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-~'Theé: present: invention: rélates to a bituminous

composition adapted for use in sea walls, break-
waters, ripraps, revetments; levees and the like,

It is generally known to construct- rubble sea

5 walls, breakwaters, ripraps, levees:and the like

by dlacing stones one above the other in irregular

courses. Reliance:is placed upon :the weight of

the stones .to Hold them inte a-fairly -compact

wall.. ' However, this type-of construction:is sub-

0" jeet to the‘destructi've”action of ‘large waves' of

water impacting against the wall' structure, . It

has not been uncommen for-large waves or swells

to 1ift. massive stones weighing many tons and

... and"to throw them :completely off ‘the structure;

13" thus resulting in g gradual and almost complete

destruction ‘of  the wall. Furthermore,. this type

of structure has sufficient amounts of voids which

bermit the waves to perietrate through and come

. Into contact with the sarth protected by the wall,

40 thus: causing  the receding ‘waves to' carty con-

siderable amounts. of the earth protected by the
wall. . Eventually, when'sufiicient amounts of the
protected: earth has been washed away, there will
_ bera settlement and consequent tumbling of the
25 rock: structure angd berhaps, an-almost complete
destruction of theses wall. Ses walls'and the like
are also subject to’ the destrictive action of im-
pacts of ‘floating logs. and similar ‘objects ‘tossed

. by the sea:against the wall: ERN
S50
‘ theforegoing destructive action by filling the voids

between :the stones with : Portland: ¢cement: con<:

crete. . However, the use of:Portland cement con-
crete: has proven unsatisfactory since sea.- walls

58" and: breakwaters are necessarily:subjected to con--
stant- motion ‘due. to their-unstable foundations.

and. their necessarily inflexible: construction.re-
sults in ‘breaking: of the bond: of concrete retain-
ing: the large stones:

or water:action. : ‘ : s
One of the primary objects of my invention:is

to correct the aforementioned difficulties and dis-
advantages attending prior sea wall, breakwater,
15 ete. construction and.to bresent-structures which
cannot be easily destroyed by wave or water action.

"Another object of this -invention resides-in‘an.,

asphaltic mastic’ or concrete adapted for filling
the voids of sea walls, ete. which ' is tough, dense,
50 adhesive, fexible and self-healing. ‘

It is ancther object of this invention to present
an asphaltic mastic or concrete having its ingre-
dients proportioned in such manner as ‘to present
a mastic or concrete of extremely high tensile

38’ strength and resistance to impact. R

“tremely high tensile

Repeated attempts have'been ‘made to prevent:

‘ Once this bond is. broken;-
10’ the sea-wall s subject to destruction by the ‘wave..

3 Claims.  (CL 106=31)

Other-ancillary objects of my invention will be
suggested in the following description taken from-
the drawing and in the uses to which my ‘inven-
tion is-put. - s :

Referring to the drawing: - ’ ‘ 5

Fig. 1 represents a series of curves-showing the
effect-of mineral fillers-upon the tensile strength:
of asphalt, ' - L e

Flg. 2 i5 a section of & sea wall or the like; .

~ In its broadest aspects; my inVention>‘COmprises 10°
a composition of matter containing a'mixture of =
bituminous substance, such as asphalt-and a finely:
comminuted filler such as diatomaceous earth; the -
mixture having a ‘tensile strength greater-than .
that-of ‘the bituminous Substance in' the mixture; 15°
An-important feature of my invention resides in
the ‘production of a filled asphalt having an - ex-
strehgth; a reasonably high
ductility, a -moderately low penetration and g -
high melting point. Another' important - feature 20
of my invention resides in a filled asphalt having
such a concentration of filler as fo produce a mas=

tic of ‘maximum: tensile: strength and impact re-

Sistance and which is adapted for-filling the -voids:

in'ses walls'and the like.” In some instances; my 25
filled asphalt may have tetisile st¥engths -bétween
150 and 400 Ibs. per square inch depending upon-
the concentration and character of filler. or com--
bination of fillers in-the composition, . D

More 'specifically, my ‘invention resides. in. a 30
filled asphalt comprising a mixture of asphalt ang
between approximately 5%-and 40% by weight of
diatomaceous earth and having. & tensile/strength
between approximately 150 and 400: Ibs:per square
inch. o et Lo 38

My invention also: comprises a sea wall or the
like and: a method for -constructing . the:same,:
the wall comprising -a: plurality- of large: stones:
placed: in irregular courses and. provided- with a-
sticky asphaltic mastic. or concrete of high'tensilé: 40
strength in the voids bresented by the stones in
order to prevent impacts from- disturbing the po=-
sition of -the stones and: also to brevent rapidly.
moying masses of water from benetrating through:
the ‘wall and washing: the protected- earth ‘out: 48
with the receding water., : S

