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DURABILITY OF

AGGREGATES IN CONCRETE MIXES

by

R. Hu Picher*

GENERAL

This publication is the final report of a long-term investig-
ation of concrete aggregates from rock deposits in eastern, southern
and western Ontafio. The investigation was originally planned to pro-
vide information for the selection of suitable local material for concrete
aggregates in connection with the proposed waterway and power develop~
ment on the St, Lawrence River, However, following the issue of the
first progress report of the work in 1951, it was decided to include mat-
erials from southern and western Ontario, at the request of a number
of commercial crushed-stone and gravel producers,

About one hundred and ten samples were taken from the lar-
ger rock and gravel deposits in these areas, of which twenty-six were
gravel samples mostly from crushing and screening plants, Most of the
rocks investigated consist of limestones, dolomites, and sandstones,

the first two being by far the most common rocks in the areas covered

%

Engineer, Industrial Minerals Division, Mines Branch, Department of
Mines and Technical Surveys, Ottawa.
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_ by the survey. Outéi»d-'ev of fheéé aféas, single :Sa;,ﬁ:).ple-'s; 'o'f basalt, dolerite,
anorthosite and se_i'pentiné were collected, The rock deposits lying

closest tvo the sif_e of the propo'Sedlwork"al.o#g the St. Lawr'ence'River;

.that( is, within 30 miles, consist of liméétones of""thé Treﬁtéﬁ, Black
‘River and Chazy formations. Beyond the 30 miles bﬁt withiﬁ,SO miles
are found dolo.mites,'_ ‘magnesian limestones ahd_calcar‘éous sandstones
of the Beekmantown formation. Nearl'y‘allz sami)les of rock taken at a
greater distance were’f‘rom;c,ornrherci.al. crushing and scvr‘eenjing plants,

mostly. in éputherh Ontario, About half of the gravel sa;mples are‘a.lso
from cbmmerqial clru.shin'g aﬂd screening plaﬁts in eastern and "south-

ern Ontario, .

Because of the large number of samples, the long duratic;n
of the tests with the available equipm‘e_:-nt,_‘and. because no such test had
been car.ried out beforé on concrete specirﬁens‘ in our .laboratorsr, it wﬁs
" decided to run thrbugh a limited number of sa;nples tofindwhether s‘ome
chénges in the procedure might be advisable before going ahead. with the
balance of the samples. 'I'he,refore, Vthe,,sampling, preparation aﬁd test-.
ing of materials fell.i_nto two series, each done separately.

| Later it was decided to add a third series of samples. Most -
of the.s‘e werefromdeposits of rocks thaf are presumablythe best avail-
able for the proposéd developmentﬁvox;k aioﬁg th‘e St." LaWz;ence. These
had been intentioﬁally jleft out in the 6riginal programme' of éampling

and testing because it was thought that more could be learned by pro-
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ceeding first with the "doubtful'' stones, Although these latter are ap~
parently suitable for aggregate in ordinary concrete gtructures, they
have slight defects, and it was the purpose of the first tests to find what
influence these defects would have on the durability of concrete struc-
tures,

Twoprogress reports have already been published, one*
while the specimens of the first series were under test, and the other#*
after the specimens of the second series had been through 125 cycles
of freezing and thawing, The present and final report covers the whole
investigation on the durability test from the time it Waé started on the
samples of the first series until it was completed with the third and fi-
nal series,

Since there is no standard procedure for the durability test.
on concrete, the methods followed in this investigation for the sampling
of the deposits, the preparation of the test specimens and their testing

are described in detail,

*

Report No., 101, Industrial Minerals Division, Progress Report on
Road and Concrete Aggregate in Parts of Ontario and Quebec, by
R, H, Picher, 1951,

Aok
Report No, 102, Industrial Minerals Division, Durability Tests on
Concrete Aggregates in Eastern and Southern Ontario, by R. H.,
Picher, 1952,
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SAMPLING*

All the aamples of the firat and second aeries with the. Iex-"
cebtion of a few were _ta.ken from stones ,of apparently good or fair e_ual-
ity, with eniy'alig‘ht d;ef,enct‘s.,. wnich may or rnay net adi’refsetly':.,affeet‘the
durab ility of conc‘rete. These defects consist ,of‘”unsound materiai(ehaie,.
cneft; 1ron oxide, asbeetes) fnixed with the sonh'd_. stone; _oa' are due.'td
t/he. eonditien of the stene itseif; . eucn,ae partt_ai- ‘weathering, 'ioese Atex.;
ture, ‘hignabsoﬂ:)ti.on." ’The amount of,,l_J,.ns‘,olin'd. matefial varies bet\&een
,the d..i.ffer.ent bede but.ie inalll cases As'mall, encept in cn_'erty limestones,
The- same rnay be.said: ‘about partial weathefing, since the mo:te We'ath-l
eted stone, wnic}t. in moet cases eccurs in the‘upper part of tlte’ &eédsit,
is consldered as otrerburden and is stripped off as waste in quarrylng
’ operatwns. Loose texture and htgh fabsorption alsovary with the dif-
ferent bede but usually affect a large portlon of the stone. meg te the
d1ff1cu1ty of takmg a channel sample including the whole face of a rock
eicposure or quarry, chips were taken at mere.or 'le.ss're‘gular inter-;
vals across ‘th‘e‘d'eposits, the spacing "of the intervals beingl s‘lightlyvar-v
ied s0 .as to obtam a sarnple that would be slightly below average in
quallty for the depos1t this to allow for any unce,rtalnty.'ot- error in

_ testang. '

* , -
See also Table I - Location and Character of Materials Selected,




The samples of the third series, mostly from fresh and
sound rocks, were collected so as to represent, as far as practicable,
the average of the deposit. In quarries, they were taken from the stock
pile or across the quarxy face, In undeveloped deposits, pieces were
broken from the rock at regular intervals in a line approximately at
right angles to the strike. In the latter case, care was exercised in
taking the pieces at sufficient depth to exclude any weathered surface
material,

Shaly Limestone

Shale is mostly found in the Black River and Trenton lime~
stones of eastern Ontario, It occurs in the form of thin films through
the limestone which is otherwise fresh and sound, Although the pro-
portion of shale to limestone is very small, probably below one per
cent in the deposits sampled, it was thought advisable to test the stone
to see if the widespread distribution of the shale films would impair the
durability of the limestone as concrete aggregate, and also because
these limestone deposits are closest to the proposed development work
on the St, Lawrence,

Cherty Limestone

Chert occurs in only a few limestone deposits, mostly in
the Onondaga limestone of southern Ontario., Several samples of the

cherty limestone were taken from commercial quarries at the request
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of the operators, The samples included ]aothweathered and fx;esh chért‘
or at least as fresh as could be found .in thé large quarries, They were
tested to find whether or not the known poor behaviour of cherty lime-
stone as é,ggregafe in concrete was due to the weathered condition of the
'éhert.' |

Rusty Sandstone

Iron oxide in the form of a rusty coating on the rock surface
is found in a few deposits, Three sampl'es.were takenfx_‘om a large quar-
ry in Beekmantown calcareou.s. sandstone 'aﬁd tested .to. determine what
effect the rust would héve oﬁ_ the durability of conc?ete in which this
stone is used as coarse aggregafe.

_Serpentine

A sample of asbestos beé.ring rock (serpentine) was taken
from a waste pile at the Béaver mine of the Asbestos Corporation, Lim-
ited, Thetford Mines, Eastern 'I‘qwnships, Quebec., The serpentine is
a very fine-gréined, ‘de.nse, tough réck holding occasional veinlets of
asbestos, The rock wés tesﬁed to determine its durability in concrete
structures, and also whether the small amount of asbestos that it holds
would have an adverse effect. |

Weathered Dolomite and Sandstone

Several samples were taken from partly weathered .dolomite
and. calcareous sandstone of the Beekmantown formation, These rocks

are quite sound and hard when fresh, and the purpbse of the test was to



find out to what extent partial weathering and high absorption resulting
from weathering would lower the durability of the stone as concrete
aggregate,.
Basalt

The samiole of basalt (No. 353) is from a large trap rock
quarry east of Havelock and was tested at the request of the owner and
operator, Building Products, Limited, andalso becaﬁse of thehigh qual-
ity of the rock as road aggregate; it being particularly suitable for non-
skid pavements, The quarry is situated a long distance fro;'n the pro-
posedworkalongthe St. Lawrence but has good transportation facilities,
Dolerite
| The sample of dolerite or trap rock (No. 355-356) is from
George Island, off the northern coast of Prince Edwargl Island., The
rock had been tested in the laboratory for road aggregate in connection
with a road materials survey made in 1948, and the test results showed
it to be a high grade rock for roads and pavements., With what was left
from those tests, specimens were pfepared for the present durability
test, Dolerite also occurs at several places in New Brunswick,
Gravel

Of the twenty-five gravel samples of the first and second
serigs, eighteen are from eastern Ontario, six from southern Ontario
and one from near Chicoutimi, Quebec, Thirteen safnples are from’

commercial crushing and screening plants, For the other twelve the
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main consideration in. sémpling’was not 8o much i:he size of the deposit
‘or the scale _of operations as the’ type 6f'-r»ock.> The two gravel samples
of the third series‘ are ﬁ:om a very large -deposit on Grenadier Island,
~ in the Thousand islands district, In compoéition and size gi‘adingl_ it is
somewhat different ff,oﬁ local mainland gravels, - |
The anorthosite grawfei .sample (No, 145-146) from .near
Chicoutimi wé.s tested td fiﬁd how'the. anorthosite would affect the dur-
ability of c;oncreté'. In a previous inv'e__gtigation’c‘)n fhe« strength of moxr=
tar made with Quebec gravels in 1929, some of the gravels in the hills
.ndr'th’ of Montreal, whic‘}ﬁ Aha'd: a high pfoéortio‘n c;f 'ané:_:th,o‘site pebbles, |
showed aA lower tensile streﬁgth at 28 days tha;n at 7 days,
Absorption | . |
. H1gh absorption is usually 4‘as'sociated_ withweathering, -b'uf
’t‘he.re ‘are some fresh rocks which’ dwe thveir,highv .a..bs'di'ptjion tq their 6pen‘
texture or cavities, such as certain sandstones and dqlomiﬁes, High';b..
sorption in itself vis not indicative of an ungoqnd‘ r_bcl_c, unle}s’s assoéiéted
"yvith -va Vei'y fine texfure 'arid-micz;dscépib'pore‘s'o'z; caused by weathering,
The sarlnplevd‘rocks; with high'absorpti'on in'clﬁdg: in the fixiergrai»ﬁed,—
‘Onondaga and Black River ¢herty lime'st;c;é,. Black River hqagnésia,n
limestone and Niagara shalf doldrﬁitg; -and in the coarser grained - Pots=~
' ~'dam é‘andstone, partly Wéathered Béekmanto'wn dolomite and calqa'reous

' 'saﬁd'sto_r_le, Guelph dolomite and Onondaga sandy dolomite,
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PREPARATION OF TEST SPECIMENS

The rock samples were run through a crusher with the jaws
set at 7/16 inch maximum distance at the outlet end and the crushed
material was passed over a 3/ 8~inch screen (mesh‘opening 0. 371 inch)
and a No, 6 screen (mesh opening 0,131 inch), The material retained
on the 3/ 8-inch screen was discarded, that passing the 3/8-inch screen
and retained on the No. 6 screen was used as coarse aggregate for test
specimens, and that passing the No. 6 screen (screenings) was used as
fine aggregate. A regular grade of concrete sand was also used as fine
aggregate, Thus, two mixes were prepared from each sample, one with
screenings and the other with concrete sand- as fine aggregaté, the
coarse aggregate being the same in both,

In Tables II, III, and IV, the two mixes for each rocksample
have different numbers; the odd numbers refer to mixes with concrete
sand and the even numbers to mixes with stone screenings,

Five of the gravel samples were prepared in the same way
as the rock samples, Thebalance of the gravel samples were screened
over a 1/4-inch screen and only that part passing the screen was used
for the test specimens, with the exception of two samples in which that
part retained on the 1/4—inch screen was run through the crusher and
screened in the same way as for the rock samples, and that part passing
the 3/ 8-inch screen was used as coarse aggregate for the test speci-

mens,
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Moulding of Specimens.

For £he test specimens of the"fii:st-tvvo, ,s_eries’ of samplevsi,
cuﬁical moulds 3 vin;:fxes in siyz,'e.a;nd cyiindrical moulds 3 inqhes_ in dia~
meter and 3, 82 inchves in height were-usgd, b,oth.h.avir;g t‘hej samé volume, .
For the third series of samples, 'on]'.y 3-;'1nch cubical moulds we;jé used,

In ,th'evfi_rr.st two series, four specimens were prepared for
: e;éh rock sample, as follows: Qne cylinder and one cube with concrete
sand as fine aggregate; one cylinder aﬁd one cube withthe rs.arﬁple: scre.en-
‘ings (minus No. 6) as fine aggregate, The minus 0.371 plus 0.131l-inch
ston'e.vwas used as .coarse aggreg_ate in all fd_u’r specimens, -

‘F‘or'the‘ ‘samples éf thg 't_hird series, five cubes.wé_re'made,
three w»ith concre’te sand and two with the Sample scre_eni;ags as fine ag~-
gregate, ’fhve,.co'ars:e aggregate being the same in the five specimens,
The size grading of the screenings was improved only slightly, namely,
by limiting the minus 100 mesh to 10 per cént and discarding the e:_iéess,
so as to bring the sc"reenivng's more in line with the concrete sand used,
which had about 10 per cent of minus 100 mesh. No change Wwas made
in the ‘sampleys’ holding less than 10 per cent of minus 100 mesh.

