily improved the 
fluidity of a sand-acphrlt mixture within the range of 
asphalt contents required to develop a relatively thin 
mat,  with the possible exception of fuel oil.     (Curing 
chrracterlsties of fuel oil were investigated in the field 
as subsequently described.) 

- 
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PART IV:    FIELD TESTS 

Small-scale Field Tests 

38. Field tests on as large a scale as the Waterways Experiment 

Station facilities permitted were conducted for the purposes of provinc 

the validity of laboratory tests and of extendinc the scope of the study 

to include larger masses and as many variables as possible.    It was not 

considered feasible to construct model facilities which in any way ap- 

proached river conditions nor was it considered practical to use model 

scales and transference equations to estimate from ar.all-scale tests 

what might happen in the river.    Many influencing factors cannot be 

fully investigated by small-scale tests.    Among these are method of 

placement,  depth of placement,  velocity of the water,   size of macs, re- 

quired thickness of mat,   and coverage difficulties due to irregular 

slopes.    Such factors will require investigation under actual river 

conditions.    However,   it was expected that certain tests would Indicate 

probable behavior in the river,  and it was considered that if an idea 

were  shown to be unworkable in small-scale tests it could be assumed to 

be impracticable for use under the more severe conditions which occur 

in the river. 

Tests in ditches 

39. Test.".    Initial snail-scale field experiments on mass under- 

water placement were made in shallow ditches.    The main objective '..-as to 

observe the performance of plant-produced nlxturca covering a wide  range 

cf asphalt contents prior to large-scale placement at N'tchez IsQcnd 
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Chute,   where the protection of about TOO ft of subaqueous "bank vith a 

cand acphclt mat WEG contemplated.    Excavation of the ditch vac accorrolishcd 

by a ditching machine.    Ditches vith a width of 2 ft,   a depth of fron 2 

ft at one end to h ft at the other,   and D grade of about 0.5 per cent vere 

conctructed.    Several nethodc of placenent vere considered but dunpint; 

fron a truck into a dry ditch appeared to be the nost practical for this 

cericc of teste.    The shallov (2 ft deep)  end of each ditch vac prepared 

for dry dunping by placing a steel plate,  to cerve ac a gate,   6 ft fron 

the end thus providing about 32 cu ft of dunping space.    Water vac then 

placed to various heights in the lover ends of the ditches.    Thus a head 

vac available to accelerate flov of the nass vhen the metal plate vac 

rai ced. 

hO.    Mixes for teots in the ditches were prepared at asphalt con- 

tents of 20,  50,   and 80 per cent.    Mixes vere produced in a central 

asphalt pleat at tenpera-t-urec of 300° F or belov.    The asphalt cenent 

ujed had penetration of 85 to 100.    The majority of the nixes were nadc 

vith fine s:.nd of the srne gradation as that used in laboratory tests. 

Tests vere nr.de at 80 per cent asphalt with line stone dust,  the  sane as 

that used for nineral filler in asphaltic concrete nixtures,   and vith 

b-roid dry.    This clay has a specific gravity greater than k and vas 

used in an effort to increase the  specific gravity of the nix and avoid 

flotation,   if possible. 

kl.    Results.    Results of the ditch tests are sunnarlzed in table 

6.    It nay be noted fron the table that test dunpc prepared vith 20 per 

cent acphclt vere Bade vlthout causing any flotation vhereac nixes con- 

taining 50 and 80 per cent asphalt  segregated in the truck bed,   foancd, 
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and produced excesslrc to conpletc notation vhen placed at rcr.ooncblc 

nix tcriperr.turcs.    In certoin cciec-r,  the nixing ttoc at the plant vaa 

extended to lover the tenporatiirc veil belov SDQ0 ¥.    TbAz nixinc action 

produced i nciEC vhich,  though nomaU.y much heavier than wr.ter,  contained 

enough entrapped r.ir to force it bock to the surfece- of the water oc toon 

na it passed under the steel goto.    Fhotogrcph 15 is o vlev of the 20 per 

cent ciaphdt nix after rcnovd of voter fron the ditch.    The roue-- texture 

rnd nonunifom coverage nr.j he noted.    A vicv of the 5'0 per cent asphalt 

nix,   shoving floating naterial as it cools end cinkc,  ic chovn on photo- 

graph 16.    The 80 per cent ocphclt nix,   shoving initirl flov on top of 

the voter,  is illustroted in photogroph 17.    Mixtures contoining 80 per 

cent asphalt rnd either linestone duct or brroid r.cted in the s-ne non- 

ner. 

k2.    Iniic-ted trends.    P.esultc of this linited nunber of teste in 

ditches,  odnittedl:.- conducted by procedures not conprroble to barge 

iunping on the river,  do,  hovever,   she., the folloving trends: 

a. A nixture containing 20 per cent asphrlt cenent end fine 
crjid con be dunped ootisf-ctorily but is not sufficiently 
fluid to develop r. relatively thin rnd -unifom nat. 

b. Mixtures contrJning 50 per cent or nore osph'lt cenent 
cannot be placed satisfactorily under nom'l field condi- 
tions (nix tenperrture of 300° F)  becouse of the flotation 
difficulties, 

c. A nixture contr.iniiig 60 per cent -.oph'lt cenent,  even vhen 
c special n^gregote hc-nvier thm the avernge sand ir used, 
ennot be expected to sink vhen dunped thro'iigh voter. 

d. Considerable scgregotlon tries plr.ee in nixturee contlning 
pC per cent or nore cspholt betveen the tine of nixing -t 
the pl'Jit rnd dunping.    This vr.s evidenced by the 1'rce 
mount of sand left in the truck ted -fter d-inping,  tnd v..- 
substmtir.ted by extraction tests. 
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e.    Mix tcnperaturca beconc ncre critical aj the acphalt con- 
tent ie increaced,  and extended nixing to lover mix tenperc 
ture prior to dunping Is unsatisfactory in that air voids 
in the nacn are increased. 

Teste in eloped pitc 

^3-    Testa.    The Dost extensive Email-scale field testing vac con- 

ducted in pits prepared with a bulldozer where dunps wore nade fron a 

trick onto 1 on 3 slopes.    All ulxturec were prepared in the central 

asphalt plant and the size of the nasa was held constant at one ton. 

Placcnent was acconplished by quickly releasing the nass fron a dunp 

truck and allowing it to fall on a dry upper bank and flow under water 

into place.    Asphalt contents ranging fron IG to 30 per cent were  se- 

lected on the basis of results of laboratory and initial field tests. 

Regular hot sand-asphalt nixes and nixes produced by a patented process 

were tested.    The regular hot nix consisted of 95 to 100 penetration 

asphalt cenent and river bar sand.    No nineral filler or additives '„'ere 

introduced.    The patented process was included to dctemine if the 

resulting nix wae nore fluid than the regular hot nix at on equcl or 

lover asphalt content.    The fluid portion of the special nix consisted 

of 65 to 100 penetration -sphalt cenent with snail mounts of fuel oil 

and raited bv.f tallow.    These liquids were placed in a dispersion cbonber 

into which stern could be injected before the liquid portion was intro- 

duced into the pug rJll with the hot send.    Plant alterations required 

to produce  th.se nixes were United,  the naln change being to connect 

the asphalt end ste'n lines to the dispersion chanber. 

--.    P.-suits.    Twenty-six l-ton batches were placed under wntcr in 

this series of tests.    Thirteen batches were rerul-r hot nixes and thirteen 
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batches were produced by the patented process. Results and observations 

are shovn 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 175° F would not flovr and were 

diccarded. Mixtures placed at a temperature of more than 300° F caused 

excessive temporary flotation, and when the material did sink, the resulting 

mat was irregular and rough. It was almost Impossible to distinguish the 

various asphalt contents when the water was removed from one pit where 

very hot mixes had been placed. However, flotation was negligible when 

mix temperatures were between 230° and 295° F, and the different asphalt 

contents were easily detected. Typical views of mats produced by hot 

mixes and the special mixes at varlou.- asphalt contents are shown by 

photographs 18 and 19, respectively. The mixes appearing on photograph 10 

fron left to right are numbered "hot mix" 11, 10, 9, and 8, respectively. 

In table 9. The mixes in photograph 19 from left to right are numbered 

"special mix" 9, 10, and 11, respectively, in the same table. 

^5. Discussion and rnalysis of results. The principal phase of  . ,  

this series of tests was concerned with evaluation of the regular hot mix. 

For the average fine river bar sand, the results Indicated that c minimum 

of about 25 per cent asphalt Is required to obtain satisfactory spread and 

coverage when placed under water. The minimum percentage of asphalt might 

be reduced to about 20 per cent if a coarser sand is used. The fluidity 

ircreases sharply when 30 per cent asphalt is Introduced into the mix, but 

under certain conditions the mass tends to float temporarily. Furthermore, 

the density of the mass begins to decrease rather rapidly. Also, the 

mat is soft and continued flow with a resulting reduction In thickness of 
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the mat can be expected to take place if the mat is exposed during low 

water. No additional flow was detected in these field tests as long as 

the mat remained submerged. 

k6.     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- 

sippi River ComDiission and the Waterways Experiment Station as well as 

the data in table 9 and photographs 16 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 k, 

and there is no indication that the incorporation of steam produced either 

greater linear flow or coverage than was obtained with the regular hot 

mixes. 

