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Use of Swiss Hammer for Estimating 
Compressive Strength of Hardened Concrete 
WILLIAM E . GRIEB, Physical Research Engineer, Bureau of Public Roads 

A simple and portable instrument for use in estimating the com­
pressive strength of hardened concrete in place has been developed 
recently by a Swiss engineer. The device, popularly known as the 
Swiss hammer, is designed for field use and is not intended as a 
substitute for control testing. It is being used in the field to gage 
increases in concrete strength with age and in locating low strength 
areas when laboratory tests of control concrete cylinders or other 
conditions indicate that such areas might exist. It is also useful 
in surveys of old structures. The test results given in this report 
show that factors such as surface smoothness, surface moisture 
condition, and type of coarse aggregate affect the strength values 
obtained by the use of the device. 

• A SIMPLE, quick nondestructive test method for estimating the compressive strength 
of hardened concrete in place has been developed by a Swiss engineer, Ernest Schmidt. 
The device consists of a steel plunger or hammer, free to travel in a tubular frame. 
When the head of the hammer is pressed against the surface of the concrete, the ham­
mer is retracted into the frame against the force of a tension spring. When the head 
is completely retracted, the spring is automatically released, driving the hammer 
against the concrete. A small sliding pointer indicates the rebound of the hammer 
on a graduated scale. The scale is 75 mm in length, and reads from zero to 100 in 
equally-spaced divisions. The amount of this rebound "R" was found by the inventor 
to be related to the compressive strength of concrete. 

A number of research organizations have made a study of the performance of the 
Swiss hammer both in the laboratory and in the field. The consensus of their reports 
is that the empirical relationships between hammer rebound and strength are affected 
by moisture conditions of the concrete and type of aggregate thus limiting the useful­
ness of the hammer to cases where an approximation of strength is all that is re­
quired. These reports, however, do not include sufficient data to determine fully the 
capabilities of this instrument. 

TESTING PROCEDURE 
The surface of the concrete selected for test should be smooth and free from any 

rough spots or honeycomb. A surface produced by form work or troweling is usually 
satisfactory. When necessary, a smooth surface may be prepared by rubbing with a 
carborundum stone an area approximately 2 in. in diameter. A suitable stone is fur­
nished in the carrying case of the apparatus. 

In performing the test, the hammer is held perpendicular to the surface of the con­
crete and pressed against it until the hammer is released an strikes the surface of the 
concrete. While the device is still pressed firmly against the concrete, a button on 
the side of the instrument is pressed which locks the pointer in position. This permits 
removing the device to facilitate reading the amount of rebound. The apparatus is 
shown in Figure 1. 

For any selected area, five or more rebound readings are taken and the average 
of these readings is used to estimate the compressive strength. Areas where the 
reinforcing steel is known to be close to the surface, or where the coarse aggregate 
is exposed, are avoided. 

The manufacturer of the instrument furnished a graph showing the relationship be­
tween the compressive strength of the concrete and the rebound readings. This graph 
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Figure 1. Swiss rebound hammer. 

is shown in Figure 2. The data for establishing the relationship represented by the 
curve in Figure 2 were based on tests by the Swiss Federal Testing Laboratory. This 
curve for estimating the compressive strength shows values of rebound obtained when 
the hammer is held in a horizontal position against a vertical concrete surface. For 
other than horizontal positions of the hammer, a correction factor should be applied 
to the rebound readings before using the curve for estimating the strength of the con­
crete. A chart giving these correction factors was furnished by the manufacturer. 
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These factors vary with the angle from the horizontal and the amount of the rebound. 
For example with a rebound reading of 30, the corrections applied are as follows: 

Correction 
factor 

Angle from 
horizontal 

(degrees upward) 
90 
60 
30 
0 

(downward) 
30 
60 
90 

-6 
-5 
-3 
0 

+2 
+3 
+4 

As the rebound reading increased, the correction factor decreased. 

LABORATORY TESTS 
To determine the value of the Swiss hammer as a tool for use in estimating the 

strength of concrete used in highway construction three series of laboratory tests were 
made as well as numerous associated studies. 

Series 1 
The specimens used in this series were 6- by 12-in. cylinders submitted from var-
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Figure 3. Relation between compressive strength and rebound readings on 6xl2-in. con­
crete c y l i n d e r s — s e r i e s 1. 
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ious field projects. The concretes covered 
a wide variation in mixes and materials. 
All tests were made on specimens in a 
moist condition. Rebound readings were 
taken on the sides of the cylinders just 
prior to tests for compressive strength. 
The cylinders were tested in a vertical 
position with the side of the cylinder rest­
ing against an 8- by 12-in. machined steel 
plate which in turn was supported by a wall 
of the laboratory. The hammer was held 
horizontal and perpendicular to the side 
of the cylinder. Usually 12 readings were 
taken on the side of each cylinder, three 
readings on each quadrant, one reading 
1 in. from the top, one at the center, and 
the other 1 in. from the bottom. Immedi­
ately after the rebound readings were 
taken, the cylinders were tested for com­
pressive strength in a 400,000-lb hydrau­
lic testing machine. 

The results of the impact hammer and 
compressive strength tests on these cyl­
inders are shown in Figure 3. The curve 

F i g u r e 5- The Swiss hammer as used i n the 
lab o r a t o r y i n s e r i e s 2. 



represents the average relation between the rebound readings and the actual compres­
sive strength. The strengths as shown by this curve are approximately 50 percent 
higher than the compressive strengths corresponding to the same rebound readings as 
shown in the curve furnished with the hammer (Fig. 2). For example, the compres­
sive strength for a rebound reading of 20 as determined from the curve for this series 
of tests would be 2,750 psi as compared to 1,850 from the curve in Figure 2. For a 
rebound readmg of 30, the compressive strength from Figure 3 would be 5,300 psi as 
compared to only 3,600 psi from Figure 2 for the same rebound reading. 

The results of these tests indicated that the concrete cylinders held in the manner 
described did not have enough mass or rigidity to give reliable rebound readings and 
that some of the energy from the blow may have been absorbed by movement of the 
cylinders. 

Series 2 
A second series of tests was made on another group of 6- by 12-in. cylinders sub-
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crete c y l i n d e r s — s e r i e s 3A. 



mitted from projects under construction. To hold the cylinder firmly while the read­
ing were taken with the hammer, each cylinder was put in the compression testing 
machine and a small load applied. A load of approximately 300 psi was found sufficient. 
Tests showed that greater loads had no effect on the rebound reaidings. After the re­
bound readings were taken the cylinders were tested for compressive strength. 

The results of these tests are shown in Figure 4. The compressive strength for 
any rebound reading as determined from the curve in Figure 4 is approximately 12 per­
cent higher than the compressive strength based on the curve submitted by the manu­
facturer of the hammer. Figure 5 shows the Swiss hammer being used in the labora­
tory in series 2. 

