PROGRESS REPORT

31 March 1965

Iowa, HPR=1(1l), Item 42

Research project HR-99,

Research Agency:
Principal investigator:

Date project started:
Completion date:

Budget (2 year total):

Expended to April 1,
1965

Factors Influenéing Stability
of Granular Base Course Mixes.

Iowa State University
James M. Hoover

November 1, 1963
October 31, 1965

$84,120.00

$55,185.26



PRCGRESS REPORT

FACTORS INFLUENCING STABILITY OF GRANULAR BASE CCURSE MIXES

31 March 1965

Proj. HR=99 of the lowa Highway Reszarch Beaxrd
Proj. 516-5 of the Iowa Engineering Experimsnt

Station, Icwa State University, Ames, Iowa



IEES Project 516-8
31 March 1965
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“FACTCRS INFLUENCING STABILITY OF GRANULAR BASE COURSE MIXES."

Problem 1. ODetermination of a suitable and vealistic laboratory method
of compaction. The purpose of this study was to obtain a laboratory

compactior method producing a uniform, controllable density while mini-
mizing degradation and segregation of compacted crushed stone samples.

A brief summary of results obtained with the Bedford, Taylor County,
Towa crushed stone were prasented in the last progress report. Degrad-
ation and segregation studies during standard Proctor and vibratory come
paction on two additional crushed stone samples have now been compleieds
one is a2 hard limestone from near Gilmore City, Iowa, while the other is
a hard dolomite from near Garner, Iowa., The results are now being tabe
ulated and will probsbly be reported in the next progress report.
Problem 2. Effect of gradation and minersloav of the fines on shearing
strength. The purpose of this study i1s to investigate the relation of

coheslon and friction to the variation of the guantity of fines and the
dominant minerals identified in the fines in each of the three represent-
ative Iowa crushed stones.

As mentloned in the 30 November 1964 Frogress Report, two signifi-
cant variables consistently reappeared in the theoretical study of this
problem area. (1) Volume changes of the compacted crushed stons material
may occur several times and in several ways duringAsh@ar strength testing,
(2) Particle surface adsorption of water and/or verious ions carried by
water may create additional friction and/or cohesion chavacteristics. In
contrast the same adsorption characteristics may destroy the strength of

a rolled stone base.

Consolidated-undrained trlaxial shear tests with total volume change
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and pore pressure measurements are baing conducted on 4 inch diameter
by 8 inch high Bedford stone samples. Presently, each sample is pro-
duced using the whole crushgd stone (§.2., no variation from original
Iowa Higﬁway Commission specified gradation) compacted by the vibratory
procedure to standard Procter optimum moisture content and density.
Volume change of each sample during testing is measured by observing the
change of volume of the cell fluld using a device designed and constructed
in the IEES. This device is capable of measurements to an accuracy of
less than 0.01 cublic inch. After each sample is near 100% consolidated,
the axlal load is applied at a constant rate of 0.0099 in/min. Duving
shear; constant volume of pors fluid is maintained, thus alié%iné bor@
pressures to be measured and related to load and sample volume datao
Each sample is loaded until a constant volume is reached; each test
therefore requires a minimum of about 4 hours testing time and 1% hours
calculation time per specimen. The latter is now being computer pree
grammed and will require zbout 2 minutes for computation of data and
graphing of results (as stated by the programmers).

Though a considerable number cf samples has been tested in the past
three months, results available for analysis at the time of this report
are yet rather limited. ‘The following is a very ganeraltsummary of
completed results to date on the—Bedford stone, zun at lateral pressures
from 10 to 40 psi:

1. Total stress analysis indicates the Mohr envelopes of failure
have a cohesion value (¢} of 18.5 psi and friction angle (&) of
36°,

2, VYolume contraction during axial compression increased in pro-

portion to stress to a miximum of 1.0% at about 2.3» strain
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and at marimmm princeipal sziress.

Pure pressures during shear increased in proportion to stress,
to 2 maxhmum of about one pai at about 2.3% strain, which point
coincides with the meximum principal siress and maximmm volums
contraciicn.

Approximately tripling the strain returns the apéch&an %0 near
its original voliume while decreamsing the maximum primcipal
stress by less then 1015,

Further load application results in further, and eventusl con~
stant, voiuue chenge, at & maxismam expansion of about 2,07%
being achieved 2t about 207 strain. Maximmm primcipal strese
at this point of strain ie veduced abouf one~fourth and con-
timies reduction even though volume change ramaine sonziant
with additiomal testing.

