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I. INTRODUCTION

For the laymen it is only logical to assume that satisfactory
conecrete can be produced using any hard durable rock as an aggregate;
but such is not the cese., Any cement or concrete expert will inform
you that cement should never be permitted to chemically combine with
eny of the other ingredients of concrete, aside from the water, as it
is very detrimental to the strength of the concrete, TFor this reason
it is not advisable to use sha1§ or slate as en aggregate for concrets.,
This proved to be very disastrous in two cases where dams were built
employing these materials, The deterioration was so great that in the
course of twenty yeers both dams were considered unsafe and one had to
be partially rebuilt at a cost of $300,000,

Magnesium is considered poison in cement, but Dolomitic lime-
stone rock is rich in this poison. Dolomitic limestone rock is composed
of two minerals, namely, calcite (caleium carbonate, CaCOz) and Dolomite:
(calcium magnesium carbonate, Cacog.mgcos), found in verying proportions,
and certain argillaceous impurities. Dolomitic limestone rock has been
successfully used for many years as the coerse aggregate for concrete.
The development of Portlend cement was chiefly responsible for this use.
Netural cement is manufactured at relatively low temperatures and any

magnesium present remains active, but, in the menufacture of Portland

cement very high temperatures are employed and as a result the magnesium is

made inert. The magnesium in Dolomitic limestone rock is also relatively
gstable and the two, Portland cement and Dolomitic limestone rock, may be

combined to form good concrete.
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Out of the great success realized in the use of Dolomitic
limegtone rock has recently developed the use of Dolomitic limestone
sand, the screenings from the crushed rock graded in size to correspond
to ordinary quartz end silice sands, as the fine aggregate for Portland
cement concrete, One of the greatest projects ever to use Dolomitie
limestone sand was the Norris Dem in Tennessee. The Student Activities
Building of the Virginia Polyteehnic Institute, Stroubles Creek Conduit,
and many highweys iﬁ West Virginia have also used this sand. Up to the
present time all have given satisfactory performance.

Exhaustive research has been done on the silica sands as an
aggregate for Portland cement concrete, but very little has been done
in the investigation of Dolomitic send. Dr. R. J. Holden, Head of the
Geology Department, Virginia Polytechnic Institute, has shown great
interest in this product and is now making long time studies on test
samples taken from the Norris Dam, M. W. 7. Hartmen, Jr.,Associate
Professor of Civil Engineering and Director of Concrete Research at
Virginia Polytechnic Institute, is also carrying on some long time
gtudies of his own, independent of Dr. Holden. Mr. Hartman has been
very influential in the development of the use of Dolomitic limestone
gsand in the State of Virginia,

A product attracting such wide interest demands that its

properties be thoroughly investigated.
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II. REVIEW OF LITERATURE

Seeking a substitute for Petersburg sand as the fine aggregate
for Portland cement conerete, Mr. H. C., Broyles, a Graduate Fellow at
Virginia Polytechnic Institute, 1936, investigated the possibilities of
Dolomitic limestone sand. In his thesis, "Investigation of the Use of
Dolomitic Limestone Sand as a Fine Aggregate for Portland Cement Concrete,®
he presents the results of his research. From his results he definitely
concluded that "dolomitic limestone sand, when properly graded, is entirely
sétisfactory as a fine aggregate in the meking of Portland cement concrete.”
From the seme results he also concluded that "concrete in which dolomitic-
limestone sand was used as the fine aggregate gave twenty-five per cent
greater compressive strength than concrete in which Petersburg sand was
used,"

In order to verify the conclusion of Mr. Broyles, a section of
this investigation is devoted to a ccmparison between the relative worth
of Petersburg sand and Dolomitic sand as the fine aggregate for Portland
cement concrete,

In his thesis, "An Investigation of the Effect on the Ultimate
Strength of Concrete Loaded During the Curing Period," V. P, I., 1937,

Mr., J. L. Brown states the following: "Beginning with the construction
of the Storage Building in 1934, the V. P. I. Experimental Station has
availed itself of the opportunity of conducting studies on the concrete
used in the newer developments here at V. P, I, Since that time studies
have been made of the concrete used in the construction of a conduilt for

Stroubles Creek, and more recently, a study of the concrete poured during




the construction of the new Student Activities Building." In the

"7{eld Studies” section of Mr, Brown's thesis are given the results of
the aforementioned studies, These results seem to support what Mr.

Broyles had concluded in his investigation.

The investigation about to follow still concerns itself with
the uge of Dolomitic limestone sand as the fine aggregete for Portland
cement concrete, but its manner of treatment is quite different from

that employed by Mr. Broyles.
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III. INVESTIGATION

A, Object of Investigation

The aim and purpose of the investigation is to determine in
what ways the strength of Portlend Cement Concrete, using Dolomitic
Limestone Sand as the fine aggregate, is affected by abnormal high and
low temperatures during the various stsges of curing. VWhat is herein
disclosed may be very valuable in its application to procaating and
plaoiné of concrete, but it is not the concern of the euthor at this
time to investigate these possibilities. As a check on the previous
research a camparison is made between the relative strengths of
conerete employing Dolomitic and Petersburg sand as a fine aggregate,

B. Procedure
1. Plen of Attack

Problem I

In the investigation of the freezing and thawing effect on the
strength of concrete three variables were considered: (1) the lengﬁh of
time the concrete was frozen immediately following removal of forms;
(2) the length of time the concrete was allowed to set before being
frozen; and (3) the length of time the concrete was frozen after the
verisble setting periods. The problem was attacked in the following
manner.

a. Concrete cylinders were frozen for one, three, five
seven and ten days immediately fbllowing removal of forms (variable
No. 1), and were cured in moist closet for the remainder of twenty-eight

dayﬂ N




b, After being cured for one, three, five, seven, and ten
days in moist closet (varisble No, 2), concrete cylinders were frozen
for the remainder of twenty-eight days.

¢, After being cured for one, three, five, seven, ten, and
fourteen days in moist closet, concrete cylinders were frozen for one,
three, five, seven and nine days (variable No, 3), and then cured for
the remainder of twenty-eight days in moist closet,

The freezing temperature employed was 0° Fehrenheit, the pre-
vailing temperature of the refrigerator located in the Deiry Husbandry
Building of the Virginia Polytechnic Institute. Due to the frequency
with which the refrigerator doors had been opened and closed, the
temperature did not remain constent but fluctuated about 0° F.

All eylinders were given compression tests at the age of
twenty-eight days.

Problem II

In the investigation of the high temperature effect on the
strength of concrete, 65° C, was the temperature arbitrarily selected.
Fresh conerete, if maintained at this temperature, will dry out very
quickly and the chemical processes going on within will come to a halt,
water being an essential part. In order to forestall this as much as
possible, a pan of water was placed in the curing oven together with the

conerete cylinders. It is not the purpose of the author to steam cure

the concrete, and the water was added merely to slow up evaporation. The

leeakage of the oven was very great, as a result no pressure was built up and

the relative humidity never quite reached one hundred per cent.
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After a few days in the oven the water in the concrete would
finally evaporate., To restore this water the conerete cylinders were
jmmersed in the water for varying periods. Having done this, the
conerete oylinders were further cured at 65° C., and after a short
period, again immersed in water, Compression tests were made during
the verious states of curing. To determine the effect this high tempera-
ture curing had on the ultimate strength of the concrete, specimens were
glven successive treatment in the oven and water and allowed to attain an
age of twenty-eight days in moist closet, after which they were tested.
This problem was attacked in the following manner.

a. Conecrete cylinders were cured from one to five days at 65° C.
and given compression tests upon removal from oven.

b. After being cured for one, two and three days at 65° C.,
concrete cylinders were immersed in water for one, two and three days.
Compression tests were given upon removal from water.

c. After being oured as in b, concrete cylinders were placed
back in oven for one and two days. Compression tests were given upon
removal from oven,

d. After being cured as in ¢, concrete eylinders were again
jrmersed in water for one and two days. Compression tests were given
upon removal from water,

e. Concrete cylinders were cured for one, two and three days
at 65° C,, immersed in water for one and two deys and cured in moist
closet for the remeinder of twenty-eight days. Compression tests were

given at the end of twenty-eight days of curing.
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Problem IIT

‘ As a check on the work done on Dolomitic send by Mr,., Broyles,
a comparison wes made between the twenty-eight day compressive strength
of Portland cement concrete using Pstersburg sand as the fine eggregete
and Portland cement concrete using Dolomitic sand as the fine aggregate.

