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CONVERSION FACTORS, NON-SI TO SI (METRIC)

UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain

Fahrenheit degrees 5/9 Celsius degrees or kelvins*

inches 25.4 millimetres

pounds (force) per 0.006894757 megapascals

square inch

square feet 0.09290304 square metres

gallons 3.785412 litres

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use the following formula: C - (5/9)(F - 32). To obtain kelvin (K) read-

ings, use: K - (5/9)(F - 32) + 273.15.
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EFFECTIVENESS OF MEMBRANE-FORMING CURING

COMPOUNDS FOR CURING CONCRETE

PART I: INTRODUCTION

1. The American Concrete Institute (ACI) Manual of Concrete Practice

(ACI 1989) states that curing is the maintaining of a satisfactory moisture

content and temperature in concrete during its early stages so that desired

properties may develop. Curing is essential in the production of concrete

that will have the desired properties. The strength and durability of

concrete will be fully developed only if it is properly cured. There are many

different materials and methods used for curing concrete which include:

curing by continuous or frequent application of water, sheet materials, and

membrane-forming curing compounds.*

2. Membrane-forming curing compounds are used extensively by the Corps

of Engineers as a method for curing concrete. Membrane-forming compounds

specified by the Corps include those compounds that comply with the require-

ments of the American Society of Testing Materials (ASTM) C 309-89 (ASTM

1989a) and CRD-C 300, Handbook for Concrete and Cement (US Army Engineer

Waterways Experiment Station (USAEWES) 1949a). For most Civil Works projects

curing compounds complying with CRD-C 300 are specified and for Military

projects both ASTM C 309 and CRD-C 300 are specified. What concerns most

Corps employees in choosing between ASTM C 309 and CRD-C 300 is the unit

moisture loss requirement which is different for the two specifications. CRD-

C 300 requires that the unit moisture loss be not greater than 0.031 g per sq

cm after 7 days exposure to 10-mph air velocity at 1000 F and 30 percent

relative humidity for a coverage of 200 sq ft per gal. ASTM C 309 requires

that the unit moisture loss be not greater than 0.055 g per sq cm after

72 hours at 1000 F and 30 percent relative humidity. Curing compounds comply-

ing with the requirements of ASTM C 309 are less expensive and more available

than curing compounds complying with the requirements of CRD-C 300.

3. No data were found to confirm that curing compounds meeting ASTM

C 309 are as effective as curing compounds meeting CRD-C 300 for curing comply

* If the ambient conditions are favorable, no action of any sort will be

needed to achieve proper curing (ACI 1989).
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concrete. There was, therefore, a need to evaluate curing compounds which

with the requirements of the two specifications to determine their effectije-

ness in curing concrete and establish a satisfactory value for water retention

requirements of curing compounds. Based on this evaluation a cost-effective

decision can be made to determine the specification to be used by the Corps.

4. Curing compounds having different water retention values (covering a

wide range) and which met the requirements for both specifications and a few

that failed ASTM C 309 requirement were obtained for evaluation. Test proce-

dures for evaluating the effectiveness of curing concrete were investigated,

they include: water absorptivity, capillary porosity, splitting tensile

strength, abrasion resistance, and combined water. Based on this investiga-

tion the water absorptivity test was used to evaluate the effectiveness of

curing, and an abrasion test was developed to confirm the effectiveness of

curing.
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PART II: MATERIALS

Cement and Fine Aggregate

5. A Type I portland cement designated WES-48, C-I and a graded silica

sand from Ottawa, IL, C-109, was used in preparing the mortar for testing.

The test report for the portland cement is shown in Table 1.

Membrane-Forming Curing Compounds

6. Nine curing compounds obtained from four manufacturers were used for

this study. One manufacturer submitted a sample of the volatile thinner

(mineral spirits) as requested by WES. The volatile thinner was used to

dilute the curing compound to lower the solids content to obtain various water

retentions. The description of each curing compound used for this study is

shown in Table 2. The curing compound, WES-CC-2R, was diluted with the

thinner to obtain lower vehicle solids contents and three curing compounds,

WES-CC-2R6, WES-CC-2R4 and WES-CC-2R3, were prepared by WES by making the

dilutions. The designation and dilution factor are shown.

Percent by Weight

Designation Curing Compound Thinner

WES-CC-2R6 60 40

WES-CC-2R4 40 60

WES-CC-2R3 30 70

7. The curing compound were tested for water retention and non-volatile

content in accordance with one or both test methods ASTM C 156-89 (ASTM 1989e)

and CRD-C 302 (USAEWES 1949b). The test results are shown in Table 3.

6



PART III: TEST METHODS

Search for Appropriate Tests

8. A search was made to find tests that would be appropriate in deter-

mining the effectiveness of curing of concrete. Senbetta (1981) investigated

a number of test methods which were: the absorptivity test, nonevaporable

water determination, and the abrasion test ASTM C 418-89) (ASTM 1989b). The

absorptivity and the abrasion tests were found to be sensitive and reproduc-

ible indicators of the quality of mortar samples tested. The non-evaporable

water test did not produce the expected results. These tests are described in

Senbctta's report. Other test methods considered or tried included: capil-

lary porosity, combined water, splitting tensile strength of mortar cures, and

abrasion resistance using rotating -utting wheels and a core barrel.

Descriptions of Tests

Absurptivity test

9. The test used for this investigation was a proposed ASTM test (ASTM

1988)* except for a few modifications. A small table saw was used rather than

the low-speed precision saw specified in the proposed test method. A jig was

built for the saw to hold the mortar core for cutting. The saw and jig is

shown in Figure 1. The mortar test slab was smaller in size measuring 7 by 7

by 2-5/8 in. The test specimens (layers of mortar 1 cm thick) were sliced off

the core within 1 hr after coring, and placed immediately in methanol. Water

was used as the coolant for the saw rather than ethanol as specified. The

authors were concerned about the flammability of the ethanol and the ethanol

was removing the protective paint coating on the saw. The diameter of the

cores taken from the mortar test slabs were 1 and 2 in. as specified. The

test mortar slabs were allowed to cure 7 days before coring.