From the point of zere volume change in 4 above until constant
volume expansicn is reached, the stress-strain relstienmship is
somewhat errstie; i.,e., imdicating points of slippage feilure
with each sdditional 2-47% strain. Similar chenges, though not

as pronounced, oscur simulianecualy in volums sxpausion; l.e.,

 the volume inersases very slighily at sach ebvious point of .

stress reduction.

Pore pressurs changes appear to consistently follow the volume
chane as might be antieipated, reaching wmaximum positive gége
pressure ai or nesr maximum volums coatraction ard prinsipal
stress, then reducing quieckly tc zero prior to sample expan-
sion to originel volume, Yith contimisd volume expansion, pere
pressurs besomes negetive; i.e., reduses to loss thean zers gage

prosaure.



No susticn pors pressures had originally besn anticipeted with the
crushed stone materials as it was assumad that they were free dralning,
The advent of obvious sustion prussures created considerable concern es
equipment was not available in this laboratory for measuremsnt of such
pressure. Asg a r@sult; @ gompownd pore prossure devies hes been bor-
rowed, and is being used for the first time during writing of this ro-
port, Resulis with the sample under test at this moment have showm a
positive pressurs of ebout 1.0 psi, changlng to over 4.0 psi negative
pressure (gtill decressing). The significance of this suetion prassure
in relation te stability of gramular base mixes 1z obvieusly not two de
determined at this stags of the project but doss conjure some interesie
ing hypothesss in the vriters mind--mzybe in the wreaders mind also?

In addition to the above noted results, moeldsd ssmples have been
run at lateral pressures up to 89 psi. Annlysse ere alsc being wAde
on the basis of effective strssses, maximum prinsipsl straess patles, and
octahedral stiressses. It now appesrs that the latter snalysis may leed
to a testing procedurs in which the envelope of failure paremeters, ¢
and o, can be determined on the basis of cne togted specimen,

Chemieal eand mineraisgleal tests havse been completud on all three
crushed stone samples, A repressntetive somple of sach sions w@e
ground to pass the No, 100 U. 3. Standard mesh sieve, Par{ of eanh
sample was used for X-ray mineralogical identificatien and the remsin-
ing portion was used for guantitstive measurement of pH, cation ex-
change capaclity (c.e.c.) and hydrochloric asid zcluble and non-seluble
minerals. A sumiery of the resulits ars presented in Tables 1, 2, and 5,
These results will bo uged te determine the relationship of minesniogy
of the stones to their stebility cheraciterisiics at a later date.

Problem 5, Improvemsnt of the shear strempth of crushed stone meterizis

with organic and inorganic chemical stabilization sdditives. The purposs
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Table I, Mineral Censtifuents of the Yh le Material by Xeray Diffraciion
Stone (nleite/Dolomite
Designation Caleite Dolouni%e Guardy Foldapars Ration
Bad{owd Fredominand faall Amount Toee Hot Jdentifiable 25
Garner Prodominant Sogond Predominand Tiase Bot ldendifiekls 1,16
Gilwors City Predominant Jlerely RO Mot Idsntifisble &

F0biained From A~y peak inkensiby.

Tabls 2, Nen-HCl Aeid Solubls Cley Minsral Consgtitusnts of the Whols Material
by X-ray Diffracticn
Stone Vermicoulito- Miezageue

Designadion Menb. Chlorids Material Kaelirite Quarts

Badfard Novie Nob Identifieble Predeminant Poewrly Levge
Crystalline Amavd;

Garner Nonw  Small Amount Predeninant Sacond Larps
Fredominmmt Amount

Gilmore Clhy Nomo N None Predoninant Smnll
' Amruant

Table 3,

Quantitative Chemical Analysis of Whole Matoerial,

)
Non~Cl1 Nen-gliay Mineral, HGL S~iuble
Soluils Noa-Acid Crleareonug
Stene CEC, Clay Minewsls, Soluble Material, Hoterial,
Designation pH {me/100,0z) “ % 4
Bedford 9,40 10.88 10,92 Trace 89,08
Carmer 9.25 10.60 5010 1.03 95.&7
iimowe Cidy. 8,99 5,86 €166 Traco 38, B
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of this study is to investigate the effects of economically feasible
stabilization additives on the shearino resistance and stebility of
compacted cruched stone materials, particularly stones of poorer quality.

