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ABSTRACT: This report summarizes the work done to date
on a research project for developing improved
and accelerated methods for acceptance testing.
of concrete curing compounds. The emphasis has
been chiefly on developing (1) modified test
methods for the water retention efficiency of
curing compounds, and (2) a field method for
determining rate of application of curing
compounds to concrete pavements.

Water losses at 24 hours from either mortar
specimens or from jars of water covered with
filter paper treated with curing compound
correlated well with water losses obtained in
the 72-hour mortar test (AASHO Designation
T~155) for curing efficiency. Anomalies in
test results when test conditions are varied
indicate a need for determining which of the
properties of curing compounds measured in the
laboratory influence the properties of membrane
cured concrete in the field. ‘

KEY ‘WORDS: Curing agents, accelerated testing, test
methods, laboratory tests, field tests,
concrete curing, concrete properties
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CURING COMPOUNDS FOR
PORTLAND CEMENT CONCRETE

INTRODUCTION

This research project was started for the purpose of
developing a new or improved test method for evaluating the water
retention efficiency of concrete curing compounds. It was hoped
that the time and expense required for testing could be reduced.

The test method currently used by the California Division
of Highways (AASHO Desigmation T=155) could be modified in several
ways in order to accelerate the test and to reduce materials
costs. Among the modifications considered or studied were:

1. Reducing size of mortar specimen

2. Re&ucing number of mortar specimens used for
test :

3. Measuring water losses from test specimens
-after shorter test periods and correlating
such losses with losses at 72 hours

4. Accelerating water losses by elevating curing
oven temperature

7 5. Testing curing compounds over less costly
substrates than mortar made with Ottawa sand,
e.g., mortar containing concrete sand from a
good commercial source, or over vapor trans-
mission test jars.

ClibPDF - www .fastio.com
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" _CONCLUSTONS

Water losses at 24 hours from mortar specimens treated
with concrete curing compounds can be used to predict water
losses—obtained at 72 hours using the method of AASHO Designa-
tion T=155., Lo ;

Materials costs for the water retention test could be
rediced by substituting a water vapor permeability test of
filter paper treated with curing compound for the mortar test,

- Such a procedure, however, would overlook the possibility of
adverse reaction between the curing seal and portland cement
mortar. ' :

~ Water retention tests are very sensitive to testing
conditions and procedures. The present allowable limits for
moisture loss are- unnecessarily high and were probably set high
because of the poor reproducibility of present test methods.
Specific test conditions of standard tests are not adequately
controlled in that wording is ambiguous and easily misinterpreted.
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_RECOMMENDATIONS

‘Inasmuch as variations in the laboratory conditions
appear to cause considerable variation in water retention test
results, correlation with field evaluations of curing compounds
is desirable for assessing laboratory results and for setting
quality standards. The effectiveness of various materials as
curing compounds should be evaluated using other criteria, e.g.,
the influence on strength, abrasion resistance or other pro=
perties of portland cement concrete, in addition to water
retention test results.

. It is recommended that this project be continued with
a broadened scope., The purpose of the extended project will be
to define realistic water retention efficiency limits and to
determine which laboratory test method is most suitable for
measuring the water retention capabilities of curing compounds.
Work to be performed under this proposal should be coordinated
with other research performed under the project "Concrete Test
Methods and Specifications", Federal Program No. F-4-13, and
another project "Research of Highway Concrete Problems",
Federal Program No., D-3-17. ' S :

www . fastio.com
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REPORT OF PROGRESS

Under this projéct, a number of testing procedures have
 been attempted for evaluating concrete curing compounds.

l. Mortar Methodsr

—  These méthods are modifications of AASHO Designation
T=155. : ‘ .

a. The‘"SmalllPan"'MetHOd

In this method, the mortar specimens have approximately
one-fourth the surface area of those used in AASHO Designation
T-155. Less material and less oveh space is required for this
method than for the standard method. It was found inadvisable

~ to reduce the testing time to less than 72 hours with the
smaller specimens because of the low losses. To control the
rate of application of compound and to determine the water loss
properly by this method requires a balance capable of weighing
1600 "to 1700 grams rapidly to the nearest 0.1 gram.

b. Accelerated Mortar Method

It was found that water losses at 24 hours could be
used to predict the 72-hour loss of tests conducted in accor-
dance with AASHO Designation T-155. Of 197 pans tested at 24
‘hours, 187 (about 95%) indicated good correlation with the
results at 72 hours. This is considered sufficient justification
for changes in AASHO T-155 to acceleraté testing until an
improved method can be developed. In Test Method No. Calif.
53ZfA (Appendix A), the number of test specimens has been
reduced from three pans to two pans per test.

