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A laboratory research program on abrasion resistance of con
crete surfaces, including the development of an impact-type 
abrasion test for testing of cored specimens, is described. 
Variables incorporated in this study were slump, finishing, 
curing, surface treatments (linseed oil and monomolecular 
film), and the use of admixtures. Sand with a low mortar 
strength was substituted for the laboratory stock sand in two 
tests. In addition to the abrasion tests, hardened concrete 
specimens were examined for air content and void distribution 
by the linear traverse method. A brief summary of reports 
by others on the causes and prevention of concrete wearing 
surface deterioration is also presented. 

The abrasion samples were cored from laboratory slabs 
constructed to simulate some of the field conditions and other 
factors encountered in placing, finishing, and curing of con
crete bridge decks and pavement. Although the data presented 
are limited in scope, relative values of "abrasion losses" are 
established and are indicative of what might be expected in the 
field. 

Test results show that slump, curing, and time of finishing 
are the most important factors affecting the abrasion resis
tance of concrete surfaces. Concrete receiving an application 
of a monomolecular film to retard evaporation during the fin
ishing period showed an increase in abrasion resistance. A 
two-coat surface treatment of linseed oil, applied when the 
concrete had partially dried, was found to increase abrasion 
resistance appreciably regardless of other variables. 

•IN recent years, the deterioration of concrete wearing surfaces has become a major 
problem. This deterioration takes many forms, among which are scaling, raveling, 
abrasion, spalling, pitting and cracking. Highway Research Board Bulletin 323, 1962 
(1), provides a comprehensive analysis of the problem and suggests preventive mea
sures that may be taken both during and after construction. This Bulletin deals pre
dominantly with the effects of deicing chemicals on concrete structures. The use of 
these chemicals is considered to have contributed to the observed increase in scaling 
and possibly other concrete defects as well. 

Although air entrainment has been shown (1, 2) to provide protection against damage 
from deiCing agents as well as from freezing and thawing, poor construction practices 
can negate much or all of this protection. Oleson (1, pp. 16-18) has cited an instance 
where the air content of concrete cores varied considerably between the surface and 
other height levels of the core. In this case, two cores were taken from adjacent lanes 
of a concrete pavement; one from a lightly scaled area, the other from an undamaged 
area. Both cores had a total air content of over 5 percent as determined by the linear 
traverse method. However, a determination of top surface air content revealed 3. 7 
percent air in the core from the scaled area, whereas the core from the unscaled area 
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Figure l . Bridge de c k de te rioration . 

Figure 2. Concrete pavement surface deterioration. 
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had 7. 6 percent air at the surface. Based on observations and photographs made during 
construction of the pavement, the low surface air content of the scaled area was attri
buted to the excessive use of water sprinkled on the surface as an aid in finishing. 

Excessive floating and overvibration can create a layer of surface mortar which will 
be weak and subject to early scaling and abrasion. These practices may also drive out 
entrained air making the surface susceptible to damage from deicing salts and freezing 
and thawing. Rigid adherence to the specifications through proper inspection and con
trol testing can eliminate much of the danger of concrete deterioration due to these and 
other poor construction practices. 

There remains some doubt that improvements in concrete technology and construction 
methods will ever completely solve the problem of concrete deterioration. Mitchell (3) 
is of the opinion that water is the common denominator of all generally recognized type s 
of concrete deterioration, and a high degree of imperviousness is necessary to achieve 
permanent durability. Since concrete is essentially a porous product, he believes that 
surface treatments are necessary to insure adequate imperviousness. 

Numerous materials have been investigated for use in sealing concrete surfaces. 
Among these are bituminous products, silicones, latexes, epoxy resins, vegetable oils, 
and special curing compounds. The primary objective in most of the investigations of 
surface treatments was to determine the effectiveness of the product in the prevention 
of surface scaling caused by deicing chemicals. 

Linzell (1, pp. 95-96) has reported that the Ohio Department of Highways experi
mented with- surface treatments in 1941. A mixture of linseed oil and kerosene was ap
plied to five 1-mile sections of non-air-entrained concrete pavement. Remarkably 
improved resistance to scaling was claimed after repeated observations during subse
quent years. Details concerning the mixture and the rate of application are not reported. 

In a study by Smith of the Ontario Department of Highways (1, pp. 72-94) various 
surface treatments were evaluated to determine their effect on f reeze-thaw durability 
and scaling resistance of concrete. The study consisted of the examination of existing 
treated structures and pavements, controlled field trials, and laboratory tests. Some 
phases of the investigation were not complete at the time this report was made and only 
limited conclusions could be drawn. Both laboratory and field tests indicated that sili
cones did not give lasting protection to concrete. Laboratory and field results with a 
50: 50 mixture of linseed oil and kerosene were contradictory. Although laboratory tests 
indicated that ultimate durability was probably not improved, field tests showed that 
two coats of the linseed oil-kerosene mixture offered effective protection, at least 
during the first winter. Since 19 59, all new concrete pavements in Ontario have been 
treated with two coats of the linseed oil mixture and the general conclusion is that this 
is an effective and economical method of protecting concrete against freeze-thaw dam
age and scaling. 

