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In making accelerated tests-to determme the durability of concrete to 
ordinary weathering conditions, it is desirable to avoid the inclusion of 
injurious treatments which differ materially m their effects from those 
produced by natural agencies Consequently, it is doubtful if the sodium 
sulphate test,' as outlined in the previous problem, can be considered a 
satisfactory criterion for measuring the resistance of concrete to freezing 
and thawing It would seem highly desirable, however, to carry on 
freezing and thawing tests of concrete, modeling the tests after the 
specification of the A S T M Ser Des C4-24, Sec C, but running the 
tests for one hundred or more cycles Also it would seem desirable to run 
sodium chloride accelerative tests like the one described under Problem 1, 
in parallel with the freezing and thawing tests In these tests, it would 
be desirable to include as variables, different brands of cement, variation 
in richness of proportions, aggregates of different degrees of durability, 
and differences in grading of aggregates which would produce marked 
differences in the density of the concretes made from these aggregates 
The accelerated test should be made on concretes at least one month old 
It would also be well to have auxiliary tests made to determine the cross-
bending and the compressive strengths of the concrete before and after 
the soundness test To ascertain the influence of the soundness,test on 
the dimensions of the specimens, measurements of the linear expansion 
and contraction of the specimens should also be included 

The durability of concrete to alkali waters has been studied quite 
extensively Information concerning the resistance of drain tile, and a 
bibhography of the more important liteiature on the subject may be 
found in Technologic Papers, Nos 44, 95, and 214 of the U S Bureau of 
Standards An interesting paper on "Laboratory Investigations of the 
Influence of Curing Conditions and Various Admixtures on the Life of 
Concrete Stored in Sulphate Solutions as Indicated by Physical Changes," 
by D. G. Miller, is reported in the Proceedings of the A. S T. M 
Vol 24, 1924. A report on the durabihty of concrete dram tile when 
embedded in peat soils, and bibhography on the hterature bearing upon 
this subject will be found in a paper entitled, "Effect of Organic Decom­
position Products from High Vegetable Content Soils upon Concrete 
Drain Tile," by G R B Elliott, Journal of Agncultural Research, Vol 
X X I V No 6, 1923 

GRADING OF AGGREGATES 
R W CHUM 

Iowa State Highway Commission, Ames, Iowa 

The present status of our knowledge on this subject is as follows 
A large amount of research work has been done in the endeavor to 
ascertain the laws governing the relationships of the raw materials in 
Portland cement concrete with the result that several methods have 
been proposed and more or less extensively used, for evaluating the 

' This test appears to produce chemical as well as mechanical disintegration when 
apphed to concrete 



118 HIGHWAY RESEARCH BOARD 

Sieve analysis of concrete aggregates Through this woik, seveial 
important principles such as the function of the water in the concrete 
have been established Other points raised by different investigators 
have not yet been fully reconciled It can be said at this time that the 
science of combining materials is far ahead of the art of fabrication 
Although mixtures can be designed with some degree of scientific 
exactness, the actual mixtures, especially in large volumes, as, for 
instance, in pavements, depart very widely from the characteristics 
assumed m the design. Research work and improvement in pieparation 
and manipulation of materials looking toward a high degiee of uni­
formity in the finished product is the most important objective at the 
present time. 

R E S E A R C H E S 

Many experunenters are woiking on the problems of pioportioning 
mixtures and grading of aggregates. The greater part of these i eseai ches 
are with reference to the use of local materials, but the work of a few 
men has been of great value with respect to fundamental piinciples, 
notably, the work of Feret, Fuller, Abrams, Edwards, and Talbot 

M. Feret, Chief of the Laboratory of the French Department of 
Bridges and Roads, experimented with the composition of moitais and 
derived a fundamental formula for strength, 1897. His extensive woik 
on concrete mixtures has not yet appealed in this country 

W. B Fuller, experimented with sieve analyses of aggregates and 
proposed (he mixing of various sizes of materials to confoim to a curve 
of supposed maxunum density By screening aggregates into a number 
of sizes, or by combining various materials to approximate the so-called 
ideal curve, economy in cement could be effected 

D. A Abrams, Chief of the Structural Materials Research Laboratory 
of Lewis Institute, has evolved a numerical function of the giading called 
the fineness modulus Abrams called attention to the specific effect 
of the amount of mixing water upon the strength of concrete 

L. N. Edwards, now Budge Engmeer, State Highway Department 
of Mame, developed V useful relation between the actual suiface area 
of the aggregate and the strength of concrete. 

