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LABORATORY COMPACTION TESTS OF COARSE-GRADED PAVING 
AND EMBANKMENT MATERIALS 

SUMMARY 

This report presents the results of a 
laboratory study conducted to determme the 
applxablllty of the Proctor type of compac- 
tlon test to the compaction of coarse-graded 
mater1a1s A coarse-graded material or 
mixture 1s defmed as one contammg an 
appreczable amount of plus 4 material (1 e , 
material whxh would be retimed on a No 4 
Sle”e) Three representative granular 
materials (gravel, lunestone, and slag) were 
tested through a range of carefully controlled 
artlflclal gradations ,n wh,ch the ratlo of 
coarse to fme fractions was varied certam 
other variables which slgnlflcantly affected 
the test results were mvestlgated in detail 

These tests mdxate that a modlfled 
Proctor procedure can be used successfully 
to compact coarse-graded mater 1s 1 s in 
either a 4- or 6-Inch diameter mold. The 
maxlmun density of mixtures of coarse and 
fme materials Increased with mcreasmg 
percentages of coarse mater1a1, up to a 
pomt of optm,um gradation Beyond this 
pomt the further addltlon of coarse material 
resulted in lower densltles The optmuun 
gradation for the materials used in this 
study occurred when the mixtures contamed 
about 40 to 60 per cent of coarse material 
When the mixture contamed more than 
SO per cent of coarse material. results ob- 
tamed from the Proctor compactIon test 
were erratic 

DegradatIonof coarse aggregate durmg 
compaction Increased with mcreasmg per- 
centages of coarse material. Breakage in 
the 4-Inch mold was negllglble when the plus 
4 material was less than 30 per cent 

The lncresse in maxnnum density 
which 1s gamed by addmg coarse materials 
to fme-graded mixtures can be accurately 
predlcted by a correction formula applied to 
the density of the finer, or m,nus 4, portlon 
of the material. Correction formulas were 
not applicable to mixtures coarser than the 
optmuxn gradation. 

INTRODUCTION 

In the standardProctor sol1 compactlo,, 
test’ and in some of the modlflcat,ons of this 

1 
ASTM Standards 1949, Part 3, Amerl- 

can society for TestlOg h4aterlds (ASTM), 
PhllsdPlphla. Pa., pp 1180-1182 

test, all of the particles retamed on the No 4 
s,e”e are removed from the sample before 
It 1s compacted in the mold This 1s done 
because the presence of the larger particles 
rmght pre”ent adequate consolldatlon of the 
materxal ,n &he relatively small contamer 
used The standard mold used in the Proctor 
test IS 4 0 Inches in diameter and 4 6 Inches 
high, urlth a volume of 0 033 cubic feet Be- 
cause the coarser portlon of the material 1s 
removed, the test results obviously cannot 
be translated directly unto speclflcatlon 
requirements covermg the compactlo” of 
coarse-graded material 

Various expedients have been used in an 
effort to modify the Proctor test procedure 
or to evolve a correctloo factor for extendmg 
the test to co”er coarse-graded materials 
One of the most obvious changes 1s to use a 
larger test mold, usually about 6 Inches I” 
diameter and 6 Inches high Ob,ectlons 
might be raised that It requres addltlons.1 
special equpment and that addItiona work 
and material are requxed for compactmg 
each sample. The latter ObJectlo” 1s valid 
on a Job requlrmg several hundred compac- 
ho* samples 

When large molds are used, It 1s cus- 
tomary to increase the number of hammer 
blows so that the energy expended per unit 
volume 1s equal to that used in the test with 
the standard mold. Tests have rndlcated. 
however, that this will not necessarily gl”e 
equal values of maxlmurn densxty tar the 
same material compacted in molds of differ 
ent sxzes Attempts have been made to rem- 
edy this defect by determmmg. through 
extensive experxnents with fme-g r ad e d 
material. the correct number of blows for 
obtammg equwalent results. In order to 
achieve either equal compactlon or equal 
densltxs for the same material, other ex- 
permxnters have used the same number of 
blows for molds of different sizes but have 
“arled the size and weight of the hammer 

Some engmeers feel that elmunatlon 
of the material retamed on the No 4 sle”e 
1s too strmgent a requxement and allow the 
use of all materul passmg a 3/4-mch or 
larger sieve When this 1s done, It 1s sorne- 
txnes necessary to decrease the number and 
increase the thickness of material layers I,, 
order to accommodate the larger particles 
The total number of blows usually remains 
the same as that used I” the regular test for 
sol1 or fme-graded mixtures 

When the larger-szed materxal 1s 
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elr”l”ated from the sample before testmg, 
It 1s customary to correct the max,m~m 
den&y obtalned from the test by computxng 
the theoretIca effect of lncludlng the coarser 
partxles TheCIvIl Aeronautics Admlnlttra- 
tlon speclfles that the compactmn test be 
performed only on the material passing the 
No. 4 sieve, and the followng correctmn IS 
used 

D: Pf x Df 
100 + 

PC x 0 90Dt 

100 (1) 

where 

D = Maxm,um dry den&y of total sample 
I” pounds per cubic foot, 

Df = Maxmxum dry density of material 
passing the No 4 sieve I” pounds per 
cubic foot, 

Dt =Bulk speclfx gravity of materlal re- 
tamed on the No. 4 sieve multlplled by 
62 36. 

Pf = Percentage of material passing the 
No 4 sieve, 

PC = Percentage of material retamed on the 

This formula IS based on the assump- 
tmn that addltm” of the coarse material ~111 
hinder the compactm” of the finer materxal 
and thus Introduce addltmnal voids Into the 
fmer fractm” This allowance for addItIona 
voids may vary with different speclflcatm” 
writers who use this general type of formula 

In a study of the compactm” charac- 
terlstlcs of comblnatmns of fme-gralned sol1 
and gravel, Zelgler compared laboratory 
densltles with those predlctgd by a theoretIca 
formula of a different form When converted 

to the same terms as Equatmn (1) th,s re- 
latmnshlp can be expressed as 

D= 100 

P f 
P (2) 

D+ f + t 

I” these tests, controlled portmns of 
No. 4 to 3/4-Inch s1r.e gravel were added to 
the s-011 1” 10 per cent mcrements and I” 
amounts from 0 to 50 per cent I” al1 cases 
the theoretical densltle s predicted by 
Equatmn (2) were higher than those obtaIned 
by laboratory testing. Values obtalned by 
Equatmn (1) gave a better comparlso” 

Some speclflcatm” writers provzde for 
the removal of oversxzed material, either 
above the No. 4 s1z.e or above the 3/4-mch 
size. from the test sample but substitute for 
,t an equal welpht ot smaller-sued granular 
material. Such actmn assumes that the 
smaller particles .a11 have substantially the 
same effzct on the test result as would the 
larger partxles which were removed. 