Wisconsin, as reported by Aten (1, pp. 15-16), has used silicones as a preservative 
treatment during construction, but field observations indicate that such treatments are 
not particularly effective. They are now experimenting with other types of surface 
treatments such as linseed oil, rubberized asphalt seal coats, and epoxies. 

Faul and McElherne (1, pp. 19-22) wrote that in Iowa pavements and bridge decks 
placed after October 15, - 1961, and which were to be subjected to deicers, were treated 
with two coats of a linseed oil emulsion. Michigan, according to Finney (1, pp. 26-42), 
has experimented with various water repellants and surface penetrants. Laboratory 
tests indicate two coats of linseed oil to be as good or better in preventing surface scale 
than any of the proprietary products studied. 

In controlled laboratory tests performed by the Bureau of Public Roads (4), the ap
plication of two coats of linseed oil was found to be beneficial in preventing or delaying 
scaling caused by the use of deicing chemicals. The improvement in scaling resistance 
was minor for air-entrained concrete, but very pronounced for non-air-entrained con
crete. The use of boiled linseed oil resulted in equal or slightly better resistance to 
scaling than raw linseed oil. The BPR Office of Research and Development now rec
ommends the use of linseed oil applications where deicing chemicals are used. 

The Texas Transportation Institute (5) has also conducted a study to determine the 
effectiveness of various waterproofing compounds. Eighteen products were evaluated 
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by wetting and drying tests and freeze-thaw tests on non-air-entrained concrete. Re
sults indicate that a two-coat treatment with linseed oil was the most effective of the 
products tested in reducing movement of water through concrete and in protecting 
against freeze-thaw damage. 

California has also experienced problems with concrete surface deterioration in 
some mountainous areas. Some loss of surface has occurred in both pavement and 
bridge decks. Air entrainment was specified for all concrete in these freeze-thaw areas, 
but such defects as scaling and raveling have appeared, suggesting the possibility that 
either not enough air was entrained, or that surface finishing removed air needed at the 
surface for frost protection. Deterioration of bridge decks was so extensive that in 
1964, a contract was let to resurface 34 decks with an epoxy-type overlay to retard 
further deterioration. The average age of these bridges was about five years. 

The problem of concrete distress is not limited to mountainous regions where it is 
thought that deicing chemicals have contributed to the rapid deterioration of concrete 
surfaces. A highway near Los Angeles shows scaling and abrasion damage, although it 
is not subjected to freezing temperatures. Whether or not common factors exist which 
contribute to surface deterioration in these completely different environments has not 
yet been determined. 

Kennedy and Prior (6) summarize much of the work done on abrasion resistance with 
an emphasis on the methods of testing. They point out that cement factor, air content, 
and curing have all been shown to be important factors. They concluded that since these 
factors are related to compressive strength, it is reasonable to accept strength as a 
criterion of wear resistance. Witte and Backstrom (7) also state that compressive 
strength is the most important factor controlling the abrasion resistance of concrete, 
abrasion resistance increasing as compressive strength increases. If compressive 
strength could be accepted as the sole criterion for abrasion resistance, the solution to 
the problem would be relatively simple: merely specify high strength concrete where
ever surfaces are subject to abrasion. However, abrasion has also been noted on sur
faces of concrete with relatively high compressive strength (above 4, 000 psi). It appears, 
therefore, that other factors must be considered as affecting abrasion resistance, and 
compressive strength alone cannot be used as a criterion for durable concrete. 

Concrete surfaces with poor durability have been a problem on some highways in 
California. In an effort to find means of improving surface durability, particularly of 
wearing surfaces, a research project was initiated by the Materials and Research De
partment. It was hoped that a test could be developed to measure the surface quality of 
concrete and to correlate this test with concrete performance in the field. Since this 
goal has not been fully realized, further work is planned to correlate the findings re
ported here with field performance. 

TEST METHOD DEVELOPMENT 

From literature research, it was found that various test methods have been used hy 
investigators to determine resistance of concrete to surface wear. Among these are 
the dressing-wheel, revolving disk, shot-blast, rolling steel balls under pressure, and 
a modified Los Angeles rattler. These methods have met with varying degrees of suc
cess. 