Specimens with Screeningé used as Indicators

The purpose of prepé.ring specimens with stone screenings
was.to use them as indicators in the durability test. Since the speci-
mens usually weaken gradually under the test some time before there is

any visible sign of deterioration, the failure of a specimenwith screen-
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ings could serve as a signal to keep the corresponding specimen with
concrete sand under close observation for possible signs of failure,

Proportions of Cement and Fine and Coarse Aggregate

The relative pzfoportior;s of cement and fine and coarse ag~
gregate used in the first series were 1: 2: 3,5 by weight, which were
subsequently changed to 1: 2: 3, The proportions used for each sample
are shown in Table II which gives the test results for the first series,
All specimens of the second and third series were 1: 3: 3 mixes, with
the exception of four trial mixes which were 1: 3: 4 mixes for speci-
mens W and X and 1: 3: 5 for specimens Y and Z (Table III), The grav-
el specimens, in whichno coarse aggregate was used, were 1; 5, 5 mixes
for the first series and 1: 6 mixes for the second series,

Water-Cement Ratio

The water absorbed by the coarseaggregate was determined
for each sample, and allowance was made for this ingauging the amount
of water to be used in mixing, with the exception of the more absorptive
aggregates of the first two series, which were immersed in water 24
hours before mixing and surfacedried just beforeusing, The water ab-
sorption of the screenings was not determined and was assumed to be
1.5 times that of the coarse aggregate of the same sample, for the first
and second series, For the third series, the water absorption of the
screenings was taken as twice that of the coarse aggregate. The con-

crete sand used was a clean, hard sand for which a water absorption of
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‘0,5 per cent by weight was aésurﬁed owing to the dry condition of the

sand,

The water~-cement ratio is based on the fineness modulus of .

the aggregates, the proportions in the mix, and the degree c:xf» consist-

ency desir_ed.for the 'mik._ For the spécimens_with concrgte_ﬁ ‘sand as. fine
aggregate, vcalcvulatiolns gave Q. 54 as the water-’cement_rat’id by weigiﬁ
for thé épecimens of 1 2__:A 3 (‘m-ix of the fi;-s_t se;-ies_fqr normal or dry.
consisténc;y, and 0, 5'7 for the spe.cimer}s' §f. .1: 3: 3 mix of the second and
thira series, The ﬂneness m’od'uilus of the sbreeni_ngs wé,s ,not"carlcv;l-
ated, For most samplés it was smaller‘th.an» that of the concrete sand,

The water-cement ratio by weight of all mixes is given in

the tables, It was kepi; as close as possible to 0,55 for fhe _rock mixes-.
and 0,6 for thegravel mixes without coarse ag-‘gre.gate. The ratio of -

- 0.55 was later changed to 0,6 fo_r the rock mixes with,scréenings as fine

aggregate, The water absofbed by the aggregate is not included in these
" ratios, The high ratio of 0. 85 given for mix No, 138 was due to an er-
ror in mixing while the low ratio of 'O'. 41was intentiona.lly used for mix-

es 127 and 128 because of the large amount of water absorbed by the ag-~

gregate (5. 37 per cent by weight),. The amount of water forspecim’ens :

Nos. 301, 302, 341, 342, 357, and 358 of the third series was deter-

mined by using the flow table, but this did not work satisfactorily owing

to the relatively high proportion of flat fragments in the crushed sam- -

ples hindering the flow, so the same water-cement ratio was used as
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for the first and second series, More regularly shaped fragments would
havebeen obtained with the samples of the third series if these had been
crushed in two stages instead of one, since the samples consisted of
larger rock chunks than those of the first two se’ries;

Tamping Mix into Moulds

The mixes of the first series were packed in the moulds with
a rectangular tamper having a cross-section of 1 by 0.5 inch, such as
prescribed in the A. S, T. M. specifications for mortar mixes. This me-
thod of tamping worked satisfactorily with the specimens having concrete
sand as fine aggregate but did not give as good results with the speci-
mens having screenings. The material in the latter was not uniformly
packed, so that these specimens had more voids and a rougher surface
than those with concrete sand.

For the second series, a round rod with a blunt point was
used in rodding the mix, | This gave better results than the tamper used
in the first series in the sense that there was much less difference in
appearance and voids~content between the specimens with sand and those
with screqnings. None of them, however, were packed as densely or
had as smooth a surface as the specimens of the first series having sand
as fine aggregate, but this may have been partly due to the leaner mix
used in the second series.,

For the third series, more vigorous tamping was done than

in the other two series, using a rod with a flat circular end slightly less
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~ than one-:hatlf&quai‘e*‘iﬁch in "are;;= -‘"'.I‘,he" chahgei inmannerof : 'ta.-'mp'irig’
was. made because t:h"e'& crushed .a."ggr'ega}t.'eé,' held a relatively hi’gh'p’eré’evn.n
- tagef:o{ffflat -fragmé‘nts, a.ﬁd r'n'ore; t'a'fflev'ctiv_e pa’ckir;g w"a.s 'deemvedr“ne'cesa' o
_éary in ordér to obtain .épecimens’ of unifofm' densify.."‘ This method of -
tamping gave“u;niforn'nly dense and smooth specimeﬁs'.with sand, and al~
though those -lwith"sc'vije'enings Iwer,e‘ not .' Ciuite as 'vgood "thesr were on the |
whoie'_ inbetter condition than the specvir'nensv with s¢reenings ':of the first,v‘
two series, N |

-Preliminary Air Curing

©All speéimens were .cu'red- in Watgr for 30 days and then
stored in air at room témper‘ature and humidity foxf several months, that
-:is, five monj:hs, for'-‘the'first seriés, eleven‘:mo#th_s for the sécon‘d series
and one month for the thir(i one, The air curing was not .rpai't of the ofig—
inal plan, but owing to other more urgent wo>rk, the durability test had
tollb‘e'po.stponed.'seve,ral 'm‘onf:vhs‘.“‘v The'testiﬁé of the second series was -
also postponed’fof the same reason, The test on the third series could
:have-be'e'n:.started right after the 30 day ;:uring in. water; but it wasthought -
desirable to give ‘the specimens vat> least one:month air curing so that
fheir condition prior to t_ééting would not be too different from thvos_re of '.
the first two series, L : ' TR \

TEST PROCEDURE

Durability Test -
~The testing for dﬁrability consists in immersing the speci--

mens in water at room temperature for about 5 hours and then taking
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them out of the water and putting them in the freezing room at 0° to -5
°F for about 19 hours, So one complete cycle of freezing and thawing
takes 24 hours, The cycle is repeated daily until the specimen fails,
To speed the handling during the second and third series, the specimens
were not completely taken out of the water but were placed in pans, the
latter in water so as to completely immerse the specimens, After the
5-hour period, the pans were taken out of the water, partly drained so
as to leave one-~half ;)r three-quarters inch of wéter, and then placed in
the freezing room for the 19-hour period.

In the first series, the 116 specimens (58 mixes), were run
through 149 cycles of freezing and thawing, In the second series, con-
sisting of 186 specimens (93 mixes), one half of the number of specimens,
one of each mix, were submitted to a compressive strength test before
the start of the durability test, and the other half were run through 164
cycles of freezing and thawing, In the third series of 152 specimens
(61 mixes), about 100 specimens were run through 149 cycles of freezing -
and thawing, while the remainder were tested for compressive strength
15 months after moulding,

Soniscope Test

In the second and third series, the gradual deterioration of
the specimens could be followedwith the Soniscope, which wasnot avail-
able until the durability test on the first series of samples was comple-

ted, With the additional data given by the Soniscope apparatus, the indi-
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cator specimens could,itwouldseem, h‘,a‘v'e“ been _d‘ispen,sed”yvith;i How-
s ever, specirnens Wwith “,screenings as fine ag'g'regate's"were 'allso' prepar’ed. |
‘with the samples of the third series, because the information obtained ‘

| “with the Soniscope on both types ‘of specimens while the second series{

. was undergoing the durability test proved helpful in interpreting the test o

»results and threw more light on the probable cause of failure of the spec- ) =
imens with concrete sand as fine aggregate. They are also useful in'
determinmg the suitability of the rock for the making of artificial con- \
'._crete sand, : :; ,.,. - A )

- The Soniscope apparatus was’ designed by the Hydro-Electric

.Power Commission of Ontario for testmg the soundness ofy concrete":
i.structures. _ Itv is an instrument vthich--transmits anultra- sonic wave‘im-': .
.pul‘se’ through the concrete. Any crack 1ack of homogeneity or other

defect is- indicated on the instrument by a- reduction in velocity o£ the':

'wave impulse. 4 B

| , 'Method of Usulg the Soniscope

L RS

~.~; i The Soniscope apparatus provedvery useful in observing the

‘ gradual deterioration of the specimens undergoing the freezing and thaw- S

e 1

ing t'est.' “The ,1nstrument u_ras designed primarily'for. ’testing the sound-,

B ness of 'field st%ﬁctﬁres up to 50 fe'et in thickness’(d"a‘ms, etc. ). Although o
- bin testing small laboratory spec1mens such as three—mch cubes the same .
| order of accuracy cannotbe expected as in.testing £ield structures, good.. '

‘ ’results can be obtained with proper care in conductmg the test,’
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In testing the condition of field concrete structures a form-
ula is provided wherewith the modulus of elasticity of. the concrete can
be calculated from the reading of the apparatus, A tablegiving directly
in general terms the condition of the concrete corresponding to different
wave impulse velocities as calculated from the Soniscope readings is al=
so provided for concrete of normal density, so that the conversion of
the velocity into the modulus of elasticity can be dispensed with, A re-
production of the table follows:

Soniscope Indications of the Condition
of Concrete in Relation to Wave Velocity

Wave Impulse Velocity Condition
feet/ sec. ' metres/ sec.
Above 15000 Above 4500 Excellent
12000 - 15000 3600 ~ 4500 Generally good
10000 - 12000 3000 - 3600 Questionable
7000 - 10000 2100 -~ 3000 Generally poor
Below 7000 Below 2100 Very poor

The table is to be interpreted in a general way, since it is
found that the velocity is influenced not only by the quality of the con-
crete but also to some extent by the character of the aggregate, In or-
der to interpret accurately the Soniscope indications, it is essential to
know as much as possible about the concrete being tested, In most cases
two or more readings are taken at different intervals, so that the condi-

tion of the concrete can be ascertained by comparing the readings,
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'In the present iﬁvest'iéation- the Soniscope %Was used with ’ghé
purpose of following the ‘gradual'det'er‘ior‘aﬁ.on of rﬁl'aﬁ'o.x'a;fdr'y 's'p'e‘cimexis‘ -
uride'rgoinfg:thé, durability test. Readings were taken at different inter-
vals as the Off,eeze-t'haw- test 'prdgreéséd. ' The important point'in this
test was not so‘“ fnucﬁ the absolute velocity of the wave impulse as the
" amount of rate of reduction in the v'elpéit'yl,ia_ft‘ér"_éo. many cycles of
freezing and thawin'g; For insta.nce, some séeéimens which the 'Sbﬁis;.
cope indicaf:ed as béing in "e:{céllent"‘.cond;_ltion at the start of the dur-
ability test,v acéordiﬁg’ to _thg abdve'table, ,dgteiiorat_éd-rapidly '.in.t'he _
test, whereas éthers; iﬁdiéatéd as' "ge'neré,lly ‘goocll“c'or”evven v”questio_n-
able' at the start, 'deiéé;jliqrateci a.At} a much s];owe"rA rate, }in ggn_e?al the
rate of detefio_ration,_ if not too fast, wé.g fa.iirly. constant .a.fter ;3. certain
nﬁm‘per of .c'yclés.‘ It has alrea;dy been sa;ia that for speéimens mad_e of
: materia.'is of - a.v'e'ra.ge; soundnels‘s "the' wave impulse velocity increased
"durinlg the.first part of the tesf;, ,then-'deCré’a.s'ed rather rapidly f‘o"raper-
iod to become slowé.i' and’then ie’rriain constant, The poinf of failure
was détérmingd’_ also from _thev Perlcéntage of decrease in the velocity of '
the wave impulse rather th‘a.n'fi'orn a limiting value in the absoluté vel-

o'c'it&.‘ :

Definition of Specimen Failure
At'évery ten or fifteen cycles; the specimens were givena
" visual inspection. A specimen was deemed to have failed when a whole

fa.ce_ had chipped.or spalled‘off, when the épecimen had split through,
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or when the velocify of the wave impulse as indicatéd by the Soniscope
had been reduced a certain percentage.