From the precedmg dxscussmn It 1s 
ewdent that there 1s a wide varlatlon I” corn 
pa&o” tests and speclflcatmns for coarse- 
graded materials comm.x-.ly used I” pavement 
base and subbase constructmn From the 
standpomt of the contractor, the mspector. 
and the materials laboratory techmclan. 
some standardlzatmn 1s most dearable. 

Herner anal/zed some exlstmg com- 
pactm” data I” a” effort to evaluate the ef- 
fectlveness of the Proctor test when used 
with mlxturea contaznlng plus 4 materlal 
As a result of this analysis It was recom- 
mended that a comprehensive series of corn 
pactxm tests be made on coarse-graded 
materials, I” order to prowde answers to 
the followl”g questions 

1 What are the upper lmuts of size and 
proportmn of coarse material which can be 
Included I” the standard Proctor test wltb- 
out obtamlng erroneous results? 

2. If a portmn of the coarse material 1s 
removed from the sample for the purpose 
of testing, what formula should be used for 
CO"Vertl"g the ISSdtS t0 SpSClflCStlO" rS- 
qulrements applicable to the whole sample? 

2 
Standard Speclflcatmns for Construc- 

tlo” of AIrports, U. S. Department of Com- 
merce, CAA Offlce of Axports. WashIngto”, 
D. C., January 1948, p 572. 

k dward J Zelgler, “Effect of Material 
4 

Raymond C. Herner, “Study of 
Retuned on the Number 4 Sieve on the Com- Laboratory Compactm” Tests and Speclfl- 
pactmn Test of So&” HIghway Research catmns of Coarse-Graded Matr rlals,” 
Board, Proceedings of the Twenty-Ezghth unpublished paper, CAA TechnIcal Develop- 
Annual Meetmg, Vol. 28. pp. 409-414. 1948. ment and Evaluatmn Center. July 1949. 
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3. Is the Proctor type of compactlo” test 
applicable to the testing of harsh mutures 
contammg little or no fme-gramed materml. 
and ,f not, what are Its practxal lmxts 7 

The present study was mltmted to ob- 
tam answers to these questlons through con- 
trolled laboratory testmg of var,ous coarse- 
graded mixtures 

DESCRIPTION OF MATERIALS 

Three contrastmg granular base-course 
matermls (gravel. crushed lnnestone, and 
crushed slag) were used I” this study From 
each of these materials there were obtamed 
three carefully separated portlons the 
minus 4. the plus 4 to mu,us 3/4-Inch, and 
the plus 3/4-mch to n,x,us 1 l/2-Inch frac- 
t1ons. These fractions were combined m 
selected proportions to give a wide range of 
gradations. For convenience 11, reporting, 
the fme, medium, and coarse fra+o”s have 
been designated A, B, and C, respectwely. 

The lnnestone and slag fractions were 
each obtamed from a smble, l”dlvldm.1 source 
of supply, whxle the gravel fractions were 
obtamed from two different sources. The 
mmus 4 gravel was screened from a well- 
graded mix, the plus 4 portlon of which was 
dlscarded The medium and coarse fractions 
were obtamed as washed gravel, each from a 
different source Consequently, these frac- 
tlons varied somewhat m physlcal charac- 
terlstlcs. For a specml series of tests, a 
concrete sand was used I” place of the nor- 
mal mmus 4 portlon of the gravel. This 
materm 1s dealgnated as fractxon Al 

The appearance of each fraction of the 
three basic matermls 1s shown I” Figs 1, 2. 
and 3 The physlcal characteristics are 
summarmed I,, Table I 

COMPACTION EQUIPMENT 

All of the test samples were com- 
pacted by means of a Ramhart Automatic 
Tamper No 62, modlfled by the addltlon of 
a motor drive and a counter for controllmg 
the “umber of blows applied to each layer of 
the sample. The rate of tampmg was 45 blows 
per mmute. The equlpment was deslgned 
for use with either a 4- or 6-Inch mold. 
Interchangeable strlkmg heads, each with an 
end area of 3.14 square Inches, were pro- 
vlded for use with the different mold sizes. 
The strlk1r.g surfaces were I” the form of 
sectors of a circle. with txxe apex toward the 
center of the mold. The radll were such 
that the curved outslde edge of the hammer 
Just cleared the mslde edge of the particular 
mold being used 

When using the 4lnch mold the hammer 
weight was 10 pounds For the 6-Inch mold 
this weight was Increased to 22 5 pounds by 
the add,t,on of a removable cast-Iron block 
to the shaft unmedlately above the strlkmg 
head. The tampmg equipment. set up for 
aperatIon with the 6-Inch mold, 1s shown I” 
Fig 4 

During operation the tampmg weight 
was automatlcally raised and turned 1x1 such 
manner that the strlklng head made a com- 
plete coverage of the sample surface an 
7 blows. The hammer was released by an 
adjustable trigger device set to control the 
desired height of free fall 

The 4- and 6-Inch molds were both 
4 6 Inches high (standard height for Proctor 
test) with volumes of 0 033 and 0.075 cubw 
feet, respectively. They were slightly 
tapered to permit easy removal of the 
samples. 

TESTING PROCEDURES 

ModlfledAASHO (AmerlcanAssoclatlon 
of State HIghway Offlclals) compactlon effort 
was used for all tests For the usual form 
of this test, in which only the minus 4 portlon 
of the material IS mcluded, the sample 1s 
tamped in 5 layers by means of a IO-pound 
hammer falling from a height of 18 Inches. 
Twenty-five blows are applied to each layer. 