Capillary porosity

10. Test specimens were prepared as described for the absorptivity

* This proposal was withdrawn and does not appeai in the 1989 ASTM Book of

Standards.
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Figure 1. Table saw ard jig used for preparing water

absorptivity test specimens

:Est. Piscs 1 cm thick sliced from the cores were tested for capillary

porosity using Figg's method (Figg and Bowden 1971). Two disks 1 cm thick

wei.e sliced from the core. One disk was sliced off the top of the cfre 0.5 cm

nelow the surface. The other disk was slicee off the bottom the core 4.8 cm

below the surface. The test specimens were immer,o in a vacuum desiccator

and the pressure reduced to 13.29 KPa by means of a vacuum pump. The test

specimen was left immersed in the trichlorethane for 4 hr. The test specimen

was removed and the excess solvent wiped from the surface. The test specimen

das immediately placed into a tared polyethylene bag and weighed. The mass

(g) of the l,l,1-tricl.orethane absorbed by the specimen was divided by the

density of l,l,l-trichlorethane and the porosity reported as crn
3 /100 g.

Combined water

11. The combined water of the mortar was determined using Figg's i.'ethod

(F~gg and Bowden 1971). The layers of mortar prepared from the absorptivity

test and small cylind-rs cast from the mortar were tcsted for combined water.

The test method onsi.: -r igniting a dried powdered sample of the mortar at

1,830' F in a -'ream of nitrogen gas and w-'ghing the evolved water after

absorption on Uried magnesium perchlorate.
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Splitting tensile strength

12. Test mortar slabs were cast and subjected to different curing

environments for 7 days. After this curing period four cores 2 in. in

diameter were taken from the slabs. The cores were immersed in lime water

4 hr before testing. The cores were tested in accordance with ASTM C 496-86

(ASTM 1989c) except that the bearing strips were strips of aluminLua 1/8 in.

thick and 1/4 in. wide. The plywood strips specified were found to be

unsatisfactory for small cores such as the ones tested.

Abrasion tests

13. Two abrasion tests were used to determine the abrasion resistance

of mortar test specimens which were subjected to different curing environ-

ments. The rotating-cutter method, ASTM C 944-80 (ASTM 1989d), was used to

measure the abrasion resistance of the surface of mortar test specimens.

Another method was developed which could measure abrasion rates at greater

depths into the mortar test specimen. This test was developed based on early

experience when taking cores from the mortar test specimen. It was observed

that coring was faster with less force necessary when coring mortar test

specimens that were not cured. This test consisted of attaching a 2-in.

diamond-core barrel to a drill press and placing a 4-lb mass ("weight") to the

arm of the drill press. A linear variable differential transformer (LVDT) was

attached to the drill press to measure the distance the core barrel traveled.

The LVDT was connected to a recorder so that depth with time could be re-

corded. The test apparatus is shown in Figure 2. Mortar slabs were tested

that had been moist cured for 7 days and slabs that were placed in a con-

trolled environment at 100 ° F and 30 percent R.H. A significant difference in

depth of abrasion with time was observed for the moist cured and uncured

mortar slabs.

9



Figure 2. Core barrel abrasion tester

10



PART IV: EVALUATION GF TEST METHODS

14. All test methods were evaluated by testing mortar slabs which had

been cured in different environments for 7 days. The test mortar slabs were

prepared as specified in the proposed ASTM procedure except that the water to

cement ratio and flow were changed slightly for some of the tests. For most

evaluations of the test methods two test mortar slabs were cast from the same

batch of mortar. For some of the earlier test, three test mortar slabs were

cast from the same batch of mortar. One of the slabs was placed into the

curing compound testing cabinet at a temperature of 100 ± 2 ° F, relative

humidity of 30 ± 3 percent, and an air velocity of 10 ± 3 mph. The other slab

was moist cured in a room maintained at 73 ± 30 F with a relative humidity of

not less than 95 percent. A few of the slabs were cured in laboratory air

730 F ± 3 and 50 percent relative humidity, and in an environmental chamber

conditioned at 1000 F and 30 percent relative humidity. The tests were then

evaluated by comparing differences in the moist cured mortar test specimen,

and the mortar specimens cured in other environments.

Absorptivity Test

15. The first evaluation of this test procedure was performed by taking

two 1-in. cores from the test mortar slabs and measuring absorptivity at five

depths from the surface. Three mortar slabs were prepared from each batch of

mortar which was mixed in a pail mixer. Each of the three mortar slabs were

cured in different environments; moist cured, curing compound testing cabinet,

and in laboratory air. The mortar slabs were allowed to cure for 7 days at

these conditions, then cored. The test specimens were sliced off the cores

and placed in methanol for at least 24 hr or longer before testing. Three

mortar slabs were cast and approximately one week later three more slabs were

cast and designated as test slabs 1 through 6. These mortar slabs were tested

and the results are shown in Table 4.

16. These first test results indicated that there was a significant

difference in the absorptivity values between cores taken from the same mortar

specimen. There was also a greater difference in the absorptivity values at

different depths for cores taken from specimens cured under the same

11



conditions. The greatest differences were found in the mortar specimens cured

in the curing compound test cabinet which would be expected because of higher

absorptivity values. The greatest difference in two cores were found in

specimen No. 3. The difference in absorptivity (Ka) for the top slice (0.5 cm

in depth) and bottom slice (4.8 cm in depth) for the two cores was 15 and 2 x

10-6 cm2/sec. A large difference in absorptivity was noted in the two cores

taken from specimen No. 4 which was moist cured.