Twelve conerete cylinders were prepared with Petersburg sand,

using the same mix as for the Dolomitis. Eight of these cylinders
were cured in moist closet for twenty-eight days and the remaining four
were cured in water for & like period. Compression tests were given
to all specimens at the end of twenty-eight days of curing. These

results were checked with the check cylinder strengths.
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2, Materials and Apperatus

Tt is well at this point to give a brief explanation of the
materials and apparatus used in this investigation.
As was stated previously, Dolomitic limestone sand was used
as the fine aggregate. Crushed limestone rock was used as the coarse
aggregate and Portland cement as the binding material. The water used
throughout was the seme as used for drinking purposes at the Institute.
In order to be consistent with previous research, a 1-2-3
mix (by volume) with seven and one-half gallons of water per cubie foot
of cement was used. Concrete cylinders, 2" x 4", were employed
throughout the investigation, and were prepared according to the A, S. T, M.
specifications,
The following is a list of the materials used, together with
their exact proportions:
1. Weight of cement per cudbic foot - - - 94 1lbs,. 0 oz.
2, Weight of dry rodded Dolomitie sand
per cubic foO0t = = = = = = = = = = - 106 1bs, 8 oz,
3., Weight of dry rodded Petersburg sand
per cubic foot - = = = = = - = = - = 101 1bs, O oz,
4, Weight of dry rodded crushed limestone
rock per cubic oot = - = = = = - = = 05 1bs, 6 0z,

Volume of twelve 2" x 4" cylinders = 151 cu, in,
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Meterials used for one batch of twelve cylinders:

1. For all batches using Dolomitic sand
Water - = 1,46 pints
Cement - - 42 cubic inches - - - 2 1bs. 4} oz,
Dolomitic sand - 84 cubic inches - 5 1bs. 3 oz,
Crushed limestone - 126 cubic inches - 6 1lbs. 15} oz.
2, For batch using Petersburg send
Water - - 1.46 pints
Cement - 428 cubic inches - - - 2 1bs, 4} oz.
Petersburg sand - 84 cubic inches - 4 1lbs. 14% oz.

Crushed limestons - 126 cubic inches - 6 1bs. 15§ oz.

The 100,000-pound Tinius Olsen machine was used for applying
the breeking loads. For all conorete cylinders, twenty-eight days old, a
50,000-pound rider was used on the machine, unless otherwise noted, and for
all conerete eylinders of ages less than twenty-eight dsys a 10,000-pound
rider was used. The speed of the moving head for all runs was .0308
inches per minute., The Freas electric oven, which was used in the high
temperature curing of the concrete, had a range of 20° ¢, to 80° C. 'The
Fairbenks scale, which was used to weigh out the material, read to the
nearest quarter of an ounce, The auxiliery apparatus used in the pre-
liminary tests was ell standard equipment conforming to A. S. T. M.

specifications,
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Fig., 1. 100,000
1b, Tinius Olsen

Testing Machine.
&

Fig. 2+ The Freas

Electric Ovens




3., Preliminary Tests

Rglative values were used throughout this investig_ation, but,
for the purposs of comparison with A, S, T. M. (Americen Society for
Testing Materials) standards, certain preliminary tests were performed
on the cement, fine and coarse aggregates. No attempt will be made to
explain these tests in detail, as they may be very easily referred to in

the A, S, T, M, Specifications,

Cement:
a. Normal consistency 25,6 per cent
b, Initial set 3% hours
¢. Final set 6 hours
Sand:

e, Sieve analysis
Tor each sand a 500-gream sample was
given eight minutes in the Ro-Tap Testing Sieve

Shaker, without the tapper.

Dolomitic No., 1

Sieve Grems Per Cent Grems Per Cent

No, Retained Retained Passing Passing

10 87.4 17.48 412,.6 82,52

20 240.1 48,02 178,5 34,50

40 103,2 20,64 6943 13.86

50 23,0 4,60 46,3 9426

60 14,1 2,88 32,2 6.44

80 7.7 1,54 24,5 4,90 }
100 4,5 . .90 20,0 4,00
pan 20.0 T 4,00 0.0 0.00

500,0 100.00
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Dolomitic No, 2

b, Colormetric Test:

able for grade A concrete,

¢, Decantation Test:

Sieve Grams Per Cent Grems
No. Retained Retained: Passing
10 81,7 163.4 418,93
20 220,9 44,18 197.4
30 8243 16 .46 115,1
60 74,5 14,90 40,6
80 B84 1,68 32,2

100 5,7 l.14 26,5
Pan 26 5 5 030 00.0
500,0 100,00
Petersburg

Sieve Grams Per Cent Grams
No, Retained Retained Pessing
10 68,7 13,74 431,3
20 1775 35,650 253 .8
30 114,3 22,86 13945
50 71.9 14,38 67,6
60 2342 4,64 44 .4
80 12.1 2442 32,3

100 g1 1.82 23,2
Pan 23,2 4,64 0.0
500,0 100,00

Per Cent
Pessing

83,66
39.48
23,02
8.12
6444
5.30
0.00

Per Cent
Pas ;25

86,26
50,76
27,90
13,52
8,88
646
4,64
Oe

Tests show both Dolomitic and Petersburg sand suit-

Both Dolomitic and Pestersburg sand are satisfactory.




Crushed Limestone Rock

Sieve

4 inch
3/8 inch
1/4 inch
No. 4
No,., 8
Pan

a, Sieve Analysis

Grams Per Cent
Retained Retained
0.0 0,00
789,7 39 449
871 .3 43,56
132,23 6 +,61
193,8 9.69
13,0 -]
2000.0 100,00

Grams
Passing

2000,0
1210,3
33940
206,8
13,0

0.0

Per Cent
Passj.g

100,00
60.58
16,95
10,34

" o065

_0.00




4, Preparation of Specimens

After the proper amount of constituents was determined, the
next step was to prepare the specimens, The method as used in the
investigation is described below,

The exact amount of coarse aggregete was weighed out on
the Fairbanks scale (shown in Fig, 3) and spread out in an even leyer
on the bottom of the pan. The exact amount of fine aggregate was
then we:lghed out and spread in an even layer over the coarse aggregate,
The exact amount of cement was weighed out and spread in an even
- layer over the two previous layers. The edges of the layers were
drawn in toward the center with a trowel, farming & pile in the middle
of the pan. Working from the edges toward the center, the pile was
turned over four consecutive times, leaving the pile again in the center
of the pan, The central pile was then spread out flat and a spiral
ditch (shown in Fig. 3) formed with the tip of the trowel.

The required water was then poured into the gpiral ditch.

As the water soaked in,the dry edges were turned into the center of the
material, forming a new pile in the middle of the pan. This pile was
then turned over four times, as done previously.

The conerete, having been thoroughly mixed, was then placed in
cylindrical molds (shown in Fig. 8) in the following manner., Conerete
was scooped out of the pan with a trowel end placed in gressed molds
in four layers one inch in depth, FEach layer was rodded twenty-eight

times with one-half inch round steel rod, The last layer having been




rodded, the tops of the cylinders were smoothed off with the trowel

to give an even finish, Cylinders were allowed to set in molds for
twenty-four after which they were removed, marked, and cured in the
manner as c8lled for by the schedule,

In order to insure an even distribution of load when tested,
21l roughened surfaces were capped with plaster, setting in approximetely

one-half hour,
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Fige 3. Apparatus
and tools used in

investigation,

Fig. Se

TFige. 4. Concrete

J ‘

cylinders before

and after failure.