1+7 •  Varying percentages of fuel oil and tallow were included in the 

mixes containing 25 and 3^ 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 for mass 

underwater placement. Large-scale placement of such mixtures in the 

river therefore was not recommended. 

Tests in moving water 

kQ.    Ttrsts in crtek. A limited number of trial dumps were made 

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

ment. The results of the tests in sloped pits were used as a basis for 

■ 
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these tests.  Three 1-ton batches of regular hot mix (25, 30, and kO  per 

cent asphalt with fine sand at about 2k0o  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 t^sts in creek.  Placement of the three mixes was 

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

a mix temperature of 2h0o  F even when the mass contained kO  per cent 

asphalt. The 25 per cer.t mix was not appreciably affected by the cur- 

rent, and the mass produced a dense mat approximately 3 in. thick extend- 

ing across the creek channel. The 30 and kG  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 chcnnel was 

rolled off to the side by the current. The exposed bottom of the mat 

showed that it had seated itself in tne 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 

tnickness, stability, density, and ability to resist displacement by 

moving water, the least possible amount of asphalt in the mix that will 

providt. adequate spread and coverage is the most desirable in moving water. 
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50. Test in model.  One half-ton batch of the 25 per cent mix at 

2U0o F wac 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 2k  shows the resulting mat. 

The point of dumping and the water level at tne 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 final average thickness of about 3 i-n-    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 

the water and exposure to sunshine the material softened and continued to 

flow. 

Summary of small-scale field -ests 

51.  In general, results from small-scale field tests were in 

reasonable agreement with laboratory test results. Results relative to 

comparable influencing factors were as follows: 

a. Fine river bar sand containing about 25 per cent of 85 to 
100 penetration asphalt cement, which was the most prom- 
ising mixture developed in the laboratory, proved to be 
tne most satisfactory in the field. 

b. Increasing the size of the mass from 11 lb in the labora- 
tory to 2,000 lb in the field had no appreciable effect on 
observed trends. 

c. Mix temperature of the mass in field tests was more criti- 
cal than in laboratory tests.  Laboratory mixes were sat- 
isfactory from 212° F to more than 5CC0 F, whereas field 
mixes could be placed most satisfactorily between 212° and 
250c F, with reasonable success fro::. 250° to about 300° F, 
but witn little success above 3OC0 F. 

/ 
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Thicknesses of underwater mats placed in the field were 
somewhat greater than those placed in the laboratory for 
a given aspnalt content. For the 25 per cent mix an 
average thickness of 1.5 in. was determined in the labora- 
tory while in field pLacemant the thickness varied from 
2 to 3 in. 

No 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 paragrapn 'jk,  consideration was given to the 

possibilities of preparing and placing plant-prcduced asphalt mixtures 

where the sand was not dried or heated. Plant mixes were first prepared 

and dumped on the ground for observation. An aggregate bin was filled with 

fine sand that had been run through the dryer as cool as possible, coming 

out at 225u F. A trial batch with this dry sand containing 5 per cent 

asphalt cement had a temperature of 255° F. Batches containing 5> 10; 15> 

20, jO, and kO  per cent asphalt and having mix temperatures between l650 

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 

moisture content of the sand averaged about 5 per cent. The mixtures 

appeared to be quite uniform with the asphalt cement 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 sunshine, and the particles appeared to be coated. 
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Batches containing 60 to 80 per cent asphalt were produced oy placir^ cold, 

v;et sand from the stockpile Into the pur; mill and elovly introducing the 

asphalt in small increments. Foaming was unavoidable, 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 

several heavy rains there was no evidence of stripping. The leaner mixes 

had become quite hard, whereas mixes containing kO  per cent or more asphalt 

remained flexible. 

Test under water 

53. A mix of 50 per cent hot asphalt and 50 per cent cool, wet 

sand (1,000 lb) was produced in two 500-lb batches and placed under water 

".n a sloped pit (observations included in table 10) . The mix temperature 

was 200° F and the initial volume, because of foaming, was equal to the 

volume of the truck bed of a l-l/2-ton dump truck. However, the mass 

subsided to half that volume in the course of transporting the load from 

the plant to the pit. Dumping on the dry bank in the same manlier as with 

regular hot mixes v/as satisfactory, with no appreciable flotation. The 

pit v/as dewatercd a few days later, and the coverage was found lo  be 

uniform, measuring IS  sq ft or the equivalent of the U0 per cent asphalt 

nix 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, determined from a sample obtained on the slope, was 

07 lb per cu ft as compared to about 105 lb 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 slope produced an J 
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overlapping on the lover portion of the- nat.    This ovcrlappinc extended a 

fev Inches into the water where it chilled arid stopped. 

Indicated trends 

5^.    Results of teats with nixturcs containing vet sand indicate the 

foliovine: 

a, Th, use of vet sand in sand-asphalt Mixtures for levee,   dike 
and dan construction is unsatisfactory. 

b. The use of wet sand in sand-asphalt nixturcs for underwater 
mats is likewise unsatisfactory.    Tba onount of asphalt 
cenent required is excessive and the rccultinc nat is lov 
in density and subject to excessive flow when not oub- 
ncrned, 

Lar.inatod Dike Expcrinentr 

In node]. 

55 •    Special procedure.    An experinent was conducted to detcmlne 

the feasibility of using a botton-dunp barge to discharge a load of 

saturated sand covered vlth a thin layer of sand asphalt into water in 

successive lifts,   thus constructing a laninated dike.    A wedne-chaped 

botton-dunp netal box,   3^ in. long and oeasuring 15 in.  across the top 

and 8 in.  across the bottom,  was used for placenent.    The box was equipped 

with a netal partition to provide separate conpartnents for wet sand and 

for sand asphalt.    Trial dunps were nade with several proportions of sand 

asphalt to  sand.    The  sand asphalt consisted of 50 per cent asphalt ce- 

nent  (85-100 penetration)   and ^0 per cent dry sand and was dur.pod at nix 

tenperature of apjroxlnately 2k0    F.    A sand-sand asphalt ratio of 95-15 

was selected for use in construction of a anall dike by nakinc successive 

dunps in noving water.    The netal box in dunpinc position is shovn in 
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photocraph 25.    The oend conpnrtnent ic on the upctrenn aide end the 

naphelt conpnrtnent 1c on the dovnatrean aide,  cinulntlng thu proposed 

uethod of barg«, dunplnc, 

56.   Plnccncnt nnd obcervationc.    Dunpc vlth the nctal box vcre 

nade fron one position near the outolde bank of a node! bend.    Ihe nodel 

vr.a in operation at bonkfull stage and at average velocity of 1.5 ft per 

nee.    Succeoolv d unpc vcre nade until the dike extended above the vater 

Hue«    The nnjorlty of the oand nophnlt cettled on the crovn nnd dovn- 

atrean rpron of the dike.    The mterltl thnt did flov toward the up- 

atrean aide tended to roll up and double baok over the top frou the 

effect of the current.    The entire eurface area (above and below water), 

upon completion of the final dump, vas sealed with 0 relatively heavy 

and thick treatment of sand aephalt.   The area between the crown of the 

dike and the bank wao built up with the eane Mix to prevent further 

occur and the model was kept In operation for about one hour.    Portions 

of the sand aephalt on the upstream and riverside aprons of the dike 

rolled up and the sand underneath began to wash away.    Thio Indicates 

that a thicker and more otable seal Is required to -eep thz dike Intact, 

assuming that succeooive lifts of sand and sand asphalt would stay in 

place until the sealing could be accompli shed.    Photograph 26 is a view 

of the dike after removal of the water.   The size and final slopes of 

the dike, as well as the change in bank line, can readily be seen. 

•Riree tube samples taken from different sections of the dike Indicate 

relative thickneoocu of oond and cand-asphalt strata.    Views of the three 

sliced tube samples are shown in photograph 27.    The top of the sample 

la on the left side in each cr.ce.    Tho clean sand that appears on the 
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rl^ht in each oomple la from the bed of the atreom beneath the dike. 

57. Discussion of reoulto.    The aand-^nnd aaphalt dike experiment 

showed that It was poaolble to place a laminated maos under vater, but the 

difficulties Involved In auch e placement cannot be overemphasized. 

Furthermore, the durability of such a maso, aaauming that it can b" pi-op- 

erly sealed, has not been determined.    Large-acale placement In the river, 

where oboervatlona can be made under actual field condltionc over a 

period of time, will be ncceaaary to develop construction techniques and 

to study Influencing factors that could not be conaidered in a small 

model.   An actual experiment in the river waa made in cooperation with 

the New Orlcano District and engineers of the MiaBiaalppi River Commission 

and is dlecusacd briefly in the following paragraph. 

