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[57] ABSTRACT 

A reinforced composite of a castable matrix having discon 
tinuou/ ' r ' la ents randomly distributed within the 
matrix which reinforce the matrix and which are bonded to 
the matrix chemically and/or mechanically. The ?laments 
have a no " sectional con?guration with width and 
thickness dim wit a width-to-thickness ratio of 
not greater than about ?ve. For maximum reinforcing 
strength, the ?laments should have an ultimate tensile strength 
at least equal to the average tensile stress developed in the ?la 
ment at bond failure. The characteristics of the ?laments are 
such as to permit dry admixing with the castable matrix 
material. A method of making the reinforced composite and 
apparatus for and a ‘method of coating the ?laments are dis 
closed. 

9 Claims, 12 Drawing Figures 
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PORTLAND CEMENT COMPOSITIONS REINFORCED 
WITH NON-ROUND FILAMENTS 

This application is a continuation-in-part application of US. 
Application Ser. No. 663,315 ?led Aug. 25, 1967 by appli~ 
cants and assigned to the same assignee, and now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to reinforcing a castable mass. More 
particularly, the invention concerns reinforcing a castable 
matrix of a material such as concrete to form a composite hav 
ing improved tensile strength and other physical properties. 
Reinforcement of castable materials, e.g., plastics, rubber, 

refractories, asphalt, concrete, etc. to increase the mechanical 
properties such as tensile strength and/0r resistance to crack 
propagation, has long been desired. In particular, concrete 
reinforcement, for example, has been in the form of bars and 
rods placed in forms before concrete pouring, as well as in the 
use of ?laments and ?bers of various materials added to the 
concrete during mixing, pouring, or before setting. The latter 
have been provided both as uniformly disposed reinforcing as 
well as in random distribution. 

Recently, attention has been directed to the use of short, 
round ?laments, i.e., stggl wire, as reinforcing, and several 
patents (Belgian Pat. No. 559,422 and US. Pat. Nos. 
2,677,955, 3,062,670 and 3,231,341) have been granted for 
same. It has been suggested that such ?laments be employed 
in random orientation, and some recent investigators have at 
tributed importance to the spacing of the ?laments. Obvi 
ously, however, critical spacing cannot be accurately mea 
sured and can be determined only by theoretical calculations, 
taking into consideration the relative quantities of reinforcing 
?laments and matrix volume. It has been clearly demonstrated 
that round ?lament reinforcing can accomplish a signi?cant 
increase in the tensile strength and resistance to crack 
propagation of a matrix such as concrete and improvement in 
other properties as well. 

SUMMARY OF THE INVENTION 

The present invention involves the discovery that certain 
?lament con?gurations result in an increase in strength dis~ 
proportionately greater than previously used ?lament forms. 
Furthermore, it has been discovered that other factors than 
?lament spacing are more accurate reflections of the increase 
in strength achievable by reinforcing with ?laments. A part of 
the invention is the discovery that the strength improvement is 
related to the total surface area of the reinforcing ?laments. 
Round ?laments do not have as much surface area as non~ 
round, i.e., rectangular or ?at, filaments of the same cross-sec 
tional areas. The geometric surface relationship between 
round and rectangular cross sections, for example, of equal 
cross-sectional area, is such that a minimum of l2.8% increase 
in surface area exists with the non-round ?laments. This 
12.8% increase is with respect to a square cross section for a 
width-to-thickness ratio of one. Thus, increasing the total sur 
face area for a given quantity, i.e., weight of ?laments/unit 
volume of matrix, can be accomplished by decreasing the 
width-to‘thickness ratio of the ?laments used for reinforcing. 
A decrease in the width-to-thickness ratio will result in higher 
strength of the reinforced composite since the reason for the 
strength increase is that the total surface area is increased 
while the quantity of ?laments, i.e., weight of ?laments/unit 
volume of matrix, remains the same. In accordance with the 
invention, discontinuous non-round reinforcing ?laments with 
a width-to-thickness ratio (R) of not greater than about ?ve 
are used to reinforce a castable matrix. The terms “non 
round" and “round" ?laments or ?bers as used herein refer to 
the cross section of the ?lament without regard to ?lament 
length. Thus, “round" ?laments are those with circular cross 
section, usually made of cut wire lengths, and “non-round" 
?laments are those having de?nite width and thickness dimen 
sions, albeit that the thickness for usual “flat" ?laments may 
be measured in thousandths of an inch. 
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2 
In more speci?c terms, it has been found that the addition of 

equivalent weights of round and non-round ?laments of 
equivalent cross-sectional area/cubic foot of concrete mortar 
results in an increase in the tensile strength of the concrete 
with non-round ?laments of about twice that achieved by the 
round ?laments. Thus, for the same weight of ?laments, non 
round, i.e., ?at ?laments, are disproportionately more effec 
tive in strengthening a matrix than are round ?laments. As a 
corollary, equivalent strength increase can be achieved with‘ 
less (lb./ft.3) of non-round ?laments than round ?laments. 
The term “mortar" as used herein refers to a mixture of ?ne 
aggregate, water and cement. When the term “concrete" is 
used, it refers to mortar which may contain coarse aggregate. 
The term “matrix” refers broadly to moldable materials. 

In order to utilize the ability of the ?laments to strengthen a 
matrix, the ?laments (1) must be chemically and/or mechani 
cally bonded to the matrix, and (2) should have an ultimate 
tensile strength at least equal to the average tensile stress 
developed in the ?lament at bond failure. By providing ?la 
ments of greater surface area, the total bonding force can be 
improved and with it the potential strength improvement in 
the matrix. However, we have found, as will be hereinafter 
discussed, that a total surface area which will be provided by 
?laments with a width-to-thickness ratio of up to ?ve will pro 
vide considerably more improvement in strength than ?la 
ments with width-to~thickness ratios larger than ?ve. The 
average tensile stress (T,) developed in a non-round filament, 
which in accordance with the invention has width and 
thickness dimensions, can be determined from the equation 
below. It should be noted that the ?laments may be cambered, 
crimped or twisted and that the term "width" is used broadly, 
since in the case of cambered ?laments, for example, the “ 
width" would be the circumferential length. 