Series 3 
In series 3, the effect of type of coarse aggregate on the rebound-compressive 

strength relation was studied. All of the concrete cylinders were made in the labora­
tory and were tested as described in series 2. In the first part of the series (series 
3A) four different gravels were used in making the cylinders tested. The results of 
the tests on these specimens are shown in Figure 6. The spread in compressive strength 
between the curves representing the concrete prepared with the four gravel coarse 
aggregates varied from 250 to 600 psi. 

In the second part of this series comparisons were made between concrete prepared 
with a siliceous gravel or crushed limestone. The curves showing the average rela­
tion between rebound readings and compressive strength for concrete containing these 
aggregates are shown in Figure 7. The curve for the concrete prepared with crushed 
stone aggregate indicated about 25 percent greater strength for a given rebound read­
ing than for the concrete prepared with gravel. 
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R e l a t i o n 'between f l e x u r a l strength ajad rebound readings on 6x6x21-in. con­
c r e t e beams as in f l u e n c e d by type of aggregate. 

The curve for the relation between rebound readings and compressive strength for 
the gravel concrete corresponds very closely to that furnished by the manufacturer 
and shown in Figure 2. 

These tests show that type of coarse aggregate is a governing factor in the rebound-
compresslve strength relation. This means, that the Swiss hammer Is of most value 
in making comparative tests on concrete prepared with the same coarse aggregate. 
If comparisons between concretes prepared with different aggregates are desired, 
curves for the rebound-compressive strength relation for each aggregate should be 
obtained. 

ASSOCIATED TESTS 
Rebound readings were taken on the 

top and bottom of cylinders as cast prior 
to capping as well as on the sides. The 
readings were taken as described in ser­
ies 1. There was considerable difference 
in the readings on the top, bottom, and 
sides of the same cylinder. The results 
are shown in Table 1. This table also 
shows the estimated compressive strengths 
which correspond to these readings, taken 
from the curve furnished by the manufac­
turer (Fig. 2), and the actual compres­
sive strength of the concrete. 

The average of the readings taken on 
the bottoms of all of the cylinders was 
23 percent higher than the average of the 

Figure Swiss hammer being used i n the 
f i e l d . 



T A B L E 1 

REBOUND READINGS ON TOP, BOTTOM, AND SIDE O F 6- B Y 12-IN. CYLINDERS 

Average 
Rebound 
Reading 
on Side' 

Estimated 
Compressive 

Strength'' 
(psi) 

Average 
Rebound 
Reading 
on Top' 

Estimated 
Compressive 

Strength' 
(psi) 

Average 
Rebound 
Reading 

on Bottom' 

Estimated 
Compressive 

Strength" 
(psi) 

Actual 
Compressive 

Strength' 
(psi) 

18 3 1,640 20.8 1,960 24 2 2,480 2,410 
19.2 1,750 22.2 2,160 23.8 2,420 3,210 
20.8 1,960 21.8 2,100 27.4 3,050 3,250 
21.3 2,040 21.6 2,050 29.4 3,420 2,980 
21.3 2,040 22.0 2,130 25.4 2,690 3,290 
22.2 2,160 22.0 2,130 29.2 3,380 2,800 
22.8 2,250 24.3 1,500 26.9 2,960 3,080 
23.0 2,280 23.5 2,360 27.4 3,050 2,950 
23.5 2,360 24.9 2,600 28.0 3,160 3,270 
25.6 2,730 26.0 2,800 30.6 3,650 3,900 
26.9 2,960 31.0 3,730 34.8 4,560 3,870 
26.9 2,960 26.5 2,890 30.2 3,570 4,180 
27.9 3,140 30.0 3,530 32.8 4,120 3,800 
28.0 3,160 27.0 2,980 33.8 4,340 4,790 
28.7 3,290 29.2 3,380 33.8 4,340 4,700 
29.4 3,420 32.2 3,980 35.8 4,780 4,200 

Average: 
24.1 2,510 25.3 2,700 29.6 3,500 3,540 

Ratio to Reading on Side: 
100% 105% 123% 

Each rebound value on side is average of 12 readings, values on top and bottom are average of 5 readings. 
Estimated values from curve shown in Figure 2. 
Results of strength tests on cylinders. 

readings taken on the sides of the cylinders whereas the average of the readings on the 
top was only 5 percent higher. An explanation for some of this difference could be a 
difference between the quality of the concrete in the top and bottom of the cylinder. It 
is also possible that the cylinders were in a more rigid position when the readings 
were taken on the top and bottom than they were when readings were taken on the side. 

Rebound readings were taken on a few cylinders in a dry condition and then on the 
same cylinders after immersion in water for 24 hours. The readings on the cylinders 
in a dry condition in all cases were larger than those in a moist condition. The results 
of these tests are shown in Table 2. The estimated compressive strengths from the 
manufacturer's curve are also shown in this table. 

A study was made to determine if the rebound readings increased with age as the 
compressive strength increased. Of 12 concrete cylinders made from the same batch 
of concrete, 4 were tested at an age of 5 days, 4 at 10 days and 4 at 20 days. The re­
sults of these tests are shown in Table 3. The estimated compressive strength and 
the actual compressive strength of this concrete are also shown. The increase in re­
bound values was approximately proportional to the increase in the actual compressive 
strength. 

Studies were made of the uniformity of the concrete in 6- by 6- by 21-in. beams, 
and rebound readings were made on the sides, top, bottom, and ends of 29 beams. 
Five tests were made on the ends of each beam and 10 tests on each of the other faces. 
Average values for the entire groups of beams were as follows: 

Face of Beam 
Side 
Top 
Bottom 
End 

Rebound Value 
25.5 
23.6 
26.1 
28.2 

It is believed that these values correctly reflect slight differences between the 
quality of the concrete in different faces of the beams. With consideration given to the 
tendency of concrete to "bleed," the bottom of a beam should be more dense and have 
a higher rebound reading than the sides or the top. The rebound tests at the ends of 
the beams were made on a concrete specimen with a depth of 21 in., 3% times the 



depth of concrete at any other point, and this may be the reason for the greater read­
ings. 

A study was also made of the relationship between "R" readings taken on the ends of 
6- by 6- by 21-in. beams and readings taken on the sides of 6- by 12-in. cylinders. A 
beam and a corresponding cylinder were made from the same batch of concrete. Half 
of the total number of specimens contained gravel coarse aggregate and the other half 
contained crushed stone. The readings were taken on the beams held against the wall 
whereas the readings on the cylinders were taken with them in the testing machine 
with a small load as described under series 2. The beams were tested for flexural 
strength after the rebound readings were made. 