The; spalling off in neariy all cases starts at the corners or
edges of the lower part of the specimen which receives more severe
treatment in the freéze-thaw test than the upper part. Throughout the
test the specimen sits in the same position as when moulded, that is,
on the bottom'f'ace. ‘A specimén was considered as having failed in the
test on the first series when none of the original surface remained on
fhe bottom face,

The splitting across occurred only iﬁ the specimens of t_he
first series having screenings as fine aggregate and was épparenﬂy due
to uneven packing of the mix, since the splitting in nearly all cases oc-
curred at a line about one inch above the b;)ttom face of the specimens,
or at the line of separatioﬁ between the first and the second layer (in all
specimens the mix was poured in three layers and each layer tamped
separately). In the other two series a different method used in packing
the mix eliminated this cause of failure,

The gradual deterioration of the specimens of the second
and third series in the durability test could be observed with the Soni-
scope. In the test on the second series, a specimen was considered as
having failed either when the original surface of the bottom face of the
specimen had disappeared through gradual spalling off or when the Son-

iscope indicated a 13 per cent reductionin the speed of the wave travel
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up to the 1'25th cycle, which evér"dccurre’ci first'..' The limiting of the
pe:fniss.{'blé reduction in speed of the We}vé i;nﬁulsé ';;“,13"pér* ce&it is
arbitr'ary:,a'nd ‘was a;_r'i-ived» at aftér COnSide‘rgtion of the 'q'u'ality c;f the |
aggregate and the.vr'e'sults of the co_rﬁpfe’ssioh test run juéf befor'e start-
ing the durability test, 'A,ling had tgs'e.ar.-;wn somewhere in order to
separé.te the suitable fvrom" théfies's. suiﬁablg ag.ggregates, and 13 per ceﬂt )
at 125 c'ycleé aﬁp’eafed to give tﬁe more éatisfq_étbry line of demarca-
'tion. - A lower ]Vp.erce‘ntage‘.would ha;‘fé left out some c;f the betfef aégi’e-’-
: g'a.téss while a higher pe:rcentage w'oﬁld not have ‘e_limina.ted so'rhe-of.the.
mére doﬁbtful or even poor aggvreg’at’es. o |
~ The specimens "of. the third series .‘sluffgred less spalling in

the freezing and 'thawiné test and appeared iﬂ bétfer condition than those
of the -fir;st tw'o series after t}ie‘same number of f.rév'eze—-thaw cyéles.': As’
thg test'pr’ogressed, hdwéver‘, .‘thé velocif_;y of tﬂe wave impulsé as indi-_‘
vcated'byv fhe Soniscopedecreased at a faster rate tha"n'fo'r the spec;imené
o of:'thé "'sec'ond'series. For these re'a‘sons the épecirynené'_of the third ser-

' ies weredeemed to ha.ve failed when the r‘éducinn' invelocity of the wa\.;e:“"‘
impulse reaﬂéhed' 26 ﬁer‘c‘erit. Anotﬁer reason for drawing the line at timat "
'point' is vthai the Soniscope rea‘dinglsl beca‘fxi'e more érr"atic Eé}fon'd t.he 20
_ per cent reduc;:ibn. |

Compressive Strength Test

For compressive st'rength,v, all specimens were tested after

being ’dried forvarious periods inair at room tei’npéfature and humidity
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with the exception of a number of specimens of the third series, which,

after two month's storage in air, were immersed in water for 24 hours
and tested immediately after, The test results look unusuaily high for
specimens that have been through 150 cycles of freezing and thawing.

Except for the specimens tested before the start of freeze-thaw test of
the second series, all were tested without capping. Since all the speci-
mens that had been through the durability test were in a more or less
damaged condition, the plates of the testing machine were in contact with
only part of the end areas of the specimens, so an allowance had to be
made for that in calculating the unit strength. Most of the surface dam-
age done to the specimens by the durability test occurred at or near the
bottom as moulded, since they were kept in that position throughout the
freeze~thaw test, For the compression test, however, they were laid
on their side so that the pressure of the machine would be applied on the
faces that were in contact with the walls of the mould when moulding the
specimens. They were tested for compression in that position because
the side faces of the specimens were truer planes than their top faces,

and also to avoid the constraining effect of that part of the specimen not
under the direct pressure of the machine, In this. position whatever con-
straining effect took place was done by the most damaged part of the

specimen,
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. CGuring Periods During and After Durability Test

The freeze~thaw test on the first sehr'iez.s was interruptéd for
12 days after cycle 105 for .re,pa'.irs to the freezing: plant, During that
time the specimens were left in the water, After 149 cxéleé"(end‘ of
: freeze'-thav.v test) the'specimens were-stor.ed in the air at room temper-
- ature and humidity -for' 2£ days and theﬁ immersed ip water - for three
days prior to thé Soniscope readings., After the Sonisc0p¢ 'dét‘ermina-
tipns‘" they\;vere left fo dry in the ai?: for 10vdays and tﬁen tested for com-~
i)ressiye strength, |

The second series Weﬁt through the freezc;,'u-thaw- test without
interruptionup to the 157th cycle, The specimens were left ir.l-thé" water
" for 27 daysprior to mai:cing a-Soniscope deteﬁmination. "The une};'pécted-
ly high results obtained on tile Soniscope indi’cated a healing effect caused.
by the 27-day water immersion, ’I‘he specimens. were then'-r-ﬁn another

. seven. cycles (164 cycles in all) with the expectation that the Soniscope

_indications would be more in line with those obtained before the 27-day

immersion, but the Soniscope readings taken immediately after thawing .

the specimens at.the end of cycle 164 were only slightly different from
the ones taken after the 27-day immersion in water., The specimens
were then put back in the water and another Soniscope determination

made after a 25-day immersion, The Soniscope readings were again

higher than the onestaken before the 25-day immersion, in fact formost

of the specimens with concrete sand as fine aggregate the readings were
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as high as those taken before the start of the freezing and thawing test.
The healing effect was more marked with the stronger specimens than
with the weaker ones, For the purpose of interpreting the test results
in relation to the durability of the different specimens, the freezing and
thawing test may be considered as having ended at the Soniscope deter-
mination made immediately after cycle 125, since no other Soniscope
readings were taken until after cycle 157,

While ruﬁning the durabilitY.test on the third series of speci-
mens, trouble was experienced with the freezing apparatus resulting in
several interruptions on the test betweencycles 50 and 100, The speci-
mens were left in the freezer during short interruptions and in the air
at room temperature if the interruption lasted more than two days. As
judged by the Soniscope indications, the air storage of the specimens
during the longer interruptions seemed to have also a healing effect on
thé specimens although the effect was not so pronounced as with water
immersion of the same duration, At no time during the entire test,
which was run 149 cycles, were the specimens more than a few hours
in water between freezings. Although the interruption did not affect all
the specimens to the same extent, that is, the stronger ones probably
recuperated more during the periods of rest than the weaker ones, the
effect was not marked enough to render the interpretation of the test re~

sults more doubtful than for the first two series.
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-« TEST RESULTS -

* ‘General

Comparison éf the Three Series

| Comparisons between the th'ree series as. regards the test:
results canonly be made in a general way, because of the different ,;cnix-'
es uséd,; the different z_nethods-vof packing thé mixes iﬁ the moulds and.
different} conditions under which they were tested, A comparison of th'e:
first series with the"second and thifd' ones is also difficult to make be-~
cause no compressive strength and. Son‘isco.pé tests . were made on thé
first .series uﬁtil after the durability test, The'uﬁu;uallf high results-
obtained’ in thc.z, comp_reséive strength and SonisCoPe tests mad'e'.at the
end of the durability test on the first series may be the cumulative ef-
fect of éeveral.causes, such as the'ric}ier‘ mix_es used, the amount of
‘healing -taking place during the 35-day interval between the end of the
freeze-thaw test and the compressive strength test, and finally the con-
straining action of the cavpping‘ Whicil had to be made thickex; bécause of
the more or less damaged condition of the specimens, Other possible:
. causes will be mentioned below when conilpariﬁg the second and -third
series,

Effect of Varying Mix Proportions

. The effect of varying the proportions.in the mix on the test.
" results is well shown in the trial mixes U to Z at the head of Table III, -
all made with the same stone as aggregate, a fine grained lime‘stone

hblding but little shale. The proportions in the mix were 1: 3: 3 for U
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and V, 1: 3: 4 for W and X, and 1; 3; 5 for Y and Z, The difference in
the test results on these trial specimens, however, was made even
greater because of the difficulty of tamping the mixes with the large
proportions of coarse aggregate and the higher percentage of voids in
the specimens, particularly those with stone screenings as fine aggre-
gate, such as X and Z,

In comparing the second and third series, in which the pro-
portions in the mix are the same (leaving outthetrial specimens U to Z)
and which were tested under about the éame conditions, at least as far
as cycle 125 for the second series, it is found that the effect of follow~
ing different methods of packing the mixes for the two series is reflec~
ted in the test results. The more vigorous tamping adopted in the third
series produced denser specimens, which had the effect of increasing
their strength as shéwn by the compressive strength and the Soniscope
tests made before starting the freeze-thaw test., However, they weak-
ened at a slightly higher rate in the durability test than those of the se-
cond series, althoughthe proportion of specimens thatfailed was smaller,

Effect of Packing Methods

The method of packing adopted in the second series, which
consisted of rodding the mixes into the moulds, was probably the more
satisfactory, mainly because the difference indensity and surface smooth-
ness between the specimens with concrete sand and the ones with stone
screenings was smaller than between the corresponding specimens of

the first and third series. Furthermore, this difference between the
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specimens with c_oncfe’té sand and tﬁos‘e with screenings v%a,s greatér in
the first than in the third series, In ’,the latter there waéva,larg,e'rf pro-
portion of flat particle's in the crushéd and ‘screenéd,samples,,,avndbe-‘;
caue‘.e._ofnthis it was.deemed_ advisable to.use a more vigorous method
of packing* the mixes than in the first two series, - .

Compi‘essive Strength Test

- The high strength of the épecimens may be explé.ined by as-
suming that the uppefpart'of the épecifnens’ fsu'ffered,but liftle deterior-
ation in the durability test, Anof;herv explanfion is that the fine material
'derive,d from the'graduél deterioration of the specimensacted in the man-
ner of a clay bin.de_.r,' i, e., ‘.éxercised a strong cementing action only when
in a dry,co_ndition; The fact that the 24 houré immersion in the third
series reduced the strength by an average Aof 27 per cent would tend to
confirm the la;tter' view, The Soniscope determinations, which ?.re al-
ways made ‘on saturated or at least thoroug.‘.hly wet specimens, are also
more in line with .the compreséive strength of the wet specimens, In
~any ‘case it would have been preferable to make all the compressive
strength tests on the specimens in the wet condition,

Soniscope Test

. In tesj:ing the second and third series it was obsefved thé.t.
' the..Soni_scope. readings sho‘wed incr'eases in the velocity of the waveim-
pulse from the start :of the freeze-thaw test up to about cycle 35, tend-
ing _:to4 indicate an increase in soundness of the specimens, After that

the velocity decreased at a rather rapid rate, sothat at about cycle 50
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the velocity was slightly less than af the start of the freezing and thaw-
ing test. Past the 50thcyclethevelocitydecreased but at a slower rate,
Since this early increase affected all specimens made of rocks oa;‘ grave
els of average soundness, and since the specimens which did not regis-
ter any increase in the first part of the durability test were among the
earlier failures, the increase in the first pai't of the freeze~thaw test
is apparently not abnormal,

Effect of Weathering

An interesting fact was brought out on investigatingthe cause
of failure of the specimens with stone screening as fine aggregate. It

was observed that specimens made of freshly quarried rock or rock that

has not been exposed to the weather for more than one or two years

failed earlier inthe test than the ones made of the same kind of stone
exposed to the weather for years, say 15 or more. Examples of this
occurred in all three series.

There is a possible explanation toaccountfor this behaviour,
atleast in the case of the limestones with shale films, The usual effect
of long exposure is to split the rock alongthe films or to weaken the
cohesion of the rock along that direction without altering or otherwise
affecting the limestone between the films, which usually remains fresh
even after ages of exposure, A sample of rock long exposed to the wea-
ther, when run through a crusher, would break much more easily along

the films than would a freshly quarried rock, This would materially re-



- 28 - -

‘duce the chances of further breaking or splitting' of the aggregate when
latei; exposed to adverse conditions, such as freezing and ‘tha.'wing'.g' It is
i)roba_ble‘al'so that the shale gradually loses all its reactivity or sensi-
tivity on long exposure,

In large-scale quarrying for .coﬁcrete éggregate to be used
in fielld étructures, long exposure to the er_a.ther would be out of the
question and the rock would break in any airection in' the crusher, so
that many. fragmentéwould have films of uﬁweafhered and reactive shale
running through them, ZFor field structures also the coarse aggregate
would be of larger sizes than those used in preparing 1aborat§ry speci~
mens, probably several inches as compa.r-et.i with the 0, 371 inch maxi~
mum used in the laboratory. In the.coarser field crushing thére_ would
be less concentration of the shale in the sc'reeni’ng'svthan in the finer lab-
oratory crushing,‘ so that more of the shale would remain in the coarsé
aggregate, thus increasing the risk of the aggregate splitting and dis-
rupting the concrete structure, since the splitting of the aggregate is
probably brought about by the swelling or increase involume of the shAIe.