Average tensile stress T,= U, 

where: 
T, = average tensile stress in a non-round ?lament; 
U,= average bond stress developed in a ?lament; 
L = length of the ?lament; 
t= thickness of the ?lament; and 
R = width-to-thickness ratio of the ?lament. 
The average bond stress, Uh depends on: 
A. the strength properties of the matrix; 
B. con?guration of the ?laments; 
C. surface condition of the ?laments; and 
D. any coating added to the ?laments to enhance bond. 
As stated above, and as will be made more apparent, the 

characteristics of ?laments used in accordance with the inven 
tion are such as to permit their utilization and mixing with 
matrix material in a substantially dry state. Thus, in ac~ 
cordance with one embodiment of the invention, there is pro 
vided a method of making a reinforced composite, such as of 
concrete, which comprises preparing a substantially dry ad 
mixture of cement, aggregate and a plurality of discontinuous 
reinforcing ?laments having a non-round con?guration, width 
and thickness dimensions, and a width-to-thickness ratio of 
not greater than about ?ve. The substantially dry admixture is 
adequately mixed to randomly distribute the reinforcing ?la 
ments and is then ready for the addition of water to hydrate 
the cement after which it is remixed. It is understood that ad 
ditives such as air entraining agents, plasticizers, bond enhan 
cers, etc., may be added, if desired, and their addition is within 
the purview of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE 
DRAWINGS 

The invention may be more fully understood by reference to 
the accompanying drawings and following examples. In the 
drawings: 

FIG. 1 is a graph comparing the strengthening effect on 
mortar of both round and non-round ?bers as a function of 
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?lament spacing, the data for which is found in Tables VA and 
VI; 

FIG. 2 is a graph illustrating results similar to those shown in 
FIG. 1 except that the actual tensile strength values are used 
rather than strength ratios, the data for which is found in Ta 
bles VA and VI; 

FIGS. 3 and 4 are graphs showing the relationship between 
ultimate tensile strength and total ?lament surface area for 
non-round and round ?laments, respectively, the data for 
which is found in Tables VA, VI, and VII; 

FIG. 5 is a graph showing the e?‘ect of the width-to 
thickness ratio on total surface area which in turn is related to 
strength improvement; 

FIG. 6 is a plan diagrammatic-type view of one form of an 
apparatus for coating the discontinuous reinforcing ?laments 
of the present invention with a protective coating and shows a 
vibratory feeder for sorting the ?laments into a single line of 
?laments and a conveyor for transporting the single line of 
?laments along a path of movement through a spraying means 
and a drying means to a container where the coated dried ?la 
ments are collected; 

FIG. 7 is a view similar to FIG. 6 of an alternative embodi 
ment of such coating apparatus and showing a spray conveyor 
for conveying the single line of ?laments past a spraying 
means and a second or drying conveyor for conveying the 
sprayed ?laments past a drying or heating means and for 
depositing the coated dried ?laments into the container; 

FIG. 8 is a diagrammatic side elevational view of a coating 
apparatus and showing a conveyor for conveying the ?laments 
into a dipping tank containing the coating solution and a sta 
tionary screen disposed along the path of movement of the 
conveyor through the dipping tank for retaining the ?laments 
within the compartmentalized conveyor belt; 

FIG. 9 is a fragmentary plan view of the stationary screen 
and conveyor belt taken along the line 9-9 of FIG. 8 in the 
direction of the arrows; 

FIG. 10 is a fragmentary side elevational view of the con 
veyor belt and stationary screen taken along the line 10—l0 
of FIG. 9 in the direction of the arrows; 

FIG. 11 is a graph of the data showing the relationship 
between ultimate tensile strength and total ?lament surface 
area for non-round steel ?laments in a plastic matrix, the data 
for which is found in Table VIII; and 

FIG. 12 is a graph of the data shown in Tables VA and VI 
which shows the relationships between the total ?lament sur 
face area and the ratio of the strength of a ?lament reinforced 
matrix to the strength of a plain matrix. 

DETAILED DESCRIPTION 

It will be evident from the ensuing discussion taken in con 
junction with the aforementioned graphs that for a given cal 
culated spacing, a non-round ?lament increases the strength 
of a matrix to a greater degree than round ?laments of 
equivalent weight. Calculations for spacing of the ?laments as 
used herein are made according to the following equations. 
General equation: 

~ S = 15.6 ‘I A/p 
Round Wire Filaments: 

S = 13.8 1/ d‘lp 
Non-Round-Steel Filaments: 

S = 15.6 V wt/p 
where: 
S = average ?lament spacing; 
A = cross-sectional area of a ?lament; 

p = ?lament density in percent by volume of mortar; 
d = ?lament diameter; 
w = ?lament width; and 
t = ?lament thickness. 

The strengthening effect of the ?lament on the matrix de 
pends on bond stress and the total surface area of the ?la 
ments. Of course, the most desirable condition is to develop as 
large a bond force as possible and to this end, coated ?laments 
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4 
are within the purview of the invention. Coating, such as 
epoxy resins- and others, may therefore be used. 