17. The variation of absorptivity values between cores and between

depths could have attributed to the following:

a. Mortar improperly mixed due to pail mixer.

b. Saw used was not as precise as the one specified.

C. Mortar not consolidated well leaving some voids on test surface
of sliced mortar layers.

When observing the sliced layers of mortar from the cores, there appeared to

be some surface areas that contained some small areas of paste without fine

aggregate indicating improper mixing. Some of the slices of mortar contained

more voids on the surface (entrapped air).

18. Four mortar slabs were cast later and designated test slabs 7 thru

10) and the only difference in preparation or testing was that a Hobart mixer

was used to mix the mortar. Two mortar slabs were cast from each batch of

mortar. Two of the mortar slabs were placed in the curing compound test

cabinet, one mortar slab left in laboratory air, and one mortar slab moist

cured. After 7 days the mortar slabs were cored and the cores sliced at

different depths before testing. The test results are shown in Table 5.

19. There appeared to be less variation between absorptivity values for

different cores and at different depths for the second run using the Hobart

mixer. The following tabulation is a comparison of the two different runs for

the specimens cured in the curing compound testing cabinet:

Absorptivity (x 10-6 cm2/sec)
Depth from surface, cm

Run 1 2 3 4 5

1 Mean X 18.0 14.3 9.6 7.7 5.1
Standard deviation a 6.3 8.4 2.7 3.8 3.3
Coefficient of variation CV 35.0 59.0 28.0 49.0 65.0

2 Mean X 20.4 8.3 6.7 4.7 3.7
Standard deviation a 5.5 2.6 1.5 1.4 1.1
Coefficient of variation CV 27.0 31.0 22.0 30.0 30.0

12



The effect of different curing conditions on change in absorptivity at

different depths for the sample specimens in Run No. 2 is shown in Figure 3.

Absorptivity Test Results
Cured at 3 Conditions

Curing Laboratory moist
Cabinet Air Cured

25

20

E 15

0 '10

o L ........ I __ __ I- -_ a

1 2 3 4 5

Depth from Surface (cm)

Figure 3. Absorptivity at different depths for different curing conditions

20. When evaluating the capillary porosity test method, the test

results indicated that less variation was found between the capillary porosity

results within a mortar slab when larger test specimens were prepared. The

core size was increased from 1 to 2 in. which increased the surface area of

the absorptivity test specimen to 3.14 sq in. or 4 times larger than the test

specimens prepared from the 1 in. cores. The water-cement ratio (W/C) was

increased from 0.44 to 0.45 and the sand-cement ratio (S/C) was decreased from

2.90 to 2.70 for preparing most of the mortar slabs. For the test absorptivi-

ty readings were obtained near the top of the mortar slabs (0.5 cm from top

surface) and near the bottom of the mortar slabs (4.5 cm from top surface) and

will be referred to as top and bottom for comparisons.

21. Four mortar slabs were cast and two were moist cured and the other

two were placed in the curing compound cabinet for 7 days. Cores were then

taken from the mortar slabs, sliced to obtain test specimens near the top and

13



bottom and tested for absorptivity. The results are shown in Table 6. A

large difference in the absorptivity values (24.8 and 16.2 x 10-6 cm2/sec

between the top and bottom were obtained for the mortar slabs aired in the

curing compound test cabinet. A small difference in the absorptivity values

(0.5 and 0.2 x 10- 6 cm2/sec were obtained for the moist cured mortar slabs.

22. Eight mortar slabs were cast and four were moist cured and the

other four were placed in the curing compound test cabinet for 7 days. Four

cores were taken from each mortar slab for testing to determine difference in

absorptivity from top to bottom of the mortar slabs. The test results are

shown in Table 7. A large difference in the absorptivity values *8.5 to 11.7

x 10-6 cm2/sec) was obtained from top to bottom for the mortar slabs cured in

the curing compound test cabinet. Only slight differences in the absorptivity

values (0.1 to 0.3 x 10-6 cm2/sec) were obtained for the moist cured mortar

slabs. The difference found for test slab No. 21 may be attributed to t i

location it was placed in the test cabinet. Some difference in the rate of

evaporation does exist for different locations in the test cabinet.

23. Four mortar slabs were cast, two each cast 2 weeks apart, and

placed in a controlled cabinet at 1000 F and 30 percent R.H. After 7 days at

these conditions the mortar slabs were tested for absorptivity and the results

are shown in Table 8. Very little differences in absorptivity from top to

bottom were observed for the four slabs tested.

Capillary Porosity

24. Mortar slabs were cast using the mortar mixture given in the

proposed ASTM test method for absorptivity. The mortar slabs were placed in

the curing compound test cabinet and moist curing room for 7 days, then cored

and the cores cut into disk for testing. The top and bottom disk were tested

for capillary porosity. The first tests were performed by using different

reduced pressures for the desiccator containing the 1,1,1-trichloroethane.

The reduced pressures used in the evaluation of the test were 2 in., 20 in.,

and 28 in. of mercury. The test results are shown in Table 9.

25. These test indicate that the lower pressures 20 and 28 in. Hg would

not be satisfactory because of the higher capillary porosity values obtained.

These higher values were attributed to microcracks being formed in the paste

14



because of the lower pressures. When comparing the test results for the discs

soaked under pressures measuring 2 in. Hg, the difference in the top and

bottom disks were much greater for the slabs cured in the curing compound

cabinet.

26. Later additional capillary porosity tests were performed on mortar

slabs cast from a mortar mixture with a W/C of 0.45 and a S/C of 2.70. The

reduced pressure reasuring 2 in. Hg was used when soaking the disks. A total

of 10 mortar slabs were cast over a 2-month period and 5 of the slabs were

moist cured and 5 were cured in the curing compound test cabinet for 7 days.

