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ABSTRACT

Fine limestone aggregate is abundant in several areas of the state.

The aggregate is a by-product from the production of concrete

stone. Roller compacted concrete (RCC) is a portland cement con­

crete mixture that can be produced with small size aggregate. The

objective of the research was to evaluate limestone screenings in

RCC mixes.

Acceptable strength and freeze/thaw durability were obtained with

300 pounds of portland cement and 260 pounds of Class C fly ash.

The amount of aggregate passing the number 200 sieve ranged from

4.6 to 11 percent. Field experience in Iowa indicates that the ag­

gregate gradation is more critical to placeability and

compactibility than laboratory strength and durability.
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INTRODUCTION

Roller compacted concrete (RCC) is a zero slump portland cement

concrete mixture. RCC has been used for several years in con-

struction of dams and airport runways. Recently, interest has been

expressed in Iowa for RCC for highway pavement. A laboratory eval-

uation was needed to determine what effects cement and fly ash con-

tent, moisture content and aggregate source would have on the

strength and durability of RCC for pavement in Iowa.

OBJECTIVE

The objective of the study was to determine the factors that would

lead to a strong, durable, economical RCC pavement using limestone

screenings.

MATERIALS

The following materials were used in this study (aggregate grada-

tions are in Appendix A) :

Portland cement: Type I, standard laboratory blend of eight
portland cements available in Iowa (AC6-350)

Fly ash: Ottumwa, Class C (ACF6-82) (Appendix B contains the
analysis)

Limestone screenings: Montour, crushed limestone A86002 Class 3
durability (AAR6-350)

Lemley East #5, crushed limestone A04016
Class 2 durability (AAR6-448)

Garrison B, crushed limestone A06006
Class 2 durability (AAR7-19)

Weeping Water, crushed limestone ANE002
Class 3 durability (AAR7-33)
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Fine aggregates: Bromley-Clemons A64504 (AAS6-275)

Oreapolis #8 ANE5l4 (AAS7-5)

TESTING PROCEDURE

Phase I of the study involved six mixes at various cement and fly

ash levels and moisture levels. The cementitious material levels

were selected to have an equal absolute volume of both fly ash and

portland cement. Moisture levels were set at 1/2 percent below and

1 percent above optimum moisture content as determined by Standard

Proctor (AASHTO T-99). The limestone screenings were chosen be­

cause of their abundance and relatively low cost. Screenings are a

by-product from the production of concrete stone. The combined

gradations are in the Appendix and shown in Figure 1.

All the strength and durability specimens for Phase I were com­

pacted into 4-inch diameter by 4.584-inch high cylinders using

standard proctor compactive efforts. Mixing was accomplished using

a 1.75 cubic foot capacity pan mixer. The aggregates were added to

the mixer in an oven dry condition. Table 1 contains the results

of testing. The freeze/thaw was by ASTM C666, Method B. Because

of the size of the specimens only visual evaluation of the condi­

tion was done.

The results of the freeze/thaw testing suggest that an RCC mix with

a cementitious material factor lower than 557 pounds per cubic yard

may be susceptible to freeze/thaw deterioration. The 28-day
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FIGURE 1. COMBINED AGGREGATE GRADAfiONS

30 (,.................. ~ MIX 1-6

. . ...... . . . . . . .. . .

---;~'-- _....·.. ./ ':";:;::;-7' .
90 .. ;/../; .>~:.;:. ..

/ /.· ~/ .
80 ...~.;/! .

,{ /1 ••• ••••• • •• • "/ •••••••••••••••••••••••••••••

70 . '.' . . .. . . . .. ... ; ~.,,: ./(",/ ~e--'-MIX-10~
§@: . .. . / :{~; . . .

~60 . //{/ .. .. B MIX 9
!z: . . I, .. • .. .. \----------j
~ /

~50 .. ilf ... ..... . ~ MIX 8
. ·1/············ .

40 t +MIX7
/

· .. "...................... . .
I.

20 .. ....................... . .
/

/
, ••• • •••••• 0 • • • • • • • • • • • • • • • • •• • ••••••••••••••••••••••••••••••••••

• • •••••••••••••••••• 0 • • • • •• • ••••••••••••••••••••••••••••••••••

IIk1..?-

.. . .

3/848
SIEVE SIZE

O··L.........l....-....L......----J....._....L......~.........-1 __~.......l..-..__~-----1

200 100 50 30 16



T
ab

le
1

Ph
as

e
I

M
ix

R
es

ul
ts

NU
MB

ER
OF

FR
EE

ZE
!T

HA
W

M
IX

CE
M

EN
T

FL
Y

AS
H

O
PT

.
M

OI
ST

UR
E

W
AT

ER
US

ED
W

!C
+F

A*
DR

Y
DE

NS
IT

Y
28

-D
AY

CO
M

PR
ES

SI
VE

CY
CL

ES
TO

NO
.

LB
!Y

D3
LB

!Y
D3

%
(L

B!
Y

D
32

LB
!Y

D3
LB

!F
T3

ST
RE

NG
TH

PS
I

VI
SU

AL
FA

IL
UR

E

1
19

3
16

5
8.

04
(2

93
)

27
4

0.
76

5
13

5.
3

44
30

17
9

2
19

3
16

5
8.

04
(2

93
)

32
3

0.
90

2
13

4.
3

31
95

99
3

23
4

20
1

8.
62

(3
14

)
29

7
0.