The rebound values are shown in Table 4 for both beams and cylinders together with 
the actual compressive strength of the cylinders and the flexural strengths of the beams. 
The average of all of the rebound readings on the cylinders for gravel concrete was 

TABLE 2 
REBOUND READINGS ON DRY CYLINDERS AND ON CYLINDERS AFTER 

24 HOURS IMMERSION IN WATER 

Average 
Rebound 
Reading, 

Dry 

Estimated 
Compressive 

Strength^ 
(psi) 

Average 
Rebound 
Reading, 

Wet 

Estimated 
Compressive 

Strei^h^ 
(psi) 

26.8 2,940 25.0 2,620 
27.7 3,100 27.3 3,040 
27.8 3,120 26.9 2,960 
28.3 3,220 26.0 2,800 
28.7 3,280 26. 9 2,960 
29.4 3,420 26.3 2,860 
34.7 4,540 30.5 3,630 
35.1 4,620 32.8 4,120 
35.8 4,780 32.5 4,050 
37.6 5,170 34.4 4,470 

Average: 
3,350 31.2 3,820 28.9 3,350 

Each value is average of 12 readii^s. 
Approximate age of cylinders dry, was 14 days, 
water 24 hours. 

Specimens were then immersed in 

^Estimated values from curve shown in Figure 2. 

TABLE 3 
REBOUND READINGS ON CYLINDERS TESTED AT VARIOUS AGES 

Age 
at Test 
(Pays) 

Average 
Rebound 
Reading' 

Estimated 
Compressive 

Strength^ 
(psi) 

Actual 
Compressive 

Strength^ 
(psi) 

5 21.9 2,110 3,410 
10 25.0 2,620 3,920 
20 28.3 3,220 4,800 

Each rebound reading is average of 12 readings on each of four cylinders. 
Estimated values from curve shown in Figure 2. 
Results of strenth tests on cylinders. 
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T A B L E 4 

RELATION B E T W E E N REBOUND READINGS ON CYLINDERS AND BEAMS 

Gravel Concrete Stone Concrete 
Rebound Reading Actual M. o fR. Rebound Reading Actual M. OfR. 

Side of End of Comp. of Side of End of Comp. of 
Cylinders' Beams' Str of Beams Cylinders' Beams' Str. of Beams 

Cyl. (psi) (psi) Cyl. (psi) (psi) 

24 6 25.5 2,920 475 24.4 26 2 4,020 
3,660 

675 
25.3 23.5 2,380 450 25 7 25. 1 

4,020 
3,660 670 

26.0 25.5 3,220 455 26.3 27 2 4,220 710 
26.6 27.0 3,640 445 27 1 26 0 4,230 735 
26.8 25.2 2,450 490 27.6 28 0 4,560 720 
27.3 27.3 3,630 460 27.8 28 8 4,550 740 
27.9 28.6 3,190 510 28. 1 28.8 4,760 720 
28.4 26.5 3,570 470 28 6 28.8 4,520 785 
29.0 27.3 3,420 420 28 9 28 2 4,740 755 
29.2 28.7 3,380 480 29 4 29 6 4,990 690 
29.7 28.8 3,740 460 29.6 28 4 5,090 720 
29.7 30.7 3,840 470 30. 4 32 6 5,400 725 
29.8 29.7 3,900 440 30 8 30 4 4,850 800 
30.3 31.1 3,490 480 31 1 29 3 4,990 795 
30.4 30.5 4,200 445 31 9 31.4 5,540 735 
31.4 30.6 3,990 480 31 9 33.6 5,840 770 
31.6 30.6 3,820 480 32.2 32.0 5,360 780 
31.6 31.8 3,790 560 32.2 34.4 5,430 840 
31.7 30.8 3,880 535 32.4 31.9 5,140 815 
32 9 30.1 3,860 595 32 6 31.8 5,650 690 
33.0 35.0 4,950 515 33.7 35.3 5,660 930 
33.1 33.4 4,450 610 36.0 37.3 6,010 955 
34.5 33.5 4,640 575 36 0 37 6 6,080 905 
35.2 35.1 4,960 490 38 8 37 5 6,100 775 
35.9 37.0 5,400 590 38.8 38.8 6,330 925 
36.2 40.0 4,780 675 39 1 36.9 6,620 845 
36.2 33.8 4,420 610 40 9 40.2 6,740 925 
38 6 39.4 5,140 595 41 2 39.6 6,890 915 
41.4 40.5 5,440 650 43 7 41 9 7,090 925 

Average: 
31.2 30.9 3,950 515 32 3 32 3 5,350 790 

' Each value is average of 10 or 12 readintrs. 

T A B L E 5 

F I E L D TESTS USING SWISS HAMMER-"R" READINGS ON BEAMS FOR POST-TENSIONED BRIDGE 

Beam 5 
Age 8 Days 

Beam 5 
Age 16 Days 

Beam 2 
Age 35 Days 

Beam 4 
Age 21 Days 

Beam 4' 
Age 29 Days 

35 33 44 33 31 36 38 38 41 39 
36 35 47 36 39 36 38 43 42 37 
39 36 44 34 40 36 38 39 40 38 
37 31 43 39 41 36 36 34 39 43 
37 51' 38 37 38 35 37 40 40 43 
44 37 37 42 37 45' 35 38 38 47 
34 30 44 34 39 34 40 47' 40 37 
41 30 36 38 38 34 35 38 38 37 
36 38 37 41 40 34 40 38 38 44 
34 33 36 34 37 37 36 48' 41 45 
33 35 35 34 48' 38 38 35 39 38 
34 37 38 37 41 37 28' 42 40 39 
35 31 41 38 36 40 41 
33 36 37 36 36 38 37 
39 40 42 39 40 38 42 
Average; 

35.2 38.1 37.0 38.0 40 1 
Estimated comp. str. (psi) 

4,640 5,280 5,040 5,260 5,720 
Actual comp. str. of control cyl. (psi) 

3,700 4,100 4,600 4,600 4,700 
Ratio of est. str. to control spec. 

125% 129% 110% 114% 122% 

Readings not included in average. 
Readings taken after beam had been stressed. 
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31.2, as compared to 30. 9 for the beams made with gravel concrete. The average 
rebound reading was 32.3 for both cylinders and beams made from stone concrete. 

There appears to be a definite relation between rebound readings taken on the ends 
of the beams and the flexural strength for this series of tests. This relation is shown 
in Figure 8. 

The Swiss hammer could be used to estimate the flexural strength of paving con­
crete. Readii^s taken on control beams would indicate increases in flexural strength 
with age. From these readings, the age at which flexural strength tests should be 
made to meet specification requirements may be determined. This would reduce the 
number of control beams necessary. 

FIELD TESTS 
The Swiss hammer was used to estimate the strength of several concrete structures 

in the field. In one case, tests were made on three beam sections cast for post ten­
sioning for use in a concrete bridge. Readings were taken on al l of the beams prior 
to stressing and on one beam after stressing. 

The concrete used in the beams was made with gravel aggregate. Each beam was 
approximately 3 f t wide by 3 f t deep by 75 f t long. Rebound readings were taken along 
the length of the beam at intervals of approximately 3 f t from one end to the center. 
Three readings were taken at each location, one 5 to 10 in. from the top, one at 
the center and the other about 10 in. from the bottom. The beams were cured with 
wet burlap on the job, and were in a moist condition when readings were taken. Fig­
ure 9 shows the hammer being used on these beams. 

Concrete cylinders for control were cast at the same time the beams were made. 
These were stored on the job for 5 days then taken to a laboratory for moist storage 
and testing. 

