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INTRODUCTION

In the words of Mr. G.A. Hool, concrete is an artificial

stone made by mixing, in the preper proportions; cement,

water, and and aggregate consisting of large and small par-

ticles. Cement is the binding material and the aggregates

are the inert materials. To obtain quality concrete, it is

necessary to use good materials, to have the concrete mix

correctly prOportioned, the batch thoroughly mixed and care-

fully placed in the forms, and then the concrete allowed to

harden under suitable curing conditions.

Freshly placed concrete pavement slabs are protected

against drying out for a definite period of time after initial

hardening has occurred in order to obtain the desired strength

and resistance to wear. This treatment is called curing.

Concrete hardens because of chemical reactions which

take place between the cement and water. These reactions

continue indefinitely so long as the temperatures are favor-

able and moisture is present to complete the hydration. The

strength and quality of concrete, therefore, are dependent

upon its age and the conditions under which it cures. If

concrete is cured under dry atmospheric conditions, some of

the water in the concrete will evaporate before the chemical

reactions have continued for a sufficiently long time to

obtain a reasonable proportion of the maximum strength at-

tainable. In general, good practice requires that all con-

crete should be protected against permenant drying out for at



 

least one week. Evaporation of the water from the concrete

can be prevented by several curing methods. The types 0f

curing I have investigated are four of the most common.

(i.e. wetted burlap, ponding, membrane, and calcium chloride

admixture) Also, for comparison purposes I carried out

investigations on concrete that was cured by the atmosphere

only. (i.e. air curing)

Preper curing, in addition to increasing the strength,

has a marked effect on other qualities of concrete, parti-

cularly resistance to the action of the elements. Continuous

curing in the early stages of hardening, helps to produce

a hard dense surface and to prevent scaling, especially im-

portant in pavements, and other surfaces subject to the act-

ion of wetting and drying, and freezing and thawing.



 

OBJECT

The object of this experiment was to determine through

actual laboratory tests which of the common curing methods

mentioned above produces the best concrete. It is my belief

that all other factors remaining constant, the strength and

resistance to scaling of the concrete will vary with the

method of curing.

It was the primary purpose of this experiment to prove

which curing method is most satisfactory. Also, tests were

carried out investigating the daily moisture gain or loss

in the concrete with each type of curing. Specimens were

also made and subjected to the action of freezing and thaw-

ing to determine their relative anti-scaling properties.

To determine the quality of concrete produced by each

of the five curing methods, seven day, twenty-eight day,

and six week compressive strength tests were run and com-

parisons between the individual curing methods were made.



 

TRIAL MIX DESIGN

 

The proportioning of the concrete in this entire re-

search problem was arrived at by the water-cement ratio and

the slump test. This method of preportioning is generally

termed "proportioning by trial mix.“

In proportioning concrete by the trial mix method, the

water-cement ratio is used to determine the compressive strength

of the concrete, and the slump test to determine the workabil-

ity or consistency. There are three general rules to be ob-

served:

1.

2.

3.

Use the exact amount of water with each sack of

cement to produce the desired compressive strength.

If there is water present in the aggregates, this

water must be included when determining the amount

of water used for the mix.

Use enough fine and coarse aggregates with the ce-

ment and water to give a concrete mix of the con-

sistency needed for the particular work in question.

This consistency should be specified by the slump

in inches.

Use the fine and coarse aggregates so that as

large a pr0portion of aggregates as is practical

may be used with the cement and water, and yet

have a mix of the desired consistency. In general,

to avoid the possibility of a harsh mix, the weight

of the fine aggregate should not be more than the



 

weight of the coarse aggregate, or less than half

the weight of coarse aggregate.

In hand mixing, which I used in this experiment, correct

proportioning and thorough mixing is essential. Excess water

may mean less strength, more voids, laitance, perhaps separ-

ation of the aggregates in the forms, and perhaps washing away

of the cement. Too little mixing means less strength, non-

uniformity of consistency, and harsh-working concrete.

The concrete for the specimens used in these investigations

was designed by the trial mix method, using six gallons per

sack of cement for water, and arriving at a three inch slump.

Following the three gereral rules for trial mix design, the

quantities arrived at for a one-fifth batch sack were:

Cement-----l9#

Fine agg. --50#

Coarse agg.-83#

Therefore, the mix weight is 19:50:85 0r.l£§a§§€4a11°

Mixing time--------10 min.

Slump-------------3 in.