In summary, there is provided, in accordance with the in 
vention, a reinforced composite of a moldable matrix, of a 
material such as concrete, and non-round discontinuous. i.e., 
short, ?laments having a width-to-thickness ratio of not 
greater than about ?ve. The ?laments must be chemically 
and/or mechanically bonded to the matrix, and in accordance 
with the invention, comprise substantially the sole form of 
discontinuous elements used in the matrix, although the non 
round ?laments may be used together with other forms of con— 
tinuous reinforcing such as bars, mesh, etc. Also in ac 
cordance with the invention, ?laments from 0.005 to 0.l5 
inch width, 0.001 to 0.03-inch thickness and ‘A to 3-inches 
length are used. In addition, it is preferred to use ?laments 
having an ultimate tensile strength of at least 50,000 p.s.i., ad 
vantageously of steel, coated or uncoated. 
The improvement obtained by practicing the invention is il 

lustrated by a number of examples in which non-round steel 
?laments were mixed into a mortar consisting of Type IA ce 
ment, No. 5 mesh foundry sand and water in the ratio of 
1.00 :2.43 :0.5 by weight. The ?laments used in these exam 
ples were of steel and of the size described in Tables I and 11. 
Although the ?laments in the examples were added to the 
mortar toward the end of the mixing cycle, they may be alter 
natively premixed with cement and/or the sand, i.e., ?ne ag 
gregate, (and coarse aggregate if desired). Fiber-reinforced 
mortar as described above was cast in waxed-cardboard 
molds, 6 inches in diameter and 12 inches in height. Con 
trolled samples (specimens) of plain mortar were also cast. All 
specimens were removed from the molds after 24 hours and 
placed in a moist-cure room for 28 days. An indirect tension 
test described in ASTM C 496-64T was used to determine the 
tensile strength of the specimens. The tensile strength in psi is 
expressed as 

where: 
P= ultimate load sustained by specimen; 
D = diameter of cylindrical specimen; and 
L = length of cylindrical specimen. 
The results of a number of tests conducted as described 

above are given in Tables I AND II. The data in Tables I and II 
are representative of the data used to plot the curves of FIGS. 
1 and 2. In the Tables, Table I reports the results of tests using 
round-reinforcing ?laments and Table II non-round or ?at 
?laments in accordance with the invention. Both Tables re 
port the percentage by volume of ?laments in the mortar, cal 
culated spacing and ultimate stress in p.s.i. observed by in 
direct tension testing. 

TABLE I.--ROUND FILAMENTS 

Percentage 
steel by Ultimate Fig. 1 

volume of Spacing, stress, ratio 
Diameter, inch concrete inch p.s.i. p s.l./~126 

0.017 ................ ._ 664 1. 56 
0.017 ................ _ _ 643 1. 51 

0.017 ________________ . . 602 I. 41 

0.025 ________________ _ _ 634 1. 49 

0.017. 467 1. 10 
0.017__ 491 1.15 
0.025“ 414 0. 97 
Plain mortar ‘426 .......... . _ 

‘Average. 

TABLE II.-FLAT FILAMENTS 

Percentage 
steel by Spac- Ultimate Fig 1 

Thickness, Width, volume of ing, stress, ratio, 
inch inch concrete inch p.s.i. p s.i./356 

0.014 .......... _ . 0. 030 3. 5 0. 171 766 2. 15 
0.014 .......... .. 0.030 1. 5 0. 261 669 1. 88 
0.015 .......... .. 0.063 2. 5 0. 304 602 1. 60 
0.015 .......... _ . 0. 063 1. 5 0. 392 658 1. 57 
0.015_ 0. 125 2. 5 0. 428 545 1. 53 
0.014. 0. 150 2. 5 0. 464 481 1. 35 
0.01 0.150 1. 5 0. 584 478 1. 34 
Plain mortar _________________________________ __ ‘356 __________ _ . 

‘Average. 
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As can be seen from graphs of FIGS. 1 and 2, non-round 
?bers provide a greater improvement in strength than round 
wire of equivalent weight as equivalent calculated ?lament 
spacing conditions. This result is completely unexpected and 
contrary to conclusions based on the results obtained by earli 
er investigators. 
We have discovered that a more accurate correlation with 

strength exists between total surface area of the ?laments. 
This relationship is illustrated by a number of examples in 
which indirect tension tests on mortar reinforced with round 
and non-round ?bers were conducted with a number of 
specimens reinforced with either round or non-round ?bers. 
The results of these tests are shown graphically in FIGS. 3 and 
4 which plot ultimate strength in p.s.i. against total ?ber sur 
face area/cubic inch of concrete. - These curves show the 
results of indirect tension tests referred to above and are a 
statistical plotting of a great number of test specimens. The 
round-?ber curve represents the results of testing ?bers of 
electro-brass plated wires having a nominal tensile strength of 
240,000 p.s.i. and having the dimensions listed in Table III. 

TABLE III 

Wire Fibers Tested 

Diameter, inch Length, inch 
1 0.0065 56 

0.0065 16 

11 0.017 36 
don t, 
0.017 % 
0.017 1% 

111 0.025 58 
0.025 ll‘: 

The nonround-?ber curve represents results on cut sheet steel 
having a nominal tensile strength of about 55,000 p.s.i. and 
having dimensions listed in Table IV. ‘ 

TABLE IV 

Flat Fibers Tested 

Thickness Width Length 
inch inch inch 

1 _ 0.010 0.022 I 

0.010 0.030 [$5 
0.010 0.094 1 

11 0.014 0.028 I 
0.014 0.030 I 
0.014 0.050 l 
0.014 0.081 I 
0.014 0.150 I 

111 0.015 0.063 I 
0.015 0.094 I 
0.015 0.125 I 

As mentioned above, the straight line curve shown in FIGS. 
3 and 4 are statistical plottings which clearly demonstrate that 
strength is directly proportional to the total surface area of the 
?bers in a unit volume of concrete rather than ?lament spac 
ing as previously believed. The calculations of the total sur 
face area for these ?bers were made with the following equa 
tions. 