The rebound readings on the beams, the estimated compressive strength of the con­
crete in each beam as obtained using the curve furnished lay the manufacturer (Fig. 2), 
and the actual strengths of the test cylinders are shown in Table 5. The average es­
timated compressive strengths of the beams from the rebound readings was approxi­
mately 20 percent greater than the average compressive strength of the test cylinders. 
Differences in curing knd testing procedures or in materials used may account for 
this variation. 

The individual rebound readings show very little variation from the average. Only 
a few of the readings were not included in the average. These were excluded because 
the hammer had probably been held against a piece of exposed aggregate or where there 
was a thin layer df mortar over a void. 

The Swiss hammer was also used on the piers of a bridge which were about 2% 
years old. The average compressive strength at 28 days of control test cylinders was 
reported as 4,500 psi. The average estimated compressive strength of this concrete 
at 2% years as determined from the rebound readings given in Table 6 and use of the 
curve in Figure 2 was 5,660 psi. 

The reconstruction of a 38 year old bridge offered an excellent opportunity to try 
the Swiss hammer on concrete in place and on specimens secured for tests in the 
laboratory. This concrete was in good condition. Swiss hammer readings were taken 
at four locations on the vertical face of the hand ra i l of the bridge. The average of 
all rebound readings was 40.9, and reference to Figure 2 showed this value to indi­
cate a compressive strength of 5,850 psi. 

Three prisms approximately 6 in. square and 9 in. high were sawed from the hand 
ra i l at about the same location where the rebound readings were taken. After these 
specimens had been prepared for tests for compressive strength, they were placed 
under a small load in the testing machine. Rebound readii^s taken of these specimens 
had an average value of 41.2, corresponding to an estimated compressive strength of 
5,980 psi. The actual compressive strength of the three prisms corrected for U/D 
averaged 5,470 psi. 

In two of the three trials of the Swiss hammer on concrete structures, direct com-
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TABLE 6 
FIELD TESTS USING SWISS HAMMER- "R" READINGS ON BRIDGE PIER* 

Center Pier Center Pier 
West Pier East Side West Side East Pier 

41 42 37 39 
41 42 31 37 
42 48 43 35 
42 43 37 35 
42 40 38 39 
41 40 38 40 
42 38 43 40 
44 44 50 40 
39 48 42 34 
43 32 34 36 
38 43 34 38 
40 36 41 32 
42 38 42 38 
41 36 39 36 
46 41 40 46 
41 41 40 38 

Average: 
41.6 40.8 39.3 37.7 

Estimated comp. str. in psi 
6,030 5,870 5,550 4,200 

* Concrete approximately 1% years old. Compressive strength of control cylinders at 
28 days, 4,500 psi 

parisons could be made between the actual compressive strength of test specimens 
representing the concrete and the compressive strength as determined from the re­
bound reading and use of the curve given in Figure 2. In both cases, the rebound 
reading indicated a strength 10 to 20 percent higher than was obtained by test of the 
specimens. It is apparent that the curve given in Figure 2 should be used with reser­
vations. For the best determinations, a curve should be prepared showing the rela­
tion between strength and rebound reading for concrete of the same type and composi­
tion as that which wi l l be inspected. 

Considerable wear was found on the face of the striking rod of the Swiss hammer 
after making the tests described in this report. Check tests made in the laboratory 
showed little effect on the indicated reading from this wear. However, for extended 
use it would be desirable to have a harder wearing surface on the face of the hammer. 

Factors Affecting Results of Tests Using Swiss Hammer 
In using the Swiss hammer, there are a number of factors which affect the readings, 

and these should be considered in interpreting the results. Some of these are: 
1. Condition of the surface of the concrete. Readings taken on a polished surface 

are high, whereas readings taken on a rough surface (such as a broomed surface) are 
low. 

2. Moisture condition on the concrete. Concrete in a moist condition gives a lower 
reading than concrete in a dry condition. 

3. Type of coarse aggregate. The t j^e of coarse aggregate used and possibly the 
composition of the concrete affect the amount of rebound. 
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The Value of the Swiss Hammer 
The Swiss hammer provides a quick and inexpensive method for checking the uni­

formity and estimating the strength of hardened concrete. It is not intended as a sub­
stitute for control test cylinders; nor is it intended to give an accurate measure of 
the compressive strength of the concrete. It is valuable for use in the field for "trouble 
shooting," to determine whether test cores are needed and where they should be drilled. 
It may be used to determine the rate of increase in strength of concrete and may also 
be used to determine when forms can be removed or loads applied. It may also be 
used to estimate the extent of damage done to structures by freezing or by f i re , and 
the quality of the concrete in old structures. 
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Discussion 
R. E. PHILLEO, Department of the Army, Civil Works Engineering Division, Concrete 
Branch—The paper "Study of the Use of the Swiss Hammer for Estimating Compressive 
Strength of Hardened Concrete" by W. E. Grieb, which was sponsored by Committee 
B-3, has been reviewed by a member of the committee. His generally favorable re­
view contains the following specific comments. 

Are the curves of Figure 6 least square curves ? One would get a better idea of the 
true differences represented in Figure 6 if the data were analyzed more fully. For 
example, an analysis of variance would be in order to show if the means for the four 
gravels were significantly different. In addition, one could find out if there was justi­
fication for drawing four separate lines on Figure 6. It would be of interest to know if 
the 24-hr immersion mentioned in connection with Table 2 had any effect on the actual 
compressive strenth. Also, it has been suggested that the proportional increase shown 
in Table 3 might not continue for conditions at later ages. The effect of carbonation, 
for example, could cause a change in the relationship. 

A word of caution should be mentioned, because if the surface condition of the con­
crete is poorer than the interior, hammer readings could be misleading. 

W. E. GRIEB, Closure—The purpose of the four curves in Figure 6 is to show the 
small range in the rebound-compressive strength relationship of four different gravels. 
The four gravels were from different locations; however, three of them had similar 
mineral compositions. The data for each curve were limited to seven cylinders. 

The rebound readings shown in Table 2 were taken on the cylinders prior to capping 
and no compressive strength tests were made on those cylinders at the time rebound 
readings were taken. However, compressive strength tests made in the laboratory on 
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dry cylinders and on similar cylinders which were immersed in water for 24 hr usually 
showed higher compressive strength for the dry cylinders. 

Reference was made to the method of supporting the beam while the rebound readings 
were taken. The bearing areas both on the table and against the wall and the mass of 
concrete was much larger for the beams than it was for the cylinders. The beams 
appeared to have enough rigidity to give reliable rebound readings, but the cylinders 
did not. 

It is agreed that some types of disintegration naturally progress inwardly and the 
rebound readings on that concrete may be in error. However, the instrument under 
discussion is only intended to estimate the compressive strength. 