I have discovered that when the voids: in-ses,

-Walls, breakwaters and the like are flled with g

specially designed bituminous ‘mastic ‘or:concrete
hereinafter described; the life of . these structures:
is. lengthened considerably due:to: the - great
strength and permanent flexibility of the. bitu-
minous. mastic or concrete -and-due; also .to the:

v self-healiqg broperties of said. bituminous mastic.
* Or concrete.” S . 88
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The composition which I desire to particular-
1y employ for filling the voids of the aforesaid
structures-is composed of asphalt, a carefully se-
lected and graded finely comminuted filler or
combination of such fillers, graded sand and care-
fully graded sharp, crushed stone. 'The combina-
tion of asphalt and filler shall be hereinafter re~
ferred to as filled asphalt or asphaltic mastic and
the combination of filled asphalt with sand and
the crushed rock comprising aggregate shall here-
inafter be termed asphaltic concrete.

I have discovered that filled asphalt, rather
than pure asphalt, is most suitable for filling
the voids of sea walls and the like because filled
asphalts possess greater’ toughness, reasonable
high ductility, high melting point and moderately
low penetration and have very little tendency to
become unstable even when mixed ‘with mineral
aggregate in extremely high concentration as I
have found necessary in asphaltic concretes for
filling ‘the voids of sea walls and the like.  “D”
grade asphalt is preferable over other grades of
asphalt for this purpose due to its extreme purity,
high ductility, great adhesive powers and absolute
freedom from decomposition products so common
in asphalts carelessly refined. This type of as-
phalt is also free of -paraffin and contains less than
19 of sulfur. Paraffin in asphalt renders the
same less adhesive so that it will not stick to rock,
whereas sulfur makes the asphalt brittle. IIow-
ever, the small amount of sulfur which is ordina-
rily present in “D” grade asphalt renders the same
more adhesive but asphalts containing larger
quantities of sulfur should be avoided. A “D”
grade asphalt is a steam refined asphalt having a
40 to 90 penetration at 77° F., a melting or soften-
ing point. of 110-130° F. and a ductility of greater
than 100 at 77°. F. I prefer to employ an asphalt
having a penetration of approximately 40 to: 60,
although asphalts of higher and lower penetra-
tions may be used with success and are within
the scope of my invention.

Tt will be observed that all mention herein of
penetration, softening or melting point and duc-
tility are according to the methods outlined by
the American Society of Testing Materials as fol-
lows: : . )

Penetration. oo D- 5-25
Melting point (ball and ring)_.-- D- 36-26
Ductility-—-Z-Zo - R D-113-26—T

~ Any type of filler may be employed for admix-
ture with asphalt.. The best results are secured
when using diatomaceous earth due to the ab-
sorptive properties of this type of filler which
absorbs the oil in the asphalt and prevents it from
evaporating, such as occurs when unfilled asphalt
is exposed to the atmosphere. The evaporation
of the oil from the asphalt shortens the life of
the asphalt. Diatomaceous earth is also to be
preferred due to the fact that it flls the minute
voids in the asphalt which can be filled only by
fine materials such as diatomaceous earth. This
phenomenon aidsin the production of a bitumi-
nous composition of great tensile strength and
resistance to impact. o B
The diatomaceous earth which I prefer to
use is one of sufficient lightness as to remain in
suspension during the process of hot mixing with
asphalt. Diatomaceous earths lighter than 12
1bs. per cubic foot are suitable. " However, other
types of fine fillérs, such as fillers of the rock dust
type which-includes limestone dust, marble dust
and slate ‘dust, may be used either alone or in

- Other types of fillers may

1,087,151

admixture with diatomaceous earth. Itis prefer-
able to mix a certain amount of diatomaceous
earth with the rock dust due to the oil absorptive
characteristics and due also to the fact that dia-
tomaceous earth fills the voids in the asphalt.
Rock dust does not have these properties, except
in a-minor degree. )
be employed for ad-
mixture” with asphalt, such as clay, infusorial
earths, talc, coke, chalk, terra alba, lampblack,
fuller’s earth, ashes, kaolin, coal, peat, bone meal,
ores, shale, marl, quartz meal, serpentine and as-

- pestos. The only requirement in the use of these

materials is that they be ground or pulverized
prior to their admixture with asphalt. These
materials may also. bé employed with diatoma-
ceous earth and/or rock dust. When using coarse
fillers such as rock dust, it is preferable that they
be ground. to such extent as to pass 200 mesh
screens and finer. Fillers such as diatomaceous
earth may be readily pulverized to pass screens
of 1000 mesh and finer.