Total surface area: 

S, = SMN 
where: 
S_,,= surface area of single ?ber which for rounds is: 

1rdL 
where: 
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6 
d = diameter of ?ber; and 
L = length of ?ber 

and for non-rounds is: 
2( w + t)L 

where: 
w = width of ?ber; 
! = thickness of ?ber; 
L = length of ?ber; and 
R = width-to-thickness ratio. 
N is the number of ?bers in a unit volume of concrete V,: 

N = p Vc/ 1 00 V, 
where: 
p = percent of ?laments (steel) in concrete by volume 

(decimally p/ 100); 
V, = volume of a concrete (a unit volume = 1 ); and 
V,,= volume of a single ?ber. 
V‘, for rounds is: 

1rd'L/4 
V‘, for non-rounds is: 

w'T' L 
Therefore, total surface area for rounds: 

Theoretically, if the inherent bond characteristics are as 
sumed the same for both round and non-round ?ber surfaces, 
the two curves should be alike because the strength vs. total 
surface area is equated. It can be seen, however, that the slope 
of the round ?lament curve is 18.06 p.s.i./square inch of sur 
face area (FIG. 4), while the slope for the ?at or non-round 
?ber is 55.50 p.s.i./square inch (FIG.3). It can be concluded, 
therefore, that the inherent bond characteristic of the non 
round ?ber is considerably greater than for the round ?ber. 

It can be seen from the equation described above that the 
total surface area 8,, is affected by three factors: ( l ) p, the per 
centage of the ?laments in the concrete; (2) t, the thickness of 
the ?lament, and (3) R, the width-to-thickness ratio. Both the 
percentage of the ?lament in the concrete and the thickness of 
the ?laments are linearly related to the total surface area. In 
creases in the percentage of ?laments, p, will increase the total 
surface area, and decreases in the thickness I, will also in 
crease the total surface area. However, the width-to-thickness 
ratio, R, is related, to the total surface area in a manner which 
results in a critical value signi?cantly affecting the total sur 
face area. In Table V the relationship between R and the 
quantity (R + l /R) as set forth in the aforementioned equation 

_ is described. This relationship is also shown in FIG. 5. Since 
60 

65 

70 

75 

the quantity (R + HR) is related to the total surface area and 
the total surface area in turn affects the strength improve 
ment, it is seen therefore, that the width-to-thickness ratio R 
has a signi?cant effect on the strength improvement. In this 
connection, it is well to review FIGS. 3 and 4 again which are 
graphs showing the relationship between ultimate tensile 
strength and total surface area for non_round and round ?la 
ments. These graphs are representative of the relationship 
de?ned and for different conditions of concrete, etc. 
Nevertheless, it is clearly shown that the ultimate tensile 
strength increases with total surface area/unit volume of 
matrix. The width-to-thickness ratio R has a clear effect on the 
total surface area, and as shown in FIG. 5, the total surface 
area is considerably greater when the width-to-thickness ratio 
is less than about 5-6 than it is when the ratio is greater than 
this quantity. The change in the width-to-thickness ratio from 
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about 5 toward l results in a materially greater total surface 
area as illustrated by the affect of the width-to-thickness ratio 
ofR on the quantity (R+ l/R) as shown in FIG. 5. 

TABLE V 

Relationship Between R and 

the Quantity (R + l)/R 

R+ l/R 
1.071 
1.077 
1.083 
1.091 
1.100 
1.111 
1.125 
1.143 
1.166 
1.200 
1.250 
1.333 
1.500 
2.000 

COATING APPARATUS 

The discontinuous reinforcing ?laments 10 (FIG. 6) are 
piled in the bottom of a vibratory feeder 12 of the type shown 
in U.S. Pat. No. 2,654,465 issued to M. T. Sgriccia on Oct. 6, 
1953. The ?laments 10 are aligned in single ?le on the helical 
channel 14 (FIG. 6) and are vibrated upwardly in a path of 
movement from the bottom of the vibratory feeder 12 to a 
discharge chute 16 on the top of the vibratory feeder 12. As’ 
shown in FIG. 6, the ?laments 10 are deposited on a conveyor 
18. This conveyor 18 has a frame 20 (FIG. 6) in which are 
journaled a pair of rollers 22 for supporting a mesh-type 
endless conveyor belt 24 which is driven by conventional 
means (not shown) along the path of movement of the arrows 

8 
in FIG. 6. The conveyor 18 transports the single line of ?la 
ments 10 past a spraying means, suitably a tank 26 (FIG. 6) 

' ' 1 ' . '- ' 'd 41 and provided with a plurality 

ofspraying nozzles 28 adapted to cover the entire width of the 
mesh-type conveyor belt 24. M‘ 

After coatin the ?la ts 10 (FIG. 6) are transported to a 
heating or drying means, such as an oven 30 ofthe electric or 
gaseous type or the like, where the coating 41 on the ?laments 
10 is dried. For the purpose of assuring that the ?laments 10 
will turn as they progress along their path of movement along 
the conveyor belt 24, the frame 20 of the conveyor is mounted 
‘on a vibrator 32 (FIG. 6). The coated dried ?laments 10 fall 

20 

30 

35 

from the discharge end 34 of the conveyor 18 into a collecting 
container 36. 

In FIG. 7, the ?laments 10 are transported along the spray 
ing conveyor 180 having a mesh-type belt 24 and fall from the 
discharge end 340 of the spraying conveyor 180 into a drying 
conveyor 18b. The drying conveyor 18b (FIG. 7) transports 
the coated filaments 10 along a heating means, in this case, a 
plurality of heating lamps 38, to the container 36. 

Alternatively, as shown in FIGS. 8,9,10, the conveyor 18c 
may be provided with a compartmentalized belt 24c which 
belt 24c transports the ?laments 10, one in each compartment 
40 of the belt 24, into a dipping tank 42 containing the coating 
?uid 41. For the purpose of restraining the ?laments 10 within 
the compartments 40 on the compartmentalized belt 24c, a 
stationary screen 44 (FIGS. 8-10) is disposed along the path 
of movement of the compartmentalized belt 240 through the 
dipping tank 42. The coated ?laments 10 contained within the 
compartments 40 are then transported by the conveyor 18c 
along heating means, such as the heating lamps 380 (FIG. 8) 
and the dried coated ?laments and are dropped into the con 
tainer 36. As shown in FIG. 8, the conveyor belt 24c of the 
conveyor l8cis guided along its path of movement by a plurali 
ty of rollers 46. Holes 50 (FIGS. 9,10) in each compartment 
40 permit the coating ?uid 41 to drain therefrom. 