Because of the large aggregate 
(1 l/Z-mch top size) included m the present 
study, It was found necessary to mcrease the 
layer thickness to a compacted height of at 
least 1 l/2 Inches The procedure for pre- 
parmg the samples was therefore modlfled 
so that each sample was constructed in 
3 layers of approximately 1 l/2 mches each 
compacted vath 42 blows of the hammer In 
this way the campactIve effort was equal to 
that of the normal test When usmg the 
6-Inch mold the procedure was Identical 
except that the hammer weight was mcreased 
to 22 5 pounds, thereby furnlshmg unl * 
energy equal to that applied to the 4-mch 
sample 

Indlvldual pomts of the compaction 
curve were obtamed by using a different 
sample of material for each moisture con- 
tent The proper amount of each fraction 
required to construct the sample was care- 
fully welghed and stored I” a separate con- 
ta1ner. In the early stages of these tests all 
of the mdlvldual fractions were mlxed to- 
gether prior to the addltlon of water. but 
erratic results were obtamed by this method. 
After several exploratory tests. a procedure 
was adopted I,, which all of the plus 4 
material was soaked Inwater overmght prior 
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to mxmg with the mx,us 4 fraction The 
mmus 4 portlon was slaked for a period of 
15 minutes to 1 hour before mlxmg with the 
coarse aggregate All mxang was performed 
by hand Identxal combmatlons were com- 
pacted at different moisture contents until 
the condltlon of maximum density and optl- 
mum moisture was reached 

After compaction, the tops of the 
samples were trimmed level with the top 
of the mold Thus operatlon was very dlffl- 
cult to perform properly when high percent- 
ages of coarse material were used If a 
large piece of material was protruding above 
the required sample height It could be re- 
moved, m whxh case finer material was 
added m Its place, or It could be allowed to 
reman, I” which case material at some 
other pomt I” the sample would be removed 
m an amount approxlmatmg the volume of 
the protrudmg portion of the aggregate In 
neither case was there any way of repro- 
ducmg, ln the modlfled portion of the sample. 
the Identical density or gradatlan of the 
orlglnal material A compromise of these 
methods was generally used at the dlscre- 
txon of the operator Fig 5 illustrates the 
condition of the top portmn of a typical 
coarse-graded sample durmg levelmg In 
extreme cases It was necessary to rebuild 
practically the entlre top section of the 
samples 

After leveling. the sample was welghed 
to the nearest gram and Its moisture content 
determmed by drymg m an electric oven at 
a constant temperature of 105°C The entire 
sample contamed I” the 4-mch mold and 
3000-gram or larger portions of those con- 
tamed I” the &Inch mold were used to deter- 
mine the moisture content. It was found that 
the use of smaller moisture samples did not 
reflect the average moisture condltlons 
throughout the whole specimen 

A s,eve analysis usmg the 3/4,“ch and 
the No 4 sieves was made of most of the 
samples after testmg m order to determme 
the amount of degradatlondurmg compactlo” 

All tests ofthe physical characterzstlcs 
of the materials were made accordmg to 
ASTM procedures 

TEST RESULTS 

The basic compactlo” results are 
shown I” Tables II. III, and IV. and I” Figs 6 
through 17 Individual compactlon curves 
from which the points on these gradatlon- 
density curves were obtained have not been 
shown because, m most cases, they represent 
typxal moisture-density relatlonshlps 

The tables show the maximum density 
and opt,mum moisture obtamed for each 

gradation m both the large and small molds, 
the percentages of each fraction A. B. and C 
before and after compaction, and the fmeness 
modulus of each of the samples before cam- 
pactlo" The frachon s,zes mdlcated by an 
asterisk do not represent test values but are 
percentages mterpolated from plotted data 
The figures show the maximum density 
plotted agamst the correspondmg gradation 
Separate curves are shown m Figs 6 through 
16 for the two mold sxes and for the gra- 
datlon both before and after compaction 

For mixtures composed of fractions 
A plus B and of fractions A plus B plus C. 
the gradation was plotted I” terms of the 
percentage of material retained on the 
No 4 sieve For the skip-graded samples 
(fractmns A plus C) and the very coarse 
samples (fractions B plus C). the densltles 
were plotted agamst the percentages Of 
material retamed on the 3/4-mch sieve 
Curves are also mcluded to show the theo- 
retlcal changes in density due to varying 
amounts of plus 4 aggregate as computed by 
Equations (1) and (2). previously dlscussed 
Fig 17 compares results between gravel 
mixtures compacted I” the 4-Inch mold I” 
which different materials (fractmns A and 
A,) were used for the minus 4 fraction 

Figs 18 through 21 show the relatmn- 
ships between mold size and degradatmn of 
the sample durmg compaction In these 
figures the degradatlo” percentage 1s the 
numerical difference between the percent- 
ages of the materlal retalned on the mdlcated 
SlCZ”e size (No 4 or 3/4-Inch) before and 
after compactlo* 

F,gs 22, 23, and 24 show complete 
slew analysis curves for the basic combma- 
tlons (A plus B, A plus C, A plus B plus C) 
of each maternal at gradations near the optl- 
mum before and after compactlon ln the 
4-Inch mold Table V gives the fmeness 
modulus of each mixture before and after 
compactlo” 

The compaction test results obtamed 
I” this study can be considered representa- 
tive for coarse-graded mixtures I” ana- 
lyzmg the data, however, It should be realized 
that a high degree of accuracy was not always 
attamable with some of the coarser grada- 
tlons As the ratlo of coarse to fme material 
mcreased the Proctor compactlo” procedure 
became more dlfflcult to perform properly, 
and the result+ were often erratic Further, 
for certain gradations the particles of the 
mixture tended to segregate durmg prepara- 
tlon of the samples Since the mixtures were 
not homogeneous but consisted of particles 
of different specifx gravity and other physl- 
cal characterlstlcs, the effect of segregation 
was s1gmf1cant In the compaction of the 
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coarser samples, density varmtmns as high 
as three pounds per cubic foot were attrlbut- 
able to this segregatm” 

With the ma,orlty of mixtures the 
tests could be performedqute satlsfactorlly, 
and clearly defmed values were obtaIned 
For the less satisfactory samples. the maxi- 
mum den&y and optmum moisture content 
represent the best average values that could 
be mterpreted from the data. This fact IS 
mentmned I” order to emphasme the point 
that certun lrregularltles 1” the test results 
are probably due to expermwntal error rather 
than to speclflc trends I” the data 

DISCUSSION OF RESULTS 

Although It 1s nnposslble to segregate 
entirely the effects of different varmbles, as 
mdxated by the test data. the more m,por- 
tant ones ~111 be dIscussed separately as far 
as possible 

Effect of Gradation 

The effect of sample gradatlo” a” the 
maxlmurn den&y obtamable from a glre” 
mixture 1s clearly shown I” the graphs. 
Except for comblnatlons of very coarse frac- 
tlons, all of the mixtures ylelded a density 
increase with lncreaslng coarse aggregate 
content up to a” optm,,m gradatm” beyond 
which the densities decreased rapldly with 
mcreased amounts of coarse materml The 
optlmun comblnatmns varied for tl-e mdl- 
vldual matermls and with the partmular 
fractions used to for”, the sample I” 
general, however, optnnum denxty was 
reached when the samples contamed 40 to 
60 per cent of plus 4 materml. The ,naxl- 
m”l~l density gradations correspond closely 
to gradatmns5 establIshed by Fuller for con- 
crete mixes 

For a 11 combmatlons contalnlng a 
ml”us 4 fractm” (A plus B, A plus C. A plus 
B plus C), the maxnmm densltles obtamed 
with each type of materml were the same 
except that the gravel samples using skip- 
grad,“g (fractions A plus C) attuned a m&xl- 
mum density two to three pounds per cubic 
foot higher than those of other gravel com- 
blnatlons See Fig 7 This cornbmatmn also 
showed the highest amount of degradatmn 
during compactlo” 

5 Wlll,am B Fuller and Sanford E 
Thompson, “The Laws of Proportlonmg 
Concrete,” TransactIons of the American 
Society of Clvll E”gl”eers, Vol LIX. p 67. 
December 1907 

These tests show that for normally 
graded materw.ls the size of the coarsest 
partlcle does not slgnlfwantly affect the 
maxxr,“rn density at the optmum gradatm” 
This lndlcates that smaller aggregate can be 
substituted for larger wlthout erroneous 
results I” cases when It IS desirable to llmlt 
the top size of the coarse fraction. 