I have discovered that there is an optimum pro-
portion of any given filler to obtain a filled as-
phalt of maximum tensile strength with respect
to the filler employed and when two or more dif-
ferent, fillers are used simultaneously, there is
again an optimum proportion which may be
added to asphalt to obtain a maximum tensile
strength. My experiments have revealed that for
any given composition of filler, there is a maxi-
mum percentage of filler which can be added to
asphalt with beneficial effect upon the tensile
strength of the asphalt, but that an excess above
the maximum merely produces & non-cohesive,
mealy mixture entirely unsuitable for the produc-
tion of a sticky mastic. Thus, by mixing various
percentages of filler to the asphalt, I have found
that the tensile strength of the asphalt increased
gradually with the admixture of filler in the as-
phalt until a condition is reached where the filled
asphalt has a maximum tensile strength. Upon
addition of more filler to the asphalt, the tensile
stréngth sharply decreased and merely produced
a filled asphalt having substantially little or no
tensile strength. I have found that by adjusting
the proportion of filler: in the asphalt, a filled
asphalt may be produced having an extremely
high tensile strength and impact resistance than
filled asphalts heretofore produced.

In order to determine the optimum concentra-~-
tion and kind of filler to be used to obtain a filled
asphalt-of high or maximum tensile strength and
resistance to impact, I have conducted experi-
ments with filled asphalt composed. of the afore-
mentioned “D” grade asphalt and fillers, such as
diatomaceous earth and rock dust. A series of
mixtures of the foregoing ingredients was pre-
pared and the various mixtures which are ‘desig-
nated herein as filled asphalt were used with
Ottawa sand of 20 to 30 mesh to prepare al‘arge
number of cubical briguets for determining ten-
sile strengths. Standard Ottawa sand was used
as the mineral aggregate due to the uniformity
of successive batches as determined by the U. S.
Bureau of Standards and the American Society
of Testing Materials, This sand is invariably
employed "as aggregate in determining -tensile
strengths of Portland cement concrete as anyone
skilleg in the art will readily understand.

T have also discovered that the maximum ten-
sile strength and resistance to impact is obtained
when the voids of the mineral aggregate are com-
pletely filled with the filled asphalt. Since the
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5 ¥oids; in:Ottawa:sand haverheen determinedsex-
sperimentally.fo;comprise:3234:%, all:of the tensile «

- .ture 0f-6%5 % by volume of ‘Ottawa-sand: and
© 5322 %iby:velume offilled;asphalt. - In preparing
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-the briguets;fortensile. strengthi tests; gl of the
singredients: for ::each . separate; mixture were
-weiched together info thesamesiron dish and were
sheated o-about 400°%F. The iingredientsvwere
-hand stirred until & homegenous mixture was:agh-
-tatned. "The bot: miixtureswas ithen: rarmnmed: by
hand into the:meolds: ordinarily used:for niaking
‘tensile: strengthbriquets: of Portland: cemrent :con-
scretes and; then: werezallewed to:cool ifx: the:melds.
:After removing. the. briguets frony the:mold they
weresallowed vtosstand - overnight  at’ reom: tem-
peratureandiwerethen:placed: inia-waterhath
2t B, forooneshoun: rimore’ before::testing.
“Thesbriquets:weresthen.pulled apart:in aitensile
Strengthtesting::apparatus.:* Table:I: Hlustrates
-the results:of the test;thatds;the tensile strengths
Of briquets composed of filled asphaltand Ottawa
-sand. "It wills be «observéd:that :the  volume per-
-centage’'sof Lsamd swas i maintained  sconstant
throughout the series.of.teststhus givingra:direct
.comparisen-of the -varioussfilled .asphalts.. Only
“thé-ameuntofs filler inthe:filled asphalt and the
proportions of various:types of fillers were varied.
Tl e TaprE T ‘

mineral v fillers. upen the . tepsile

The effect of .
il i SETRenGETof asphalt
v itiom,of filied 5. | Composition of fller 05| * Tensite
Composition,of filled.as- | Compdsition. of filler %', Stro of
- phEIG9; by weight | Dysweight Y gth ‘of
PR altr-%‘l)yr‘\fvelght : by weight -} asphaltic con-
T : “|'erete at 77°F
e - — - - | sinilbs: per
-+ s Riller.. - |: -: Asphalt : | Diat;earth| {Rock;dnst |. 99uare inch
L0 S11T
<10 N
20 :
3o
40 301,
“d5 84
50", ¢ 4
10 .80 - 1926
§8 750! ot
Tign * : ; riogg:
55 o 150 - wong
e 60 sal .50, 89
Li10 T8 361
.20 o 2B, ;i -+ A48
‘39 Hae o8 . i
1400 + 560" 225 775! 4256
150 .50, .25 75, "
+60: - 440 ‘25 75- “350
85! 735+, 25 76 £ 276:
.70, - 30 -1 75 . 208.
10, 190 #10: - 900 - 215°
L 20 10" 80 244
30 - =70 =10 90 262
£40 60 10" 190y <y 3303
50 '50 10 90 347
60 40 10. 90 352,
70 30 10 90 - 328
10 90 L0 100 i59
.20 80 U0y 100 206
30 70 o 100 175
40 60 “0- 100 191
50 50 0 =100 : 245
60 40 0 1003 . . 267
70 30 0 100 . L 285:
80 20 0 100 19
85 15 0" 100" E 148