The test results are shown in Table 10.

27. The test results indicated that the capillary porosity test can be

used as a measure for determining if mortar was effectively cured. The

difference in. the capillary porosity from top to bottom for the mortar slabs

cured in the curing compound cabinet ranged from 1.75 to 2.40 cm3/100 g

compared to a range of 0.04 to 0.49 cm3/100 g for the moist cured slabs. The

test method takes longer to complete than the absorptivity test method because

of the time of soaking in the l,l,l-trichlorethane.

Combined Water

28. Two 2-in. cubes of mortar were cast and one cube was moist cured

and the other cube placed in a controlled cabinet at 1000 F and 30 percent

relative humidity. The mortar that was moist cured was found to contain

4.94 percent combined water and the mortar that was placed in the cabinet was

found to contain 3.91 percent combined water. Slices of the mortar cut from

thc cores of the test specimens prepared for capillary porosity test were

analyzed for combined water. The top slices from specimens moist cured and

from specimens placed in the curing compound cabinet were analyzed. Two

slices of the mortar from the moist cured specimen were found to contain

3.72 percent combined water, and the two slices from the uncured specimen were

found to contain 3.32 percent. A difference in combined water for cured and

uncured mortar was evident but because of the small difference it would be

difficult to use as a parameter in determining the effectiveness of cure.

15



SWlitting Tensile Strength

29. Four of the mortar slabs were cast and two were moist cured and the

other two placed in the curing compound cabinet. After 7 days conditioning in

the two environments, three 2-in.-diameter cores were taken from each of the

slabs. The cores were placed under water for 4 hr before being tested for

splitting tensile strengths. The individual splitting tensile strengths of

the 12 cores is shown in Table 11. A difference in splitting tensile

strengths of the mortar conditioned by moist curing and in the curing compound

was noted. The moist cured specimens had a splitting tensile strength of

310 psi compared to 250 psi for the specimens placed in the curing compound

cabinet (average of 6 cores each). There was only a small difference in

splitting tensile strength of two mortar slabs conditioned differently

(300 psi moist cured and 270 psi curing compound cabinet). Due to this small

difference it would be necessary to test more than one mortar slab at a

particular condition for comparing differences in splitting tensile strength.

16



PART V: TEST RESULTS FOR MEMBRANE-FORMING CURING COMPOUNDS

Absorptivity Test Method

30. The absorptivity test method was selected to evaluate the effec-

tiveness of the various curing compounds to cure mortar test specimens. The

mortar test slabs used for the evaluation of the absorptivity test methods and

the mortar mixture containing the W/C of 0.45 and S/C of 2.70 were used for

this evaluation. The mortar test slabs were coated with the curing compounds

using an application rate of 200 sq ft/gal, the same application rate used

when measuring the water retention. Four mortar slabs were cast when testing

the individual curing compounds. Two of the slabs were coated with the curing

compound. After coating three of the slabs were placed in the curing compound

cabinet specified in CRD-C 302 (USAEWES 1949b). The other slab was stored in

a moist curing cabinet. The test slabs were conditioned in the two different

environments for 7 days before testing. Four 2-in. cores were taken from each

slab and a 1-cm-thick disc sliced from the top and bottom measured for

absorptivity. The average of the absorptivity for the four disc was reported.

31. The test results are shown in Figures 4 through 12. The test

results for the two curing compounds, WES-CC-lR and WES-CC-2R, formulated to

comply with the requirements CRD-C 300 (USAEWES 1949a), are shown in Figures 4

and 5. The Ka values of the top and bottom of the mortar test specimens

coated with the two curing compounds was found to be equal to or less than the

moist cured test specimen. The test results for three curing compounds, WES-

CC-3R, WES-CC-8R, and WES-CC-9R, formulated to comply with the requirements of

ASTM C 309 (ASTM 1989a), are shown in Figures 6, 8, and 9. The Ka values

obtained for the top and bottom of the test specimens coated with these curing

compounds were very similar to the absorptivity values obtained for the moist

cured test specimens. The Ka values for the bottom of the test specimens

coated with curing compounds was in every case lower than the moist cured test

specimen. The absorptivity of the bottom was higher than the top for all

moist cured specimens. There is no explanation for this phenomenon, except

that vapor pressure might contribute to the difference. The top side of the

coated test specimens were slightly higher than the moist cured, but no

significant difference from top to bottom was observed.
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ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

20-
E WES-CC-11R

-15-

i1o
4-
0.

0

MITCRD UNCURED* SPECIMEN 1* SPECIMEN 2*

Sample Condition
*CONDITIONED AT 10&F. 30% R.H.. 10 MPH WIND VELOCITY

Figure 4. Absorptivity test r~esults for curing compound WES-CC-1R

ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

25-

-a-

c~t WES-CC-2R

~10:

0.

0

MOIST CURED UNCURED * SPECIMEN 1* SPECIMEN 2*

Sample Condition
*CONDITIONED AT 106F. 30% RLH, 10 MPH WIND VELOCITY

Figure 5. Absorptivity test results for curing compound WES-CC-2R



ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

- 20
0 WES-CC-3R

'10s

MITCURED UNCURED* SPECIMEN 1* SPECIMEN 2*

Sample Condition
*CONDITIONED AT 10F. 30% RH.. 10 MPH WIND VELOCITY ______

Figure 6. Absorptivity test results for curing compound WES-CG-3R

ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

25 -_ _ -_ _ __ _ __ _ _ _ _ _

'E WES-CC-7R

5

.