The effective use of a minute quantity of an organic chemical dis-
solved in the wix water of compacted Bedford‘samplés has previously
been reported in detail.

Stebilization studies using 0, 1; 3, and 5% by dry weight of Type I
Portland Cement, with the Bedfozd crushed stones, are under way. While
a considerable number of samples have been tested by C-U triaxial tests
with volume and pore pressure seasursments, computations and graphical
tabulations are not yet completed.

Two types of freeze-thaw tests: ASTM standard D 560-57, and the
Iowa Freeze-Thaw Test®, have been completed un the Bedford stone sta-
bilized with 1, 3, and 5% Type I Portland Cement, and are under way on
the Garner stone. Une change was made from the ASIM ﬁeﬁhoduih that the
spscimens were compacted by vibration (in dccordance with data obtained
from Froblem area 1 to oliminate compactive degradation.) rather than
by the Froctor msthod., Two changss were made in the reference cited
Towa method; 1.6., (1) 4.0 inch diameter by 4.5 inch high spacimens were
(2) compacted by vibration. Following compaction a&lAsamples were
cured for 7 days in a 100 R. H, atmosphere &t & conﬁ%&nﬁ temperature of
TOCF,

Summary results cf the completed freeze-thaw tests axe shown in
Table 4 and 5 and represent the average of 3 spscimens for each enkry

shown. As noted in Tables 4 all speciuen sirengths are In direct re-

"George, K.P. and Davidson, D. T. Developmont of a Fresze-Thaw Test
for the Design of Soil<-Cement. Highway Raseaxch Racord No. 36, 1963,
Published by Highway Ressarch Board, NAS-NRC.




lation to (1) cement content and (2) freeze-thaw durability. Measure-
ment of sample height change during F-T showed averages of 0.3, 2.6

and 8.0% axpansion with 5,3, and 1% cement contents respactively,

after 10 cycles in the Towa F-T test. Extrapolation of expansion re-
sults to (% cement content indicate about 114 linsar helght expansion
after 10 cycles. Extrapolation of strength results to 0% cement con-
tent indicate about 200 psi for the control specimens and 90 psi for the
F-T specimens with an Ry of about 46 percent. An ﬁf of aboui 80 pere
cent has previously been indicated a#s a satisfactory criterion to
freeze-thaw resistance of csment-treated Iowa waterials.

Portland Cement Association durability critexia indicates soil-
cement freeze-thaw loss of not over 14% for this soil (A-la) under the
ASTM freeze-thaw test, In accordance with this criteria the 5% cement
content passed very satisfactorily (Table 5). The 3 and 1% cement
specimens indicated failure after 6 and 2 F-T cycles respaciively.

No general conclusions will be hypothesized with the above results
until the freeze-thaw testing of the remaining two stones, trested with
cement, are completed.

Stabilization studies utilizing a very émall percentage of sodium
chloride with the Bedford stone and tested by C-U triaxial téstsg pro=
viously mentioned, heve been completed. Computations and grapﬁical
tabulations are under way. An idenﬁical study and testing procedure
using a very small percentage of calcium chloride has been staxted.
Results so far are not particularly encouraging.

This project was originally propossd for a three-year period. The

project was approved for two years subject to renewal for a third vears

the present rate of progress indicates that & third year still will be




Table 4. Summary Results of Iewa-Freeze Thaw Test on GemeﬁteTfeéﬁéde@dford Stone.

Sample Cemen® Content, Pes® P, s& Rp, #4%
Degignation % dry scil wt, psi_ _psi_ o
B-5 5 965 947 98
B-3 3 37 218 &9
B-1 1 227 109 52

" *Unconfined comoressive strengih of control specimens immerged inm aiebilled
water for duration of test pericd of the F-T specimens.
#¥neconfined compressive sirvemgth of F-T spesimens following 10 cyeles of Preszing
and thawing.
s Index of resistance of freeze-thaw, i.e., Pp expressed ag a percentage of Py,

' Table 5. Surmary results of ASTM D 560-5T Frevss-Thaw Tests on Cement-Trsated Bedfoxd Stone,

Sample Comsnt Content, Soil-Cement loss,
Dasignation 4 dry soil wt, ~ A

B-5 . 5 0.7 at 12 cyoles

B~3 - 3 160 at 10 cyeles

B=1 ‘ 1 100 at 4 cyolas
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required in order to complste the testlng and analysls, and & propossl

v for extension will be submitted this sumer.

i
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