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(57) ABSTRACT 

Cementitious compositions and methods for making the 
compositions Wherein the compositions include high vol 
ume of mineral admixtures such as ?y ash and blast-furnace 
slag in combination With rice hull ash. In one embodiment, 
the cementitious composition is a blend of hydraulic cement, 
rice hull ash and a mineral addition selected from ?y ash and 
blast-furnace slag. The cementitious compositions can 
advantageously have high early and 28-day compressive 
strength and a very loW permeability rating. 
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METHOD FOR PRODUCING A BLENDED 
CEMENTITIOUS COMPOSITION 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part applica 
tion of US. patent application Ser. No. 09/500,138 ?led on 
February 8, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method for 
producing a blended cementitious composition that includes 
high levels of mineral additions yielding superior cement 
based products such as concrete mixtures and mortar. 

[0004] 2. Description of Related Art 

[0005] The use of concrete as a construction material has 
been knoWn for thousands of years. The general properties 
and advantages of concrete over other construction materials 
are Well knoWn and concrete is presently the most Widely 
used construction material in the World. 

[0006] Through the centuries, the methods and formula 
tions for making concrete mixtures have changed and many 
variables have been introduced as the technology has 
advanced. In general, the materials currently employed in 
making a concrete mixture are hydraulic cement With sand, 
gravel or crushed rock and Water. The mixture is thoroughly 
intermixed, placed into the desired formWork and alloWed to 
set. After setting and adequate hardening of the mixture the 
formWork is removed and the strength development contin 
ues to occur over time. The concrete mix proportions vary 
substantially depending upon a host of considerations. Thus, 
the proportions of hydraulic cement With sand, crushed rock 
and Water are varied to suit the desired parameters. It is also 
knoWn that certain types of admixtures can be added to 
concrete to improve the strength, durability and other prop 
erties and to reduce the cost. 

[0007] It has been knoWn, for example, to add to a 
concrete mixture certain admixtures knoWn as Water-reduc 
ers or plasticiZers and poZZolans to achieve speci?c objec 
tives in the resulting concrete product. Water-reducers are 
chemical admixtures Which, When used in small amounts, 
are able to reduce the Water content of a concrete mixture. 
Water reducing admixtures are Well knoWn and Widely used 
throughout the industry. The reduction of Water While main 
taining a Workable consistency or slump is desirable because 
of the increase in strength and impermeability of the result 
ing concrete. Normal Water-reducing agents are commonly 
used in the industry and are required by ASTM C 494 to 
reduce the Water content in a concrete mixture by at least 5 
percent. The typical Water reduction is betWeen 6 percent 
and 7 percent. A negative side effect of large amounts of 
normal Water-reducing agents, hoWever, is the retardation of 
the setting time and early strength in the concrete. High 
range Water-reducing admixtures, also called superplasticiZ 
ers, can be used in much larger quantities than normal 
plasticiZers. These materials are able to reduce the mixing 
Water by up to 25 percent for a given consistency in a fresh 
concrete mixture. ASTM C 494 requires a superplasticiZer to 
provide at least a 12 percent reduction of Water in the 
concrete mixture While maintaining the same slump. HoW 
ever, superplasticiZers are very expensive. 
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[0008] PoZZolanic and cementitious additions to concrete 
are knoWn as mineral admixtures. A poZZolan is de?ned as 
a siliceous material that reacts With calcium hydroxide in the 
presence of Water at ordinary temperatures to develop 
cementitious properties. PoZZolans and cementitious mate 
rials such as ground, granulated blast-furnace slag can be 
used either as a concrete admixture or as a cement addition 

to form a blended portland cement. 

[0009] US. Pat. No. 5,346,548, issued on Sep. 13, 1994 to 
Mehta, relates to highly durable cement products containing 
siliceous ashes. The patent discloses the use of a variety of 
types of materials, including ?y ash, slag and a highly 
poZZolanic rice hull ash, With cementitious materials in the 
formation of blended cement compositions suitable for the 
construction of concrete structures. 

[0010] The prior art, in addition to the foregoing patent, 
has recogniZed the desirability of using Waste materials in 
the cementitious composition to enhance the properties of 
the concrete mixture, to reduce the cost of the mixture, and 
to dispose of Waste materials in an ecological and cost 
effective manner. 

[0011] HoWever, all such prior art methods for producing 
blended cement compositions knoWn to the inventor tend to 
employ relatively loW percentages of mineral admixtures in 
formulating blended cement compositions. For example, in 
the case of ?y ash, the percentage has typically been from 5 
Weight percent to 20 Weight percent ?y ash in ASTM Type 
IP and Type IP(M) blended Portland cements. NotWithstand 
ing the bene?cial properties achieved in formulating such 
blended cement compositions, there is a continuing demand 
for blended cement compositions that have improved prop 
erties, both in the construction process as Well as in the 
resultant concrete. It is recogniZed that in vieW of the 
massive quantities of this construction material that are 
employed throughout the World, it Would be desirable to 
improve upon the properties of this construction material in 
regard to the Workability of the fresh concrete mixture and 
durability of the resulting hardened concrete in the structure. 
Because of the extensive use of this construction material in 
accordance With societal demands throughout the World, 
there has been considerable interest in reducing the material 
costs associated With the use of concrete. 

[0012] Therefore, it has long been knoWn that it Would be 
desirable to provide a method for producing a blended 
cement composition Which permits the achievement of prop 
erties in the resultant concrete mixture Which are more 
suited to the objectives desired to be attained; Which facili 
tates the preparation and use of the blended cement com 
position in virtually all operative environments; Which 
simultaneously With the improved operative properties is 
less expensive; Which avoids the need for using very expen 
sive chemical admixtures Which may be intended to produce 
the same results, but at a great cost and With some disad 
vantages and side effects; Which can be employed to produce 
a concrete or the like Which has improved durability over 
prior art structures; and Which otherWise is entirely effective 
in achieving its operational objectives. 

SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to provide an 
improved blended cement composition containing mineral 
additions that can be added directly to a concrete mixture, or 
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separately as a component of the cementitious materials in 
the concrete mixture, Which has advantages not heretofore 
achieved in the art. 