MOIST CURED UNCURED* SPECIMEN 1* SPECIMEN 2*

Sample Condition
*CONDITONED AT bOY. 30% R.. 10 MPH WIND VELOCITY

Figure 7. Absorptivity test results for curing compound WES-CC-7R



ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

25

-T 20
Ct WES-CC-8R

-15

00

MOIST CURED UNCURECD* SPECIMEN 1* SPECIMEN 2*

Sample Condition

*CONDITIONED AT I0F. 30% R.H, 10 MPH WIND VELOCITY

Figure 8. Absorptivity test results for curing compound WES-CC-8R

ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

25

20
0 WES-CC-9R

10"/

CL)P0

0//

MOIST CURED UNCURED* SPECIMEN 1* SPECIMEN 2*

Sample Condition
*CONDITIONED AT 001F, 30% R.H, 10 MPH WIND VELOCITY

Figure 9. Absorptivity test results for curing compound WES-CC-9R



32. Test results for WES-CC-7R are shown in Figure 7. This material

was not promoted by the manufacturer as a cu-ing compound. The recommended

usage is as a hardener and sealer. Some manufacturers of sinilar materials

(silicates dissolved in water) have promoted these materials for curing

concrete. The material was tested in accordance with ASTM C 156 (ASTM 1989e)

and the unit moisture loss was 0.17 g/cm2 which would fail the requirement of

ASTM C 309 (ASTM 1989a) which is 0.055 g/cm2 . A large difference of approxi-

mately 12 x 10-6 cm2/sec Ka was observed between the top side and bottom

indicating that this material is unacceptable. The ASTM proposed test method

suggests that a difference between the top and bottom Ka > 3.7 x 10-6 indi-

cates marginal or unacceptable performance. Since the molds used for these

test were approximately 1 in. less in depth than the one specified by the ASTM

proposed test method, a Ka range from top to bottom less than the one speci-

fied could be expected.

33. The test results for the three curing compounds made at WES by

diluting WES-CC-2R with mineral spirits are shown in Figures 10, 11, and 12.

Test results for WES-CC-2P6 is shown in Figure 10. This curing compound

failed to meet the unit moisture loss requirement of ASTM C 309. The Ka

values for the top and bottom was nearly identical to the moist cured test

specimen indicating acceptable performance. Since this curing compound was

found to have unit moisture loss of 0.068 g/cm 2 and the unit moisture loss was

only slightly higher than ASTM C 309 requirement of 0.005 g/cm 2 the difference

in Ka value from top to bottom was not unexpected.

34. The test results for WES-CC-2R4 is shown in Figure 11. This curing

compound ha"' a unit mois._ loss of 0.098 g/cm 2 nearly twice that of the ASTM

required; unit moisture loss. There was a sligLlt difference in the Ka value

of top and bottom of 1.1 x 10-6 cm2/sec, which is well below the 3.7 x 10-6

cm2/sec Ka value difference indicating marginal performance. A greater

difference in Ka values was expected for this curing compound.

35. The test results for WES-CC-2R3 is shown in Figure 12. This curing

compound would not be considered a satisfactory curing compound by today's

standards. The difference in the Ka value of the top and bottom was 3.5 x

10-6 cm2/sec, which is slightly below the 3.7 x 10-6 cm2/sec Ka value differ-

ence indicating marginal performarc:e. If the test specimen had been 3-1/2 in.

in depth, this may have increased the Ka difference to some degree.
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ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

25

-a
20

E WES-CC-2R6

CL

0

15

't'

0

0

MOIST CURED UNCURED* SPECIMEN 1* SPECIMEN 2*

Sample Condition
*eCONDTIONED AT 10d'F, 30 % R.H.. 10 MPH WIND VELOCITY

Figure 10. Absorptivity test results for curing compound WES-CC-2R

ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

25

S20
cm E WES-CC-2R4

IR 
1 .10

0

5-

0

MOIST CURED UNCURED* SPECIMEN 1* SPECIMEN 2*

Sample Condition
*_ CONDITIONED AT 10F 30% FLH 10 MPH WIND VELOCITY

Figure 11. Absorptivity test results for curing compound WES-CC-2R4



ABSORPTIVITY TEST
CURING COMPOUND

SPECIMEN SPECIMEN
TOP BOTTOM

25 ---- . ...

WES-CC-2R3

0

.

MOIST CURED UNCURED* SPECIMEN 1* SPECIMEN 2*

Sample Condition

---- *CONDITIONED AT 1&F. 30% R.H.. 10 MPH WiND VELOCRlY

Figure 12. Absorptivity test results for curing compound WES-G-2R13

Abrasion Test Method

36. Mortar test slabs which had been coated with curing compounds, and

which were not coated, were placed in the curing compound cabinet for 7 days

then tested for surface abrasion using the rotating-cutter test method. Very

little difference in surface abrasion could be noticed between the cured and

uncured test specimens. The small difference was contributed to the bottom of

the test specimen not being level, and the total depth of abrasion which was

approximately 1/8 in.

37. Since we could not obtain the desired depth of abrasion using the

rotating-cutter test method, the core barrel abrasion test method developed by

WES was used in determining the effectiveness of cure of mortar using differ-

ent curing methods. A mold was constructed of coated plyboard to obtain a

test mortar slab that would have a smooth bottom surface. The inside dimen-

sion of the form was 12 by 8 by 2 in. The mortar mixture was the same as the

one used for the absorptivity test. The curing compound WES-CG-9R1 was
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selected for evaluation, since this curing compound failed to meet the unit

moisture loss requirements of CRD-C 300 (USAEWES 1949a), and did meet the unit

moisture loss requirements of ASTM C 309 (ASTM 1989a), and was found to have a

unit loss of 0.052 g/cm 2 which was near the upper limit of the ASTM specifica-

tion.

38. Three test specimens were cast from the mortar mixture. All edges

of the wood form were sealed with wax before the mortar was placed into the

form. The mortar test specimens were placed in a moist area (large plastic

container, containing water and covered with plastic) for 4 hr after casting.