 

SEVEN DAY COMPRESSIVE STRENGTH
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INTRODUCTION
 

The chect of this experiment was to determine which of

the five curing methods (i.e. air, pending, wetted burlap,

membrane, and calcium chloride admixture) produced the con-

crete with the highest seven day compressive strength after

six days of curing. Twenty-five specimens, five each for

the five types of curing, were made and molded in the standard

cylinder, six inches in diameter and twelve inches high.

The twenty five test specimens were all made on the same day

“ and under exactly similar conditions.

Approximately twenty-four hours after the specimens were

made, the steel cylinder forms were removed and_the specimens

were begun in their various types of curing. Calcium chloride

was added at the rate of two and one-half pounds per sack of

cement for the concrete that was used to make the specimens

that were cured by the calcium chloride admixture method.

The membrane curing compound was applied at the rate of two

hundred square feet per gallon of compound. The compound

used for this test was one recommended by the Michigan State

Highway Department and its rate of application was also per-

scribed by them. I

At the age of seven days, the twenty-five specimens were

broken on the hydralic press in the concrete laboratory.

The pages that follow contain the data and charts of the re-

sults that were obtained.

In figuring the experimental average, I first had to apply

a statistical method to determine whether or not any of the

final figures in the "p.s.i." column deviated too far from



 

the arithmetic mean of the five items in the column. Accord-

ing to statistics, experimental results are allowed to vary

three standard deviations on either side of the arithmetic

mean. If any of the experimental results fall outside of the

limits set by (id:3crl, they are to be ommited, and a new

arithmetic mean should be found using only the figures that

fall within the allowable limits.

In the expression (551136): §=§fwhere (x) equals the

items in the p.s.i. column and (f) equals the frequency with

which they occur. 0’ =l.25[’Hz———f%zl] where /x-i/equals the

absolute value of the difference between the item in the p.s.i.

column and the arithmetic mean. All computations are shown

for finding crin.the following pages. As it happened, no

items had to be omitted when figuring the experimental average,

since all the values fell within the allowable limits.
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Breaking

Identification Diameter, Area Force p.s.i.
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CONCLUSIOD: The most striking observation as seen from the

foregoing charts, is the profound action that a small amount

of calcium chloride will have upon the early strength of con-

crete. It bears out the claims made by the Calcium Chloride

Association that calcium chloride, used integrally in concrete

 
mixes, permits removal of forms and further construction to g

be placed of concrete opened for use in much less than the

‘usual time.

J
I

a
L
a
w
“

g
o
v
t
”

Another observation made as a result of adding calcium

chloride to the mix was that anmuch more workable concrete

was obtained. Also, after the steel cylinder forms were re-

moved, a marked benefit was obtained in production of a smo-

other, whiter surface than was evident on specimens subjected

to other curing methods. g'

It is also interesting to note that membrane curing

produced a concrete that was slightly better than curing by

ponding and considerably better than curing by wetted burlap.

This brings out a point that perhaps it isn't as beneficial

as is thought to allow concrete to absorb what moisture it

desires when curing it. The membrane compound merely keeps,

or attempts to keep, what water is in the mix from escaping

and, in a similar manner, keeps the concrete from absorbing

moisture.
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_2_8. DAY AND _6_ WEEK
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RESULTS
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INTRODUCTION

In this test the same procedure was carried out as was

followed an the seven-day compressive strength tests, except

that the twenty-five specimens were allowed to cure for twenty-

seven days and were broken on the twenty-eighth day.

For the six week test the same procedure was also follow-

ed except that the specimens were cured for forty-one days

and were broken on the forty-second.

The first group of data that follows is the results of

the twenty-eight day tests. The second.group of data is from

the six-weeks specimens.
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L13 CURING

Breaking

Identificati on Diame to r Area Force p._s_:_i_.-

,, a " at

4-1 (1-1) -----------5.750-------25.967----85.000-------3280
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HEIBRANE

Breaking

Identification Diameter Area Igggggp P.s.i.