The observed data of .’fable I has been‘charted‘z ;
as shown in Fig. 1 of the drawing;where curve Ak

represents a filled asphalt containing a filler com::’
prising 100% diatomaeceous-earth;- curve:-B-repre~-
sents:one containing 50 diatomaceous.earth:and
80% rack.dust;:curve C, one:containing:25%:diar-

made with axmix- :

3

“tomaceous:earth:and 75% xtack':‘dust;fcurve"D;‘rfone
containing 10.%, diatomacsousiearth and: 90% rock
ndust-and curve E:represents ane ‘conbaining 1009

‘rockidust. Itowill be.observed that in each:com-
binagior -of “filler-or combination :of ‘fillers: and
~asphalt, the:tensile :strength: increased with” the

:gddition-of filler until:a maximum tensile:strength

J

*Was:reached; after which' theaddition” of ‘more -

-filler:4o:the asphalt produced-a sharp decrease: in

:the: tensile strength of -the- filled: asphalt,  Fur- ¢

thermore; in:each: instance, a filled: asphalt was
sproduced: having -an -extremely high - tensile
-strength. - "The highest maximum tensile strength
-was obtained when using the-optimum: eoncentra-
-tion of filler:comprising 100 % diatomaceous-earth
‘which: -approximated 400:1bs, per square inch: as
-represented:by-curve A. With:the substitution of
:rock: dust! for: the diatomaceous: earth, the maxi-
mum-tensiler strerigth: that could: be reached-was
Jlower ithan  -when::using “straight- diatomaceous
-earth. In'the discussion ‘of my -invention, that
‘percentage -or- concentration: of filler' in asphalt
which<will result in-the: production of a.filled
asphalt of maximum tensile strength for the:given
filler or combination of fillers:shall be termed the
opbimum percentage-or concentration of filler.
~In terms.of cost, rock:dust-is the cheaper filler
-for: producing - filled ~asphalt - of -high- tensile
strength, but-it requires:a:-lower concentration of
-asphalt-in the mastic to produce & mastic-of high
tensilestrength than does:diatomacecusiearth and
-a-visual .comparison: ‘of -diatomaceous- filled -and
rock-dust filled - mastics: indicates: clearly that: the
former type of filled masties are: greatly’ superior
with.regard to self-healing-after: fracture: This
characteristic . is- important » when::the: asphaltic
mastic.or concrete is.employed for fiilling the-voids
in.sea- walls, breakwaters and:the:like 'when the
stones are. dislodged by large-waves.or swells:and
the. bond. of-asphaltic. concrete. holding the.stone
together is broken. -Furthermore,I: have.dster~
mined that in order to obtain.an.asphalt for. use
in..sea.walls. having :long life, -it.is: necessary to
incorperate. as .much .asphalt.as. Ppossible-and: at
the same time tc obtain the high tensile.strengths
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necessary .to resist impacts.. Consequently,..dia~

tomaceous: earth will permit .the -use of . larger
amoeunts of asphalt.for.a.given tensile: strength
such as 300 1bs. per.square inch. :

. From Table I and.the curves.in Fig. 1, it.is evi-
dent’that any one of the five filler combinations
shown is capable of-forming.a filled. asphalt hav-
ing a tensile strength of approximatély 300 1bs.
per: square inch or greater. 'The combinhations
listed in Table II haveitensile strengths of ap-
proximately-300 lbs. per square.inch when.mixed
with standard Ottawa sand.in exactly the cor-
re‘c’:t‘pr‘opc})_i'tionstolﬁll',the voids in the sand, i: e.
67% % by volume of Ottawa sand. to. 32149 by
volume of filled asphalt. ~ A filled asphalt having
a Tensile strength of approximately 300" Ibs. per

isquare:imch: issmore than-satisfactory to fll the

voids in sea walls, breakwaters, etc., under at-
mospheric temperatures ordinarily present where

_.'this type of construction is employed. In fact,
L+ by using, filled asplalts either alone or with ad-
" mixture with aggregate having tensile strengths
- of approximately 250 Ibs. ber square -inch for:
fiiling, voids in-sea walls'and the like, such-struc-
tures i will -resist impacts: from<waves :and the T

like:much better than wlhen the voids are filled
with the best'mixtures of*Portland cement con-