In river 

58, The full-acalc experiment In laminated dike conatruction was 

made in the MlBBisaippi River during December 19^9 near the upper end of 

the cxiating revetment at False Point.    The experiment w .a almilcr to the 

one conducted in a model at the Waterways Experiment Station.    The main 

differences were:    (a) dumping in the river waa accomplished with a 2-1/2- 

ton truck equipped with a baffle plate to separate sand and sand asphalt; 

arid (b) the sand asphalt was replaced by pure asphalt cement containing 

about 15 per cent powdered sulphur (specific gravity of 2+) to add weight 

and insure sinking.    Bend teats in the laboratory had indicated that this 

amount of sulphur did not seriously reduce flexibility,  and penetration 

testa indicated that as much as kO per cent sulphur could be incorporated 

without causing the membrane to be too brittle.    Succeaslve dumps of vet 
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cand. and 5-10 per cent aaphalt and aulphur were nade fron one position at 

the end ol" a borce until the dike extended approxlnately 2 ft above water. 

No attenpt wac made to ceal the anall naüa clncc  It vac not laroe erKiiich 

to ocrvc any practical purpocc    The plant cot-up and a vlcv of that part 

of the dike which is above water ^rc chown in photo^aphc 2^ '.nd 29» 

recpcctivcly.    The top layer of acphalt that ruiy be accn in p'^otoLr-.ph 29, 

as well ae the layers beneath,  Is only a fraction of an Inch thick.    It has 

not ac yet been determined if auch thin layers of asphalt can hold larcc 

volume c of oand in place for any length of time.    A ccnple of the aophr.lt 

and sulphur blend waa obtained during the experiment,  and the specilic 

Gravity was found to be 1 .Ik.    It vac noted during the final dumps above 

water that the asphalt tended to float temporarily before flovinc into 

place under water.     It is believed that the asphalt layers of the macs 

should be thicker and heavior if n stable mass of this type ic to be 

expected. 

On creek bank 

59.    Placement of ouccecsive layers of wet  crnd and asphalt-sulphur 

wa;j undertaken during the fall of 1950 on a creek bank at the Vatervoys 

Experiment Station for the purpose of observing the behavior of the 

materials.    Placement was accomplished on a dry upper bank and the 

materials were allowed to flow into a shallow pool of water.    A 2-1/2- 

ton truck was equipped with an asphalt container  suspended above the trll 

^•atc and all sand was dumped prior to releasing the acphrlt to insure 

lamination rather than mixinc.    The asphalt-sulphur mixture contained 

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

' 
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hcr.vlcr thnn vr.tcr,    Thu 'nount of Gophrlt-oulphur rclcccd vith cr.ch 

lord of wet sind missed fron 6 to B per cent by vclght.    Photocrrph 30 

llluotratcc the acthod of pl-cerxnt.    The crcv. of plrccnent T.d the ofulp- 

ncnt uced nr.y rdao be- obocrrod. 

CO,    The- declrcd laun-.tion wna effected In the oorlicr durip!.-.    However, 

difficulties vere experienced in placiiv* the thin nembr^ne over the larccr 

aurface nrea as the size of the mass increaaed.    Each load of sand dunped 

fron one location tended to disrupt the previoua laninatione.    The eand 

piled up at the top of the bank and most of the asphalt flovcd to the 

lov?cr part of the dike.    Photofraph 31 is a view of the partially completed 

dike.    The entire surface area was sealed with asphalt after the final 

truckload vas placed.    The average slope of the dike was 1 on 1.5 to 1 on 

2.    The maas continued to slouch during the next twelve hourn,  and the 

seal was broken on the upper porticn,  as illustrated in photoemph 32. 

The asphalt that did not sink during placement (5 per cent of total rxiount 

placed) can be seen in the foreground.    This flotation was attributed to 

entrained air from contlnuou3 circulation at 350° F in the anphalt 

trailer tank as well as to the fact that the aaphr.lt-nulphur was only 

clichtly heavier than vater.    The pool of water wac rcleraed to expece 

the lower cxtrcritiec of the dike.    The rapid drawdown had very little- 

effect on this vcll-acalcd area,  as may be noted in photograph 33. 

6l.   Much of the asphalt flowed across the creek channel within 

five days after placcncnt and formed on apron 3-^ in. thick,   as shown in 

photoßraph 3U.    It nay also be noted that the seal on the lower half of 

the dike broke rnd the mass flattened out and asauncd the approximate elope 

of the natural bank.    The lower half of the dike was rcsealed,  covered 
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vlth sand to nlnlElzo flow,  end left In thic condition for obscrvctlon. 

',?..    The dike vas oubjeoted to concldcrnblc r.ttack vlthln thirty d-.yc 

by water that ccne over the aplllwtiy froc the Vctcnugrt Expcrinent Stotimi 

lake follovlnc •- heavy rain.    The ticphalt-culphur apron icrocc the creel: 

chcjinel vas noved by the overfiov cunxnt and aoet of the cand In the 

lover part of the dike leachod out.    Ihe condition of the dike after the 

attack nay be observed In photograph 35. 

C3.    The natcrlaln and procedureo uoed In theee teste did not produce 

a ctlcfactory Innlnated dike becauoe (a)  as each layer of sand woe dunped, 

It dlcrupted the asphalt ecol on the prcccdlnr layer,  and (b) the cand ac- 

.-•uned on one' -' of repose when dunped vhlch '^as too steep for pernancnt 

stability,  nnd slouching occurred for a period of rcvcral days vhlch dis- 

rupted the asphalt nenbranco. 

64,    The tvo naln difficulties experienced vi-.h the -ophalt-sulphur 

•..•ere that the txubrane was not bonded to the underlying sand layer,  snd 

the Bsterial was not heavy enough for pl-.cencnt through water.    btORlabtlM 

of the Bat tfter cooling  showed that where the send wtc Included within 

the asphalt It was not coated with asphalt Indicatlag that no bond wr.c 

obtained.    The -sphalt-sulphur nlxture had a specific gravity of about 

1.3 which vould clve a density of only 80 lb per cu ft If it were a 

complete solid.    The ln-place density averaged 70-75 lb per cu ft because 

of entrained air.    The density vas about the sane in eone cases as that 

of water,  as evidenced by the flotation that occurred.    The observations 

node durinc slnilar placement in the river (paragraph 58)  in regard to 

the need for a heavier membrane were Bubstantiated in this test vhere 

the behavior of the material could be more readily observed. 
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T^RT Y:    URGE-ZCrlZ ?U.:U&.T: 

CS).    Only a United orsovjit of cxpcrlnentatlon In connection vlth 

I'Tcc-oct-Lc niss T-lCiCcnent In the river has been ticconpllahed to date. 

Therefore, cany Inlluenclnc factors renaln to be Inyeetlc^tcd.    Hovevcr, 

sevcrtJ inprovcnento In -ondervatcr construction and In asphalt nlxturc-s 

have been accocpliehcd since the bcclnnlnc cf this Invcstlc^tlon vhlch 

arc considered vcrthy of rientlon in this report.   This office did nc*. 

neceasr-rlly participate in the actual placcncnt but did nake observations. 

c6.    One najor chance in the type of placerxnt equiprxnt described 

in pararrr.ph 2 is applicable to the construction Itcns subsequently set 

forth.    The botton-dunp  ccov barce havlnc two hoppers vas rerlcccd vlth 

a hotter.-d-jnp borce havlnc six bins.    The doors at the bottoc of each 

bin are 8 ft by 1? ft and are designed so that the botton vill be dry 

vhen the btfge is enpty.    The d\a3ps arc nade by bins rather than by 

bar^-e and no sand cushion is required since each bin is dry.    Hovevcr, 

the bins are not leakproof and vhen rather rich nixes vere used it vas 

necessary to place layers of lean sand asphalt several inches thick ever 

the doors before introducing a fluid nix. 

Dike Construction 

6?.    An asphalt croin or dike vas constructed In lyh* on the east 

b-jik of the Mlssicsippl River at the lover end of the existing revct- 

nent at Fitlc-r Bend (river stctlon ^68.3).    Construction vas acccnplished 

during high vater and the dike consisted of tvo tlerc.    It is understood 

that the lower tier vs placed under vater fron a botton-dunp bcrQe end 
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tht.t the upper tier v.c placed vlth a cl-nchcll r.bovc v-.tcr.    The dike 

core csr.clcta cl" loeel river bnr CTTA zrA '.bout 5 per cent ccphnlt cenent, 

ind the core 1c acrled with a rather thin tre-tnent of c richer nix 

(cpproxln-.tcly 15 per cent -.ophalt cetJent).    A protective r.pron v.a -lao 

placed 'round the dike vlth thlc richer nix,    I-hotocr-'-ph 36 sl.jvs the dike 

durlnc low vater In 19^9•    Photo^r'^ph 37 1c a clocc-up vlcv nhowinc et 

portion of the seal on the lover tier dlopl-ced.   couc crr.cko ctn be seen 

in the core, but It lo understood that these have exictcjd since construction 

md -re not ^ettlnc ^n^- vorsc.    The dike ves apparently effective in shift- 

ing the current avr.y fron the brjik. 

ri'.cer.cr.t of ExrcrlrxntU G'r.d-'.sphtlt Mixes 

^8,    Experlnental dunps of sand asphalt coverln,': a wide range of 

asphalt contents vere nade during high water (U6.C ft on Natchez ga^e) 

in Natchez Island Chute in February 19^9.    Approxlnately 700 tons of 

nix (nainly in 25-ton batches)  vere placed for the purpose of detemlnlng 

flow pattern for use in revetnenta.    Asphalt contents ranged fron 10 to 

60 per cent, with the najority of the batches containing 20 per cent. 