Data for Figures 1, 2, 3, 4 

TABLE VA 

Round ?laments for Figures 1, 2, 4, 12 

Percentage 
Filament, inches of steel by Total 
—_————— volume of Spacing, surface Ultimate Strength 

Size Diameter concrete inches area, sq. in. stress, p.s.i. ratio 1 

0. 017 5% 0. 76 0. 269 1. 80 467 1.10 
0. 017 116 0. 76 0. 269 1.80 491 1.15 
0. 017 % 0. 76 0.269 1. 80 520 1. 22 
0.017 95 0.83 0.257 1.97 425 1.00 
0.017 16 0.83 0.257 1.97 462 1.08 
0.025 V; 1.25 0.309 2.00 414 0.97 
0.017 16 0. 94 0. 242 2. 22 458 1.08 
0. 017 % 1. 25 0. 210 2. 95 420 0. 99 
0.017 ‘A 1.25 0.210 2.95 489 1.15 
0. 025 % 2. 25 0. 230 3. 61 478 1. 12 
0.025 56 2. 50 0. 218 4. 03 475 1.12 
0. 025 1% 2. 50 0. 218 4. 03 634 1. 40 
0.017 35 2.04 0.164 4.83 602 1.41 
0. 017 3/5 2.15 0. 160 5.08 568 1. 33 
0.017 ‘A 2. 25 0.156 5. 35 509 1.19 
0.017 ‘A 2. 25 0. 156 5. 35 551 1. 20 
0.025 % 3. 41 0. 187 5. 46 478 1. 12 
0.025 3/6 3. 76 0. 178 6.03 500 1. 17 
0. 0065 1/6 1.00 0. 090 6.14 619 1. 45 
0. 017 515 3. 12 0. 133 7. 34 565 1. 33 
0.017 1'5 3. 31 0. 129 7. 83 591 1. 39 
0. 017 % 3. 53 0. 125 8. 33 616 1. 45 
0.025 % 5.22 0.151 8. 39 571 1.34 
0.017 5% 3. 75 0.121 8.90 631 1. 48 
0.017 ‘A 4.16 0. 115 9. 85 643 1. 51 
0.017 % 4.35 0.112 10.40 603 1.42 
0. 017 % 4. 74 0. 108 11. 11 648 1. 52 
0.0065 46 2. 04 0.063 12.42 658 1.54 
0, 017 5% 5. 83 0.097 13. 83 604 1. 42 
0.017 % 5.83 0. 097 13. 83 640 1. 50 
0.017 % 6.25 0.094 14.77 664 1.56 

1 Ratio of the ultimate strength of ?lament reinforced concrete to the ultimate strength 
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TABLE \"III - Continued 

For Figure 11 (?at ?laments) 

T01 ;1l snr- ments by Ultimate 5 
face area. vulninn of strength 

Filament size. inches s0. iu- plastic “LS-i3 

0.005‘ .x 0.015 x 0.50:.“ ...... ..T. . ‘71.0 F 15.5 220' 
0.005 x 0.015 x 0.50. ..... . . 71. 0 15.5 g'. 070 
0.005 x 0.015 x 1.00. .. 34. 4 7. 5 2. s70 
0.006x0.016x1.00. 34.4 7.5 3.100 10 
0.005 x 0.015 x 1.00. 34. 4 7. 5 .250 
0.005 x 0.010 x 1.00... 34. 4 7. 5 3 520 
0.005 x 0.015 S 1.00. . 34. 4 7. 5 3' 050 
0.005 x 0.015 x 1.00. 34. 4 7. 5 21550 
0.005 x 0.015 x 0.37. . 50. 0 10. 0 4. 350 
0.002 x 0.002 x 0.75. 215. 0 10.0 5.100 
0.002 x 0.002 x 0.75. 215. 0 10. 0 5. 215 
0.002 x 0.002 x 0.75. 215. 0 10.0 5. 210 I5 
0.002 .1 0.002 x 1.00. 215. 0 10. 0 5 550 
0.002 x 0.002 x 1.00. 215. 0 10.0 5' 340 
0.002 x 0.002 x 1.00. 215. 0 10. 0 51510 
0.002 x 0.002 x 1.00. 218. 0 10.0 5. 045 
0.002 x 0.002 x 1.00. 215. 0 10. 0 080 
0.014 x 0.0. x 1.00. 5.5 3.0 2. 570 
0.014; 0.02 x100. 5.5 3.0 2.720 20 
0.014 x 0.027 x 1.00. . 5. 5 3. 0 2. 550 
0.014 x 0.027 111.00. _ 5. 5 3. 0 2 580 
0.014 x 0.027 x 1.00. 5. 5 3. 0 2' 400 
0.014 x 0.027 x 1.00. 5.5 3. 0 2: 520 
0.014 x 0.027 x 1.00. 5. 5 3. 0 2 040 
0.014 x 0.027 31.00. 15.3 7. 5 3: 055 
0.014 x 0.027 x 1.00- 15. 3 7. 5 2, 400 
0.014 S 0.027 x 1.00. 15.3 7. 5 2. 810 
0.014 x 0.027 x 1.00. 15. 3 7. 5 3. 020 
0.014 x 0.027 x 1.00. 15.3 7. 5 3 355 
0.014 x 0.027 x 1.00. 15.3 7. 5 2: 845 
0.014 x 0.027 111.00. 15. 3 7. 5 3. 370 
0.014 x 0.027 x 1.00. 23. 7 10.0 3.100 
0.014 x 0.027 x 1.00. - - 10. 0 ..050 
0.014 x 0.027 x 1.00. 10.0 2,005 30 
0.014 x 0.027 x 1.00. 10. 0 410 
0.014 X 0.0.7 x 1.00. .5 15. 5 2, 720 
0.002 x 0.002 x 1.00___ 150. 0 7. 5 5. 305 
0.002 x 0.002 x 1.00. . 150.0 7. 5 4, 725 
0.002 x 0.002 x 1.00___ 150. 0 7. 5 5,350 
0.002 x 0.002 x 1.00... 150.0 7. 5 4. 550 
0.002 x 0.002 x1.00__ 21s. 0 10.0 5, s40 35 
0.002 x 0.002 x 1.00___ 215. 0 10.0 5.510 
0.002 x 0.002 x 1.00. 212. 0 10. 0 5. s50 
0.002 x 0.002 x1.00._ 21s. 0 10.0 5,045 
0.002 x 0.002 x 1.00. _ '21s. 0 10. 0 5.050 
0.002 x 0.002 x 1.00. 310. 0 15. 5 7, 450 
0.002 x 0.002 x 1.00__ 310. 0 15.5 s. 050 
0.002 x 0.002 x1.00_ 310.0 15.5 7, 000 
0.002 x 0.002 x1.00__. 310. 0 15.5 7.1130 40 
0.002 x 0.002 x 1.00. ._ .. . 535. 0 25. 5 11.520 
0.002 x 0.002 x 1.00_.. 535. 0 25. 5 11.350 
0.002 x 0.002 x 1.00 ............... .. 535. 0 25. s 11, 000 