“erete-and- will-additionally - possess - the- property

ofzselfrhealing; which; of: courge; isrnotvapparént
in :Portland:-oement: concrete: - ‘Tensile: strength.
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tests performed upon one inch cubical briquets permissible to produce:a filled asphalt- having
composed of one part of Portland cement to three unusually high ductilities as compared with air
parts of Oftawa sand revealed tensile strengths  blown and steam refined ‘asphalts of the same
.of only 210 Ibs. per square inch.  The tensile 'melting point. A filled “D” grade asphalt com-
_strength of & briquet composed of one part of -posed.of 57% by weight of asphalt, 21.5% dia-' 5
Portland cement, two parts of commercial: sand tomaceous earth and:21.5% rock dust has a sof-
and four parts of small rock, i. e. passing a screen tening point of 219° F., :a penetration of 4 at
having circular openings of one-quarter inch in 32° F., 18 at 77° F..and 75 at 115° F, and a duc-
diameter and under, was 229 lbs. per square inch. $ility of 6.5 at. 77° P.. Unfilled “D” grade asphalt
Turthermore, it will be observed by inspection ~merely has a. melting point of 119° F. and pene- ' 10
of the curves in Fig. 1 that it is possible to pro- ~trations of 8-and 52 at 32° F. and 77° P., respec-
duce’ two  filled asphalts of the same tensile -tively, (the .asphalt being too soft at 115° F. for
strength with the same type of filler or combina- measurement of penetration) and.a:ductility of
tion of fillers when producing filled asphalts con- over 100 at 77° F.. The tensile strength of the
taining an amount of filler other than:the opti- unfilled asphalt is merely 111 Ibs. per square inch 15
mum. concentration. This may be accomplished as compared with approximately 300 lbs. per
by choosing an amount of filler which will pro- square inch for the various filled asphalts shown
duce g filled asphalt of the desired tensile strength - in Table IL. The penetrations of filled “D” grade
either on the rising slope of the curve or on the asphalt compare favorably with air blown as-
falling slope beyond the optimum concentration ~phalts of the same melting point as filled asphalt, ‘20
of filler. For example, if it were desired to pro- 1i.'e..219°F. . The penetrations of air blown as-
duce a filled asphalt having a tensile strength .phalt are 10,18 and 30at 32°F., T7° F. and 115° F
of approximately 300 lbs. per square inch using respectively, while the ductility is only 2 at 77° F
straight diatomaceous earth (curve A), this may Wwhich is lower than that of filled asphalts. A
be accomplished by employing either from 27 to steam refined asphalt having a melting point of 25
28% of diatomaceous earth or from 42 to 439% ~219° F. has a penetration of 2 at 32 and T7° F
of the filler with the asphalt. However, itis pref~ respectively, while its penetration at 115° F. is
erable to choose the lower concentration of filler zero and its ductility is zero at 77° F. An asphalt
‘for producing a filled asphalt of the desired ten- of this character is entirely unsuitable for use
sile strength for filling the voids in sea walls for filling the voids in sea walls, ete. due to the 30
because. it is desirable to use as much asphalt as fact that it has no ductility. = * -
possible in order to give the structure as long It is-thus evident, filled stéam reﬁned asphalts
a life as possible and to give the structure:the have most of the physical advantages of air blown
self-healing characteristics heretofore mentioned. asphalts which are more expensive to produce
* Moreover, it is possible to control the production than “D” grade steam refined asphalts contain- 35
of o filled asphalt of the desired tensile strength ing'a filler. In other words, the addition of dia-
much easier when using the smaller concentra- tomaceous earth to steam refined -asphalt im-
tion of filler than when employing the larger con- parts air-blown characteristics to the steam re-
centration because the slope of the rising curve is fined asphalt, 1. e. it increases the melting point
not as sharp as the falling portion of the curve aft- and produces a reduction in penetration and duc- 40
er reaching the optimum concentration. In other tility in a manner similar to the chemical action
words, small variations in the amount of filler of the air blowing process. However, it will be
in the asphalt will not affect the tensile strength observed that for any given melting point, a filled
materially when using the lower concentration, asphalt will have a higher ductility at 77° F. than

whereas a small variation in filler when using the an air-blown asphalt. 45
higher concentration may vary the tensile In order to compare the relatlve bnttleness of
strength considerably from the one desired. the foregoing filled asphalts, - having tensile

Briquets of the proportions of asphalt and filler strengths of approximately 300 Ibs. per square
resulting in tensile strengths of approximately inch, 2 inch cubical briquets made by hot mix-
300 Ibs. per square inch were tested for melting ing Ottawa sand and filled asphalts in the pro- 50
or softening points, penetrations, ductilities and portions of 67.2% ‘by volume of ‘sand to 32.5%
specific_gravities. 'The results are tabulated in by volume of filled asphalt and cooling in exactly
Table IT. - ) _ the same manner as that employed in making