The average nix tenperature was 250° F.    Dunplng was satisfactory vlth 

up to 2C per cent asphalt in the nix.    leaking occurred at the bin doors 

when the nix contained 3^ per cent or nore asphalt,  and there waa consider- 

able flotation when the naaa was dunped. 

69.    An inspection trip was nade to the alte during the low water in 

Novenber 19^9.    There waa a conalierable heicht of dry bank to obaerve but 

only scattered snail areas covered with sand asphalt could be seen.    Bank 

slopes vere very irregular,  beinc vertical In nany places.    A close-up 
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vlev of a section of the bank vhcre placerxnt of the 20 per cent nix vac 

nade la ohovn In photonraph 38,  Indicating quite clearly the  steepneoo and 

Irregularity of the slope and condition of the bnnk.    The noct apprrcnt 

observation Is that the bank was too otecp for pl'-.cecent of any type of 

■-sphalt uat.    A large orount of the asphalt that vr.a placed probably 

settled further down the slope.    Nevertheleoo,  poor coverrße of the 20 per 

cent asphalt nat found above water wns noted,    A cnnple taken fron the 

ink had a thickness of about 3 Inchcc,  was rather brittle,  and had the 

typlcrlly rouch surface of o nat that did not contain enouch asahnlt to 

provide unlfom spread.    At another point alone the bank -where  the ho per 

cent nix was placed, only a few mall areas were found where the nat was 

In place.    This fact nay a<jain be attributed prlnarlly to the steep slope 

on which the natcrlal was dunped.    The nat was one Inch thick,  quite 

flexible,   and had a fairly xiooth carfacc.    It appears, on the basic of 

the  construction dat-'   and these United obcervatlons,  that a nore unlfom 

'nd flatter slope I* required for placenent of a cand-acphalt nix and 

that the nix (with local river bar sand)   should contain !.ore then 20 per 

cent asphalt.    If It is detcmlned that nore thickness Is required,  which 

oeenc probable,  thl^ can I. acconpllshed by addltlon-.l dunpe. 

unden/ater -lacerxnt Et Fr.lcc Point 

70.    In Deoctibcr 19^9 underwater placenent was accoi;pllched during 

low water at four critical points upstreoQ fron the existing revetnent 

at F-lse Point on the Mlaclsslppl River.    A gcnerol vlev of the  rrea,  with 

the  asphalt plant in the background,   is shovn In photocrr.ph 39.    The 

nrrovc indicate the four natural cpurc which vcre covered with a 6- to 
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12-inch thlckncac of Band asphalt in 19^^. Bnnk recession thr.t has tnken 

plcc betwen the spurn crn be rcdliy :.ccn. Indicating; that attack was 

severe at the In-short ends. Curveys Indicate thnt considerable scour also 

took plp.Cu out fron the bank tctveen the spurs. The sand asphalt was 

placed on the spurs to arrest bank recession and prevent flonkln/r action 

or. the upstremn end of the revetment. The cand orphalt that can be seen 

above water on each of the four points wns ploced by clanchcll to nlnlnlzc 

nloufhln^ of the bank during underwater placement. Information relative 

to the sand-asphalt mix placed under water la presented In the next 

p-irncraph. The performance of the rehabllltetcd cpurs after another 

period of hlßh water (1950) was not encouraßlnf. Loco of bonk and asphalt 

at the In-shori. ends continued. A general view of the rreo after the 1950 

hlch wotcr ie shown in photoßrr.ph UC. Tht.  picture was taken from approxi- 

mately the some position as photograph Y)  (upctrcrm edge of revetment) in 

order that general comparisons could he made. A mall area of the existing 

revetment at the upstream end was lost in 1950. A view of this failed 

Tea is shown in photograph Ul. Maintenance engineers have concluded that 

nr benefits can be expected from underwater mass asphalt placement of the 

type employed at this location in 19^9. Articulated concrete mattress has 

been placed at the failed upper end of the revetment in an effort to 

;:tabilire the bank at that point. 

71. The Waterways Experiment Station, upon request, reconnended 

that Q minimum of 20 per cent asphalt cement (85-100 penetration) be used 

with loc1! river bar cand for the spur reinforcement placed in 19^9. 

Previous placements, with the exception of experinents dcrcrlbed in para- 

graphs 68 rnd 69, had been confined to mixtures containing not more than 
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16 to 18 ptr cent ncphr-lt.   A ulx contr.inlnc 20 per cent cophnlt vr.c ap- 

proved vlth Q request that the rnount of ccgrcßatlon In tsuch n vlx ht 

dcteruined during plrcencnt.    Srjipleii were taken at vcrlouc depths In 

the bine of the barpe about two hourr after nlxlnß nM Jurt prior to placo- 

ncnt.    Keculto of extraction tcoto Indicate that cefjreprtlon does take 

place bvit that It 1B not exceoolvc.    Aephr-lt contents of naterlal placed 

In a bin to a depth of about 3° In. were found to be about 21 per cent 

ct 6 In., 20 per cent at le In, 18.5 per cent at 18 In., and 1? per 

cent at 30 In.    A United nunber of ln-placc ccxiples were recovered with 

a wire backet In from 2r> to 85 ft of water and from 12 to 25 ft from t^t 

center of thf dump.    The averace density of the mass WP.T 112 lb per cu ft 

and the asphalt content was In reasonable acreement with the 20 per oent 

Introduced at the plant.    Accurate detcrmlnatloi.a of thickness and surface 

appearance were not possible because of tho distorted shape of this 

plastic material upon recovery by wire basket.   The extent of cpread and 

coverage resulting from placement of this mix la also undetermined.    It 

le believed that pattern nompllnc,  rather than a surface elevation survey, 

will be required to determine these factors,  but such sompllnc has not as 

yet been attempted.    The nearest approach to date has been 0 divine In- 

vestigation conducted at another site and discussed In paragraph 73. 

Underwater Placement at Natchez Island 

72.    The asphalt plant,  acceccory equipment,  and forcea used In the 

placement work at False Point,  were ordered to Natchez Island late In 

Dceemb-r 19U9 because jf L break In the revetment.    The original revetment, 

the placement of which was completed during the fall of 19^9, was 
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conjtructcd with convention.'.! concrete nattrecc on both the undcrvotcr bonk 

•.nd r r-.ded upper benk.    An attempt to repair the failed area of about 500 

ft wes Eodc by placing under water nore than 6,o^Z cone of Band acphalt 

containing 20 per cent acphalt cenent along 1,000 ft of bank in a pattern 

^ccicncd to provide a continuouc mat.    The cpacinc of the underwater dunps 

(ucually 50 tone fron each of six bino on barce)  waa such that,   theoreti- 

cally,   3 tona of cand aaphalt vere placed per square.    Thio volunc v:ould 

produce an average thicknece of about 6 in. for an ectinated denalty of 

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

(10 per cent asphalt cement) were placed by clamshell alone the upper bank 

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

for an average thickness of about 8 in. 

73.    Placement at Natchez Island was essentially the same as at 

:•  lec- Point from a mechanical standpoint.    The river was rising sharply 

at Natchez Island 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 asjhalt blanket.    The 

divers,  equipped with probing bar and small drill, began their observa- 

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

They operated from a tag line and made observations at 10-ft intervale. 

Comnenta differed greatly and observations were limited in many cases but 

a rather definite pattern can be discerned at all of the points investi- 

■ -ted.    The following analysis was made from the observations. 

a.    Spread and coverage.    Covera;je over the theoretical area 
that averaged 200 ft in width  (shore to thalweg)  was very 
irregular.    Thickness in the shore connection a.vercged 8 
in.    Thickness in the next 50 ft was in excess of the 
ectinated 6 in., but probings were not extensive enough to 

" 
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dctemine noxinun thlckneao. It vas noted that the steep 
elopes within this ^O-ft  distance were not conpletely 
covered. Thicknecc in the next 115 ft, where the slope- 
was flatter and Korc uniform, averaßed 2-3 in., and no 
breaks in coverage were observed. Observations over this 
distance were difficult to nake since a layer of sand hed 
been deposited over the asphalt. No asphalt was found in 
the next 35 ft (near thalwc-ß of river) of the area that 
was supposed to be covered. It is a natter of conjecture 
as to what happened to the asphalt which was dunped to 
cover this area, also to the 3-^ in. of asphalt which is 
lacking in the nat innediatcly up the slope. 

b. Surface condition. The diver referred throughout his con- 
nents to "rough" asphalt, thin in places and in large chunks 
in others, He was seldom able to drill through the asphalt 
but could locate "crevices" and probe through. Thus, the 
material was apparently too brittle to form a solid mat, 
indicating that more asphalt was needed in the mix to 
obtain the necessary plasticity. The brittlenecs or lack 
of adequate flow properties seems to account, in part, for 
the broken coverage. 

c. Irregular slopes. The average slope from the landslde to 
riverside limits of the asphalt was 1 on k.5.    However, 
the main drop in elevation is within a limited area near 
landslde. The slope Is also very Irregular in this 
area. The diver stated several times that he went down 
a slope of 1 on 1 to 1 on 2 and then had to go uphill be- 
fore continuing on to more uniform and flatter slopes. The 
broken coverage was more pronounced in these irregular 
areas and can be attributed to steep and Irregular slopes 
as well as to the poor flow properties of the asphalt as 
described in the preceding paragraph. 

d. Overlying scud deposit. A layer of sand from 6 in. to ^l 
ft thick formed over the asphalt mat on the flatter slopes 
between the time of placement and observation (2 or 3 days) . 
Also, it was found that a layer of sand existed In many 
cases, between the asphalt and the concrete mattress. Thus, 
it is apparent that unstable river-bed conditions must be 
reckoned with regardless of the type of mat used. 