A V-shaped groove approximately 1/8 in. in depth was formed between the edge

of the mortar specimens and the mold, and the groove sealed with a sealing

compound. The surface of one test specimen was coated with the curing

compound using a paint sprayer. The coated test specimen and one of the

uncoated test specimens were placed in an environmental chamber at 1000 F and

30 percent R.H. The other uncoated test specimen was placed in a moist curing

cabinet at 720 F and 95 percent R.H.

39. After 7 days the test specimens were removed and tested for

abrasion resistance using the core barrel test method. Six areas on the

surface of each test specimen were tested, and the areas tested were at least

I in. from the edge of the test specimen. The average of the six readings

were taken and the mean reported. The test above was duplicated the following

week to determine the reproducibility of the test. The test results from the

second set of test specimens was found to be very close to the test results of

the first set of test specimens indicating that good precision might be

obtained using this test method. The test results of the first set of test

specimens is shown in Figure 13.

40. The abrasion resistance of the mortar test specimen cured with the

curing compound WES-CC-9R was found to be nearly identical to the test

specimen which was moist cured. The depth of abrasion with time was signifi-

cantly higher for the uncured test specimen. The depth of abrasion with time

decreased with depth for the uncured test specimen which was expected. The

following tabulation lists the depth of abrasion at different increments of

time.

24



Increments of De.pth of abrasion, in.
time, sec Uncured Moist Cured Curing Compound

0-40 0.49 0.27 0.27
40-80 0.28 0.24 0.23
80-120 0.32 0.22 0.22

ABRASION TEST

Moist Uncured E-C9
Cured Curing Cab WEC-R

Depth, inches
1.50,

1.25-

1.00

0.75--

0.50 --

0.25 -

0 20 40 60 80 10 120 140

Time, seconds

Figure 13. Abrasion test results
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PART VI: SUMMARY

41. Different test methods for evaluating the effectiveness of cure of

portland-cement mortar were investigated that included: water absorptivity at

different depths, capillary porosity at different depths, combined water,

splitting tensile strength, and surface abrasion. Evaluations of these test

methods were made by comparing differences in values obtained from each test

method for test specimens placed in a moist environment and placed in environ-

mental cabinets conditioned at 1000 F and 30 percent R.H. with and without

(10 mph) wind.

42. The water absorptivity test method evaluated was a modification of

a proposed ASTM method for evaluating the effectiveness of materials for

curing concrete. A 2-in. core was taken from the test specimen instead of the

specified 1-in. core, and the mortar mixture proportions were changed slightly

to obtain a mortar containing a slightly higher amount of paste. A small

table saw wai used in place of the specified precision saw. Modifications

were made due to variability in test results following the proposed test

method except for the table saw. The variability of test results were reduced

significantly when making the modifications. The modified proposed ASTM

method was found to be a good indicator of quality of mortar when comparing

test results obtained of cured and uncured mortar.

43. Capillary porosity measurements made near the top and bottom of the

mortar test specimens were also found to be a good indicator of the quality of

mortar. Higher capillary porosity values were obtained for the top portion of

the uncured mortar test specimens which was eypected since capillary porosity

would be related to absorptivity. This test method shows good correlation

with the absorptivity test method, but takes longer to complete the test, and

laboratory personnel have to handle specimens soaked in a chlorinated hydro-

carbon.

44. Differences in combined water of cured and uncured mortar could be

detected, but the differences were small. The time to complete this test was

nearly equal to the two tests previously discussed. Only a few specimens were

tested during this study using this method and more testing would be necessary

in order to determine the validity of this test method.

45. Two physical test methods, splitting tensile strength and abrasion
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resistance, were evaluated in hopes of finding a test method to correlate test

results with the absorptivity test results on the effectiveness of curing. A

large variation in test results were found for the few cores tested for

splitting tensile strength, and because of the variation in test results no

further testing was performed. Two abrasion test methods, an ASTM method

(rotating cutter) and P core barrel method developed by WES was evaluated.

The total depth of abrasion when using the rotating cutter was approximately

1/8 in. and a greater depth of abrasion was desired. A significant difference

in abrasion rate with depth was noted for cured and uncured mortar when using

the core barrel method.

46. Nine curing compounds were obtained to determine their effective-

ness in curing mortar test specimens using the absorptivity test method. Two

of the curing compounds met the requirements of CRD-C 300 (USAEWES 1949a) and

six of the curing compounds met the requirements of ASTM C 309 (ASTM 1989a).

One of the curing compounds did not meet either requirement. One of the

curing compounds meeting the requirement of CRD-C 300 was diluted with the

solvent, furnished by the manufacturer, to obtain three curing compound

mixtures that would fail the requirements of both specifications.

47. Test results obtained from the absorptivity test method indicated

that curing compounds meeting the requirements of both ASTM C 309 and CRD-

C 300 were effective in curing mortar test specimens. Two of the curing

compounds prepared by dilution were also found to be effective in curing

mortar test specimens. The unit moisture loss for these two curing compounds

when tested according to ASTM C 156 (ASTM 1989e) were found to be 0.068 and

0.098 g/cm 2 which is greater than the ASTM C 309 required value of 0.055

g/cm 2 . The other curing compound prepared by dilution was not found to be

effective for curing mortar test specimens. This curing compound was found to

have a unit moisture loss of 0.140 g/cm 2 when tested according to ASTM C 156.

A sodium silicate solution recommended by the manufacturer as hardener and

sealer compound was tested and found to be ineffective for curing mortar test

specimens.

48. Mortar test specimens cured with a curing compound having a unit

moisture loss of 0.052 g/cm 2 , which is near the upper limit of the ASTM

requirement, were tested by the abrasion test developed by WES. Mortar test

specimens that were moist cured and placed in an environment at 1000 F and
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30 percent R.H. were tested along with the specimens cured with the curing

compound. The rate of abrasion (depth with time) was found to be nearly

identical for the moist cured and curing compound coated test specimens.