Fig. 4,



C. Results

1. Problem I




TABLES NOS, ¥MC-1 AND mc-z

Sand: Dolomitic Wo., 1

Cylinders 1 to 10 frozen for one, three, five, seven and
ten days end then placed in moist closet for the remainder of twenty-
eight days. Age of concrete, twenty-eight deys.

Two check eylinders (11 and 12) were cured for twenty-seven
days in moist closet,

Remarks: Temperatures read upon entering refrigerator,

Average temperature considered as 0° 7, Surfaces moist along planes

of failure,
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TABLES NOS, ucn-l‘mn MCF=-2,
Sand: Dolomitic ¥o. 1

Cylinders 1 to 10 cured for one, three, five, seven and ten
deys in moist closet and then frozen for the remainder of twenty-eight
days, Age of concrete, twenty-eight days,

Two check cylinders (11 amd 12) were cured for twenty-seven
days in moist closet.

Remerks: Temperatures read upon entering refrigerator.

Average temperature considered as 0° F, Surfaces moist along plenes

of failure.




Table MCF-l.

0
a

o
mm
-'OM

e

n o
o
©® o

2
B2

aq.'in. : stren

09
: 55&.4577787

W. HNNEPOED®O SN
S

o 0o go]| 00 oo 00 0 0¢ c0 09 00 06 00 00 se oo

_..v“h

9222542357 ||

SIRBSBRRK 11

S0 08 86 08 8% 66 090 00 S0 S0 % 40 08
g8823r8838 g%

- 0 & & 6 &6 ’J

1 11122828 [ -

e o8 eof 00 €6 00 00 S0 00 40 00 OF 00 00 08 5

| wmgg‘o m

mm
o ¢
- o
o o

1

e OO\JQ. G8 00 00 50 00 00 00 00 *° 90 0 o0
D)

o] 060 06 ¢6 o0 en 00 €6 00 00 08 oo 40 o0

O AR N u

e o0 osf 00 00 00 00 00 ¢ 00 00 00 8 gp 00 o9

S8IIJYIRR’SS

ee o8 ool 08 00 00 00 40 G0 00 % s 48 oo 00 o

- [ £
MmN nlmm 8%

oo oo cef es o0 0 00 0 05 00 00 00 00 00 0

N ©

8

0 00 00 00 S0 0 06 SO o0 G0 Se 84 o0

Table MCF-2,

sTemp, ¢

d

1oa
: Pounds

s+ out
s (Fahr, )t

{

sem———

Frozen

.
.
.
.
*
3

Cyl.: Days
: in
: M, C.

No

s o8 oo

g
“d &710&59754 m~
L8 ERE88888858 1
fud
lOOOQ0..0..00..0...0....0‘.0‘..‘.

2]

o o 7 [ g -
: 4588288585823 o
m...“ ’.,L.'.”.OO'- Avt.b..
tMLllz «aa 8855 LN 2]
1ORS ]

.ﬁwowmommum 8

s Temp.
: in
m;.)

RIIXAN8KEES L

08 00 06 68 69 ¢ S0 o0 68 08 5 00 s

DD~ O © O
-~ o o NI -~

66 S0 68 €0 00 S0 30 0% 00 00 S0 44 o0

PR O u-

@ 68 66 08 40 00 00 00 00 00 S0 oo ¢

#40011114‘ — u

20 00 00 00 09 09 00 48 95 80 S0 90 o0

00 60 68 06 08 48 60 09 e 08 5 S0 e

HennODNNSOO ”

>4
-~ o«

06 00 90 €0 o0 66 60 00 05 00 B8 OO 00

1234567890” u

8

A0 00 00 06 00 28 25 00 00 00 -5 O 00



-23-

TABLES ROS, lI-l AND 1F-8,
Sand: Dolomitie No. 1

Cylinders 1 to 10 cured in moist closet one day, then in
refrigerator for one, three, five, seven and nine days end back in
moist closet for the remainder of twenty-eight days. Age of conerete,
twenty-eight days.

"wo check cylinders (11 and 12) were eured for twenty-seven
days in moist closet end tested,

Remarks: Temperatures read upon entering refrigerator,

Average temperature considered as 0° P, Surfaces moist along planes

of failure,
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Sand: Dolomitic No. 1

cylinaora 1 to 10 ocured in moist closet three days, then in
retr;gorator for one, three, five, seven end nine days, and beck in
moist closet for the remainder of twenty-eight days, Age of concrete,
twenty-eight days. ’

Two check cylinders (11 and 12) were cured for twenty-seven
days in moist closet end tested. N

Remarks: Temperature read upon entering refrigeratore

Average temperature considered as 0° P, Surfaces moist along planes of

TABLB NoS, SF-I_I. AND 3¥-2,
fajilure,
|
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TABLES NOS, 5F-1 AND S5F-2.

Sand: ‘Dolomitic No., 1

Cylinders 1 to 10 cured in moist closet five days, then in
refrigerator for one, three, five, seven and nine days and back in moist
closet for the remainder of twenty-eight days., Age of concrete, tweniy-
eight days, |

Two check cylinders (11 and 12) were cured for twenty-seven
days in moist closet and checked,

Remarks: Temperatures read upon entering refrigerator. Average

temperature considered as 0° ¥. Surfaces moist along planes of failure.
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TABLES NOS. 7F-1 AXD 7F-2.

Sands: Dolomitic No, 1

Cylinders 1 to 10 oured in mqiat closet seven days, then in
refrigerator for one, three, five, seven gnd pine deys, ang bgck 1;1
moist closet ro;- remainder of twenty-eight days., Age of conerete,
twenty-eight days. -

Two check cylinders .(1.1 end 12) were cured for twenty-seven
deys in moist closet and tested. , .

Remarks : 'rgmporaturel read upon entering 1-91‘1.'1301'11%.:.'.~
Average temperature considered es 0° ¥, Surfeces moist along planes

of fallure,

*Cylinder No. 6, Table 7P-2, may be slightly lower than actual,

due to sn error in balancing of machine,
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TABLES NOS. 10F-1 AND 10F-2.

Sand: Dolomitiec No. 1

‘Cylinders 1 to 10 cured in moist closet ten deys, then in
refrigerator for one, three, five, seven and nine deys, and back in
moist closet for the rémainder of twenty-eight days. Age of conerete,
twenty-eight days,

Two check cylinders (11 and 12) were cured for twenty-seven
deys in moist closet and tested.

Remarks: Temperatures read upon entering refrigerator.
Average temperature considered 0° ¥, Surfaces moist along planes of

failure,
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PABLES NOS. 14F-1 AND 14F-2,

Sand: Dolomitic No. 1

Cylinders 1 to 10 cured in moist closet fourteen days, then
in refrigerator for one, three, f'ive, seven and nine days, and back in
moist closet for the remainder of twenty-eight days. Age of concrete,
twenty-eight days.

Two check eylinders (11 and 12) were cured for twenty-seven
days in moist closet and tested.

Remarks: Temperatures resd upon entering refrigerator.