Specimens with Screenings as Fine Aggregate

- 'The assumption that specimens with screenings as fine ag-
gregatehave a lower durabiiity was shown to bevalid by the test results,
exéept in the caée of the rocks holding little, if any, objectionable mat-
erial, such as the sandstones and most of the dolomites, For most of

the limestones the difference between the specimens with concrete sand




-29 -

and the ones with screenings was even greater than had been assumed
at the outset, which suggested that the cause of failure of the specimen
with limestone screenings was due more to the fine (screenings) than to
the coarse aggregate. The failure is probably due to a concentration of
shale particles in the screenings in the process of crushing andscreen-
ing the samples. The large amount of fines (minus 100 mesh) mayhave
been a contributing factor in the failure of some specimens, although
the composition of the screenings has a greater influence on the dura-
bility than their size gradings,

In examining the specimens with limestone aggregate after
failure it was observed that some of the large limestone fragments had
'split in two, generally along shale films, This, however, could not be
considered as the main cause of failure, since the corresponding speci-
mens with concrete sand went through the test without too much deter-
ioration. The splitting of the coarse aggregate was alrn.ost exclusively
confined to the very fine-grained liimestone of the Black River,

The specimens with stone screenings as fine aggregate
proved their usefulness in more than one way. They are more sensi-
tive than the specimens with concrete sand to the effects of slight de-
fects or objectionable materials in the stone, which in some cases are
difficult to detect on visual iﬁspection alone. Their greater usefulness
probably is in connection with the making of artificial sand by rock

“crushing and screening.
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Reaséhé'for‘Fa'ilure_'of'Speci'mens with Screeniﬁgé SR
o It'.'ié thought that the. gip‘ec’im'en'sAwith’vs'to'n'e BCreeﬁingé.aa fine -
. aggrééate’ failed e_a.xfiief 1n the tjest“t'}.l"an the co'rr'espo.nding.spgjc’:imeﬁs
‘with concrete: s‘aﬂd-fo% the following féas’pnsz
o 'Withl the proportions of coarse to fineaggregatéused in pfe- -
paring the specimens, those with screénings hold about twice as much
rock as those With'COncrefe" sand, * | |
| Thé ébjeéf:iéna’bl'e.material 1ikely to caus:e fa;ilure is. more
friable, crumbling mofe easily than the sounder i)e;rt_’qf t_hev sample, - so
that 'the'g‘rUshing and écréeﬁing of the sam.ple>1eaves more of this c;b-
jgctibna‘.blelrﬁat,‘erlial inv'the sci*eenings than in the coarser aggregate, :
" The Bcreg;iingS',-ére more dusty and less regular in size -
grading th'a;ﬁ_the conCretg sa‘nd-.. This"Caus.e of failure was part»ly elim«
'iﬁated in tht.a"specimen_s Qf.the third series by limiting the amount of
minus’ 100 mesh to. 10 per cent or less, | |
Ih‘prepariﬁg the épeciinens,' glightly mofe ‘mixing wéter
had to be used forthose with screenihés-tha’n for those with coﬁcrete
sand to obta.i'n" thé sarf%e' consistehcf.- B |
s " Alf:hOugh' prepared in"gxa.ctly the same manné.r,' ‘the s'peéi-'
mens with coﬂcret'e sand have a smoother surface and hold 1eéé voids -

than those with screenings.
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By Series

First Series

The test results and other data on the specimens of this
series are shown in Table II. All specimens were run 149 cycles of
freezing and thawing, except those that failed before the end of the test
and trial specimen U which was run 82 cycles with this series and 164
cycles in the test on the second series, The gradual deterioration of
the specimens under alternate freezing and thawing was not observed as
the test progressed because the Soniscope was not available at that time.

In the course of the test, 18 specimens failed, of which one

was prepared from a gravel sample and 17 from rock samples, AL 17

‘specimens from rock samples had screenings as fine aggregate, The

following comments are limited to a discussion of these since no failure
occurred among the specimens with concrete sand,

Specimens Nos, 112, 134 and 136, made from two picked
samples of presumably shale-free Black River limestone, failed much
earlier in the test than expected; in fact they lasted hardly longer than
other limestone containing some shale., The two picked samples may
have held a high proportion of fines (minus 100 mesh) after crushing and
screening, or more probably held some shaly or argillaceous matter in
very thin films more or less uniformlydistributed throughout the lime-
stone andnot so easily detected by visual inspection as the thicker films

or partings in other limestone samples, ' The fact that in most samples
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of Black River limestone bidth livrriest‘oné ‘and. shale afe dark in coloﬁf
;nd fine in grain would make the detection of thin films difficult, An-
othel; possible cause é_)f early failuré may be fhat both sa—rﬁples had bje;en
taken from rocks exposed only a short time to the wea-ther,. so that what
little shaly or argillé.c'eous‘matter wég present still retained much of .its
Bensi%;ivity. Other cases will be mentioned where recently quarried
rocks holding a'Smalltamount of shale detgriorated at a faster .rate in
the durability test than simila.r.'rpcks exposed to the'wéather for years.

" The failure of magnesian limestone No. 128 is probably due
to a combination of fineness of grain and very high water absorption,

The Beekmantown dolomites survivedthe test without regis-

tering any féilur’e, even though all samples were ﬁaken‘ from partly wea«’
thered material, 'The calcareous sandstone of the same formatiéon did
not fare so well, although the first failire occurred only when the test
had reached the 74th cycle, This stone shéw’s rnoi'e; variation in texture
énd'water‘ absqrption be.tween the different beds than the other stones
sampled, ‘The failure of calcareous éAa’ndstc}nve No. 126 was appai;éntlf
| dﬁe to the rusty cbhdition of the stbne and the concentration of the more
- rusty and friable p.art.in' the ‘scur‘eenings. Two other specimens," Nos.
350 and 352, of less rusty stone frc;m 'the same quarry were teéted in
the third 'se'r?les but gave 'nobett‘er results, Iﬁ fact the specimen from
the fresher of the two samples failed first., - No." 1.18 failed earlier than

~ expected, The stone used in this specimen had weathered to a rusty
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brown colour but the thickness of weathered material was generally not
more than a small fraction of an inch.

Mixes Nos., 145 and 146 were made with a gravel holding 60
per cent of anorthosite pebbles, All but the anorthosite .pebbles were
discarded, and these were crushed and screened, The specimens were
prepared in the same way as rock samples, except that in mix No, 145
that part of the sample passing the No, 6 sieve was used as the fine ag-
gregate instead of concrete .sand, At the completion of the test, speci-
men 146 was in poor condition but had not yet deteriorated to the point
of failure, as erroneously stated in the progress report of May, 1951,

As judged by the results of the durability test on the‘.speci-
mens with screenings as fine aggregate (indicator specimens)the Beek-
mantown dolomite stands out as the more durable stone, with the calcar-
eous sandstone of the same formation ranking next, The test results
put both Trenton and Black River limestones on about the same level as
fegards durability. However, the 'earlyfailure of two presumably shale-
free Black River limestones, and the splitting of some of the coarse ag-
gregate in a few of the very fine-grained stones of the Black River for-
mationwould indicate a greater durability for the Trenton, The Trenton
specimens with concrete sand gave better results also in the compres-
sive strength and Soniscdpe tests than those of the Black River,

The twelve gravel specimens prepared fromthe material

passing the No. 4 sieve gave somewhat poorer results in the durability
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tes't,than tll;ge_rqck_..speci_ryner';s with coccrete_ sand-as: fine aggregate, In:-
Table II, gravel specimec No. 154 is maljked as..havin.g"failed.at 12 cy=-
' cles.,:,. 'I‘,his,a'ppl:ied' to the cylindrical specimen,  The cubical 's.pecimenA
had.notdi_si.ntegrl,ated t,offhe poiﬁt of faiiurefat fhe end of ,the test.,. The

specimens prepared from samples collected in the pit-banks gave better"':
-repgults in t_he 1test than_ﬁhose made from -s_emples: collected.from stock~"-

piles Vo,f_...;crusherj,pun_rriater,ial. The difference ‘in the .results is more .
apparent in the comllnv'essiv,e strength test than ‘in‘the Soniscope reading,
For example, Nos.,,’lfL&anc'ljl{L‘) are two sPecimees from the same de-
posit, the first onefrom a stockpile of cfusher run:materiel and these- ..
cond one f‘r,orr.l the p;lf- bank, .Nos,. 154-and 285 (the latter in .ftﬁe'second

‘series, {I‘able III) are al,sc from the same deposit, the. firsj; from vthev-.

pit bank and the sy_eco'n__cl.lfrom crusher run materiel. The feason for the -
difference in resultsis that for the pit run gravels the coarser part (peb- -
bles) is largely composed of limestone with shale films while in the part.

‘

passing._theANg. 4. sieve (sand) quartz and hard rock grains predominate.
In the cr,u,she_r.!rur_;_material, .hoﬁvevef, a large -proportion .of ‘the lime~ :

sto‘ne,pe;l.avblles. are, cru‘shed ‘to .t’l;e“size of the finer part '(miﬁus No. 4

siey_e_) with probably a concentration of the mo_r_ef-ri’able shaly material
in the s‘creeni,ng,s. |

Second Series

. The freezing @ndg.thawing test was run 164 cycles, but the

run from cycle 157 to 164 was in ‘the nature of an experiment to study
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the healing effect of long immersion in water, After 157 cycles the
specimens were left in water for 27 days after which Soniscope deter-
minations were made, The specimens were then run another 7 cycles
(164 cycles in all) andSoniscope readings taken immediately after thaw-
ing the specimens (Table 11I), From these readings it is seen that the
7 cycles of freezing and thawing did not completely nullify the effect of
the 27-day immersion, | |

A leaner mix than the onesused in the first series was adop~
ted with the idea of shortehing the duration of the freezing and thawing
test, Trial mixes U to A at the head of Table IIl were made to find out
which would be the more suitable of the thfee mixes 1: 3: 3, 1: 3: 4 and
1: 3: 5, The 1: 3: 3 mix was selected mainly on the appearance of the
specimens after removal from the mould,

As seen from Table III, thirty-seven specimens failed in
the course of this durability test, nine of them having concrete sand as
fine aggregate, Two of the latter are trial specimens W and Y which
are made of leaner mix than the regular specimens., A few specimens
which failed by spalling between cycles 100 and 109 had registered on
the Soniscope at cycle 100 only a slight reduction (3 to 5 per cent) in the

velocity of 13 per cent or more at cycle 125,
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Most of the limestones behavéd in 'abbuf the same manner
as those of th’é :fix;ét series, that is, fhé specimens w’if}i scrééniﬁgé de~
‘teriorated at'a much faster rate than the corresponding."specimeﬁé with
concr{ét’e sand; " e:tcept,-th;‘ee of.them, No_s. 212, 230 and 26'2,‘w}'ﬁ"<-:h dé;»
teriorated at the same rate as the cox‘reépdnding Qpéc’imens with con-
crete sand and lasted to the end without failing, Treni:on‘ limestones 212
and 230 were té.ken fr’om old quarries that hé.d b.een"'i‘dle for ;'hany"yea;rs
“and the stone a:ppa;rentli held d4s much shale 'at; fnos}:, other limestones
of the series. No. 262 is a mixture of sha.‘lélf-Afree limestone and.‘rné.g'-
nesian limestone of the Det'roit River, The sample was taken from thé
' convéyor belt in a commercial quarry located in‘soﬁth'we“s:térn Ontario,

The four samples of magnesian I:ﬁne‘stone. ga‘.ve. be’éfer 'ré;
sults than the limestones notwithstandir}g' their much higher porosity,
Of the specimens with screenings, two wentwt_hliough the test with‘ no.
morve deteriorationthan the specimens with conc':‘rete sand, one laStéd
ﬁntil cycle 109 and t'h'e fourth one, which ’waé more shaly than aﬁ;}r'bf the
limestones, failed at about cycAl.e 40, ) |

" All cherty limestone weakened at a fast rate and went down
' eérly in the test with the exception of No, 245 which lasted until C}vrclev
100. No, 245 is from a picked sample of fresh cherty limestone, or as
fresh as could be found in the quarry fa.‘ce.

Some of the soft; and friable rocks, such as the Potsdam

sandstones and the Guelph dolomites gave better results and d_etei‘iora-
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tion was much less than expected of such soft rocks, Inthis connec-
tion it may be of interest to mention that many concrete sidewalks built
in Ottawa in the years 1903 to 1907 with Nepean (Potsdam) sandstone as
coarse aggregate, which is a rather soft and porous stone, are still in
good condition with 'comparativ‘ely little cracking, They do not show
signs of disintegration or even pitting, even though the sandstone aggre~
gateis nowmuch exposed in the surface after many years of wear,

All shale-free dolomites stood up well under the test with
the exception of Nos, 243, 244 and 260, The twospecimens 243 and 244
were from a sample of Bertie-Akron dolomite holding a small amount
of chert, and their failure can be imputed to the chert. The failure of
No. 260 of Guelph dolomite, however, cannot be e'asily accounted for,
Nos, 257, 258, 259 and 260 were preparedfrom two samples takenfrom
the same quarry, Nos., 257 and 258 are from buff, soft, porous dolo-
mite, and Nos., 259 and 260 are from dark brown, hard, slightly porous
dolomite which occurs only in the lower 7 feet of the quarry. Both spec~
imens of the softer buff stone and specimen 259 of the much harder brown
stone weakened but little in the test, while No, 260 of the brown stone
failed at cycle 34, It could not have been damaged on removal from the
mould or in handling, judging from the Soniscope reading of 15, 500 feet
per second before the beginning of the durability test, The reading of
13,900 at cycle 19, however, showed that it had weakened more than the

other three specimens, In fact, Nos, 257 and 258 registered an increase
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of 500 feet per second at cycle 19, The Niagara dolomites, although
much‘ harder .than the Guelph dolomites, deterliorateci slightly more than’
the latter in the durability t'e‘stQ ‘

-Thé“shale’-bearihg dolomites behave muck the same as the
limestone with shale films, in that the specimens with-screenihgs wea-
kened at a faster rate than the ones with concrete sand, .‘In' one of them,
Nos, 241 -'242, holding more shaie' thah the éthefs, ‘both épecimen_s failed,
although the one with concrete sand lasted much longer than the other.