Since it was felt that an impact-type test might be more satisfactory for evaluating 
abrasion resistance, a test method of this type was devised. This was done by mod
ifying an existing test which had been developed for determining the surface loss of a 
compacted bituminous mixture (8) when subjected to impact abrasion. The complete 
procedure, as adopted and used1n this project, is described and illustrated at the end 
of this report. Briefly, the test consists of placing a 4-in. diameter by 2-in. high 
specimen in a 5-in. high container, adding steel balls and water, and shaking for three 
.....,..;,....,.n~,....o:'I """" ...,, ,........,onh..,n;n.,,l oh-:ilra"t' 
.1..1..&..L.L.LY."'""~ ........... IL.&. ........................ '-'-& .. .&. .................... .. .. _. ___ • 

In preliminary tests, specimens were fabricated individually in gang molds. How
ever, with this method, it is difficult to duplicate fabrication and finishing procedures. 
Another method involved casting concrete slabs 2 in. thick from which a number of 
cores could be taken. This practice did produce more consistent results, but coarse 



TABLE 1 

AGGREGATE GRADINGa 

Sieve Size Percent Passing 

%-In. 
3/e-In. 

No. 4 
No. 8 
No. 16 
No. 30 
No. 50 

100 
65 
44 
35 
26 
17 
8 

aSand was reduced 2 percent for air-entrained 
mixes. 
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aggregate near the surface could still 
cause a nonuniform finish. To improve 
on the uniformity of the concrete surfaces 
and to simulate field conditions, the block 
thickness was increased to 5 in. Although 
this necessitated sawing each core to the 
2-in. test height, it is believed that more 
realistic results were obtained. The ap
pearance of the concrete surfaces after 
the impact abrasion test is very similar 
to the abraded concrete surfaces observed 
in the field. 

TEST PROGRAM 

A test program was designed to provide 
a comparison of the effects of various simulated field conditions, the use of certain ad
mixtures, and the application of surface treatments on abrasion resistance. The test 
program included the following variables: slump, finishing, curing, admixtures con
sisting of one air-entraining agent and two water-reducing retarders, a fine aggregate 
which had failed the mortar strength test, and surface treatments with linseed oil. 
Blocks were also treated with a monomolecular film which is intended to retard water 
evaporation during the finishing period. Twenty-six 14 x 21 x 5-in. blocks were fabricated. 

Figure 3. Vibration of test block. 

Figure 5 . Fog spray being applied to concrete 
during delayed finishing process. 

Figure 4. Floating process . 

Figure 6. Finished block showing broomed surface. 
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Time After 
Vibration (min) 

15 

30 

45 

180 

TABLE 2 

FINISIDNG PROCEDURES 

Early Finish 

Strike off 'la in. high (1/s"in. high wood 
strips placed on top of forms, then re
moved aftP.r strikP.-off lP.aving P.XP.P.ss 
material to be removed during subse
quent finishing) with 2 passes of float; 
alternate direction of each pass. 

Float in 4 passes, removing approximately 
one-half of excess mortar. 

Float in 4 passes, removing excess 
mortar down to top of form; broom the 
surface. 

No further treatment. 

Delayed Finish 

Same as early 

Spray with water, float 
in 4 passes removing 
approximately one
third of remaining 
excess mortar. 

Spray with water, float 
in 4 passes removing 
one - half of the re
maining excess 
mortar. 

Spray with water, float 
in 4 passes removing 
excess mortar down 
to the top of form; 
broom the surface. 

Since mixing had to be spread over an 8-day period, the variables to be mixed each 
day were selected by a statistically random method. 

Fabrication 

Test concrete was made using %-in. maximum size aggregates from the American 
River near Sacramento (Table 1). An exception was made in two of the mixes where a 
lower quality sand was substituted for the American River sand. Cement was Type II 
modified at 6 sacks/cu yd. Mixing was done in an open tub-type mixer following a 
standard laboratory procedure. Slump, unit weight, and air content was determined 
and the concrete was then placed in 14 x 21 x 5-in. wooden molds. A 1 Y4-in. stinger
type vibrator was used for compaction by quickly inserting the tip of the vibrator into 
the concrete and removing it just slowly enough not to leave a void (Fig. 3). The same 
pattern of 20 vibrator strokes was used on each test slab. 

Finishing 

In an effort to simulate bridge deck finishing, the procedures in Table 2 were fol
lowed for the two conditions indicated (also see Figs. 4, 5 and 6 ). 

Curing 

For those blocks receiving a standard cure, wet mats were applied as soon as the 
surface sheen had left the concrete. Forms were removed the following day and the 
concrete blocks placed in the moist curing room. When the concrete was 7 days old, 
the test blocks were removed from the moist curing room and stored in laboratory air 
which is maintained at approximately 73 F and 50 percent relative humidity (Fig. 7). 

Thn~e ui ihe ie::si ulul;k::; i·el;dveu a freezin~ i: reai:ment intended to simulaie unex
pected freezing condit.ions which might occur during construction (Fig. 8). After 
approximately 24 hours of moist curing, the block was placed in a freezer and exposed 
to air at 15 F for 8 hours a day on 3 consecutive days. Blocks were covered with wet 
mats when not in the freezer. Thermocouples placed in the concrete indicated minimum 



Figure 7. Storage in laboratory air. 
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Figure 8. Blocks being frozen during early curing 
period. 

temperatures of 24 Fat a 1-in. depth and 
27 F at 2 in. At 4 days of age, the con
crete blocks were stripped from the molds 
and placed in the moist curing room. They 
remained there for three days before being 
removed and stored in laboratory air. 