Average temperature considered as 0° ¥. Surfaces moist along planes

of failure,




@0 €6 SO 00 08 € 00 80 68 @0 ¢ o8 49 O° o0 oo

o
nm MEERENN G

Sgfageee 2858
Rf

ee oo oof ¢0 o0 G0 €0 o 00 00 00 00 00 0 S8 o0

ma

- o - -
bﬁssszzazsaz, n

oo oo ool oo 00 00 00 66 00 o6 sv 00 ¢ G0 o0 40

8882828885 88

o o
N f ) ,’!' D.".
mm n0°°9°9m90 910..

se se ool oe 20 ce 00 00 80 00 eo 00 00 08 O3 0

®
Jmuggeecevy &g

0 86 %0 00 00 00 68 00 00 08 0 00 o0

34—
Table 14F-1,

i

o0 o0 ool 0o 00 00 00 05 04 06 00 98 08 SO o5 00

-8
3
-3
-3
-3
-3
-3
3
S

0 N )
wm DR R LI

se oe sol 86 c0 ¢o o0 00 o o0 0B 00 0o 0 00 ¢
- ° . o

8

se o8 sollee oo e 68 00 00 0 00 S0 0 e 90 oo

Boagsngsse 23
2]

Table 14F-2.

@8 00 S0 08 99 60 0% 00 68 00 o5 80 o0 e 8
ey

a
[ -] 3079“087689
()

%mmmm»me 2558 |

oo oo ool 06 00 o se o0 0 90 o0 8¢ ee b0 o

e oo ool 04 00 09 00 06 oF 00 oo 49 00 ce OO

3 8883885888 ¢

.‘..I‘O‘...........':....C...

Rk

°

o

SHNNQRNO0OOrtr ]
| [~ LA I R} t

G0 o0 00] 0¢ 40 00 00 €0 90 ¢ 00 00 00 SO oo

. of
mmm5555555555
| 2]

-
e oo eof ¢¢ v 06 86 60 oo 00 o0 08 88 00 o

.
LWM HeennONNGOR !

ee o] 08 o0 o8 00 00 20 e ¢ 80 o0 ¢s oo

. k
am 1254567890

ss o0 ob] 00 oo o ¢ 09 00 08 o0 00 00 0 oo

r.

-} l-. 2 [+ 3 nt [} %
,NQ nN oo S O B
twoshm%zzszza o 0|
hme

’.,’,’ -

mm 9090999938 em

PNCEEELEL LR Y-

o0 o0 0of 06 ¢0 o €0 04 08 05 60 00 00 °° 00 o0

mlm

e

(1)

L 04




.
.

s Group

[
.
.
°

~35=

calel oo ool 0o co] oo cej oo ool ee ec]ee ec]es co] e sef oo oo oo ee orfes o] oo 06 Sofee oo
oy e g S o S
3| 8l 5| 8| & 4 8| .
se oo oo we] e eo] 0o os] 00 el oe oo s oo e oo] 00 oo o oo oo
L4 w
o -
& QO (=] 12} £~ o (1] &4 o B © [ 3
] o] o A £l ¢ 2 P
g 5| 3| 8] 2 o & 4% 3 &4
— ~ £ u - N
oe ea] oo oe] 0o oo 0os aof os o] 5o o] o0 oo © O] *° °v]e o @] oo o
23 g s
k o < & [ *] 2] o E 9 A h
wn o] e . . ® 13 . 2] v ® -l 7o)
o © 4 [ e} | L] 8 a
-] -t (-3 R ﬁ * 0 i L]
L=} os oof o0 oo ..'.". oo se] es eofes oo] 0e oo k g ae ool oo oo ?a e oo
L] o ~ 2
8 @®] 9] ] ] Al © o 0 & ‘
o~ o o S oal Sl S e ol ® 3 ©° ol
S o 3 8 8 3 % ¥ .9 &
‘é’ oo ool oo eo] 00 so] oo ool co oo s o] e oo ‘é a es eoj ee oo E oe oo
° - 9 9 S S Y D i Al
¥ HEEKER: 3
ey os oo] 0o eof se o] oo ':! oo o] e oo oo .:! o oo] oo oo calea ccles ee] oc co ve]ee e
o] - [ [ g -t
Al [ 8 8§ 8 g g a8 .9
© «N o [ 2] 2] N ©
5 os oo oo ce] ao ol 0o co] co so] 0e so] 0s oo g ae oe] oo oo § a0 e
’ . £ al ©
g o R Bl A < 2 ° o~ » el
(= § =18 8 ~ o o e § 0 ot
(2] . [ 0 8 -t N
Q =] 8 ©
ae oo] eo es] oo ce] oo o] 0a . ce]ve el 0o oo © Ofce oo]ee oo ©] oo oo
H N~ c
o] o | w0l « E © A ;
) o 8 88 3 B B YsfolE g
L} . o« Q 8 2] W «N P O
2 | g o &
P | oo os] oo eo] o0 oo oo es] oo o] 00 se] es oo o ee ool oo oo L] ©] o0 o
o “n “”
- ‘ ol o] L )
. o 3 88 B 38 o E s
[ 7] oe o] 0o col ee eo] e co] co ec] ee cof e oo L @ lee oo]ee o0 e oo
4 k! 2
. <8 & 8 8 3§ - § -
& Q) & 8
E qo e oJ co o] oo oof 0o o] oo ce]l oo solse cal we o] o 0o co] e ool e oo] 00 oo eles e
|0 [
g | ] o] m| m| e S
E | ~ ®]. n] o] O] =
B] .
]
le ae o oo oo 00 o]l ce col se oo 0o se] an oof 0o o] eo oo ee] se ce] e ool wa o0 se] e oo

.e

SUMMARY TABLE RO. 1



7.

°g 31X

(0:1)  durissy Jo ewLl 43 sheq uj o3y
18 SEE) QR & L 9 $ ¥ 2 g
(doW)  Butzeedy euojed 385010 3370y UT ehuy Jo Iequry
or 6 8 & 9 3 ¥ 2 1 5
T T T H
| " | 2
| ! ; |
D R [ S A S S A i A R 03
. * _ i . ]
m ! ! 3
S S S - s R v» PO S [
A m M “ “ | oF 3
| | | | b
- B I S I \ \\ 0g .m.
: W o)
' =]
SOTL u s

305070 38TON UF pedn _+— 7 o
0
134
H
£
ct
=2

- 930J0U0) JOJ SAIN) JUS) I8 ——log
!
!
i J0H _ .
- eAIN) jued Jed y\\\\L S A T A —Joot
dON L — i _ _
eAdD) g8Od3E —— SNNSSNRIIIRS: S SRS FUSSRUSN S S U ——
: 4560TD 36TON U pedsld Juied s10jed uezold sLv( JO JoquIy
0} 4 8 8 4 ) ] 4 1% 3 1
] ;
H
)
s e R—— 1 1. | - R T . e e AN m
! eAan) jud) Iod | _
S S SNSRI W o _ _ S U S S Lo {06 a
ﬁ “ { =3
i [ a
o \ =’
BAIND B£58JI3¢ OOH.Mu
(o]
|Gl ol
o
H O
L o 0
S R]
)
[3A
o2

t
j

008

0001

0041

0002

0082

009¢g

0048

008¢

006¢e

*uty *us Jed °*sQT Ul S8IIFC

*ug *.8 Jed °*sqT UT S8eJ3S




105070 3STON WOLI TBAOWSY .&fﬁa uszody sde JO Jequny

*9 *3UW

- 6 . g g 1
A m m J,ﬁ A
: ! ; g
4]
H
SAAHIID LNED HEd 3
. ot
T o B .w 108 8§
! — ~ — Q
| ==
T ke 29106
| A p >
Rt I o
- m /Hmlw. x.i e OC.H m.
! '/,l -“ w
w 3
F— q =14 01T ¥
398079 | O ° 3
48j0W Ul sABD jydre~Ajusay i . ow
' JO Jepuysuey O Beemmeo=ald b : S VRSN ST QO S {ogtg
n...m 463070 33T0UW m m n |
uy sA8p ULSIINO4  APT Jem=-=-==f | ! | SHAHND SSHULS
388070 s S B B B e ] R
4s10W UF s48p Uel JQT @==---==0 | | | M
30S070 38Tou “ 3 | m ;
Uy 548p UGASE  df Pem=me==P  bm D e AL \\#/
I ~ i 4
198010 jsjoUW Lv/llr\\ i
uy shep 8Afd 4§ O=======D |
498070 3sfou . L -q ——
uy sdep eeayl, dg q-=------q 3
398070 : B
3sjow uy £8P QUQ  A[ Be----==B R
b
p