For the very coarse-graded samples 
contammg fractmns B plus C, no optxnum 
gradatlo” was found See Figs. 12 and 16 
Wlthl” the range of expernnental error. all 
comblnatlons contamng B plus C fractmns 
of a give” material reached substantially the 
same maxnr,~m density These values were 
considerably lower than correspondmg 
densltles obtaned with other comblnatmns 
Degradatm” was qute high for the coarse- 
graded mixtures 

All of the flndmgs showmg the effects 
oi gradation on density were consistent The 
fact that the optxnun point occurs at the 
same gradatlo”. regardless of mold size. 
mdlcates that the decreasmg de”s,ty beyond 
thx point 1s a functlo” of the gradatm” and 
1s not due to arching or restrlctlon I” the 
mold 

Effect of Mold Sxze 

The influence of mold size varied with 
the type and, to less extent, with the grada- 
tm” of the materials compacted. For the 
gravel and lunestone the effect of mold 
size was very small In most of these tests 
slightly higher densltws were obtaIned I” the 
4-Inch mold for the fine-graded mxtures 
At or “ear the optmxm poznt the densltxes 
approached equality Beyond this pant, as 
the mixtures became harsher there was a 
slight but lnconslstent separation At the 
point of 100 per cent coarse material. equal 
or higher densltles were obtamed I” the 
4-mch mold 

With the crushed slag, higher densltles 
were obtaIned with the smaller mold I” all 
tests. The differences were SlgnlfKant, 
averagmg about 3 or 4 pounds per cubx 
foot The slag was the most dlffxult materI- 
al to test accurately, but eve” with possible 
experimental error the results deflnltely 
show that slgnlflcantly higher de”slt,es for 
tbls materw.1 were obtalned I” the smaller 
mold It should be noted that the slag was 
mherently harsher than the gravel and lime- 
stone used 

I” general, these tests mdxate that 
there 1s no undue particle interference mthe 
4l”ch mold and that this size 1s satisfactory 
for tests of coarse mixtures For such mix- 
tures It produces h,gher densltles than the 
6-Inch mold because there ,s less confme- 
ment I” the latter 
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Effect of Varymg the Mmus 4 PortIon of 
Sample 

In all of the compaction tests the den- 
sltles of the coarser mxtures were corn- 
pared with the density of the mmus 4 portmn 
of each material In order to study the pas- 
slble effect of a varlatlon I” this fractmn upon 
the denslty-gradatlon relatmnshlp, a series of 
tests were conducted “sing the B fraction of 
the gravel but replacmg the normal A frac- 
tlon with a mmus 4 fraction of concrete 
sand (A,). The results are shown in Table II 
and Fig 17. 

Although the influence of the different 
mmus 4 materials was quite apparent on the 
fme side of the gradatlowdenslty curve, there 
was no slgnlficant difference m the maxnnum 
densltles obtained at the optnnum point Be 
yond this pomt the curves were similar 
Breakage values were about the same for 
each condltmn. Addztlonal tests are neces- 
sary to determme the exact role of the mmus 
4 fractmn in tests of this sort 

Degradation. 

The density of compacted samples 1s 
greatly Influenced by the amount of degrada- 
tmn takmg place durmg their preparatmn 
Tables II, III, and IV, and Figs. 6 through 
16 mclude the percentages of each fractmn 
before and after compaction As previously 
mentIoned. the asterisks m the tables mdl- 
cate mterpolated values 

For most of the samples. only a small 
amount of breakage occurred m mixtures 
fmer than those yielding optimum density. 
Beyond this point the breakage generally U-L- 
creased wulth mcreaslng percentages of 
coarse material. An exception to this oc- 
curred mthe skip graded samples. composed 
of fractions A plus C. where there was 
considerable degradatmn when the coarse 
aggregate exceeded 20 or 30 per cent 
Degradation was high for the coarse mix- 
tures of fractmns B plus C. The amount of 
degradatmn was not affected by varlatlons 
I” moisture content of the samples It 
should be noted that the above breakage U-L- 
formatmn 1s based only on the change ,n 
fraction s1z.e expressed in terms of minus 4 
or mmus 3/4-mch values 

The curves shown I,, Figs 18 through 
21 were plotted ln order to obtam more con- 
cluslve Information concerning relationships 
between mold size and degradation of the 
sample during campactlon. Fig. 18 shows 
the magnitude of breakage of the samples 
during compactmn m the 4 and bmch molds, 
based upon the amount of material retemed 
on the minus 4 szeve at the start of the tests. 

The mdlcated degradation percentage 1s the 
numerical dlfferencebetween the percentages 
of the materm retamed on the No. 4 sieve 
before and after compactlo” In this test 
there was nn slgniflcant difference between 
the amount of breakage for gravel, lmw- 
stone. and slag A smgle curve, therefore, 
1s representative of all these materials 

It 1s shown I” the data that breakage 
mcreases 1~1th mcreasmg percentages of 
coarse material No appreciable breakage 
occurred, however. until the plus 4 material 
exceeded about 30 per cent m the small mold 
and 20per cent in the large one The earlier 
breakage mthe largemold was to be expected, 
since the hammer used to compact the 
samples in the larger mold was much heavxr 
than that used for the smaller. After break- 
age began, the rate of degradatmn was 
greater m the smaller mold 

F% 19 shows sm~lar mformatlon 
based upon the amount of materw.1 passmg 
the 3/4-mch slew before and after com- 
pactmn The results are slml1a.r to those 
based on separation of material on the No. 4 
Sle”e However, the amount and rate of 
breakage varied with the material tested, 
and the breakage started at lower percent- 
ages of coarse materml 