7^. The over-all picture regarding the underwater sand-asphalt nat 

at Natchez Island is not too encouraging. The mat nay provide better and 

longer protection than is evident at this time. Surveys after one year 

indicate that the mass has remained intact and is serving its intended 

< - , 
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purpose. However, the ohcci.ationn indicate that consideration should be 

Given to the folloving: 

a. The asphalt content should be increased to about 25 per cent 
(dependinc upon gradation of the sand) to improve the flow 
properties of the mixture and thus obtain more complete and 
uniform coverage. An increase in the amount of secregation 
in the barge will result, but it is believed that some de- 
crease in uniformity of the mix is warranted to gain the 
advantages of a richer mix. The actual degree of segregation 
should be determined in the field. 

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

c. Methods must be devised to prevent loss of asphalt in deep 
water near the thaiweg of the river. 
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PART VI: GEHERAL REVIEW AUS ANALYSIC 

Accomplishmcnt g 

75. 'I^c. Gchcmc chosen for preccntlnG data on euch a broad cu^Jcct 

makcG advisable a ccneI:,al review to cum up the knovlcljc Gained Trom 

various sources. The results of the laboratory teats ".nd cnall-ccalc and 

larce-scale field tests concerned with each specific objective of the 

investication are analyzed collectively in the following parncraphc, v-itli 

a view toward arriving at loclcal conclusions. Briefly, the knovled^e 

gained recardinß those specific objectives set forth In paragraph h  follows 

plus the results of tests of two proposed innovations in construction 

procedure -- use of wet sand mixes and construction of laminated s'.nd- 

asphalt dikes. 

Effect of varying the quantity 
of asphalt cement  

76. The entire range of asphalt contents was given consideration in 

this study with an average asphalt cement (85-100 penetration) and vlthout 

consideration of the economic aspects cs regards the rmount of asphalt. 

Initial testing was concerned with rather lean mixtures (8-12 per cent 

bitumen), but it was soon determined that none of these mixtures vere 

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 were to be indicative. Thus, tests of asphalt contents fron ""dmlt- 

tedly low to 100 per cent made possible the detection of disadvantages of 

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

quantity. All tests conducted were considered, from small amounts of 
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antXTiol in the laboratory to l^rcc nr.ooeo in the river,  r.nd it nppears 

that core thr.n 20 per cent and less than 3° per cent asphalt cement is 

required to provide the moot satisfactory nattreso obtainable in a hot 

sand-asphalt mixture for underwater protection of river banks.    The 

exact amount is dependent upon the ßradation of the sand accregate.    The 

limiting values are based on numerous observations of the poor performance 

of (a)  the leaner mixtures owinp to poor flow characteristico, and (b) 

richer mixtures owing to insufficient thickness,  flotation difficulties 

and lov atrength or resistance to disintegration. 

i 

Effects of mixing and 
placing temperatures 

77. 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. Tests conducted in air on very lean mixtures and under 

water on successively richer mixtures indicate that temperatures of U00o- 

^50° F not only fail to improve fluidity but in many cases lower it. In 

addition, the surface of the resulting mat becomes rough, there is always 

the danger of burning the bitumen, and there is a strong tendency for 

the mass to float temporarily when the mix contains the required amount 

of asphalt. Decrease in mix temperature to below the boiling point of 

water or about 200° F substantially lowers the fluidity and density of 

the mass as compared to 300° F. The mix temperature of larcc masses in 

field tests was more critical than that of small masses in the laboratory. 

Laboratory mixes pcrforued aotiafactorily from 212° to more than 300° F, 

whereas field nixos had to be in the order of 21+0o F to function properly 
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et the crltlcrl r.nplTilt content, A mix temperature of 250° F, plus or 

minus 25 , in recommended on the basis of observations of placement of 

one-ton batches since no extensive study of this factor has yet been made 

vlth larger massec. Hovever, limited observatlono of river placement In- 

dicate production of the mixture at 3^0° - 3250 F to be satisfactory as 

the material then idll not become too cool for dumping about an hour or 

F0 later. 

El feet of penetration 
rrade of asphalt   

78. Penetration grades of asphalt cement ranging from 1+0 to 300 and 

other types of arpholt having penetration of less than hO  were used in the 

laboratory but not in the field. Results of slump tests were coreldered 

conclusive enough to limit field testing to the use of an average asphalt 

cement (85-IOO penetration) . The conclusive results are, briefly, as 

follows: (a) penetration grades of less than about 50 substantially re- 

duced the fluidity of a sand-asphalt mixture and caused it to be brittle; 

(b) penetration grades between 50 and 150 provided optimum fluidity of 

the mixes (plate k);  and (c) penetration grades above 150 produced mixes 

which gave poor coverage. The penetration grade is not as criticol as 

the asphalt content. The 85-100 penetration grade that has been most 

used in river vork to date appears to be quite satisfactory. It is be- 

lieved that, for general use, this grade should bo considered as the 

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

Admixtures 

79. The luprovcncnt In fluidity gained by incorporating snail 
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muountc of an admixture was negligible in most cases, beinc equivalent 

to the addition of about 2 per cent asphalt.    Steam and fuel oil as 

admixtures vere investigated in plant-produced mixtures that were placed 

under water in eloped pits and again the results were negative.    Less 

fluidity resulted at rather low asphalt contents than with the basic 

mixture, whereas some improvement was noted when about 30 per cent 

asphalt plus the additives was used.    However,  tha over-all analysis 

indicated that a cpecial process of injecting steam into the mixture and 

including a small amount of fuel oil was not warranted.    It was concluded, 

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

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

not justified by the results obtained. 

Effects of aggregate gradation 

8n.    Only two aggregate types (plate l) were utilized in this study. 

Most sand aggregates available on river bars are similar to or grade be- 

tween the two sands used in the study.    The aggregate gradation controls 

the amount of asphalt needed to produce a satisfactory mix.    The varia- 

tion in asphalt content was only about 5 per cent for the range of grada- 

tions shown on plate 1,  so it can be seen that the gradation is not 

critical. 

Effect of dropping mixtures 
en masse through water  

81.    This item iß a rather broad objective,  and it has not been in- 

vcetlgated fully because of limited observations of large-scale placement 

in the river to date.    It was quickly determined in the laboratory that 
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difference in alur.p chnrcctericticc betvecn plccenent in r.ir md throußh 

vater wes of considerable nagnltude.    Thia was assumed to be caused 

partly by the rnpid cooling of a snail naso;  subsequent placencnt of nuch 

larger nasses proved that the anount of asphalt in the nix controlled its 

behavior and that differences in cooling effects verc negligible.    The 

effects of placenent through relatively deep water and in currents having 

high velocity have not been adequately detemined. 

Sluplification of 
underwater placenent 

82. It is not considered that a conplete invescigotion of this factor 

has been nade because of the United anount of placenent in the river to 

date.    The final nethods enploycd for placenent in the laboratory (insulated 

clunp cone with sualler orifice equipped with trap door and placed just be- 

low water level)   and in anall-scale field tests with facilities available 

to the Waterways Experinent Station (placencnt by dunp truck into sloped 

pits, nodcl,  and on creek bank)  are considered adequate for the purpose 

they were to serve.    Large-scale placenent in the river was accelerated 

and apparently inproved by changing fron the old-type, botton-dunp barge 

having two partially s ibnergcd hoppers to the new-type b^rge having six 

bins that are free of water. 

Feasibility of the use of asphaltic products 
other than asphslt cenent  

83. Asphaltic materials other than standard asphalt cenentc were 

tested in the laboratory.    None of these naterials were tried in the field 

because of the negative results obtained in the laboratory.    Results of 

tests with typical products developed by the asphalt industry may be sunned 

' 

—* 1     i d^m^^KmM mä 



% 

up ao follovo:    (a) hard asphalts  specially prepared for vaterprcofinc 

snd roofing vork decreased the fluidity of the sand-asphalt nlxuure con- 

siderably;  (b)   olov-curing liquid asphalt and rapid- and Eedium-curin^ 

cutback asphalts of various grades are not acceptable because of their 

susceptibility to stripping when placed under water and because of 

separation of the asphalt and nixing oil;   (c)   zll emulsified asphalts 

tested,  including slov-curlng, rapid-curing,   and specially prepared nixet 

with admixtures,  were inadequate because of stripping or poor flov 

characteristics.    Thus,   none of the types of asphalt other than asphalt 

cement are recomended. 