e A
7

00438
00838
0063
000%
(0163 ¢4

00ze

- 00ew

*uy *us Jed °*sqI UF BSOJIIY




0&; Omg
: o Fuisodd ©40Jay 39S0TO 3STON U S4B( JO Joqumy
|4 5% GERRE4 1T (9] § 8 £ 4 9 ] ¥ e 3 T
T T =T |
._ : ~ ! “ : | | . &
e | I T T | i .
B Ea St Sl S B S s e g 108 g | 00TE
R W SHAHID INED dAd \\ _ i =4
ﬁ !
— s ..m.gﬂ : \ullll/l - I H e O "
BALNY JUBD & | M N\.’/ ~} m po 06 r 0043
! | - \\\‘L‘"V\Alr tt rA %
c I | Z \ i
—— S N k\\\ . /MV, i \V&m W .
<% 4 7 - N t 418 ——--{00%R | 0023
/::IILI\\\\.\ \ 7 ! \\\ g
7 % \ . &
> \\\ \ =
: —zF 10TTE | 008
//:.ﬂﬂ\\\““\, | M.w.
— - i i H
i i
e M — R R m.nm 0043
! |
sfeq 3ydte. 4 3
-Ajuos) JO JOpulswey Uezods AN [V N SO S | S SR SN RN ) 0093
ghAe SUTN UL20Id fmm—e =g i m m o ¢
w sfn] UeAdS UBZOdY  f==—-—==={ | m _ !
f _ SA8C OATJ UOZOIL  Ge-======G S P R P N _
_ ghol 004yl USZ0I)  Qe~-=====( g d_r “ ; 00z
, £oQ oU) WZOXd  T=-------T i i _ w |
I S \\1 —r 4 GHAHD SSHULS — *_ . 0063
| P N o4
~ 40N VA BN |
6 SAJIN) 8BOILS wx i 0063
4 000C%
. 01
Fomem 0012
L 003¢
T

00¢ee

<

I3

euy *ous aod °sql U} S88JYT




=30-

Discussion of Problem I

Group FMC
The following results were observed for those cylinders

frozen for one, three, five, seven, and ten days after pouring, and
cured for the remainder of twenty-eight days in a moist closet,

It wes noted (Tig. 5) that concrete, frozen for three days,
exhibited the greatest unit compressive stress, It had a strength
equal to 87,5 per cent of ﬁle_ohock cylinder strength and a2 unit stress
of 2,944 pounds per squere inch, The concrete, frozen for ten deys,
exhibited the least strength of the group. Although it was frozen for
that length of time, it recovered sufficiently to ettain a strength of
83,1 per cent of check cylinder strength and had a unit stress of 2782

pounds per square 1n¢h. The concrete, frozen for five days, attained

83.8 per cent of check cylinder strength and was not mch stronger than

the conerete frozen for tem days., The conorete, frozen for only one
day, exhibited 84,6 per cent of check cylinder strength and that, frozen
for seven days, 84,7 per cent normal strength.

From the above results it appears that the freezing of concrete,
immediately after pouring, has a considerable effect on the strength of
the qonorete, but whether it be one or ten days makes little difference.
The curves do show an apperent decrease in strength, going from one to
ten days, but the difference is so slight that it is considered negligible
in this case. If conorete is given sufficient time to recover, after it
has been frozen, it will approach the strength of coneorete cured under

normal conditions.




Group MCF

The following results were observed for those concrete

cylinders, which, after ons, three, five, seven and ten days of curing
in a moist closet, were frozen for the remainder of twenty-eight days.

It was noted (Fig. 5) that the conorete allowed to set for only
one day in the moist closet before being frozen attained a compressive
strength of 1206 pounds per square inch or 39 per cent of the check
cylinder atrepgth. The conerete, given ten days in the moist closet,
came within 89,5 per cent of the check cylinder strength and averaged
2921 pounds per square inch, The others averaged 59,0 per cent for
three days in moist closet, 68.1 per cent for five days in moist closet,
and 77.4 per cent for seven days in moist closet.

From the above results it is very clear that freezing of conerete .
for any great length of time within eleven days after pouring hes a
noticeable effect upon the strength of the conerete. Although the tem-
perature was kept as low as zero degrees Fahrenheit, the curves show that
the concrete continued to gain strength while in the frozen state. For
comparative purposes, conerete cylinders were cured in moist ecloset for
periods varying from two to eleven daya and then tested. The results
of these tests are shown in Fig, 5. From the curves plotted (Fig. 5),
it may be observed that the strength of the frozen conorete at twenty-
eight days is greater than that of the conerete cured in the moist closet,
having an age at time of testing corresponding to the age of the concrete
at time of freezing. If both these strengths were equal it would |

indicate that curing ceases as soon as the concrete is frozen. But such
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is not the case, and the frozen concrete shows & gain in strength from
14,5 per cent of check cylinder strength at one day frozen to 8,0 per
cent of check oylinder strength at ten days frozen. The curves also
show that the concrete allowed to cure only one day in moist closet
botqre being frozen gained the equivalent of two and one~helf days of
curing in moist closet, and that the concrete allowed to cure seven
deys in moist closet before being frozen gained the equivalent of two
days of curing in moist closet. All of which goes to substantiate

the fTaect that concrete is not inert when in the frozen state.

Groups 1¥, 3F, S5F, 7F, 10F and 14F

The following results were observed for those concrete
cylinders, which, after one, three, five, seven, ten and fourteen deys
of curing in moist closet were frozen for one, three, five, seven, and
nine days and then cured for the remainder of twenty-eight days in the
moist closet,

Conerete frozen for one to nine days after curing three and
ten days in moist closet seemed to have the greatest strength, as
indicated by its per cent of cheeck cylinder strength (Fig. 6). The
strength was above 100 per cent in all cases, and after seven days of
freezing for the concrete nine days in moist eloset, it reached a peek
of 117 per cent., The concrete oured in the moist closet for one, five,
seven, and fourteen days before freezing had, with the exception of two
cases, strengths below those of the check cylinders; the exceptions
being the concrete seven and fourteen days in the moist closet end

frozen three and one days respectively.
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In a comparison of actual twenty-eight day compressive strengths,
in pounds per square inch, it was observed (Fig. 6) that concrete frozen
one day gave greatest strength when allowed to cure fourteen days in
moist closet before freezing and had the least strength when allowed to
cure only one day in moist closet before freezing. Again our attention
is drawn to the fact thet conorete frozen for & short period of time,
very soon after pouring, loses more of its strength than does concrete
frozen for the same period, but not as soon after being poured., When
tﬁree deys frozen, conerete cured seven deays in moist closet has jumped
from third place; when frozen one day, to first place, and the concrete
fourteen days in moist closet has dropped to third. Concrete cured one
day in moist closet is still on the bottom, having dropped a little lower
than before. At five days frozen, the strength curves come together and
range between 2900 pounds per square inch and 3100 pounds per square inch.
At seven days frozen, the curves again diverge and concrete cured five
deys in moist closet gives meximum strength and the concrete cured three
days in moist closet, minimum strength. At ten days frozen, concrete
seven deys in moist closet gives maximum strength and concrete ten days
in moist closet gives minimum atrength.

Considering the per cent of check cylinder strength, it is
noted (Fig. 6.) that the curves for the three and ten days in moist closet
are well above the others and the per cent well exceeds one hundred.