Figs 20 and 21 show the breakage ln 
the small mold plotted agamst breakage in 
the large mold, for materml retamed on the 
No. 4 and the 3/4-Inch sieves These values 
are compared with a 45-degree lme rep- 
resenting equal breakage in each mold 
Considerable scattering of the pants is 
apparent, but in general It 1s mdlcated that 
for lower percentages of breakmg (fme 
material predommatmg) the greater de- 
gradation occurred in the large mold At 
higher values of breakage (coarse material 
predommatmg ) the g r e a te r degradation 
occurred m the smaller mold 

The c u r v e representing “hammer 
energy ratlo” Indicates the ratio between the 
weights of the hammers used m the large 
and small molds Th,s curve was Included 
I* order to determlne whether breakage 
durmg compactmn was proportmnal to the 
foot-pounds of energy dellvered to the 
sample per unit area of the hammer strlkmg 
surface. Only a few pomts fall near th,s 
11ne 

A complete sleve analysis for all 
samples before and rafter compactIon was 
not made, because this would have been too 
txne-consuming Instead, samples of each 
material were selected for detalled analysis 
at pamts near the optnnum gradatmn for 
each basic comblnatmn. namely A, A plus B. 
A plus C, A plus B plus C. Figs. 22, 23. and 
24 show the complete sxeve analyses for 
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these selected samples before andafter com- 
pactmn I” the small mold The Fineness 
module of the mixtures before and after 
compactmn are listed m Table V No parti- 
cularly svgmfxant trends are mdwated by 
the data shown m the same table 

In general, for all material retalned 
on the No 4 ~leve (mcludmg plus 3/4-mch 
material when present with at least an equal 
amount of rnmus 3/4-mch materml) no 
seTmus breakage occurred when less than 
40 per cent of the muture was retamed on 
the No 4 ~leve With 40 per cent plus 4 
material, the breakage was only 2 per cent 
I* the small mold and 3 per cent m the 
large mold 

Based on the percentage retamed on 
the 3/4-mch swve, slgrufxant breakage 
began with samples contammg about 18 per 
cent coarse material m the 4-mch mold and 
aboutloper cent in the larger These results 
mdxate that the Proctor type test usmg the 
4-mch mold can be used sat~sfactorlly when 
the sample contaw,s as much as 40 per cent 
of well-graded plus 4materm1, of which about 
15 to 20 per cent can be of 1 l/2-mch rnaxl- 
mum sze Beyond these pomts the density 
1s greatly affected by degradation Tins 
effect 1s emphasxed when usmg skip-graded 
mixtures and where coarse material pre- 
dommate s 

For other than breakage conslderatmns 
the over-all test data and operational expert- 
ence mdlcate that up to 50 or 60 per cent of 
plus 4 materml contammg not more than 25 
per cent plus 3/4-mch materm 1s permis- 
slble I” the 4-mch mold Beyond tt,ls value 
operatmnal dlfflcultxs mcrease 

Comparison with Theoretxal Densltles. 

Figs 6 through 17 Include the theoretl- 
cal density-gradatmn curves computed from 
Equatmns (1) and (2). Equatmn (1) more 
nearly predxted the results obtamed from 
the tests Equation (2) gave better results 
only when the concrete sand was used as the 
mmus 4 fractmn of the gravel See Fig 17 
For all other tests the results obtained by 
this formula were canslstently too Hugh. 

Neither formula was applxable beyond 
the optimum gradatmn In usmg a formula 
of th:s type, therefore, It 1s necessary to 
know the llmlt of Its appllcab,llty or the pomt 
of rnaunnum density beyond which the addl- 
tmn of coarse material causes dnnmishmg 
density Possibly this could t,e done my 
developing an equation sunalar to (1) or (2) 
whxh would give a curve slopmg upward 
from the coarse end of the graph to a pomt 
of mtersectmn with the curve now used The 
mtersectmn of the two curves would estab- 

llsh the pomt of maxl~flurn densrty and the 
lumt of use for each curve Extensive test 
data wouldbe required to estabhsh defmltely 
the feaslblllty of such a method and to defme 
clearly the relatlonshws The present 
mformatmn shows that Equatmn (lj 1s quite 
accurate I” pred~ctmg the mcrease I* 
densltles resulting from the addltmn of 
coarse material to the rnmus 4 portmn, UP to 
the pomt of ma~~rnurn density attamable for 
the partxular fractions used 

The mformatmn presented 1” this 
report and that of other mvestlgatlons 
mdlcates that the Proctor type of test can be 
used successfully for compacting normally 
graded materials contammg 3/4-inch 
material and larger W1t.h the larger sze 
aggregates, however. the testmg operations 
become lncreasmgly dlfflcult It appears 
that a logxal comprormse would be to lxnlt 
the top 51ze of coarse aggregate to 3/4-mch 
and correct the density for any plus 3/4-inch 
material contamed In the sample It 1s 
believed that Equatmns (1) or (2) could be 
rnodlfled to serve this purpose 

Comparison of Laboratory and Large Scale 
Compaction Data 

In order to determme the sultablllty of 
the Proctor type test for settmg up field 
compactmn requirements for coarse-graded 
rmxtures, the densltles obtamed m labora- 
tory tests were compared with densltles 
obtamed on snnllar materials under normal 
constructmn procedures 

In Fig 9. Pomt A represents an 
average density obtamed in a highway base 
course ,n Indmna Fxld densltles I” tins 
case checked quite closely with those 
obtamed m the laboratory by means of the 
Standard Proctor compactlve effort, usmg 
the whole sample (up to 3/4-mch size) m 
the test Pomts 8, C, and D m Fvgs 6. 8, 
and 11, respectively, represent the fwld 
densltles obtamed on several CAA axport 
constructlo” projects usmg matermls and 
gradations wlthm the range covered by this 
study Although exact comparisons between 
the field data and the laboratory results are 
not ]ustlfled. the posltlons of the pomts 
mdlcate that a speclf~catlon of 95 per cent 
laboratory density would have been a 
reasonable requirement for field compactmn 
of these materials 

In connectmn with another expert- 
mental project now under way at this Center, 
IO-foot by lo-foot experimental base courses 
usmg the same materials tested I” this study 
are compacted by means of vibratory equip- 
“lent The densltles obtamed are generally 
about 5 pounds per cubrc foot less than the 



“axlmu” for s,“llar gradatmns obtamed by 
means of the “odliled Proctor laboratory 
test Degradation of materials under the 
vlbratary compactmn 1s small. bemg about 
3 per cent based on amounts passmg the 
No 4 sieve 