68
3

13
7.

2
63

65
21

5
4

23
4

20
1

8.
62

(3
14

)
32

9
0.

75
6

13
3.

8
47

65
15

7
5

30
0

25
7

7.
70

(2
83

)
27

0
0.

48
5

13
5.

8
75

50
31

3a
6

30
0

25
7

7.
70

(2
83

)
29

7
0.

53
3

13
5.

3
78

70
31

3a

*M
ix

ed
w

ith
ag

gr
eg

at
es

in
an

ov
en

dr
ie

d
co

nd
it

io
n

a.
No

d
et

er
io

ra
ti

o
n

w
as

ob
se

rv
ed

on
M

ix
5

or
6

T
ab

le
2

Ph
as

e
II

M
ix

R
es

ul
ts

M
IX

CE
M

EN
T

FL
Y

AS
H

NO
.

LB
!Y

D3
LB

!Y
D3

CO
AR

SE
AG

GR
EG

AT
E

FI
NE

O
PT

.
M

OI
ST

UR
E

W
AT

ER
US

ED
W

!C
+F

A*
DR

Y
DE

NS
IT

Y
28

-D
AY

CO
MP

DU
RA

BI
LI

TY
AG

GR
EG

AT
E

%
(L

B
!Y

D
3)

LB
!Y

D3
LB

!F
T3

ST
RE

NG
TH

PS
I

5
30

0
25

7
60

%
M

on
to

ur
40

%
B

ro
m

le
y

7.
70

(2
83

)
27

0
0.

48
5

13
5.

8
75

50
7

30
4

26
1

75
%

Le
m

le
y

25
%

B
ro

m
le

y
8.

03
(3

01
)

30
1

0.
53

3
13

7.
0

63
40

92
8

30
2

25
8

50
%

G
ar

ri
so

n
50

B
ro

m
le

y
8.

20
(3

07
)

30
7

0.
54

8
13

6.
5

75
20

94
9

30
7

26
7

60
%

W
ee

pi
ng

W
at

er
40

%
O

re
ap

ol
is

7.
70

(2
90

)
29

0
0.

50
5

13
9.

5
.

65
30

96
10

30
2

26
2

30
%

W
ee

pi
ng

W
at

er
70

%
O

re
ap

ol
is

8.
20

(3
03

)
30

3
0.

53
7

13
5.

1
64

60
96

. -
0 » G
:>

r-
rt

(J
1



PAGE 6

compressive strength for both mixes 5 and 6 were comparable to av­

erage laboratory strengths for pc concrete mixes with 600 to 700

pounds of cement per cubic yard.

Phase II of the study involved four mixes using aggregates from lo­

cations where field projects were envisioned. The mixing and com­

paction procedures were the same as used in Phase I. Based on the

results from mix 5 of Phase I, the decision was made to use a mini­

mum 557 pound cementitious material factor at optimum moisture for

the Phase II mixes.

Durability samples were made for each mix. The compaction proce­

dure was 3, 1.33-inch lifts and 100 blows per lift with the Stand­

ard Proctor hammer to mold the 4-inch by 4-inch by 18-inch

rectangular specimens. ASTM C666, Method B modified was used. The

results of the Phase II testing are in Table 2. The strengths for

all the mixes were above 6000 psi on the 28-day compressive

strength. Durability factors were well above what would be ex­

pected for mixes with no entrained air structure.

DISCUSSION

Many different aggregate gradations have been used successfully for

RCC mixes. This study has concentrated on the gradations normally

available with limestone screenings in Iowa. All mixes produced

with more than 300 pounds of cement and 255 pounds of fly ash per

cubic yard tested satisfactory for both strength and freeze/thaw
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durability. The percent of aggregate passing the number 200 sieve

ranged from 4.6 to 11 percent.

CONCLUSIONS

The following conclusions can be made based on this study:

1. With the aggregates studied, about 300 pounds of cement and 260

pounds of fly ash per cubic yard of mix was needed to obtain

satisfactory strength and durability.

2. Class 2 or better limestone screening of various gradations

blended with concrete sand appear to be suitable for RCC mixes.

3. The freeze/thaw durability of the RCC mixes without air en­

training was much better than what is normally obtained for

regular concrete mixes without air entraining.

RECOMMENDATIONS

The following recommendations can be made:

1. The minimum cement and fly ash factor for RCC should be estab­

lished at 300 pounds of cement and 260 pounds of Class C fly

ash.

2. The aggregate gradation should be established to meet

placeability and compactability demands for the project. Mix



PAGE 8

designs should then be tested with that gradation to determine

an optimum cement, fly ash and water content.

3. The aggregate quality should be limited to Class 2 durability

or better for most field applications.
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% Passing
Limestone Screenings

Sieve No. Montour Lemley East #5 Garrison 'B' Weeping Water

3/8 100 100 100 100
#4 82 90 84 93
#8 56 67 58 63
#16 44 45 39 42
#30 32 31 28 30
#50 22 23 22 22
#100 17 18 18 18
#200 13 15 16 15

% Passing
Sand

Sieve No. Bromley-Clemons Oreapo1is #8

3/8 100
#4 96 100
#8 84 98
#16 70 78
#30 44 47
#50 15 15
#100 2.5 1.2
#200 0.7 0.1
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