This condition may better be seen in the curves shown in Figure 7 where it

mani fests itself into the peeks shown thereon. This does not necessarily

mean thet these groups give the maximum strengths. It is Very possible




that the check cylinders, due to the inconsistency of concrete, indicated

strengths below their true values, Turning attention back to Figure 7,
it will be noted that the valleys in the percentage curves occur at the
points, five and seven days in the moist closet, but, going up to the
curves of actual strength in pounds per square inch, the seven-dey point
represents a peak for all the curves. The apparent inconsistency is
due to the fact that the actual strength of the concrete was very high
for seven days in moist closet, dbut the strength of the check cylinders
weas still higher.

Curves for the strength of concrete cured are three, five,
seven and ten days in moist closet and, frozen for the remainder of
twenty-eight deys, are also shown in Figure 6 and Figure 7. Curves
(Fig. 7) indicate that the strength of the concrete frozen up until the
day of testing varied directly with the number of days in moist closet
before freezing and inversely with the number of days frozen, The
conerete that was given time to recover, approached, and in some cases
exceeded normal check eylinder strength. The curves also indicate that
the strength of this concrete has a tendency to vary directly with the
number of days frozen, Such is the case even after fourteen days of

curing in moist closet prior to being frozen,
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Conclusions - Problem I

For Portlend Cement Concrete using Dolomitic Limestone Sand
as the fine aggregate the following may be concluded:

1. The length of time concrete is frozen has a
definite effect on the ultimate strength of the concrete.

2. The freezing and thewing of fresh concrete does
not have a very serious effect on the ultimate strength of the
concrete,

3, The freezing of conerete immediately after pouring
has a greater detrimental effect on the twenty-eight dey ultimate
strength of the concrete than has the freezing of the concrete
for the ssme period, but not quite as soon after pouring.

4, TFrozen concrete continues to gain strength even at
a temperature as low as zero degrees Fahrenheit.

5. The twenty-eight Qay strength of concrete is
noticeably affected by freezing even after fourteen days of
normal curing.

6. Frozen concrete, if given a chance to recover,
will attain & strength equivalent to the ultimate satrength of
concrete cured under normal conditions, in a time equivalent to

or less than the time in the frozen state.
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2, FProblem II




TABLES NOS. 65°-1, 55°-z 550-5 AND 65°-4,
Send: Dolomitic Fo. 1 (Tablos 650-1, 65°-8 and es°-4 )

Dolomitic No. 2 (Table 65°-3,)

Cylinders (1 to 10) cured at 65° C. for one to five days
and tested, v v
Two check cylinders (11 aﬁd 12) were cured for twenty-seven
days in moist closet and tested,
‘ Remarks: Surfaces powdery along plamne of failure.
*Cylinders Nos, 7 end 8 (Table 65°-2) were left exposed in laboratory

for twelve hours after having been oapped,
**Due to & shortage in conerete, cylinder No. 10 (Table 65°-1) was

only 2% inches high instead of the required height of 4 inches and

mst, therefore be voided,

’f‘**cylinders Nos. 7, 9 and 10 fell from oven and were slightly

chipped, but showed no apparent weakness,



-4 7=

Table 65°-1.

e oo

Stress : Per cent of
28 day

1lbs, per:

o oo

ool o0 00 06 60 90 406 o0 08 o0 08 oo 6 o0
”

NAOYOOQ @ ~

g S S -
u4$53454mm4 i
o
-]
ee] 00 e8 08 00 00 08 o0 s 00 o0 e 0% o
[ 3
g 838883
ol 3 5 4 0 z L] 6

LY - & ’

hllllllllll 28
| -]
oo o6 oo ce ca 00 o0 o0 B 0 oo 66 as e

88 00 00 48 46 46 00 30 68 90 es 00 oo

e LR L

66 80 08 68 S8 00 00 00 00 65 00 b0 o0

NV EININ OO m%

€0 86 05 00 64 08 86 45 60 o8 es oo oF

k

e~ — Q
QNN O ngmll
*

e 60 68 66 00 08 00 00 06 00 00 ¢¢ 00

Table 65°-2,

s oo o

3

F-]
Py
HE
e%”
§938
28
e -
49 W o
=

il R

08 06 06 00 60 8% 00 00 20 96 O8 2e oo

032-&028818 [ ]
e o o ® e 0 0 o o H
0Dt O O OO -“
NIV NQ [
68 60 60 se 09 08 00 00 o ee o0 o0 o8
mmlmuonum
O 995
.I. 11

08 66 08 04 90 o0 €0 ¢85 90 8 s o0 00

mmmm

<+

,4oo
s,avo

3,310
2,450
8,960

(- ]

06 68 40 00 00 00 48 90 94 40 80 o8 o0

RN NEENn LI}

86 00 08 S0 00 64 00 00 o4 46 o¢ S0 o0

3 O n . @
l NOITNO OO zm

8 90 00 80 06 98 06 6% 90 ¢v 2 s o0

1834567890 cnz

X

06 60 00 @0 00 88 00 S0 00 60 05 80 o




-48=-

Table 65°-3,
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TABLES NOS. 65°1W-1 AND 65°1w-2,

Sand: Dolomitic No. 1

Cylinders 1 to 10 cured at 65° C. for one day and then

placed in water for one, two, three, four and twenty-six days. Tested

upon removal from water,
Two check cylinders (11 and 12) were cured for twenty-seven

days in moist qlosot and tested,

Remarks: Surfaces wet along planes of failure,
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TABLES NOS. 65°2W-1 AND 65°2W-2,

Sand: Dolomitic No, 1

Cylinders 1 to 10 cured at 65° C. for two deys and
then placed in water for one, two, three, four and twenty-five
deays, Testod‘upon removal from water,

Two check oylinders (11 and 12) were cured for twenty-
seven days in moist closet and tested.

Remarks: Surfaces wet along planes of failure.
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TABLES NOS, 65°3W-1, 65°3W-2, AND 65°3W-3,

Send: Dolomitic No, 1

Cylinders 1 to 10 cured at 65° C. for three days and
then pleced in water for one, two, three, four and twenty-four
days. Tested upon removal from water.

Two check cylinders (11 and 12) were cured for twenty-

seven days in moist closet and tested.

Remarks: Surfaces wet along planes of failure.
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TABLES NOS. 65°1W0-1 AND 65°1W0-2.

Sand: Dolomitie No., 1

Cylinders 1 to 10 cured at 65° C, for one day, then placed
in water for one, two, and three days and back in oven for one and
two deys. Tested upon removal from oven second time.

Two check cylinders (11 and 12) were ocured for twenty-seven
days in moist closet gnd tested,

Remarks: Surfaces dry along planes of failure.
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PABLES NOS, 65°2W0-1 AND 65°2W0-2,

Sand: Dolomitic No, 1l

Cylinders 1 to 10 cured at 65° C. for two days, then
placed in water for one, two and three days, and back in oven for
one and two days. Tested upon removal from oven gecond time,

Two check cylinders (11 and 12) were cured for twenty-
gseven days in moist closet and tested,

Remerks: Surfaces dry along plenes of failure,
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PABLES NOS, 65°3WO-1 AND 65°3W0-2,

Send: Dolomitic No. 1

Cylinders 1 to 10 cured at 65° C. for three days, then
placed in water for one, two and three days and beck in over for
one and two days. Tested upon removal from oven aooond.time.

Two check eylinders (11 and 12) were cured for twenty-
seven deys in moist closet and tested.

‘Remsrks: Surfaces dry along planes of failure.
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TABLES N0S. 65°1WON-1 AND 65°1WOW-2.

Sand; Dolomitiec No. 1

Cylinders 1 to 10 cured at 65° C. for one day, placed in
water for one, two and three days, them in over for one and two days
and back in water for one end two days. Tested upon removal from
water the second time,

Two check cylinders (11 and 12) were oured for iwenty-seven
days in moist closet and tested.

Remarks: Surfaces wet along plenes of failure,.

