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HIGH RANGE WATER REDUCER IN PORTLAND CEMENT CONCRETE
MADE WITH

D-CRACKING SUSCEPTIBLE COARSE AGGREGATE

INTRODUCTION

Crushéd limestones and gravels are the pxedominatg materials
used for the production of coarse aggregate for concrete in Jowa.
The choice is generally dictated by geographic location. In many
areas of the State, crushed limestone is all that is economically
available.

The‘quality of crushed limestone is governed by Iowa Stan-
dard Specification 4115. ¥Forxr years this sectilon has limited the
abrasion loss to a maximum of 50% and the 16 cycle water alcohol
freeze and thaw to a meximum of 6% for crushed limestone. This
criteria is quite effective in identifying most aggregates that
would contribute to low quality portland cement concrete (pcc).
Unfortunately, these tests do not identify aggregate that is sus-
ceptible to "D-cracking" deterioration, a seriocus problem in
Towa that shortens a pavement's effective life. Dw-cracking is
used in reference to deterioration where many fine cracks develop
parallel to cracks, 1joints or free edges of pavement slabs.

There is general agreement that the type of D-cracking occuring
in Towa ig primarily relzted to freeze-thaw failure originating

in the coarse aggregate particles. Iowa's D-cracking is generally



associated entirély with the failure of limestone or dolomite
particles. Even when river gravel aggregates exhibit D%cracking,
a petrographic analysis has identified the limestone fraction as
the cause of the deterioration. Freeze and thaw testing of con-
crete beams by ASTM C666 procedure B (previously ASTM C291)

after a 90 day moist cure, has been used to identify D-cracking
susceptible (Class 1) crushed limestone. Duréble (Class 2)

aggregate must exhibit a durability factor of at leasgt 80.

PROBLEM STATEMENT

There is a large area of southwest Iowa where there is no
durable high.quality coarse aggregate for pcc economically
available. With the énexgy shortage and rapid increase in trans-
portation costs, it becomes more costly to ship in high dura-
bility aggregate from other locations. There'is; therefore, an
increased emphasis on identifying procedures of treatments that
would allow the use of lower quality aggregate while providing
satisfactory performance and longevity. In general, laboratory
investigation has shown that a lowering of the water-~cement
(W/C) ratio results in an increase in the resgltant durability
factor. Recently. the use of high range water reducers'(ﬂRWR}
has become guite comﬁon and they are readily available from
admixture companies. The use of a HRWR at a significantly lower

W/C ratio will yield desired workability.



OBJECTIVE

The objective of this research was to determine if the use
of a HRWR {resulting in a lower W/C ratio) with a D—dfacking
susceptible crushed limestone coarse aggregate would yield

significant improvement in the durability.

MATERIALS
Type I cement is specified for all concrete pavement in
Iowa. For laboratory work, a blend (AC8-172) of Type I cement
from seven different producers is used.
A common fine aggregate for concrete, for laboratory

work, is a natural sand from the Hallett Construction, Christensen

pit at Ames (Sp.Gr. = 2.68). A typical gradation is:

Sieve Analysis

Sieve No. % Passing
3/8* 100
No. 4 98
No. 8 88
No. 16 : 71
No. 30 44
No. 50 11
No. 100 0.9
No. 290 0.2

This research was initiated to investigate D-cracking sus-
ceptible crushed limestone coarse aggregate. The crushed lime-~

stone selected is from the Schildberg Construction Quarry at



Cregscent in Pottawattamie County which historically has exhibited
D-cracking deterioration in as few as 7 years. 'The test results
for the aggregate used in this research (AAC9-62) are given in

Appendix A. The gradation was:

Sleve No. % Pasgsing
1 1/2¢ 100
it 99
3/4" 73
1/2" 39
3/8" 15
No. 4 1.0

No. 8 0.8

The air entraining admixture was a vinsol resin produced by
Carter Waters as Ad Aire.

There are two types of HRWR readily available today. One
HRWR of each type was selected for use iﬁ the research. Melment
is a modified polycondensation product of melamine and formal-
dehyde. The Mighty 150 admixture is a solution of sulfoaryl

alkylene product.