2, Water Vaﬁor Permeabi;ity Tests

In these procedures, a membrane formed by applying
curing compound to a porous substrate, e.g., filter paper, is
used to seal a container partially filled with water. Water
loss through the membrane is determined by weighing the con-
taingr before and after storage in an oven at temperatures up
to 155°F. :

Several types of containers and methods of sealing the
membranes were attempted. Losses were roughly proportional
to the area of membrane exposed to the air, and losses were

ChibPDF - www.fastio.com
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approximately 137°F is measured, usingfwidemmOuth,.screWHtop,
pint jars partially filled with water and sealed with filter

3. Other Methods

_An attempt was made to equate the visual appearance
under the microscope of certain types of curing compounds -

. with their water retention performance. Under this procedure,

a film of curing compound »010=inch thick is drawn by means of
an adjustable blade over a glass slide. The slide is dried
for two hours and then examined under a microscope.,  Wax based
material appears soapy when it is good, but lumpy when it is
poor. Wax and resin combination material appears smooth when
good, but sandy or gritty when poor. Borderline material is
hard to detect, and formulation changes might confuse inter--
pPretation. This method is useful for studying and comparing
the films formed by various compounds, but is not suitable for
acceptance testing, : -

‘A few tests of laboratory prepared mortar and concrete

specimens for flexural Strength and abrasion resistance indi~
cate that these properties are significantly affected by curing
methods, but so far are inconclusive in comparing the effective~
ness of cure of various membrane curing compounds. Such tests,
while having merit because they measure actual curing effectives-

ness, take. a long time to perform and are relatively expensive.

- In developing the accelerated test methods and corre=
lating their results with those obtained using AASHO
Designation T-155, certain anomalies were discovered which
caused laboratory testing of water retention to appear to be
somewhat-unrealistic'for Predicting field performance:

1, Occasionally, saﬁples shown'to.be acceptable by a mortar
test:method failed when tested using the filter paper
method, and vice versa, - :

2. When the filter paper method was prolonged for 72 hours,
the water lost durlng.the third 24<hour period was double

rubber. The chlorinated rubber comzound permitted the loss
of equal amounts of water in each 24-hour period. The
cause for the change in rate of moisture loss is unknown.
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Water losses were much greater from mortar specimens when
+ésted at L10°F than when cured at L00°F - significantly
more than expected on the basis of the ratio of water vapor
pressufe at 110°F to the vapor pressure at 100°F. Some
types of curing compounds were found to be more sensitive
to testing at elevated temperatures than others. Since
pavements often reach temperatures of 120°F or more during
the first few days after placement, this factor should

be further examined.

While some curing compounds have nearly the same water
retention efficiency when applied at 500 sq.ft./gal. as
when applied at 200 sq.ft./gal., other compounds are very
sensitive to rate of application. Some of the "poorer"
compounds can provide a satisfactory cure if they are
applied thicker,

Surface texture of mortar and the times at which the
finishing and curing operations are performed influence
water retention test results. Laboratory mortar specimens
for the water retention test do not simulate the types of
textures produced on bridge decks and pavements. There-
fore, correlations between mortar and concrete surface
textures, water retention efficiencies as measured in the
laboratory, and the rates of application of curing com-
pounds required in the field for effective curing need to
be determined.

In order to compare the effectiveness of field appli-

cations of various curing compounds, the amount of material
actually applied to the concrete should be determined. This

“is esgsential for research work. Test Method No. Calif. 535-A

(Appendix C) was developed under this project as a field method

. for measuring the rate at which curing compound is applied

to portland cement concrete pavements. It should prove to be

a valuable tool for field inspectors as well.
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Appendix A

MATERIALS AND RESEARCH DEPARTMENT

gtate of California
Department of Public Works ,
pivision of Highways Test Method No. Calif. 534-A
_ ‘October 7, 1968

(4 pages)

METHOD OF TEST FOR WATER RETENTION EFFICIENCY
OF LIQUID MEMBRANE-FORMING CONCRETE CURING COMPOUNDS

Scope

This test method, which is a modification of AASHO
Designation: T-1535 (ASTM Designation: ¢-156) , describes the
1aboratory procedure for determining the efficiency of liquid
membrane-forming curing compounds in preventing moisture loss
from concrete during the early hardening period.