The degradatmn values obtamed 1x1 
this study were further compared with values 
obtamed by Shelburne, in whxh slmxlar 
materials were covpacted by means of a 
lo-ton steel roller Shelburne’s work con- 
cerned the testmg of surface treatment 
aggregates which contamed partxle sizes up 
to 3/4-Inch and whxh had been placed on 
r,gld and ilexlble bases in quantltles of 
40pounds per square yard Under the actlon 
of seven round trips of the roller, the 
degradatmn of the matermls placed an the 
ilexlble base compared closely with the 
degradation values shown ,n this report 
This mdlcates that degradations due to the 
laboratory test are wlthm a range of those 
to be expected under certam extreme field 
condltmns 

All of the above records mdlcate the 
general appllcablllty of the Proctor type of 
test for field compactmn control of coarse- 
graded materials. The records are some- 
what sketchy, however, and should be 
supplemented by extensive expprlmental 
correlation of field and laboratory data 

CONCLUSIONS 

In this study a carefully controlled 
laboratory evaluation has been made of the 
applxablllty of the Proctor type compactmn 
test to the compactvan of coarse-graded 
“aterlals Some of the fmdmgs represent 
deilmte canclusxv~s, while others requxe 
substantlatmn by field data c omparat,ve 
field “formatIon concernmg certam phases 
of the study 1s “eager In these cases the 
laboratory results can be compared only m 
a general way to observed fxeld values 

For the range of “aterlals used m 
this study, the followmg conclusmns appear 
warranted 

1. The Proctor type of test, usmg a 
standard 4-Inch mold, was found to be 
sultable for determmmg the maximum, 
den&y and optlmu” “olsture content of 
coarse materials and mixtures I” testing 
the harsher “utures. however, serious 
operatmg dliilcultvzs were encountered 

2 For practrcal purposes It 15 believed 
desirable to llmlt the upper size of the 

6 Tllton E Shelburne, “Crushmg 
ReslstanceoiSuriace TreatmentAggregates.” 
Engmeermg B, lletm, Purdue Unlverslty. 
Vol XXIV, No 5, Research Series No 76. 
September 1940 

aggregate to 3/4-Inch When necessary to 
remove any plus 3/4-Inch material, the 
densltles can be corrected by means of an 
equatmn s~mllar to (1) or (2) or by replacmg 
plus 3/4-Inch “aterlal with “onus 3/4-mch 
coarse “aterlal 

3 The test results were not appreciably 
affected by a dliference III mold size except 
wvlth certan, slag gradatmns for which higher 
densltles were obtamed in the 4-Inch “old 
No svgnlflcant particle mterierence was 
mdlcated when usmg the 4-mch mold 

4 Maxmum densltles of mxtures of 
graded aggregates “creased with mcreasmg 
percentages of coarse mater1a1 up to an 
optimum gradation Beyond this pant the 
further addlt,on of coarse “aterlal resulted 
in decreasmg densltles The optlmu” 
grad&Ion occurred when the sample con- 
tamed 40 to 60 per cent of plus 4 material 

5 Maximum densities for well-graded 
“utures of a gxven “atenal were the same 
regardless of the general gradatmn of the 
plus 4 iractmn On this basis smaller 
aggregate can be substituted far larger, pi It 
IS desxed to lnnlt the top s,ze of the sample 
for the purpose of testing 

b Degradatmn of samples durmg com- 
pactlon “creased with mcreasmg percent- 
ages of coarse mater1a1 No appreciable 
breakage occurred I” the 4-mch mold until 
the plus 4 material exceeded about 30 per 
cent 

7 Equation (1). used for predxtmg the 
increase III “axlmu” density gamed by 
addmg coarse-graded material to fmegraded 
“xtures, was found to be applxable to most 
of the “aterlals used I,, this study when the 
materials were combmed 11, “lxture s 
rangmg fro” ime up to those producmg 
maximum density Beyond this pant the 
correctmn formula did not apply 

g Varlatmns in the characterlstlcs of 
the “1nus4 fractlan of coarse-graded 
mixture affected the densltles of only those 
samples contammg predommantly “onus 4 
material When plus 4 gravel was added 
mdlvldually to two different “x,us 4 irac- 
tmns, the optimum gradatmn and corres- 
pondmg densltles were approximately the 
same 

9 From allmlted serxes oiobservatlons, 
the densltles obtamed III the laboratory by 
the Proctor type of compactmn test appear 
to agree with densltles obtamable \VI th 
either wbratory or roller types of ileld 
equipment Further tests conducted for the 
specli~c purpose of comparmg field and 
laboratory density values appear desirable 
Such tests should Include studies of the 
degradatmn of materials under the actlon of 
different types of laboratory and f me Id 
compactmn eqlnpment 
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FIX 1 Appearance of the Three Fractmns of Gravel 



Fig. 2 Appearance of the Three Fractmns of Lmnestone 



Fig. 3 Appearance of the Three Fractions of Slag 



Fig 4 Automatic Tampmg Equlpment Used to Compact Samples 

F’lg 5 Appearance of the Top Sectmn of a Sample of Coarse-Graded Materm After 
Compaction 



PER CElT RETIlnEo ON NO, SIEVE 

Fig. 6 Gradatmn-Density Relatmnzhlp for 
Gravel (Fractmns A+B) 

F,g 8 Gradatmn-Density Relatmnshlp for 
Gravel (Fractmns AtBtC) 

Fig 7 Gradatmn-Density Relatmnshlp for 
Gravel (Fractmns AtC) 

Fq. 9 Grsdatmn-Density Relatmnshlp for 
Lmnestone (Fractmns AtB) 



PLR CLlll RETAIRED D* ,I. 111 SIEVE 

Fxg. 10 Gradanon-Density Relatmnshlp for 
Lnnestone (Fractmns AK) 

PEll CEYT RETIlYED ON NO, SlEYE 

Fig. 11 Gradatmn-Denelty Relatmnshlp for 
Limestone (Fractmns AtBtC) 

Fq. 12 Cradatmn-Density Relatmnshlp for 
Limestone (Fractmns BtC) 

Fq. 13 Gradatmn-Density Relatmnship for 
51ag (Fractmns AtB) 



Fig. 17 Gradatmn-Density Relatmnshlp for 
Gravel Usmg Two Different Mmus 
4 Fractaons Wath Fractron B 
(4-Inch Mold) 



16 

Fig. 18 Degradation as a Fun&on of the 
Plus 4 Materlal 

Fig. 20 Degradatmn of the Plus 4 Materml 
LB a Functxm of Mold Size 



Fig 22 Gradation Curves for Different fixtures of Gravel Before and After Compactmn 

SIEYE ANaL 



Fig 24 Gradatmn Curves for Different Mcctures of Slag Before and After Compaction 