Rapid Freezing and Thawing Test for Aggregate 
R. H. BRINK, Division of Physical Research, Bureau of Public Roads 

This report describes a freezing and thawing procedure which re­
quires about the same test period as the sulfate soundness test. 
The accelerated action of this test resulted from the use of a water-
alcohol solution as the freezing medium rather than water. A home-
type freezer was found to be suitable for conducting such a freezing 
and thawing procedure. The results of freezing and thawing 27 dif­
ferent materials by the water-alcohol method showed that 16 cycles 
of the method are equal in severity to 5 cycles of the sulfate soundness 
tests and are much more severe than 50 cycles of freezing and thaw­
ing in water. Freezing and thawing in the water-alcohol solution, 
however, resulted in a different order of soundness being indicated 
for the various materials than when water was used. The results 
of the sulfate soundness test did not correlate closely with any of 
the freezing and thawing procedures. 

#THE RESISTANCE of aggregates to natural freezing and thawing is a property which 
is difficult to evaluate properly in the laboratory. The test most frequently applied to 
aggregates for this purpose is an accelerated soundness test in which the crystalliza­
tion of sodium or magnesium sulfate is used to simulate the action of ice formation in 
aggregate pore spaces. Although the results of this test show a general correlation 
with the performance of aggregates in service, numerous instances of disagreement 
with known service records have resulted in considerable loss of confidence in the meth­
od. The sulfate soundness test, however, continues to be used extensively because of 
the short test period and the inexpensive equipment required as compared to most lab­
oratory freezing and thawing procedures. 

Further justification for using the sulfate soundness test is frequently based on the 
fact that laboratory freezing and thawing, per se, does not guarantee a correct evalu­
ation of the durability of an aggregate. Freezing and thawing in the laboratory is gen­
erally designed to be more severe than that occurring in nature in order to obtain re­
sults in a reasonable length of time. The greater severity of laboratory freezing and 
thawing not only hastens disintegration, but for some aggregates may cause disintegra­
tion which would not occur under most service conditions. At the present time there 
is no single freezing and thawing procedure which is generally recognized as being 
suitable for evaluating al l aggregates for use under all conditions of e:q>osure. The 
current AASHO method for freezing and thawing of aggregates, T 103, is specified by 
only three of the seven state highway departments which include such a test for aggre­
gates in their standard specifications. The remaining four states have developed other 
procedures which presumably provide more satisfactory results for the aggregates in 
their particular areas. 

PURPOSE OF STUDY 
Although there is often difficulty in interpreting the results of a freezing and thaw­

ing test, such results usually command greater confidence than those obtained by the 
sulfate soundness test. Some specifications, for example, permit the use of an aggre­
gate failing the sulfate soundness test provided it passes a freezing and thawing test. 
In such instances, it is evident that the sulfate soundness test would not be specified at 
all if a freezing and thawing procedure was available which could be performed as 
easily and quickly and did not require e:^ensive refrigeration equipment. The primary 
purpose of this investigation was to study the feasibility of using a procedure and equip­
ment which meet these requirements. 

The Standard Specifications of the Iowa State Highway Commission contain a require­
ment regarding the soundness of concrete aggregates which is based on 16 cycles of 
freezing and thawing in water containing 0. 5 percent alcohol. In most other procedures 
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Figure 1. Cooling rate of 25-cu jTt home freezer. Freezer loaded with 2k pans contain­
ing 1,000 gm samples in i n . of water. 

TABLE 1 
ABSORPTION AND SULFATE SOUNDNESS LOSS OF AGGREGATES 

Absorption 
Vacuum 

Loss of 1- to %-ln . 
Material After 5 Cycles of 

Saturated Sodium Sulfate Soundness Test 
BPR 24 Hours for 15 min Through Through 

Lab. No. Type of Rock (%) (%) y, -in. sieve ft) % -in. sieve (%) 

70124 Limestone 0.6 0.4 4.7 1.3 
78266 do 2.4 2.6 36 1 12.4 
79826 Sandstone 2.2 2.6 33.7 26.6 
81967 do 5.9 8.3 90.1 74.5 
83888 Peridotite 0.6 0.5 13.7 5.2 
89805 Limestone 2.5 3.9 28.9 14.0 
89812 do 0.9 1 1 13.2 4.2 
89813 do 1.3 1 6 17.9 6.4 
89918 do 1.7 2.0 19.1 11.8 
89889 Dumte 0.3 0.2 1.7 0.3 
89892 Limestone 1.9 2.4 16.5 4.6 
89988 do 0.9 0.9 49.0 20.4 
Stock Dolomite 0.2 0.3 4.1 0.5 
94544 Limestone 0.5 0.4 11.5 6.1 
N-74 Light Limestone 7.4 9.2 66.8 28.9 
N-74 Dark Limestone 5.7 6.2 71.5 38.4 
N-92 Limestone 1.8 2.9 2.5 1.0 
N-127 Serpentine 

Diopside 
Garnet 

1.3 1.1 4.9 1.4 

N-162 Dolomite 3.3 3.6 11.1 8.5 
N-163 do 3.7 4.0 25.6 11.1 
N-164 Limestone 3.8 4.1 25.8 8.8 
N-165 do 1.3 1.1 44.1 9.9 
N-166 do 2.2 1.8 55.2 20.5 
N-167 do 0.7 0.7 15.5 3.9 
N-168 do 0.4 0.4 2. 1 1.8 
N-169 Dolomite 0.9 1.0 9.3 1.4 
N-419 Gneiss 

Granite 
Schist 

0.4 0.5 1.8 0.6 
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TABLE 2 
FREEZING AND THAWING OF AGGREGATES BY METHOD A' 

(Samples arranged in order of increasing loss on the %- inch sieve after 50 cycles) 

74-in. Sieve %-ln. Sieve No. 8 Sieve 
BPR Type 16 25 SO 16 25 SO 16 25 50 
No. of Rock Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

Stock Dolomite 1.8 5.0 5.0 0.0 0.0 0.1 0.0 0.0 0.1 
N-419 Gneiss 

Schist 
Granite 

1.0 1.0 1.6 0.1 0.2 0.2 0.1 0.2 0.2 

N-169 Dolomite 2.9 2.9 2.9 0.1 0.3 0.5 0.1 0.2 0.4 
89812 Limestone 2.7 5.4 5.5 0.0 0.3 0.5 0.0 0.2 0.3 
89892 do 0.6 1.5 3.0 0.1 0.3 0.6 0.0 0.3 0.5 
N-92 do 2.8 5.6 6.8 0.0 0.4 0.6 0.0 0.1 0.3 
N-168 do 0.2 0.4 1.3 0.2 0.4 0.6 0.2 0.4 0.6 
83888 Peridot! te 2.3 2.3 2.7 0.1 0.4 0.7 0.0 0.4 0.7 
70124 Limestone 5.0 7.6 9.3 0.0 0.4 0.8 0.0 0.2 0.4 
N-127 Serpentine 

