
118 HIGHWAY RESEARCH BOARD 

7. The sigmficance of minute fissures compared to those visible to 
the unaided eye in terms of service of concrete under load and exposure 
IS obscure Judging by tests made in Geimany to determine the dura
bility of reinforcement in concrete beams under load in an atmosphere 
designed to accelerate rust producing conditions, the very fine checks 
which accompany an elongation of 0 010 per cent have no signfiicance m 
terms of rusting of steel From the observation of the surface of con
crete roads where these checks are undoubtely present, it would not 
appear that they have much significance in respect to the wear of the 
surface of the roads Now if a mesh leinforcement will postpone the 
appearance of the larger eye visible fissures, then it would seem to be 
of substantial advantage in maintaining integrity of concrete surfaces 
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To all of us there has been apparent the beneficial effects from the 
use of a small amount of steel well distubuted throughout a pavement 
slab Observations of actual woik over a peiiod of 10 years of pave
ment built with and without amounts of steel fiom 21 to 60 pounds per 
100 square feet of slab, show definitely the advantage of the reinforced 
over the plain in giving better condition at less expense for maintenance 
The benefit obseived shows a gi eater gain in strength in the concrete 
in the lemforced sections than the sectional aiea and the relative moduli 
of elasticity would indicate The first question that sug'gests itself is 
how gieat is this benefit and whence does it come' 

An observation of the lecoids of a large mileage of concrete pavements 
from construction to five yeais of age showed that in the minds of 
various obseivers fiom 20 to 30 pei cent of the rupture (cracks) came in 
the fiist 28 days of the life of the pavement slab when the tensile stiength 
of the concrete vaiied fiom zeio to 250 pounds per square inch 

Taking the first month as the most informative period and further 
limiting the study to the first 7 days when the concrete is weakest and 
has to resist the greatest contraction, a study of the beneficial effects 
of a steel fabric was conducted 

In collaboration with Professoi E G Hooper, of New York University, 
a pielimmary test was conducted as follows 

Test set No 1, total 24 tension specimens averaging i}^ by 5J^ inches 
cross-section, divided equally on the basis of time, 3 days and 5 days, on 
the basis of reinforcement 0 1 per cent and none, and on the basis of 
curing (after removal from molds) in watei to a depth of about ^ inch 
and under damp sand Theie were then thiee tension specimens for 
each combination of time, leinforcement and curing 
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The result of these tests indicated a benefit from the use of the steel 
fabiic of 4 per cent where the samples were cured m damp sand, and 
19 1 per cent benefit when they were cured with the bottonas wet 

To confirm or dispiove the benefit shown, additional tests were 
earned on to the extent of 180 tension tests and 10 compression tests 

These tests indicated a benefit in 36 cases showing a range in favor of 
the single layer of steel fabiic from a small percentage up to 42 per cent 
benefit, and in favor of the double layer fiom a small peicentage up to 
82 per cent In four cases, however, negative results were secured from 
a small percentage to 17 per cent 

In a comparison of the plain and the reinforced concrete, taking only 
the value of the reinforced concrete at the time it ciacked, the results 
indicate 

1 Concrete of the dense mix used, treated as desciibed, reinforced 
with steel fabric }/$ to }4 per cent, is benefited in tensile stiength far 
more than the percentage of steel used would indicate 

2 The steel fabiic tended to maintain the integiity of the unit after 
rupture, in some cases di awing the paits together to make invisible the 
plane of the rupture 

3 Since safe stresses are normallj^ based upon average ultimate 
stresses there is possible justification foi assuming a propoitionately 
highei safe stress value foi the reinforced concrete in spite of the inci
dental cases where peicentage of benefit was negtaive, because permis
sible variation in values for stiength of concrete in any given series of 
tests IS such as to make possible the compauson of a paiticularlj' good 
set of plain concrete with a poor set of the leinfoiced theieby obtaining 
negative results fullj' as laige as the largest we obtained 

4 Possible justification in 3 can become positive justification only if 
the average value as we obtained it is substantiated in a duplication of 
tests already made, by similar tests on a concrete mix representing the 
other extreme of density permissible in highway oi other work, and test 
undei a lower temperature condition 

5 Enough data have been obtained to suggest a few pertinent ques
tions (a) What benefit, if any, would be deuved fiom such reinfoice-
ment in a less dense oi more absorbed concrete' (b) Did the extreme 
density of the concrete used prevent greatei vaiiation in volume and 
theieby limit the benefits to be derived fi'om the steel used' 

During the course of the expeument there happened one of those 
accidents that are occasionally illuminating 

The test specimens foi the two-day peuod were left out over night 
just as a road slab would be Rain fell One seues of a 3-inch slump 
consistency absorbed water and expanded When they conti acted 
again in the subsequent drying out, the plain concrete specimens broke,' 
the reinforced ones held together, and where cracks on them appeared. 
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those cracks extended only to the steel, where they stopped. The other 
series of a 7-inch slump consistency probably expanded less on account 
of the moisture content already in it. After the drying out one plain 
specimen was checked and the average strength of the reinforced speci-

1 " 

Figure 1—Briquettes in the molds 
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mens was 20 per cent greater for those with top steel fabric and 82 per 
cent greater for those with top and bottom steel. 

The grand average of all tests in this run exclusive of the two-day 
results noted above indicated a benefit of over 11 per cent for the }i per 
cent steel fabric and of over 16 per cent for the }4 per cent steel fabric. 

The tests described were made on concrete briquettes of a 1:1J^:3 
mix. The shape was that of the cement briquette enlarged four times 
in all dimensions except that the cross-section area at the center was 

by 4 inches (Figure I ) . Four series of specimens were made con
taining 0, 1^8, and }4: PPr cent of steel fabric as reinforcement, with a 
slump of 3 inches and 7 inches for each of the following ages: 2, 3, 4, 5, 
and 7 days. Half of the specimens were cured: after 1 day in the molds, 
in water about ^ inch deep and in earth out of doors sprinkled twice 
daily. There were therefore three tension specimens for each combi-

Figure 2—Grip used in testing briquettes 

nation of time, slump, reinforcement, and curing. There was one 6 by 
12 inch cylinder for each combination of time and slump. 

Each step was carried throughout by the same operator so as to 
reduce as far as possible the personal equation. 

Each grip used (Figure 2) was made of two triangular plates of steel 
separated by 3 bolts encased in pipe. The pipe acted as rollers allowing 
the grip to adjust itself as the load was applied. 

The tension tests were made on a Riehle 100,000-pound machine and 
the compression tests on a Riehle 200,000-pound machine. 