Fraction 
ldent,f,catmn 

-4 Iractlon Of a 
dense-graded 
gravel (A) - - 2 76 

-4 Lractmn of a 
concrete sand (Al) -- 274 

t4 to -3/4 
Inch Iractlan of 
a washed gravel (8) 2 56 2 74 

t3/4 lr.Ch to -1 l/Z 
inch Iractlo” oi a 
washed gravel (C) 2 70 2 79 

-4 Irachon o* a 
crushed l,mestone (A) - - 2 75 

+4 to -3/4 U-LCh 
Iractlan cd a 
crushed hmestone (B) 2 65 2 69 

t3/4 l”Ch to -1 l/2 
mch Iractlon of a 
crushed hmestone (C) 2 66 2 69 

-4 Iractlon of a 
crushed slag (A) -- 272 

+‘I to -3/4 Inch 
Irachon of a 
crushed slag (B) 2 58 2 69 

t3/4 Inch to 1 l/Z 
inch Iract,on of a 
crushed slag (C) 2 58 2 68 

__ 

-- 

27 

13 

-- 

09 

06 

-_ 

1z 

08 

-_ _ _ 

_ _ _ _ 

38 

-- 100 

-- - _ 

49 __ 

__ 100 

-_ _ _ 

25 -- 

-_ 100 

-- -_ 

-- __ 
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TABLE II 

COMPACTION DATA FOR DIFFERENT SAMPLE GRADATIONS OF GRAVEL 
(Obtamed by Varymg the Percentages of Fractmns A, B, and C) 

Before Compaction After Compaction 

Per Cent of 
Fractmns 

I I 
FM 4-Inch Mold 

A B cl ~ABcIMD 

100 0 
60 4: 0 
50 50 0 
40 60 0 
30 70 0 
20 80 0 
10 90 0 

0100 0 

2.85 
4 26 
4 66 
5.08 
5.48 
5 90 
6.30 
6.70 

100 0 0 
60 40 0 
52 48 0* 
45 55 0 
38 62 O+ 
3070 0 
23 77 O* 
1783 0 

135 3 
138.2 
139 2 
139.7 
140 3 
135.5 
126 6 
118.6 

100 0 
60 o 4,” 
50 0 50 
40 o 60 
30 0 70 
20 0 80 
10 0 90 

0 0 100 

100 0 
80 
60 :i 
50 25 
40 30 
30 35 
20 40 

0 50 

100 0 
80 20 

30 
;: 40 
50 50 
40 60 
30 70 
20 80 

0 100 

90 0 
80 0 

0 2 63 100 o 0 135.3 
10 3 58 80 10 IO 139 7 
20 4 51 61 20 19 142 0 
25 4 98 51 25 24 142.6 
30 5 47 44 32 24 143 3 
35 5 88 38 39 23 141.2 
40 6 41 30 43 27 135 3 
50 7 35 12 51 37* 130.2 

Concrete Sand as Mmus 4 Material 

0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
20 

10 
20 

2.92 
3 68 
4 07 
4 47 
4.85 
5.22 
5.62 
6.01 
6.77 

100 0 0 120.5 9.8 
80 20 0 127.4 9 4 80 20 0 
70 30 0 130.5 8 5 7030 0 
60 40 o 134.7 7.6 61 39 0 
52 48 0 1366 76 
45 55 0 139 3 7.6 
3862 0 
31 69 0 
1783 0 14 86 0 

3.43 
3.84 

3.81 
4.71 

90 0 10 123.8 8.2 90 0 10 118 6 7.8 
80 0 20 131.0 8.6 80 0 20 123 2 90 

80 10 10 129.2 8 5 80 10 10 123.0 9.5 
60 20 20 135.0 7.6 60 21 19 133 5 7.2 

2 85 100 0 0 135.3 
4.78 61 9 30* 142.5 
5 31 52 lo 38 142.8 
5.85 42 13 45 144 6 
6.38 34 11 55* 141.8 
6 92 25 13 62* 134.2 
7 45 17 15 60* 128.4 
8 00 8 18 74* 115.7 

OM 1 A B C MD 

7.6 

2: 
6.4 
62 
58 
45 
20 

100 0 0 
61 39 0 
51 49 o* 
42 58 0 
32 68 O* 
27 73 0 
21 79 o* 
14 86 0 

134 5 
137 7 
138 5 
139 0 
140 6 
136.2 
127.5 
118.2 

7.6 

2.6” 
516 
60 
41 
21 
1.0 

100 0 0 
2 64 34* 
3 55 42* 
4 46 50* 
_C 39 56:: 
6 30 64* 
7 22 71* 
8 14 78 

134 5 
143.6 
143.6 
144 0 
141 4 
134 9 
128 1 
111 3 

76 
68 
62 

2: 
63 
6.9 
5.2 

100 0 0 
80 10 lO* 
59 23 18 
51 27 22” 
42 30 28 
38 34 280 
27 40 33 
12 46 424 

134 5 7.7 
138 2 6.0 
141.7 5.5 
142 5 5.7 
143 5 60 
140.8 6.1 
138 0 6.2 
130.6 5.2 

I b-Inch Mold 

OM 

2: 
614 

2.: 
5’6 
52 
20 

77 
55 

2: 
5.1 
4.8 
3.0 
2.0 

120 4 85 
125 2 8.5 
126 2 74 

118 2 2.0 

Note FM = Fmeness Module, MD = Maxnnum Densltles. and OM = Optmxun Moistures. 

* Interpolated Values. 
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TABLE III 

COMPACTION DATA FOR DIFFERENT SAMPLE GRADATIONS OF LIMESTONE 
(Obtamed by Varymg the Percentages of Fractions A, B. and C) 

Before Compactmn 

Per Cent of 
Fractmns FM 

After Compactmn 

4-Inch Mold 

A BC IA BC lm OM 

100 0 0 2 53 
a0 20 0 3.36 
60 40 0 4.25 
50 50 0 4.65 
40 60 0 5.06 
30 70 0 5.49 
20 80 0 5.91 

0100 0 6 80 

100 0 0 
0 

6”; :“, 0 
54 46 0 
47 53 0 
38 62 0 
32 68 0 
19 81 0 

141 0 57 
143 2 4.9 
144 a 50 
145 0 4.5 
142 1 56 
138 4 47 
130 2 42 
117 2 10 

100 0 0 
80 0 20 
60 0 40 
50 0 50 
40 0 60 

2.53 
3 64 
4.72 
5 26 
5.80 
6.35 
6.89 
0.00 

100 0 0 

:: 
1 
9 :7 

51 14 35 
43 17 40 
35 20 45 
28 22 50 
11 29 60 

141 0 57 
143.4 5.3 
145.2 47 
145 4 46 
144 2 5.0 
143.0 53 
133.5 26 
119 0 1.0 