STEEL FILAMENT REINFORCED REFRACTORIES 

The refractory matrix mass may employ any of the following 
refractories or their equivalents: 

a. type l-I & W HS refractory made by Harbison-Walker 
Refractories, Pittsburgh Pa. 15222; 

12 
as the mold and the reinforced refractory remains in place. 
When lining kilns. or the like. with the reinforced refractory. 
such refractory may be pneumatically placed by use of a con 
ventional machine, such as Gunnite machine made by Allen 
town Pneumatic Gun Company. Allentown Pa. 18105 or the 
like, and by following practices outlined in the American 
Concrete Institute‘s symposium on shot-creting publication 
SP-l4, American Concrete Institute, Detroit. Michigan 
482l9. 

STEEL FILAMENT REINFORCED RUBBER 

The rubber matrix mass may employ any of the following 
elastomers or their equivalent: 

a. Polyisoprene rubber from Shell Chemical Corporation. 
Synthetic Rubber Division, Torrance, California 90502; 

b. Neoprene W rubber from E. I. duPont de Nemours and 
Company, Inc. Wilmington Delaware 19398; 

c. Butadiene- Styrene, such as Plio?ex ISO-2 or the like. 
from Goodyear Tire and Rubber Company. Akron Ohio 
44315; 

d. natural rubber; and 
e. Thermoset chemically cross linked polyethylene. 
The rubber formulations or ingredients. such as latex 

25 (rubber). kaolin ?ller clay. extenders such as SHELLFLEX oil 

b. type Hydro Mix, Plicast, Hearth Cement, or Plibrico No. 50 
27 refractories made by Plibrico Company, Chicago, Il 
linois 60614; 

c. type Brickcast Extra HS refractory made by General 
Refractories Company, Philadelphia Pa. 19 l 02; 

d. type Butler 2,300” F. refractory made by Butler Refracto- 55 
ries Division of Ferroslag Process Corp. Butler, Pa. 
l600l;and 

e. type KastSet refractory made by A & P Green Refracto 
ries, Mexico Missouri. 

Thei?laments 10 may be formed of carbon steel or stainless 60 
steel, such as T-304, T-3 16 or the like for high temperature 
use. 

Refractory matrices are usually of a refractory cement base, 
such as Lumnite Cement, the trade name for a high alumina 
cement made by United States Steel Corporation, Pittsburgh 65 
Pa. or the like. For this reason mixing procedures are about 
the same as those used for conventional mortar‘ or concrete. 
For example, a paddle type mortar mixer (not shown) might 
be used in which all ingredients including the steel ?laments 
are mixed and dispersed dry. Water is then added and mixed 
to a plastic castable consistency. Once the water is added, the 
chemical action begins and mixing time is held to a minimum, 
such as about 3 minutes, as Lumnite is a quick-setting cement. 
The mix is poured in place for ‘example, as a liner for an open 
hearth furnace door (not shown) in which the door frames act 
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based extender made by Shell Chemical C or p.. Torrance. 
California 90502. etc., are compounded or mixed using an in 
ternal rubber mill such as Banbury mixer made by Farrel Co., 
Division of United Shoe Machinery Co., Ansonia. Connec 
ticut or the like. and ?laments 10 are added during this opera 
tion. The milled material having a high viscosity yet plastic 
like consistency is placed in a closed mold (not shown) under 
pressure. Relatively low pressures, such as about 100 p.s.i. or 
the like are usually suf?cient to provide flow of the material so 
as to completely ?ll out the mold. Generally ?uid pressures. 
such as about 100 p.s.i. or the like, are used at elevated tem 
peratures. such as about 300° F. or the like, thus obtaining 
both pressure to ?ll out the mold and heat for vulcanizing. 
Vulcanizing is done by heating quite generally with steam or 
low melting point metals, such as Woods Metal or the like. at a 
temperature of about 300° F. Steel ?laments 10 used in these 
matrices will usually be brass plated. The brass chemistry 
being about 65 to 75 percent copper with a corresponding 
zinc content of about 35 to 25 percent. After vulcanizing. the 
?lament reinforced product is ready for use. Such a product 
exhibits improved wear characteristics, increased heat con 
ductivity and resistance to failure by propagating cracks in the 
rubber. 

FILAMENT REINFORCED BITUMINOUS MATERIALS 
COAL TAR OR ASPHALTIC VEHICLES 

It is possible and feasible to introduce into bituminous mixes 
?laments and/or acidular ?llers such as sand, gravel or the 
like. Batch mixing by stirring is preferred and depending on 
viscosity, may require elevated temperatures, such as about 
200° F. or the like. 
The properties of ?lament reinforced bituminous, coal tar 

or asphaltic materials mixed will be enhanced for many uses. 
The reheological or ?ow property as measured by conven 
tional rotational and/or ori?ce type viscosimeters will increase 
with increases in percent by volume of ?laments added. 
Another measure of the increased stability of a ?lament 

reinforced bituminous mix is the inclined plane flow test 
wherein a briquet of material is placed on about a 45° incline 
at about 120° F. for about 1 hour. A non-stabilized product 
would ?ow or run on this incline whereas with ?lament addi 
tives, ?ow, slump or run is inhibited. This ?ow is an inverse 
function of the amount of ?laments 10 added. 