[0014] According to one embodiment of the present inven 
tion, a method for producing a blended cementitious com 
position is provided. The method includes the step of 
intermixing at least about 5 Weight percent rice hull ash, at 
least about 30 Weight percent of a mineral addition selected 
from ?y ash and blast furnace slag, and a hydraulic cement 
such as portland cement. 

[0015] According to another embodiment of the present 
invention, a blended cement composition is provided. The 
blended cement composition includes at least about 30 
Weight percent of a hydraulic cement, from about 5 Weight 
percent to about 20 Weight percent rice hull ash and at least 
about 40 Weight percent of a mineral additive selected from 
the group consisting of ?y ash, granulated blast-furnace slag 
and mixtures thereof. 

[0016] According to yet another embodiment of the 
present invention, a concrete mixture is provided. The 
concrete mixture includes a blended cement composition 
having at least about 30 Weight percent hydraulic cement, at 
least about 5 Weight percent rice hull ash and at least about 
30 Weight percent of a mineral additive selected from the 
group consisting of ?y ash, blast furnace slag and mixtures 
thereof. The concrete mixture also includes aggregate and 
Water. The rice hull ash, in combination With high amounts 
of the mineral additive, advantageously enables the forma 
tion of a concrete mixture having good ?oW properties, as 
measured by the concrete slump, at loW levels of mixing 
Water, Without the use of a superplasticiZing chemical 
admixture. These mixtures have good Workability, high 
28-day strength and loW 28-day permeability. 

BRIEF DESCRIPTIONS OF THE DRAWING 

[0017] FIG. 1 is a schematic diagram of a method for 
producing a blended cementitious composition in accor 
dance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention is directed to the use of high 
levels of mineral additions to a cementitious composition. 
The blended cementitious composition preferably includes a 
normal hydraulic cement such as portland cement, a high 
level of a mineral addition reselected from ?y ash and 
granulated blast-furnace slag and a siliceous ash such as rice 
hull ash. The rice hull ash can be obtained from the burning 
of crop residues such as rice hull (also called rice husk). 
According to RILEM Committee 73-SBC Report (Jour. of 
Structures and Materials, January 1988, p. 89), Which is 
incorporated herein by reference in its entirety, the term 
mineral addition is used for inorganic materials, both natural 
materials and industrial by-products that are used in quan 
tities of 5 Weight percent or more of the cement. Mineral 
additions may be blended or interground With cement, or 
added directly to compositions comprising cement (e.g., 
concrete or mortar) before or during mixing. 

[0019] As heretofore noted, it is knoWn in the prior art to 
use rice hull ash, ?y ash, slag, and a Wide variety of other 
substances in the formulation of various types of blended 
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cement compositions employed in the production of con 
crete of virtually all types. Depending upon the requirements 
of the application involved, the particular formulation of the 
blended cement composition is varied to suit the required 
properties of the concrete. Thus, the operational objectives, 
for example, for high rise buildings, long span bridges, 
roadWays, dams, retaining Walls, simple sidewalks, and the 
like, may vary to a substantial degree. Similarly, as previ 
ously noted, the use of reinforcing structures Within the 
resultant concrete mass may be employed or may be varied 
depending upon the operational objectives. The ability to 
adjust the particular formulation to suit these operational 
objectives is of substantial signi?cance in rendering a par 
ticular method for such formulation practical and of value to 
both the engineers and contractors Who may be involved in 
the construction process itself as Well as to the oWners, users 
and those responsible for maintenance of the resulting 
concrete or other structures once completed. 

[0020] The present invention differs from the subject 
matter of the inventor’s US. Pat. No. 5,346,548 and from 
the remainder of the prior art knoWn to the inventor in a 
number of important respects. The inventor has discovered 
that, in combination With rice hull ash, ?y ash or slag can be 
employed in much greater amounts than has heretofore been 
considered possible in the published literature, including 
US. Pat. No. 5,346,548. For example, ASTM C 595 relating 
to blended portland cements permits a maximum of 40 
Weight percent ?y ash in the blended cement composition. 
HoWever, commercial portland cement/?y ash blended mix 
tures typically contain only 15 Weight percent to 20 Weight 
percent ?y ash because the strength and impermeability of 
conventional concrete products made from mixtures With 
higher than 20 Weight percent ?y ash are generally reduced 
to unacceptably loW levels at the early stages of concrete 
formation. High-volume ?y ash blended cement composi 
tions containing more than 40 Weight percent ?y ash, 
according to the current state of the art are disclosed by 
Malhotra in Concrete International, Vol. 21, No. 5, May 
1999, at pgs. 61-66. HoWever, these compositions invariably 
require the use of a high dosage of a superplasticiZer, Which 
is an expensive chemical admixture, to reduce the Water 
content of the concrete mixture in order to prevent a sub 
stantial loss of strength and Impermeability at early ages. 
For example, a high volume ?y ash concrete mix described 
by Malhotra contained 250 lb/yd3 cement, 400 lb/yd3 ASTM 
Class F ?y ash and 200 lb/yd3 Water. According to Malhotra, 
the loW ratio of Water to cementitious materials (0.3), While 
obtaining an acceptable consistency of concrete, Was 
achieved by the employment of a large dosage of a super 
plasticiZer. 

[0021] The present invention is based on the discovery 
that by incorporating a small amount of a highly poZZolanic 
rice hull ash (RHA) in these blended cement compositions, 
it is possible to increase the ?y ash or slag content to above 
40 Weight percent Without sacri?cing early strength and 
impermeability of the concrete product, even When no 
superplasticiZer has been added to the concrete mixture. The 
inventor has also discovered that When used in a volume 
higher than permitted by ASTM C 595, ?y ash itself behaves 
like a superplasticiZer (i.e., meets the ASTM C 494 require 
ment of a minimum 12 percent Water reduction) and tends to 
negate any extra Water requirement that is associated With 
the use of high surface area poZZolans like rice hull ash. 
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[0022] The bene?cial effects of the blended cement com 
positions of the present invention include achieving com 
pressive strengths in the resulting concrete that are higher 
than With the use of conventional blended cement compo 
sitions. Further, the use of expensive superplasticiZers or 
high-range Water reducing agents can be avoided in the 
concrete mixture, thus enhancing the durability of the con 
crete in a variety of environments Without incurring addi 
tional cost. The overall life cycle cost of such substances in 
the volumes disclosed herein Will be signi?cantly loWer than 
Where conventional compositions are employed. 