D-l (4-1)----------5.8458-----26.820::--90,oooffi-----3355
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Breaking

I dentificati on Diame ter _A_r_e_§ £2533 p._§_._i_._

E-l (5-1) -----------5.8438-----26.820---100,000------3725

E-2 (5-2)-----------5.8125------26.555---102.500------3860

E-3 (5-3)----------5.8458------27.109---105,000-----587o

s-4 (5-4)-----------5.8125--—---26.535----117.500------4425

s-5 (5-5)-----------5.8458------26.555----121.500------4580

__x__ __£_ f Zx-i/

3725--—--1--------367

386o----1--------252

3870-----1--------222

4425----1--------333

458o----:_1_.:-------488

20,460 5 1642

ix _ 10,960

Z-F " 5 :907L

1+ ‘ ‘5' “31-8

X‘:

  

O“ :/.7.$(M.o.)~. I.z.5‘(3L5’):9/o

ALLowAaLG' L/lw/TS :. )7 _t 50

'-'- 4/092,: 3 (W0)

- 7071 1: ”-50

MAX : 5.31; 20.3.}.

”7”“ = 2.34.7. .0.st

Ex Pee/MEN T/ic

AueeAeE ~.. 709g Raf.

  

 



--

_.4

”Q

-—~.—-.—-—

 

— .- _.A - —_ A '— -

— ._ - . cl.

.— _.. _... ~ _ ~. _-

-—-¢-—_-_.



 

22

 

  

BONDING

Breaking

Identification Diameter Area Force p.s.i.

" D " #-'

B-l (Z-l) ----------- 5.875-------27.109----ll4,000------4200

s-2 (2-2)--------5.8125-----26.555---127,500------4810

3-5 (2-5)--------5.875-------27.109---132.500------4890

B-4 (2-4)-----------5.875------27.109----122.000------4500 ,

B-S (2.5) -----------5.8125------26.535---97,500-------3680 F 
.25. .AL. ihéaéfl

4200---1------216

4810--1------394

4890--1-----— 474

45oo--1----- 84

5680-gL:----- 156 ;

22,080 5 1904 i

 

 -— 5.X - 225 _ 22.090 ;,

 

.-

27f — 5, - €KV/é»

M.D, :: Z‘F/X'X‘ I904]

“- :38;
2+ 5’

0“ [ZS/Wi1= [Lnfi&)=97e

  

ALLOW/24616 UM/rs =>TI so"

= VV/éi’3C976)

= 99/6 2‘: /‘/z.2?

MAX. = 5395/ 9.5.x. 5

M/AJ- “ 1782? RSI. if

EXP€£IM€AJ7AL

levee/466' : 99/6 206/.

  

 

 I
»
.



 

~_.,_x....__..

—__.._.--

m—.---——

“In“— ——-<

_.__-”_.__.o’

_._.-._.——-.

.—

*

  



23

WETTED BURLAP

 

Breaking

Identificatiqn Diameter Area Force p. s. i.

u a "' .7;-

C-l (3-1)-----------5.7813------26.220----130,000---—--4950
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AIR CURING

Breaking

Iaentifioation Diameter Area Force 2.3.1.
 

II

I 1.1-...--------«5.875:------27.1091-47500?:-----2860
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CaCI ADMIITURE
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FUNDING

Braking

Idonjiflantion Diamo tor Area Force 2. a. 1.
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CONCLUSION: In the twenty-eight day and six week compressive
 

strength results, I obtained a wide range of values resulting

from curing by the various methods. It is intererting to

observe the shifts in positions on the twenty—eight day and

six weeks charts from the positions held by the same curing

methods in the charts picturing the seven day results. I

find it difficult to explain the shifts of membrane, ponding,

and wetted burlap. Evidently, for longer curing periods, it

is beneficial to allow the concrete to absorb moisture as

is permitted by the wetted burlap and ponding methods. It

is 10gical to notice that the concrete with the calcium chlor-

ide admixture losses the position it possessed on the seven

day chart since its primary purpose is for high strength at

early ages only. HoWever, in longer periods the calcium chlor-

ide admisture produces a concrete that is at least somewhat

better than if none were added as is shown by its position

with respect to air curing.

One may notice from the data sheets that the compressive

strengths for the six-week specimens are liwer than the com-

pressive strengths for the twenty-eight day specimens. This

can be accounted for by the fact that the six-week specimens

were made from an aggregate of a different shipment. However,

all the twenty-five specimens for the six-week test were made

from the same material so that even though the individual

compressive strengths are lower than the twenty-eight day

compressive strengths, we still have data that gives us re-

lative comparisons between the curing methods at six-weeks.
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INTRODUCTION

Tuenty-five specimens were made for the purpose of es-

tablishing the rate of daily moisture gain or loss with each

of the various types of curing employed. The same precaut-

ions were practiced in making these specimens as in the mix-

ing of the concrete for the compressive strength tests speci-

mens.