To simulate a lack of proper curing 
Figure 9. Test blocks in 100 F oven. during the first three days following place-

ment, 8 test blocks were left uncovered 
for the first 24 hours, then placed in a 

100 F oven for eight hours a day on three consecutive days (Fig. 9 ). Blocks were 
stored in laboratory air when not in the oven. After the "drying" period, blocks were 
stripped from the molds and placed in the moist curing room where they remained for 
three days before being removed and stored in laboratory air. 

Monomolecular Film Surface Treatment 

A series of blocks were sprayed immediately after strike-off with a solution to pro
duce a monomolecular film which retards evaporation of the water from the fresh con
crete surface. The material was supplied in a concentrated form, but was diluted with 
water according to the manufacturer's directions to an 80:1 solution before applying. 
Rate of application was 1-gal solution to 250 sq ft of concrete surface. 

Linseed Oil Surface Treatment 

A number of blocks received a two-coat treatment of linseed oil when the concrete 
was 14 days old. For the first coat, the linseed oil was diluted 1 :1 with turpentine and 
the solution applied at the rate of 1 gal per 360 sq ft. The second coat was applied un
diluted at 1 gal per 600 sq ft. 

Admixtures 

The air-entraining agent used was a Vinsol resin product. Two water-reducing re
tarders were used; a hydroxylated carboxylic acid type at 3-fl oz per sack of cement, 
and lignosulfonate type at 0. 25-lb per sack. No adjustments in aggregate proportions 
were made when the retarders were used, but sand was reduced 2 percent for the air
entrained mixes. 
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Low Quality Sand 

In making two of the blocks, stock sand 
was replaced by sand of lower quality.' The 
lower quality material had a relative mor
tar strength of about 80 percent as deter
mined by Test Method No. Calif. 515 (a 
modification of ASTM C 109), compared 
to 9 5 percent for the stock sand. 

Test Specimen Preparation 

Test blocks were cored when the con
crete was 17 to 19 days old (Fig. 10). 
Five 4-in. diameter cores were taken from 
each block for the abrasion test. An addi
tional core was taken from selected blocks 
for determining void characteristics by the 
linear traverse method. 

Since the abrasion specimens were to 
Figure 10. Coring operation. be 2 in. high, the bottom 3 in. of each core 

was cut off and discarded (Fig. 11). The 
cores for void determination were sliced 

horizontally so that sections at the top surface, 1/2 in. below the top surface, and in two 
cases, the center of the core, could be examined individually. 

Abrasion test specimens were placed in water to soak 24 hours before testing, in 
accordance with the adopted test procedure. At 21 days of age, specimens were tested 
(Fig. 12) according to the method described in the Appendix. 

DISCUSSION OF FINDINGS 

The results of losses on all five specimens from one slab were averaged to produce 
one test result. These results were compared to a control slab constructed to simulate 
our standard field practice on bridge decks. Individual variables were then isolated by 
averaging abrasion losses for all combinations having common factors for the two con
ditions of the variable selected for study. Thus, the effect of slump, for example, was 
compared in several different mixes involving different cures, finishing techniques, 
admixtures, and surface treatment. 

Since the isolated effect of each variable was generally the same regardless of other 
variables involved, we believe the conclusions drawn relative to the effect of the factors 
selected for study are valid. Further study is needed before we can use abrasion loss 
as determined by this test method, as a quantitative measure of concrete surface 
durability. 

Table 3 gives fresh concrete properties, test variables, abrasion losses on the hard
ened concrete at 21 days of age, and the relative abrasion losses. The effects of each 
variable on abrasion loss are shown in Table 4. 

Figure l l. Specimens before and after sawing to 
2-in. test height. 

Effects of Slump 

Four of the five comparisons between 
slumps of 3 in. and 6 in. show that this 
increase in slump causes an increase in 
abrasion loss, the average increase being 
about 15 percent (Table 4a). 

li'f.f.aJ"'i-o nf 'J;'inlchi'ncr ................. _._. ....... ..,, ... .- .......... .--~--o 

Results of tests on specimens which had 
received a delayed finish show that the av
erage abrasion loss was decreased about 



TABLE 3 

ABRASION LOSS, TEST VARIABLES AND FRESH CONCRETE PROPERTIES 

Abrasion Test Results Fresh Concrete Properties 
Slab 
No. Nominal Surface Wt. Loss Avg. Wt. % of Std. Slump Air Unit Wt. W/C 

Slump Finish a Cureb Admixturec 
Treatmentd Range (gm) Loss (gm) (No. 1) (in.) (%) (pcf) (lb/sk) 

(in.) 