[0023] Referring more particularly to FIG. 1, a method in 
accordance With the present invention employing a tertiary 
blend of substances is generally indicated by the numeral 10. 
The ?rst substance of this embodiment is indicated by the 
numeral 11 and comprises at least about 30 Weight percent 
hydraulic cement, such as from about 30 Weight percent to 
about 50 Weight percent hydraulic cement, and more pref 
erably at least about 40 Weight percent hydraulic cement, 
such as from about 40 Weight percent to about 50 Weight 
percent hydraulic cement. 

[0024] As is Well knoWn in the art, portland cement is a 
hydraulic cement produced by pulveriZing clinker Which 
predominantly comprises hydraulic calcium silicates, and 
usually contains one or more of the forms of calcium sulfate 
as a interground addition. As noted in US. Pat. No. 4,105, 
459, a portland cement Will typically comprise about 60 to 
about 69 Weight percent of combined and uncombined 
calcium oxide. 

[0025] ASTM C 150, Standard Speci?cation for portland 
cement, covers 8 types of hydraulic cement, all of Which 
may be employed in accordance With the present invention. 
ASTM C 1157 covers hydraulic cements for both general 
and speci?c applications. Both ASTM C 150 and ASTM C 
1157 are hereby incorporated by reference in their entirety. 
Type I is for use When the special properties speci?ed for 
any other type are not required; no limits are imposed on any 
of the four principal compounds. Type IA is air-entrained 
Type I cement, for use Where air entrainment is desired (e.g., 
for making frost-resistant concrete). Type II is for general 
use, more especially When moderate sulfate resistance or 
moderate heat of hydration is desired; since C3A and C3S 
produce high heats of hydration, the speci?cation limits the 
C3A content of the cement to a maximum of 8 percent, and 
has an optional maximum limit of 58 percent on the sum of 
C3S and C3A (this limit applies When a moderate heat of 
hydration is required and test data for heat of hydration are 
not available). Type HA is air-entraining Type II cement. 

[0026] Type III cement is for use When high early strength 
is desired. To ensure that the high strength is not due mainly 
to the hydration products of C3A, the speci?cation limits the 
C3A content of the cement to maximum of 15 percent. Type 
IIIA is an air-entraining Type III cement. Type IV is for use 
When a loW heat of hydration is desired. Since C3A and C3S 
produce high heats of hydration, but C2S produces much less 
heat, the speci?cation calls for maximum limits of 35 and 7 
percent on C3S and C3A, respectively, and requires a mini 
mum of 40 percent C2S in the cement. Type V is for use 
When high sulfate resistance is desired. The speci?cation 
calls for a maximum of 5 percent on C3A, Which applies 
When the sulfate expansion test is not required. 

Jan. 3, 2002 

[0027] Types I, II and III are the most commonly used 
cements, and are particularly preferred in accordance With 
the present invention. 

[0028] The second substance 12 of this embodiment of the 
present invention consists of highly poZZolanic rice hull ash. 
Preferably, the composition includes at least about 5 Weight 
percent highly poZZolanic ?y ash, such as from about 5 
Weight percent to about 20 Weight percent, more preferably 
from about 5 Weight percent to about 15 Weight percent of 
highly poZZolanic rice hull ash. 

[0029] US. Pat. No. 5,346,548, Which is incorporated 
herein by reference in its entirety, discloses the use of a 
highly poZZolanic rice hull ash and ?y ash in the production 
of compositions employed in the preparation of highly 
durable cement products. As is described therein, the rice 
hull ash used as a mineral addition typically includes about 
60 to 95 Weight percent silica. The ash is further character 
iZed in that generally at least about 90% of the silica is 
amorphous and at least 75% of the ash particles are in the 
siZe range of from about 4 to 75 pm, preferably from about 
10 to about 75 pm. In addition, the ash particles typically 
have a mean particle diameter measured by laser-light 
scattering of at least about 6 pm and a BET. surface area of 
at least about 20 m2/g. The median particle diameter is 
preferably from about 6 pm to about 38 pm. It is preferred 
With respect to Workability and cohesiveness that the median 
particle diameter shall be in the range of about 6 pm to about 
15 pm. 

[0030] The third substance of the resulting blended cement 
composition is identi?ed by the numeral 13 in FIG. 1. The 
third substance 13 comprises a mineral addition of at least 
about 30 Weight percent ?y ash or granulated blast-furnace 
slag, more preferably at least about 40 Weight percent ?y ash 
or granulated blast-furnace slag, and even more preferably at 
least about 50 Weight percent ?y ash or granulated blast 
furnace slag. In one embodiment the blended cementitious 
composition includes from about 40 Weight percent to about 
65 Weight percent ?y ash or granulated blast-furnace slag, 
such as from about 50 to about 65 Weight percent ?y ash or 
granulated blast-furnace slag. The mineral addition can also 
include a mixture of ?y ash and granulated blast furnace 
slag. The ?y ash can be selected from ASTM Class F ?y ash 
or ASTM Class C ?y ash, both of Which are Widely 
available. 

[0031] In accordance With otherWise conventional prac 
tices, the ?rst substance 11, second substance 12 and third 
substance 13 are intermixed as indicated by arroWs 20 in 
FIG. 1 to produce the resulting tertiary blended cementi 
tious composition 30. It Will be understood that the resulting 
composition 30 can then be stored and used later, or mixed 
in a concrete mixer simultaneously With the addition of 
aggregate, Water and any additional materials 50 as indicated 
by arroW 40 to form a concrete mixture 70. 

[0032] High-range Water-reducing agents such as super 
plasticiZers in the concrete mixture are advantageously 
reduced or entirely eliminated according to the present 
invention. Even a normal Water reducing agent (ASTM C 
494, Type A) is either not necessary or can be limited to a 
dosage of not greater than about 1 liter per cubic meter 
(l/m3). It is preferred that the Water-reducing agents are 
limited to not greater than about 0.5 Weight percent of the 
concrete mixture, more preferably not greater than about 
0.25 Weight percent of the concrete mixture. 
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[0033] The resulting concrete mixture has many advanta 
geous properties, including good workability, high compres 
sive strength at all ages and a loW to very loW permeability. 