The BeekmanfoWn dolomite,(Nos. 215-216), represented by
one single sample in this series, stood up fairiy well under the test,
taking into consideration that the éample was of slightly poor’er'rock
than the sampiles of similar rock tested in the first series, Thelsingle
sample of Chazy limestone (Nos. 201-202) was not much different‘in tex-
ture and shale content from the Black River liI'neétone and gave about
thg same results inthe dural:;ilitytest, although the speciméns with gcreen-
ings lasted till the 124th cycle, -

The sample of asbestos-bearing serpentine (No, 271—272)
behaved somewhat diffe‘rently from the other rocks., The épecimen with
screenin’gs, which was weak from the start; failed at cycle 18, due to
the concentrationof asbestos in the screenings. ’I‘he specimen with con-
crete sand stood up quite well until cycle 125, with a reduction of .t'h’e

- ‘wave velocity of only 6 per cent, but from cycle 125 to cycle 164, the
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wave velocity was reduced another 6 per cent, notwithstanding the heal-
ing action of the 25~day immersion after cycle 157, The compressive
strength of 1,100 1b, psi, for one ofthe specimens with concrete sand
{No., 271) was undoubtedly too low, The specimen must havebeen dam-
aged on removal from the mould or in subsequent handling, since the
other specimen with concrete sand registered 2,400 lb, psi, in the com-~
pression test after going through 164 cycles of freezing and thawing,
The five samples of gravel pebbles, composed mainly of shale-free
dolomites and limestones, registered no failure in the freeze~thaw test,
In the seven samples of gravel and sand, fourfailures occurred, three

of them due to shale, and the fourth one, No. 286, due to much weath-

-ered material in the minus 4 mesh, Specimen No, 281 which was pre-

pared from a shaly and dusty crusher-run gravel, never hardened and
never dried properly,

Specimens Nos, 282 and 283 arefrom two different samples
collected from a large pit, in which the material is processed for con-
crete androad aggregate. Close to 95 per cent of the gravel pebbles
are limestone, and about 50 per cent of the limestone pebbles have thin
shale partings., No, 283 was taken from the pitbank and had very little
shale after the plus 4 mesh pebbles were screened off. No. 282, which
failed at cycle 125 in the durability test, was taken from a stockpile of
crusher run gravel and held some shale in the minus 4 mesh derived

from the crushing of the pebbles. All the four gravels that failed in the
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test are used exclusivély for road purposes,

Third Series

The durability fest was run 149 cycles on three of the five
specimeris-of the thi_rd sefies prepared f;‘om e‘ach sample; the ‘otﬁ'er'two
specimens being keI:)t in reserve for the>'compressiv.e‘ strength' tést and’
stored inyla_.ir at room teﬁperatufe and humidity, - All specimens that
did not sﬁffer too much cié.mage in the freeze-thaw test were stored in
- air after the completion"ofth‘e test at 149. .cycl.e_s‘, | and two months 1at¢r ,. '
: they'w.ere t'est'ed. for compressive étrength- together with the s’pec’imens’v
that had been kept.in reserve, All s'pecirn'ené-' W‘ére testeci dry, except a
certain nlJ;mb'er that were Aput in. water 24 hours before 'testing. |

The ;Same’propor‘_cibn_s iﬁ the mix,i‘ i,e, 1:°3: 3, were used in’
this series as in the éecond éeries, but the method of packing was done
v'VVith a t;mper having a flat, circular end, 0.5 square'inch in area, Be~- -
cause ‘of the larger propo;tion of flat fragments in the c:é'us_hed-. sample, '
the mixesvv;vre.re packed more vi_gorovusily than in the other two series.
For spetimens Nos, 301, 302, 341, 342, 357 and '358, v}hich were pre-
pared on the first day of mi;;ing, vthe water-cement ratiowas def.'ermined ,

: with the flow table,’ but this did not work _satisfactdr‘ily‘, as already e:x-; o
plained, so'the ‘sam'e' w/cC ;:atio was used as in the second series; that
is, 0.55 for the gspecimens with conc;'ete s_and and 0,60 for the one with
stone screeﬁinjgé', both ra’ti’os being on a weight'basis._“: _

_ The results of the cofnpressive strength and Soniscope tests

made both before and aftef the dﬁrability test are given in Table 1V,
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Other Soniscope determinations were made at intervals as the freezing
and thawing test progressed,

Table IV shows that thirteen failures occurred in the course
of the freezing and thawing test, all of them among the specimens with
stone screenings as fineaggregate. Eight of the failures involved stones
with shale films;} six limestones and two dolomites, The stones with
shale films behaved in much the same manner as in the other two ser-
ies, in that the specimens with stone screenings deteriorated at a much
faster rate thanthe ones with concrete sand, Among these eight fail-
ures attention may be drawn to specimen No. 306, prepared from the
same sample as specimen No, 110 of the first series. No, 306 just
failed at the end of the durability test (cycle 149), while No, 110, made

of a richer mix, failed at cycle 50 in the first series, It is possible

that No, 110 held more shale than No, 306, since only part of the sam-~

ple was crushed and screened in the preparation of mixes Nos, 109 and
110, and later on another part of the same sample was processed for
mixes Nos, 305 and 306, In the average deposit of limestone with shale
films, the film s are irregularly distributed throughout the limestone

and, in taking a sample, the shale content of the different rock fragments
making up the sample mayvary within fairly wide limits, In the depos~
it where the sample was taken, however, the shale films are very thin
and regularly distributed at one-half to one inch intervals, It is more

likely thatthe difference in durability of the two specimens was due to
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thé ‘differ'ent methods used in the two series for packing the mix, Spec~
imen No, 306 'was denser and had a smoother surface than No,. 110,

- All three calcaréous'ysands'tonles, incluaed in Tabie IV failed,
at least as far as the specimens with screenings are concerned, Cal-
careous sandstone sé.mples‘spécifnens Nos, 349-350 and 351-352. We’r'e
taken from the same quarry as the sample for specimens Nos. _1'25-126' »
of the first series, The stone in the quarry is fairly fresh, except at
the num_érous joints and some bedding planes wﬁere it is more or less
weatheredand quite rusty. Specimens Nos, 125-126 included mostly
weathered and‘rusty stone, Nos, .349-350 represented the quarry aver~ -
.ag.e, and Nos, 351-352 included only fresh stone, or as fresh as could
be ‘obtained, yet the specimenusing screenings No, 352 failed much
earlier in‘ the test than the sametype of specimen in the other. two sets,
in examining the fresh stone, it is seen tﬂat there are numerous black
~ lines, like: pencil marks, running through it. The composition of the
material rﬁakiﬁg up the lines was not deter;'nined, but the behaviour of
the rock in the test suggests that they >are éomposed of iron-bearing
- shale, and that this shale possessed more se‘nsitivity"in the fresh than
in the weathered and rusty rock, |

Of the other two failures, one occurred in silty and partly

weathered dolomite, Nos, 317-318, and the other in the dolerite (trap

rock), Nos., 355~356, The latter were made from a sample taken in
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Prince Edward Island in 1948 and tested for road purposes, The left=
over part of the sample was used in préparing specimens for the dura-
bility test, The cause of these two failures is not known, but the dolo=~
mite is very impure and for this reason would not be expected to give
good results in the durability test,

Specimen Nos, 311-312 were made of material from the
same deposit as Nos, 111-112 of the first series, but not from the same
bed, Nos, ll1-112werefrom recently qﬁarried rock and Nos, 311-312
from outcrops, 200 yards from the quarry, Both rocks are very fine
in grain but are not otherwise similar; the first being a medium soft,
pure or presumably pure limestone, and the second a hard magnesian
limestone, There is no shale visible in either rock, The test results
on specimen Nos, 311-312 are about what would be expected, but 112
stood up very poorly for a pure limestone, It is probable that the rock
of specimen Nos, 111-112 holds some shaly or argillaceous matter
either in very thin films or more or less evenly disseminated through-
out thelime stone, conditions difficult to detect by visual inspection
alone, This would account for the failure of specimen No, 112 in the
durability test, Since the rock from which specimen Nos, 111-112were
taken has been quarried only recently, the objectionable matterin the
rock would still retain much of its sensitivity,

Specimen Nos, 315-316 are froma coarse-grained, rather

soft limestone of the Chazy formation and quite different from Nos.




- 44 -

_ 201...'30‘2. of the second series ‘whic;h'a;re_ él_Bb from the same fori'nation". :
The rock -bleha."ved in the durability test somewhat like éome of fhe dolo- -
mites, in that the specimen with stone s';crleenings deterioré.ted less than
the one with concrete sand,

Precambrian basalt (No., 353) weakened little in the freez~ -
ing and thawing test, jud'ging 'frcsm the compressive strength tesf be-
fore and after the durabilit’y test, eventhough the Soniscope readiﬁgs :
indicated a rather fast rate of deteriérati'on .fc;r such a hard and toﬁgh
rock, |

The Begkmanfown‘dolomife stood uf quite well -in the test, -
leaving out of consideratién a few impure or shaly stones," Sodid the
Grenadier Island gravel, representédr by the last four specim’en Nos.:
357 to 360 (Table IV)T The slightly lower results from Nos, 357-358 -

"as compared with Nos, 35’9-360 were ;mdoubtedly:due to the high-water-
‘cement ratio in the nﬁx. ‘The effect of a high W/ C ratio was also _;'e-' :
flected in the test results on"lim'estone Nos. 301-302 and dolomit_e Nos., -
341-342,

The high results obtained on Beekmantown dqlqmite Nos, -
319-320 may be due in part to the fact'thé,t the sample was taken from a
shallow qua;‘ry that had apparently been idle for many years, It lies ir;
low ground and is partly under water inthe early part of the yeai'. Un-
der these trying .condit'io)ns any shale and other reactive matter in the

rock of the quarryface and bottom mustlong agohave lost their "punch',
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CONCLUSION

With the type of freezing apparatus availablefor the test,
it was not convenient to run more than one cycle of freezing and thawing
in 24 hours, This made the tests last a long time, with the attendant
risk of temporary interruptions for defrosting or repairs, The time
lost during these interruptions is not onlythat of the interruptions them-
selves, but also of the extra cycles that must be run to counteract the
'curing' effect the interruptions have on the specimens under test, The
slow freezing apparatus may reproducé more closely the conditions af-
fecting structures in the field, but thisis a small advantage when put
against the efficiency and time saving of quicker freezing and thawing
system,

As already mentioned at the beginning of the report, the
third series included mostly sound stones and the other two series in-
cluded, besides crushed aggregate from commercial producers, mostly
stones that are considered good but hold small amounts of presumably
harmful matter, such as shale, weathered or rusty material, etc, Afew
samples of stone which because of their slightly higher content of harm-
ful material were of more doubtful quality were also included inthethree
series, However, no samples were taken of stones that were either of
poor or much doubtful quality,

In looking over the testresults of the three series, the num-

ber of specimens with concrete sand as fine aggregate that failed in the

test appears surprisingly small, Leaving out the experimental speci-
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mens U to Z and the gravels, only'seven failﬁfes Were recorded, all in -
the second sleries.' Four of the failures were limestones holding large
amounts of chert (Nos. 233, 245, 247>, 249). These were inVeétigétéd
because of the Astorie's poor reputation as concrete aggfegé,te'. How-~
ever, the sfoné is ‘.fh'ardéi- and to.iyigherv thap the orinary chert-free 1ime- '
stone, has been extensively used with good results for railway 'ballast;
and has been satisfactofy as bituminous pé;viﬁg aggregate,

| ' Thg wide difference in durability in the limestones, between
the specimens with concrete sand and the ones with screenings, may be
explained Ey fhé fact that the shale in the coarse aggregateA is moré or
less locked up, whéreas in the screenings, which a.r.e much finer and -
have a much larger surface area, the shale Vhas more chance to exert-
its hafnlful effect, E?en in the comparatively pure limestones com-
posed of -95 per cent or more of calcium carbonate, 'if”the remaining 5
per cent is mostly reactive shale it would be more than eﬁough to ex~
i)lain .th.e e'ariy failure of the speéimens p.sing screenings prepar‘ed from
these pure Alime‘stones. | |

Magnesia seems to have a beneficial effect on durability

evéﬁ’ when present in a relatively small arﬁount. For instance, the
magnesian limestones ofthe Black River formation stood upbetter in
test than the limestones, although they are soft and porous and onvisual
inspéci:ion alone would be judged as rather poor stones, Most of the

stones high in magnesia, such as the Beekmantown magnesian lime-
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stones and dolomites (both designated as dolomites in this report), the
Niagara dolomites, and the soft and porous Guelph dolomites deterior-
ated little in the freezing and thawing test,

The rocks that are closest to the site of the proposed St.
Lawrence River development and that are available in large amounts
comprisethe Black River limestone and, farther inland, the Trenton
limestone., Fairly pure Black River limestone is exposed east of Eam--
er's Corners and lies close to the surface as far we;at as Mill Roches,
The nearest large exposure of Trenton limestone is at Strathmore but
the stone is rather shaly, that is, holds many shale partings, and for
this reason was not included in the investigation,

Chazy limestone u.nderlies a fairly large strip of land near
j:he St. Lawrence but is not exposed anywhere except in two old quar-
ries, one near Summerstown Station and the other at thewater's edge
on Sheelg Island.,