1 3 E Std. None None 25-27 26. 2 100 3. 0 1. 4 154. 2 47. 5 
2 3 D Std. None None 16-24 20.4 78 2. 5 1. 4 154. 0 47. 2 
3 6 D Std. None None 20-27 23.0 88 5. 25 0.8 153. 8 51. 5 
4 3 D Std. AE None 18-24 20. 2 77 2. 75 4.9 145. 8 43. 8 
5 6 D Std. AE None 22-26 24.0 92 5. 5 6.0 144. 1 47.8 
6 3 D Adv. None None 22-27 24.0 92 2. 5 1. 4 153. 8 46.8 
7 6 D Adv. None None 25-36 30.0 115 5. 5 1. 3 152. 2 52. 2 
8 6 E Std. None None 23-27 25. 4 97 6. 0 1. 2 152. 7 52. 2 
9 3 E Adv. None None 30-42 37. 6 144 2. 75 1. 2 153. 6 47.2 

10 3 D FT None None 20-25 22.4 85 2. 5 1. 4 153. 8 46.8 
11 3 E Std. None LO 17-22 18.6 71 2. 5 1. 4 154. 2 46. 1 
12 3 D Std. None LO 12-17 14. 4 55 2. 5 1. 4 154. 0 47. 2 
13 6 D Std. None LO 14-20 18.6 71 5. 25 0.8 153. 8 51. 5 
14 6 D Adv. None LO 15-22 17. 6 67 5. 5 1. 3 152. 2 52. 2 
15 3 E FT None None 23-30 26. 2 100 3. 0 1. 3 152. 2 48. 1 
16 3 E FT AE None 25-30 27.8 106 2. 5 5. 2 147.9 44. 1 
17 3 E Std. None MM 18-22 20.2 77 2. 5 1. 2 153. 3 47.2 
18 3 E Adv. None MM 26-36 31. 2 119 3.0 1. 2 153. 8 47.5 
19e 3 E Std. None None 24-29 26. 2 100 2. 75 1. 2 150. 4 56. 7 
2oe 3 E Std. None LO 13-18 16. 4 63 2. 75 1. 2 150. 4 56.7 
21 3 E Std. HC None 22-25 23.8 91 3.0 1. 2 154. 0 46.9 
22 3 E Std. LS None 23-29 25. 6 98 2. 5 2.4 152. 3 44. 5 
23 3 D Adv. HC None 26-31 28. 8 110 3. 25 1. 2 152. 5 47.7 
24 3 D Adv. LS None 20-27 25. 0 95 3. 0 2. 3 154. 2 44.7 
25 3 D Std. None MM 20-25 22.8 87 3. 0 1. 3 152. 2 48.1 
26 3 E Adv. None LO 23-34 28.8 110 2. 75 1. 2 153. 6 47.2 

a 
bE = eorly; D =de layed . 
Std. = standard; Adv. =- advef!ie; FT= freeze-thaw. 
~A(= air entrainment; HC = hydroxy lated carboxylic acid type; LS= lignosulfonote type. 

LO = linseed oi l; MM= monomolecular film. 
eLow quality sand . 

~ 
(0 
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TABLE 4 

EFFECTS OF VARIABLES ON ABRASION LOSSa 

Nominal Surface Slab Abrasion Slab Abrasion 
Slump Finish Cure Admix. 
(in.) Treatment No. Loss No. Loss 

(a) Slump 

3-ln. Slump 6-ln. Sl11mr 

D Std. None None 2 20. 4 3 23.0 
D Std. AE None 4 20. 2 5 24.0 
D Adv. None None 6 24. 0 7 30.0 
E Std. None None 1 26. 2 8 25. 4 
D Std. None LO 12 14. 4 13 18. 6 

Avg. abrasion loss 21. 0 24. 2 

(b) Finish 

Early Delayed 

3 Std, None None 1 26. 2 2 20.4 
6 Std. None None 8 25.4 3 23. 0 
3 Adv, None None 9 37. 6 6 24.0 
3 Std. None LO 11 18. 6 12 14.4 
3 FT None None 15 26, 2 10 22. 4 
3 Std. None MM 17 20. 2 25 22.8 

Avg. abrasion loss 25. 7 21. 2 

(c) Standard vs Adverse Cure 

Standard Ad verse 

3 E None None 1 26.2 9 37.6 
3 D None None 2 :w. 4 6 24.0 
6 D None None 3 23,0 7 30.0 
3 E None LO 11 18. 6 26 28.8 
6 D None LO 13 18. 6 14 17. 6 

Avg. abrasion loss 21. 2 28. 2 

(d) Freezing During Curing Period 

Standard Freeze-Thaw 

3 D None None 2 20,4 10 22.4 
3 E None None 1 26.2 15 26.2 
3 E AE None 16 27. ab 

Avg. abrasion loss 23. 3 24. 3 

(e) Admixtures 

No Admixture Admixture 

3 D Std. AEC None 2 20.4 4 20. 2 
6 D Std. AEC None 3 23,0 5 24.0 
3 E FT AEC None 15 26. 2 16 27.8 

Avg. abrasion loss 23. 2 24.0 

3 E Std. HCC None 1 26. 2 21 23.8 
3 D Adv. HCC None 6 24.0 23 28.8 

A•ig. 
_ ..... ____ : __ ,,..._ ... 