There was a significant difference in the rate of abrasion of these specimens

compared to the uncured test specimens which was much greater. This test also

indicated that curing compounds meeting the requirements of ASTM C 309 are

i curiiig mortor.

49. The abrasion test was developed near the end of the study and there

was not enough time to thoroughly evaluate this test method. This test method

shows promise as a way to determine the effectiveness of cure and is less time

consuming than the absorptivity test method.
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PART VII: CONCLUSIONS AND RECOMMENDATIONS

50. Curing compounds meeting the requirements of ASTM C 309 (ASTM

1989a) were found to be apparently as effective as curing compounds meeting

the requirement of CRD-C 300 (USAEWES 1949a) for curing concrete based on

absorptivity and abrasion testing. Based on these tests, curing compounds

meeting the requirements of either specification should be satisfactory for

curing concrete, if properly employed in the field.

51. The absorptivity test method (Proposed ASTM Method) was found to be

a good indicator for evaluating the effectiveness of cure based on test

results for both moist cured and uncured test specimens. Modifications made

to the test method improved the precision. These modifications may not have

been necessary if a precision saw had been used as recommended in the test

method. Curing compounds of poorer quality than those specified by ASTM C 309

were found to be effective in curing when using this test method, therefore,

this test method is not recommended as a standard for ASTM or Corps

specifications.

52. The abrasion test developed by WES was not evaluated until the

study was nearly complete and there was not enough time to thoroughly evaluate

this method. This test method shows promise as a method to determine the

effectiveness of cure and is less time consuming than the absorptivity test

method. It is recommended that further tests be made with this test method

using curing compounds having a wide range of unit moisture loss, as deter-

mined by ASTM C 156 (ASTM 1989e), which are above the required limit to

determine an upper unit moisture loss value.

53. IL is also recommended that curing compounds be tested that are

applied to surfaces having deep textures such as broomed surfaces common to

pavements. Woodstrom and Neal (1976) reported that certain types of curing

compounds provide better coverage on the high points of deep textured surfaces

and recommends their use with this type of texture.
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Table 1

TO:

FROM: STRUCTURES LABORATORYBilly Neeley REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION
Structures Laboratory HYDRAJLIC CEMENT ATTN: CEMENT ANO POZZOLAN UNIT

PO BOX 631
WES-48, C-i VICKSBURG. MISSISSIPPI 39180-031

COMPANY: Lone Star BIN NO. single sample TEST REPORT NO.WES-b-87
LOCATION: MO irardeau. MO TONS REPRESENTED: DATE: 10 Feb 87
SPECIFICATION: ASTM C O50, 1 OATE SAMPLEo: 22 Jan 87
TEST RESULTS OF THIS SAMPLE LOT -MPLY FDO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
SAMPLE NO. J -|

A12 0 3 '% 4.5
Fe20 3 .% 2.5
cao. % 63.2
Mgo, % 3.9
s°3. _ _ 2.4
LOSS ON IGNITION, % 0.6
INSOLUBLE RESIDUE. % 0.1 1

NaO, % 0.05
Kz,% 0.79
ALKALIES-TOTAL AS N& 20. % 0.57

C3. % 8

c' s " % 22
C3A - C3 s' % 60
C4 AF.% 7
C4 AF + 2 C 3 A, % 24
HEAT OF HYDRATION. 70. CAL/G

HEAT OF HYDRATION. 280. CAL/G

SURFACE AREA. m
2

/kg (API OR

SOM/KG (AP) 385
AIR CONTENT. % 9
COMP.STRENGTH, 3 D, PSI 3240
COMP. STRENGTH, 7 1D, PSI 43401'

COMP. STRENGTH, D, PSI
TFALSE SET-PEN. F/1.%

SAMPLE NO.

AUTOCLAVE EXP.. % 0.R12
INITIAL SET. MIN GILLMORE) 155
FINAL SET. MIN IGILLMORE) 310

REMARKS QE7G729S2170001

S Poole
Cief, Cement and Pozzolan Unit

THE INFORMATION GIVEN IN THIS REPORT SMALL NOT EE USED IN ADVERTISING OR SALES PROMOTION TO
INDICATE EITHER EXPLICITLY OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT.

3FORM 1540 REPLACES ENG FORM 6008-R. I MAR 72. WHICH IS OBSOLETE.VIE I SEP 94



Table 2

Descrivtion of Curing Compounds

Type Vehicle
Curing Compound Solid Manufacturers Descriotio

WES-CC-IR Wax White pigmented, complies with
CRD-C 300

WES-CC-2R Wax Clear, complies with CRD C 300

WES-CC-3R Resin rubber Clear, complies with ASTM C 309,
copolymer Type 1 and ID, Class B and the

former Federal Specification
TTC-800A*, Type 1

WES-CC-4R Resin Clear, complies with ASTM C 309,
Type 1 and 1D

WES-CC-5R Styrene-butadiene Clear, complies with ASTM C 309,
Types I and 1D, Class B and the
former Federal Specification
TTC-800A*, Type 1

WES-CC-6R Acrylic copolymer Clear, complies with ASTM C 309,
Types 1 and ID, Class B

WES-CC-7R Sodium silicate Recommended as a hardener,
sealer* and dust proofing
compound

WES-CC-8R Acrylate Clear, complies with ASTM C 309,
Type 1, Class B and the former
Federal Specification TTC-800A*

WES-CC-9R Acrylate Clear, complies with ASTM C 309,
Type 1, Class B

* TTC-800A was cancelled on 31 Oct 1978.
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Table 3