At various ages, the specimens were weighed. The rate

of moisture gain or loss is expressed as a percent of the

initial weight of the specimen, the weight at age one-day

being the initial weight. The final daily percentage rate

of moisture gain or loss is expressed as an average of the

five individual specimen rates.
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CONGLUSION: In observing the foregoing graphs, it is noticed,
 

as might be expected, that the wetted burlap and ponding me-

thods of curing allowed the concrete to absorb any moisture

it desired. In the case of wetted burlap, the saturation

point according to the curve was at approximately the ninth

day. In the case of ponding, the saturation point was reached

at about the nineteenth day. As seen from the seven day

compressive strength results, the ponding method produced a

stronger concrete than that obtained by wetted burlap, and

from the foregoing graphs it is evident that the concrete

had gained more moisture by ponding curing than by wetted

burlap curing. From this first observation, it might be

stated that during early ages it is beneficial to allow con-

crete to absorb moisture. This, however, can not be true

since the concrete produced by membrane curing was higher

in seven day strength than either that produced by ponding

or wetted burlap, and it is evident from the graph that the

membrane curing actually allows some moisture to escape.

it the end of twenty-eight days, the percent moisture

gain for the ponding method was some what higher than that

for the wetted burlap. For the membrane at twenty-eight days,

as might be expected, there was a slight moisture loss.

From the results obtained, I am forced to conclude that

as far as I am capable of figuring, there seems to be no de-

finite correlation between moisture gain or loss and the

compressive strength of concrete._ It is noticed from the

graphs that the membrane curing compound actually does check

the evaporation of water from the concrete, and thus is ser-

ving its primary purpose.
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INTRODUCTION: The specimens for this test consisted of cubes

of mortor two inches on a side.

The specimens were cured by the various methods for six

days and then placed in a rubber boot and immersed in a fif-

teen per cent calcium chloride solution.

The boots containing the specimens were then placed in

the glycerine bath of the refrigerator, which was maintained

at a temperature below -lO°F.,for aiperiod of at least ten_

hours. At the end of the freezing period, the bootwas remov-

ed from the refrigerator, wiped off with a sponge, and placed

in the thawing tank. After the thawing was completed, the

calcium chloride solution in the boot was thoroughly stirred.

The boot was then placed in the refrigerator for a repetition

of the cycle. A satisfactory and convenient schedule for

this procedure consisted in placing the specimens in the

refrigerator at about four-thirty p.m. to ahddw freezing

overnight and removal at eight a.m. the next morning for

thawing during the day. Week ends were considered as one

cycle.
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CONCLUSION: The examination of the specimens at frequent

intermals was based on visual inspection to note development

of scale on the surfaces.

After the completion of ten cycles, the specimens cured

by air, ponding, and wetted burlap failed completely by show-

ing one-hundred per cent scaling. The specimens cured by

calcium chloride admixture gave anti-scaling properties to a

the specimens that were some what better than those giVen E}

by air, ponding, or wetted burlap. The important result §§

obtained was that the specimens cured with the membrane com-

pound showed absolutly no signs of scaling. These membrane

cured specimens were continued to be subjected to the freeze-

thaw cycles. Even after twenty cycles the specimens showed 3

no signs of scaling. E
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After the breaking of a total of seventy-five test ape-

cimens, cured by'the five different methods I conclude that

for short curing periods membrane curing produces the highest

compressive strength concrete, except in the case of a cal-

cium chloride admixture which gives a high early strength.

For the longer curing periods ponding and wetted burlap give

the best concrete.

From the moisture tests I Can.conclude that when con-

crete is cured by the atmosphere, it will loose a consider-

able amount of moisture. A calcium chloride admixture doesn't

allow the concrete to loose as much moisture as if it weren't

in the mix. Also, I verified the statement made by its pro-

ducers that a membrane compound will check the evaporation

of moisture from the concrete, although it dosen't check it

completely. As might be expected, it was shown that curing

by ponding or wetted burlap allows the concrete to absorb

moisture.

In the investigation of the action of accelerated freeze—

thaw tests, it was definitely displayed that a membrane curing

compound definitely has valuable anti-scaling preperties.

In final conclusion, I might add that there are grounds

for another thesis project in the investigation of the effects

of the combination of curing methods on concrete. Such com-

binations as calcium chloride admixture plus membrane curing,

or calcium chloride admixture plus wetted burlap might make

an interesting project.
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