Beekmantown dolomite underlies part of the town of Corn-
wall, Cornwall Island, and a large area south of the St, Lawrence Riv-
er, including a large section of Huntingdon county and the northern part
of Beauharnois county in Quebec, There are no known outcrops near
Cornwall but in Beauharnois county several large exposures of hard and
rough dolomite are found at several places, Beekmantown and Potsdam

sandstones are also available in this county and the latter also in Ile
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'Perr.ot.‘ :These'sandstoneé are harder and not éo porous as the. two
sandstones included in the secoﬁd sefies§ and whicjh stood upwell ir} the
. dﬁrabilij;y test, |
Another large area of Beekmaﬁtd\}v’n dolomite starts af. Iro-
quoi's‘,:occupiesl neax;iy all Grenville county and large portions of Leeds,
Lanark and (E‘.‘arletr;ori counfieé. The rock is available in large amounts.
~at several places close to the shbx-'e"of the St. Law‘renc/e River Bétwééh '
Iroquois aﬁd Brockville -and at numerous places farther inland. . Near:
Iroquois.and Cardinal tl;e stone is_ more i_nfxpure and more variable in ..
,texfure ,than -fartﬁe.r west,  The tv&é 'Irvoq:u'.;’)is samples of Table IV'iné-
clude only the upper 2 to 3 feet, and the two Cardinal samples 61_1,1y the
uppe'r-6 to 7 feet of the depositjs. There may Be pu’rér and better stone
deeper in the depoéits. One of the Iroqﬁois _éa..mples-. 'aﬁd the oﬁe_s taken -
'near Johnsto@,' Ventnor, Spencerville, Prescott and Maitland all gave
very good .re‘sults. in the durability teét. The poorér r;esults of speci-
mens Nos, 341-342 n’orthA of Maitland Qere uﬁdoubtédlf due to the high
' water-cement ratio of the twé ‘mixes.. ‘The failgre‘df No, 346 was un;ex-'-
pected as theré.is no shla.le- or other harmful matter vié‘_ible in the stone,
The stone is éimilar to dolomite Nos.,343-344 which stood up well under-
the test. ‘épécimen Nos, 345-346 were made from freshly quarried mat~- -
efial-, while Nos, 343-'-3444we1>'e~made'_ from chips and'jfragment’s that had
Vbeen exposed to the weather for many years,
The dark, very finé-grained Black River li_mest’one avail-

able near Cornwall (No. 313) gave good results in the test as far as the
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coarse aggregate is concernedbut not qgite as good as most of the dolo~
mites occurring farther west, For fine aggregate, the limestone ap-
pears to be much inferior to the dolomite, not to say unsafe to use,
Specimen Nos, 313-314 weremadefrom chips and larger fragments that
maynot have been as free of shale as the average of thedeposit, Since,
however, the material had been exposed to the weather for many years,
what little shale there might have been would have lost a great deal of
its sensitivity. In preparing specimen No, 314 no attempt was made to
improve the size grading of the screenings, apart from limiting the
amount of minus 100 mesh to 10 per cent. In the manufacture of artifi-
cial sand, size grading is strictly controlled, which may make some
difference,

The Beekmantown dolomite from Beauharnois county was
not included in the present investigation but, from the appearance of the
stone and from tests made years ago inour laboratory to determine the
suitability ofthe stone for road aggregate, there is hardly any doubt
about its durability. Besides beingharder and tougher than the Iroquois
or Cardinal dolomites itis also more uniform in texture. The Beau-
harnois stone is about the same distance from Cornwall as the Iroquois

or Cardinal stone, that is, between 30 and 40 miles.




~ B0 -

TABLE I

LOCATION AND CHARACTER OF MATERIALS SAMPLED.

101,102 -

101,104 .

105, 106

107,108

109,110

111,112

113,114

115,116

117,118

119.120

121,122

_ First Series

Old quarry owned by C. H. Clare, 0,5 mile N. W. of McAl-
pine, Fine-grained limestone with some shale films,

New township quarry, 1 mile N’.‘W.- of .Plantagenet. Fine-
grained limestone with many shale films and afew shaly
seams, o

Old quarry known asStewart Quarry, 1.5miles S. W, of Rock-
land, Fine-grained 11mestone with some shale films,

Old quarry on the property of Philip T. Empey, 1 mile
N. of Mille Roches, Very fine—grained limestone with

_ many shale films,

Road cut opposﬂ.e Lieo Cloutier's property, on which there
are many outcrops. Lots 23, "24; Con, IX, Finch Township,
Hard, medium fine-grained limestone with many shaly or
bitumlnous films, '

Silvertone Black Marble Quarries, Ltd,, 0,5 mile W, of St,
Albert Station, Very flne ~grained limestone with but few thin

shale films,

Old highway quarry, 3.5 miles N. of Johnstown, Very fine«
grained, hard and tough dolomite.

Old highway quarry, 2. 7miles S, of Fx:é.nktown. Hard, fine-

- grained dolomite and soft, medium fine-grained sandstone,

Old quarry kihown as Henniger Quarry, 3.5 miles E. of Perth,
Hard, fine-grained calcareous sandstone, more or less rusty

- on 'surface,

old highway quarry, 1,2 miles N, W, of Newbliss, Ver.y '
fine-grained dolomite, partly weathered and hard, '

Old highway quarry, 1,5 miles S.W. of Addison. Fine-
grained hard dolomite of magnesian limestone,
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"TABLE I (cont'd)

123,124

125,126

127.128

129,130

131,132

133,134

135,136

137,138

139. 140

141.142

143, 144

Talus at the foot of a cliff along creekemptying into Butter-
nut Bay, Fine~grained calcareous sandstone,

HighWay quarry at Jones Creek, Fine-grained calcareous
sandstone, quite rusty along joints, Sample includes some
rusty stone,

Old quarry known as McAdoo's quarry, 1,1 miles S, W. of
Kingston Mills, Sample from lower part of face is fine-
grained, porous magnesian limestone,

Road cut 2.5 miles S.E. of Napanee, Very fine-grained
limestone with gsome shale or bituminousfilms, Sample
taken from the broken up top beds,

Low cliff along shore of Lake Ontario, 1.5 miles E. of Sand-~
hurst, Medium-grained, hardlimestone with some shale
films,

Quarry operated by H.J. McFarland Construction Co., Rob~
lindale Station, Very fine-grained to dense limestone with
some shale films, Sample includes gtone which holds less
shale than quarry average. ’

Same as 133, 134,

Quarry operated by H.J. McFarland Construction Co., 2.5
miles N. of Belleville, Limestone varies in texture butgen=
erally coarse with some shale films,

Same as 137, 138,

County quarry, 1 mile N, of Foxboro., Very fine~grained to
dense limestone with many thin shale films,

Quarry owned by Building Products, 3 miles E. of Havelock,
Limestone is generally fine with some shale films, Sample
taken from bed of coarse stone with more shale films than
quarry average,
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TABLE I (cont'd)

147

148, 149

150
151
152 -
153
154

155

156 -
157

158

Uto Z

‘Gravel pit, owned by J. L., Tremblay, 1 mile S. of La Rati~

ére, Que. Sample taken for festing the anorthosite pebbles,

Gravel pit owned by J'ohn A Chisholm, 2 miles E. of Glen
Robertson. : : :

_gravel pit operatied by Menard Construction Co., Itd,, 1.7

miles W, .of Green Valley, Sample 148 is crusher run mat-

‘erial and 149 is from the: pit bank

Gravel pit owned by W J Cummmgs, 1 3milesS W of
Monckland :

Gravel pit operated by Coletman and Munro, Ltd. s L. 1 miles

N. W. of Bonv111e.

Gravel pit owned by Frank Ezard, 1.5 miles S, W, of Lunen-~
burg,

Gravel p1t owned by Olivier Papineau, 3 miles E. of Crys-
ler.

Gravel pit operated by S. ‘Lachapelle and Sons, 2,3 miles S.

of Finch, Sample of crusher run material,

Gravel pit operatéd by J.S. Sloan, 2 rniles W. of Bedell,

Gravel p1t operated byE T. Pltrnan, 1 5 miles S. of Roe-

buck,

Gravel pit operated by a contractor from Brockville, 2.7 '
miles 5. W. of Maynard

Gravel pit owned by Dan Kyle, 3. 3 miles S, E, of Merrick-
ville. .

© Same as 133, 134,
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. TABLE I (cont'd)

201, 202

203, 204

205, 206

207,208

209, 210

211,212

213,214

215,216

217.218

219-220

221,222

Second Series

Road cut and old highway quarry, 1.4 miles N. of Alfred,
Fine-grained limestone with closely spaced shale films,

Old quarry along river bank, 0,5 mile N. of Casselman,
Fine-grained, hard limestone with ghale films,

Small quarry recently opened but not in operation, Lot 7,
Con, XII, Finch Township, Very fine-grained, almostdense
limestone with few shale films,

Road quarry, 2 miles S. of Crysler., Fine-grained lime-
stone with shale films; also coarse limestone with few shale
films. Sample includes fine stone only.

Same asg 207, 208, Sample includes only coarse stone,

Old road quarry, 1.6 miles W, of Finch, Fine-to-medium-
grained limestone with shale films,

Quarry operated by Campbell Sandstone Quarries, Limited,
2 miles W, of Bells Corners, Medium fine-grained sand-
stone,

Old quarry owned by Gerald Ross, 2.5 miles N, W, of Brock-
ville, Fine-grained dolomite,

Old quarry knownas Atkin's quarry, Kilbirnie, Fine-grained
magnesianlimestone; also very fine- to mediumfine-grained
hard limestone. Sample includes only the magnesian lime-

stone,

Old quarry owned by Jeffrey and Hector Hughes, 1.5 miles
N. W. of Pinehill, Brick red, medium-coarse, soft sand-
stone.

Road quarry, 2 milesS.E. of Elginburg. ILimestone with
thin shale films; coarseness varies between beds, Sample
of very fine-grained stone with closely spaced, very thin
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- 223,224 - Quarry operated by Chown, - Limited' Very fine-grained,

225, 226

227, 228

229.230

231,232 .

233, 234

235,236

237, 238 -

239, 240

241, 242

dense limestone with shale films, underlain by mediumfine-
grained, soft magnesian limestone, ‘Sa_mple includes only .
the magnesian stone, S

Road quarry, 1 mile E, of Collins Bay. Medium coarse-to-
very finé-grained and dense limestone with shale films and

thin layers of calcareous shale, Sample does not include
the calcareous shale. . : - o

Road quarry, 0 7 mile E. of Westbrook - Stone similar to
225,226, but with more shale films, Sample does not in-

" clude the calcareous shale.

County quarry, 0.7 mile N. W, of Waupoos. Medium fine-
grained limestone with irregular shale films. :

Road quarry, 0,5 mile S, of Consecon. Fine—grained lime- V

- stone with many shale films,

Roadquarry, 9 miles N. of Orillia, Veryfine-;'grained lime~
stone with chert and some shaly partings. :

Old quarry, 1 mile N, of Longford. Fine-to very fine~
grained and dense limestone, underlain with very fine-
grained magnesian limestone, Sample includes only the
magnesgian stone.

Old quarry oW owned by leestone Products, Limited, Me-
donte Station, Stone gimilar to ‘235, 236, except ‘thdt the

magnesian limestone is more or less argillaceous. Sample
includes only the latter stomne, -

Quarry operatedby A. Cope and Son, Limited, 2 miles S. W.
of Stoney Creek, Fine-grained dolomite with some shale

films.

Same quarry as above., Sample of shaly dolom1te from qua.r-

" ry bottom. .




- 55 ~

TABLE I (cont'd)

243, 244

245, 246

2417, 248

249, 250

251,252

253, 254

255, 256

257. 258

259, 260

261, 262

263, 264

1

Quarry operated by Haldimand Quarries and Construction,
Limited, E, of Hagersville., Fine-grained cherty limestone
underlain with very fine~grained dolomite, Sample includes
only the dolomite, '

Same as 243, 244, Sample includes only fresh cherty lime~
stone,

Same as 243, 244. Sample includes only weathered cherty
limestone,

Same as 243, 244, Sample includes more chert than other
two samples,

Quarry operated by Gypsum, Lime and Alabastine Co.,
Limited, S. W. of Puslinch., Fine-grained, soft dolomite.

Same as 251, 252,

Quarry operated by Rockwood Lime Co,, E. of Rockwood.
Medium fine- to'medium coarse-grained dolomite, under-
lain byfiner and harder dolomite., Sample includes only
the latter stone,

Quarry operated by Canadian Gypsum Co,, 1,3 miles W, of
Guelph, Light-buff, fine~grained, soft dolomite, underlain
with brown, hard, fine-grained dolomite, Sample includes
only the upper buff stone.

Same as 257, 258, Sample includes onlythe lower brown
stone,

Quarry operated by Gypsum, Lime and Alabastine Co. Lim-
ited, 1 mile S, W. of Beachville, Very fine-grained, soft
limestone and magnesian limestone,

Quarry operated by Chemical Lime Co., 1.7 miles E, of
Ingersoll, Fine-grained limestone overlain with medium
fine-~grained, soft sandy dolomite. Sample includes only
dolomite,
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265, 266 Quarry operated by Elgin Keeling, E of Owen Sound Fine-
: gramed hard dolomite w1th some shale films.