Diopside 
Garnet 

3.1 4.3 6.7 0.1 0. 5 0.9 0.0 0.3 0. 5 

N-163 Dolomite 1.2 5.5 5.6 0.2 0.6 1.0 0.0 0.3 0.5 
89889 Dumte 5.3 6.5 9.0 0.4 0.7 1.0 0.3 0.4 0.7 
N-167 Limestone 0.4 0.4 1.2 0.1 0.4 1.2 0.0 0.1 0.3 
N-165 do 2.1 4.3 7.2 0.2 0.8 1.7 0.0 0.3 0.7 
79826 Sandstone 3.2 3.6 3.6 0.7 1.3 1.7 0.5 1.1 1.5 
89805 Limestone 3.9 3.9 7.3 0.3 1.0 1.8 0.2 0.6 1.0 
N-162 Dolomite 0.4 2.7 7.0 0.1 0.7 1.9 0.0 0.4 0.8 
89813 Limestone 2.2 5.8 10.2 0.6 1.5 2.7 0.1 0.7 1.1 
78266 do 6.2 11.9 22.9 0.3 1.2 3.1 0.0 0.6 1.0 
94544 do 1.9 3.1 12.2 0.5 1.0 3.2 0.0 0. 5 1.8 
N-164 do 5.1 10.6 21.7 0.6 2.3 4.3 0.0 1.0 1.6 
89988 do 1. 5 3.9 20.6 0.5 1.5 6.9 0.1 1.0 3.7 
N-166 do 1.2 4.2 11.2 0.2 1.3 10.8 0.0 0.7 1.2 
89918 do 7.2 13.5 27.4 2.8 5.6 12.4 0.9 2.1 4.4 
81967 Sandstone 5.7 16.9 38.4 2.0 9.0 18.8 1.6 7.3 18. 5 
N-74 Light 

Limestone 30.8 43.'.5 65.7 13.1 21.5 36.9 6.3 9.3 13.7 
N-74 Dark 

Limestone 45.8 76.2 89. 5 15.7 41.0 67.9 3.8 11 4 22.7 

' Samples were vacuum saturated before test for 15 minutes, frozen in 'A in. of water at a temperature between -10 to 
20 F , and thawed In water at 70±5 F . 

where plain water is used, at least 50 cycles of freezing and thawing are considered 
necessary to permit positive identification of sound materials. A test requiring only 
16 cycles and conducted with freezing equipment capable of obtaining at least 3 cycles 
per day, requires about the same testing time as that necessary to perform 5 cycles 
of the sulfate soundness test. In this study, freezing equipment capable of completing 
3 cycles per day was used to test 27 different materials by the Iowa alcohol-water 
method and two other freezing and thawing procedures, thus providing comparative data 
by which the relative severity of the three methods can be determined. The acceler­
ated soundness test using sodium sulfate was also performed on these same materials. 

REFRIGERATION EQUIPMENT 
The refrigeration equipment used for these tests was a 25-cu f t vertical-type home 

freezer. The freezer had four shelves, each containing cooling coils, and readily 
accessible through a door at the front of the unit. Temperature was controlled by a 
thermostat having seven settings. The temperatures corresponding to these settings 
ranged from a high of 10 F to a low of about -15 F. Using the coldest setting, the 
time required to cool samples of aggregate from 70 F to -15 F is shown in Figure 1. 
The temperatures plotted were measured by means of thermocouples placed at the 
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TABLE 3 
FREEZING AND THAWING OF AGGREGATES BY METHOD B' 

(Samples arranged in order of increasing loss on the -inch sieve after 16 cycles) 

BPR 
No 

Type 
of Rock 

Loss of 1-in. to 'A-in. Material /%) 
'A-in. Sieve -in. Sieve No. 8 Sieve 

16 25 " 50"'"" • 16 25 50 16 25 50 
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

0.0 2.3 2.3 0.0 0.2 0.2 0.0 0.2 0.2 

0.9 0.9 2.8 0.3 0.9 1.4 0.3 0.9 1.3 
3.2 5.1 7.1 0.3 0.3 1.2 0.2 0.2 0.4 
0.4 0.4 0.7 0.3 0.4 0.7 0.3 0.4 0.6 
0.6 0.9 4.9 0 6 0.9 1.1 0.6 0.9 1 1 

10 6 10.8 10.9 0.7 0.7 1.6 0.5 1.0 1 5 
3.1 4.3 8.5 0.9 1.7 3.8 0. 5 1.1 2.9 
2 6 6. 5 18. 5 1 0 3.0 7.5 1.0 2.9 7.2 
3. 2 3.2 8.2 1.5 1.9 2.5 0.6 1.0 1.6 
6 6 6.6 26.4 2.4 3. 6 8.6 2.1 3.3 7.2 
8.8 8.8 15.7 2.6 5.6 10.3 2.0 4.1 8.8 

4.4 7.1 13.7 3 5 4. 5 6.9 2.7 3.9 6.4 
15.6 32.1 61.5 5.6 17.7 45.4 5.3 16. 6 44.2 
16.4 21.7 34.8 5 7 8.4 15.2 3.9 5.3 9.1 
7.6 10.2 17.9 6.9 8.4 10.5 5.3 6.6 8.2 

14. 6 29.3 54.8 7.5 14.0 34.1 3.7 8.4 26.2 
26.7 40.8 59.2 8.5 15.9 39.2 5.8 12.8 35.2 
18.2 21.8 31.9 8.6 9.9 17.2 5.6 6.9 11.2 
16.0 24.6 49.2 10.0 14.0 30.4 8.6 12.1 25.4 
38.6 58. 5 88.9 16.1 27.7 59.8 9.9 17.9 44.1 
40. 5 45.9 52.1 17.5 21.6 32.6 12.0 14.1 21 6 
33.7 50.7 76.2 17. 6 23.8 41.8 13.1 17.3 32.8 
29.7 55.1 88 4 18 4 33.0 66.8 14.7 28.1 61.9 
42.1 59.1 91. 5 24.8 41.4 75.9 22.3 38.7 74 2 

59.1 77. 5 94.9 30. 5 48.3 83.2 22.5 34.4 67.3 
66.1 81.8 100.0 31.3 48.8 89.9 20.3 38. 5 85.9 

82 4 89.1 96.7 64.4 74.1 89.1 43.7 60.8 83. 2 

N-419 

N-168 
Stock 
89892 
89889 
83888 
N-92 
79826 
N-169 
70124 
N-127 

94544 
81967 
89813 
89805 
N-167 
N-167 
89812 
89988 
N-165 
89918 
78266 
N-166 
N-162 
N-74 

N-164 
N-74 

Gneiss 
Granite 
Schist 
Limestone 
Dolomite 
Limestone 
Dumte 
Peridotite 
Limestone 
Sandstone 
Dolomite 
Limestone 
Serpentine 
Diopside 
Garnet 
Limestone 
Sandstone 
Limestone 

do 
do 

Dolomite 
Limestone 

do 
do 
do 
do 
do 

Dolomite 
Light 
Limestone 

do 
Dark 
Limestone 

' Samples were vacuum saturated before test for 15 minutes, frozen in % in. of a 0. 5 percent alcohol solution at a 
temperature between -10 and -20 F , and thawed in the same solution at 70+5 F . 

center of 1- to % - i n . particles stored in in. of water. The freezer was initially at 
-15 F and was fully loaded with 24 pans each containir^ 1, 000 gm of material at room 
temperature. Under these conditions, the temperature of the particles was reduced 
to below 0 F after 3 hours, but between 372 and 4 hours was necessary to cool the 
samples to -15 F. 