*Values for cylinder No. 4 (Table 65°1WOW-2) to be voided due to an

error in reading load,
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Table 65°1WOW-1.
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PABLES NOS. 65°2l0\!-1‘AND 65°2Wow-2

Sand: Dolomitic No. 1

Cylinders 1 to 10 cured at 65° C. for two days, placed in
water for one, two end three days, then in oven (65° c.) :or one and
two deys and back in water for one, two and three days (Table 65°2wow-1)
end one and two days (Table 65°2WOW-2, Tested upon removal from water
the second time.

Two check cylinders (11 and 12) were cured for twenty-seven
days in moist closet and tested,

BMR: Surfaces wet along planes of failure.

*Machine came down too fast on cylinder No, 11 (Table 65°2Won-1) and as

2 result no reading of loesd could be taken,
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TABLES NOS., 65°3WOW-1 AND 65°3WOW-2

Send: Dolomitic No. 2 (Teble 65°3WOW-1)

Dolomitic No. 1 (Teble 65°3WoW-2)

Cylinders 1 to 10 cured at 65° C. for three deys, placed in
water for one, two and three days, then in oven (65° C,) for one and
two days, and back in water for one, two and three days. Tested

upon removal from water the second time.

Two check cylinders (11 and 12) were cured for twenty-seven

days in moist closet and tested.

Remarks: Surfaces wet along planes of failure.
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TAELES NOS. 65 WMC-1 AND 65°WMC-2

Send: Dolomitic No. 2

Cylinders 1 to 10 cured at 65° C. for one, two and three

days, then in water for one and two days, and in moist closet for
the remainder of twenty-eight days. Age of concrete, twenty-eight
days.

Two check cylinders (11 and 12) were cured for twenty-seven
days in moist closet and tested.

Remarks: Surfaces damp along planes of failure.
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TABLES NOS, MC-1 AND MC-2

Sand: Dolomitic No. 1l

Cylinders 1 to 10 cured in moist closet for one, two,
three, four and five days and tested upon removal from the same,

Two check cylinders (11 and 12) were cured for twenty-
seven days in moist closet and tested.

Remarks: Surfaces damp along planes of failure,
Cylinders Nos, 11 and 12 first loaded up to 10,000 pounds. Toad
withdrawn and machine reset to read 50,000 pounds maximum,

Cylinders again loaded until failure ocourred.
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TAELE MC-1l.
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TABLES NOS. MC-3 AND MC-4

Sand: Dolomitic No. 1

Cylinders 1 to 10 cured in moist closet for six, seven,
eight, nine and ten days and tested upon removel from the same,

Two check cylinders (11 end 12) were cured for twenty-
gseven days in moist closet and tested,

Remerks: Surfaces damp along planes of failure,
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Table MC-3.
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Sand: Dolomitic No. 1 (Table W-1)

Dolomitic No. 2 (Table W~2)

Cylinders 1 to 10 cured in water for one, two, three,
four and five days and tested,

Two check cylinders (11 and 12) were cured for twenty-
seven days in moist closet and tested.

TABLES NOS. W-1 AND W-2

Remarks: Surfaces wet along planes of failure.
|
|
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TABLES NOS. W=3 AND W-4

Send: Dolomitic No. 1 (Table W-3)

Dolomitic No., 2 (Table W-4)

Cylinders 1 to 10 cured in water for six, seven, eight,
nine and ten days (Table W-3) for six, seven, nine, ten and eleven
days (Table W-4) and tested.

Two check cylinders (11 and 12) were cured for twenty-
gseven days in moist closet and tested. |

Remarks: Surfaces wet along planes of failure.
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Discussion of Problem II

Group 65° C.

The following results were observed for concrete cylinders
which were cured for one to five days at 65° C. and tested upon removal
from the oven,

It was noted (Fig. 8) that concrete cured for one day at 6s° C.
gave a strength of 1264 pounds per square inch at an age of two days,
corresponding to 41.3 per cent (Fig. 9) of the check cylinder strength.
Leaving the concrete in the oven for iwo, three, four, and five days
d1id not increase its strength in spite of the subsequent increase in
age. The fact that the high temperature drove off practically ell of
the water in the new concrete is the only logical explanation for this
phenomenon. It was noted (Fig, 8 end Fig,. 9) thaet the concrete cured

at 65° C. had a greater strength at two days than both the concrete

cured in the moist closet and the concrete cured in water,

Age in days Method of Lbs, per Per cent of
Curing 8q. in, Check Cylinder
Strength
2 65° C. 1284 41,3
2 Water 915 30.1
2 Moist Closet 875 253

At the age of three days the strength of the concrete cured
{n water rises above that for the concrete cured at 65° C., but that
for the concrete cured in the moist eloset still falls below.

From the above results it may be seen that curing of concrete

at 65° C. causes the concrete to set very quickly, but also drives ot
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the water making all further curing impossible., This leads directly

into the next part of this problem where the water is again replaced.

Group 65°W

The following results were observed for the concrete, which,
after one, two, and three days curing at 65° C, was immersed in water
for one, two, and three days.

The group exhibiting the greatest strength (Figs. 10 and 11)
was the one cured for one day &t 65° C, and in the water for one, two
and three days; next in order came the conerete cured for two days at
65° C, and last came the concrete cured for three deys at 65° C. The
per cent curve (Fig, 11) for the concrete cured for one day at 65° C. 18
below thet for the concrete cured in water, but is always above that for
the conerete cured in the moist closet. At four and five days of age,
the per cent curve for the conerete cured two days at 65° C, is above that
for the conerete cured in the moist closet, going below at six and seven
deys of age. The per cent curve for the concrete cured two days at 65° C.
is entirely below that for the concrete cured in the moist closet, The
unit stress curves (Fig. 10) show all curves for concrete cured at 65° C.
below that for conerete cured in water, with the exception of the concrete
three and four days old and cured for one day at 65° C, The 65°1W curve
is always above the moist closet curve; the 65°2W curve is above the moist
closet curve at four and five days of age, but below it at six days of age;
and the 65°3W curve is below the moist closet curve at five and six days of
age.

The water lost through evaporation has now been replaced and

the next step is to continue the curing at 65° C.



The following data were observed for those conerete cylinders,
which, after one, two, and three days of curing at 65° C. were immersed
in water for one, two, and three days and then placed back in the oven
for one and two days.

The strength curve (Fig. 12) for the concrete cured for one day
at 65° C, is above both the curve for the concrete cured in water and
the curve for the concrete cured in the moist closet. The stress curve
for the conerete cured for two deys at 65° C, is below that for the con-
crete cured one day at 65° C, and also below that for the conocrete cured

in water., However, it is still well above the stress curve for the concrete

|

|

|

|
Group 65°W0

cured in the moist closet, and in only one instance, at the age of five days,
does it fall below. The stress curve for the concrete cured for three days
at 65° C, is below that for one and two days and below that for the concrete
cured in water, but still well above that for the concrete cured in the moist
closet,

The per cent curves (Fig. 13) are very much similar to the stress
curves, differing in only two instances where, at the age of five days, the
two day ocurve is above that for the conerete cured in the moist closet and
where, at the age of seven deys, the three day curve crosses over and is
above the two day curve.

The evaporation of water had again weakened the concrete and

the next step was to agein replace this lost water.

Group 65°WOW

The following results were observed for conerete cylinders,




which, efter ome, two and three days curing at 65°C. were immersed in

water for one, two and three days, then cured at 85° C. for one and two

days, and sgain immersed in water for one and two days.

In Figure 14 it is noted that all the curves fall below that
for the concrete cured in water, and all, with the exception of the 65°Wow
curve at an age of eleven days, are above the curve for the concrete cured
in the moist e¢loset. The concrete cured three days at 65° C. still has
the least strength of the high temperature cured concrete, The conerete
cured for one day at 65° C. is the strongest up to seven days of age where
148 curve crosses below that of the concrete cured two days at 65° C. which
then has the greater strength.