[0034] For example, the 28-day compressive strength of 
the concrete in accordance With ASTM C 39 is preferably at 
least about 50 MPa and more preferably is at least about 55 
MPa. The 28-day permeability as measured in accordance 
With ASTM C 1202 is preferably not greater than about 1000 
coloumbs and more preferably is not greater than about 750 
coloumbs. The concrete mixture preferably has a slump, as 
measured by ASTM C 143, of from about 70 to about 100 
mm. 

EXAMPLES 

[0035] The folloWing materials and test methods Were 
used for each of the examples discussed beloW. 

[0036] Materials 

[0037] The cementitious compositions described beloW 
are composed of the folloWing materials: a general purpose 
Type I portland cement (ASTM C 150), a Class F ?y ash and 
a Class C ?y ash (ASTM C 618), a granulated blast-furnace 
slag (ASTM C 989, Grade 80) and a commercially available 
rice hull ash (RHA). The chemical analysis and the physical 
properties of these components are listed in Tables I and II, 
respectively. 
[0038] X-ray diffraction analysis shoWed that silica in the 
rice hull ash Was essentially present in a non-crystalline 
form. The as-received rice hull ash Was ground to an average 
particle siZe of 6 pm prior to mixing in the cementitious 
composition. 

TABLE I 

Chemical Analysis of Portland Cement, Slag, 
Flv Ashes and Rice Hull Ash 
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TABLE II-continued 

Physical Properties of Portland Cement, 
Slag, Fly Ash and Rice Hull Ash 

Portland Fly Ash Fly Ash Rice Hull 
Physical Property Cement Slag Class F Class C Ash 

(% passing 45 pm) 
Surface Area 402 353 205 422 

(HF/kg") 
7-Day Compressive 33.0 — — — — 

Strength (MPa) 
28-Day Compressive 40.8 — — — — 

Strength (MPa) 
Pozzolanic Activity — — 85.8 94.9 — 

Index 

(% at 7 days) 
Pozzolanic Activity — — 88.9 101.4 — 

Index 

(% at 28 days) 
Slag Activity Index — 67.6 — — — 

(% at 7 days) 
Slag Activity Index — 88.0 — — — 

(% at 28 days) 

44,000 

*Surface area Was determined by the ASTM standard test method C204 
(Blaine test), except for the rice hull ash, Which Was tested by nitrogen 
adsorption. 

[0040] In the current construction practice, almost all 
concrete mixtures contain a normal Water-reducing agent 
(WRA) in the amount of 0.5 to 1 l/m3 of concrete. Therefore, 
a normal Water-reducing agent (meeting ASTM C 494, Type 
A) Was used in the reference concrete and some of the 
examples. Examples Without any normal Water-reducing 
agents are included to illustrate that it is not necessary to use 

any Water-reducing agents for the purposes of this invention. 
Chemical Analysis 

(Welght Percent) [0041] The same aggregates Were used in all of the con 

portland Fly Ash Fly Ash Rice Hun crete mixture examples cited herein. The coarse aggregate 
Component Cement Slag Class F Class C Ash Was a crushed limestone (19-mm maximum siZe), and the 

sioz 203 366 505 339 9437 ?ne aggregate Was a natural sand. To keep the grading 
A1203 4-4 0-8 15-4 19-4 0-06 uniform for each mixture, both the ?ne and coarse aggre 
F6203 3.0 0.5 8.8 6.1 0.04 - - - - 

CaO 629 351 156 282 048 gates Were separated into different size fractions that Were 
MgO 27 130 4_@ 48 Q13 then recombined to a speci?c grading. The grading and 
N820 0-3 0-4 2-5 1-9 O98 physical properties of the aggregates are listed in Tables III 
K20 0.8 0.5 2.0 0.4 1.97 d P205 0.2 _ 0.1 1.5 1.19 an ~ 

TiO2 0.2 — 0.7 1.7 0.02 

so3 3.2 3.8 1.5 3.0 0.01 TABLE III 
LOI 2.3 1.4 0.3 0.3 1.18 

Grading of Aggregates 

[0039] Coarse Aggregate Fine Aggregate 

Cumulative Percentage Cumulative 
TABLE II Sieve Size Retained Sieve Size Percentage Retained 

Physical Properties of Portland Cement, 19-O mm O-O 4-75 mm O-O 
Slag, Fly Ash and Rice Hull Ash 12-7 mm 4O-O 2-36 mm 1O-O 

9.5 mm 65.0 1.18 mm 32.5 

Portland Fly Ash Fly Ash Rice Hull 4-75 mm 100-0 600 Mm 57-5 
Physical Property Cement Slag Class F Class C Ash 300 Mm 800 

150 ,um 94.0 
Speci?c Gravity 3.15 2.92 2.44 2.62 2.10 pan 100.0 

Fineness 93.1 98.3 76.1 80.0 100.0 
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[0042] 

TABLE IV 

Physical Properties of Aggregates 

Coarse Aggregate Fine Aggregate 

Speci?c Gravity 2.70 2.67 
Absorption (%) 0.4 0.8 

[0043] Test Methods 

[0044] One of the important advantages of the present 
invention is the formation of a cement product such as fresh 
concrete having good workability, i.e., good ?ow character 
istics, while reducing the amount of water in the mixture. 
The ?ow characteristics can be measured by measuring the 
slump of the concrete mixture in accordance with ASTM C 
143, which is incorporated herein by reference in its entirety. 
This test involves pouring fresh concrete into a cone-shaped 
formwork having a height of 300 mm, a bottom diameter of 
200 mm and a top diameter of 100 mm. The cone is ?lled 
with fresh concrete in accordance with the standard proce 
dure and is then slowly lifted. The unsupported concrete 
cone slumps down by its own weight and the decrease in 
height of the cone is called the slump of the concrete. A 
higher slump number indicates better concrete ?ow and is 
generally desirable for good workability. 

[0045] Concrete cylinders of 102 mm><203 mm (4-inch>< 
8-inch) size were used for determining the compressive 
strength and resistance to chloride-ion penetration of the 
concrete. 