Stabilized bituminous products are used to advantage in 
road construction as base, intermediate, and wearing layers, in 
roo?ng pitches, asphaltic drainage ditches, and canal linings 
and for grouting and joint sealing. With the use of copper fila 
ments 10 in the mix, an ef?cient antifouling coating for boats 
and ships is made. 



3,650,785 
13 

STEEL FILAMENT REINFORCED WOOD PRODUCTS 
BOARD 

As a means of strengthening as well as of providing mag 
netic wood products, particle or ?ake board, steel ?laments 
10 are introduced in the manufacturing process. For example, 
raw wood, such as Aspen wood or the like is peeled with the 
grain in a manner so as to provide “flakes” of wood. The 
?akes are then kiln dried to about 5 percent moisture content. 
The ?akes are spread out on a moving belt at which time steel 
?laments 10 are introduced in a completely random manner 
so as to be dispersed throughout the flakes. The ?akes and 
precoated ?laments 10 (by an epoxy-resin adhesive 41 of the 
type hereinafter disclosed) are sprayed with a resin binder 
such as CASCO resin type WW-l7 made by Bordon, Inc. 
Chemical Division, New York, N.Y. 10017 or the like. The 
?akes and ?laments 10 are then metered into cauls (trays) to a 
depth of about 8 inches, which depth depends on the required 
?nal board thickness. These trays are stacked in a forming 
press having steam heated platens. The stacks of trays are 
hydraulically loaded under pressure and heated for about 20 
minutes during which time the 8-inch height is compressed to 
about 1% inch. The resin provides bond between ?akes and 
?laments 10. The boards, usually about 4 feet by 16 feet, are 
taken from the trays, trimmed and sanded and are ready for 
shipment. 

FILAMENT COATINGS 

It is expected that in speci?c cases steel ?laments 10 will be 
pre-coated with different materials depending on which 
matrix material is being combined with the ?laments 10. 

For refractories, concretes and other cement based 
matrices, the ?laments 10 can be coated with liquid type coat 
ing ?uid 41 (FIG. 8), such as Epoxy Resin Adhesives (SIKA 
Chemical Corp., Passiac, New Jersey), Rust Arrest 36, an or 
ganic phosphatic resin made by Lubrizol Corporation, 
Wickliffe, Ohio 44092, U.S. Steel Nexus SX9003 or PX2001 
(U.S. Steel Corp., Pittsburgh, Pa.) or the like. 

Brass coated steel ?laments 10 would be used in rubber 
compounds. The purpose of all of these coatings 41 is to in 
crease the interfacial shear strength between the ?lament l0 
and the matrix and thus enhance the strength and ?ow proper' 
ties of the matrix, and to protect the ?laments 10, formed of 
aluminum, glass ?ber and the like, from chemical attack by 
the matrix material. 

FIG. 12 

In summary, FIG. 12 further illustrates the performance or 
the ?at ?laments 10 over round filaments. FIG. 12 shows how 
an increase in the total surface area of the ?at ?laments 10 
provide a much greater strengthening effect than a compara 
ble increase in total surface area of round ?laments. The 
strengthening effect of the ?laments, both round and flat, is 
expressed in FIG. 12 as a ratio of the ultimate strength of the 
?lament reinforced concrete to the ultimate strength of the 
plain concrete. The data shown in FIG. 12 is presented in Ta 
bles VA and VI. 

SUMMARY OF THE ACHIEVEMENTS OF THE 
INVENTION 

Other advantages accrue from the use of non-round ?la 
ments in accordance with the invention in addition to the 
strength improvement over round ?bers. Thus, for example, it 
has been found that by mixing non-round ?laments into 
concrete such ?laments have a tendency to mix more 
thoroughly with a resultant more uniform distribution 
throughout the concrete, whereas round ?laments have a ten 
dency to ball or form localized concentration zones. Further, 
non-round ?laments can be mixed into concrete equally well 
either before or after water is added to the mix, whereas round 
?bers may be distributed properly when mixed wet, but often 
cannot be distributed uniformly when mixed dry before ad 
ding water. In the latter situation, the round ?laments, when 
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added to a dry mix 6mm water is then added, generally 
showed local concentrations and in many cases the wires 
clustered or failed to disperse properly throughout the mix 
ture. 

Thus, one aspect of the present invention is a novel method 
of making ?lament reinforced concrete by preparing a dry ad 
mixture of cement, aggregate (sand and/or coarse aggregate) 
and the non~round reinforcing ?laments in accordance with 
the'invention and described previously. The substantially dry 
admixture should properly be mixed to randomly distribute 
the ?laments after which at least sufficient water is added by 
hydration of the cement and the entire mixture then remixed.‘ 
The dry admixture may be alternatively transported to the 
work site where it is mixed with water or water and admixture 
may be mixed in transport as is conventional concrete. Also, 
the ?lament reinforced concrete may be placed by pneumatic 
pressure by techniques sometimes referred to as “shot cre 
ting". In the latter instance, dry or water~containing mixtures 
are pneumatically “shot" through a nozzle. 
We have also found that ?bers of a material having a rela 

tively high modulus of elasticity will strengthen the concrete 
the most at a given strain. The greater the modulus, the 
greater the stress which can be built up in the reinforcing. 
Thus, for example, ?bers of steel, with a modulus ratio to 
concrete of 10:1, will be able to improve the strength of 
concrete more than ?bers of aluminum which have a 3:1 
modulus ratio to concrete, assuming equivalent concrete-to 
?ber bonding. In this latter connection, it is noted that the use 
of both coated and uncoated ?bers are within the purview of 
the present invention. Moreover, the ?bers may be made ofa 
variety of material including, for example, ?ber glass, nylon, 
plastics and other synthetics as well as various metals, e.g., 
titanium, tungsten, copper, lead, stainless steel, aluminum, 
etc. The material selection depends upon the strength and 
other properties desired to be developed in the concrete. 
However, in accordance with the invention, whatever ?ber 
materials are employed, the non~round con?guration and 
their distribution within the concrete mortar will result in 
greater strength improvement. 