A. N Talbot, University of Illinois, has demonstrated ceitam fun­
damental principles iti the properties of concrete 

E S T A B L I S H E D F A C T S AND P R I N C I P L E S 

As a result of the woik of the various authorities, the following fun­
damental fact has been practically estabhshed. The strength of Port­
land cement concrete varies with the amount of actual solid mateiial 
present in a given volume, and with the relative parts of this volume 
that are cement and aggregate Different experimenters have expressed 
this relation in different ways, but appear to be in substantial agreement 
as to the underl3ang principle 
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Figures 1, 2, 3, and 4, show the typical lelationship between strength 
of concrete and the various expressions proposed, for a given series_of 
tests In these expressions 

c = absolute volume of cement 
s = absolute volume of fine aggregate. 
g=absolute volume of coarse aggregate. 
d = coefficient of density = c-l-s+g. 
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FIGURE 1 

These vaiious formulae are of value in making studies into the con­
stitution of various concretes, but Abrams has proposed a function 
called the water-cement ratio which can be actually used in designing 

c the mixtures beforehand. For instance, the function — - cannot be 
1—d 

computed until the concrete is made and the yield measured, but if aU 
of the cement used and all of the mixing water stays with the concrete 
when molded and if the mixing water practically fiUs all of the void 
space in the concrete, the ratio between the absolute volume of the 
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cement used and the volume of mixing water should also be a function 
varying with the strength of the concrete. This has been well sub­
stantiated and IS illustrated by Figure 5 taken from the same data 
as Figures 1 to 4, and by Figure 6 from Bulletin No. 1, Structural 
Materials Research Laboratory, Lewis Institute 
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FIGURE 2 

The fact having been established, that, for the same amounts of 
cement and aggregate, other conditions remaming the same, the 
strength of concrete varies with the amount of mixing water, it readily 
follows that concrete should be mixed with as httle water as will yield 
a workable mixture for the use at hand. It has also been reasonably 
well estabhshed, other conditions being the same, that the gradmg of 
the aggregate has a decided effect upon the amount of water that may 
be used to yield a workable mixture We have here, therefore, an 
explanation of the benefit of using well-graded aggregates. 

C O N T R O V E R S I A L F A C T O R S 

The various suggested methods of evaluating the sieve analyses of 
aggregates have not yet been reconciled or the fundamental laws fully 
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estabhshed Concretes have been designed and made both experi­
mentally and in actual construction, with success, by each of the various 
methods. The "Fineness Modulus,"* and the "Surface Area" ^ methods 
depend upon a complete sieve analysis 
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FIGURE 3 

P Professor Talbot's "Mortar Void Method"' depends upon the char­
acteristics of the mortar portion of the concrete The Iowa Highway 
Commission ̂  has used mixtures based upon the ratio of fine to coarse 
aggregate. 

It can be shown that with materials from a given source, these various 
functions have definite relations with each other, but that with random 
materials from different sources, no such definite relations obtain. It is 

• Bulletin No 1, Structural Materials Research Laboratory, Lewis Institute 
2 Proceedings A S T M , Vol 18, 1918, p 236 
5 Proceedings A S T M , Vol 21, 1921, p 940 
« Bulletin No 60, Eng Exp Station, Iowa State College 
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piobable that equivalent conciete mixtures can be designed by each 
method for aggregates generally sunilar, but varying in giading 

Figures 6 and 7 show these relationships for two cases, (a) wheie the 
diffeient aggregates weie secured by mixing various amounts of the 
same fine and coaise aggregates, and (b) aggregates from different 
sources 
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FIGURE 4 

Figuie 8 shows the proportions designed for the aggiegates of case 
(a) for equivalent strength, by the three methods. Fineness Modulus, 
Surface Area, and the Sand Method of the Iowa Highway Commission, 
it being assumed that the right amount of water would be used in each 
case to maintain a uniform consistency. 
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Further research is needed to harmonize the scientific data available 
and to finally evolve the best and most economical method for practical 
use, but it is doubtful if this end can be accomplished until better 
methods come into use for msurmg uniformity in the concrete ' 

Figure 9, is typical of results noted upon a number of concrete paving 
jobs. The sieve analyses shown were obtained by taking samples of 

800 

too 

^(KO 

SCO 

3// 
Qa 

ntlo 
ndot 

r /V< 
r? 

itari 3/ o 
PI \ e 

\ V \ ® 

\ C 

\ \ \ 
\ \ \ 

\ \ 
400 BOO e>oo 

Finano33 Modulus 
FIGURE 7 

the green concrete, removing the cement by washing and running the 
analysis upon the remainder The wide variation from the intended 
analysis shown by the heavy line, must be overcome before exact 

'For an mterestmg analysis of "Concrete Proportionmg Theories" see paper by 
R B Young, Canadian Engineer, Nov 27, 1919 
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methods of design can be of full value In this case, the division be­
tween fine and coarse aggregate was mtended to be on the No 4 sieve 
If the materials had been thoroughly screened and accurately measured 
in the required proportions, all of the curves must have passed very 
near the same point on the No 4 sieve ordinate, and the concrete would 