Curing Compound Test Results

Unit Moisture Loss. F- cm 
2

Non-Volatile Content. % ASTM C 156 CRD-C 302

tJES-CG-lR 36 0.017

WES-CC-2R 33 -- 0.024

WES-CC-2R6 20 0.068 0.078

WES-GC-2R4 14 0.098

WES-GG-2R3 10 0.140

WES-CC-3R 21 0.028 0.044

WES-CC-4R 24 0.036 0.045

WES-CG-5R 19 0.039 0.046

WES-GG-6R 15 0.044 0.060

WES-CC-7R 15 0.170

WES-CC-8R 31 0.029 0.040

WES-CC-9R 15 0.052 0.066

Unit moisture loss requirements:
ASTM C 309 0.055 g/cm2

CRD-C 300 0.031 g/cm2
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Table 4

Absorptivity Test Results Cured at 3 Conditions

l-in, Core, Pail Mixer

Ka (x 1 0 -
6 cm2/sec)

Test Mortar Core Depth from Surface, cm
Slab Batch No. Curing Condition 0.5 1.5 2.6 3.7 4.8

1 1 1 Moist Cured 2.4 1.4 2.6 4.7 1.8
2 5.0 1.2 1.9 2.9 -

4 2 1 Moist Cured 7.2 17.0 6.0 1.0 1.2
2 1.4 3.7 6.3 2.0 1.8

2 1 1 Laboratory Air 15.0 2.2 1.1 1.4 1.8
2 12.6 1.5 3.0 1.1 1.2

5 2 1 Laboratory Air 14.4 4.2 2.3 2.0 2.2
2 9.4 5.4 3.6 2.2 3.0

3 1 1 Curing Compound Cab 16.8 25.3 6.4 7.5 1.8
2 9.8 11.7 10.9 11.8 7.8

6 2 1 Curing Compound Cab 24.4 5.1 12.5 8.8 2.7
2 21.0 15.0 8.5 2.7 8.0

Table 5

Absorptivity Test Results Cured at 3 Conditions

1-in. Core- Hobart Mixer

Ka (x 10 -6 cm2/sec)
Test Mortar Core Depth from Surface, cm
Slab Batch No. Curing Condition 0.5 1.5 2.5 3.5 4.5

7 1 1 Moist Cured 2.4 3.3 3.6 2.0 1.9
2 3.0 2.8 4.0 2.8 3.4

8 1 1 Laboratory Air 9.3 3.0 3.7 3.4 2.6
2 10.3 4.3 7.0 3.8 2.9

9 2 1 Curing Compound Cab 20.8 6.6 7.6 4.3 2.7
2 15.8 7.8 6.3 5.0 3.4

10 2 1 Curing Compound Cab 28.0 6.5 4.8 3.0 3.3
2 17.0 12.1 8.2 6.4 5.2
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Table 6

Absorptivity Test Results Cured at 2 Conditions

2-in, Core

Ka (x 10.6 cm 2/sec)

Test Slab Curing Condition TO. Bottom Difference

11 Moist Cured 2.6 2.1 0.5

12 1.4 1.2 0.2

13 Curing Compound Cab 29.5 4.7 24.8

14 18.6 2.4 16.2

* Average of 2 cores taken from each specimen.

Table 7

Absorptivity Test Results Cured at 2 Conditions

2-in, Core

Ka (x 10 .6 cm 2/sec)
Test Slab Curing Condition TOD* Bottom* Difference

15 Moist Cured 1.4 1.3 0.1

16 1.8 1.5 0.3

17 1.4 1.1 0.3

18 1.6 1.8 0.2

19 Curing Compound Cab 13.6 4.7 8.9

20 12.9 4.1 8.8

21 16.9 5.2 11.7

22 11.9 3.4 8.5

* Average of 4 cores taken from each specimen.
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Table 8

Absorptivity Test Results Cured at 100' F and 30 percent R, 1.

2-in. Core

-6 2

Ka (x 10- 6 cm /sec)

Test Slab Top Bottom Difference

23 17.0 4.8 12.2

24 17.6 5.1 12.5

25 16.1 4.2 11.9

26 15.2 3.8 11.4

Table 9

Capillary Porosity Test Results Cured at 2 Conditions

Different Pressures for Soaking

Vacuum Te Capillary Porosity, cm 3/100 g

in.. Hg Curing Condition Sla- T Bottom* A

28 Moist Cured 27 8.46 7.59 0.87
Curing Cabinet 28 9.76 8.27 1.49

20 Moist Cured 29 6.37 6.63 -0.26
Curing Cabinet 30 9.63 7.47 2.16

2 Moist Cured 31 2.79 2.58 0.21
Moist Cured 33 3.11 2.81 0.30

2 Curing Cabinet 32 4.53 2.82 1.71
Curing Cabinet 34 5.18 3.25 1.93

* Each value the average of 2 test specimens.
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Table 10

Capillary Porosity Test Results Cured at 2 Conditions

. Capillary Porosity, cm3 /100 g
Curing Condition Test Slab TOP* Bottom*

Moist Curing 35 2.27 2.08 0.19
37 3.39 3.26 0.13
39 2.96 2.92 0.04
41 3.00 2.57 0.49
43 2.89 2.60 0.29

Curing Cabinet 36 5.55 3.38 2.17
38 5.86 3.63 2.23
40 4.82 2.61 2.21
42 5.78 3.38 2.40
44 5.39 3.64 1.75

* Each value the average of 2 test specimens.

Table 11

Splitting Tensile Strength

Test Slab Splitting Tensile Strength, psi Average

No. 1 Moist Cured 360, 305, 300 320

No. 2 Moist Cured 310, 280, 215* 295

No. 3 Curing Compound Cabinet 265, 210, 220 230

No. 4 Curing Compound Cabinet 275, 285, 245 270

* Bad break omitting from average.
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