[0046] All of the cylinders were cast in two layers, with 
each layer being compacted using a vibrating table. After 
casting the specimens, they were covered with plastic sheets 
and water-saturated burlap, and left in the casting room for 
24 hours. They were then demolded and transferred to the 
moist-curing room at 100% relative humidity until required 
for testing. 

[0047] The compressive strength was determined for each 
concrete mixture at the ages of 1, 3, 7 and 28 days, using the 
procedure described in detail in ASTM C 39 Standard Test 
Method with three cylinders being tested at each age to 
obtain an average value. 

[0048] The permeability of concrete to water is the most 
important property determining the durability of the con 
crete against most of the processes of deterioration, such as 
cracking due to freezing and thawing cycles, sulfate attack, 
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alkali-aggregate attack and corrosion of reinforcing steel. 
Many of the tests for water permeability are very cumber 
some and time consuming. However, a chloride permeabil 
ity test, in accordance with ASTM C 1202 is fairly simple 
and rapid and there is a high correlation between the results 
obtained in the chloride permeability test and the results 
obtained in tests for water permeability (i.e., if a product has 
decreased permeability to chloride ion it will also have 
decreased permeability to water). 

[0049] The ASTM C 1202 Standard Test Method, based 
on the work of D. Whiting of the Portland Cement Asso 
ciation (Federal Highway Administration, FHWA Report 
No. RD-81/119, August 1981), involves monitoring of the 
amount of electrical current passed through a 4-inch diam 
eter concrete disk that is 2-inches thick. One end of the test 
specimen is immersed in a 3% NaCl solution and the other 
in a 0.3N NaOH solution. It is possible to accelerate the 
migration of chloride ions across the specimen by the 
application of 60 volts do The total charge (Coulombs) that 
is measured over a 6 hour period is related to the chloride 
permeability of the concrete. 

[0050] In this test, a concrete that permits more than 4,000 
coulombs is rated as highly permeable concrete; a concrete 
that permits more than 2,000 coulombs but less than 4,000 
is rated as moderately permeable concrete; concrete that 
permits more than 1,000 coulombs but less than 2,000 is 
rated as low permeability concrete; and concrete that permits 
less than 1,000 coulombs is rated as very low permeability 
concrete (Report No. FHWA/RD-81/119, August 1981). 
Many ordinary portland cement concrete mixtures exhibit 
9,000-12,000 coulombs chloride permeability in the ASTM 
C 1202 Standard Test and are therefore highly permeable. 

[0051] In accordance with the foregoing test method, the 
resistance to chloride-ion penetration of the concrete 
samples was determined at the age of 28 days, with two 
specimens being tested for each sample to obtain an average 
value. 

Example 1 

[0052] In all of the following examples, a 100% portland 
cement (PC) composition is included for comparison. In 
Example 1, the properties of concrete mixtures having a 
blended cement composition including 50 weight percent 
Class F ?y ash, and 40 weight percent Class F ?y ash with 
10 weight percent rice hull ash were measured. The com 
position of the mixtures is listed in Table V(a) and the 
properties are listed in Table V(b). PC refers to portland 
cement, F-FA refers to Class F ?y ash and RHA refers to rice 
hull ash. 

TABLE V(a) 

Mix Proportions of the Concrete Mixtures of E amnle 1 

Coarse Normal 
Cement Cement Water Fly Ash RHA Aggregate Sand WRA 
Composition (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (mL/m3) 

100% PC 393 174 0 0 1126 751 745 
50% PC 
50% F-FA 199 150 199 0 1137 758 640 
50% PC 
40% F-FA 198 158 158 40 1124 750 585 
10% RHA 
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[0053] 

TABLE V(b) 

Properties of the Concrete Mixtures of Example 1 

Compressive 28-day 
Cement Slump Strength MPa Permeability 

Composition (mm) 3 day 7 day 28 day (Coulombs) 

100% PC 70 35 39 47 5020 
50% PC 95 25 34 48 1370 
50% F-FA 
50% PC 
40% F-FA 80 30 43 58 630 
10% RHA 

[0054] Note that the blended cement composition contain 
ing 59% Class F ?y ash gave 13.6% Water-reduction (174 
kg/M to 150 kg/M3) at a slump that Was even higher than the 
control mix. At a comparable consistency there Would be a 
further Water reduction When compared to the control mix. 
This con?rms the superplasticiZing effect of ?y ash in 
high-volume ?y ash blended cement compositions (i.e., 
greater than 12% Water reduction according to ASTM C 
494), Which is partially responsible for the substantial drop 
in the coulomb permeability from 5020 to 1370. 

[0055] Even When the rice hull ash Was included, there 
Was a 9.1% reduction in Water content When compared to the 

control mix. The tertiary blended cement composition con 
taining 10% rice hull ash and 40% ?y ash shoWed a very loW 
permeability rating of less than 1,000 coulombs. The tertiary 
blended cement composition containing rice hull ash and ?y 
ash shoWed a substantial increase in the 7-day and the 
28-day compressive strengths When compared to concrete 
mixtures Without RHA. More importantly, the strength at all 
ages including the 3-day strength increased substantially 
With the tertiary blend When 10% rice hull ash Was substi 
tuted for some of the ?y ash. 

Example 2 

[0056] In Example 2, the level of Class F ?y ash and rice 
hull ash in the blended cement compositions Was increased 
to 60 Weight percent of the blended cement composition. 
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[0057] 

TABLE VI(b) 

Properties of the Concrete Mixtures of Example 2 

Compressive 28-day 
Cement Slump Strength (MPa) Permeability 

Composition (mm) 3-day 7-day 28-day (Coulombs) 

100% PC 70 35 39 47 5020 

40% PC 105 23 33 50 1390 

60% F-FA 

40% PC 

50% F-FA 95 24 41 57 940 

10% RHA 

[0058] Note that the blended cement composition contain 
ing 60% Class F ?y ash gave 20.5% Water reduction at a 

slump that Was considerably higher When compared to the 
control mix. The superplasticiZing effect of high-volume ?y 
ash is con?rmed because a larger reduction of Water content 

is obtained When the amount of ?y ash in the mixture Was 

increased from 50% (Table V(a)) to sixty percent 60% 

(Table VI(a)). 