26'7. 268: ~ Old quarry known as Chalmers quarry, S, W of Owen Sound,
‘ Very fine~ gramed dolom1te. : :

269, 270 - .Quarry operated by J. S.rCook and Son, 2,7 mlles W. of
' Wiarton, Fine grained dolom1te. ‘

271,272 - Beaver asbestos mine, owned by Asbestos Corporatlon,
Limited, S. of Thetford Mines, Que., Very fine-grained and
.dense serpentine with veinlets of asbestos, '

273,274 ~ Gravel pit operated by Consolidated Sand and Gravel Co.,
' "+ Limited, 1,3 miles W. of Waterford, Sample of pebbles.

275,276 - Gravel pit operated by Telephone City Supply Co., 3 miles
W. of Brantford, Sample of coarser crushed material, ‘

277,278 =~ 'Grevel Pit operated by Consolidated Sand and Gravel Co,,
SR ‘Limited, E of Paris, Sample of coarse crusher run mat~

"~ erial,

279 "= Gravel pit operated by Howard Sand and Gravel Co. , Alder~

o - ‘shot, :

280 - - - Gravel pit operated by J. Cooke Concrete Blocks, lelted

' ' Aldershot,

281 < Township gravel pit, 3.5 miles S, W, of St. Raphael West,

' Sample of crusher run material, ‘ -

282 - Gravel pit .operated by Coleman and Muhro, Limited, Lot
34, Con, VI, Cornwall Township. Sample of crusher run
material, - : -

283" ° =~ Same as 282, Sample from the pit bank,

284 - Gravel'pit’operated by E. L. Blair, 3,5 miles N. W. of Avon-

more, Sample of crusher run material,
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285

286

287

301, 302

303, 304

305, 306

307, 308

309,310

311.312

313,314

315, 316

Same as 154, Sample from the pit bank,

Gravel pit operated by John Laughlin, 1 mile N, W, of Hall~
ville, Sample from crushed run material,

Gravel pit, 3.5 miles N, W, of Merrickyville, Owner un-
known,

Third Series

Quarry operated by Bertrand Freres, 1 mile N, W. of Plan-
tagenet, Fine-to medium coarse-grained limestone with
some shale films,

Quarry operated by Jos. Gareau, 2 miles S, of St, Isidore,.

Fine-to medium fine-grained limestone with some shale

films.

Same as 109,110, Allspecimens prepared from same sam-
ple.

Quarry operated by Donat Grandmaitre, X, of Eastview,
Medium coarse~-to fine-grained limestone withfew shale
films, Sample includes only coarser stone.

Old quarry on property line of Arthur Hamilton and Archie
Morrison, 0.7 miles N, of Glen Robertson. Very fine-
grained limestone with few shale films,

Sample taken from outcrops, 0.25 miles W, of St. Albert
Station., Very fine-grained, hard magnesian limestone,

0Old quarries owned by Clifford Thompson, 1.5 miles N, W,
of Mille Roches, Very fine~grained limestone with no visi~
ble shale films,

Old quarry now owned by a Mr, Lavigne, 1 mile S, of Little
Rideau. Medium coarse-to coarse~grained fossiliferous,
shale-free limestone,
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317, 318

319. 320

321,322

323, 324

325, 326.

327,328
329, 330

331,332

333,334

335,336

337.338

339, 340

341,342

i

Old quarry owned by Mrs, Oliver Fisher, 1.5 miles W, of
Iroquois, Very fine-grained silty dolomitewith some shale

- films,

Old quarry owned by J, T, Liezert, 2 miles W, of Iroquois,
Fine-grained, hard dolomite or magnesian limestone,

Quarry owned by Jos, Robert' Hurteau, 3 miles N, of Car~
dinal, Fine-grained dolomite or magnesian limestone with
few shale films,

- Old quarry owned by Carman Brown, 1.5 miles W, of Car-

dinal, Fine-grained siliceous dolomite.

Same asg 113, 114, but sample 325. 326 is from fresher stone,

Old road quarry, 1 mile S, of Ventnor. Very fine~grained,

- hard and tough dolomite.

Sample taken from outcrops, N of Spencerville, Fine-
grained dolomite. Outcrops show very little weathered stone,

"Quarry operated by.Canada Crushed and Cut Stone, Li‘ini.ted,'

E. of Prescott (Windmill Point).," Fine-to medium fine~
grained, hard and tough dolomite,

Sample from‘oﬁtcrops in the steep, rocky shore of the St,
Lawrence river, E. of Prescott (Windmill Point), Sample
taken opp051te 331.332 in similar dolomite but from lower

- beds.

Old quarry owned by Ernie Connell, 1,7 m11esN w. of Pres-
cott, F1ne to very f1ne -grained, hard and tough dolomite,

Sample from large outcrop area, 2,5 miles W, of Prescott.
Fine- to medium fine—grained dolomite.

Old quarry owned by Lieonard Conklin, 4 miles N, of Mait-

land, Very fine~to medium coarse~grained dolomite and
magnesian limestone,

Sample from large outcrop area, 4 miles N, of Maitland,
Very fine- to medium fine-grained dolomite and magnesian

© limestone,
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343,344 - Old quarryowned by W, H. Seeley, 1.5 miles S, W, of Mait-

345, 346
347, 348
349, 350
351, 352
353

355, 356
357, 358

359, 360

land, Fine-grained, hard dolomite,

Quarryoperated by Johnstonand Clarke, 1 mile E, of Brock-
ville, Fine-to very fine~grained dolomite,

City quarry, N,E, end of Brockville. Fine~to medium
coarse~-grained calcareous sandstone, more or less silty
or argillaceous,

Same as 125,126, Sample represents quarry avefage.
Same as 125,126, Sample includes only fresh stone,
Quarry operated by Building Products, Limited, 3 miles E,
of Havelock, Mediumfine~to.very fine-grained, hard av3

tough basalt,

Sample from outcrop, N, E. end of George Island, P.E, I
Very fine-grained, dense, hard and tough dolerite.

Gravel pit operated by Johnstonand Clerk, GrenadierIsland,
Sample of pebbles,

Same as 357, 358, Sample from pit bank,
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- FIRST SERIES

Test Results on Concrete Specimens after 149 Cycles of Freezing and Thawing

Mix Propor- W/GC GCompr., Soniscope .
No.*  tions ratio Rock Type Strength Wave Vel- Failedkk Remarks - -
by Wt, ’ psi ocity {cycles)
: . ft. / sec,
101 1:2:3.5 0,57 Trenton limestone 8300 15500 ¢evess  Some shaly partiigs
102 1 " " " veee Ceeas 44 " " 1"
103 L " L " 7400 14300 seaens Many shaly partings
104 e 1" " 1" e | eres 37 cou " " ’
105 1:2:3 0,55 " B 6800 13900 tessas Some shaly partings
106 n B " " ceen ceean 81 " " "
107 "’ 1 ' "Black River limestone 4900 9900 eosese Many shaly partings
108 i " B u vege cenee 23 " L "
109 1:2:3.5 0,57 Trenton limestone 6000 14600 ceesns Some shaly partings
110 " " ti B e sesus 50 L "
111 " " Black River limestone 5500 15100 veseas No shaly partii\gn visible
112 " ", n 1" : e veess 32 "o " "
113 1:2:3 0,55 Beekmantown dolomite 6900 15200 sesess . Slightly weathered
114 " " woo St 7200 15000 sax=us " L
115 1:2:3 " Beekmantown dolomite
and aa,qutohc 8200 14900 sseses * Dolomite partly weathered;
. . sandstone, soft
116 " " " T 7400 14500 sesans " -oon 1
117 1:2:3,5 0.55 Beekmantown calcareous C . :
. sandstone 5100 13200 coease Slightly weathered
118 1" 1" " "o Ve Veess 74 " "
‘119 o 1:2:3° 0,55 Beekmantown dolomite 4900 15200 sseess  Partly weathered
120 1" ", ", ) " 3000 14900 serens L "
121 1:2:3,5 " " al 7600 14700 - Slightly weathered
122 " . " on oon 4400 13000 seanes " "
123 " 0,51 Beekmuntown' calcareous
sandstone" 5600 12800 Ceedene Partly weathered
124 1" " . " 4900 12100 sevsae LU "
125 1:2:3.5 0,57 " .- " 6200 13100 sesven - " " and ruaty‘
126 " " " ) w vaen seirs 105 " " f
127 " 0.41 Black River mignesian 5700 13300 cisees Porous absorption
limestone 5, 3% by wt.
128 " LIS " " cees ceses 74 1 i
129 1:2,5:5 0,57 Black River limestone 5400 13000 sesane Some shaly pattings
130 i i " " cese seren 99 " 1 "
131 " "  Trenton limestone 6800 15200 cerans oo n
132 1] " it " viee veees 105 " 1 "
133 1:2,5:4 0,57 Black River limeétune 5900 15300 cevana Very few shaly partings
134 " " BT " v P 39 noon it

E3
0Odd numbers mean specimens with concrete sand as fine aggregate; even numbers, with
screenings as fine aggregate,

Aok

Failure when bottom face completely spalled,
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Test Results on Concrete Specimens after 149 Cycles of Freezing and Thawing

Mix  Propor- W/C Compr. Soniscope
No, % tiona ratio Rock Type Strength Wave Vel Failed¥* Remarks

by Wt, pai ocity (cycles)

ft, / sec,

135 1:2:3,5 0,58 t n 4800 14300 sassas wou B
136 t t " L} cate ceena 42 tn -t t
137 1 0.59 Trenton limestone 5800 14800 PN Some shaly partings
138 112,915 0, 85 " " e 39 b " "
139 1:2, 5:4 0.59 " t 4800 14300 tresee Some shaly partings
140 " " " tt e seaen 42 " t "
141 1:2:3.5 0,56 L " 6100 13000 csenen Many shaly partings
142 " " t " vcens PN 32 t " "
143 1:2:3 0,55 Black River limestone 5700 14700 creeas Some shaly partings
144 u " i t teas N 52 e "
1450} 1,235 0,58 Precambrian anorthosite 7300 14600 veere.  Crushed gravel pebbles
146 " " " t 2200 10200 vaeene 1" " "
147 uL5®) 0,60 Gravel 3000 12200 cereen)
148 " tt " 3600 12500 sseans)
149 v 1 " 6300 13900 rreesae)
150 " " " 5600 12800 ceenaal
151 " " " 4500 12800 veesan)
152 " " A 4700 12800 veress) Only minus No. 4 used
153 " " " 5200 13200 vreens)
154 " " " 3300 12400 62 )
155 " 1t L . 5400 14300 veanas)
156 u " " 5600 13600 veveas)
157 te " A 6300 14000 veanee)
158 " " " 4800 13000 vevens)
u 1:3:3 0.55 Black River limestone 3800 14800 ereees Very few shaly partings

Run only 82 cycles

cewviede o

(1) Like 146, made with screenings as fine aggregate.

(2) No coarse aggregate in gravel specimens,
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_Test Results on Concrete Specimens after 164 Cycles of Freezing and Thawing

Mix = W/C Compr, - Soniscope Wave Velocity, it./sec, ., I
No,* ratio Rock Type Strength, pai - % Decrease Failed¥* . Remarks
by Wt. 0cy., l64dcy. Ocy. 125cy. 164 cy. at125cy. . (cycles)
‘v ‘0.55 Black River limestone 3800 " '1700 14800 13300 14300 ~ 10 vesens)
v " " u 2600 ... 13600 ..... reeae o 34) 3
w " " o 2800 2800+ 13900 12000 ... .14 - 125)
X " " ‘" 1400  .... 13000 .....  seeee o 18} Veryfew shaly
¥ " LU u 1600 ... 12100 s.ii00 ceaee . 55 }) partings
Z " ] no 11000 L.ve L1500 s.vee eeeie T ee 18 ) Run 246 cycles
201 " Chazy limestone 3900 3400 13900 12500 14200 10 ceens )
202 " o " 2700 ... 12700 c.ui. deees e 12¢) :
: . ) Some shaly
203 " Trenton limestone 3800 3700 14100 12900 14200 9 sesors) ) partings
204" W e 2100 ..., 12700  ...0. 0 veees e 65 ). s
205 " Black River limestone 3200 3500 14100 13000 13900 8 rerans Few- shaly partings
206 " " " 3900 2000+ .13700 11900 Veaes 13 125 . "wooon "
207 ft Trenton, limestone 3800 3300 14200 13500 14500 5 eseseer Some shaly partings
208 n " " 2100 ..., 13500  ...iee seeees T i " n
209 i " . 5300 3700 /14900 13600 14300 9 PPN Very few shaly partings
210 " " " 3400 ,,.., 14000 ,.... ’ . 100 - L " L L :
211 0,55 Trenton limestone 5000 6300 15000 13800 14500 8 ceeboe Some shaly partings
212 " " L 3600 3600 13900 12500 13800 10 s.eene wo " "
213 " - potsdam sandstone 3200 3500 13400 12100 12000 9 T ieeees Rather soft
214 " " "o 2500 2400 © 12200 11400 11400 6 seseas " o
215 " ' Beekmantown dolomite 4600 4000 - 14500 13500 12900 - 8 sesens Partly weathered
216 " " " 2300 2900 13100 11900 11300 9 ceosan " "
217 " Black River magnesian 4000 3100 13300 12500 13100 6 seesre Moderately porous
limestone . .
218 " " : i 2600 3400 13400 12600 12400 ~ 7 cevsas ’ " "
‘219 0,55 Potsdam sandstone 3700 _ 2200 11800 11000 10900 o7 ceenes Soft and porous
220 " " " 2900 3100 11200 10500 10700 . 6 eeesen woon "
22} " Black River limestone 3700 3300 14400 13200 13800 . 9 . . 4esase . Many very thin
shaly partings
222 " " " 2700 ... 13900 ..., . ve 18 n "
223 n Black River magnesian
limestone 4000 5100 13500 13000 12900 7 eeean Porous
224 " " " 4400 2600 13300 12500 12500 6 tessase "
225 0,55 Black River magnesian :
limestone 3600 3200 13700 12500 13000° 9 sesese Some shaly partings
226 " " u . 2100 20004 13400 ,.,... ceaes . 100 " L "
227 " n " 3000 26004 14100 11900 ..... 16 125 Many shaly partings
228 " " . 1200 ,,., 11500 ..... . 109 g " L
* 1
Odd numbers mean specimens with concrete sand as fine aggregate; even numbers, with screenings as fine ag~
gregate,

Hok
Failure when wave velocity decreased by 13% or on complete spalling of bottom face, whichever occurred first.