In accordance with the invention, the reinforcing ?bers may 
be used as the exclusive reinforcing agent in the concrete or in 
conjunction with other reinforcement. Thus, for example, the 
concrete may be reinforced with mesh and/or bars in conven 
tional fashion and additionally with non-round ?laments. In all 
cases, the discontinuous reinforcing, i.e., ?laments as opposed 
to rod, bar or mesh, shall consist of non-round ?bers as 
discussed above. 

It is apparent from the above that various changes and 
modifications may be made without departing from the inven 
tion. Accordingly, the scope thereof should be limited only by 
the appended claims wherein what is claimed is. 
We claim: 
1. A reinforced composite consisting essentially of: 
a. one castable matrix mass from the group consisting of a 

castable concrete matrix mass and a castable plain mortar 
matrix mass where said castable concrete matrix mass 
and said castable plain mortar matrix mass contained Por 
tland cement; 

. one plurality of discontinuous reinforcing ?laments from 
one group consisting of discontinuous ?berglass reinforc 
ing ?laments, discontinuous nylon reinforcing ?laments, 
discontinuous titanium reinforcing ?laments, discontinu 
ous tungsten reinforcing ?laments, discontinuous copper 
reinforcing ?laments, discontinuous lead reinforcing ?la 
ment, and discontinuous steel reinforcing ?laments ran 
domly distributed within said matrix mass in sufficient 
quantity to reinforce said matrix mass and restrict crack 
propagation, 
1. said ?laments being bonded to said matrix mass, 
2. substantially all of said discontinuous ?laments in said 

matrix mass having a non-round cross-sectional con 
?guration having a width dimension and a thickness 
dimension, and a width-to-thickness ratio of not greater 
than about ?ve, 
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3. said width dimension being in the range of about 0.005 
to 0.15 inch, 

4. said thickness dimension being in the range of about 
0.001 to 0.03 inch, 

5. said ?laments having a length of about V4 to 3 inches, 
and 

6. where the percentage of said ?laments in a unit volume 
of said matrix mass is in the range of about 0.33 to 10.0 
percent. 

2. A reinforced mortar composite consisting essentially of: 
a. a mortar matrix mass formed of sand, water, and a Port 

land cement; and 
b. discontinuous steel reinforcing ?laments randomly dis 

tributed within said mortar matrix mass and bonded 
thereto, 
1. substantially all of said discontinuous filaments having 
a non-round cross sectional area having a width dimen 
sion and a thickness dimension, and a width-to 
thickness ratio of not greater than about five, 

2. said width dimension being in the range of about 0.005 
to 0.15 inch, 

3. said thickness dimension being in the range of about 
0.001 to 0.03 inch, 

4. said ?laments having a length of about V4 to 3 inches, 
and 

5. where the percentage of said ?laments in a unit volume 
of said matrix mass is in the range of about 0.33 to l0.0 
percent. 

3. A reinforced composite according to claim 2 wherein 
said steel ?laments have at least 50,000 psi. ultimate tensile 
strength. 

4. A method of manufacturing a reinforced composite con 
sisting essentially of: 

a. casting one castable matrix mass from the group consist 
ing of a castable concrete matrix mass and a castable 
plain mortar matrix mass where said castable concrete 
matrix mass and said castable plain mortar matrix mass 
contain Portland cement; 

b. admixing one plurality of discontinuous reinforcing ?la 
ments from the group consisting of discontinuous 
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?berglass reinforcing ?laments, discontinuous nylon rein 
forcing ?laments, discontinuous titanium reinforcing ?la 
ments, discontinuous tungsten reinforcing ?laments, 
discontinuous copper reinforcing ?laments, discontinu 
ous lead reinforcing ?laments, and discontinuous steel 
reinforcing ?laments randomly within said matrix mass in 
suf?cient quantity to reinforce said matrix mass and 
restrict crack propagation; 

. said ?laments having a non-round cross-sectional con 
?guration width dimension of about 0.0005 to 0.15 inch 
and a thickness dimension of about 0.001 to 0.03 inch, a 
length of about V4 to 3 inches, a width to thickness ratio of 
not greater than about ?ve, and a percentage of such ?la 
ments in a unit volume of said matrix mass in the range of 
about 0.33 to 10.0 percent. 

5. A method of making a reinforced composite consisting 
essentially of: 

a. preparing a substantially dry admixture of a Portland ce 
ment, sand and a plurality of discontinuous steel reinforc 
ing ?laments having a non-round cross-sectional con?gu 
ration, a width dimension of about 0.005 to 0.15 inch and 
a thickness of dimension of about 0.001 to 0.03 inch, a 
length of about V4 to 3 inches, a width-to-thickness ratio 
of not greater than about ?ve, and a percentage of said 
?laments in a unit volume of said matrix mass in the range 
of about 0.33 to 10.0 percent; 

b. mixing said substantially dry admixture to randomly dis 
tribute said reinforcing ?laments; 

c. adding at least suf?cient water for hydration of the ce 
ment; and 

d. remixing. 
6. The reinforced composite recited in claim 1 wherein said 

percentage is in the range of about 1.0 to 6.0 percent. 
7. The reinforced mortar composite recited in claim 2 

wherein said percentage is in the range of about L0 to 6.0 per 
cent. ' 

8. The method recited in claim 4 wherein said percentage is 
in the range of about 1.0 to 6.0 percent. 

9. The method recited in claim 5 wherein said percentage is 
in the range of about 1.0 to 6.0 percent. 
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