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INTRODUCTION

Research Projects (-14 and C-15 were set up as purely labora~
tory studies with the same obJjective; that is, to study the effsct upon
the strength and durability of normel portland cement concrete by supple-
menting portions of standard concrete sand with vaeriable smounts of "Fine!
sands (s;nds passing Size No, 30 sieve). This investigation is not corre-
lated with any Highway Dopartment field projects. Project O-1Y4 was §egun
Juns 16, 1944 and tests completed april 20, 1945, Project C-15 was begun

Avgust 2, 1944 and tests were completed August 1, 19Lh.
MATERIALS

Each project consists of three sets of test specimons designated
as Series 4, B, and ¢, and each set consists of thres 6N x 12M eylinders
and six 3" x 5" x 20 beams,.with the exception of Series 1U-A in which
two of the beams were Gamaged while handling, thus making a total of 18
cylinders and jh beams for the two projects.

The cement, a standard brand of portland, and tﬁe COATSe aggre~
gate were constant for the sly mixes. The coarse aggregate was crushed
limestone (Size ¥o. 6 Department of Highways Spocifications) in stock
at the 1aborator§, the source of which is undstermined. See Table We, I
for data pertaining to the coarse aggregate. |

The finc aggregetes were sands from fouwr sources described as
followss

Scurce A ~ Ohio Riwver, Cleves Ohlo, & sand mecting

the requirements of the Kontucky Standard Specifi.

cations (193€) for concrete and used as the basic

material for ?rojegt g1l
Bl
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Source B - Ohio River, Louisville, ¥Xy. A4 sand mosting
the requirements of the Kentucky Standard Specifications
(1938) for concrete and used os the baeic material for
‘Project Culb,
Source G_— Buckhorn Creek, Breathitt County, Ky. A
fine sand, 100 porcent of which passed the Sigze No. 30
siu#e, and used in Project C-14 in cowbination with
gand from Source A,
Source D ~ Louisville, Kentucky. A4 bank sand finer
than the No. 30 sieve snd used in Projeet 0-15 in
combination with sand from Source B.
(Note ~ fThese gource designations apply only in

this report for reference and not for pormanent

identification).

Doscriptions idontifying the six mixes or series of speciment

with regpect to their fine ageregate content are listed as follows:
Regearch Project C-14

Series & ~ The fine aggregete is 100 percent sand fron
Source -Ae |

Sericg B ~ Sands from Sources A ond § combined in the
proportions of 80 - 20 percent by weight,

Sories C - Sands from Sources A and C comblned in the

proportions of 72 - 28 percent by welight.
Resgearch Project =15

Seriegs A - The fine aggregate 1g 100 percent sand from

ARy
P

Source B, j;:




Series 3 - Sands from Sources B and D combined in the

propoftions of 90 «~ 10 percent by weight.

Serieg € ~ Sand from Source B processed by crushing a

portion of ths sigzes pagsing the Size No. 16 sieve in

order %o increaso the percentsge passing the No, 30

sieve and obtain a final gradation comparable to that

in Series B.

This proceseing procedure was completsd

in three steps — (1) A sufficlent quentity of the sand

was selected and screened over a No. 16 sieve.

(2) Twenty-five percent of that passing the No. 16

siove was passed twice through a roll erusher and a

sieve analysis made. (3) A4ll fractions were recom—

bined into the original amount and thoroughly mixed
4

preparatory for use in $the concrete mix.

For data pertaining to the fine aggromates see Tables IT and ITI.

The basis of design for all the concrete mizes in the two pro-

Jects is as follows:

TASLE I -

Cement - 6 sacks per cubic yard

Free Wabtor — 5.75 gallons per sack of comont,

Ratio of Fine to Uoarse Ageregates ~ 40 - 60

percent by weight.

Slump -~ Approximately 2 inches.

Data for Coarse Aseresrste Used in Research Projects -1l & (-lR

Specific . Percent Biove Anslvsis

Aggrerate Gravity | Absorption | Sieve Sigze Passing
P | 1-1/2 inch 10040
1 inch 957
Crushed 3/4 inch 64,7
Limestone 2,58 1.3 1/2 inch 29.1
8ige No. 6 3/8 inch ;53,3
Yo. U 7s2
¥o. 8 766
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TABLE II - Data for Fine Ae-zrogates Used in Research Project C-14

Conc. Sand , "Fine" Sand. . _ Combined .

Azgrecate Source 4 |  Source © 80% A 7% A

: L 20% ¢ 28% 0
Uged in Series A e Series B S¢ries O

Sleve Analyses

Sigve Size | Percentasos Passing
3/8 inch 100.0 100.0 | 100.0 100.0
No. 4 99.6 100.0 9907 99,7
No. 8 86.7 100.0 ,sa.h 90. 4%
No. 16 67.8 100.0 7h.2 76.8
TWoe 30 43,2 100,0 BY.6 59.1
Wo. RO 12.0 71.7 23,9 28,7
Vo, 100 29 21.0 Tl 9.7
Specifice 5
Gravity . 2,67 } 2.65 2.67 2.67
Poercent
Absorption 1.0 : 1.0 : 1.0 ¢ 1,0

TABLE IIl - Dmia for Mine Agaroeantes Used 1n Research Project 0-15

} i Combinad ; Processed
reragate | Conc. Send "Pine! Sand | 90% B Sand,
s - Source B Source D 70% D Source B
Used in Series 4 — 1 _Series B| Seriasg
Sieve Anslyses