: e ‘ tensile strengt,h tests were tested at 77° F. by

' dropping a 2 inch steel ball weighing 1.175 lbs. 95
Comparison of physical characteristics and im- UDON the cube, allowing the ball first to drop 6
pact resistance of various filled asphalts hav- inches and then progressively increasing the
ing tensile strengths of approrimately 300 Ibs. height of fall one inch per blow until destruction

per sq. in. , , of the cube resulted. The proportions of asphalt 60
Composition by weight of filled - " Physical characteristics of filled asphalt :
asphalt . )
- Imx‘[))ac(t1 ab .
cube de-
: Softening Penetration at g St%}’c%‘o?tat : ’
Asphelt |Diat. earth | Rock dust | point (B. Ductility | " 1bs. 65
and R) | go0p, | 7°F. | 115°F. )
Percent | Percent | Percent °oF.
72 28 0 178 4 23 111 16.5 3.32
57 21.5 - 21,5 219 4 18 75 6.5 3.13 70
50 12.5 37.5 180 3 21 91 9.2 . 8.32
62 3.8 34.2 128 6 32 220 60 2.35
25 0 70 180 3 17 58 2.9 3

Tt is evident from Table II that by selection to filler and the results of the tests are also shown
of the proper fillers and filler concentration, it is in’ Table II,  'The impact at cube destruction was 75
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caleulated by multiplying the height of fall n  blow and was then placed on 2 flaf surface and in
o6t at cube destruction by the weight of the steel & shott couise of fime, the crack disappearsd. -
ball in pounds, ie. 1175 - T s . ‘ der to employ. filled asphaifs with com-
- To.show the relatiye impact resistance of filled  me aggrégates, it is preferable to adjust the
-5 asphalt to Portland. cement concrete, tests for percentage lled asphalt to'exactly fll thé voids 5
Impact resistance were’ performed on 2 inch cubi- in the coms cial aggresat nd 10 select s com-
cal briquets of Portland cement concrete In the mercial aggregate comprising & mixire of sand
proportions by weight of one part cement, two and'rock having & maximum density and a minis
barts sharp, clean sand and four barts sharp, mum of voids. The percentage of voids in agate-
10 clean, broken : stone. The briquets had been gate using a mixtire of graded sand and small 10
cured .seven. days. under water. The tests re- rock capable of passing & ééreéii'l‘ié}‘viné“éiféﬁlaf "
vealed an im: act resistance of nearly 2.85 ft. Ips. openings of one-half ok diameter and under and
Which is considerably lower than the impact re. its density may be determined by filling & con
sistance for most of the filled asphaltic con- tainer level Tull of the aggregate and compacting
15 eretes... .0 : ‘ the same until no ore’ of the égéfeédté"ébﬁ;d‘b’é 15
- While practically all of the foregoing data with placed in the container, By first weighing the dry

Teeard to both fensile strength and impact re- mixture and then weighing the riixturs with wi-

sistance had been obtained by using Ottawa sand fap added therete in amounts sufficiént to fll‘the
agelegate. due . to  the fact that this type of gy’ the true specific gravity and ths percentage
20. gand Is more uniform than other types and con- yoas by Lk an easily be calculated as tn- 20
seauently- more',‘a,qcur_at?.coml@!@ri:sqnﬁ may be  derstood by ose skilled in the art. “Thave found
made, I have obtained similar results using com- . thaj the percentage of voids in the aggregats was
merclal ageregates with. filled asphalts and haye considerabiy hish when ‘the aggregate contained
_ found the same'to be superior to Fortland cement 1o graded sand. h addition of the sand. in
20 eonerete. . For example, I have. tested slabs of the aggregate, the percentags voids gradually de- 25,
- asphaltic concrefe 27 inches. wide, 36 inches long grenseq il a mixtiire of 50:5% by voliis. rock
and With reinforcing wire through and 49% by volume sand was redched v
the. slab ted by placing a about 20.5% voids, aft
floonein & 11  gho pronortion of gan _gradually increased:
With filled asphalt composed percentage of voids in the mixture of sand and
-1" grade asphalt and 28% ot ;
ceous earth at 450° F. ° Wi

30 30

I density .of asphaltic: concrete usine com-
mercial ageregate could be obtained by miixing
20.5% by volume of filled asphalt and 19.5% by
volume of "commerci

$oTCIng: ar al aggresate comprising 35
e 2P mixture of 50.5% by volume rock and 49.5% by
onings ooy VOlme of sand, <o and490% b
oy ene -Thwill be observed that my filled asphaltic
mastics or concretes are entirely dissimilar-to or-