~f; _ 1 26. 3 c::t.U.LQ.O.l.V.LL .1.VO.:;J 

3 E Std. LSC None 1 26. 2 22 25. 6 
3 D Adv. LSC None 6 24.0 24 25.0 

Avg. abrasion loss 25. 1 25. 3 
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TABLE 4 (Continued) 

EFFECTS OF v ARIABLES ON ABRASION Lossa 

Nominal Surface Slab Abrasion Slab Abrasion 
Slump Finish Cure Admix. 
(in.) Treatment No. Loss No. Loss 

(f) Linseed Oil Treatment 

No Treatment Linseed Oi I 

3 E Std. None 1 26. 2 11 18. 6 
3 E Adv. None 9 37. 6 26 28.8 
3 D Std. None '2 20. 4 12 14.4 
6 D Std. None 3 23.0 13 18.6 
6 D Adv. None 7 30.0 14 17. 6 
3 E Std. None 19d 26. 2 20d 16.4 

Avg. abrasion loss 27. 2 19. 1 

(g) Monomolecular Film Treatment 

No Treatment MM Film 

3 E Std. None 1 26. 2 17 20.2 
3 E Adv. None 9 37. 6 18 31. 2 
3 D Std. None 2 20. 4 25 22. 8 

Avg. abrasion loss 28. 1 24.7 

(h) Low Quality Sand 

Stock Sand Low Quality 

3 E Std. None None 1 26. 2 19 26. 2 
3 E Std. None LO 11 18.6 20 16. 4 

Avg. abrasion loss 22.4 21. 3 

~See fao tnol·es to Tab le 3 far de finitions of abbreviations. 
Nol included in ave rage . 

~Adml ~ t u re ty flO used in-compari son. 
Concrete con tained low qu<1 lity •a nd . 

20 percent over similar blocks which received an early finish. This was contrary to 
expectations as it was thought that the addition of water to the surface before each floating 
would weaken the concrete and that the delayed floating would prevent the forming of a 
dense surface. It is possible that the added water was entirely removed, together with 
some or all of the surface mortar during the finishing process, and thus had no detri
mental effect (Table 4b). 

This finding agrees with a report by Kl.ieger (9) that to improve scaling resistance 
(and surface durability), it appears desirable to delay final finish as long as poS6ible. 
Michigan has adopted a procedure of this type for certain portions of bridge construction 

Figure 12. Untested (left) and tested (right) 
specimens. 
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according to Finney (1, pp. 26-42). Deep structural members are built up slightly 
higher than the finished dimension and struck off to proper elevation when bleeding has 
stopped. This is intended to eliminate a possible weak top layer of mortar formed with 
excessive water. 

Effects of Curing 

The lack of proper curing resulted in a significant increase in abrasion loss. This 
was also noted during preliminary testing when different curing procedures were fol
lowed. Although the adverse cure might have been more severe than would occur in 
actual practice, the results clearly indicate the need for proper curing (Table 4c). 

Effects of Freezing and Thawing During Curing Period 

The interruption of the curing cycle by intermittent freezing caused only a slight in
crease in abrasion loss (Table 4d). 

Effects of Admixtures 

Abrasion test results on concrete containing air-entraining agents and water-reducing 
retarders are given in Table 4e. The effect of these agents on abrasion loss is incon
clusive, but does not appear to be significant. 

Effects of Linseed Oil Treatment 

The application of two coats of linseed oil increased the abrasion resistance in every 
case, the average increase being about 30 percent. This supports the findings of others 
that linseed oil improves the durability of concrete surfaces. It is evident that linseed 
oil strengthens the surface and deters the entry of moisture. The beneficial effects of 
the linseed oil treatment would be expected to be more pronounced for poorly cured or 
porous concrete surfaces than for high-density, properly cured concrete (Table 4f). 

Effects of Monomolecular Film 

The results of tests on concrete which had been treated with a monomolecular film 
are given in Table 4g. Specimens that received the treatment and an early finish showed 
an increase in abrasion resistance of approximately 20 percent when compared to un
treated specimens. For some undetermined reason, the treated specimens with delayed 
finish did not show the increase. Possibly the additional manipulation destroyed the 
continuity of the film. 

Effects of Low Quality Sand 

The substitution of sand of low relative mortar strength (80 '%) for stock sand (9 5 '%) 
did not appear to have any significant effect on abrasion loss. However, it is probable 
that insufficient tests were made to provide conclusive data (Table 4h). 