[0059] The data in Table VI(b) shoW that, compared to the 
high volume ?y ash Without rice hull ash, the mixture 
containing 50% ?y ash and 10% rice hull ash shoWed 
considerable improvement in the 7-day and 28-day 
strengths, and a reduction in the coulomb permeability to 

qualify for the very loW permeability rating. Further, there 
Was a 13.6% reduction of Water content. 

Example 3 

[0060] 
rice hull ash Were employed at a total loading of 50% 

In Example 3, various ratios of Class F ?y ash and 

mineral admixtures in the cement composition. 

TABLE VI(a) 

Mix Proportions of the Concrete Mixtures of E amnle 2 

Coarse Normal 
Cement Cement Water Fly Ash RHA Aggregate Sand WRA 
Composition (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (mL/m3) 

100% PC 393 174 0 0 1126 751 745 
40% PC 161 139 240 0 1133 756 640 
60% F-FA 
40% PC 160 150 198 40 1120 747 755 
50% F-FA 
10% RHA 
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TABLE VII(a) 

Mix Proportions of the Concrete Mixtures of E amnle 3 

Coarse Normal 
Cement Cement Water Fly Ash RHA Aggregate Sand WRA 
Composition (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (mL/m3) 

100% PC 393 174 0 0 1126 751 745 
50% PC 199 150 199 0 1137 758 640 
50% F-FA 
50% PC 198 150 179 21 1129 751 470 
45% F-FA 
5% RHA 
50% PC 198 158 158 40 1124 750 585 
40% F-FA 
10% RHA 
50% PC 196 158 138 58 1111 740 630 
35% F-FA 
15% RHA 
50% PC 195 167 119 79 1106 736 630 
30% F-FA 
20% RHA 

[0061] [0062] The amount of rice hull ash in the tertiary mixtures 
Was varied from Zero to 20%. The superplasticizing effect of 

TABLE VH(b) ?y ash is demonstrated by the 13.8% Water reduction in 

Properties of the concrete Mixtures Of F amnle 3 Concrete made With the blended cement composition con 

28 d taining 50% ?y ash. However, it Was discovered that 5% ?y 
' ay . . . 

Cement Slump compressive strength (MPa) Permeability ash replacement Wrth rrce hull ash drd not have any adverse 
__ effect on the Water requirement of the concrete. Conse 

Composrtron (mm) 3-day 7-day 28-day (Coulombs) 
quently, the strength and coulomb permeability of the con 

100% PC 70 35 39 47 5020 - - - - - 

50% PC 95 25 34 48 1370 Crete mixtures made Wrth tertrary cement compositions Was 
50% F-FA signi?cantly enhanced, even When 5% rrce hull ash Was used 
gig/055A 95 29 4O 60 990 instead of 10%. 

5% RHA 
50% PC 80 30 43 58 630 
40% EFA Example 4 
1017/ RHA . 
503/0 PC 80 29 47 56 640 [0063] To determine the affect of ?y ash type on the Water 
35% F-FA requirement and properties of the concrete, Class C ?y ash 
150/ RHA . . . 

503/0 PC 70 28 47 61 450 Was utrlrzed 1n a total amount of 50% of the cement 

30% F-FA composition, With and Without rice hull ash. C-FA refers to 
20% RHA 

Class C ?y ash. 

TABLE VIII(a) 

Mix Proportions of the Concrete Mixtures of Example 4 

Coarse Normal 

Cement Cement Water Fly Ash RHA Aggregate Sand WRA 

Composition (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (mL/m3) 

100% PC 393 174 0 0 0 0 1126 751 745 

50% PC 199 148 50 199 0 0 1149 765 0 

50% C-FA 

50% PC 195 166 40 158 10 39 1114 743 0 

40% C-FA 

10% RHA 
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[0064] [0068] 

TABLE VIII(b) TABLE IX(b) 

Properties of the Concrete Mixtures of E ample 4 Properties of the Concrete Mixtures of E ample 5 

Compressive Strength 28-day Compressive Strength 28-day 
Cement Slump MPa Permeability Cement Slump MPa Permeability 

Composition (mm) 3-day 7-day 28-day (Coulombs) Composition (mm) 3-day 7-day 28-day (Coulombs) 

100% PC 70 35 39 47 5020 100% PC 70 35 39 47 5020 
50% PC 100 25 40 62 1921 40% PC 115 19 35 59 1640 
50% C-FA 60% C-FA 
50% PC 105 28 43 61 972 40% PC 105 22 38 61 940 
40% C-FA 50% C-FA 
10% RHA 10% RHA 

[0065] Note that the blended cement composition that 
contains 50% Class C ?y ash gave a 15.9% Water reduction 
even Without the use of any Water reducing agents. Substi 
tution of 10% rice hull ash for the ?y ash gave a notable 
improvement in the 3 and 7 day strengths, however there 
Was a considerable reduction in the coloumb permeability so 
as to qualify for a loW permeability rating. 

[0066] Further, there Was a dramatic reduction in perme 
ability to 972 coulombs When the rice hull ash is added to the 
Class C ?y ash. In addition, the compressive strength is 
signi?cantly higher than the control mix at 28 days. 

Example 5 

[0067] In Example 5, the loading of Class C ?y ash and 
rice hull ash Was increased to 60%. 

[0069] Note that the blended cement composition that 
contains 60% Class C ?y ash has an 18.2% Water reduction 
Without the use of any Water reducing agents. 

[0070] Again, there Was a substantial reduction in perme 
ability to 940 coulombs (compared to 1640 coloumbs) When 
10% rice hull ash is substituted for some of the Class C ?y 
ash in the blended cement composition. In both cases, the 
compressive strength Was considerably higher than the con 
trol at 28 days. 

Example 6 

[0071] In Example 6, blast furnace slag Was utilized as a 
mineral admixture. 