_slab was

: i 1y paving bituminous -concretes since - m 40
abs of exactly the SM8Xy paving bituminous -concretes since -my 4
TRTRRY ha’ FORE Y )

fencing ‘for
course and
R 5t gours

ping.
cete ‘sl
N

‘mastics-or:coneretes are much richer in’ asphalt
than any mixture that canbe practically success-
ful for paving:  The ‘particular-objectsin view in
selecting: the composition for my: mastie or.con-
crete-are to use as much asphalt as can be -ab- 45
sorbed by the stone, sand and filler 50 as 1o -obtain
maximum:toughness and: cementing power -and:
at the same time to protect-the-asphalt ‘within
themastic against the action of'sun;air and mois-
ture and to thus obtain-an indefinitely-long-life 50
foritherasphaltic: concrete; - Paving mixtures:are
too lean in-asphalt to ‘meet the foregoing require-
meirts and-are too rigid; requiring constant com-
baction by trdfie to maintgin them in“good con-
dition; “Excessive ‘asphalt; over the requirements 27
for: good: pavement ds''essential to my'system “of
sed"wall? breakwater, ete. protection in order to
obtaii miaximti adhesivéness “and “flexibility,
einforcing. Tt ‘was Wheteas ‘excesy gsphalt in’ baving mixture forrms
blows thereatter. DOOT paveidents which Will “biusti” and “bloat
te slab was t ted ~HOWeVer; it is-on of ‘the ‘essefitil featuresiof imy
‘Oné hindrad 1 ihvention' of My mastic for''sea wall

- i 1
that exactly the dorréct quaritit

89

: j brotéction
] xactly the dorrect, uantity of filled asphalt
to fill the'voids in'the aggregate: shail be’used-in 4
orderto obtain the greatest tensile stréngthafd -
Impact Tesistance.  Néither & deficiency -nor ‘an
T groess of filled asphalt to exactly flltHe voidsin
llist: ility of the asphaltic con- £he aggregate Will result in an asphaltic ‘onérete
¢:5lab, It was placed ‘across 2, pile of and so of m strensth, although' o slight exdess 79
iAheslab_was supperted only at its center. C T T ‘
d that although the siab
L. th d. pile, i

W htdad,

JO - e

et o

76 ties, the slab
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phaltic concrete could stand considerable more
asphalt is due to the fact that I employ consid-
erable more filler than can be used in asphaltic
concrete for use in pavements or other PUrPOSES.
The excess filler and asphalt makes for a con-
crete which is a tougher, more stable, cementing
agent than any agphalt suitable for paving pur-
poses.

The method for constructing sea walls, ripraps
or breakwaters such as the one represented by 10
in Fig. 2 consists in dumping the plastic asphaltic
concrete or mastic 11 at a temperature of 250 to
450° ¥. upon each course of stone 12 above low
tide level and subsequently laying the next course
of stone upon the mastic while the latter is still
in a plastic state. The stones 12 employed should
be large, weighing from 15 to 30 tons. Each stone
1aid upon the concrete then sinks into the latter
and thus forms a perfect bed. In a short time,
the large stones and asphaltic concrete will form
a monolithic structure. It is not desirable to fill
in the large voids on the water side 14 of the sea
wall with mastic or concrete excepting to such
extent as is required to form a firm bed for each
stone, since it has been found that sea walls and
breakwaters should preferably have very rough
and irregular faces in order to most effectively ab-
sorb, deflect and break-up the impact of waves or
swells. However, it is desirable to fill as com-~
pletely as possible with asphaltic concrete all of
the voids within the wall in order to prevent rapid-
1y moving masses of water from striking the rocks
from helow and thus lifting them out of place
and from preventing receding water from carry-
ing the protected earth 15 out with the wave.
Preferably, where extremely large voids are pre-
sented by the large stones, the voids are filled
with smaller stones 16 of approximately 50 to 100

ibs. These are placed in the voids either prior

to filling of the voids with asphaltic concrete or

afterwards. This increases the stability of the

asphalt against flow due to the fact that the as-

phaltic concrete fills the voids in the stones.
‘For sea walls and breakwaters which have

already been completed  without the use of

asphaltic mastic or concrete, the concrete. may
be placed in the voids by any convenient method,
such as, for example, buckets, conveyors, pipes,
chutes and the like. Where necessary to insure
complete filling of the voids spading, rodding or
ramming by neans of hand or machine driven
implements may be used. By applying the
asphaltic mastic or ‘concrete sufficiently hot or
considerably above its melting point, the use of
implements is not necessary since the hot mastic
or concrete will readily flow into the voids and
crevices of the lower courses of stone until it
contacts the sea water, whereupon it will harden
to prevent further flow. However, it is believed
that if the hot cementing agent reaches the low
tide level, the sea wall is sufficiently protected to
combat large waves Or swells, since it has been
found that substantially all of the destructive
action of the waves or swells occurs above water
level. Large stones forming the foundation be-
low the water level are rarely, if ever, disturbed
by the waves. o :

Sea walls or breakwaters constructed in the
above manner and with my asphaltic mastic or
concrete are capable of withstanding the de-
structive action of large waves or swells even in
stormy weather. In extreme storms it may be
possible to lift the large stones from their em-
bedment to some small extent, thus breaking the
bond of asphaltic concrete. However, the pro-
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tection afforded by the asphaitic mastic of ‘¢on~
crete will never permit the waves to lift the large
stones completely off the wall.- Furthermore,