The percentage curves (Fig. 15) still show the curve for the
water cured concrete well above all the other curves, The concrete cured
one day at 65° ¢, is the strongest of the high temperature cured concrete;
the conerete cured two days at 65° C, is the next in strength and the concrete
cured three days at 65° C. is the weakest. The one day curve is completely
above the curve for the concrete cured in the moist closet, and the two day
curve is partially above, passing below at an age of eight days, The
three day curve is entirely below the moist closet ourve and at an age of
ten days passes above that for the concrete cured two days at 65° C.

The above results show that one day at 65° C, is the best method
for the high temperature curing of the concrete and inereases the strength
of the concrete in all cases above that of concrete treated in moist closet,
and in some cases inoreases the strength above that for the conerete cured

in water.




Group 65°WMC

In order to see what effect this high temperature curing
would have on the twenty-eight day ultimate strength of conerete, the
following tests were made.

Conorete cylinders were cured for one, two, and three days
at 65° C., immersed in water for one and two days and cured for the
remainder of twenty-eight days in the moist closet, From the results
of the compression tests performed on these concrete cylinders the
following wes observed.

All the concrete cylinders, with the exception of those cured
one day at 65° C. and one day in water, had a greater twenty-eight dey
strength than the concrete cured in the moist closet for the same period
of time, The minimum strength of the conerete cured in oven and water
was 2973 pounds per square inch on 1021 per cent of the check cylinder
strength (Fig. 16)., The maximum strength was 3135 pounds per square
ineh or 107.4 per eent of the check cylinder strength, It is interesting
to note that in all cases the per cent of check cylinder strength was

over 100 per cent. The average twenty-eight day strength for the ninety-

seven check cylinders used in this investigation was 3016 pounds per

square inch.

The strength of the concrete, cured in the water for one day
after its removal from the oven, increased directly with the number of days
cured at 65° C., However, in the case of the concrete cured two days in
the water, just the opposite happened and the strength varied inversely
with the number of days cured at 65° C. The greatest strength obtained

was for thet concrete, cured for three days at 65° C., then in water for

one dey end in the moist closet for the remainder of twenty-eight days.




-93-

This proves to be very interesting, since all other conorete of ages
less than twenty-eight days, exhibited least strengths when cured for

three days at 65° C.



Conclusions - Problem I

Tor Portland Cement Concrete using Dolomitic Limestone Sand

as the fine aggregate the following may be concluded:

1. By curing freshly poured concrete at 65° C. a two
day strength cen be obtained equivalent to the four deay strength
of concrete cured in the moist closet under normal conditions,.

2, By placing concrete in water for one to four days
after having been cured for one, two, and three days at 65° C.
the strength of the concrete is increased above that of coneorete
cured in moist closet under normal conditions for the same period;
gain in strength varies inversely with the number of days cured at
65° c.

3, If conerete, after having been cured for one, two,
and three days at 65° C. and then for one and two days in water,
is cured at 65° C., its strength will again increase over that
for concrete cured in moist closet under normal conditions for
the same period. Concrete cured one day at 65° C., then in water
for one, two, and three days end back at 65° C. for one and two
days has a strength even greater than the conerete cured in water
for the same period.

4, Concrete, cured at 65° C. for one day, in water for
one, two, and three days, again at 65° C, for one and two days
and back in water for one and two days, has a strength greater than
that of concrete cured in moist closet under normal conditions

for the same period.



5. Curing of concrete at 65° C., for one to three

days does not decrease its twenty-eight day strength, providing

the water lost through evaporation is replaced.

6., From the date obtained in this investigation,
high temperature curing of concrete tends to increase the

strength of the concrete above that of concrete cured under

normal conditions,




3. Problem III



Cylinders 1 to 8 cured twenty-seven days in moist

closet and tested.

Cylinders © to 12 cured in water for twenty-

seven days and tested.

Remarks:

3,444 pounds per square inch is average stress

for concrete cured in moist closet,

4,465 pounds per square inch is average stress

for concrete cured in water.

for the ninety-seven check cylinders, using dolomitic sand

3,017 pounds per square inch is average stress

as the fine aggregate,

Table P.
¢t Cyl, : Deys : Days ¢+ Load ¢ Stress :
: No. : in : in : Pounds ¢ 1lbs, per :
H : M, C, : Water : . s 8q, in. H
: 1 287 : o= : 10,900 s 3,470 :
: 2 : 27 : - ¢ 10,350 s 3,208 :
: 3 0 27  e=- :+ 10,800 : 3,434 :
: 4 : 27 : == : 10,600 s 3,374 s
: 5 : 27 : - ¢+ 10,600 : 3,374 s
s 6 3 27 i == : 10,850 : 3,454 3
: 7 0 27 t e : 11,650 s 3,708 s
: 8 ¢ 27 : e= : 10,800 ¢ 3,438 s
T 9 ¢ == 327 : 13,550 ¢ 4,313 :
: 10 ¢ - 27 : 14,650 : 4,663 :
$ 11 == 27 : 14,000 : 4,456 :
s 12 : == 3 27 : 13,900 : 4,425 :
Sand: Petersburg

Age of concrete, twenty-eight days.



Discussion of Problem III

When Petersburg sand wes used as the fine aggregate in the
conorete in place of Dolomitic sand, the following results were obtained
from the compression tests.

Those concrete cylinders which were cured in the moist closet
for twenty-eight days developed an average unit stress of 3444 pounds
per square inch. The concrete cylinders cured in the water for twenty-
eight days had an even greater strength and developed an average unit
stress of 4465 pounds per square inch. The aversge unit stress for all
of the ninety-seven check cylinders using Dolomitic Sand was 3017 pounds
per square inch, From these results it seems that the Petersburg sand
gives the greatest strength. It must be remembered, though, that the
3017 is an aversge for 97 concrete cylinders, while the 3444 is the
average for only eight.

In looking over the tables of results, values for Dolomitic
send conerete may be found that are es great and in some ceases greater
than the 3444 for the Petersburg sand concrete., This investigation
does show that Dolomitic sand is satisfactory for use in Portland cement
concrete, The differences in strength between concrete using Dolomitic
sand and that using Petersburg is so slight that it may be considered

negligible.
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IV. SUMMARY

Based on the results of this investigation certain conclusions
were arrived at relative to Portland cement concrete using Dolomitic
1imestone send as the fine aggregate, The most important of these are
as follows:

1. Fresh conerete continues to gain strength while
in the frozen state.

2, Freezing and then thewing of fresh concrete does not
have an appreciable effect on the twenty-eight day ultimate strength,
and the concrete, if given time to recover, will compare favorably
with conerete cured under normal conditions.

3, TPFreezing of concrete immediately after pouring hes a
greater effect on the twenty-eight day ultimate strength of the
concrete than has freezing for the same period at a more advanced
age within the twenty-eight days.

4. Conerete cured at 65° C, tends to increase its twenty-
eight day ultimate strength, providing the water lost through
evaporation is replaced.

5. High early strength concrete can be obtained by
curing ordinary Portland cement concrete at high temperatures.

Based on the results of compression tests performed in this
investigation, Dolomitic limestone sand hﬁs been found to be setisfactory
as the fine aggregate for Portland cement concrete; verifying what Measrs.
Broyles and Brown had said in 1936 and 1837 respectively.

Wheat has been done in the way of concrete research at Virginia

Polytechnic Institute is satisfadtory for relatively new concrete using



Dolomitic limestone sand as the fine aggregate; but it is wondered how
this conorete will stand up over a long period of time. Professor Hartiman
and Dr, Holden have inaugurated some long time studies at the Institution,
but there is still much room for further 1nve§t1gation. Dolomitic lime-
stone rock has proven itself worthy when used as the coarse aggregate for

Portland cement concrete. It is up to time and future research to prove

the worth of its sand used as the fine aggregate,
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