Procedure

A. Apparatus
1. Molds - Molds shall be rigid water-tight pans 6x12-

_ inches at the top, 5.3/4 x 11=-3/4 inches at the
pottom, within + 1/4-inch, and 2 + 1/8-inch in depth
on the inside. —Molds. shall have 3 flat rim at the

" top on all ‘sides, approximately 1/4-inch in width.
It is recommended that this rim be reinforced by
welding a 1/4~-inch rod around the outside perimeter

of the pan, just beneath the rim.

2. Metal Plates - Metal plates shall be 6x12-inch with
edges raised slightly to retain sprayed compound.

3, Curing Cabinet = The cabinet for curing the specimens
shall maintain a temperature of 100 + 3F (37.8 + 1.7C)
and a relative humidity of 30 + 4%. ~Air flow shall be

sufficient to remove the solvent vapors quickly, but
no detectable air current shall strike directly on the
surface of any test specimen stored in the cabinet.

B._fMaterials

1.  Graded Ottawa sand'conférming to the requirements of
ASTM Designation: Cc~109. S :

2. portland Cement, Type II. DO NOT USE CONCRETE
" . ADMIXTURES OR £ 3R-ENTRAINING CEMENT IN THIS TEST.

1

www . fastio.com
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Test Method No. Calif, 534=A
October 7, 1968

C. Preparation of Specimen Molds "

Thoroughly clean the molds befofe‘éach'use‘and apply a
thin coating of a suitable mold release compound. S

). ' Preparation of Mortar Test Specimens

Machine mix all batches of mortar at room temperature
(73 + 3F) following the schedule given for mixing

. mortars in ASTM_Designation: €C=305, .

1. Number of Test Specimens

8. The test shall consist of two specimens.
Prepare each specimen from a4 separate batch
qf‘mortar. ' _

2, Proportioning and Mixing Mortar

a. Trial Batch, Whenever a new 1ot of cement or
sand is to be used, prepare a trial batch of

measured in ASTM Designation: C¢-87. Use these
proportions in preparing subsequent test batches.

b. Mortar for- Test Specimens, Using the mix propor-
tion determined by the trial batch, prepare
sufficient'mOrtar5to fill a 12x6x2-inch pan.

3. Molding Specimens
Place the mortar in the mold in two approximately
equal layers; consolidate each layer by tamping or with
a mechanical vibrator, Avoid overvibration, Strike off
excess mortar and finish the surface with a wooden
screed having a flat 2-inch wide screeding surface.
Advance the screed along the ‘long axis of the specimen

using a circular motion. Do not work the sur face more

than necessary'to‘produce a4 reasonably even finish,

% Storage of Specimens

4. After molding, Place the specimens in the curing
cabinet in a level position. Space the specimens
 uniformly on the shelf with a clear space of
from two to seven inches on all sides of each
Specimen, Use ' dummy Specimens to replace test
sSpecimens when a shelf is not filled with test
.Specimens, . - T ° - ‘

aL L Sy
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Test Method No. Caiif..534~A
October 7, 1968 =3

1.

b. Remove test Specimen from the cabinet 1-1/4 to.
1<3/4 hours after molding. UyUse a Putty knife op
paint scraper to form a tyn shape groove 4pproxi=-
mately 1/8-inch deep and not over 1/16-inch wide

ing compound, Return the Specimen to the cabinet
for approximately 1/2 hour,

C. Test the mortar surface condition by rubbing g
small area with the finger tip. The Specimen
shall be ready for brushing when rubbing prodyceg
only a few fine bubbles. Bruysh the entire surface
of the mortar lightly in the longitudinail direction
with a 2-inch flat sagh tool, Morck 791-2 or
equivalent, (Brushing shall be just sufficient to
Temove the sheen from the surface,) _

E. Application of Curing Compound

Mortar Specimens

Immediately after'brushing, weigh the mortar
Specimen to the nearest gram. With a suitable Spray
8un, and, unlessg otherwise Specified, apply ten (10)
grams of curing compound in a uniform coating on the
mortar specimen, Keep Overspray to a minimum, Wipe
off any drops of compound which may adhere to the under