TESTING PROCEDURES 
In the tests reported here under methods A, B, and C, only two cycles of freezing 

and thawing were obtained each 24 hours because of limited personnel. Samples re­
mained in the freezer for 6 hours during the working day and 16 hours overnight. The 
thawing period was about 1 hour. It was demonstrated in later tests that i t was prac­
tical to obtain 3 cycles of freezing and thawing in 24 hours by using two 372 -hour 
freezing and three 7a -hour thawing periods during the working day. Al l samples con­
sisted of approximately 1,000 gm of 1- to % - i n . material which had been originally 
ovendried. A l l freezing was done at -15+5 F and all thawing at 70+5 F in a circulating 
bath. Otherwise, the three procedures covered by this report had the following dis­
tinguishing features: 

Method A. Samples were saturated with water before test by f i rs t being subjected 
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TABLE 4 
FREEZING AND THAWING OF AGGREGATES BY METHOD C' 

(Samples arranged in order of increasing loss on the '/,-iacb sieve after 50 cycles) 

LiOss of 1-in to % -in. Material (%) 
% -in. Sieve %-in. Sieve No. 8 Sieve 

BPR Type 16 25 50 16 25 50 16 25 50 
No. of Rock Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

N-127 Serpentine 
Diopside 
Garnet 

2.2 2.2 2.4 0.0 0.0 0. 2 0.0 0.0 0.1 

N-419 Gneiss 
Granite 
Schist 

0.0 0 1 1.2 0.0 0.1 0. 2 0 0 0.1 0.2 

Stock Dolomite 3.1 3 9 3.9 0.1 0 1 0.2 0.1 0.1 0.1 
N-92 Limestone 1.2 1.4 1.6 0.1 0.2 0.3 0.1 0 2 0 3 
N-163 Dolomite 1.9 3.9 4 8 0.1 0.3 0.3 0.0 0 1 0.1 
70124 Limestone 3.3 3.7 3.7 0.3 0.3 0.3 0.1 0.1 0.1 
N-168 do 0.0 0.2 1 3 0.0 0.2 0.4 0.0 0.2 0.4 
89892 do 0.0 0.3 1.6 0.0 0.3 0.4 0.0 0.2 0.4 
89805 do 0.0 0.3 2.1 0.0 0.3 0.4 0.0 0.3 0.4 
N-162 Dolomite 1.3 2.9 7.6 0.1 0.3 0.4 0.0 0.2 0.2 
N-169 do 0. 2 1.2 1.2 0.2 0.3 0.4 0.2 0 2 0.4 
N-167 Limestone 3.0 3.1 9.9 0.1 0.3 0.5 0.0 0.1 0. 2 
89812 do 1 1 1.2 1.3 0.3 0.3 0.5 0.3 0.3 0. 5 
89889 Dunlte 1. 5 2.9 3.7 0.4 0. 5 0.7 0.3 0 4 0.6 
79826 Sandstone 1.3 1 3 3.0 0.5 0. 5 0.9 0.3 0.4 0.8 
N-164 Limestone 3.1 3.1 4.1 0.0 0.9 1.1 0.0 0 6 0.6 
N-166 do 1.7 4 8 6.1 0.4 0. 7 1.4 0.2 0.4 0.6 
N-165 do 0.2 0.7 4.1 0.2 0. 7 1.6 0.0 0.4 0.6 
78266 do 4.9 6.9 10.6 0.2 0. 7 1.6 0.1 0.4 0.7 
83888 Pendotite 0. 6 1.1 1.7 0.6 0 9 1.6 0.6 0.9 1. 6 
89813 Limestone 3.8 5. 2 8 5 2.2 2. 2 2.7 0 1 1. 5 2.0 
94544 do 8.2 8 6 10.0 1.6 2.1 3.1 0.7 1.0 1.9 
89918 do 1.9 4. 5 5.3 1.1 1.9 3. 6 0.7 1.1 2.1 
81967 Sandstone 6.7 8.8 9 6 0.9 2.7 4. 5 0.7 2.6 4.4 
89988 Limestone 2.7 4.1 10.8 0.7 1.1 5.4 0.4 0.9 3.2 
N-74 Light 

Limestone 5.9 9.6 16. 6 2 3 4.3 7.9 1.0 2.8 5.2 
N-74 Dark 

Limestone 6.0 12.1 31.1 3 3 5.7 13.6 1.9 3.4 6.7 

' Samples were saturated for 24 hours before test, frozen in air at a temperature between -10 and -20 F and thawed 
in water at 70i5 F . 

to an air pressure reduced to about 1 in. of mercury and then submerged in water for 
15 minutes while the vacuum was maintained. Samples were frozen in 8- by 12-in. 
pans containing Vi in. of water. Thawing was done in water. 

Method B. Samples were vacuum-saturated with water as in method A, but were 
frozen in 8- by 12-in. pans containing in. of the alcohol-water mixture (0. 5 per­
cent alcohol). Thawing was done in this same alcohol-water mixture. 

Method C. Samples were saturated before test by being submerged in water at 
atmospheric pressure for 24 hours. Samples were frozen in air using sieves as con­
tainers and were thawed in water. 

DISCUSSION OF RESULTS 
Table 1 shows the absorption and sodium sulfate soundness losses for each of the 

materials used in this study. Their resistance to freezing and thawing was determined 
after 16, 25, and 50 cycles by measuring losses through the % - i n . , % - i n . , and No. 
8 sieves. These losses by methods A, B, and C are shown in Tables 2, 3, and 4 
respectively. 

Although each of the freezing methods used in this study is patterned after a pro­
cedure followed by a state highway laboratory, the specification limit prescribed by 
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T A B L E 5 
RELATIVE SEVERITY OF THREE METHODS OF FREEZING AND THAWING 

BPR No. Type of Rock 

Loss on 
Va-in. Sieve 

After 50 Cycles 
of Method C 

Number of Cycles 
Equivalent to 50 Cycles 

of Method C' 
Method A Method B 

N-92 Limestone 0.3 22 5 
70124 do 0.3 22 3 
N-168 do 0.4 25 17 
89892 do 0.4 33 25 
89805 do 0 4 17 1 
N-167 do 0.5 28 1 
89812 do 0. 5 50 1 
N-164 do 1.1 19 1 
N-166 do 1.4 26 1 
N-165 do 1.6 48 2 
78266 do 1.6 30 2 
89813 do 2.7 50 8 
94544 do 3.1 48 14 
89918 do 3.6 19 3 
89988 do 5.4 45 9 
N-74Light do 7.9 9 4 
N-74 Dark do 13.6 6 3 
Stock Dolomite 0 2 100 10 
N-163 do 0.3 18 1 
N-162 do 0.4 17 1 
N-169 do 0.4 37 4 
Average (21 carbonate-type rocks) 32 6 
N-127 Serpentine 0.2 18 2 