MIX PROPORTION
The intended application, if successful, was primarily for

secondary pcc pavement which ig normally Class B concrete. A
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B~3 mix proportion was selected with the volumes and batch

welghts as:
' B-3 Mix Proportions

Bbsolute Weilght (lbs)
Volunmes per cubic yard
Cement 0.09053¢9 479
Water ‘0.152017 256
Air 0.06 -
Fine Agg. _ 0.313850 : 1417

Coarse Agg. 0.383594 1713

TEST PROCEﬁURE

The coafse aggregate was soaked for 24 hours and dried to

a saturated surface dry condition for mixing. Mixing was accom—
plished in a 1 3/4 cu.ft. Lancaster rotating paddle mixer. 8Six
mixes were to be ugsed in the research. BAir content has a defi-
nite influence on the laboratory durability factor go the air
entraining agent was adjusted to yvield two air contents (approxi-
mately 6 &‘8.1/2 %) . These air contents were usgd with ab HRWR,
Melment anéIMighty 150.

Nine 4 1/2" x 9" cylinders and three 4" % 4" % 18" beams
were made for each of the six mixes. Two mixes were remade as
the desired air was not achieved on one and low strengths were
obtained on another. Three cylinders were used for compressive
strength testing at 7, 14 and 28 days.

The beams were cured in 100% humidity m@ist room prior to
freezing in air, thawing in water testing. There were eight

freeze-thaw cycles per day ({(ASTM C-666 procedure B). The change



in soundness is based on change in length and fundsmental

frequency (Figure ).

Figure l: BApparatus for determining fundamental fregquency

DISCUSSION OF RESULTS

The test results are summarized in Appendix B. The first
mixes with Mélment resulted in higher W/C ratios than intended.
There are sgome variations in compressive strengths t§a£ do not
réiate weli.to the W/C ratios and ailr contents.

The mixes without HRWR resulted in durabilitylféctors of
31 at 8.0% air and 28 at 5.9% air. The highest durability
factor of any mix using a HRWR was 32. In geﬁerai, the dura-
bility factors of the HRWR mixes were lower than the mixes
without HRWR. Pictures of every set of beams are taken for
permanent record of physical condition (Figure 2}. A sawed
slice (Figure 3) is used to examine the cracking of individual

coarse aggregate particles.
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Figure 2:

Figure 3:

.gF;eeze and thaw beams after testing

Sawed slice exhibiting cracks in aggregate
particles,



CONCLUSIONS
It isxéQident from this research that:
1. “HRWR did not significantly improve the"f
durability factor of concrete made w1th
:chracklng susceptible aggregat@._
2. .HRWR is not an effective treatment forf'
'~ use of low quality aggregate in pcc
'_pavement :
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TEST REFORT- - MISCELLANEOUS ©#
LAR LOCATION AMES

MATERIAL ﬁRUSHED STONE
INTENDED USE CONCRETE RESEARCH
COUNTY  EOTTAWATTAMIE

BESTGN

FRODUCER  SCHILDRERG CONSTI,

SOURCE  CRESCENT QR. 34/33 76-44

LAR NO.

FROJ NGO
CONTRALT
CONTRALCTOR

FOTTAWATTAMIE €0,

UNIT OF MATERIAL 13 BAGY TO RBE USED FOR "D* CRACKING

SAMPLED BY GARY SCHOENROCK

Appendix A
ATION

ATERTALS

ANCT~42

NEO .

RESEARCH PROJECT

SENDERS ' NO.

DATE SAMFLED 4-10-79 REC'D  4-11-79

R4S SRR AR AP ESRS e ALEA BAL A L YRR RS IR (0 LIS Lb SR TR AL ATL IR TS S dan S B R DI 20 (0 (1 10

% PSGL. o #8 AFTER 16 CYCLES,

4 WAk, La ABRASITON, GRADING

SPECIFIC GRAVITY (3.5.0.)

% ABSORFTION (S.5.00)

COPIES:
CRUSHED STONE
Vo R, SNYBER
SaM MOUSSALLT
BEOLOGY

DISFOSITION:

WATER-ALC. SOL.

B

SIOGNED:

REFORTED  4-17-79

]
2
25

2,628

1.90

BERNARD C. BROWN
TESTING ENGINEER
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