Wet  sand nixei 

St.    The expense of heating and drying sand for a sand-asphalt mix- 

ture has been a matter of concern vhere large masses are involved and 

this prompted a limited amount of testing on mixtures made with vet sand. 

It was determined that mixtures of cool, vet sand and hot asphalt cement 

could be produced in the laboratory vithout too much difficulty and in 

the field by considerably altering the plant set-up.    Hovever,   it vas 

found in both cases upon experimentation that the sand vac not coated 

thoroughly with asphalt.    The temperatures of the leaner mixes vere low 

and the resulting mix vas not sufficiently fluid for placement.    An excess 

of asphalt (UO to 50 per cent as compared to 25 per cent with the regular 

hot mix)  ves required to obtain fluidity.    The mat produced by these rich 

nixes dumped from a truck vas thin,   lov in density,   and vulnerable to at- 

tack by heat from the sun vhen not  submerged.    Therefore, mixtures prepared 

with wet sand are not recommended. 
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Laalnated dike 

55.    Attenpts vere ruide to construct a lecinated structure consistinf? 

of successive layers of vet  sand and thin asphalt menfcranes.    The  structure 

vould he used for the oane purpose as any other type of dike such as the 

nass sand-asphalt dike at Fitler Bend,  discussed in paracraph 6? and il- 

lustrated in photorraph 36,    The prirary objective vas to develop a nore 

econonical structure than vas possitle with sand asphalt by elininatin^ 

heatinc the sand and by reducing the total tcount of asphalt in the mass. 

Trial dumps of sand and "heavy" asphalt (sulphurated)  vere nade fron 

double-conpartaent,  botton-dunp boxes into a hydraulic model,  fron 

divided truck beds into the river,   and fron trucks equipped vith asphalt 

containers onto a creek bank.    Satisfactory results were not obtained in 

the tests.    The linited cnount of testing to date precludes the projection 

of the relative- nerits as conpared to mass sand asphalt. 

Unrealized Objective 

66.    The- linited 2nount of field vork acconplished to date has 

assisted greatly in detemination of those properties of the asphalt 'fix- 

ture that vill give the best coverage when dropped in a nass unier -»rater. 

It is believed that these properties have been adequately detemlncd and 

that the best possible asphalt nixture for developing an underwater nat 

has been attained.    However,   it should be pointed out that determination 

of the best nixture for ouch a purpose does not insure that this type of 

revetnent will function properly.    Additional largo-scale placenent, 

detailed survey and/or scnpling thereof,   and observation of nat perfomance 

over a period of tine    are necessary before factors such as thickness. 
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strength or resistance to disintegration, and deformabillty in conforming 

to river bed irregularities 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 recommended 

mlnlmun because the desirable properties of the mixture will be forfeited. 

- 
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PART VII: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

87. Data collected during tests on sand-asphalt mixtures, in combina- 

tion vith observations made during the test period by the various engineers 

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 spreading and coverage characteristics. Use of 
coarser sand will permit this percentage to be lowered two 
to five points, but when the sand contains a considerable 
amount of silt, the percentage must be raised two or three 
points. 

b. The mix temperature of a sand-asphalt mixture at time of 
placement is rather critical. It should in no case be less 
than about 225° F, and a maximum of about 275 F is recom- 
mended. Higher temperatures do not improve fluidity but 
rather encourage flotation and cause the resulting mat sur- 
face to be rough. 

c. The asphalt cement should be of penetration crade between 
50 and 150, with preference for the average 85-100 penetra- 
tion grade. This Qraie  is not too soft to allow broken 
coverage because of poor ductility and yet is soft enough 
to withstand considerable hardening with age. 

d. No admixtures proved satisfactory for improving the fluidity 
of the nixeo. 

e. AcßrecateG covering 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 being to adjust the asphalt content for a jiven 
gradation. 

f. A sand-asphalt nixture can be dropped in a larQ-c mapc throuch 
a considerable depth of water and develop a mat having 
satisfactory coverage, within certain linitatlonc. Place- 
ment should be on rather smooth slopes that are not too 
steep. The nixture must contain enough asphalt to provide 
adequate spread. Placement chould be accomplished in 
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rolatlvoly low current velocities with low turbulence.    The 
effect of cooling on the size of the raaas normally used ie 
negllglblo.    The effects of placement In currents having 
high velocity were not fully determined. 

The present method of underwater placement by bottom-dump 
barge, though not the ultimate, appears to have promise. 

None of the types of asphalt tested In lieu of asphalt ce- 
ment were satisfactory. 

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

j.    Adequate procedures have not been fully developed for 
laminated dikes 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 enough 
for placement through water.    The weight of this membrane 
should be Increased so as to have a minimum specific gravity 
of 1.5. 

k.    Observation of the performance of a mass aand-aaphalt dike 
(Fitler Bend)  indicates the practicability of auch a 
material for underwater groina provided it is possible to 
place the mixture on a firm foundation. 

1.    The adequacy of sand asphalt for underwater revetments with 
properties as recommended on the basis of this investigation 
cannot be fully ascertained until large-scale placomenta 
covering a wider range of conditions are made and observed 
over a period of years. 

Recommendationa 

88. It la recommended that future underwater placement of sand 

aaphalt be studied and that careful evaluation of the effectiveness be 

made after placement by survey,  aanpling and observation of performance. 

89. It la  recommended that the poaaibillties of utilizing a heavier 

aaphalt,  such as asphalt-barold,   in the mix be  Investigated,   on the baaia 

of the difficulties experienced with sand-aaphalt mats having low density. 

IHM 
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Mix doaign could be accorapllahed In the laboratory but evaluation of 

performance would have to be determined under actual field conditions. 

- 
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Table 2 

LIST OF ADMIXTURES TESTED 

Name Producer Bemrks 

Acetic Acid 

Alum 

Calcium chloride 

Cutback asphalt  (BC-2) Drawn from stock 

Fuel oil 

Fuel oil, beef tallow and 
steam 

Laykold 

Vel ooap 

62 

American Bltumuls Co., 
Baton Rouge, La. 

Suggested by Miss. River Conmlaslon 

Considered for comparison with fuel 
oil 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 

Nopoogen 12-0 Nopco Chemical Co., Fata or compounds with fatty bases. 
Nopcogen 20-0 HÄrrlson, N. Y. recommended by producer 
Nopcogen 20-T following Inquiry suggested by 

Miss. River Conmlaslon 

Product BC DuPont Company, Catlonlc active agents suggested 
Product QB Wilmington, Del. by the producer In reply to 
Retarder LA Inquiry 

Resin, Abal^n Hercules Powder Co., Resin modifiers suggested by the 
Resla, Hercolyn Wilmington, Del. Lion Oil Coinpany 
Realu, Flexalyn 

SC-2 Lion Oil Company, Considered prlnnrlly because of the 
3C-3 El Dorado, Ark. possible desirability of slower 
3C-5 curing 

Steam or wter     

Sodium chloride   Suggested by Miss. River Commiaaion 

Sodium phosphate   Suggeated by Mlas. River Commlaelon 

Sodium silicate   Suggested by Miss. River ComiiaBion 

Stoarlc acid     

Tall oil, crude Arizona Chemical Co., Use In combination with sodium 
Panama City, Fla. hydroxide and water. Recommended 

by producer In reply to inquiry 

Tar (RT-6) Drawn from stock   

Tar (RT-IO) Drawn from stock   

Tuffklay Tuff alt Inc., 
Pittsburgh, Pa. 

Soil grout uaed In paste form 

Detergent suggested by Miss. River 
Commiaaion 
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Coarse sand 
Coarsa sand 
Coarsa naod 
Coarsa iisad 
Coarsa sand 

Coarsa aaod 

Coarse sand 
Coarsa sand 
Coana sand 
Coarsa sand 
Coarsa aaod 
Cowsa saod 
Coarsa sand 
Coarsa saod 
Coarsa sand 
Coarsa sand 

Coarsa sand 

Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarsa sand 
Coarss sand 
Coarua sand 
Coarsa uand 
Coarse sand 
Coarse sand 
Coarse saod 
Coarss saod 
Coarsa saod 
Coarse saod 
Coarse saod 
Coarue sand 
Coarae sand 
Coarss saod 
Coarse saod 
Coarse saod 
Coarse sand 
Coarae aand 
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Ca 
Ca 
Coarse saod 
Coarae sand 
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Coarse saod 
Coarae saod 
Coarae saod 
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Coarae sand 
Coarse saod 
Coarss sand 
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Coaras sand 
Coarae naod 
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Coarae aand 
Coarae aand 
Coarss sand 
Coarae aaod 
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Coarse saod 
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Coarss aand 

Notes:    Jf~PeoetratloB of nil] 
l^rcaDtace baaad < 

Ml 
Tew. 