‘the fracture- will occur in-the asphaltic mastic

or concrete itself. Considerable amounts of the
asphaltic material will adhere to the large stones
and when they fall back to their former posi-
tions, the effective healing characteristics 'of the
asphaltic material will soon bind the fracture
to again form a monolithic structure. )

Any of the filled asphalts disclosed in Table I1
which have tensile strengths of apprOximat’ely
300 Ibs. per square inch ‘may be employed with
commercial aggregate for filling the voids in sea
walls, breakwaters, ete. A specific example would
be a filled asphalt composed of equal parts by
weight of “D” grade steam refined asphalt and
filler where the filler is composed of one part
by weight of diatomaceous earth to three parts
by weight of rock dust. The only care that must
be exercised is to soO proportion the amounts of
filled asphalt to aggregate that the former ex~
actly fills the voids in the aggregate, neither in
deficiency nor in excess. The voids in dense
aggregates may  comprise from 15 to 25% by
yolume so that approximately 75 to 85% by vol-
ume of filled asphalt should be employed to
exactly fill the voids in the aggregate. I have
shown that when using an aggregate compris-
ing graded sand snd small crushed rock of one-
half inch or less that the voids are about 20.5%
and consequently this percentage of filled asphalt
should be used in the proportion of 50.5% by
volume of rock to 49:5% by volume of sand.
However, I do not wish to be limited to the
size of aggregate employed nor to the use of any
ageregate since T have obtained equally good
results with merely the use of sand as ageregate.

In some instances, it is desirable to use an
asphaltic concrete of greater than 300 lbs. per
square inch tensile strength. For this purpose,
any of the combinations of asphalt to filler dis~
closed in Table I having tensile strengths of
greater than 300 lbs. per square inch may be
employed and if necessary the optimum concen-
tration of filler may be used to produce & filled
asphalt of maximum tensile strength. If it is
desired to use filled asphalts of lower tensile
strength than approximately 300 1bs. per square
jnch, any of the combinations of filler to asphalt
disclosed ‘in Table I having approximately the
desired tensile strength may be employed. How-
ever, it will be observed that the ductilities rise
proportionately . to the decrease in tensile
strength, varying with the quantity of filler used.
Tn other words, I do not wish to be limited to
filled: asphalts having approximately 300 Ibs. per
square inch tensile strengths since hoth higher
and lower tensile strength filled asphalts may be
used for filling the voids in sea walls and the like.
However, 1 prefer to employ an -asphaltic con-
crete or mastic having an’ amount ‘of filler ap-
proaching the optimum concentration.

While the above invention has been described
using “D” grade asphalt as the preferred asphalt,
it is evident that other grades of asphalt having
both higher and lower penetrations, softening or
melting points and ductilities than «p” grade as-~

‘phalt may be employed in combination with fillers

and with a certain degree of 'sticcess. ' Further-
more, it must be understood that this invention is
not limited to the use of the preferred steam re-
fined asphalt since other types of asphalt, such as
air blown asphalt, may be- employed, nor is the
invention limited to an asphalt as the plastic in-
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gredient since other bituminous products having
more or less cementing ‘characteristics may- be
employed such as cracked. and uncracked petro-
leum residues, cracked ‘and unecracked coal tar
residues, piteh, tar and. the like. ‘

. The above-disclosure is to be taken merely as
Mustrative of a preferred embodiment of my in-
ventien and is not to be considered limiting, since
many variations thereof may be made within the
scope of the following claims:

I claim: : Dol

1. An asphalt composition comprising asphalt
and a finely divided filler, the fller 'vco‘mprising
more than 35 percent of the composition: by
weight and the asphalt in said composition hav-
ing a penetration at 77° P: between 40 and 90,

a melting point between 110 and 130° ¥. and a
ductility greater than 100: a4t 77° B :

. 2. An asphalt composition comprising asphalt
and a finely divided filler, the ‘fller comprising
more than 35 percent of the composition by
weight and  the filler including - diatomaceous

7

-earth, and the asphalt in said composition hav-

ing a penetration at 77°.F. between 40 and 90, a
melting point between 110 and 130° F. and a duc-
tility greater than 100 at 77° B,

:3. An asphalt concrete adapted to be used for

&

filling the voids presented by massive stones used

in constructing breakwaters, sea walls and the
like, said eoncrete containing approximately 75
to 85 percent by volume of aggregate and 25 to 15
bercent by volume of an asphalt composition con-
taining a finely divided. mineral filler, the asphalt
in said composition having a penetration at 7 T°F.
between 40 and 90; a melting point between 110
and 130° F. and a ductility greater than 100 at

71° P, the asphalt concrete having self healing

properiies, high tensile strength, high impact re-
sistance, low penetration, marked flexibility and
strong-adhesive qualities for the stones, whereby
breakwaters and sea walls constructed therewith
show marked resistance to destructive wave ac-
tion. :

: LANDON R. MASON.
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