Metal Plate

Weigh the meta] Plate to the nhearest gram, Apply
ten (10) grams of curing. compound in the same manner
used for the mortar specimen, Determine the actual
rate of application by reweighing the plate immediately
afterﬂapplying the curing compound,

F. Testing of Treated Specimens

cabinet. Cure for 24 hours at 100 + 3F and 30 + 43
relative humidity° Then remove from the curing cabinet
and weigh to the nearest gram,

wwvw . fastio.com L


http://www.fastio.com/

- Test Method No. calif, 534-A
=4 October 7, 1968

G. calculation

1. Calculate the total weight lost by each mortar specimen
as the weight of the specimen immediately after apply-
ing the curing compound less the weight of the specimen

atrter the 24-hour curing period.

7. Calculate the volatilé 1oss of the curing compound in
- grams as the weight of the metal plate immediately -
sfter applying the compound less the weight of the plate

»

after 24 hours in the curing cabinet.
3, Calculate the water less in grams from each mortar
specimen as the total weilght lost by the specimen less
the volatile loss of the curing compound .
Reporting of Results

-, Record all weights and calculations on Form HMR T=577.
Report the results of this test on Form T=584.
References

AASHO Designation: T-155

- ASTM Designations: c-87, C-109, c-156, and C=303

End of Text on Calif. 534-A
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Appendix B

MATERIALS AND RESEARCH DEPARTMENT

State of California Test Method No. Calif. 535-a

Department of Public Works October 7, 1968
Division of Highways (3 pages)

METHOD OF TEST FOR DETERMINING APPLICATION RATE
OF CONCRETE CURING COMPOUND IN THE FIELD

concrete pavements,
Procedure
A, Apparatﬁs'

1.  Balance, capacity 100 grams, sensitive to 0,1
gram

2, Suitable weighing box or windshield. for balance

3. Plastic sheet, ,040" thick by 4"x8", fThis may be
cut from sheet plastic template material, cellulose
acetate, Service and Supply No. 17246, '

B. Materials

1. Jute stock paper, 1504 Riegles, 8-1/2" x 11"

2, Cotto? pads, 4" x 8" (Bauer & Black No. 540 or
equal) | :

3. Double coated pressure -sensitive tape, 1/4" width

4. Double coated Pressure ~sensitive tape, 1" width

C. 'Ergparation:of'rest‘Plates

1. Attach cotton pads to plastic sheets with 1/4"
double coated Pressure-sensitive tape,

2. Weigh the entire Plate to establish tare weight

3. Attach the plate to 1/2 sheet (5-1/2" x 8=1/2")
of jute stock with 1" double coated pressure-

sensitive tape as shown in Figure 1,

D. Sampling and Wéighing

l. Longitudinal Distribution
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-2 . . October 7, 1968

-~

place 5 test plates along the pavement apgroximately
3 feet from the edge at random intervals (7-13 ) over a
50-foot length ahead of the spray rig.

(See Figures II and III.)
2. - Transverse Distribution

where fixed nozzles on-a distributor bar are used,
it is desirable to determine transverse distribution.
Determine the transverse distribution either at the time
of starting or at the time of completing the application
of compound by placing 5 test plates across the slab.,
Space the test plates at random, or under nozzles which
appear to be delivering at abnormal rates. Make arrange-~
ments to place the test plates on the pavement and to
remove them without stepping on newly placed concrete.
Have the spray rig travel at its normal rate at the time
it passes over the test plates.

3. As soon as the spray rig has passed, remove the test
plates from the pavement. Remove and discard the jute
paper backing.

4. TImmediately weigh the plates to the nearest 0.10 gram
and record‘its_weightg

E. Calculations - -

1. GCalculate the total weight of curing compound applied
to each test plate as the final weight less the tare weight.
Read the approximate application rate in square feet per
gallon from Table 1. Calculate the corrected rate of
application at each test plate by multiplying the approxi-
mate rate by the specific gravity of a well-mixed repre-
sentative sample of the curing compound. (If possible,

this sample should be taken from a feed line to the spray
nozzle. The specific gravity shall be determined by means
of a suitable pycnometer oY hydrometer.) '