Sieve Sipe Porcentaces Pogsing
- 3/8 inech | 100.0 % 100.0 | 100.0 | 100.0
No. 4 99.3 I 100.0 9. 99.3
Wo. & 93%.2 ; 100.0 93.9 93,2
¥o, 16 ,g 7548 | 100.0 78.3 75,9
 N¥o. 30 b5.9 ; 100.0 K2.2 BP0
No. 50 7.2 : 97.9 16.3 15,0
No, 100 0.6 | Bu4I 7.0 5.8
Specific 1 i
Gravity 2.6% { 2,63 2.63 2,6%
Percent :
Absorption 1.0 1 1,0 | 1.0 1 1.0
PROCEDURE

The concrete was uixed in single batchos of sufficiont giwe to

complete cach series,

Tater was added in varying amownts to the

geveral

mixes as was necoysary to maintaln the desired slump, more water being ro-

quired for those mixes containing the "Fine" sands.

No adjustments were

made in the mix proportions to compensate for any deviation in the cement

-
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contont from the desien proportions, due to those water variables (See
Tabdle IV under Jonerete Mix Dota),

The spocimens wers cast in stesl molds in accordence with
standard methods, After about 24 houre thoy were romoved from the molde
and placed in the moist room and cured at temperaturs of 70 # 2°P. wntil
28 days of age. At the end of this period the cylinders wore tested for
compressive strength and the initial sonic moduli of elasticity for the
beams were evaluated. One half of the group were sslacted =g control
speclmuns and broken immedis tely in flexures wnder third point loadlng.
The remaining beams werg Placed directly into Freezing and Thawing (Fro~_
zon in air at 09-F, and thawed in water at sprroximately Y0°%,), The
sonic modulus evaluation was nade perlodieally for the beams in Freezing
and Thawing foi purpcse of estimating a PO percent loss in the moduli of
rnpture for the specimens ~ tha eriterion for removing them from the tost,
This percentage of loss was excoeded in some ingtances duo 4o the incres-a
in rapidity of deterioration near the and of the test, Upon their re-
moval frop Freezing and Thawing these beams were alsoe broken in fﬁexura
under third point loading, See Table IV for test resulte cnd.Plates I
and IT for graphic repregentation of the relative strengths of the in-
dividual specimeng,

RESULTS

Mith reference to the test results summarized in T.ble IV 1% ig
noted that these valuss are rather consistent for the specimens in each
series; that is, the test results for the individual specimeng, in mogt
instances, do not vary approeciably from the averages for the serigs,

This fact 1s an indication that those rosults are representative of the
relative valuves of the six mixse, However, consideradle variations ocour

between the results of the govaenal series.
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Normally it would be expacted that somewhat equal values would
have resulted from the tests for the spscimens in Series 1L4 and 154,
This is true for the control specimens, bubt the besms subjected to freea
ing and thawing tests in the 14A series, evidently, were unaffocted for
the number cof cycles exposed. On the other hand, those in the 154 geries
ghow an average of 52,2 percent loss in modulus of rupture for sssentially
the same oxposure., Thore is no wide difforence.in the physical character~
Istics of the sands in the two series, the latter having & lower gpecific
gravity. The physical tests were limited to sieve amalysis, speqific
gravipy, and abgerption. |

“he rocords of Serios 14B and 140 ére relatively poor, for the
control specimens as well ag those in Freezing and Thawing. This ise
partislly attributed tc the increase in free water. The fino agsregate
was 80 percont and 72 percent, respectively, of the sand used in tho 144
gupplemetted with the fine creck sand,

Sories 15B compares favorably with Series 154 throughout the
fine agg?eg;te being 90 percent of the sand used in 154 and 10 percent
fine bank sand,

Series 150 also has & relatively poor recerd in which there was
a considerableo increase in the free water added to the mix. The fine
agorogate was.tha‘procassed sand from the same stock as thet used in 15A.

Thie investigution hardly establishes the relativé merits of
the various sends or combination of sands, with consideration glven to
the differentials in the cement factors and weter-cement ratios for the

soveral mizes, but the rosults seem to bs of enough significance to war-

rant further and more comprehensive studies of this naturo.
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RESEZARCH PROJECT -1k
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Compressive Sirengths of 28 Day Cylinders
P 8 I, Series A Serims B Series ¢
| S’ it B _
booo_ — g
3000
2000
1000
| _J | i
" ' Moduli of Rupture of Besams
=7k F.5.1. Series A Serisgs B Series G
s Contrals F&T Controls PeT Controls F&ET
800 —— I
n g 4]
6 0 rg ﬂ fi,
8 o -
@ . c}? rg_f 5 —S - ——— @
© = @
ko0 G R ng o
e IO S NN S S AV ATV .Y =
[ &] [ L&
) — = 2 b I
2, od (et [a¥
—~. g
Eo
. 8& —— _
TR [T
Fine Aggregate Pine Aggregste , ine Asgresnte
120% Ohio River Send (A) 80% Ohio River Sand (4) 724 Chio River Sand (4)
- 20% Pine Sand (C) P8% Fine Sand (()




PLATE I7 RESEARCHE PROJECT (-1

Comreasive Strengths of of Day Cylinders
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