300 
300 
300 

300 

300 
300 
i:tn 
300 
300 
(06 
100 
,00 
too 
]00 
joo 
?00 

Ji» 

)00 
JOO 
JOO 
300 

100 
(00 
00 
300 
100 
3«. 

J00 
,00 
10U 
no 
3«) 

100 
JOO 
,00 
300 
,00 
300 
too 
)00 
«XJ 
oe 

300 
250 
loo 
100 
)00 
(00 
JOO 
300 
300 
900 
3uö 
,00 
30(, 

300 
,00 
850 
300 
JOO 
|00 

,00 
soo 
ynj 
|00 
loo 
300 
300 
100 
KB 
)00 
300 
,w 
300 
100 
300 
300 
300 
250 
300 
300 
250 
300 
300 
300 
300 
300 
300 
li», 

300 
300 
too 

j&: 
ROD« 

.■Ml.« cblorlda 

*llu« chlorite 
MUr 

TM. m-c 
TV,  PT-IO 
UykoU 
odlg« cblorlda 

V»l «o*p 
Val »amp 

-M'titit r»tarter I> 
^uTcnt rvtarter LA 
-Ui^nt product V- 

Duftmt product BC 
Duioot product QB 
Tkll oil 
.'odlia hjrdrailte 
Untsr 
.■■KJ) i« chlorite 
V«l  .■'■«I 
MMW 
Diu'cnt product ■& 
Uta 
TuffhUr 
Hodt«   HlllCAU 
DuPont prndact 4B 

Mstar 
All oil 
Hodtia h/droilte 
WaUr 
LuJ'ont  retai4*r U 
T*r, ffT-lO 
:k)dluB nlllcat« 
Acetic acid 
Tuffklay 
Tuffkla/ 

N'^^to 

0.5 .-; 
5 
I 

50 

» 
5 
5 
1 
3 
5 

Baaa taat for ä par "«at &]■*• 
aa: 1 emck* m atflM 

Imrm ervck* oa up «nd iltea 

DuPoot product (9 
l'Jodl\m phoapbat« 
Tar, RT-t 
»r, irr-io 

■Calclw chlorite 
Nona 
Calclua chlorite 
B«rcoljrti 
risnljm 

■«W m plvupbaU 
NODS 

"'"it « chlorite 
Acatlc acid 
-'odlim chlorite 
Vel soap 
DHfVBl product BC 
'■Jm.l product BC 
-'odluB chlortd» 
Tuffftla/ 
^odlua chlorite 
.'taarlc «eld 
Aba^n 
:'adtiM    hi     ! ta 
Acatlc acid 
''ul'ont  product BC 
.'odluB aillcata 
Tufflüay 
Val aoap 
Tuffhlay 

MM 
TuffUa; 
ac-5 
Nona 
■iudlis ^hotpbat« 
::odlua photiphat« 
Calcl« chlorld« 
Hooe 
WaUr 
Calclw chlorite 
V«l soap 
IfiJ'aai product K 
. "■lluai chlorite 
Fla»l^n 
Modlua chlorld« 
Abaljn 
MftBt prodxt BC 
Acptlc «eld 
-'odlua chlorld« 
HarToljB 
Ron« 
.   -ll » chlorite 
SC-5 J 
nodi« Hiiic«u> 
tMrlc  acid 
odlua chlorite 

Iiu^'ont product |C 
TuffkUy 

•dl ja nlllcnt« 
TUfffcU/ 
Val   ;toa^ 

5 
l 

50 
50 
0.5 

I 
10 
10 
0.3 

u 
9 
0.? 
1 
3 
l 
5 

it 
1 

l'j 

10 
3 

9 
5 

10 
5 

10 

0.5 

10 
1 
1 
1 

5 
10 
0.5 

10 
3 

10 
10 

nt approKlwtal/ 100 aicapt ifeara aotad 
1 of «aphalt  Is mil. a Ktcansl*« •«•U 

!.•••.   -rmtij aad ci«. 
Material    t-mtlj. «Ida« «li 
data.-tal    r M [j. alte* «l» 
lArga cracka,  llttl» eobaalt» 
'«ill crAck« oa adfla« 

rr«ck> <m «Ida« to lA-la.  te|*h, an:a««l*» Malle 
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Mil« cracks    ». -!*•■' 
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^-.:   twporary loenta««  In fluidity 
'rack«  to  f/it-tn.  depth   -i.  '   i   and «Idea, eiea««!»» awl^ 
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Material I»^»|| ■*<» -rf-i 
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'oiM cracking 
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■-mm cracking 
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during alstng; ueunllj dlnlnlnblng during «lu^ t«'* 
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6^ asphalt cement, 
300 F, 

5.3"iJi-   slump 

•» 

12^ asphalt cement, 
300 F, 

6.6-in. slump 

Ib^ asphalt cenxmt, 
30U F, 

7.9-in,   slump 

Photograph 5.    Appearance of typical slumped sand-asphalt mixtures dumped 
in air from slump cone 9-5 in. high 

75 Photograph 5 
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Photograph ?. Mixes of coarse sand aggregate and 85*100 penetration ao■ 
phalt cenK^nt In percentages noted, slumped under water. Placed at 300 F 
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Photograph 8. Mixes of fine sand aggregpte and 8>100 penetration as- 
phalt cement In percentages noted, slumped under water. Placed at 300 F 
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Table k 

SHJMP TESTE IN AIR 
CQMFARE3CK OF SELECTED ADMIXTURES WITH PENETRATION CKAEES OF ASPHALT CEMENT 

slump 
from 

Aaphalt Csment 9.5-in. 
Mix« 

Penetration 

100 

Admixture Cone 
Et/in. 

5.2 

i Type 

None 

JL Remarks 

10 Base test 
10 193 None " 5.9 Base test; Improved fluidity 
12 100 Nona -- 6.6 Base test 
12 193 ■ow -- 7.0 Base test; Improved fluidity 
10 100 Tuffklay 10 7.5 
10 193 •Puffklaor 10 7.1 No Improvement 
l"1 100 Tuffklay 10 8.0 
12 193 Tuffklay 10 7.8 No lqprovem»nt 
10 100 Tel soap 5 7.3 
10 193 Tel soap 5 7.3 No Improvenent 
10 100 DuPont Product BC 5 7.1 
10 193 DuPont Product BC 5 5.1 Decreased fluidity 
10 100 Sodium Chloride 3 7-0 
10 193 Sodium Chloride 3 5.3 Decreased fluidity 

Notes:       Coarse sand aggregate used In all testa, mix temperature wna 300 F 
for all teats. 

Percentage baaed on velgbt of asphalt in mix. 

Table 5 

SUMART OF UNDERWATER SUMP 
XROBKX AND STRIPPING USTS WITH SELECTED ADMIXTURES 

Simp Underwater sluqp from 
In Air 9.5-in. cone 
From 
9.5-in. 

Ht/ln. 
Tested 

Admixture Cone 
Et/ln. 

Tested Iwdlate- 
Ijr after mixing 

after 1-hr 
oven curing Erosion bM i* Stripping 

None mm 5.2 2.2 M Slight Trace 
Tuffklay 10 7.5 3A M Slight Trace 
Sodium silicate 5 7.3 5.1 5.9 Slight Trace 
Tel soap 3 7.3 5'3. ?«?L Slight Excessive 
DuPont Product BC 5 7.1 6.8° h.k* Slight Trace 
Sodium chloride 3 7.0 6.3 5.8 Slight Trace i 
Notes: 10 per cent of 90-penetratian asphalt, coarse sand aggregate and mix 

■bemperature 300 F used for aU tests. 
Percentage based cm wight of asphalt In mix. 
Vigorous reaction vhan placed underwater Innedlataly after mixing but 

considerably less after one hour delay, resulting in sharp decrease 
in fluidity. 
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Mbit 6 

omnwATER SUMP mm -- IFFBCT OF ASPHALT CCiniNT AMD EFFECT OF COARSE AMD FIMB SARD 

Sluap 
from 

Mix 5.5-lp. 
Cone6 

Avg. 
Asphalt'1 Aggregate Teq>. Dlam. Density 

* EW F Ht/ln. 