30 0 70 
20 0 00 

0 0 100 

100 0 0 

b”o” f,” ii 
50 25 25 
40 30 30 
30 35 35 
20 40 40 

0 50 50 

0100 0 
0 80 20 
0 60 40 
0 50 50 
o 40 60 
0 20 80 
0 0 100 

2 53 
3 50 
4 46 
4.95 
5 44 
5 92 
6 40 
7 38 

100 0 0 
80 10 10 
60 20 20 
52 30 18 
45 32 23 
37 36 27 
30 42 28 

141.0 57 
141 6 5.6 
144.7 50 
143 8 52 
143.8 45 
143 2 56 
134.4 42 

6.75 19 81 0 117 2 1.0 
7.00 17 64 19 120.6 12 
7 25 16 55 29 120 0 1.0 
7 37 14 50 36 120 4 1.0 
7 50 17 42 41 120 0 1.2 
7 75 13 38 49 119 4 10 
0.00 11 29 60 119 0 1.0 

6-Inch Mold 

I MD IA B C 

100 0 0 
00 20 0 
62 30 0* 
54 46 O* 
48 52 0 
37 63 0 
34 66 0 
15 85 0 

100 0 0 
80 0 20+ 
61 9 30* 
51 14 35* 
45 17 38* 
36 17 47 
26 18 56* 
10 29 61* 

100 0 0 

6”: i,” lo” 
50 26 24 
44 33 23 
38 37 25” 
31 41 28 
12 54 34 

15 85 0 
14 71 15 
12 70 18 
12 54 34 
11 57 32 
10 37 53 
10 29 61 

OM 

139 2 57 
141 8 5 1 
144 0 54 
145 3 54 
144 3 47 
140 0 60 
131.4 48 
111.3 18 

139 2 
143.4 
145.4 
146 0 
146 4 
144 0 
140.0 
115.5 

5.7 
52 
5.2 

:: 
46 
3.7 
25 

139 2 57 
141 6 56 
143 4 45 
144 5 49 
143 4 55 
142 0 48 
134 0 50 
117 2 18 

111 3 1.8 
118 0 1.6 
118 6 14 
117 2 1 8 
117.4 1 6 
115.8 12 
115.5 2.5 

*Interpolated Values 
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TABLE IV 

COMPACTION DATA FOR DIFFERENT SAMPLE GRADATIONS OF SLAG 
(Obtamed by Varymg the Percentages of Fractions (A, B, and C) 

Before CompactIon 
I 

After Compactmn 

Per cent of 
Fractmns FM 

A BC [A B C/MD IA B C 

100 0 0 
80 20 0 

0 
2 2 0 
50 50 0 
40 60 0 
30 70 0 
20 80 0 

0 100 0 

3 67 
4 31 
4 44 
4.96 
5 29 
5 61 
5 92 
6 26 
6 90 

100 0 0 
80 20 0 

2 i’s 0 0 
52 48 0 
46 54 0 
39 61 0 
31 69 0 
15 85 0 

118 0 
124.2 
126 0 
128 2 
127 9 
128 2 
124 2 
120.6 
112 6 

11.5 
96 

11.0 
8.3 

2: 
5’0 
48 
18 

100 0 0 
80 20 0 
70 30 0 
63 37 0 
55 45 0 
47 53 0 
40 60 0 
31 69 0 
11 89 0 

110 0 
114 6 
121 3 
122 5 
123 5 
124 6 
121 6 
117 2 
107 0 

12.5 
87 
95 

10 0 

(I: 
42 
46 
15 

100 0 0 
0 20 

6”: 0 40 
50 0 50 
40 0 60 
30 0 70 
20 0 80 

0 0 100 

100 0 0 
80 10 10 
60 20 20 
50 25 25 
40 30 30 
30 35 35 
20 40 40 

0 50 50 

3 67 
4 53 
5 40 
5 84 
6 27 
6.69 
7.14 
0.00 

100 0 0 
20 

:fl 1; 25 
51 18 31 
44 23 33 
37 29 34 
29 37 34 
11 44 45 

118 0 
124 0 
128 5 
128 8 
127 9 
126.3 
125 8 
111 6 

11 5 
9.6 

2 
4’8 
38 
3.9 
2.0 

100 0 0 

49 19 32 
41 24 35 
31 28 41 

9 41 50 

110 0 12 5 
117 9 85 
122 4 77 
125 0 74 
125.0 52 
124.7 4.3 
121.7 40 
107 9 2.0 

3.67 
4 43 
5 18 
5.57 
5.94 
6 32 
6 70 
7.45 

100 0 0 
IO 

6”: :,” 16 
56 30 14 
45 35 20 
38 41 21 
30 51 19 
13 64 23 

118.0 11.5 
125.3 93 
128 9 7.0 
128 9 67 
128 0 6.2 
127 8 51 
124 4 41 
111.9 14 

100 0 0 
80 10 IO 
64 22 14 
54 29 17 
47 36 17 
40 41 19 
33 47 20 
11 65 24 

110 0 12.5 
116 7 90 
121 8 58 
124 4 69 
125 3 55 
126 1 37 
121 3 4.5 
IO8 3 20 

0100 0 6.90 11 89 0 112 6 18 11 89 107 0 15 
0 

6”: 2 
7.12 13 75 12 111.5 12 12 79 9” 107 0 2.1 

0 7 30 13 67 20 112 7 14 12 67 21 107 5 2.0 
0 50 50 7.45 13 64 23 111 9 14 11 65 24 108 3 20 
0 40 60 7.56 12 57 31 111.7 1.4 11 62 27 108.4 2.0 
0 20 80 7.78 11 50 39 112.2 1.4 10 50 40 108.4 2.0 
0 0 100 0.00 11 44 45 Ill.6 20 9 41 50 107 9 20 

4-Inch Mold 6-Inch Mold 
I I 

OM OM 
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TABLE V 

FINENESS MODULUS OF DIFFERENT MIXTURES 
BEFORE AND AFTER COMPACTION IN THE SMALL MOLD 

Sample 
Identliicatmn 

A B C 

100 0 0 
40 60 o 

50 25 25 

100 0 0 
40 60 0 

1 Before After Per Cent Change 

2 63 2.50 49 
5 05 4.74 61 
5 19 4 88 6.0 
4 90 4.80 
5.33 5.07 

2.53 2.33 79 
4 74 4.48 55 
4 87 4.48 8.0 
5.45 4.91 91 

3.67 3.42 6.8 
5 55 5.11 7.9 
6 03 5.42 10.1 
5.56 5 24 57 

* Concrete Sand a5 the Mmus 4 Fraction 