9. Calculate the average application rate in square feet
 per gallon as the sum for the test plates divided by five.

F. Notes

'L, Weigh the wet test plates as soon as possible to
prevent loss of volatiles. Under extreme drying condi-=
tions, include a plastic bag with the tare weight.
Immediately after the spray rig passes, place the wet
pad inside the bag and weigh. -

ClihPD wwwLfastio.com
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Test Method No. Calirf, 535«4
October 7, 1968 -3

2, Time the rate of advance of the spray rig by means

of a stop watch over several fifty=foot Sections to
establish the average time of travel for fifty feet,

Then check the time taken to Spray the test Section by
the same method to determine {if the spray rig operator
maintaing the usual forward Speed. If the time varies
more than 10% from the average, consider the test invalig

3. sShield test pads placed near the edge of the Pavement
slab from overspray from nozzles applying compound to the
exposed edge of slipformed Pavement,

REFERENCES
Test Method No. Calif, 339
End of Text on Test Method No. Calif, 535=4

Table 1 attached
Figures 1, 1T, IIX, and 1v attached
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840
420
280
210

168

140
120
105

764
400
271
205
165
138
118
103

CONVERSTON TABLE

RE FEET PER GALLON
NG COMPOUND on 4"x8"
NELS

700
382
262
200
162

- 135

117
102

TABLE 1

646

365
255
195
158
133
115
101

90

82

74

600
350
247
191
155
131
114
100

90

81

74

o5

560
336
240
187
153
129
112
99
88
80
73

.6

525
323
233
182

150

127
110
98
88
79
72

sq.ft. per gallon

d on a Specific

application -

gravity of 1.0

o7

494
310
227
179
147
125
109

97

87

79

72

'8

467
300
221
175
145
124
108
96
86
78
71

.9

442
290 .
215
171
142
122
106
94
85
77
71

8q.ft./gallon

0
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Test Method No. Calif. 535-A
October 7, 1948

FIGURE | FIGURE I
Test Plates Placing Test Plates on Pavement

FIGURE 1lI FIGURE IV
Test Plates in Position for Test Spray Rig Passing over Test Plates .
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Appendix €

TENTATIVE METHOD OF TEST FOR WATER VAPOR ="
TRANSMISSION THROUGH CONCRETE CURING COMPOUNDS'

Scope

This test method is intended for laboratory use in
determining the efficiency of liquid membranewforming compounds
48 measured by their ability to prevent water vapor transmission.

. Procedure °

A. Apparatus

1. Balance sensitive to 0.1 g. with a capacity of at
) 1eaSt 600g° - o ) i E

2, Suitable shield for balance,

3. Electrically heated forced ventilation oven with a
wind velocity of 3-5 mgh; capable of maintaining a
temperature of 137°F+3 F. 1In addition, it shall
contain a rotating shelf with minimum dimensions of

- those described' in ASTM“Designation_D~6-67; o

4, One pint widemouth screw cap glass jars with 1id
rings, '

5. External mix spray gun,
6. 11 cm. shark skin filter papers.
7. :Graduated cylinder.

B. Test'Record Form

No specific form is provided for reporting results,

C. Test Procedure
1. Place balanCe shield over balance.

2. Weigh several individual filter papers and‘&etermine
average tare weight, :

3. Place a filter bpaper on the balance, then thoroughly
mix the curing compound sample ‘and spray one gram
of the curing compound evenly over the entire sur-
face of the paper. Prepare four filter papers for
each compound to be tested. The Spraying shall be

done within a maximum of 2 minutes, (This is to

ClibPDF - www fastio com
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Appendix C

prevent the rapid loss of volatiles which could

'adygrsely-affect‘thercoverage.)

After spraying, let the filter papers dry for
30 to 45 minutes.

A few.minutes before the above drying period ends
£ill 4 pint jars for each test with 300 ml of \
distilled water. Included with the & jars for each

‘compound tested shall be at least one control jar for

each shelf in the oven. The control shall consist
of a filter paper which has no curing compound sprayed

Wipe the rim of the jars dry; then center the
filte:.papers.on_the jars., Place a jar ring over
each of the filter papers and tighten. When
tightening, care should be taken not to wrinkle
the filter paper.

Jweighvthe_jars and .record the initial weight and

. time. _Then place the specimens on & rotating
'shelf in the oven. ' .

| Aftéf a;24-h6ur;pefiod, remove the specimens from

the oven, reweigh and calculate the loss.
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