+
At failure cycle.
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SECOND SERIES

Test Results on Concrete Specimens after 164 Cycles of Freezing and Thawing

At failure cycle.

Mix W/C Compr, Soniscope Wave Velocity, ft./sec,
No,* ratio Rock Type Strength, psi % Decrease Failed®* Remarks
by Wt, 0 cy., 164 cy, 0 cy, 125 cy, 164 cy, at 125 cy, (cycles)
229 0,55 Trenton limestone 3800 3900 15100 13500 14000 11 ssrees Some shaly partings
230 0,60 " w 4000 4600 14700 13300 13200 10 cerees " " L
231 0, 55 " " 3600 3600 14500 13000 13100 10 veseas Many shaly partings
232 0, 60 " " 3900 .... 14800 ..., ceaee .o 34 " " u
233 0.59 Black River cherty
limestone 4800 3600+ 15000 veaea ceaee .o 55 Partly weathered
. and porous
234 0,69 " " 3200 2700+ 14100 ,,... veuse v 18 " "
235 0.57 Black River magnesian
limestone 3600 3600 14700 13900 13300 5 vsssrs  Rather porous
236 0.59 " " 3200 ..., 13900 .....  .eees o 109 " "
237 0.57 " " 3600 4100 14500 13500 13900 K ssvases Rather porous and
argillaceous
238 0.65 " " 2400 ,.,. 14000 ..... csene . 40 " "
239 0,55 Nigara dolomite 3700 3000 14400 12900 PN 10 casran Some shaly partings
240 0. 60 n " 1800 ..., 14100 seaes veeos .e 34 " " B
241 0,55 " n 2200 2400+ 13900 11300 cneea 19 125 Shaly
242 0. 60 " " 2500 .... 13400 ..... .o 18 "
243 0,55 Bertie-Akron dolomite 3500 2800+ 14500 11800 ,.... 19 125 Rather porous
244 0,60 " n e 1900 .... 14500 ceees ceare . 109 " "
245 0.55 Onondaga cherty 2200 2000+ 13400 .,... PRI .e 100 Fresh and porous
limestone
246 n " 1 1300 .... 11500 ..... tevaa ‘e 18 " "
247 0.55 Onondaga cherty 3400 1800 13900 ..... PIFIN 'e 34 Partly weathered
limestone Very porous
248 " " r 2900 ..., 13300 ceane crena ‘e 34 " "
249 " " " 3500 1500+ 13200 R vasen o 34 Partly weathered
Porous
250 " n " 1200 .... 11900 I ceana . 18 n "
251 0,55 Guelph dolomite 3400 4900 15000 13800 13900 8 teevea)
252 0. 60 " t 3200 4200 15200 14400 14500 8 vevess)
Soft and rather
253 0,55 t " 4200 5200 15500 14100 14200 10 aeraea) porous
254 0. 60 H " 2400 4600 15300 14100 14500 8 P |
255 0.55 Niagara dolomite 3700 3400 14500 12900 13300 11 arsanse Moderately porous
256 0. 60 " " 4100 3900 14700 13900 13500 ceanae w "
257 0,55 Guelph dolomite 3700 5200 14500 13500 13500 7 aessna Soft and porous
258 0,60 " " 3100 4500 14500 13800 13800 8 casena " "
259 0,55 " " 3300 4900 15400 14400 14200 K TR Slightly porous
260 0,60 " " 4400 ... 15500 vesaa .o 34 " "
261 0.55 Detroit Riverlimestone 3500 4600 15200 14000 14200 8 vasass) Limestone and mag-
) nesian limestone;
262 0.60 f " " 3800 3200 15300 14000 14100 K ceavse) both soft
+
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Ry

" Test Results on Concrete Specimens after 164 Cycles of Freezing and Thawing

4400

12900

Mix. ‘W/C - . . Compr, Soniscope Wave Velocity, ft, /sec, . -
No, * ratio Rock Type - .Strength, psi o % Decrease Failed#kx Remarks’
o by Wt, ) 0cy, lb4cy. Ocy, -125cy, 164 cy,. at 125 cy, (cycles) :
263 0,55 Onondaga sandy dolo- - . L . - -
‘ mite ! : 3000 . 3200 12900 12200 12300 7 - iveess) Friable and porous
- 264 " " woooon 4000 2500 12100 113Q0 1!.40‘0 8- .'.....) .
265 0.57 Clinton dolomite 3200 3100 14200 12500 12300 12 weesss) Some shaly partings
266 0.65 " " 1600 ... 14000 ..... venen .o 34)
267 0,58 Niagara dolomite 5000 4300 15200 13600 14200 11 “..iee.. Moderately porous
268 0,65 " " 3600 4100 15600 13800 14300 12 ceeens " "
269 0,55 Guelph dolomite 2700 2800 . 13300 12300 12900 8 sesans Soft and porous
270 0,60 " n 4100 4100 13600 12900 12900 5 uiaees weoonom
271 0.55 Palaeozoic serpentine 1100 2400 13900 13000 12200 6 vesess) Holds asbestos
272_ 0.56 " " 2100 .... 9300 ceens EY) . 18 ) veinlets
273 0.55 Gravel pebbles 3300 3800 14400 13150 13300 9 sessss) Pebbles: doiomite -
274 0, 60 " " 3300 3400 14700 13800 13200 10 cesees) 40%, limestone ~ 40%
‘ 275 0,55 " " 3300 5100 15200 14200 - 14200 8 ceveaas)
276 0, 60 " " 2600 4700 14800. 14000 13200 8 ceases)
’ ) Pebbles:
277 0,55 " " 5400 5400 15000 13900 13500 8 veesss) dolomite - 60%
278 0. 60 " " 3600 6100 15200 13800 13900 9 . weseen)
279 0, 60 " " 3700 4700 14300 12900 13400 10 sevses) Pebbles, mostly
} dolomite and
280 0, 60 " " 4300 5700 14400 13450 13800 7 sasens) limestone
281 0,60 Gravel and sand 8OO uue.  THOD  siver  esees .. 0)
282 0,60 " " 3700 4200+ 13900 11550 ceres 17 125 ) .
283 0, 60 " " 3900 3900 13500 12300 13100 9 vesees) Only minus No, 4
284 - 0,60 . " " 6400 5100 13000 12150 13000 7 cevens) used
1 285 0,60 Gravel and sandstone 1600 .... 12500 ,....  ..ees .o - 7100 )
286 0. 60 " " 3300 3800+ 12700 10850 ,..... 15 125 ) Only minus No, 4
287 0,60 n " 4700 14300 12650 12 veeesd) ’

used

At failure cycle,
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TABLE IV« THIRD SERIES

Test Results on Concrete Specimens after 149 Gycles of Freezing and Thawing

Mix Compressive Strength, Soniscope Wave Velocity
No, * Rock Type psi it. / sec.
Before After Decrease Failuresk Remarks
Dry Wet Ocy, 149 cy, % (cycles)
301 Trenton limestone 3700 4800 2650 14500 12200 15,6 vesea Some shaly partings W/C
-.0.80
302 " u 3400 1600+ «.oe 11500 ,,,.. 39.1 30 Some shaly partings W/C
- 0,93
303 i n 4300 5400 3600 15500 13350 13,9 eesae}
304 " n 3800 3000+ .... 14700 cesns 20+ 30 ) .
’ } Some shaly partings
305 " n 5000 5200 4200 15100 13150 13,0 sasee)
306 " " 4500 2800+ ...0 14600 11400 21,9 149 )
307 B w 4100 3900 2700 15100 12800 15.5 cenee)
308 n 1" 3700 32001+ s 15700 ctaee 30.0 41 )
’ . ) Few shaly partings
309 Black River lime- )
stone 4400 5700 4550 15700 13800 13,0 esand)
310 " " 4000 .... vees 14200 ceean 45,1 30)
311 Black River mag- )
nesian limestone 4550 5100 4150 15300 13250 11,7 veess) Free of shale
312 " " 4000 3250 ..,. 14200 11700 17,6 esae)
313 Black River lime- h
stone 5000 5400 3950 15900 13300 16,6 svaee Few shaly partings
314 " " 3200 s.ia seen 14200 ..... 36,6 41 " " "
315 Chary limestone 5250 5300 3950 15300 12650 17,3 vevan Coarse and free of shale
316 " " 6550 5250 ... 15100 13300 11,9 Y " " "
317 Beekmantown dolomite 4000 4900 4050 14700 13400 8,5 e Silty; some shale films
318 " " 5200 2000+ .... 15100 ceean 31.8 41 " n " "
319 i " 5300 6000 4650 14700 13100 10,6 seees Hard and dense
320 " " 4300 4300 ..., 14200 13500 4.9 Crees " " "
321 " " 4550 5900 3950 15600 13500 13.3 cenee Few shaly partings
322 " " 5600 4500 ..,. 16100 12800 20.5 149 " " "
323 " " 5200 5000 3700 15200 12850 15,5 teaen Moderately porous
324 " v 4700 3750 ... 14400 12400 13,9 caene L "
325 " " 3800 4900 3700 14700 13400 8.1 cesas)
326 n " 3850 4050 ..,.. 14900 12800 14,1 [
) Hard and dense
327 n " 4600 4900 3800 14500 13150 9.3 S |
328 " " 3400 3900 .... 13900 12800 8.6 teeas)
329 " " 5300 4800 3650 14700 13500 8,2 eviaes Fine
330 " " 3750 4400 ..., 14400 13000 9.7 seses "
331 " A 4900 6300 4300 15000 12950 13.9 Medium fine
332 " " 5900 5600 ... 14900 13000 12,7 " "
*
Odd numbers mean specimens with concrete sand as fine aggregate; even numbers, with screenings as fine
aggregate

]
Failure when wave velocity decreased by 20%

+
At failure cycle .
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Test Results on Concrete Specimens after 149 Cycles of Freezing and Thawing

4 Mix - R Compreusivenstreng'th,- Soniucépe Wave Veloaity.
No,* Rock Type psi ft, / sec, : .
- Before After’ Decrease Failurekk Remarks
~ Dry Wet 0cy, 149 cy, % (cycles)
333  Beckmantown dolomite 4050 ‘ 4800 4150 14700 12950 1IL7 eaees " Finer than No, 331
- 334 " . " 3900 4900 .... 14600 } 13100 10,3; seser - " " "on
335 i " 3500 4300 .3400. 14700 12550 14.3 seess . Hard and dense
336 " " 3400 3700 L..., K 13900 11800 -15,2 seese " i "
’ - 12950
337 . "o " 4950 4550 3200 14500 13500 10,7 “rsee Medium fine
338 " " 3650 3900 ... 14100 4,2 weese . "
339 " " 4600 5300 38500 13600 - 12300 4,8 veres Y
340 " " 3700 " 4100 ..., 13800 o 3,6 ceree " i
' 11250
341 . LU " 3400 2050 1950 13300 11500 15,1 caone Medium fine, W/ C=-0,7
342 " " 3000 3000 .,., 12700 - 9.4 vesss " R W/G - 0,85
343 " e 4000 4100 2500 14500 i:;gg 12,4 . ..... Fine
344 . " " 3500 4600 ,.,. 14900 13,4 corse L
345 "o W 4900 4900, 3850 14900 13350 10,1  ,,,,. Fine
346 " w 4000 20504 ,,,. 14200 ,,.,. 20,3 126 n
347  Beckmantown calcar- } . o ) ; o
’ eous sandstone ,4800 4550 ..,, 15700 12900 17.8 ceses Silty and of variable texture
348 " " 5100 " 5050 ..., 15500 11400 - 26.5 ‘149 " " " "
349 f v n 5200 5800 3900 14400 13000 9.4 * weess) Stone partly weathered
350 .on L 5300 ..., se.. 13900 ,,,.. 36.7 126 ) and rusty
351 oo " 4650 6200 4050 14600 13300 - 8.9 veees  Samé as 349 but fresher
352 " " 5100° 2200+ ,,.. 14600 vesas 22,6 - 41 " " "
353 Precambrian basalt 5300 5900 4350 16600 13500 18,7 seaas Hard, uniformly fine stone
355 Carboniferous dolerite 4400 5600 3700 14700 = 13100 10,8 ..... Hard, dense, magnetic
356 " " 2800 .,..- sees 14100 ., 22,0 41 " " "
357.  Gravel 3900 4900 3250 12300 . 11900 2.6 uu... Fresh, hard, W/G - 0,75
358 " 2800 1600 ..,, 11300 9900 . 12,4 " " w/C-0,98
359 " 5200 6000 4000 14600 12950 11,3 - 1esss) Same as 357, but W/C
360 " 6500 6900 ,.,, 14900 13000 12.7 ceens) lower
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