Diopside 
Garnet 

N-419 Gneiss 0.2 25 25 
Granite 
Schist 

83888 Peridotite 1.6 100+ 50 
89889 Dunite 0.7 25 19 
79826 Sandstone 0.9 19 14 
81967 do 4. 5 19 13 
Average (6 miscellaneous-type rocks) 34 20 
Average (27 samples) 32 9 

' This value is the number of cycles required to produce the same loss on the Vs -In. sieve as 50 cycles by method C, 
as estimated by consideration of the losses obtained at 16, 25, and 50 cycles. 

that state is not necessarily applicable to the results obtained here. For example, in 
the case of method B, the Iowa specifications make provision for testing a sample 
graded down to the No. 4 sieve with the loss to be determined on a No. 8 sieve. The 
loss on a No. 8 sieve wil l tend to be greater for such a graded sample than for 1-in. 
to V4-in. material of the same quality such as used in this study because many of the 
particles in the graded test sample wil l be closer in size to the sieve used for deter­
mining the loss. However, these results do provide a means of directly comparing 
the severity of each of the three freezing and thawing procedures. In Table 5, this 
comparison is made in terms of the equivalent number of cycles of methods A and B 
which would produce the same destructive effect as 50 cycles of method C. Consider­
ing the entire group of 27 samples, method A (freezing in water) required about two-
thirds and method B (freezing in alcohol-water) about one-fifth the number of cycles re­
quired by method C (freezing in air) to produce the same action. The greater severity 
of method B over methods A and C was more pronounced for the carbonate-type rocks 
than the miscellaneous types, although the limited number of samples In this latter 
group precludes drawing a general conclusion to that effect. Comparisons for individ­
ual samples also indicate that the relative severity of the three methods varies con­
siderably for different materials. 
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Since the rates of freezing and thawing were the same for the three procedures 
covered by this report, it might be expected that differences in degree of saturation 
of the particles during freezing would account for differences in destructive effect of 
the three methods. It is reasonable, for example, to attribute the low losses obtained 
by method C, where freezing was done in air, to the reduced amount of water in the 
aggregate as a result of partial drying taking place in the freezer. The greater sever­
ity of method B where alcohol was used, as compared to methods A and C, is believed 
to result from the increased absorption caused by the alcohol. It was determined, for 
example, that the absorption of aggregates which had been subjected to several cycles 
of freezing and thawing in the 0. 5 percent water-alcohol mixture was greater than the 
absorption of similar samples which had been frozen in plain water. Alcohol did not, 
however, increase the absorption of aggregates when they were simply immersed in 
the mixture without freezing. 

It is of interest to compare the relative order of soundness of the 27 samples as 
determined by each freezing and thawing procedure. To help visualize this compari­
son, losses of all materials by the three methods were plotted in Figure 2, the samples 
being arranged from left to right in order of increasing loss by method A. It is evi­
dent that arranging the samples according to their losses by either of the other methods 
would have produced a different order. The difference in order of soundness found 
by comparing results obtained by methods A and C could result from sampling varia­
tions or the general lack of preciseness which is common to any freezing and thawing 
method. However, the difference between results obtained by method B compared to 
method A or C is sufficiently great to preclude an explanation based entirely on such 
factors. It is possible that the different order of soundness found by method B is re­
lated to the relatively advanced state of disintegration of many samples after 16 cycles 
of this method as compared to 50 cycles of the other methods. Another possibility is 

METHOD B ( A L C O H O L ) 
16 C Y C L E S 

METHOD A ( W A T E R ) 
50 C Y C L E S 

METHOD C ( A I R ) 
50 C Y C L E S 

SAMPLE 
IDENTIF ICATION O) <ri CM CM N 

g y 

Figure 2 . Comparison of freezing Etnd thawing loss by methods A, B and C . Samples ar­
ranged from l e f t to right i n order of increasing loss by method A. 
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Figure 3. Relation between the losses by the sulfate soundness test and freezing and 
thawing methods A, B and C. 

that the alcohol method may be introducing some destructive process in the freezing 
and thawing procedure which is inherently different than that involved in methods A 
and C. 

This possibility raises the question of agreement of the findings of the alcohol-
water method with the service record of the materials tested. To determine this, 
the submitters of the samples were asked to furnish information of the behavior of 
the materials in service. Replies were obtained for 22 of the 27 materials. Of these 
22 materials for which dependable service records were obtained, 12 were rated as 
either unsound or questionable and had losses by method B of 5. 7 percent or more. 
Of the 10 materials rated as sound, 9 had losses by method B of 3. 5 percent or less 
and one had a loss of 7. 5 percent. Hence, in all but one instance, a good separation 
was made between sound and questionable materials. 

Although the feasibility of substituting a freezing and thawing procedure for the 
sulfate soundness test should not hinge on obtaining good correlation between the two 
types of test, a comparison between results obtained by the sulfate method and those 
obtained by methods A, B, and C is made in Figure 3. The horizontal scales were 
adjusted so that except for a few points^ the plotted values occupy about the same hor­
izontal distance for each of the three freezing and thawing methods. Losses obtained 
after 5 cycles of the sulfate test greatly exceeded the losses obtained by methods A 
and C but were approximately equal in magnitude to those obtained by method B. How­
ever, it is apparent from the scattering of points in Figure 3 that the sulfate test does 
not correlate closely with any of the freezing and thawing methods used in this study. 

The results of this study should not be interpreted as a recommendation that the 
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alcohol-water method of freezing and thawing aggregates be blindly substituted for the 
sulfate soundness test as a method of judging the durability of aggregates. It is suf­
ficient for the purpose of this study that those having the responsibility of selecting 
sound materials be made aware of the existence of such a procedure as well as the 
availability of inexpensive equipment for its rapid performance. By thus demonstra­
ting the procedure, it is hoped that others wi l l be moved to investigate the suitability 
of such a method, or some modification of it, for use with the materials with which 
they are immediately concerned. 

CONCLUSIONS 
1. Ahome-type freezing unit proved satisfactory for rapid freezing and thawing 

tests of aggregates. Three cycles per day were possible with a minimum freezing 
temperature between -10 and -15 F. 

2. Sixteen cycles of method B, which involved freezing and thawing in a 0. 5 per­
cent alcohol-water solution, was equally as effective as 5 cycles of the sodium sul­
fate test, but was much more destructive than 50 cycles of method A with freezing and 
thawing in plain water, or method C, with freezing in air and thawing in water. 

3. The order of soundness of the materials used in this study was significantly 
different when determined by method B and either method A or C. However, the 
losses obtained by method B were in reasonable agreement with the service records 
of the 22 materials for which such information was available. The results of the sul­
fate soundness test did not correlate closely with the results obtained by any of the 
freezing and thawing procedures. 

HRB:0R-201 



r p H E NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-
I CIL is a private, nonprofit organization of scientists, (dedicated to the 

furtherance of science and to its use for the general welfare. The 
ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern­
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote efl'ective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the ACADEMY-COUNCIL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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