58 /Vo/cfde/ 

Log Scolo S i z e of Sieve Opening In 

F I G U R E 9 

Material—Screened Sand and Gravel 
Nominal Mix—1 2 33^ by Volume 
Fineness Modulus—5 17 to 6 83 
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have been uniform as to aggregates and all of the concrete would have 
been in accordance with the design 

At least two attempts aie being made to overcome the variation in 
measuring The White Construction Company of New York uses a 
method devised by R L Beitin,' for measuring the aggiegates and 
water simultaneously by measuring the aggregates in a vessel already 
containing a measuied amount of water In this way, much more 
uniform volumetric measuiements aie made than would be possible 
with dry or damp granular materials The same method has also been 
used by the U S Navy Depaitment, and checked by the U S Bureau of 
Standards 

The Iowa Highway Commission is weighing the aggiegates in 
pavement construction on a laige scale, making correction foi the 
moisture in the aggregates as often as necessary If, in this way, the 
giading of the aggregates as piesent m the finished concrete can be made 
to confoim to a predetermined figure for any established point in the 
sieve analysis, the design of mixtuies will be upon a much more leliable 
basis 

RECOMMENDATIONS 

The Committee recommends that leseaich tending to coordinate the 
data now available be encouiaged, and that lesearch to develop methods 
of making moie uniform concrete upon a laige scale be strongly urged 
upon all inteiested agencies as a prerequisite to making effective use of 
the infoimation abeady available on the design of conciete mixtures 
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Proceedings A S T M , Vol X X I , p 940 A N Talbot 
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Proceedings A S T M , Vol X X I I , Part I I , p 385 Frank E Richaid, Edwin E 

Bauei Relations between Void and Plasticity of Cement Moitars at Diffeient 
Relative Water Contents 

Bulletin No I , Stiuctural Materials Reseaich Laboiatorj Duff A Abiams 
Design of Concrete Mixtuies 
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Amer Cone Institute, Vol X V I I , p 213, 1921 W K Hatt, R B Crepps Toler­
ance of Coarse Aggregate Passing }4 inch Sieve as Affecting Specifications for 
Gravel Aggregates 

Amer Cone Institute, Vol X V I I I , p 21, 1922 Duff A Abrams Flexural 
Strength of Plain Concrete 

SIGNIFICANCE OF T H E TALBOT-JONES R A T T L E R AS TEST 
FOR CONCRETE IN ROAD SLABS 

H H SCOFIELD 

Cornell University, Ithaca, New York 

Tests of conciete that have been made to determine its resistance to 
weai have in the main been made with the Talbot-Jones rattler 

The Stiuctural Materials Research Laboratory, Lewis Institute, has 
published lesults of several investigations involving the use of this 
apparatus Their preliminary paper on this subject (See Pioc A S 
T M , 1916, Part II) calls attention among other matters to the fact 
that (1) the concrete is subjected to a tieatment which approximates 
that of service, (2) several tests may be made at the same time, and (3) 
test may be made on sections of concrete cut fiom roads which have 
been in sei vice In the discussion of this paper, G P Hemstreet of 
the Hastings Pavement Company, stated that for ten years previously 
the Hastings Company had been using the Talbot-Jones apparatus foi 
testing asphalt paving blocks Their results show that "material which 
shows up poorly in the rattler will invariably give poor results on the 
stieet " 

In Bulletin No 2, Structural Materials Reseaich Laboratoiy, it is 
shown that excess of mixing water produces conciete of greatest wear 
in this test There is, also, a relation between stiength of concrete and its 

Q 

wear which may be expressed as follows S = —— 

where 
S = compressive stiength in lbs per sq inch, 
W= wear in inches, C = a constant, and n = an exponent 

In two investigations reported, C=2230 and 1800, and n=l 07 and 1 30 
I espectively 

In Bulletin No 8 of the Sti uctui al Matei lals Rcseai ch Laboratory, the 
Talbot-Jones lattler was used in an investigation, the conclusion with 
respect to weai is as follows "The wear of concrete was not sensibly 
inci eased by hydiated lime oi other admixtuies up to 20 per cent of the 
volume of the cement " 

In Bulletin No 10 of the Structural Materials Research Laboratoiy, 
entitled "Weai Tests of Concrete," the conclusions of significance 
among otheis aie these (1) "The weai on separately moulded conciete 
blocks tested in the Talbot-Jones rattler was much more severe than anĵ  
encounteied in seiviee, howevei, the test is believed to give trustwoithy 
information on the weaung lesistance of concrete of vaiious pioportions. 