Cumulative Effects of Variables 

Figure 13 shows cumulative effects of four variables selected from this study as a 
hypothetical case. The magnitude of the ordinates are plotted on a relative scale based 
on our findings. We began with a 6-in. slump, adverse curing, and standard finishing 
without any surface treatment. The first drop in abrasion loss of about 15 percent was 
obtained by decreasing the slump from 6 in. to 3 in. The most important factor of all 
under the test conditions encountered was curing which reduced abrasion losses by 33 
percent. This does not necessarily mean that curing is more important than water
cement ratio or siump, as the test conditions tor curing may have represented a broader 
range of field conditions than those for slump. Delaying the final finish decreased the 
loss about 18 percent. Finally, Figure 13 shows that the application of linseed oil 
further decreases abrasion losses. The relative effect of linseed oil would be expected 
to be greater when applied to poor quality mortar than when applied to a high-quality 
surface. 



VARIABLES ABRASION LOSS, GRAMS 
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DELAYED 
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10 20 30 

Figure 13. Cumulative effects of variables (hypothetical). 

Linear Traverse Data 
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Data obtained by linear traverse examination of core sections taken from different 
depths below the finished surface are given in Table 5. The top surface was ground and 
polished just enough to produce a plane surface. For each of the variables so examined, 
the air content at the surface was calculated to be considerably lower than that deter
mined on the fresh concrete. Even at 1/2 in. below the surface, the air content was 
significantly lower. Air content determined at the center of cores from air-entrained 
concrete checked closely with that measured in the fresh concrete. It appears that 
vibrating the concrete drove off part of the air, especially from the surface. It is 
possible that this action contributes more to decreasing the durability of concrete sur
face.s (exposed to freezing and thawing) than has previously been realized. In certain 
instances, the top surface of air-entrained concrete placed in the field has probably 
been left with insufficient entrained air for protection against freezing. 

The spacing factor of the air void system has been considered by some (10, 11) to 
provide a criterion for determining satisfactory frost protection. Powers {IO) has 

TABLE 5 

VOID DISTRIBUTION OF HARDENED CONCRETE CORES BY LINEAR TRAVERSE 

Test Air Content (%) 

Slab 
Location of Voids per Avg. Chord Spacing 

No. 
Bubble C aunt Fresh Ltn.ea.r Linear In. Intercept Factor 

Traverse 

1 Surface 1. 4 o. 3 O. BB 0.0039 0.014Ba 
1 '12 In. below surf. O.B o. 69 o. 0112 0.0300 
2 Surface 1. 4 0.2 0.74 0.0025 o.0122a 
2 '/. In. below surf. O. B 0,74 0.0109 o. 0293 
4 Surface 4.9 2. 1 13. 14 0.0016 o.0028a 
4 '12 In. below surf. 3. 5 9.97 0.0035 0,0049 
4 21/. In. below surf. 4. 8 11. 47 0.0042 0.0050 

16 Surface 5. 2 3. 6 17. 1 0.0021 O. 0029a 
16 '/. In. below surf. 4.0 12. 37 0.0032 0.0043 
16 2Y2 In. below surf. 5. 3 14. 09 0.003B 0,0044 
21 Surface 1. 2 o. 2 0.66 0.0033 o.0152a 
21 '12 In. below surf. 0.7 0.73 0.0102 0.02B3 
22 Surface 2.4 o. 6 2.08 0.0028 o.oo85a 
22 '/2 In. below surf. o. 8 1. 30 0.0064 0.0170 

a Actual paste content at surface not determined, therefore calculated spacing factors ore low. 



54 

stated that the spacing factor should not exceed O. 01 in. As indicated in Table 5, the 
air-entrained concrete had spacing factors well below this value at all three levels of 
the core. The surface sections contained the least amount of air but indicated the 
lowest spacing factors. However, since the percentage of paste content used in the cal
culations was that of the total mix, there is an inherent error in the values given for 
the surface spacing factors. The paste content at the surface is higher than that for the 
mass; therefore, the actual spacing factors would also be higher ifarbitrary corrections 
were made. 

Since the mortar concentration is greatest at the surface, it follows that the air con
tent at that point should be considerably greater than that in the concrete to provide 
equivalent frost protection. Mortar is generally considered to need 9 to 10 percent air 
by volume for frost protection, this being about equivalent to 41/2 to 5 percent air by 
volume in concrete. Whether the surfaces of the air-entrained concrete in this test 
program had sufficient air to provide protection against freezing damage is questionable. 

GENERAL COMMENTS 

The results of the test program do not fully explain why concrete surfaces deterio
rate under traffic. However, since the effects of the variables which decrease abrasion 
resistance are shown to be cumulative, it follows that one poor construction practice 
may only slightly reduce the durability of the concrete surface, whereas a combination 
of two or more poor practices may seriously lower the surface's resistance to weather
ing and abrasion. Such combinations probably occur randomly in the field, which would 
explain why only certain portions of a concrete surface show abrasion loss and others 
appear to be satisfactory. Further research is needed to determine the degree of cor
relation that exists between our laboratory findings and concrete surface d~terioration 
in the field. Variables that have been found to affect abrasion resistance could be in
troduced into concrete bridge decks under rigid control to provide some of the answers. 
The dissipation of entrained air from the surface is a problem that should be studied 
both in the laboratory and in the field. 