U.O 

In. Lb/cu ft Rewrks 

10 Coarse Band 300 Very poor spread 
15 Coarse sand 300 7.6 U.O 112 Poor spread 
20 Coarse sand 300 8.1 ll*.2 111* Fair spread 
25 Coarse sand 300 8.3 17.0 110 Satisfactory spread 
30 Coarse sand 300 6.5 18.5 107 Satisfactory spread 
ItO Coarse sand 300 8.9 22.5 88 Blisters fornsd 
50 Coarse sand 300 8.9 21*.0 83 Increased blisters 
60 Coarse sand 300 9.1 25.0 75 Increased blisters and flotation0 

15 Coarse sand POO 6.6 9.2 117 Poor spread 
20 Coarse sand 200 8.0 11.2 109 Fair spread 
25 Coarse sand 200 6.1 12.7 106 Satisfactory spread 
30 Coarse sand 200 8.1* 13.6 95 Satisfactory spread 
ItO Coarse sand 200 8.5 18.6 93 
50 Coarse sand 200 6.8 16.2 87 Decreasing spread; mat too light 
60 Coarse sand 200 6.1* 15.2 81 Decreasing spread; uat too light 
70 Coarse sand 200 8.3 11*.0 75 Decreasing spread; mat too light 
80 Coarse sand 200 6.0 12.7 69 Decreasing spread; oat too light 
90 Coarse sand 200 7-9 12.0 67 Decreasing spread; not too light 

15 Coarse sand 425 6.6 11.2 121 Poor spread 
20 Coarse sand 1*25 7.7 15.0 118 Fair spread but rough not 
25 Coarse sand 1*25 7.8 15.5 112 Fair spread but rough mat 
30 Coarse sand 1*25 8.0 15.6 — Satisfactory spread but rough mat 
40 Coarse sand 1*25 6.2 16.0 — Rough net and blisters formedf1 

50 Coarse sand 1*25 8.5 20.0 ... Increased blisters and flotation0 

15 Fine sand 300 0.5 .--. ... Practically no spread 
17.5 Fine sand 300 lt.2 — Very poor spread 
20 Fine nand 300 6.5 8.6 — Poor spread 
25 Fine sand 300 8.1 13.6 — Satisfactory spread 
30 Fine sand 300 6.3 15.1 — Satisfactory spread 
1*0 Fine aand 300 6.6 21.3 — Satisfactory spread 
50 Fine sand 300 6.7 23.0 — Satisfactory spread, blisters fornsd 
60 Fine aand 300 9.2 26.7 — Maximum spread, Increased blisters 
70 Fine sand 300 9.2 25.0 — Increased blisters 
Bo Fine sand 300 9.2 21.7 ... Increased blisters and flotation0 

20 Fine aand 200 6.9 7.5 106 Very poor spread 
25 Fine aand aoo 7.5 9.5 98 Poor spread 
30 Fire aand 200 7.6 11.1* 89 Fair spread 
1*0 Fine sand 200 8.3 11*.5 87 Satisfactory spread 
50 Fine sand 200 8.6 17.2 83 Satisfactory spread 
60 Fins aand 200 8.8 17.3 80 Satisfactory spread 
70 Fins aand 200 8.6 20.5 76 Maximum spread; oat unstable 
80 Fine nand 200 8.1» 15-7 71 Decreasing spread; mat too light 
90 Fine aand 200 8.1 1U.8 66 Decreasing spread; mat too light 

20 Fine aand 1*25 7.0 10.5 109 Pour spread 
25 Fine aand 1*?5 8.0 13.5 113 Fair spread; rough mat 
30 Fine aand 1*25 8.5 19.0 103 Satisfactory spread; rough mat 
1*0 Fine sand i*:-5 6.8 22.0 — Very rough mat; blisters formed 
•?c Fine sand 1*25 9.0 22.0 — Increased blisters 
60 Fine sand 425 9.0 22.5 — Increased blisters 
70 Fine sand 1*25 8.7 22.0 ... Increased blisters and flotation0 

Notoo: • 85-100 penetration 
Voluns of cone, 172 cu In. 

0 Flotation Indloateu that a part or all of the mix rose to the surface of the vater. 
More pronounced than at  300 F. 

i 
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Table 7 

IKDERUATES SUMP HZSXS - EFFECT OF PENETRATICK ORADES OF ASPEWT CEMEHT 

Slump* 
Aspbelt Ceneat from 

Pene- Mix 9.5-In. Avg. 
tration Aggregate lemp. Cone Dion. Density 

i (trade 

50-60 

Tree F 

300 

Bt/in. 

7.8 10,5 

Lb/cu ft 

115 

Bewks 

15 Coarse sand Fair spread 
20 50-60 Cooree sand 300 8,2 13.0 120 Satisfactory spread 
25 50-60 Coarse oaod 300 8.5 16.1» 112 Satisfactory spread and uniform aorerags 
30 50-60 Coarse sand 300 8.6 16.5 108 Satisfactory spread and uniform eorerag» 
1*0 50-60 Coarse sand 300 8.8 21.0 98 Blisters formsd 
50 50-60 Coarse sand 300 8.8 21.0 88 Increased blisters 
60 50-60 Coarse stand 300 9.0 22.7 79 Increased blisters and flotatlanb 

20 50-60 Fine sand 300 f 3 10.0 107 Poor spread 
25 50-60 Fine sand 300 8.1 lfc.5 117 Satisfactory spread 

.30 50-60 Fine sand 300 8.5 16.1* 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 23.1* 89 Increased blisters 
60 50-60 Fine sand 300 9.0 21*.1 82 Increased blisters 

20 100-150 Fine sand 300 6.5 10.0 107 Poor spread 
25 100-150 Fine sand 300 8.0 11*.0 106 Satisfactory spread 

?0 100-150 Fine sand 300 B.k 16.1* 105 Satisfactory spread and uniform corerage 
1*0 100-150 Fine sand 300 8.7 20.0 95 Blisters formed but no break in corerage 
50 100-150 Fine sand 300 9.0 23.1* -- Increased blisters and amnll breaks in 

ooTerage 
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 9.7 107 Poor spread 
25 150-200 Fine sand 300 8.0 ll*.0 110 Satisfactory spread 

,30 150-200 Fine sand 300 8.3 16.5 103 Satisfactory spread and uniform corerage 
1*0 150-200 Fine sand 300 8.8 23.2 "" Blisters formed and small breaks In 

coverage 
50 150-200 Fine sand 300 9.0 26.5 mm Increased blisters and more breaks in 

coverage 
60 150-200 Fine sand 300 9.1 27.2 mm Increased blisters and more breaks In 

coverage 

15 200-300 Coarse sand 300 7.8 12.7 117 Fair spread 
20 200-300 Coarse sand 300 8.3 15.1* 115 Satisfactory spread 
25 200-300 Coarse sand 300 8.5 16.9 109 Satisfactory spread 
30 200-300 Coarse sand 300 9.0 20.7 101* Satisfactory spread but break In coverage 
IfO 200-300 Coarse sand 300 9.0 21.1* 91 Blisters formed and more breaks In 

coverage 
50 200-300 Coarse sand 300 9.1 2l*.5 "- Increased blisters, more breaks In 

coverage, and flotation^ 
60 200-300 Coarse sand 300 9.1 21*.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 Fins nnnd 300 8.0 li*.9 110 Satisfactory spread 
30 200-300 Fine sand 300 8.5 21.2 103 Small blisters formed and awHl breaks In 

coverage 
fco 200-300 Fine sand 300 9.0 23.2 " Increased blisters and more small breaks 

in coverage 
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:    e Sluqp data for average asphalt cement (85-IOO penetration) is shoim on lable 6. 
b Flotation Indicates that a part or all of the nix rose to the surface of the vater. 
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Photograph 9.    Mixes of coarse sand aggregate and 85-IOO penetration as- 
phalt cement In percentages noted,  slumped under water.    Placed at 200 F 

Photograph 10,    Mixes of fine sand aggregate and 65-IOO 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--1-OO penetration as- 
phalt cement in percentages noted,  slumped under water.    Placed at 1+25 F 

Photograph 12.    Mixes of fine sand aggregmte 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 aggregate and 50-60 penetration as- 
phalt canent in percentages noted,  slumped under water.    Placed at 300 F 

Photograph lh.    Mixes of coorae sand aggregate and roofing asphalt (I80- 
200 softening point)  in percentages noted,  slumped under water.    Pieced 

at 300 F 
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Kiotograph 15•    Sand-asphalt 
mixture placed In ditch which 
was partially filled with 
water.    Mixture contained 20 
per cent of 85-100 penetration 
asphalt cement and fine sand 

aggregate 

Photograph 16.    Sand-asphalt 
mixture being placed in ditch 
partially filled with water; 
mixture is released from the 
reservoir at upper end of 
ditch.    This mixture contains 
50 per cent of 85-100 penetra- 
tion asphalt cement and fine 
sand aggregate.    Note partial 

flotation of mixture 
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Photograph 20.    Sand-asphalt mixtures dumped on creek bank and into 
flowing water.    Mixtures from left to right contain 25,  30,  and kO 
per cent 85-IOO penetration asphalt cement, respectively.    The 25 
per cent mixture is only partially visible at upper end of string 

line which indicates water election 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 elevation 

during placement 

Photograph 23 

8Ci 

Close-up of kO per cent mix  noted in photogrnph 20 
shortly after placement 
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Photograph 25. Two-compartment metal box used for making laminated dumps 
of sand and rich sand-asphalt In moving water. Water flowed from rear to 

front In making the dump. View shows upper portion of laminated dike 

Photograph 26. Conipleted laminated dike partially shown in photograph 25 
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b.  Downstream apron 

c. Riverside apron 

Photograph 27. Split-core eanplee of dike llluatrated in photograph 26, 
Tops of samples on left, clean sand from stream bed on right 
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Photograph hl. 
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Close-up of fniled arcn nt upstream end of False Point 
revetment in 1950 
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