TABLE IX(a) 

Mix Proportions of the Concrete Mixtures of E ample 5 

Coarse Normal 
Cement Cement Water Fly Ash RHA Aggregate Sand WRA 
Composition (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (mL/m3) 

100% PC 393 174 0 0 1126 751 745 
40% PC 160 143 238 0 1142 761 0 
60% C-FA 
40% PC 158 166 195 40 1113 743 0 
50% C-FA 
10% RHA 

TABLE X(a) 

Mix Proportions of the Concrete Mixtures of Example 6 

Coarse Normal 
Cement Cement Water Slag RHA Aggregate Sand WRA 
Composition (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (mL/m3) 

100% PC 393 174 0 0 1126 751 745 
50% PC 193 169 193 0 1123 750 460 
50% Slag 
50% PC 193 171 156 39 1113 743 735 
40% Slag 
10% RHA 
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[0072] 

TABLE X(b) 

Properties of the Concrete Mixtures of E ample 6 

Compressive Strength 28-day 
Cement Slump MPa Permeability 

Composition (mm) 3-day 7-day 28-day (Coulombs) 

100% PC 70 35 39 47 5020 
50% PC 85 23 37 52 1202 
50% Slag 
50% PC 60 28 47 60 529 
40% Slag 
10% RHA 

[0073] Note that the blended cement compositions con 
taining slag did not show any reduction in water content of 
the concrete mixture. This is probably due to the angular and 
rough surface texture of the ground granulated slag particles. 
However, there was a dramatic reduction in permeability 
from 5020 to 529 coulombs when a tertiary blended cement 
composition containing rice hull ash and slag was used. 
Also, the 7 and 28 day compressive strength of the tertiary 
blended cement composition was considerably higher than 
the control mixture. 

Example 7 

[0074] In Example 7, the amount of mineral admixture 
including blast furnace slag was increased to 60%. 
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in permeability from 5020 to 470 coulombs when a tertiary 
blended cement composition containing rice hull ash and 
slag was used. Also, the 7-day and 28-day compressive 
strengths of the tertiary blended cement composition was 
considerably higher than the control composition. 
[0077] It will be seen upon review of the foregoing 
examples and as otherwise heretofore discussed that the 
inventor has discovered that ?y ash can be used, in effect, as 
a substitute for chemical superplasticiZers when used in 
greater percentages (more than 40 weight percent of the 
blended cement) than permitted by the current ASTM speci 
?cation for blended portland cements (ASTM C 595). In 
particular, the present invention is distinct from the prior art 
in that it constitutes a tertiary blended cement composition 
containing rice hull ash having a compressive strength in the 
resulting concrete up to an age of 28 days that is consider 
ably improved. The 28-day coloumb permeability (ASTM C 
1202) is drastically reduced and is lower than those achiev 
able in blended cement compositions containing high vol 
umes of ?y ash alone. The data also reveals that the early 
compressive strengths of the resulting concrete is improved 
and that otherwise conventional high-range water reducing 
agents such as superplasticiZers are not required to achieve 
the desired results over mixes with just ?y ash. 

[0078] The tertiary cement compositions of the present 
invention demonstrate considerable improvement even 
without the employment of normal water-reducing agents 
(ASTM C 494, Type A). Similar results were obtained with 
all tertiary combinations containing rice hull ash regardless 
of whether ASTM Class F ?y ash, ASTM Class C ?y ash or 

TABLE XI(a) 

Mix Proportions of the Concrete Mixtures of Example 7 

Coarse Normal 
Cement Cement Water Slag RHA Aggregate Sand WRA 
Composition (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (mL/m3) 

100% PC 393 174 0 0 0 0 1126 751 745 
40% PC 156 171 60 232 0 0 1121 748 620 
60% Slag 
40% PC 157 172 50 194 10 39 1119 746 740 
50% Slag 
10% RHA 

[0075] ASTM standard granulated blast furnace slag was used as 
the high volume mineral admixture component of the 

TABLE XI(b) blended cement. Furthermore, very low coloumb permeabil 
_ _ ity ratings of concrete mixtures containing high volumes of 

Properties of the Concrete Mixtures of E ample 7 . . 
?y ash or slag were obtained only when rice hull ash was 

Compressive strength ggday included in the cement composition. Even a 5% replacement 
Cement Slump lMPag Permeability of ?y ash with rice hull ash brought the permeability rating 
C _t_ 3 d 7 d 28 d C 1 b to a very low permeability (Table VII(b), Example 3). It can 
Omposl mm (mm) _ ay _ ay _ ay ( Ou Om S) be concluded therefore that the method of the present 

100% PC 70 35 39 47 5020 invention is commercially bene?cial. 
40% PC 75 21 37 53 890 

60% Slag [0079] Therefore, the method for producing a blended 
28:?” if 60 24 47 61 470 cement composition of the present invention permits the 

a . . . . 

100; RH? achievement of properties in the resultant concrete WhlCh are 

[0076] Again, the blended cement compositions contain 
ing slag did not show reduction in water content of the 
concrete mixture. However, there was a dramatic reduction 

more suited to the objectives desired to be attained; facili 
tates the preparation and use of the blended cement com 
position in virtually all operative environments; simulta 
neously with the improved operative properties is less 
expensive; avoids the need for using chemical admixtures 
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that may be intended to produce the same results but are 
expensive and di?icult to use and may have disadvantageous 
side effects; can be employed to produce concrete Which has 
improved durability over prior art; and otherWise is entirely 
effective in achieving its operational objectives. 

[0080] Although the invention has been herein shoWn and 
described in What is conceived to be the most practical and 
preferred embodiments, it is recogniZed that departures may 
be made therefrom Within the scope of the invention Which 
is not to be limited to the illustrative details disclosed. 

What is claimed is: 
1. A method for producing a blended cementitious com 

position, the method comprising the step of intermixing at 
least about 5 Weight percent rice hull ash, at least about 30 
Weight percent of a mineral addition selected from the group 
consisting of ?y ash, blast furnace slag and mixtures thereof, 
and hydraulic cement. 

2. A method as recited in claim 1, comprising the step of 
intermixing at least about 40 Weight percent of said mineral 
addition. 

3. A method as recited in claim 1, comprising the step of 
intermixing at least about 50 Weight percent of said mineral 
addition. 

4. A method as recited in claim 1, comprising the step of 
intermixing from about 50 to about 65 Weight percent of said 
mineral addition. 

5. A method as recited in claim 1, Wherein said mineral 
addition consists essentially of ?y ash. 

6. A method as recited in claim 1, comprising the step of 
intermixing from about 5 to about 20 Weight percent of said 
rice hull ash. 