Throughout this report, references have been made to various types of concrete sur
face deterioration. The descriptive terms used are indicative of the lack of concrete 
surface durability. If the quality of a concrete surface is improved and made more 
resistant to impact abrasion, surface durability as affected by most factors, would also 
be improved. The described test method provides a means of measuring this resistance 
and establishes a basis for evaluating the effects of various contributing factors. 

SUMMARY 

The data show that each of the factors of slump, finishing techniques, and curing 
procedures has an appreciable effect on the abrasion resistance of concrete surfaces 
as measured by an impact-type test. Of these three factors, the broadest range of 
abrasion losses encountered were those associated with curing procedures. Concrete 
surfaces cured with adequate moisture to provide for proper hydration of the cement 
will have a relatively higher resistance to abrasion. 

The use of a monomolecular water retention agent during the finishing period had a 
measurable effect on improving the abrasion resistance of the surface. The use of 
admixtures in the concrete had no appreciable effect on abrasion resistance. 

The findings of this laboratory test program corroborate the experience reported by 
others with respect to the impressive benefits, both preventive and remedial, that may 
be realized by the application of linseed oil treatments. Adhering to good construction 
practices will not, under all circumstances, provide a durable abrasion-resistant sur
face. Since it has been shown that the factors adversely affecting abrasion resistance 
a.re cumulative, it ia conceivable that the problen1 u1ay manifest itself in ·v·i:rtually a.ny 
environment. Therefore, general use of linseed oil application as a preventive main
tenance measure appears justified. This procedure would be especially valuable in 
areas where deicing agents are used. The treatment serves to seal the concrete sur
face, thereby deterring the entry of water, as well as creating a toughened wearing 



surface which greatly improves surface durability of concrete. Recently some re
searchers have reported that there is a screening action that deters the entry of de
icing salts. 
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The opinions, findings, and conclusions expressed in this publication are those of 
the authors and not necessarily those of the Bureau of Public Roads (Report No. M&R 
250908-1, BPR D-3-7, November 1965). 
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Appendix 
Test Method No. Calif. 
(Proposed) ---

METHOD OF TEST FOR DETERMINING 
THE SURFACE ABRASION RESISTANCE OF CONCRETE 

SPECIMENS 

The surface abrasion test measures the ability of a concrete specimen to re
sist surface abrasion by impact in the presence of water. 

Procedure 

A. Apparatus 

1. A mechanical shaker capable of agitating a mold assembly containing the test 
specimen, water, and steel balls, in a vertical direction of 1200 cycles per minute 
with a 1-in. stroke. (Drawings are available from the Materials and Research Depart
ment.) 

2. One steel test mold, 4 in. ID by 5 in. high, fitted with a watertight base and 
cover [Fig. 14 ]. Three set screws are tapped through and positioned evenly around 
the perimeter of the mold l 1/2 in. from the bottom. 
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Figure 14. Container for abrasion test. Figure 15. Specimen in place for abrasion test. 

3. Eight stee1 ball bearings, 1%2-in. diameter, weighing 4.5 grams each [Fig. 15]. 
4. One 200-ml graduated cylinder. 
5. Balance sensitive to 1 gram. 

B. Specimens 

The test specimens shall be cylindrical in shape, 4 in. in diameter and 2 in. 
high, and may be either cores cut from hardened concrete or specimens molded from 
concrete. They shall be soaked in water for a minimum of 24 hours prior to testing. 

C. Test Procedure 

1. Surface dry the specimen, weigh, and record weight to the nearest gram. 
2. Place specimen in the test mold with the surface to be tested facing up and 

secure the specimen in a level position by means of the set s crews, Place the mold 
with specimen on the base and add 8 steel ball bearings and 200 ml of water. Attach 
the cover making sure rubber gaskets are in place and clamp the assembly to the 
mechanical shaker. 

3. Agitate the assembly at 1200±10 cpm for three minutes and remove from the 
mechanical shaker [Fig. 16 ]. 

4. Remove the specimen from the test mold. Flush off the abraded material, 
wash the specimen, surface dry, weigh, and record to the nearest gram. 

Figure 16. Abrasion test in progress. 

D. Calculations 

The abrasion loss in grams is cal
culated by subtracting the weight of the 
surface-dry specimen after the test from 
the weight of the surface -dry specimen 
before test. 

Reporting of Results 

Report the amount of abrasion loss in 
grams. This amount shall be the average 
of at least three test specimens. Age of 
the concrete shall be included in the 
report. 