7. A method as recited in claim 1, comprising the step of 
intermixing at least about 30 Weight percent of said hydrau 
lic cement. 

8. A method as recited in claim 1, comprising the step of 
intermixing at least about 40 Weight percent of said hydrau 
lic cement. 

9. A method as recited in claim 1, further comprising the 
step of intermixing Water With said blended cementitious 
composition. 

10. A blended cement composition, comprising: 

a) at least about 30 Weight percent hydraulic cement; 

b) from about 5 Weight percent to about 20 Weight percent 
rice hull ash; and 

c) at least about 40Weight percent of a mineral additive 
selected from the group consisting of ?y ash, ground 
granulated blast-furnace slag and mixtures thereof. 

11. Ablended cement composition as recited in claim 10, 
Wherein said composition comprises from about 30 Weight 
percent to about 50 Weight percent hydraulic cement. 

12. Ablended cement composition as recited in claim 10, 
Wherein said composition comprises at least about 40 Weight 
percent hydraulic cement. 

13. Ablended cement composition as recited in claim 10, 
Wherein said composition comprises from about 5 Weight 
percent to about 20 Weight percent rice hull ash. 

14. Ablended cement composition as recited in claim 10, 
Wherein said composition comprises at least about 50 Weight 
percent of said mineral additive. 

15. Ablended cement composition as recited in claim 10, 
Wherein said mineral additive consists essentially of ?y ash. 
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16. Ablended cement composition as recited in claim 10, 
Wherein said mineral additive consists essentially of Class F 
?y ash. 

17. Ablended cement composition as recited in claim 10, 
Wherein said mineral additive consists essentially of Class C 
?y ash. 

18. Ablended cement composition as recited in claim 10, 
Wherein said mineral additive consists essentially of granu 
lated blast-furnace slag. 

19. A concrete mixture, comprising: 

a) a blended cement composition comprising at least 
about 30 Weight percent hydraulic cement, at least 
about 5 Weight percent rice hull ash and at least about 
30 Weight percent of a mineral additive selected from 
the group consisting of ?y ash, blast furnace slag and 
mixtures thereof; 

b) aggregate; and 

c) Water. 
20. Aconcrete mixture as recited in claim 19, Wherein said 

blended cement composition comprises at least about 40 
Weight percent hydraulic cement. 

21. Aconcrete mixture as recited in claim 19, Wherein said 
blended cement composition comprises from about 40 
Weight percent to about 50 Weight percent hydraulic cement. 

22. Aconcrete mixture as recited in claim 19, Wherein said 
blended cement composition comprises from about 5 Weight 
percent to about 20 Weight percent rice hull ash. 

23. Aconcrete mixture as recited in claim 19, Wherein said 
blended cement composition comprises at least about 40 
Weight percent of said mineral additive. 

24. Aconcrete mixture as recited in claim 19, Wherein said 
blended cement composition comprises from about 40 
Weight percent to about 60 Weight percent of said mineral 
additive. 

25. Aconcrete mixture as recited in claim 19, Wherein said 
mineral additive consists essentially of ?y ash. 

26. Aconcrete mixture as recited in claim 19, Wherein said 
mineral additive consists essentially of Class F ?y ash. 

27. Aconcrete mixture as recited in claim 19, Wherein said 
mineral additive consists essentially of Class C ?y ash. 

28. Aconcrete mixture as recited in claim 19, Wherein said 
mineral additive consists essentially of granulated blast 
furnace slag. 

29. Aconcrete mixture as recited in claim 19, Wherein said 
concrete mixture comprises not greater than about 1 l/m3 of 
a normal Water-reducing agent (ASTM C 494, Type A). 

30. Aconcrete mixture as recited in claim 19, Wherein said 
concrete mixture has a 28-day compressive strength as 
measured by ASTM C 39 of at least about 50 MPa and a 
28-day permeability as measured by ASTM C 1202 of not 
greater than about 1000 coloumbs. 

31. Aconcrete mixture as recited in claim 19, Wherein said 
concrete mixture has a 28-day compressive strength as 
measured by ASTM C 39 of at least about 50 MPa and a 
28-day permeability as measured by ASTM C 1202 of not 
greater than about 750 coloumbs. 

32. A concrete mixture, comprising: 

a) a blended cement composition comprising hydraulic 
cement, rice hull ash and a mineral additive selected 
from the group consisting of ?y ash, blast furnace slag 
and mixtures thereof; 

b) aggregate; and 
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c) Water, wherein said concrete mixture has a 28-day 
compressive strength as measured by ASTM C 39 of at 
least about 50 MPa and a 28-day permeability as 
measured by ASTM C 1202 of not greater than about 
1000 coulombs. 

33. Aconcrete miXture as recited in claim 32, Wherein said 
blended cement composition comprises from about 30 
Weight percent to about 50 Weight percent hydraulic cement. 

34. Aconcrete miXture as recited in claim 32, Wherein said 
blended cement composition comprises from about 40 
Weight percent to about 50 Weight percent hydraulic cement. 

35. Aconcrete miXture as recited in claim 32, Wherein said 
blended cement composition comprises from about 5 Weight 
percent to about 20 Weight percent rice hull ash. 

36. Aconcrete miXture as recited in claim 32, Wherein said 
blended cement composition comprises from about 40 
Weight percent to about 65 Weight percent of said mineral 
additive. 
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37. Aconcrete miXture as recited in claim 32, Wherein said 
mineral additive consists essentially of ?y ash. 

38. Aconcrete miXture as recited in claim 32, Wherein said 
mineral additive consists essentially of Class F ?y ash. 

39. Aconcrete miXture as recited in claim 32, Wherein said 
mineral additive consists essentially of Class C ?y ash. 

40. Aconcrete miXture as recited in claim 32, Wherein said 
mineral additive consists essentially of granulated blast 
furnace slag. 

41. Aconcrete miXture as recited in claim 32, Wherein said 
concrete mixture comprises not greater than about 1 l/m3 of 
a normal Water-reducing agent (ASTM C 494, Type A). 

42. Aconcrete miXture as recited in claim 32, Wherein said 
28-day compressive strength is at least about 55 MPa. 

43. Aconcrete miXture as recited in claim 32, Wherein said 
28-day permeability is not greater than about 750 coulombs. 

* * * * * 


